15 Decenber - 2004 | DESCRI PTI ON Head Slider and Head Supporting Device and
Di sk Drive TECHNI CAL FIELD The present invention rel ates t &5 Redeadd 2004 der
and head supporting device and disk drive on which is nmounted an

i nformation transducer for recording and,reproducing of signals on and
fromrecordi ng nmedi um by using the acti 0115 of magnetism 1ight, optical
magneti sm etc. 10 BACKGROUND ART Recently, the technical devel opnent is
remarkable with respect to disk type recording and reproduci ng apparat us
(hereinafter referred to as disk drive) for signal recording and

reproduci ng on and from di sk type BESCRIPEIONdI um (hereafter referred to
as disk) such as magnetic disk, optical disk, and magneto-optical disk,
and besi des its nount iHegd Stider and Head Supparting Bevica atd Dyskrbiienal use, its
application is al so expanding, for exanple, to nobiles such as portable
smal | -si zed el ectroni c equi prent. Accordingly, in recent disk drive,
magnetic disk drive in particular, there is a strong demand for the

devel opneﬁ'fEW%kFéﬁL e which is capable of higher density recording,
havi ng irrpacté‘:esi stance hi.gh ?nou h to enable stable signal recording and
reproddci ng 20t ReVRTESFRL Invantiomytslates fha haad glidgn amd chead sppresting devicsyprch disk
exposed to, disturbance |ike jnpac and is further mnjaturized sgo that it
can be modAt& o568t %?@?MI@%H@H’%VWPWi I Teeatdingand reprodycing of

conventi o r ' resi stance en subjected to i ct f.rqm
out si de sﬁﬁaigs&gl s{ u?%]a}r\egg&ﬁé%re]%ﬁ}élgb%% I“lsﬁg\r,mfé&ﬁé%"g’l ?ltfﬁla@lﬂqs’ins Sgﬁﬁ gptica
contact Wighfpnbiagn QtSk, 25 causing wear or damage to the head slider or the
recordi ng | ayer of the disk, which nay 2 15 Decenber 2004 lead to the
destruction of data or danage to the equipnment. In order to solve this
probl em various techniques for realizing the vibration proofing

10 BACKGROUND ART

Recently, the technical development is remarkable with respect to disk type recording
and reproducing apparatus (heréinafter referred to as disk drive) for signal recording and
reproducing on and from disk type recording medium (hereafter referred to as disk) such as
magnetic disk, optical disk, and magneto-optical disk, and besides its mounting onto a

15  computer as in conventional use, its application is also expanding, for example, to mobiles
such as portable small-sized electronic equipment.

Accordingly, in recent disk drive, magpetic disk drive in particular, there is a strong
demand for the development of disk drive which is capable of higher density recording,
having impact resistance high enough to enable stable signal recording and reproducing

20 -without damage to the disk and head slider even when exposed to disturbancé like impact,
- and is further miniaturized so that it can be mounted on portable small-sized electronic
equipment,

As a conventional problem of impact resistance, when subjected to impact from
outside such as disturbance, the head slider comes intok collision or contact with the disk,

25  causing wear or damage to the head slider or the recording layer of the disk, which may



of head slider have been proposed, and many of them are proposed in the
formof an air Dbearing surface of desirable head slider. However, such
prior art is the result of exam nation with respect to vibration proofing
property, and no exam nation has been nmade on a configurati t hat i

capabl e of effectively enduring external®inpact. Al so, regiggf’%eﬁitb r%)logk
nmount ed on portable snall-sized el ectronic equipnent, the desirable

cl earance bridRAR: §REulRAGE Bhth BRdanBRE td M8 efllifikento” the amount of flying,
does not surpass 20(nm. Further, tak(% ngelﬁl'%ll?'ge%ccount the application to
mobi | es, the powarordedmsalvediisqyotlbme, varioos teckniqud doredaliringihe vibadion grddfiegdi sk
rotating speed, .apd thereby, the .speed of e air flow into the air
beari ng sur?@léédgﬁg‘?rﬁ@vﬁ§8%‘ opossts 1l PaRep E‘?Wﬁ?foﬂoﬁe‘{]ﬁedl&f?@}o f algg
descri bed ahamfgsuMaesofidesifdbiedchddliaer. i s generated at the head slider due to
the inpact externally applied, it causes the head slider position to be
changed, gr eat | Jowexer.shdi priprearias the sesnbof pxamnindtign withgedpeetdo sibration powfieg

into collisj j he di.sk. CLOSURE OF THE | NVENTI ON | n .accordance
wth ot oroB b A el o Riser Rk o b o e} eopr st SERENEY
slider chareadimng egdndl impdeat, when an inertial force is generated, at an
upstream position spaced apart by distance L1 in the direction of air

i nfl ow end from &!sposeurEg awAisk andated on petabieasml-siged elegtppiq equinreens thead
slider, andyfqife gQ "RARRINE hANia: G ABR% L orthe Ia@bﬁﬁtadfctﬁm{gr? dhdd Adpe

direction of air outflow end froma position where sa Inertra<force 1s
appl i ed, t heupessiRtane).rFyilti takingofnta deayert therapplcdiehvaeemobiey] theadwaki der

and a recordin dium are. K1 and_ Kt respectively; and the a nt of
flying 1 n vt DRIARePEis T 43 dceniub PRy PEaRampes 9 Botsbiriber cam
posi tion ISsp&aoﬁﬁ@aﬁﬂ@»ﬁ%ﬁ{t&mé%%ﬂh%u&&h%o%wefh%&ﬁslid&q%%&éﬂpos“v‘d to said

recordi ng nmedi um of said head slider against said recording nmediumin

stabl e flying of Thusi i thepdorsiri asafesdribedpbovehwhen Inertiadbme ingslaiaged(at te head 2)

tanQ / Xh)_: tL2 /[ KILI) - i.s, satisfied Decenber, 2004 | ead

to the dest §%ft ‘i(‘u(c?ﬁo © eyt %ﬁ}erﬂ%gh?do ity Guses 4 %%é ﬁﬁger position {0 bé ghange‘f
greatly increasing the possibility that the head slider comes into collision with the disk.

DISCLOSURE OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a head
slider characterised in that, when an inertial force is generated, at an upstream position
spaced apart by distance L.1 in the direction of air inflow end from a position where said
inertia force is applied to a head slider, and at a downstream position spaced apart by
distance L2 in the direction of air outflow end from a position where said inertia force is
applied, the membrane rigidities of a layer formed between said head slider and a recording
medium are Kl and Kt respectively; and the amount of flying in vertical direction from said
recording medium at said downstream position is Xh, and the angle formed by the surface
to be opposed to said recording medium of said head slider against said recording medium in
stable flying of said head slider is Op, then the relationship

(L1 + L2) tanBp / Xh) < (KtL2 / KiL1) - 1)
s satisfied.



In order to solve this problem various techniques for realizing the

vi bration proofing of head slider have been proposed, and nany of them are
proposed in the formof an air bearing surface of desirable head slider.
However, such prior art is the result of ,exam nation with :@% ect bt 0004
vibration proofing property, and no exarination has been Mty
configuration that is capable of effectively enduring external inpact.

Al so, regargdidyg e SHsBictiPRORESS o Ltk 5 Ll¢-si zed el ectronic

equi pnent, the desirable clearance between the head slider and the di sk,
or the anount ofInfdrgdrngsolvoths protlemsvaripas scRiquesifor rEalizingehe vibedtion grdotfihg
account the Iiﬁﬁ?tion o _nobi | ea, tdhemgro%\ﬁr consumed‘ﬁéﬁ%l &lh% not or i s
reduced by YEPESETHJIAYRESTH RRPOKaidRaspRk tiem ATe PIoRaReh the frm ehaba of
the air fl oydanfg dutfa6e dffiRsimable HR&PHIdRY surface of the head slider is |owered.

Thus, in the prior art as described above, when inertia force is generated
at the head sl idewewnesuehopridsartiigiha cesult of examindtipn aphrespect to vibeaios ewoofing

head sl i der |t to be changed reatly iRncreasi .the possihil.it

that the. ne0a e Sl bRR B sen rE R ohPEERE B Pl ettt
| NVENTI ON | ehdaudgpoexetamit énpdet. h a first aspect of the present invention, there
is provided a head slider characterised in_that, when an inertial force is
generated, at an®lipsteeadingpodisk imppnted en pertablsasmalbgized elecivpsic eapipment,hhe
direction o [ fe | r Lt e ' ' | e IS
applied to %sﬁéeﬂé%&lg{r%rbsﬂgen tg{m%dﬁgaﬁsdfn?gg#\n,ﬁ%%ﬁrﬁlﬁ%%m(s)%rgg)ggiygl&fa?é&b%m

di stance LZsurpass #9(an). eBirtten, tkimy intoulkctdom thadpplicaioa omioblley) thbeoeesai d
inertia force is ,applied, the nmenbrane rigiditjes of a |ayer r med

bet ween sai IR @Fﬁﬁé}mtﬁﬁﬁ rg{d‘?%&rgﬁ’ eﬁr@as%gﬁe ef‘a‘ioéaukg spesds Pé't"f erepy, the

respect i vel yoePddhd d?ﬁﬂé\ﬁﬁ% Heo ik airlb}éérl?% sturraeé%ﬁﬂeql%]d éi'iigﬁﬁg fdwRiedl r om sai d

recordi ng nmedi um at sai d downstream posi

_ ' 1 position is , the angle fornmed by
the surface to Desoigbepdorntast asajescribed abalienyhereuiedin fofce sugatetatesicht el lbed

T SRR Dy LT L B i

satisfied. geatlindeeeREies podéiBifity that the head slider comes into coilision with the disk.

