1 Head Slider, Head Supporting Device, and Disc Driving Device Field of
the I nvention The present invention relates to flying head-sliders, head
supporting 5 devices using the sane head slider, and disc driving devices
such as magnetic disc driving devices. Background of the Invention A

vari ety of techniques about flying head- st ders, which are used in disc 10
driving devices such as a magnetic disc driving device, have been proposed.
Particularly in these years, devices which enploy the flying head-slider
have been downsi ZHead Stider)dhesid Seppartingddadel, aadWide Brivaue Dhesame hi gher,
so that a magnetic head needs to be closer to the recording nedia. This
environnent requires the flying head-slider to have a fly height as | ow as
several tens of 15 nano-neter over a recording nmedium Therefore, an

ext ernal shock onto a disc drivinBielé¢vuf fi® Mivehtiause the head slider to
collide agai nst the recording nedium and danmages the nedium magnetically

or mechani cal |y, The present inversiinimelasenod fHéns Seshdaiorws ehé] supfGRE N9
or reproducing data. Further, a nobile information apparatus have 20

recent | ybgaidesitepasingtlia yame ealdafideheat 8iscdrivihpBedRrl GochBY Theghdife such
an apparatus needs to be portable. The portable disc driving device Is

t hus subj ectdisat driviegnrigvitespped. Anmid the foregoi ng probl ems, various

studi es have been nmade on a surface-shape (hereinafter referred to as an
ai-r bearing surface), which is to be 25 faced to a recordi ng nmedium of a
hi ghly shock resistant flying head-slider. For instance in a conventional
case, when an inertia force al BagkglrvamdbfitheTheentddn NoOvi ng away fromthe

recording mediumis applied to the head '

‘A variety 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-shider have
been downsized, and densities of recording media hav'e become higher, so that a
magnetic head needs 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

15  nano-meter over a recording medium.

Therefore, an external shock onto a disc driving dévice will cause the head
slider to quide against the recording medium, and damages the medium
magnetically or mechanically, so that the medium cannot be used anymore for ‘
recording or reproducing data. Further, a mobile information apparatus have

20  recently gained popularity, so that the disc driving device mounted in such an
~apparatus needs to be portable. The portable disc driving device is thus subject
to being dropped.

Amid the foregoing problems, various studies have been made on a
surface-shape (hereinafter referred to as an air bearing surfacel), which is to be

25  faced to a recording medium, of a highly shock resistant flying head-slider.
For instance in a conventional case, when an inertia force along the

direction of moving away from the recording medium is applied to the head



2 slider, the head slider noves so away fromthe nediumthat an el astic
force (a restoring force to an original status froma bent status) of a
suspensi on spring,  which tries to retain the head slider, acts on the head
slider to return toward the nedium The head slider, in the end, possibly
col l'i des against the nedium 5 thereby dafagi ng the nmedi um magnetically or
mechanically. In order to overcone this problem a negative pressure
generating section is prepared on the air bearing surface of the flying
head- sl i der . slitee, fhededddgideranstsso S PRk e ﬁfaaﬁﬁméfa% ArPORL & e éahe
vicinity of a geonetric center of the head slider, and yet, nearer to an
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resi stance G so low as approx. 80(g), where S
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including a nagnetic disc driving device, 'S rece equl red
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addresses the foregoi ng problens, and ains to ying

whi ch can flglid¥¢esnd ?;@E,Cﬂéﬂbf‘_% IR0A# TnABwAsiAk FRle dth%%e%ﬁﬂﬂﬁrc-ce-'n_fb?. This
head-slider is free fromcolliding against the nediumeven if an inértia
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disclosed in the following non-patent document 1: “Slider and HGA designs for
both smooth load/unload operation and high shock resistance” written by Ni.
Sheng et al, in the prepared text for the 2002 IEEE international Magnetics
Conference held m Netherland, RAI Congress Center, April 28 — May 2, AD11.
15 However, the foregoing conventional flying head-slider has a shock-
resistance G so low as approx. 80(g), where 1(g) = 9.8 (m/sd), that it is not
practically effective. In the case of a portable information apparatus mcluding
a magnetic disc driving device, the device is recently requiréd to have as much
as several hundreds of G. There have been no specific study about a structure

20  of aflying head-slider that could achieve such a high shock-resistance.

Summary of the Invéntion
The present invention addresses the foregoing problems, and aims to
provide a flying head-slider which can fly over a recording medium in a stable
26 manner. The head-slider is 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



to the head slider, where the inertia force pulls the head slider away from
the 3 nedia. The flying head-slider of the present invention conprises the
following elenments: a first air bearing having plural step-faces and

di sposed on a base 5 surface at an air-inflow side; and a second air

beari ng being di sposed on the base surfac& at an air- outflow side, where

t he upper nost surface of the second air bearing is lower than that of the
first air bearing. 10 This structure allows generating a negative pressure
in a space heiedgen the first and the second air bearings. Thus even if the
inertia force renmoving the head slider fromthe nediumis applied to the

.head slider, thisTld flydigihead-shda@nsf tHephaad: shiddflont &m&ﬂﬂsé&vﬁ% foﬂsw?%“ a
rface o he

in a stable manner. Further, the height of the upper nost su
second air bsamengs:is | ower than that of 15 the first air bearing, so that
‘the first air bearing has fewer chances to touch the mnmediumat bearing' s

air-inflow side. Stild fitstr diR@karinBehdving phusl 20 BEeS anﬂrcﬁ%’ﬂ(%@g oho? ’bg&

first air bearing can achieve a structure easier to contro oth o

magni t udé of srfieeg il SirdfAGK aiRGahA the first air bearing and a
distribution of the pressure depending on a design of the step-faces. 20

The plural step-faces, géconbenif ibéaﬁngiueh@gaisjpegecpaﬁfthequagg%u&ﬂgefaiz'a'noée&f‘g

three faces: starting fromthe air-irnflow side, a first step tace, a second
step face hingffletr dikgn the first one, and the upper nost surface higher
than the second one. This structure allows manufacturing the flying

head-slider of sinplhers thd!GhpéremosNsuiicCoPreelebSM alr bR RAUGLYES Yhan
that of the first air bearing.

10 This structure allows generating a negative pressure in a space between
the first and the second air bearings. Thus even if the inertia force remoﬁng
the head slider from the medium is applied to the head sh'der,. this structure
allows the head slider to fly over the media in a stable manner. Further, the
height of the uﬁper most surface of the second air bearing is lower than that of

15  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 can 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.

20 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 allows manufacturing the flying head-slider of simpler structure
and more excellent in productivity.

25 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 allows generating the negative pressure more efficiently.



25 Side rails extending fromboth ends al ong the shorter side of the slider
toward the air outflow side of the first air bearing can be forned. This
structure allows generating the negative pressure nmore efficiently. 4 A
negative pressure generating section provided between the first and the
second air bearings, and a center of genedating a negative pressure can be
nearer to the air inflow side fromthe gravity center of the head slider
This structure allows the head slider to fly over the mediumin a stable
manner when 5 the 4 | e ' IS
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10  This structure allows the head:slider to be highly shock-resistant against the
inertia force 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:

15 29 X 10?LAS L2 £ 3.3 X1072LA
This structure allows a head slider to read data from and write data to a
downsized medium of higher density (approx. 30 GB/fin?).