DISCLOSURE OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a head
slider characterised in that, when an inertial force is generated, at an upstream position
spaced apart by distance L1 in the direction of air inflow end from a position where said
inertia force is applied to a head slider, and at a downstream position spaced apart by
distance L2 in the direction of air outflow end from a position where said inertia force is
applied, the membrane rigidities of a layer formed between said head slider and a recording
medium are KI and Kt respectively; and the amount of flying in vertical direction from said
recording medium at said downstream position is Xh, and the angle formed by the surface
to be opposed to said recording medium of said head slider against said recording medium in
stable flying of said head slider is 8p, then the relationship

((L1 +L2) tanBp / Xh) < (KtL2 / K1L1)-1)
is satisfied.



In accordance with a second aspect of the present invention, there is
provided a head slider characterised in that, when an inertia force is
generated, at an upstream position spaced apart by distance L1 in the
direction of air inflowend froma positih,bon where said ine %ba force is
applied to a head slider, and at a downst¥eam position spac«ﬁ-: e‘?‘fﬂ%ﬂ ¥
distance L2 in the direction of air outflow end froma position where said

inertia force ig ﬁ:@&lél'aﬁék wféﬁ'g& JEBSRY ?s@@ctrd.fq.hg :;)Irésgzﬁ iﬁtﬁog,ﬁ%l@f& ifs(yrgﬁged a

bet ween said head slider an recordi ng nmedium are
respecti vel hgadtdhidar cheactedisetli ianthbi, pvlodn 2n Snettia (ftck Zis /geldrate)], st 3d. Wpstrésn

satisfied. In.accordance with a third aspect of the present_invention,
there is e disBinos Mrla_éﬁjgﬁfrs%tm FhEATOWAh T # ReFiPs
force is gexﬂﬁérétsﬁﬁ’inéﬁiaﬁl‘cblﬁksiﬂ AP BkAd Aer SRACEY RRAHstreddY pgéiﬁﬁﬁlgﬁ&e&l In

the direction of air inflow engﬁfyom a_position where said finertia force
i s applied apertdyrdistancs L2gerthe divection of aitowbiiaw endriipmsi pésitiorswhere daidpaertia by

di stance L2.in.the.di,rection of air. outflow epnd froma positio ere said
inertia forQ&Se appahp?Sr t?lgg}e qﬁ%nea’ﬂ%f]’r]ﬁ% O%)? ?adﬁe’éﬁqrg‘fgﬁﬁ?ﬁeegﬁmg%ﬁ?‘f%ﬁéfw a
vertical toetqdigGhauiieet K &t pébpeciélythet BeReationpof and the amount of
flying in a vertical direction fromsaid recording nediumat said

downst r eam posi t3-6& (KeLXhKIdhd 1de angl e fornmed by the surface to be
opposed to .sagltgs cjecor di ng medi um of said head slider against said
recordi ng medi it n stabl e flying of said head slider is 6p, then the

rel ationship of In(decdrdande2yitt AMEH akpeddbf fhephrebeht thderltioN! thkde is plolvideds: head

satisfied. In accordance with a fourth aspect of the present invention,
there i s préeddurasterifuhin et rdrencanaingdiceiaresots gencrategs at whapstean pesitipm

the. di roct raR g B dfFa e AR L &y ARG RGN Fid ce
st ance. Lo e P o D B P Raet AR by M o
i nertia fordgancs labisl thedirestiva ofaroumflew ehd diosph aoﬁﬁmnwhblr% saiddinewiatfome is
vertical t OapE) 1%8,%&;, QI%OH&(S:I Io%' H}sgfager%%ntaig % cfi<rtection vertical to recording medium are X1
and Xt respectively; and
the amount of flying in a vertical direction from said recording medium at said
downstream position is Xh, and the angle formed by the surface to be opposed to said
recording medium of said head slider against said recording medium in stable flying of
said head slider is 8p, then the relationship of
(L1 +L2) tanBp / Xh) < (X1L2 / XtLD) - 1)
is satisfied.
In accordance with a fourth aspect of the present invention, there is provided a
head slider characterised in that, when an inertia force is generated, at an upstream position
spaced apart by distance L1 in the direction of air inflow end from a position where said
inertia force is applied to a head slider, and at a downstream position spaced apart by distance
L2 in the direction of air outflow end from a position where said inertia force is applied, the
amounts of displacement in a direction vertical to recording medium are X1 and Xt
respectively; then the relationship of
25 <(X1L2/XtLl) < 11.0
is satisfied.



respectively; then the relationship of 2.5< (X1L2/XtLI)<11.0 is satisfied.
15 Decenber 2004 4 Fig. 4 is a schematic di agram show ng t heDeemaeriZ894 i n
the flying state of the head slider when inertia force is applied to the
head slider of the conparative exanple 2,as against the present invention.
Fig. 5is a schematic di agram show ng th% behavior in the flying state of
the head 5 slider when inertia force caused by external inpact is applied
to the head slider in the first preferred enbodi ment of the present
invention. Fig. 6 is a schenmatic di agram showi ng the behavior in the flying
state of the Egd ishisdimatieediaganr showidgotieehehavioLth M M ERf of TR S
applied to the head slider of the conparative exanple I as against the
present i relidert when inbitiF-fayce % applied sohtheichd slidagstathe stvaniargdive haaphayiar in
the flying state of the head slider when inertia force caused by external

i npact i s agpiphtithelpresentiiaventonl sl i der of the conparative exanple 2 as

agai nst the present invention. Fig. 8 is a characteristics table of

conpari son betRigeh it & sckrmaticsdingtam shawitgetheihebaviopinetherfiydey etatsooli thertieadf
the present, inventjon,%nd the conparative exanple, 15 Fig. 9 i's a chart
show n§st 15adsrayhan; igertaitarcs caysed byextatnal\impagt inapplicdia dhe head; shideminahe fisstue

in the first f d [ t of th toi ti .. Fig. 10 i

e B AL ST T G e present [nvention . g, 101Ts
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slider in colipameroBthmpk hehidi AARIIPRAcRlnt Ne Present invention. Fig.

12 is a schematic diagram show ng the behavior in the flying state of the
head 10 Fig. 7 is a schematic diagram showing the behavior in the flying state of the head

slider when inertia force caused by external impact is applied to the head slider of the
comparative example 2 as against the present invention,

Fig. 8 is a characteristics table of comparison between the head slider in the first
preferred embodiment of the present invention and the comparative example.

15 Fig. 9 is a chart showing the relationship between Kt/Kl value and impact resistance
value in the first preferred embodiment of the present invention..

Fig. 10 is a schematic diagram showing the flying state of the head slider before inertia
force caused by external impact is applied to the head slider in the second preferred
embodiment of the present invention.

20 - Fig. 11 is a schematic diagram showing the behavior in the flying state of the head
slider when inertia force caused by external jmpact is applied to the head slider in the second
preferred embodiment of the present invention.

Fig. 12 is a schematic diagram showing the behavior in the flying state of the head
slider when inertia force is applied to the head slider of the comparative example 3 as

25  against the present invention.



slider when inertia force is applied to the head slider of the conparative
exanple 3 as 25 against the present invention. 15 Decenbels Raewb& 2804. 13
is a schematic di agram showi ng the behavior in the flying state of the head
slider when inertia force is applied to the head slider of the conparative
exanple 4 as against the present i nvent? on. Fig. 14 is a schematic diagram
showi ng the behavior in the flying state of the head 5 slider when inertia
force caused by external inpact is applied to the head slider in the second
preferred enbodi nent of the present invention. Fig. 15 is a schematic

di agram show ngg. ti¥ejshefdingiic HﬁFfalﬂ? sﬁd\.')ﬁh%‘| $heS bétafio? fin Eﬂeﬁ@ﬁ%g@féﬁ ﬁlggl}’e\ége n

I nertia force caused by external inpact Ts applied to t f
the conpahiddri Where iRt forée ®Saplei N5tthé hRad SB&RNL b8 V@Mpafitive takip@-4 16 1S
a schematic di agram showi ng the behavior in the flying state of the head
sl i der whagainstehd presémimengdeiised by external inpact is applied to the head
slider of the conparative exanple 4 as against the present invention. Fig.
17 i s a char adligrlidsisiacwhtmblie dngranosipaving tire beltavioe in theeflyinneiatd ofige leadt he
second  preferred enbodi nent of the present invention and the conparative
exanpl 8. sBderiwhen i@ rtiz foscataused biheritma impactrivaprlied be thehebslidein thisdcand1L1)
val ue and ir}pact resi stance value_in the second preferred enbodi mnent of
the presemehugbembediment;qf thepresent IpvpRtiofvect i ve vi ew of an essenti al

portion of a djsk drive_ configured ,using a head slider and head
supporting de%&:ési 1§ 2 $phemptic giagragy Ehrpbrhiakigndn Hie fiyieg staiceiothe head

2 head s SHEP e ned Bulh, BEET G Tl RCRPREY i shheht BbeE BEORT nent

(First br PEPraliBREhns arkidlok i Rt bigiol, T e ooai mont of 1t he

presenp i NVeNtHON 6l i§ 2SRAWRatid §iag AR RWiRS R behavior in the flying state of the head
slider when inertia force caused by external impact is applied to the head slider of the
comparative example 4 as against the present invention.

Fig. 17 is a characteristics table of comparison between the head stider in the second
preferred embodiment of the present invention and the comparative example.

15 Fig. 18 is a chart showing the relationship between (KtL2/KILI) value and impact
resistance value in the second preferred embodiment of the present invention.