Height difference L 1 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

20  difference LA:
| 184 X 10°LAS L1 < 145 X1072LA
This structure allows 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

25  with ease both of al magnii;ude 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



downsi zed nedi um of hi gher density (approx. 30 GBlin). The second air
bearing can include plural step-faces, thereby controlling 25 wth 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 bearifg can include the following 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  awloofBedTaaact Wokighé her iﬂﬂﬁmﬂ%ﬁd&?%dét'égit e@er hef! thhe@esﬁsfsﬂ‘:t ure

and nore excellent in productivity. 5 The first p-tate o first air
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present invention includes the ying hea I der di scussed above an

suspensi on m&mr@@ﬁlﬂr%&ivgﬂyven 10 energizing force to the slider froman
opposite side of the base surface where the first and the second air

bearingssare di squagthst Eﬂé'PSfaéé ERMGE Y8t A% HeBVRS can BEAL higg %8%% 'Sﬂeg efg&a"éfce to

include the flying head-slider of the present "invention
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applies a given energizing force 15 to the yi ng hi's

structure almh@WexkdIRrtHRBRN bRAREVILS SniH i lying head-slider
rotatably both in a pitch ang a rol Itgginrceéc??%gess.lgt ﬁés a head supporting
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shock-resi stant against the ditection of noving away fr
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I nvention conprising the
10  energizing force to the slider from an opposite side of the base surface where the
first and the second air bearings are disposed. This structuie achieves a head
supporting device to include the flying head-slider of the present invention and
to be excellent in shock resistance.
" The suépension can include a pivot which applies a given energizing force
156 to the flying head-slider. This structure allows 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, is obtainable.
20 Finally, a disc driving device of the present invention comprising the
following elements:
the foregoing head supporting device;
a disc-shaped recording medium;
driving means for driving and spinning the recording medium;
25 swinging means for swinging the suspension of the head supporting

device in a radius direction of the medium; and

control means for controlling the driving and spinning of the recording



follow ng elenents: the foregoing head supporting device; a disc-shaped
recordi ng mediunm driving nmeans for driving and spinning the recording

medi um 25 swi nging neans for sw nging the suspension of the head
supporting device in a radius direction of the nmedium and control neans
for controlling the driving and spinning 6f the recording 6 nmedium by the
driving neans, and the swi ng by the swinging neans. This structure achieves
a disc driving device to be equipped with the flying head-slider of the

present i nvenédivm dpdhedsiidgmband) anidode Mﬁ@%ﬁ%ﬂ@@wmﬁﬁét{ﬁ&ﬁ{s@” y agai nst
the shock in a direction of noving away fromthe nmedium 5 Assune that a
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devi ce touches the flying head-slider, and when the gravity center of the

slider and thedpélidel BPSihel PeRn® PERIRKIE b Bt iSit M8 UAbCK NReicWihce,
proj ected places coincide wth each other. This structure achi eves the disc
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Descriptions of the Drawings Fig. 1(a) is a plan view of an earing

surface &f a flyingubragnsld giobt bébiti@ﬁqgrf&%%\%?a%tﬂ]a& Whesd tw@%l;aft'he

enbodi nent of the present invention. Fig. 1 I s a sectional Vview

i 11 ustrat i ntheuds bapisorbing! d&icd foulRas ithE BHAL RAd-chidepf [ -
head-slider in accordange with the first ex%npl ary gﬁb% i ﬁvelél%rygl?kgtgﬁaeww

present i nvept@rof the glide(@nd it RvRSscuSet heprbidédiintbiBe Redusl, tHleEd N
accordance with the first exenplary enbodi nent” of the present 1nvention.
projected places coincide with each other. This structure achieves the disc
driving device to be the most excellent in the shock resistance.
10
Brief Descriptions of the Drawings
Fig. 1l(a)is a plén 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
15  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 accbrdance with the
first exemplary embodiment of the present invention. |
Fig. 2(b) shows a distribution of a pressure generated between the air
20  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
25 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. 2(b) shows a distribution of a pressure generated between the air 20
bearing surface of the head slider in accordance with the first enbodi nent
and a recording nediumto be faced to the head slider. Fig. 3(a) shows
definitions of reference marks used in the first exenplary enbodi nent of
the present invention. Fig. 3(b) shows spgcific nunbers represented by
reference marks both of 25 the head slider in accordance with the first
enbodi ment and a conparison sanple. Fig. 4 illustrates a reaction of the

head slider entbatimentalee edtéthal heertiafsice T RO thehes sid&s nal inertia
force Fis applied to the head slider. Fig. 5(a) is a plan view of a

conpar i son sanpl Figséch)i is Bheldd rééw eRodoPakiseh ddMEplpr 85N En i fheeRkoN.
Fig. 5(b) is a sectional view of the conparison sanple used in the first 5

enbodi ment  embditmpehestite preventin@antidi.g. 6 illustrates a reaction of a
head slider of the conparison sanple used in the first enbodi nent when

inertia force F iFgabp)iied scotibhel eleivdel thd bempd£idon iséin?liat (18dEn 8Kd Fog of
the head slider in accordance with the first ‘enbodi nent of the present

i nventi of. knhodiment bf thd presérittin@en@ieéd.i on of the head slider of the
conparison sanple wused in the first enbodi nent of the present invention.

Fig. 8 shows a s®Higm ihstekedaesditiontfathcald Hider bNIRCBRIAMER sWirple 4OJ
first exenplary enbodi ment of the present invention. Fig. 9 illustrates

rel ations behwhefirs ahBodiendod wisditilerias €6 Foikiapplitl 6'the diifielk! Y hei ght FH

I n accordance with the first exenplary enbodinent. Fig. 10 shows a relation

between di stance Hig. A@ylillkstrdies @btiok bf the head slider in accordance with the first
embodiment of the present invention.

10 Fig. 7(b) illustrates 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 exémplary 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 embodiment of the present inveniéion.

20 Fig. 12 is a perspective view of an essential part of a disc driving device
employing a head slider and a head supporting 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.



accordance wth the first exenplary enbodi ment of the present invention.
Fig. 11 shows a relation between distance L1 and fly height FH in
accordance with the first exenplary enbodi mrent of the present invention. 20
Fig. 12 is a perspective view of an essenfial part of a disc driving device
enpl oying a head slider and a head supporting device in accordance with a
second exenpl ary enbodi nent of the present invention. Fig. 13 is a
perspective view of an essential part of a disc supporting device
enpl oyi ng a head Bletaited Descaiptimndd itreferradnEmbedsnenisd{¢he bpieantion 25
enbodi nent of the present invention. 8 Detail ed Description of Preferred
Enbodi nents of theemplayt eorbodiments| af yhe nfredemte itsertiornt e pdasendtrated
i nvention are denonstrated hereinafter with reference to the acconpanyi ng
drawi ngs. [Beeeiphficy wiitbedérenot tdthe decompanyngtdraetinge of a flying
" head-slider of the present invention is described. Fig. 1 shows a shape of
an air bear iBExgugplafsaBmioflimeht ¥i ng head-slider (hereinafter sinply
. referred to as a head slider) in accordance with the first exenplary
-enbodi medt of t hEigteaesitructowe ndfi anflyikg ghealidjdarsof the grevdrtvinvehdoeds and
Fig. 1(b) is a sectional view taken along line A-- A of Fig. 1(a). Ar 10
flows in frdestrited. efRig.onshdves ashape tiihawbebiigg. sutfae ofadlyhidheadaslitlet he
|l eft side and the right side of the paper are hereinafter referred to as
an air infl dheminsfterasicthidp reforralitd lbeva hedd slidepent nveriande gith2{l®) fiiss a
perspective view of the head slider in accordance with the first
enbodi ment , exenhplany. ebbiimadwivef thelimbeddivinventioh. a Fig.el@)rie agisnated in a
15 space between the air bearing surface and a recording nediumfacing to
the the air themof agpdHigf Hbpis 4 redtional Riew) takan| dueg line dt + ahof Fiznl@).basie
surface is omtted :

10  flows in from 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 generated in a
15  space between the air bearing surface and a recording medium facing to the 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 inflow side, both disposed on base surface 3. The air bearing refers to a section
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 second air bearing 2.
An area between first air bearing 1 and second air bearing 2 generates a

negative pressure, and is referred to as negative-pressure generating section 19.



in order to show the shape of the air bearing surface nore explicitly. In
Figs. 1 and 2, head slider 10 in accordance with this enbodi nent conprises
first air bearing 1 and second air bearing 2, in this order fromthe air

20 i nflow side, both disposed on base surface 3. The air bearing refers to
a section of the air bearing surface, and9the section generates a positive
pressure in the space between the head slider and the recordi ng nmedi um
facing to the slider, as shown in the pressure distribution of Fig. 2(b).

In Fig. 2(b)In Bigc2(h)] @eativaprédude Reibidtie: MEDAUIS cEREESHRRNESaE3 Kir st
air bearing 1, and area P2 generating a 25 positive pressure corresponds

to second aiAs bBéwhrig RigsAD aide, heidveBed 10 Shelallés BRaidgrdla0disaeond air
bearing 2 generates a negative pressure, and is referred to as
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generating section 19 corresponds to area NI. shown in Figs. 2,
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of slider 10. This structure allows generating a hig negat1ve pressure
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by controlling an air flow Head slider 10 can steadi over
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negative pressure. First air bearing 1 of head slider pper no
surface 6 hithBeleshti®d predRigs. nost surface 8 of second air bearing 2 as
shown in Fig. 1(b). Dimensions 10 of head slider 10 in Fig. 1 are

expressed as fol IFiwg ail Besi®hg $lolBeh @ SHAL 20 BAPH ﬁb%dﬁ%@t Eher fnm MM X
1.000 M nanely this is a sgo ((:)al Fed 30% sl i derﬁlgérr PI CO s |dé;1r1}gh\%w€|ere'the

g, 0 e s Xm0 nfippig = 0
directi Q0. ofhead slider 10in 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 30% slider or
PICO slider, where the longer side length is along the air inflow direction, and
the shorter side length is along the vertical 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 most 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 bearing 1 is formed as high as upper most
sﬁﬁaﬁ:e 8 of second air bearing 2. Second air bearing 2 includes magnetic head

25 11 atits air outflow side.

The structure of head slider 10 is further detailed hereinafter. Fig. 3(a)

shows definitions of reference marks used in this embodiment, and Fig. 3(b)



15 First air bearing 1 includes first step-face 4, second step-face 5 and
upper nost surface 6, in this order fromthe air inflow side, and second
step-face 5 is higher than first step-face 4, and upper nost surface 6 is
hi gher than second step-face 5. Side rails 9 are forned at the sane hei ght
as second step-face 5. Second air bearin$02 includes step-face 7 and upper
nost surface 8 in this order 20 fromthe air inflow side. Because of the
conveni ence in manufacturing head sliders 10, first. step- face 4 of first

air bearing shows ompagisas o §he afospb&ivd %Féfgn&f éﬁﬁq{%nﬂl alfocitahliberd

Second air-face 5 of ‘first air bearing 1 is forned as high®as upper rmsf
surface 8 ofpeteeenhahealeffbNth 4 ﬁ?&[ﬁ&-}dwﬁhr ' %nﬁe ic
head 25 11 at its air gutflow si?jcg. The strutclzjﬁgﬁel'bg eriggbﬁ{s#igggnrl%gl S
further detaidigdlcRcSiNG, 186 Fi 0. 3(a) shows definitions of reference
mar ks used in this enbodinent, and Fig. 3(b) 10 shows conparison of the
respective ref er qaceigRIKS diedBosd EhewAURPES 3Rt i in
accordance with this enbodi mer?t ‘and a colr?p%rgligzogn(gﬁstgﬁnp giga gg?fe?g%%{ :bggéér.
In this gmbogdifRats 238 SHRMhIsP shi ( bstapGe: b n €. 5
surface 3 and upper nost surfagesgf%?ef%i@s%rsg%% g%?‘?%g‘f‘ifésﬁﬁ%%?gg% 3}%8 LA,
the distanc@ishgicweehvédd Atst3tER ' o ! .

second step-fgce 5 1is defi nsedtﬁgfa{f?%ﬁfﬁgggf%%%g%%\?\ggrﬁib%gé%d‘n%eétfg%% ace

5 and upper ®eREnsd %Em?th&disﬁa&%fﬂgﬂﬁgeﬁgedoﬁ& ﬁ}#ﬁ%ﬁ%@?&?@%@%@éﬂ%ﬁ@% Che

| onger side of head slider 10 i1s efined as L

di mensi ons &8 i§RAeAAed hsFLY; and the Ie %pgjtﬂﬁdgyt e eoilggpgidén&f hbad F’ﬁ&g)erﬂié% égnd

L2 = 15 nm Wen an inertia force a ction of renovin

9
slider 10 fr@fined 4£EO" qih@% KB 4drS1RRRL ithY difeSRHs 3! ERwutth Fid'3 @),

reaction taken by slider 1
10 namely LA =600 nm, L1 =60 nm, and 1.2 = 15 nm.

When an inertia force along the direction of removing head slider 10 from
a recording medium is applied to head slider 10, the reaction taken by slider 10
is described hereinafter. Fig. 4 shows the reaction taken by head slider 10 to
shock acceleration G when inertia force F removing slider 10 from the medium
15 is 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
clearance 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 1s along the direction of removing the head slider from the recording 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 =



I s described hereinafter. Fig. 4 shows the reaction taken by head slider 10
to shock acceleration G when inertia force F renoving slider 10 fromthe
medium 15 is applied to head slider 10. The reaction in this enbodinent is
calculated through sinmulation in the followi ng condition: load = 1 gf,
radius = 10 mm rpm= 3000 r/m and skeﬁlangle O degree. In Fig. 4, the
hori zontal a-Nis represents shock acceleration G due to an inertia force
renovi ng head slider 10 froma recording medium and the vertical 20 nds

represents d)nimininiim dheirghte Kiftman bt AgiroRnd em, B piteh ahdly =Ngipght. 100 is a

cl earance between the cl osest section of slider 10 to the recordi ng nmedi um

and the mediioad. THbepiteaterangl shdobutanvaogl of Elasdredcdelerativget: 48 Whiihe
respect to the recording nedium where an el evation angle fornmed by slider
10 with resjppdication bfunesdin fonoé Fadoml tlecdirertiondf@emefingG theMRal sliNs: f#ahue-
Since acceleration 25 Gis along the direction of renoving the head slider

from the recoretondinganediom eatdk! thegirbaer Gitch figs. Howaded thafRsh angle
negative value. As shown in Fig. 4, in a steady state (no inertia force F

i s appli&d, reaehes thelial) degtoel atush cibeslued valdeofGN= spRBRr 200 (B01kEA itand
~pitch angle = approx. 100 u rad. The greater an absolute val ue of shock

accel er at i ordeGrehses tafterhen stpplute atllad obTG igkesdds22001E€e AndliNdrdd6f an
direction of renoving the head slider from a recording nediumentails the

greater pitctbsahib ealudafey e2300(R the beldh angletaket eaediasivk RelBRwheeg(He at
an absolute value of G = approx. 200 (g), then it decreases after an

absol ut e val=8.8n/&).exceeds 200 (g). In the area of an absolute value of G
?300(g), the pitch angle takes a negative value, where | (g = 9.8 (nls).
Wien the pitch a’hen tlkpich anglhabkyea viepadvelvglue dueUbtfiethet ReheaRerah an