Fig. 19 is a perspective view of an essential portion of a disk drive configured by
using a head slider and head supporting device in the third preferred embodiment of the
present invention.

20 - Fig. 20 is a perspective view of an essential portion showing a head sfider and head

. supporting device in the third preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

(First Preferred Embodilhent)

25 In the first preferred embodiment of the present invention is shown the configuration



15 Decenber 2004 6 of a head slider of the present invention. Fig. 1 is a
head slider 20 of the present invention, which is in a statibeamperfZ0§4 ng
state state above a disk 2, that is, showing a stationary flying state
state, keeping an angle, pitch angle $p, against the surface of the disk
2. 5 An activating force shown by F in tthe figure is given to |l oad action
point 101 froma head supporting device (not shown). Also, as the disk 2
is rotated, the air flows in between the surface opposing to the disk 2 of
head slider 20 (hereafter called air bearing surface) and the surface of

di sk 2 i n ofladiesd siiiet bDthe PrestMen@tion. The air |ayer acts as an air spring,
a force that causes the head slider 20 to rise. The reaction force of the
air spring is Hgllasadadisltider 20 cfahd pabindgnvearior whied il Betakionad YU dset he
wei ght of head slider 20 that acts to nove the head slider 20 closer to

t he di sk Zfataabbveledighy, thahis, stesdngsh stiond flying estata sidtd &egsingan sight, ipitoRr y
flying state, Also, a point on the air bearing surface, noved by distance
L/ 2 in paragkdp, sgaist thesurfaee dfgbedisk 2di sk 2 in the direction of air inflow
end (left-hand side of the drawing) fromthe 15 point at which a

per pendi cul ar 28y aekvatingotoreenshopay ki the figpesi ingiven 1o logdeaction ipeing d01 fremi ag

force Fijl%Lventot e. head I&L\A‘ZO, d .1o the surface of disk 2

i nt er sect SSFhIPRPTHUNGLGVICH gnotsge ,S?’sasdgé\g-\%grﬁ Fotated, thy aif dlowsin bef@ieen on

103, whil DI Nt .t i I, ' yr f , . di st LL2 i

0 e euRBE bR Bl ) i SRS S Aol B s B iRt St
i aht-h . . _ ) . g dit G, S

(01,91 otk S f bl s RBlod S BEURSY AR p06 O S

spring, ampghtlchises tid AASBIG120 fohsel pﬁkrrﬁﬁdﬁoh'fgfcg'éfglllei‘% g@ﬁ%ﬁ%ﬁh@%& Wit

being K1 and the stiffness at the downstream rigi n position 104

bei ng 18t , atfivating Fouep FSAM fhoFbrck e he Mk Srighebr B sHKERS tHab adts t6 nRiveQRAT Y
flying state by two rigid springs at the two points. The stiffness can be
freely chaegbsiiden 24c closatagac thevdikth 2| had aherelyg the 1#e8istiferofo thies akb kebpe of
the air bearing surface of the head slider 20. 15 Decenber 2004

stationary flying state. '

Also, a point on the air bearing surface, moved by distance L/2 in parallel with the
surface of disk 2 in the direction of air inflow end (left-hand side of the drawing) from the

15 point at which a perpendicular drawn from the load action point 101, where the activating
force F is given to the head slider 20, down to the surface of disk 2 intersects the air bearing
surface, is upstream rigidity action position 103, while a point on the air bearing surface,
moved by distance 1/2 in parallel with the surface of disk 2 in the direction of air outflow
end (right-hand side of the drawing) is downstream rigidity action position 104.

20 Here, the rigidity of the air spring is supposed to be a rigid spring, and the stiffness at
the upstream rigidity action position 103 being Kl and the stiffness at the downstream
rigidity action position 104 being Kt, it is supposed that the head slider 20 is kept in a
stationary flying state by two rigid springs at the two points.

The stiffness can be freely changed in accordance with the change in design of the

25  shape of the air bearing surface of the head slider 20.



7 Al so, the distance between the downstreamrigidity action position 104
and the surface of disk 2 is Xh, and the distance parall el5Pecemhe 2004 f ace
of disk 2 between the downstreamrigidity action position 104 and the
point closest to the air outflow end (right- hand side of the drawi ng) on
the air bearing surface of the head slidér 20 is Lt. 5 Also, in order to

| essen the influence of inertia force due to turbul ence such as external

i npact and to inprove the inpact resistance, it is configured so that
center of gravity 102 and | oad action point 101 of head slider 20 coincide
with each ot heAlswheie distagiecbétodten thé R wdistredmh ifpidinf aclichk pasitidNdes dnlethe
condition, the head slider 20 of the present invention satisfies the

rel ation curfac oL tisk Ch/isXixh, and (th¢ dictance phyallel (0 thet Jurfaty oftdidkas Hee@sen’ giend
that the head slider 20 is strongest agai nst inpact caused by turbul ence,
and excel |davmstrpamn migadity actisn positiore1¥han thheoim sk t¢ the iis ostdivivsénde@ightd t h
respect to the head s|ider 20 of the present invention that satisfies the
formula (hend S’Elﬁé’fH@HHW@g)@M@e@l@%@@f@dofﬁwlhmmdcca@m by turbul ence
I s descri bed th 6 15 reference {0 . In Fi ,. the head slider 20
shown sol i AFPnl Aidshdo clessen dhg P}f ﬁ“%e?%ﬂ@ﬂéﬁpgqf%&lﬂpdﬁ tughul¢nge ruich asor ce

G d due to.i he | d head slid hown by br ok
i ne. shove R BERG B PP L iRt oS, bt mﬁfau? P8 ghatcrgmich dtet o
The inerti | 1 at. whi t
force F i SRR 513 Ritadiin 0B 1,0 Mo iy 2D g erdiivin ﬁbaf & htn

di spl acemjiﬂ ?dmgdﬁ@?ﬂgl(ql(ﬁgkty action position 103 is X1 and t he

verti cal acenent ownstreamrigidity action position 104 is Xt,

respectively VhRRr tHeh@nilie tth@hééarstﬁﬁe&cﬁ&fttﬁe BRstdiSnveRach @a%ﬁéér{h@f’éldg}onjoql

In this case, when the head slider 20 of the present Invention

to inmdfict, alfbanbs/Xie ((nﬁxl)l_agf@([ggz)G with the spring rigidity @2 air
| ubricating film the anmount of its 5 di spl acenent to approach
surface oflt bassbeel fowndgthenitherhead slidee 20iis sirofigesvagiidt (heict cAiRsd bg iva®ulkice,

Decenber 2004
and excellent in impact resistance when the formula (1) is satisfied.

With respect to the head slider 20 of the present invention that satisfies the formula

(1), the behavior of same subjected to impact caused by turbulence is described with
15  reference to Fig. 2.

In Fig. 2, the head slider 20 shown by solid line shows the position before application
of inertia force G caused due to impact or the like, and head slider 20a shown by broken
line shows the position when inertia force G is externally applied thereto. The inertia force
G acts on load action point 101 at which activating force F is given to the head slider 20,

20 -and also, the vertical displacement of upstream rigidity action position 103 is X1 and the
. vertical displacement of downstream rigidity action position 104 is Xt, respectively when
the inertia force G acts on the load action point 101.

In this case, when the head slider 20 of the present invention, subjected to impact,

absorbs the inertia force G with the spring rigidity of air lubricating film, the amount of its

25  displacement to approach the surface of disk 2 is greater at the air inflow end (left-hand side



8 of the drawing) than at the air outflow end (right-hand side of the
drawing). That is, it is configured that the head slider 25 Rdsswobis208he
inertia force Gwith the rigidity of air spring while rotating in the
pitch direction. By enploying such configuration, it is possible to obtain
head slider 20 which ensures excellent ig“pact resi stance. 5 Next, the
conditions to be satisfied for realizing such head slider 20 wll be
described in detail. In a stationary state shown in Fig. 1, the head
slider 20 is flying at pitch angle Oo while keeping a space equivalent to
t he amountof@he ddawindy thdh a@fthetdiﬁoﬂﬂﬁ\@%hﬂgﬁéﬂtfﬂaﬂa ok s (18 Qﬁé&‘ﬂg}’os' tion 104. At

the time, the difference in flying bet ween t e upstream 10 rigidity

action positi ofhal &3 iR ok ré@m&ﬁ@ﬁéﬂdrslﬂbﬂmﬁbﬁ%dﬂﬂalﬂé}ﬁhtfbﬁ@ G Wncag be
represented by LtanOp, and the ratio a to the amount of flying Xh can be

repr esent aigidity dfrudr spiring lwehile notafing fha pitd) diréction( Byasgépihy sdcB)cofligtation) t he
behavi or of the head slider 20 when inertia force G caused by external 15
i npact i s ibispbisile tosblswin hiead §lidgr 2Q whidheenslirt$ excelime impactiesjtancement verti cal
to the surface of disk 2 between the upstreamrigidity action position 103
and thé downst¥exhrihe cgnditions tadeisetisfied der tealizing Ouch headi skider 26 voilltbe déscribed be
represented by the follow ng formula. b=((X1-Xt)/Xt)=(X1 /Xt)-1 (3) In this
case, as t’%QCtéﬁrndl tion for real i zing high inpact resistance, when inertia

force 20 cau ed b act pJ ied to the head slider 20, the head
slider 20 sho %‘f Ftﬁt"‘t pﬁ“t%ﬁ i& the chepd slidgn; A0gis Hying afepitGhaanely 8p | s

3?%[2?%%%&?}‘11&% HiseP SRR e i ?eiﬁi‘”%u%e“éiqa St Beghy
arger ! Nagbigoliaby 908 Ot He'kid, HE &%ﬁen}s; D i Bk Ml pefblly] @RIpkecLdnt’ "9

posi tion, ion o

rzgi)it ifgns fiigﬁﬁlﬁrh%ﬁbnbﬁoé:ﬁ&h fl@_f': M thet Howairtath Rplifhy géloglOBgSIt]JI? 188 EFPBE

represented by Ltanfp, and the ratio a to the amount of flying Xh can be represented by the
following formula (2).
a = (LtanBp/Xh) 2)
Also, in the behavior of the head slider 20 when inertia force G caused by external
15  impact is applied, shown in Fig. 2, the difference in displacement vertical to the surface of
disk 2 between the upstream rigidity action position 103 and the downstream rigidity action
position 104, and ratio b to Xt can be represented by the following formuia.
b=(Xl-Xt)/Xt)=(Xl/Xt) -1 3)
In this case, as the condition for realizing high impact resistance, when inértia force
20 . caused by impact is applied to the head slider 20, the head slider 20 should rotate in the
e pitch direction while the inertia force is absorbed by the air spring between the air bearing
surface and the surface of disk 2, that is, the ratio b of displacement amounts is equal to or
farger than the ratio a of flying heights in the initial stationary flying position, that is, the
relation of a < b should be true, and the relationship shown by the formula (4) should hold
25 good.



(LtanOp/ Xh) s ((X1 / Xt) - 1) (4) That is, a head slider that satisfies the
formula (4) is strong against inertia force caused by extErpakembergfed. In
contrast, when the formula (4) is not satisfied, that is, head slider 30
having the 5 relation of a > b, the behavior is as shown in Fig. 3. The

di spl acenent with inertia force G applied is shown by head slider 30a.
When the relation is a > b, it nmeans that the air outflow end of head
slider 30 initially being closer to the disk 2, subjected to external

i npact, is given priority to approach the surface of disk 2 and is |iable
to contact thQLﬁgﬁBf))Xh %r‘(@xtmt)efgre, it can be said that the headw]lo
slider involves a problem of i'npact resistance. However, even in e case

of a head sli dfat tid)ad heal slifet @kattdacishies! @t i foAmidh (3) § Srondh&Fhikdd Snertif §6ick 2
force is absorbed by the air spring, if external Tnpact 1s applied in the

pi tch di r @atsedrby eaternad ihpeetl sl i der 40 shown in Fig. 4, it will be displaced
to the position shown by head slider 40a. And in case the air outflow end
excessi vel y apgpreonstswherethdi fokmular(fpdsepotrmatisfied, fifat lis)head sliden $0f havimgwhe! be
formed _between the head slider 40a and the disk 2, while the head slider
40a | oSes Telation pf3 pd, shskahavinrisasishpwndn Wig B. (The displacemment oFithline#tiaXorceH@
condi tion foﬁ .avoi di ng, such.collision will be described in the follow ng.
Back in Fi2gPliel is phawiy ﬁtaHéh%\ﬁt%t reamrigidity action position 104 and the

[ tfl ti.on 105 th ir b ' f when t he di st ance
"' & ai'rectt otV B relfon) 0By g bt @i uti end phBeAIAHE 20 B ang
Lt b by. .t f.ol | o f la. ¢=L/Lt (5). Such
shenoenotePRSTRED IS fhe sk 27 sltec o P Pl Vashie. & Btveh atiSbivclocambenchdbey i on
of the h l4 j 0t | ' | I.b e+ ha | ace
because, | hrinctidrte d i Batt {6 Eorfld Bfcrt P, B HERGDIC BRLRROKT HRKRR AR
sl i den0  BEddrdivolvel aQfroli Rk BEQMEPRIisABUIN s 25 represented by formula (3)

is larger than the ratio ¢ of Tengths in a direction parallel to the 1 5
De(;errber 2004 Hdwever, even in the case of a head slider that satisfies the relation of a < b, when the
inertia force is absorbed by the air spring, if external impact is applied in the pitch direction
as in head slider 40 shown in Fig. 4, it will be displaced to the position shown by head slider
40a. And in case the air outflow end excessively approaches the disk surface, no air
15  lubricating film will be formed between the head skider 40a and the disk 2, while the head
slider 40a loses its flying power and collides with the surface of disk 2. The condition for
avoiding such collision will be described in the following.
Back in Fig. 1, between the downstream rigidity action position 104 and the air
~ outflow end portion 105 on the air bearing surface, when the distance in a direction parallel
20 to the disk 2 is Lt, then the ratio ¢ of L and Lt can be represented by the following formula.
. c=L/Lt )
Such a phenomenon that no air lubricating film is formed due fo excessive rotation of
the head slider in the pitch direction as described above takes place because, when inertia

force G caused by impact is applied to the head slider, the ratio b of displacement amounts

25  represented by formula (3) is larger than the ratio ¢ of lengths in a direction parallel to the



disk 2 of the head slider represented by fornmula (5), and the displ acenent
at the air upstream side determ ned by the ratio of inerti5Ddcombe 2®4due to
i mpact and air lubricating filmrigidity is relatively snmaller as against
the length in a direction parallel to the disk 2 of the head slider. 5
Further, the inpact resistance val ue of 18he head slider, with which the
flying space at the upstreamrigidity action position 103 becones snaller
than that at the downstream rigidity action position 104, is closely
related with the variation of rotating speed and skew angle or the change

of |oad oiigkhe dfi #he RS \Gilér ?e%rés@ﬁc@%pﬁh T gs(}fﬂ?lﬁﬂ Ui %Hsrgfla%gﬁcﬁtt efhg:— 51'1i .

bearing surface) shape, and al'so, as t'he flyi space becones sma ,

wi || rapi gibytrdadisidé detkBnkladrBY he FlidSdf iHerdih 818G \IaE k& inpitt Ghd LiSub/MRRRE

resi stance value, and it can be said that the head slider involves a

probl em offilm mipidity is eslatiteBnaralleCanigdaidst khe lefgh i a tdi@ciiRighrsild] €6 thedfiskob ohe
present enbodi nent, in case the ratio b of displacenent anpunts

r epr esent ¢k dppdflidarul a (3) is smaller than the ratio ¢ of lengths parallel
to the disk 2 of the head slider represented by formula (5), that is, when
the refation Feshes ths impactiresistandestaluscofghe headl $liderwith Which (hodyifg Mpace at 1) <
(L / Lt) (6) is satisfied, the head slider 20 is very strong agai nst

i nertia f&cBPEKATCHLHYY agtien pasitipmgae thecomps smalleaghyn that at the islowssirehm hat
the head slider qf the present inyention,  having, excellent inpact

resi st ancé’,gldgtg aﬁ“%ﬁ‘&slg‘ﬁ} b 1% ¢l e\{)éﬁ’ﬁalt%c??"é@ thehgarfagippf sotating spead pad fkave
(6), 20 that i head sl i,der,,that satisfies fornula (7 Lt gnQp/ Xh), s
LOKL 1 TREE oy e Frage B oarl 4 i, e S Mstfas ¢S apBstphrriedion e (coe i
resi stancg

et on pogr i) Shpe End DO Bk BpisetRedhel sRue S AT Rait st b . 1 o
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oad “action poi nt e conponent s or ce cember
2004 11  head slider involves a problem of impact resistance.

Contrarily, as in the head slider 20 of the present embodiment, in case the ratio b of
displacement amounts represented by formula (3) is smaller than the ratio c¢ of lengths
parallel to the disk 2 of the head slider represented by formula (5), that is, when the relation

15  ofb < cis satisfied or the formula (6)

(X1/Xt) ~ 1) < (L/L1) 6)
is satisfied, the head slider 20 is very strong against inertia force caused by external impact.

Accordingly, it can be said that the head slider of the present invention, having
excellent impact resistance, is a head slider that satisfies the formula (4) and formula (6),

20 - ‘that is, a head slider that satisfies formula (7)
. (LtanBp/Xh) < (X1/Xt) - 1) < (L/Lt) 7
which is most excellent in impact resistance.

Here, when the membrane rigidities at the upstream rigidity action position 103 and
the downstream rigidity action position 104 are Kl and Kt respectively, as described above,

25  since inertia force G is applied to the load action point 101, the components of force



beconme equal to each other with respect to the inertia force G generated at
the upstream rigidity action position 103 and the downst r EaasceinhérdPe4/
action position 104 when inertial force G caused by external inpact is
applied to the head slider. Therefore, the anmount of displacenment in a
direction vertical to the disk 2 at thelﬁpstream rigidity action position
103 5 and the downstreamrigidity action position 104 of the head slider
can be represented by KIxXI=1Q xXt that is, (XI / Xt) = (Kt / K) (8) from
the relation of F = kx (F: force given, k: stiffness (elastic stiffness)

x. di spl ateempd qual Qo lehaH other With QBIPREL t‘oofh@‘-ﬂlé'tﬁ %rc@'t?é@xﬂ:&dté@ e @@ff@:ﬁhons

of elastic stiffness, inertia force and displacenent: Accor
formul a ( 4jgidirycaction pakitioh A)3 ane tﬁaﬂewa,&retahen§1ﬂi dr ﬁ&ﬁd}g;iosftﬂfmtb@wfl
formula (10) respectively. LtanOp/ Xh s ((Kt -- ((Kt / KI -
1) < (L / féae} § tfjsed by eRierial dfipachds :ipprhamItcaﬂ(egﬁeaarsﬁdefromkao(e;ﬂie &h®mt of
sati sfied when LtanOp/th((Kt/KI) )<(L/Lt) (1) is just satisfied.