10 absol ute val ue of shock acceleration G the mninum clearance FH m n.
still 10  absolute value of shock acceleration G, the minimum clearance FH min. still
takes a positive value before an absolute value 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 (g).
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 presence 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 moving 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. 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 Hig.
5(@). Head shider 20 differs from head slider 10 of this embodiment only in the

lack of second step-face 5, and stays unchanged in the other points, so that



takes a positive value before an absolute value of G reaches approx. 720
(g). In other words, head slider 10 keeps flying in a stable manner before
an absol ute value of G reaches as nuch as approx. 720 (g). As discussed
above, head slider 10 in accordance with this enbodi mnent 15 keeps flying
in a stable nmanner even if an inertia fordde, renoving head slider 10 from
a recording nedium is applied to slider 10 and generates shock
acceleration as nmuch as G = 720 (g). In other words, the head slider proves

not to col lsidfangdbmshts NewveeeRs didifle MRE:WRLe Ana ke Yad [BUES id?aéxi& N8e
presence of second step-face 5 prepared in first air 20 bearing greatly

i nfl uences tdeecrigtinis therdf afeahistbd Uefe. 10 when inertia force F along the
direction of noving away froma recording nmediumis applied to head slider

10. The reason i Religichs! RGwben Gegiction st&i-Gace® ﬁ@%%wﬁz'oem(ﬁ) 288 the

conparison, i.e., a structure of another 'head slider does not

have this selistagdes fennfaRrSmost Surbla)6i Brdd! 8RpULEW Ofs 785 papadoald.der
20, and Fig. 5(b(): is a sectri I(ginal \}lirew t aken al ongp?’flhne BS- ?n%f Fi g.er5(a).

Head sliger @Redibhebty inQRL R8AM HlhBes é&h@&&fﬁéﬁﬂ%&&hﬁ?m only in the

| ack of second step-face 5, and stays unchanged in t ot her points, so

that 12 similar @iewmmusthasahbhtasPtaehayanes JRek80dthdal in%gg? \i}bgcéaﬁd the

descriptions thereof are omtted here. Rel ations between respe

step-faces aléhstHaMirédtidnl 6f m3(iy adid filhe a &bﬁﬂﬁgﬁ ?Jdﬁl%l‘ i pag)%'jiem bhis

surface 6 to first step-face 4 is 75 nm O her | mensions stay in the

same nunber gompatiees Safipld6PHesd 5KEr I A Shovbh id Fx?h@é ?1&88 iiBr Q@@%ﬂson

‘taken by head slider 20 when inertia force F along I rect1on of “rovi ng

away from a flyésosebiritbie HRsHitm Wi haRpl. Rl =L ap bk 20 FARA piEaNaSATR £,,96x head
slider 20. As shown in Fig. 6, head slider 20 stays
10 80 prad when inertia force F is not applied. When inertia force F is apphied,
| both of the min. FH and the pitch angle increase; however, when head slider 20
receives shock acceleration over approx. 250 (g), it cannot keep flying because
the air bearing film is not formed between slider 20 and the recording medium.
- 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
reactions 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



flying over the nmediumw th mn. FH = approx. 20 Rm and pitch angle =
approx. 10 80 grad when inertia force Fis not applied. Wwen 'inertia force
F is apphed, both of the mn. FH and the pitch angle increase; however,
when head slider 20 receives shock accel eration over approx. 250 (g), it
cannot keep flying because the air beariﬁb filmis not fornmed between
slider 20 and the recording nedium Thus Fig. 6 does not show the result
of pitch angle or min. FH . In other words, 15 inertia force F generating

shock accel drahizorectiding medidm( g Figolhdshosrsthe reactbn ikeddy RO fideanay
fromthe nmedium In general, head slider 20 is retained by a suspension

havi ng spri rapdeFRs T(Wishyws Whw raigtianaskeh biéadd slideler0.20 from the recording
medi um causes the spring elasticity of the suspension (restoring force

froma bent condiAd shvwDiR i), hahea@RUdEF 20) céﬁe@ﬁ&hﬂb@oﬁ&éﬁ&ﬁt&?%e to
head 20 slider 20 toward the recording nmedium Head slider 20 possibly

col | i des at nepativeggedsoss id loeateddicufermttheessinflow Sashaps oFRAnEtdfal Gp, O
mechani cally the nmedium Head slider 20 receives a greater elastic force

cat a | arger wheiedNPds chieubted ik 68 p2shsafsl dibabanekh dRartdM%ePHh Fgg@tﬁggsi ng
et al

the possibility of the collision. 25 This phenonenon is further led

using Fig. TTheveioeb, mWHeustipahed ihdia HeRet FoRSapplicdntdheh8adiddy $6" ad- of
this enbodi mrent and the conparison sanple of head slider 20 to inertia

force F al ongodiweseiopedrit@re®fs iitheadglideny0 b8 shoRmia the ¢RI Wy, Fi g
7(a) shows the reaction taken by head slider 10, and Fig. 7(b) shows the

reaction tak#a),by theaths pitdRangl béensdionekativeHidBpreddion arigle)Baesdr gey 10,

center point NP of generating a negative pressure is |ocated nearer to the
air inflow sidkedringfihasill sencdns due @ the balehios willHesis@dwul ated fromthe

pressure distribution chart shown in Fig. 2(b). Therefore, when upward
inertialforce F iGnabpbtled Hamd)e@dhe cbi@hritén satiple 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].ider 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 increases too abrupt to retain the air
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

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



cl ockwi se nmonent occurs in head slider 10 as shown in the right draw ng of
Fig. 7(a), so that the pitch angl e becones negative (depression angle),
however, the air bearing filmstill remains due to the balance with the
airflow 10 On the other hand, in the conparison sanple of head slider 20,
since no second step-face 5 is formed, ai4flowis difficult to enter
between slider 20 and the recording nedium Therefore, a positive pressure
of first air bearing 1 becones smaller than that of head slider 10. In

order to kedpcdiad asarr to6@hé air inflRkdiddR o gH8ARF @NtEOGR, ARISHY YRaRRSSUT €
noves nearer to the air outflow side 15 than that of head sli'der 10, ere