Speci f i caldisplacgmeritgn pd@sitivnevertjcabtst thiedisk Thatatlc spstabem digiditynartion pokitiont03

I npact _resi stance by designing an air bearing surface shape capabl e of

real i zPngard tlwrdwmstr@mmgﬁaw iastign pasdicnclOafahe Ixad slider cambb eqpdessated byt i ng
devi ce and di iﬁ ve haV| ng excel l ent inpact resistance and being strong
agai nst ext er naX y be realized by nounting a head slider having an
opposi te- tt tmadl um surface shape that satisfies the formula (4) and (6) or
t he forrrull?;fl and formula (10) [that is, formula (7) or (1)]. 25 In a

di sk drive, be £0 dered that the reI ative speed between e head
i Y%séffﬂbefﬁzgﬁf sk G

slider and 15 12 the disk is generally |ower when t head
slider isgRasii@RAGn 3F F%x '(ﬁﬁﬁ)&c@fﬁé&%rsﬁffﬁgss t(‘Qgstic stiffness), x: displacement)

10  that is a common formula for presenting the relations of clastic stiffness, inertia force and
displacement. Accordingly, the formula (4) and formula (6) are same as the following

formula (9) and formula (10) respectively.

LtanOp/Xh < (Kt / KI) - 1) : ¢

(Kt/Kl)-1)<(L/Lg) (10)
15 Both of the formula (9) and formula (10) are satisfied when

LtanOp/Xh = (Kt / KI) - 1) < (L / Lt) (1)

is just satisfied,
Specifically, it is possible to obtain a head slider having excellent impact resistance by
designing an air bearing surface shape capable of realizing Kt and K1 that satisfy the formula
20 (V.

e A head supporting device and disk drive having excellent impact resistance and being
strong against external impact may be realized by mounting a head slider having an
opposite-to-medium surface shape that satisfies the formula (4) and (6) or the formula (9)
and formula (10) [that is, formula (7) or (1)].

25 In a disk drive, it can be considered that the relative speed between the head slider and



di sk than at the outer periphery thereof, causing the air flow generated at
the air bearing surface and the anmobunt of flying to becont Dessbaiidod he

i npact resistance to be | owered. Accordingly, it is just enough to satisfy
t he above fornmula (4) and formula (6) or the 5 fornula (9) and fornula
(10) at |east when the ampunt of flyingliZs |east at the inner periphery of
the disk. Also, in the present preferred enbodi nent, an exanpl e of
produci ng necessary nmenbrane rigidity by using a positive pressure
generated in the air flow between the air bearing surface and the disk is

shown, butgpé aisaq@geﬁ@rmqamﬁnwaletxgraa shlidh ik ggsiﬁéﬁcﬁﬁ}t tfié fhnp? %rg)hggé @f’d@gd by

realizing a configuration that my I ng abo simlar y by

usi ng ot hetisk et iaf thd HetePP&iphery\Bticof, Chusihs She LiP AGRS %éﬂéfﬁtt‘ﬂigtcg‘gcgi} E&?iﬂéor 2

head slider having excellent inpact Tresistance as descri ove,

di f f er enceutfacd andané amesitE Apng 16l becon®: kfiandithd BipABCRsikEAn@ to behSRERRY
surface shape of the head slider was specifically exam ned, and the results
are shown 15 Aceotdigly,dt isqust rgoughntoFsagisfy Shasisove Homiuts () madbirhils 8) ernhef
the head slider subjected to the evaluation, and the evaluation result of

i npact 3r edpmaiandB) apd formuln€1Q)ehtaldastr wheid therambesidos e is iessn at i the ridirie
force is appljied to each head slider are showmn in Fig. 5 Fig. 6 and Fig.

7. I'n the PsERReTEPfthedihf the present invention, when the air |ubricating
filmrigiditie 20 qQbtained at _the upstreamrigidity action position 103
and the downstM&ani?y ﬁiji Pressnt iefesd  grakodimen, ppsex o praducirg @geassary
distance of L/2 in a.direction parallel to the disk frogmthe inertia
force actiOn PO {l‘f"@ﬁy\’?ﬁéﬁmgrf’epgl G Bresuresseariaed) b iheai dowspetwispméhe & ¢ he

5701”5 e e i i
Gownst Ceany iied I3Fsalaty « Qbighfiofl (GiIREP bitfy sbof, inter HELOERS ALY e,

2004 13 pQ&thﬂw}Q@hdmmgégﬁﬁﬂﬂ of flying Xh = 20 (nm at the downstream
rigidity actron position 104 in a stationary flying state at the inner

periphery of WNeat,dinstdennsl vekigy Bic ebnditieH €108 eadGlider having excellent impact

resistance as described above, the difference in impact resistance due to the difference in air

bearing surface shape of the head slider was specifically examined, and the results are shown
15  inthe following.

In Fig. 8 are shown the specification of the head slider subjected to the evaluation,
and the evaluation result of impact resistance. Also, the behaviors of the head slider when
inertia force is applied to each head slider are shown in Fig. 5, Fig. 6 and Fig. 7.

In the head slider of the present invention, when the air lubricating film rigidities

20 obtained at the upstream rigidity action position 103 and the downstream rigidity action
~ position 104, located at an equal distance of 1/2 in a direction parallel to the disk 2 from the
inertia force action position when inertia force G caused by external impact or the like is
applied, are respectively Kl and Kt, then KI = 0.79 x 10 (N/m) and Kt = 2.0 x 10 (N/m)

when L = 1.0 (mm). Further, the evaluation was executed under the condition: the distance

25 Lt =0.1 (mm) between the downstream rigidity action position 104 and the air outflow end



(rad). On the other hand, for the purpose of conparison with the head
slider of the present 5 invention, the evaluation was al si¥ leecembrré&doini t h
respect to the head sliders based on the specifications of the conparative
exanple 1 and conparative exanple 2 shown in Fig. 8 1In the air bearing
surface of head slider 30 of conpar ativé3exarrpl e 1, when the air
lubricating filmrigidities at the upstreamrigidity action position 103
and the downstream rigidity action position 104 are respectively K and
Kt, then H = 0.62 x 10"6 (NNm, Kt = 10 0.6 x 10.6 (N rn). Aso, in head
slider 40 i i 4 = | Hodribafe! Ji | sex
rigiditi e?g?&?ﬁgﬁﬁgiﬁg%%@i gi i)t&;/ %’f@éﬂ%é@ nf[i? on f%%qgaér]]%lg’ﬁ]dgo?&?ﬁg??eam
rigidity aouipn staﬁeﬁargmgm%k% & t8e HREPP&Iph¥S of thé difdnlithe pift@Nnlle 6p V368 X
1016 (Nrn), Kt =5.85 x 10.6 (N rn). 15 As for the head slider 20 in the
preferred(prddpdi ment of the present invention, and the head sliders 30, 40
of the conparative exanple 1 and conparative exanple 2, the ratio of air

| ubri cating fiQmiheioghetilandsfof Kie/ pdrposatoftcomparisinrweithmtie giad istider ad theopresent
position 103 and the downstreamrigidity action position 104 were '

obt ai néd, iieation, thievaluationt warealsa hedutadawith respsétsipathe diegdssliders based ioguhe)
when inertia force is generated due to external jnpact such as_ 20 causing
the head $Psciisations effpe eemmparetive expaplohandspanazative example 2ishova dnFigs8.ar e

o7 er s & Foda it b e St J0 58 cbhonSbhe SFnae o} Foed o 5
bj ect ed t,0. t I ' I nt t.with.the disk.  In th

cval uat 1 ot AT ol SR Tt GRMRE G piton 02 e vt s

25 fol | owg: +t: L Val: ' Ul h | -6 Sl O

supporti \rll\gjgédé@teﬁcgﬁlq?éﬁhgﬁgoﬁg‘%ﬁ%@eﬁhgggzé f&g?ﬁgﬁ%gt eé g??’l ’\%gﬁ [ Zg’ l*Clj)grl%tez

gi veniromd ReoSygpgnsi on to the head slider is 2 (gf}; the disk rotating

speed is 4,500 (rpm7; and the skew angle is -5 () at the position of disk

radius 6 () Also, in head slider 40 of comparative example 2, when the air lubricating film

rigidities at the upstream rigidity action position 103 and the downstream rigidity action
position 104 are respectively K1 and Kt, then K1 = 0.48 x 10° (N/m), Kt = 5.85 x 10°®
(N/m).

15 As for the head slider 20 in the preferred embodiment of the present invention, and
the head sliders 30, 40 of the comparative example 1 and comparative example 2, the ratio
of air lubricating film rigidities (Kt/Kl) at the upstream rigidity action position 103 and the
downstream rigidity action position 104 were obtained, and at the same time, the impact
resistance (G in the figure) when inertia force is generated due to external impact such as

20 . causing the head slider to approach the disk was evaluated, and the results are shown in Fig.

. 8. Here, the impact resistance is represented by the level of inertia force necessary for
making any part of the head slider subjected to the evaluation come into contact with the
disk.

In the evaluation of such impact resistance, the conditions for evaluation are as

25 follows: the equivalent mass including the head slider and slider supporting section is 8



As shown in Fig. 8, the air lubricating filmrigidity ratio of the head
slider 20 in the 5 present enbodinent is 2.53, while the EilPeckmbari28@t i ng
filmrigidity ratios of conparative exanples 1 and 2 are respectively 0.97
and 12.2. Also, the inpact resistance value of the head slider 20 in the
preferred enbodi ment is 1000G, while thd4inmpact resistance val ues of
conparative exanples 1 and 2 are respectively 260G and 570G Taking into
account the use as a magnetic disk drive in use for nobiles, it is obvious
10 that the head slider of the present invention may realize practical

I mpact regipeh. AN . | ders.| ' A

1 dor 20 P e SctEE oRS g, R g Rttt (Rl ety WP Ty B
conpar ati : t g + he o 4.0t j i1
POl by o raE R R ) 0r (RBP a1 o rurle 5o CEM b BROTPLRR B S (e

downst r earfimit)gi di ty action position 104, and the evaluation results of
| npact resistance are 15 graphed in Fig. 9. As is apparent in Fig. 9, the

vari ation of iAspshotvnrie Higt&nhe air duldtizpeing filhg rigiity rhtie of eleUead 6lid@i20 i the
lubricating filmrigidity ratio (Kt/KI) between the upstreamrigidity

act i.onSpogrescninemmbaiimentdist 2183, dwhils theeaimlutirgathg il aigidity ratios toif anniparktivé\s
descri bed above, in case the air lubricating filmrigidity at the upstream
rigidity czamplesitand? gegespeetiveboB oV andilliZer Also, thedmpattaesistandeahiecattthag
filmrigi gliFt action positjon 104, the  head slider subjected to the
inertia f %%S@%&Q@b eprelered embpdinepbist1004G g while herimppet resistancgiglies off

di spl acenent in.a direction vertical to,t I Sk ween the upstream
rigidity CBE]P?I&HVTJWP?%& %ée%fﬁdcspﬁ‘étw& %‘}I&%I dity action position
104, and ther gf R ed whil.e in,the pitch direction

DTS 2 _ |
25 That i st Hatig intiachSuy the AR EmighetE ik diive 18 uedfok opflles, Sis b by

externgl R ﬁ&gq‘gﬁr . | ‘ﬁ%ﬂj t. I i.th the air
| ubri ggti ng _?ﬁl#né?isgl ?t y rpar'ﬁgs’f%gf1 &%tigﬁ) ef%&gﬁgﬁgﬁ.nﬁgﬁg{:ﬁ%ﬁc“ gidity
action positi exfings e stRell R Ghidrdllihludify 1400 RAJ Ldep- SWA?%L g?res af
condition for the present evaluation is insefted into the design condition

of the heaBodinedesindi¢iliagd elidesd BGNMO b dASHardtRe cxhAPRS 1] D, thBelRHGRYI the
i nvention descri bed above,
air lubricating film rigidity ratio (Kt/K1) at the upstream rigidity action position 103 and the
downstream rigidity action position 104, and the evaluation results of impact resistance are
15  graphed m Fig. 9.
As is apparent in Fig. 9, the variation of impact resistance is depending upon the value
of air lubricating film rigidity ratio (Kt/KI) between the upstream rigidity action position 103
and the downstream rigidity action position 104.
As described above, in case the air lubricating film rigidity at the upstream rigidity
20 action position 103 is different from the air lubricating film rigidity action position 104, the
e head slider subjected to the inertia force G caused by external impact is different in the
amount of displacement in a direction vertical to the disk between the upstream rigidity
action position 103 and the downstream rigidity action position 104, and therefore, it is

displaced while rotating in the pitch direction.

25 That is, the behavior of the head slider when inertia force G caused by external impact



5 that is, (LtanOp/Xh) s ((Kt/KI) - 1) < (L/Lt) (1) then obtained is
1.5<((Kt/KlI')-1)10.0 (12) and when 10 2.5<(Kt/H )<11.0 (13)5Dgcembaizl&F i ed,
it is possible to obtain a head slider having excellent inpact resistance.
Next, regarding three types of head sliggrs in the present preferred
enbodi nent, the behaviors when inertiaforce is applied thereto will be
described with reference to the drawi ngs. 15 The head slider 20 of the
present invention satisfies the condition of formula (13). Therefore, as
shown in Fig. 5 when inertia force G caused by external inpact is applied

to the h@d%;ﬂjcﬂdﬁére@ vatids withhs R R®eicdtmgt fllen PRty @fio SIRIM) B¥rwRAGhe

slider 20a, but the displacenent anount of flying space is shaller at the
out f | ow erdwabtekeant Hgidit@actionepositioh @nd echpsseae rigidhte acticrepdsitibnf or ce | ar ger
than inertia force Gis further generated due to external 20 inpact, it is
di spl aced to tWkengbsiconditiors foowhe presde @slalsatiooeis iidited inbovheadesigawendition bifi S
condition, since the head slider maintains a positive pitch angle, the air
| ubri cat i itep haadslidérdraning execlisebimpapbresistantre d the gresentf inventiof descaibed hbake; 20
and thg surface of disk 2 will not be broken, and thereby, the air

| ubricati Mt m acting as an air spring may prevent the surfaces from

colliding with each he , even_in case of colliding, the col]iding
energy is- 25?%;1@[)/?{81 Sa«@/%) T/ﬁ)‘F?Iﬁ)&F%I y cause damage to the hedd) slider
20 or di slf 2. hiS gacerrber 2004 16 On the other hand, in the case of head
slider 30 lbefn({ R ci'Frparative exanple 1, as shown in Fig. 6, the air

| ubricating fil Qi e y tihgy 1S 0.97 and does not satisfy the ondi tion
of formula (1§)ﬂ£¢[‘g{%)t u;jiitgrlgg)m rigidity action position 103, th(% anount

of displ ggewmey In a direction vertical to the disk 2 after application of
inertia force G caused 5 by external inpact is smaller as against the

anountgof flybmo<{Kt fkg<1idial position. (13)
is satisfied, it is possible to obtain a head slider having excellent impact resistance.

Next, regarding three types of head sliders in the present preferred embodiment, the
behaviors when inertia force is applied thereto will be described with reference to the
drawings.

15 The head slider 20 of the present invention satisfies the condition of formula (13).
Therefore, as shown in Fig. 5, when inertia force G caused by external impact is applied to
the head slider 20, it is displaced to the position shown by head slider 20a, but the
displacement amount of flying space is smalfer at the outflow end side than at the inflow end
side. When inertia force larger than inerfia force G is further generated due to external

20 impact, it is displaced to the position shown by head slider 20b. However, even in this

. condition, since the head slider maintains a positive pitch angle, the air lubricating film
formed between the air bearing surface of head slider 20 and the surface of disk 2 will not
be broken, and thereby, the air lubricating film acting as an air spring may prevent the
surfaces from colliding with each other. Or, even in case of colliding, the colliding energy is

25  very low and it will hardly cause damage to the head slider 20 or disk 2.



Therefore, when inertia force Gis generated due to external inpact, the
head slider is hardly rotated in the pitch direction and i5Ddempirated
nearly vertically. As aresult, a relatively low inertia force G due to
external inpact nmay cause the air outflow end portion 105 at the

downst ream side to come into collision #WPth the disk 2. 10 Also, in the
case of head slider 40 of the conparative exanple 2, as shown in Fig. 7,
the air lubricating filmrigidity ratio is 12.2 and does not satisfy the
condition of formula (13). In such head slider 40, even when displaced to

the position shpwe &}i@ﬂ"]l?ﬁﬂ, #l tflesasé B2 h_eﬁjd"@licﬁg 33%{&% i%o}lﬁoﬁﬁﬁv@eﬁﬁjﬂgﬁ, by

external inpact, it will not collide wth 't I sk wever,

inertia fehewniif Figll 6hele SLNEHrRbERE MR f@diBX tRTONA! 0.07MARA docd Snot NAVEYy e head
15 slider 40b, the flying space at the air “inflow end of the upstream side

i's smal | ercohdicion tolf ofrhuta {L3)s PAC @ha upithamaiigidy tatli®wpesiton 03, hee dansist logam
side, then no air lubricating filmis fornmed between the air bearing
sur f ace ofdidpbaemsitiinlardigtOti@ndertiba ts thd disle 2affted agHicatiorSolineria folve ® emzed
results in abrupt |osing of the flying power, causing the head slider 40 to
col i dé& wibyhextermak impagt as inalles las Zgainsid thet amont phdlyings én tthre ijtalspasitiot y of
damagi ng the head 20 - slider 40 or disk 2. Through the above exami nation,
it has bedheledpres When inprdin ferge CGhis ggnesnicd due & extimalipwpaetnthe hend slider isrhardly
excellent in i ct resj.stance, sajisfying the condition nentioned above.
In the heéﬂtaquin‘gzlﬁc P}FC?‘t ctionandis ’%Pi@ﬁ‘? ey Yeseally AsaarerHly agslativele laape
is not limted, b nmeans. ateyer the shape of the ajr bearing
sur f ace, inierﬁ% f(BSg gi Bﬁ% 19 §X5HR PHP%Y r‘?@goca“%t}?l "f’ﬁBPti‘WvF‘?ﬁgp@}’BEI]ﬂgrﬂt thepact
resi stanc ' he. r .1 .0N. i ubricating film215 Decenber
2004 17 ri%lgi él r‘i,a(ﬂr?%%l% %aéoéﬁea@osﬁdg)@stlnd]}‘ﬂltﬁghgadfl%(rirml a (1). (Second Preferred
Enbodygent) | Muddi AR PAELRNEUEPIARMIOR E S& ol id. 90 1S
shown the 5 co_nf’i gur at F%cr,l of a ﬁea(?es ! dgr E%Iaﬁ:nee i&%ﬁ%%’tﬁﬁegﬁﬁ%ﬁ%l g.
10 is a herda® iRAtidBinP highdit§ i€ 121 AMSH¥eS A8t siRECihel dnlifliof oftigfn@nar y
flying state above a disk 102, that is, showing a stationary flying state,
keepi ng aifi8ndnseuctphdadislider 40, even when displaced to the position shown by head stider 40a
due to inertia force G caused by external impact, it will not collide with the disk 2.
However, when inertia force is further generated due to external impact, as shown by head
15  slider 40b, the flying space at the air inflow end of the upstream side is smaller than the
flying space at the air outflow end of the downstream side, then no air lubricating film is
formed between the air bearing surface of head slider 40 and the surface of disk 2. Such a
phenomenon results in abrupt losing of the flying power, causing the head slider 40 to
collide with the surface of disk 2, and it will increase the possibility of damaging the head
20 . slider 40 or disk 2.
S Through the above examination, it has been verified that the head slider of the present
invention is excellent in impact resistance, satisfying the condition mentioned above.
In the head slider of the present invention, the air bearing surface shape is not limited

by any means. Whatever the shape of the air bearing surface, it is possible to obtain a head