NP of sliderhe2d diiled witioh @anPRhiflydhg beaatHe fecolliRE SHEBUEE BRI 1AE 1RBEt | on
19 prepared between first air bearing 1 and second air bearing 2. Thus NP

of head sli dfide2GebdivéPeRsitR 988 & aldhol BR FivecAb fdfoMovRiISwhy FRBA 8 t Y
center GP. An application of inertia force F along the direction of noving
away from Zfedingnh.recording nediumto slider 20 generates clockw se nonent
in slider 20 as shown in Fig. 7(b), so that the pitch angle increases too

abrupt t@ retainThhbeahse obgR hédll flideMikelcrseanss k@ﬁiﬂﬁ@eﬁi&dﬁﬂ@nﬁg% m

The airflow affects also this phenonenon. As a result, head slidé

stays far awhy dideprréhevesesettia f6ReF ajth&h@bﬁPécﬁoﬁ%flxhs’ﬁﬁ %}J"&Bmtﬁﬁe
medi um and danmages the medi um magnetical 'y 25 or nechani cgl y.” As _

di scussed. akeydin@nidipethel sliler diibs Re (KROpth hagk RipttndBdftes! [t0Qknls |
desi gned such that the center point NP of generating a nedative pressure is

14 | ocat ed ripat ehereOist fithas hig] blepubslitgeotl EMRiOA BekdYert THE Pcoitn tRGEEPY
obtaining a head slider which can stay flying over the recor |n§ medi um

even if the {ifh@irstShirdbdariz@E Qi ¥EEhd R inflok Mide TIRVARE, LiRBe Tht AfhdRNPT
noving away fromthe nedium

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 recordjng 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 steprace 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 limited only to the shape of surface 6.
25  For instance, head slider 30 shown in Fig. 8 is in a rectangular shape, and not to
mention, the present invention includes this case.

This embodiment 'éhows the case where first air bearing 1 of head slider



5 1n the case of the head slider in accordance with this enbodi nent, when
the slider receives inertia force F along the direction of noving away from
the recording nedia, the slider flies with the pitch angle kept negati ve.
It seems that there is rather high probability of collision between the
recording nedia and first air bearing 118 the air inflow side. However,
since the height of 10 second bearing 2 is designed to be | ower than the

hei ght of first air bearing 1, a positive pressure generated at second air

bearing 2 bdoomelidesviwd btwpefayes, abirably] Adstastgpeated Rhll Cdecaidlsteg-fack N
steady flying status than that in a structure where the height of second

ai r beari nghdwieser biee proventnvehsiondt nbt higlited énlylisahidwhsd. Tht msbReRag sm
al l ows increasing the anti-clockw se nonent 15 shown in Fig. 7(a), which is

necessary f firstuit bgatigg fliinsludas thieeatdpifhcds, iandimibenidahtagh da Hebthamear di ng
mediumat the air inflow side of bearing 1. As a result, the possibility

of touchi ngwhitliottequdstiennbadrestr, dBe ARGILRE hBeRRY b StERMEN S Frelfable
| ower ed. The hei ght of upper nost surface 8 of second air bearing 2 is

preferabby fih the ppantRabsidwiaf point betslseSdfafmipdéerhndfact8Eap Sisiemd gce 5
of first air bearing 1 because of reducing the manufacturing cost. In head

slider 10 i bowacnndatetuthg Bodthi s enbodi nent, as shown in Figs. 1 and 2,
upper nost surface 6 of first air bearing 1 bends toward the air outfl ow

si de; hovever t hFhjy embodinewesidved the cRS whewd (oDt beadhe Shrhgleaf
surface 6. 25 For instance, head slider 30 shown in Fig. 8 isin a

rect angul ar stépafaee Tahdwaoér, tthe p¥BsntGAveltith B A6EHnitdd BRI Htds this
case. This enbodi mrent shows the case where first air bearing 1 of head

slider 15 l@tiuetirgdeishéwistep-EmvelPeathe AlRREYulf i rst step-face 4 and second
step-face 5; however, the present invention is not limted only to this
~case. FdO instanblext,id 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 LAbetween'upper most surface 6 of
first air bearing 1 and base 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 ﬁst 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 acceleraﬁon 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



first air bearing 1 includes three step-faces, a simlar advantage can be
obt ai ned w thout question; however, the structure having tw step-faces is
preferable 5 fromthe practical view of point because of sinpler

manuf acturing steps and a |ower nmanufacturing cost. This enbodi nent shows
the case where second air bearing 2 inclubfes step-face 7; however, the
present inventionis not limted to this case, but the structure w thout
step-face 7 can be also useful, 10 Next, a structure having the highest

shock resi steantthd focatdidiafedinnheds thik b@lﬁtrexﬂmysmgﬁt ] Ehogs alvAldifa The
condition showmn in Fig. 3(a) is used for thi's stu y. The study proves that

di stance LA steidiestatuppdierdhs insitiaf Re@ B 0dng fHe' Eitedioh HT8ALVIAG abvAloRase
surface 3 greatly influences controlling the shock re5|stance of hea

slider 10. Bbeawssding RN fsusslnfd. aF‘lﬁ%@igh‘tTWﬂ@&%‘dé& %a%@%@aﬁ@a@é _
“ negative-pressure generating section 19 prepared between first alr earing

| and second.Aj dndBRi¢digs 4t h Stk lddth8ee PA. changi ng di stance LA Fig. 9
shows rel ati ons between distance (depth) LA, shock-resistant acceleration

G and fby hei ghtTHelrefof$;GRAtENAE TATH&Bwleak Qfpdr MBS saﬂaeé<s aen%!fﬁés%@urface 3

acceleration with which the air bearing filmis allowed t orm between t he

head 20 sl i dftheaddslidee 10a@@rkH HekeiRehaiin FEPoh¥OtHL ff@@ﬂ\ﬁk@&‘%h&fkerefsis{&%é“c“

as L1= 60 nm and L2 = 15 nm before cal cuI ati-ons. ce acceleration Gis

al ong the cﬂmlestsp@éiﬁ@imxeapi@ceﬂd;haﬂeh@ﬁg ¥ L GRE tﬁé QdM1ibAs rsﬁBQE ”@d' um
acceleration G takes a negative val ue 9 Shows that an absol u e val ue

of shock-r esfi@tiaptanes cehdirahé @anﬁnoﬁ%fﬁ%aﬁﬁﬁ&ﬂy%@tqﬁﬂef 26/ 8} F@Q&:@d&@ and

the absol ute val ue thereof increases at smallef distance LA wever

iy, ity SO el iy 0 R s 600
10 within 400 nm =TA= 430 nm. At this time, an absolute value of shock-
| resistant acceleration G falls within 778 (g) =G= 788 (g). As a result, a head

slider which can withstand the shock acceleration of approx. 780 (&) is
obtainable. Meanwhﬂe, 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 aﬁd 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 response to a required fly height
FH by using the relation shown in Fig. 10. For instance, assume that a
required FH = 20 nm=*5%, then L2 falls within 13.0 nm =I[2< 134 nm
according to Fig. 10. Meanwhile, FH = 20 nm makes L2 = 13.2 nm.

25 Next, an optimum distance L1 with LA fixed at 420 nm and 1.2 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



and the recording nedium In this context, fly height FH shows a value in a
steady status where no inertia force F along the direction of noving away
from the recording nedia is applied. Fly height FH decreases at a greater
di stance LA, and increases at a snmaller distance LA .5 Therefore,

~ di stance LA between upper nost surface 6 hhd base surface 3 of head slider
10 can be determned in response to a required shock resistance and a
specification of recording density by using the relations shown in Fig. 9.