25  slider having excellent impact resistance provided that the relation of air lubricating film



angle Op, against the surface of the disk 102. An activating force shown by
Finthe figure is given to |load action point 201 froma EDdeemekr 2004
supporting device (not shown). Also, as the disk 102 is rotated, the air
flows in between the surface opposing to the disk 102 of head sllder 120
(hereafter called air bearing surface) 1dnd the surface of disk 102 in the
direction of the arrow. The air layer acts as an air spring, a force that
causes the head slider 120 to rise. The reaction force of the air spring
is balanced with activating force F and the force due to the wei ght of head
slider 12Gjoldirtab ,Sadg,tsgm;,g}ﬂr@l\éqoﬁﬁgagzad slider 120 closer to the disk 102,
and t hereby, t'he head slider 120 s and keeps a stationary flying
state. Also, a point on the air bearing surface, noved by distance L1 in
parallel with the surface of disk 102 in the direction of air inflow end
(1 ef t - handSedod Faéfeirb@Edibadineg)) from the point at which a perpendicul ar
drawn fromthe | oad action point 201, where the activating 20 force F is
given to the Heatheskeavad p@fcrradiowmbbdiniche cfuthieaqreeht dinsdatibh2isi Slivs ehes
the air bearing surface, is upstreamrigidity action position 203, while a
poi nt &n tqaeﬁgmtlcme@trahvgd skider fodi the, prawutidvéngiodi st ance L2 in parallel with
the surface of disk 102 in the direction of air_ outflow end (right-hand
side of the drfdgi Xy & Beadolider 12hnf theghraseny inventiom vibdi isifore stannareflngt he

rigidity of th alr S g.,s,.su osed to. be a rigid spring, and the
stiffness Staattc a Q‘SEF}@E’(E‘&%@S Hingya stationswy JE(sae, baspngammpele, PARH t he

ff he d 2004 1% di
A LSk S UTRORT FTOETL o G
fly, f
T AR M A B AT

of th S [ rf f ,
Che. drd; anca® sthporlifs Bpic 6t Abwal, ﬁ.ﬁéﬂfﬁt?@ 2%@%%%%4‘%9 8 e Bl 3
surface ofpeghieh tHdsirfate SPpostidothedigh SOPPER-aRATidr! 120 (hQcdS Al AOK:afthe di SK

102 between the downstreamrigidity action position 204 and the pol nt

cl osest t guifie) and tieuuihesoedisk (02 ghile diRBGOISOUME Glroi) ETHE AiIA)8) a9 ad BR ai 1
beari ng surface of the head slider 120 is It.

air spring, a force that causes the head slider 120 to rise. The reaction force of the air

spring is balanced with activating force F and the force due to the weight of head slider 120
15  that acts to move the head slider 120 closcf to the disk 102, and thereby, the head slider 120
rises and keeps a stationary flying state.

Also, a point on the air bearing surface, moved by distance L1 in parallel with the
surface of disk 102 in the direction of air inflow end (left-hand side of the drawing) from the
point at which a perpendicular drawn from the load action point 201, where the activating

20 . force F is given to the head slider 120, down to the surface of disk 102 intersects the air

. bearing surface, is upstream rigidity action position 203, while a point on the air bearing

surface, moved by distance L2 in parallel with the surface of disk 102 in the direction of air
outflow end (right-hand side of the drawing) is downstream rigidity action position 204.

Here, the rigidity of the air spring is supposed fo be a rigid spring, and the stiffness at

25  the upstream rigidity action position 203 being Kl and the stiffness at the downstream



Al'so, in order to lessen the influence of inertia force due to turbul ence
such as 10 external inpact and to inprove the inpact resibiBewmberi2004 s
configured so that center of gravity 202 and | oad action point 201 of head
slider 120 coincide with each other whe projected in the direction of

di sk 102. Under the condition, the head-$lider 120 of the present invention
satisfies the relation as follows: 15 ((LI + L2) tanOp/ Xh) s ((KtL2/KIL1)
- 1) < ((L1 +L2) / Lt) (14) It has been found that the head slider 120 is
strongest agai nst inpact caused by turbul ence, and excellent in inpact

resi st ancaigMignaduan pgoriionl 04(Hdig K, #3¢ bifposich oY it K@angalr ilﬁ Is?%ggiﬁﬁtghe

slider 120 of the present invention that satisfies the formula

behavi or cfativanty fiyig seait &gl two righingeingcauack obthe two pukigpme i s described with
20 reference to Fig. 11. In Fig. 11, the head slider 120 shown by solid

line shows thdhsodiffnessncaneieofrecly ahypiged dt acrorddnct veith ihe dhangeinGesiusatkhdue
to inmpact or the like, and head slider 120a shown by broken |ine shows the
posi ti on whape ofrthe air bedrivgsurf@e of thehaadrstiddnd28ppl i ed thereto. The inertia
force g’acts on load action point 201 at which activating force F is given
to the head 23\80,j@erdistauce befween dbe dowmstyenm irigiditydactionapesitiont 204 angstheeam
rigidity actjon ition 203 is Xl . 15 Decenber 2004 19 and the verti cal

di spl ace@ﬂ(éﬁoﬁﬁ%i@ BaXherangithe distanee paraligldeithe spfarp of idisk 02 hetugsacthevel y
when the ihertia far G acts on t | oad actio oint. 2Q01. |Ln that case,
when the. RSl et e Baan ABant fin GEim PBARE L biecoh oDy iseshL
absorbs t ' Fa | e G W, th.tthe.spri rigigit f all. Lubricating
film treq‘gnn%ﬁiﬁi%@cud?gs&mf °:A€shﬁgg(cb§ : ;‘9’2‘%8&?‘3@8@?@8‘ @le e of di sk 102
is greater a i - : r n an_a
the air outfl ow énlg ‘%IFI %Igat q%gﬁg Si g’g Igf ?ﬂgmglr%%‘wﬁ)ﬁg% d Lgﬁgt ul?o\s{,\{tlcn?% Slh‘gh as

confi gor e@xichmll ifnpset N@AkoSH Cinfth i | r | e
rigidity of air sgr itng vvﬁi I elﬂ?%ct g}%i ng Fﬁ&{gﬁg&lg‘?t%?ﬁﬁgﬁ%ﬁﬁ%%ﬁ%{ tg?;i ng

such conf iggauitgt302nand lohd iaétifi0p6inb 261 o held dlider N2 dosiciddewitll 2AcHBihe whBg ur es
excel l ent inpact resistance.
projected in the direction of disk 102.
Under the condition, the head slider 120 of the present invention satisfies the relation
as follows:
15 ((L1 + L2) tanBp/Xh) = ((KtL2/KIL1) - 1) < (L1 + L2) / Lt) (14)
It has been found that the head shider 120 is strongest against impact caused by turbulence,
and excellent in impact resistance when the formula (14) is satisfied.
With respect to the head slider 120 of the present invention that satisfies the formula
(14), the behavior of same subjected to impact caused by turbulence is described with
20 . reference to Fig. 11.
e In Fig. 11, the bead slider 120 shown by solid line shows the position before
application of inertia force G caused due to impact or the like, and head slider 120a shown
by broken line shows the position when inertia force G is externally applied thereto. The

inertia force G acts on load action point 201 at which activating force F is given to the head

25 slider 120, and also, the vertical displacement of upstream rigidity action position 203 is X1



10 Next, the conditions to be satisfied for realizing such head slider 120
will be described in detail. In a stationary state shown 15Ddéegber2004 t he
head slider 120 is flying at pitch angle Op while keeping a space

equi valent to the amount of flying Xh at the downstreamrigidity action
position 204. At the tine, the differendd in flying hei ght between the
upstream 15 rigidity action position 203 and the downstreamrigidity action
position 204 can be represented by ((LI + L2) tanOp), and the ratio a to

t he amount of flying Xh can be represented by the followng fornula. a =

((LI + L2)anf ROt dﬁsfsﬁ):cméit%ﬂ’dobvﬂst}% B&iﬁﬁg h&'iorp]{aosﬁtlib‘?l nRag 58! Je gfercthrg@

when the inertia force G caused by ternal |npact IS ap
theret o, mmhmemaqmwaa@snmefmmﬁg pofht 8hgp! acement in a direction
vertical to the disk 102 between the upstreanlrlgldlty action position 203
and the downdh tieanasd, Giieh e Aedd idedDZ0 b1 e p2stnt MRention! kitb; técptoxﬁn an be
represented by the fol | ow ng formula. b=((XI--Xt)/Xt) (XI/ t) 16) 25
In this cabsrbathetihatie doxde G with ftlr sprmglmgdlt)gohaxghlbnmmgtﬁln@shmof ween
the head slider 15 Decenber 2004 20 120 is subjected to inertia force due
to inpdct disphecmenido epproach tizoushcubtidislo162 & gmatehat fhi airtinflaly ead (lofitandi |
the inertia force is_apsorbed by the air spring between the air bearing
surface &Klg Oﬁﬁ@ draywing) thagfat thegpr %@@WFR@(HM"II&N]@d?: af the deavaing)di spl acerent
ratio a_of flying heights in

1 t
e aear it 51 portbeles Baoe Henbeldes 130 fbsqrbs e ’B‘F‘F‘léffmézﬁ& vithyshe
ood (L i e 3 St wiise Pt By Dudh Brcion ) By ity ek konfiaton qor
h f f db
Ccor ool s BBesioitl GYuiiinad sy 10 FHER DL AAUGH! Bt Bed@hec ( Cadeet bY

i's, heggd Sl ' d?fex@-%ﬁ)c Etﬂlglitfsb%f td6e sa]tﬁﬁ&ff E'i‘éa(ﬁgmgi aa} lgera? éshg}eﬂa%ﬂ\%%'ésérﬁc&s

shown i n Fig. 12." The acenent I ner
in detail.