For i nst anceheightlBH dfigcaRdittd @Ralér distAtdi IEhdd &y ReiWR tFH kL
(recording density : 30 GB/in) andr aISI owabl e errojF 50%?1 an g%ctrriefgr%r%wa

di 1A ] \ | CthhE iRk 7 . ' | )
i stance 1A gehte dibtanct Miln 206houzh thiEis ket shdwn 30he HF&W%%%S{] Hi/s%ﬁc%g.?l an

absol ute val ue of shock- resistant acceleration Gfalls w

1 _SG _5 788 ddpk-nobsolel®s With sibcRaadistait feslehtiggcan withstand the shock
accel eration of approx. 780 (g) is obtainable. Meanwhile, fly height FH =

20 nm nekes LA D#2hceiln andbarhusBs@irktifed #h lf@sda%sé%& a71%aﬁg?§aﬂylﬁ%gi§txt 10

optimum di stance L2 with distance 1A fixed at 42 nmis st

shows a el aFHoby beding ehe diathRfte &hbdrand Fiby 1hei glab iﬁ'é\%a[n-EQea%ﬁﬂX Ftﬁﬁf Ques

that those two factors correlate with each other, and fly height

i ncreases atregubwdl FH =dpotdnees%2 chand. 1 pmd &ighh 5dbdssr eases %tl.(?fa
greater distance L2. Although this is not shown in the draw ngs, i Stance

L2 does not adfrdifngteRatd1ni Mraskasle; FEFE90aMh ﬁ%‘@%ﬁtﬁiﬁnﬁ Distance L2
can be thus determned in response to a required fly height FH by using

the relation shovihd sullidh dibGlissE@abbhs pARRLEhaASHETBIIS & 20
nmb% , then L2 falls within 13.0 anm b 5 U '~ 13.4%%&%@$ﬂﬁgﬁgﬁi g.

L, ey 2 o5 o o 0 o, et YR
Fig. 111$hov@0 amiel BAi ondvehwse L d=S599CAM. lhndNH2 i M3leight As a result, a
desirable head slider is obtainable. '

In the case of required fly height = 20 nm=*+5% V(recording density: 30
GB/in?), if the air bearing surface of the head slider can be designed such that
the dimensions fall within the following ranges, the head slider that can achieve
15  the highest shock resistance and fly height = 20 nm is obtainable:
58.0nm <L1< 61.0nm
130nm =L2=< 134 1nm
400 nm =LAZ 430 nm.
In the foregoing case, use of length L = 1.235 mm of the longer side of
20  head slider 10 can normalize distances L1, L2 and LA as follows:
32 X10™*L =LA< 3.6 X10~*L
2.9 X10?LA =L2< 3.3 X102LA
134 X10°LA SLI=< 145 X10721A
The head sl_ider, of which djxﬁensions fall within the ranges discussed above, is
25  excellent in shock resistance. Shock-resistant acceleration G, indicating the
shock resistance of this structure, is in the range of 778 (g) < G< 788 ().
This embodiment refers to the head slider employed in a magnetic‘disc



FH. tudy proves that distance LI correlates with fly height FH and fly 17
hei ght FH decreases at a smaller distance L1, and fly height FH increases
at a greater distance L1. Although this is not shown in the draw ngs,

di stance Li does not correlate with shock-resistant acceleration G

D stance Ll can be thus determ ned in ré@ponse to arequired fly height 5
FH by using the relation showmn in Fig. 11. For instance, assune that a
required 'FH = 20 nm:5% then LI falls within 58.0 nm61.0 nin according

to Fig. 11. dblvamythévies; hokidver, 2be head shd@soflthe r&&nd ivantibheis Hot Bhffed to
di scussed above prove that the fol | ow ng di nensi ons should be designed |n

order to achhevwegneichlighéstvirghdokhed bat apphcthland nidghchebptital fdike dQviz@ N
A =420 nm LI =59.9 nmand L2 = 13.2 -nm. As a result, a desirable

head sl i der demc@@aﬁdnphbﬂdlsmdﬁhmgcm&e@f required fly height = 20
nm-.L5% (recording density: 30 GB/in), if the air bearing surface of the

head slider can Phidlesbgiitesigdfeishat the besedbamasé e tahllatichMididdrighe
foll owi ng ranges, the head slider that can achieve 15 the highest shock

resi stanse eomditioy diebght 30020-MArar btk Tever, 3Bilcotiditi®d dfed Wt 1Wditd ni n
| ~U: _E~ 13.4 nm 400 nm: _!'~LA;S 430 nm In the f oregoi ng case, use of

length L = th@phesent idfertie, banges heddididd of 2he peadns invatiohls ﬁ@f‘hﬁ‘i’fé&m i ze
di stances L1, L2 and LA as follows: 3.2 X 10 -4 L : IsiLA -5 3.6 X 10 -4 L

2.9 X 10 - 2l the bpbFatfhBeonditidfs sidb/as hBrpm¥Xa16ad, 2 4 sibe bl ilR Eéhcﬁs]f&eilo -1
LA The head slider, of which dimensions fall within the r anges di scussed
above, is 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 a mini magnetic-
disc driving devices.
In this embodiment? the so called 30% head slider or PICO head slider is
15 used 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, the dimensions do not limit the head slider of the present
invention. For instance, use of a so called 20% slider or a FEMTO slider, of
20  which dimensions are 0.85 mm X 0.7 mm, can produce a similar advantage.
The head slider of the present 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 supporting device and a disc driving device, both of which use the

head slider of the present invention, are described with - reference to



25 excellent in shock resistance. Shock-resistant acceleration G

I ndicating the shock resistance of this structure, is in the range of 778
(g) < G 788 (g). This enbodinent refers to the head slider enployed in a
magnetic disc 18 driving device; however, the head slider of the present
invention is not limted to the nagneti d%i sc drivi ng devi ce, but
applicable to magneto-optical disc driving devices and optical disc
driving devices. This enbodinment refers to the case based on the sinulation
under the Hcconpanyiong drbwipge. = FRHOIR i mpepshdctioe Wide of heMessehtial Pin§ of
condition does not limt the present invention, but the head slider of the
present i nveheidise drivingtdekicaiih @dcoriyntdwithpdeaktddl eeghlare BamboHeRDran
rpm a load, and a size of the head slider. For instance, in the practical
range of thehe presentihvemtivagnatmagtiiticdisd dmiiig dedes i6 @8kerd Aak 38BmlleFuUsSed
in this enbodi nent perfornms excellent shock 10 resistance w thout questi on,
and the flyithg dieattivihidevicol Fize 18rieaqlsiddtion vidi of GARsRIgH] RAH ATHE
excel | ent shock resistance di scussed above at rather a | ower rpmranging
from 2000 - HeadGuppontiy ddviessingrnerdanky widethd sac@ndrbfémgﬁﬂyehmriﬂér&%f
driving devices. In this enbodinent, the so called 30%head slider or PICO
head sl i der ths prddntéenition. t he description, where the di nensions of this
head slider are this: longer side |length (along the air inflow direction)
X shorter side | En@fih 10alizn@2 it hetavsbly s6pporded BE iAA Wak!B1l 8ARESHeh anlihe
air inflowdirection) = 1.235 mm X 1.00 nan. However, the dinensions do
“not limt theuhdydhivindaneais 88ewhichasns, e &N UapihdB - mbiQE, iHé&&Qﬁﬁ‘porHﬁg of a
so called 20% slider or a FEMIO slider, of 20 which dinensions are 0.85 mm
X 0.7 mm calevigeedmpeisas shafollewimglslenterge. The head slider of the present
invention is not limted to an anount of |oad applied to the head slider
in operd®ion. For ihehdntieler thoeoff tifecprisagt Bi¥edtion 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 supporting 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 at
an air inflow side, and a second air-bearing 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 lower than the upper most
surface of the first air bearing.

Further, head slider 50 preferably has the following dimensions when
- distances L1, L2 and LA listed in Fig. 3(a) are normalized by length L of the
longerside: 8.2 X10™*L =LAZ 36 X10*L

25 2.9 X10*LA =L2< 8.3 X10~?LA, and

13.4 X107?LA =L1= 145 X102LA.

'The definitions of respective factors are the sameé as those used in the first



slider or FEMIO slider can work with the load ranging fromO0.5g to 2.5g. 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 19 acconpanying drawings. Fig. 12 is a perspective view
of an essential part of the disc drivin%odevice I n accordance with the
second exenpl ary enbodi nent of the present invention. A magnetic disc
driving device is taken as an exanple of the disc driving device. Fig. 13

i s a perspeembodivieayy thiis die septionk thavebf &e diRted lgad supporting device
I n accordance with the second exenplary enbodi nent of the present

i nvention. In Fi @wih 'ng@h&&n@%icﬁnrlﬁe?%?gwé/v§ié@4%8iﬂtr§&0QYaﬁ@lsﬁir_]r§‘§&ha€b}’ and

driven and spun by driving means 33, which uses, e.g., a spi e notor.
Head suppor tirfg36dg\hee RORDE1i86650 _fa;eﬁf Qhdcoywi ﬂﬁfds?cm%ﬁﬁgitglé%e’aaa&eﬂah er 50

of the present invention equipped with a head (not shown) for reading data
fromand wridesirablatirack.0 Hous26® 89 bAslosRthdsa e1@ﬁ@n;§ﬂ§99@ﬁff09?eé§%ihg thhch
I xed to

this head slider 50 is fixed. ad supporting device 40 is
act uat or 5ar mtIPvenesfiodss rotatably nounted to actuator shaft 37. 15 Head
slider 50 in accordance with the second exenplary enbodi nent of the

resent inventi oFig! i 1 ' 4 : face
p i 0T laSRE spbclive $ievbf ak 8adehnbial Bﬁﬁ%h%gdgﬁggoﬁg%?e%gﬂé

at an air inflow side, and ‘a second air-bearing having a I'ng

prepared onitwRichaReluddE EagRnalondsE ahA Hekd kligyy 56 der ' linyit he
first enbodi ment. Head sl ig%% 50 includes plural st ep?%gcszggégée %ﬁ%efdinartst

air beari ng,ﬁﬁﬂﬂ4ﬁffg)@eﬁb&baﬁtaiﬁ‘@t&{d bNQidepRIderat Meg&&&eﬂa ofﬁugdéﬁfpﬁd air

bearing is | ower than the upper nost surface of the first air bearing.
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 1s 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 (a) 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:



Further, head slider 50 preferably has the follow ng di nensi ons when
distances L1, L2 and LA listed in Fig. 3(a) are nornalized by length L of
the longer side: 3.2 X10 "4 L c LAc 3.6 X10 -4 L 252.9 X10 -2 LA:5
L2c 3.3 X 10 -2 LA, and 13.4 X10 -2 LA :!~L1;5 14.5 X10 -2 LA. The
definitions of respective factors are the?kane as those used in the first
20 enbodi ment, thus the descriptions thereof are omtted here. Sw nging
nmeans 38 can use, e.g., a voice-coil notor, and swing actuator arm36 to

move head sl(apzloaSapplied feim@idd 440 (b)popoditionprgstfedieachiofles fafoating
desirabl e track. Housing 39 encloses those elenents therein for retaining
them 5 at dieadrslidecdi0i offiSronkidisc 32 asd dc)pemeRALIVE YeestueNVIGT bARRSSIRMI al
part of head supporting device 40 which includes suspension 35 and head
slider 50. Hbadr 50itcearddisc82fi xed at ligula 42 prepared at a first end of
slider-holder 41. A second end of holder 41 is fixed at beam 43. 10

Sl i der - hol déleatll stiders50 dligs over disot32l atsprstargl Aarbighd Pyehdeathrehicfqho&0 t o
pitch and -roll. Head slider 50 is fixed to holder 41 with, e.g., adhesive,

and hol 8er thied fordesx eThecohtrallt¥Syidigs serifgingWhb Ay BB wihvbis A¢hbizhokepar ed
at atip of beam 43 for applying a load to head slider 50. A given load is

applied to htaal condtadevabie, \soathpit indad4dlided B VOpobitRAEd oWBL e tREMOtrafil
contacts head slider 50, is a 15 load acting place as discussed in the

first embodiThistmechamidny allohe Phasé (MbteslowBNmbitdd én ERAGE5@EH SeaNd@ad
slider 50 when the inertia force of a shock due to external disturbance is

applied. |Infrtrvandasad daeach dispdarti ng device 40 is preferably structure
such that ~when the gravity center of slider 50 and the pivot place are
proj ected onto thise 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 slider, and the inertia force has an acceleration as much as

25  approx. 700 (g).

Use of the head slider of the present invention in a head supporting

device and a disc driving device can produce reliable head supporting devices



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 device 40 conprises the foll ow ng

el ements: suspension 35 including (a) beam 43 equi pped with pivot 44 and
(b) slider holder 41 equipped with |igul #242; and head slider 50. 25 In
the case of reading data fromand witing data to a spinning disc 32

(di sc-shaped recordi ng nmedium) with head supporting device 40 having the
structure di sodssbdblabdive driviwg deticeter Pibst el®iote ScanNgrdveht SMé Mpall NIREr
forces: 21 (a) a |load applied frompivot 44; (b) a positive pressure due to
airflow for fioovacihidingremaingithddiscsrficsé ebenif M BRr8a f0:28Auba) 23 é%%&"ii%a]ilve
pressure for bringing head slider 50 toward disc 32. Head slider 50 i es
over disc 32lavgeashetkesuds bhyhdhbghtlidae, t he bal ance of those 5 three forces.
The controller swngs swnging neans 38 with this fly height kept at a
constant value, so that head slider 50 is positioned over a target track.
This mechanismall ows 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 invention and disc driving device 49
equi pped with the sane device 40 achieves excellent shock resistance in
both the head supporting device and the "head driving device. The present
invention is not limted only to the magnetic disc driving device, but
applicable to a variety of disc driving devices, enploying a flying 15
head- sl i der, such as nmagneto-optic disc driving devices and optical disc
driving devices without question. The present invention is not limted to
the disc driving device using a



di sc-shaped recordi ng nmedi um but applicable to recording/reproducing
devi ces which use any shapes of recording nedia. 20 As di scussed
previ ously, use of the head slider of the present invention achieves a
steady fly height over a recording nediumfree fromcollision of the head
slider against the recording medi umeven j,n the foll ow ng condition: An
inertia force along the direction noving y fromthe recording nmediumis
applied to the head slider, and the inertia force has an accel eration as
much as 25 approx. 700 (g). Use of the head slider of the present
i nvention i FlaiMsad supporting device and a di sc driving device can
produce reliable head supporting devices 22 and reliable disc driving
devi ces. Those ddvi éeﬂngrheﬁﬁé At carhprigidgd slider fromcolliding against
the disc surface even if an inertia force due to an external |arge shock
acts on the head slidera first airapearing having |ayphlgahea@f§rteméacwnp3ilming: a
first air bearing having a plurality of step-faces and being 5 disposed on
a base sérf gigpased Hinra bafe wirfasie s airdndlow sidepart! ai r beari ng bei ng di sposed
on the base surface at air outf|ow side, wherein an upper nost surface of
said second air beari ngd secomshair beasing heingpgisposed onshefbase sofrfacsi ak 4irr st
air bearing. 10 2. The flying head slider of claim1, wherein said first
air bearing outewsitss the plurality of step-faces having: a first
st ep-face;

wherein an upper most surface of said second air bearing is lower

than an upper most surface of said first air bearing.

10 2. The flying head slider of claim 1, wherein said first air bearing
includes the plurality of step-faces having:
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,

15 in this order from the air inflow side.

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

in this order from the air inflow side.

4. The flying head slider of claim 1, 2 or 3 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.



a second step-face higher than the first step-face; and the upper nost
surface higher than the second step-face, 15 in this order fromthe air
inflow side. 20 3. The flying head slider of claim2, wherein, said first
air bearing consists of the plurality of step-faces having three faces
such as: a first step-face; a second step-face higher than the first
step-face; and the upper nost surface hi%her than the second step-face,
inthis order fromthe air inflow side. 4. The flying head slider of claim
1, 2 or 3 wherein a side rail is formed in said first air bearing such
that the side raisl eieefliginer QiBaﬂotst%BdéfCﬁng&)néftﬁr tRe picdedehg t&RIMsYi Ng
head slider toward the air outflow side. 24 5. The flying head Slider of
anyone of t hghéett @dhOgatéV @ip¥essurehsdiRratig Sadihl Halificied Hebwoan 84idt fiR®
section is disposed between said first air bearing and said second air

bearing, andjmbe@i®andodaid setoeA@ Béritp,t i1 2 Agfat i)(\fﬁlt Rff?%é‘ké’r@tiﬁ? the
| ocated nearer to the air inflow side froma center of gravity of the head

slider. 6. Tegafileyprastiesid 16t4t88 heferad RN 8irahflbiesidé BoRsl hRenfdr FfMFavity
wherein a herght difference LA between the upper nost surface of the Tirst

ai r bearingoffhehédiesihge surface falls within 3.2 x 10-4L <LA< 3.6 X
10"4L, where L is aio length of a longer side of the flying head slider.
7. The flying head slider of claim6 when dependent on at least <claim2 or
3, wherein a height difference L2 between the upper nost surface of the

first air bearing. arthetigingekentHs5l8&Pof aaPod of e brécedié C1NRAT kbl | S
a height difference LA between the upper most surface of the first air bearing
and the base surface falls within 3.2 x10™L <LA<3.6 x10'4L, where L is a
10 length of a longer side of the flying head slider.

7. The flying head slider of claim 6 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 x102 LA <1.2< 3.3 x102 LA.

15 8. The flying head slider of claim 7 or of claim 6 when dependent on
at least claim 2 or 3, wherein 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 x102 LA <LI< 14.5 x102 LA.

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

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



within 2.9 X10-2 LA <L2< 3.3 x 10-2 LA 15 8. The flying head slider of
claim7 or of claim6 when dependent on at least claim2 or 3, wherein a
hei ght difference L | between the first step- face of the first air bearing
and the second step-face of the first air bearing falls within 13.4 x 10"2
LA <LI< 14.5 x 10-2 LA. 9. The flying head slider of anyone of the
precedi ng clains, wherein 20 said second2&ir bearing includes a plurality
of step-faces. 25 10. The flying head slider of claim9, wherein the
plurality of step-faces include a step-face fornmed higher than the base

surface and a upp st b surface forned higher .than the step-face in this
order fromthe ai fé-iﬂ%l ﬁ%ﬂgﬁﬁéd slﬁe_:r qiffggm ¥i Wheredn thesplugdity of stepaliages,
wherein the pluyrality of, step-fages ,include t step-faces such as a
step-face f #AcNEP-fape {OrREd T ghet tham the %gmsarﬁass@mdnwpp%m%e
formed higher than. the step-face.in this order fromthe air_ inflow side.
10 12. The f?‘&}%ﬁ?&r}ﬁeaad Dighss g the Stemmfacs lartﬁmqrdﬁhﬁpm the: aip inflow side.
step-face of said first air bearing is as high as the step-face of said
second air bearing. 13. A head supporting device conprising: a flying head

slider conprising,.a fir .alr bearing_havin is pluralit f step-faces
and bei ngrrgi sposg]ol' o&hﬁ%b'é%%[’%ff g&%é%ép?%m&i%?rﬁw d)éur&H&'yofgstgmfa%é air
beari ng havi.n head and. bei ng, di sposed. on .t he se surface at air

o] oo e SRR mes S L RPYRRE farteed Biehsh dhay therkse SuERCEo ¢ he
flyi head s)ider f id i t id which t i rst ai
beari'ng ang 2ibA d5per nom Sirfack ToaBRs Righer chan CRsie T Pibwder Gom theo. |

wherei n an upper nost, surface of said second air bearing is
mflow side.

10 2. The flying head slider of claim 10 or 11, wherein the first step-face of

said first air bearing is as high as the step-face of said second air bearing.

13. A head supporting device comprising:
a flying head slider comprising a first air bearing having a
15 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

20  second 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,



| ower than an upper nost surface of said first air bearing. 26 5 14. The
head supporting device of claim 13, wherein the suspension includes a

pi vot that applies the given energizing force to the flying head slider.

15. A disc driving device conprising: a.féging head slider conprising a
first air bearing having a plurality of ep-faces 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 the base surface at air outflow side; a suspension for

applying a given gnergi zi nq force.to.,the flyin 0 head s]ider froma side
opposite to a si d@"ome ﬁSPRBOWI?%ﬁ%CP %&é?‘ghé}aw CrHa d‘%é‘d%ﬂf"@s%ﬂr’r
bearing are disposed.on.the base,suctface; a disc-shaped.recqrding,medi um
driving maarglcﬁlgf’s APFAL Hbat%taﬂgﬁf(‘fi @8%‘??5'&’8%‘%‘@3&&%30%%ﬂﬂ%%egwsﬁg‘%g means
for swinging the suspension along a radius 15 direction of the recording
medi um and control neans for controlling the drive by the driving neans
and the swing by, 4h i AQ).ng neans, wherein an upper nost surface of said
second air bearingi 2\‘%&%@@%@@8}?"88"%‘1 H&P8nost surface of said first air

bearing. .20 27 16. The disgc_drivi,ng.device aof. cl ai 5.. wherein, the
suspensi Sn i ncludes a pi%éfyl?%aﬂeagpgillﬁ? sCYHBI G0 A g@%e@ﬁ?@aﬁ‘&gf BRVBE D t he
flying head psill.ula.ﬂ%«r of ﬁ@g-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;
a suspension for applying a given energizing force to the flying
10  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;
a disc-shaped recording medium;
driving means for driving the disc-shaped recording medium;
swinging means for swinging the suspension along a radius
15 direction of the recording medium; and
control means for controlling 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.

20



5 wherein a pivot place is defined as a place where the pivot of the
suspensi on contacts the flying head slider and when a center of gravity of
the head slider and the pivot place are projected onto a face of the disc,
the two projected places coincide with each other.

27

16.  The disc driving device of claim 15,

wherein the suspension includes a pivot that applies the given
energizing force to the flying head slider, and
5 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
head slider and the pivot place are projected onto a face of the disc, the two

projected places coincide with each other.