In a stationary state shown in Fig. 10, the head slider 120 is flying at pitch angle 6p
while keeping a space equivalent to the amount of flying Xh at the downstream rigidity
action position 204. At the time, the difference in flying height between the upstream

15  rigidity action position 203 and the downstream rigidity action position 204 can be
réprescntcd by ((11 + L2) tanfp), and the ratio a to the amount of flying Xh can be
represented by the following formula.

a = (L1 + L2) tanBp/Xh) (15)

Also, in the behavior of the head slider 120 when the inertia force G caused by

20 - external impact is applied thereto, shown in Fig. 11, the difference in displacement in a

e direction vertical to the disk 102 between the upstream rigidity action position 203 and the

downstream rigidity action position 204, and ratio b to Xt can be represented by the
following formula.

b=(XI-Xt)/Xt)=(Xl/Xt)-1 (16)

25 In this case, as the condition for realizing high impact resistance, when the head slider



applied is shown by head slider 130a. Wen the relationis a > b, it neans
that the air outflow end of head slider 130 initially bei hgPesenba2006 t he
di sk 102, subjected to external inpact, is given priority to approach the
surface of disk 102 and is liable to co&éact therewith, and therefore, it
can be said that the 15 head slider in¥8l ves a problem of inpact

resi stance. However, even in case of a head slider that satisfies the
relation of a s b, when the inertia force is absorbed by the air spring,

if external inpact is applied in the pitch direction as in head slider 140

shown in HARQ.is subjectdd toiihdrtiDfored SR RGAPadtOtHeMRaP ORIt H AN SRR LRY § Cb ch
slider 140a. And in case the air outflow end excessi vely approaches 't

di sk sur f alirectionowhiler th thektiebfoirerait ab@rbdd B the lir spAnd Bativech NetavaRarib ﬁlrﬂl‘%é‘d
slider 140a and the disk 102, while the head slider 140a loses its flying

power and andkhei suefacaof diskt HR2, $hatf‘s;1¢l& nafio di cfldishBlemditamonrds E% Wi o HOkr er
avoi di ng such collision will be described in the follow ng. Back in .
10, bet wedhanttheratiovnet fyinghaighys i initialstatiomarypiysig pasitiodDthanisithe belatdon ofa s
outflow end_portion 205 of the air bearing surface, when the distance in a
di rectgon ﬁ&?l&filbéltmczeldttbem@mﬁbk shayon by thetformie (1 7 should ol goodf (LI + L2)
and Lt can be égpreéente 15 Decenber 2004 21 follow ng formula.
c=(LI+L2) /Lt 6 )"‘ g“% at no air lubricating filfl7s formed
the pitch direction as

due t t f d

descr i bed aboutit S adif A bel st a Eriortite(12) 5 Hmecasineh st Byos

i toi d sl d t h t b of displ t t
Irren;?gselntsegﬁgJj 'bfor m%ﬂﬂtfpfgfal sSI :ar Srer th:nr?hleorat ?o cI 3!‘0 ?gﬁgfﬂs ?Hogn >
direction parg| Eﬂtraﬁp vﬂﬂ: gfo?hmi]ao(a?ffst o@%a&%@g til\t'tgehcad%ﬁde @t@%ﬁg the, by

formula (18), and t acerrent r'eam si

inertia fedlanGfaatbede lb&h%r% Ebaého'w'ﬁﬁﬁﬁg é}@d 'I‘Hc[ #glﬁ@&h&ﬁtxhﬂﬂmelfd 'Bice G

r|g|d|tyrat|0|srelatlveysnaller as dagai nst ength 1n a direction
paral | el tapplichids shiosi bylitad 6Edepf(304e head slider. Further, the inpact

resi stance val ue of the head slider, with which the flying space at

When the relation is a > b, it means that the air outflow end of head slider 130 initially
being closer to the disk 102, subjected to external impact, is given priority to approach the
surface of disk 102 and is liable to contact therewith, and therefore, it can be said that the

15  head slider involves a problem of impact resistance.

However, even in case of a head slider that satisfies the relation of a < b, when the
inertia force is absorbed by the air spring, if external impact is applied in the pitch direction
as in head slider 140 shown in Fig. 13, it will be displaced to the position shown by head
slider 140a. And in case the air outflow end excessively approaches the disk surface, no air

20 lubricating film will be formed between the head slider 140a and the disk 102, while the
o head slider 140a loses its flying power and collides with the surface of disk 102. The
conditions for avoiding such collision will be described in the following.

Back in Fig. 10, between the downstream rigidity action position 204 and the air

outflow end portion 205 of the air bearing surface, when the distance in a direction paraifel

25  to the disk 102 is Lt, then the ratio ¢ of (Ll + L2) and Lt can be represented by the



the upstreamrigidity action position 203 becones snaller than that at the
downstream rigidity action position 204, is closely rel at EdPsemberi2Agd
variation of rotating speed and skew angle or the change of |oad or the
lie as well as the opposite-to-nedium sgface shape (the 15 air bearing
surface) , and also, as the flying spac Ihecomes smaller, it will rapi dly
|l ead to damage, causing greater variation of the inpact resistance val ue,
and it can be said that the head slider involves a problem of inpact
resistance. Contrarily, as in the head slider 120 of the present

enbodi mentfolléwing dsendld1e ratio b of displacenent anounts represented by
formula (16) is snaller than the ratio ¢ of lengths in a 20 direction
paral l el to the=s@iskL202tof the head slider represented by fornul 8&18),
that is, when the relation of b < c is satisfied or the forrrula?l ) (X
[ Xt) - 1) < (Sucha-phb@ménontihat (nbir lubricating S dsiforinbé die aflexkésii@r rofatBnioT
very strong against inertia force caused by external inpact. Accordingly,
it can be tg@h@ﬁdt slider inhthe Ipitahl dirketibar asodestritedmbose tikes plaenbecnse, veheinrigertid 5
excel l ent inpact resistance, is a head slider that satisfies the fornula
(17) and ffercmtt gausadpy impachiscanplied topthe head slidest the satiosh hbdigpladenttat amhants
satisfies forrruleﬁ (20) ((I(I + L2) tanop/ Xh) s E XN/ Xt) - 1) <(C (LI + L2)
| Lt) (20)cPrganted Qydorpda (L6)de fargssthannthe sfa€ of leagths ime direqtiongaraliokio thee

nb Lol Gt { h t Lgidit [ iti 203 d 5 th
rertr ane R (et oAb ity 661 20 B0 Yokt s "
goser! bed A0 gof RGBT 155 § BhuBF FSohe gy 0 hAChBoL
|ider, t 4 ' ] teduat, t .
o der . MBnHEIERY & Rk 0 Shatl 4 NSER AN 058 SERRERL ST

posi t1gn 404 offiR He8@$PRELI vely F1 and F2, then froma common fornula for
representing the 10 relations of elastic stiffness, inertia force and

di spl acenent, Fhrtherk¥he(iupadli iSiftahc@ Gflue & the tibdd R¥eS wiftl Rifch thestijihd B8kt X
di spl acenent), F1 = KI x Xl (21)
the upstream rigidity action position 203 becomes smaller than that at the downstream
rigidity action position 204, is closely related with the variation of rotating speed and skew
angle or the change of load or the like as well as the opposite-to-medium surface shape (the
15  air bearing surface) , and also, as the flying space becomes smaller, it will rapidly lead to
damage, causing greater variation of the impact resistance value, and it can be said that the
head slider involves a problem of impact resistance.
Contrarily, as in the head slider 120 of the present embodiment, in case the ratio b of
displacement amounts represented by formula (16) is smaller than the ratio ¢ of lengths in a
20 direction parallel to the disk 102 of the head slider represented by formuia (18), that is,
S when the relation of b < ¢ is satisfied or the formula (19) |
((X1/Xt)-1) < ((L1+ L2) / Lt) (19)
is satisfied, the head slider 120 is very strong against inertia force caused by external impact.

Accordingly, it can be said that the head slider of the present invention, having

25  excellent impact resistance, is a head slider that satisfies the formula (17) and formula (19),



F2 = Kt x Xt(22) 15can be obtai ned and changed as follows: (23) X =F1/Kl
Xt =F2/ K2(24) and then, the ratio of X1 and Xt is (25) (X1 J5Decpmber2pd4 x Kt)
I (Kl x F2) 20Al so, (26) F1xL1=F2xL2 can be obtained, and then F2 = (F1 X
L1 / L2)(27) It is put into formula (25),.to obtain (28) (X1 / Xt) = ((Kt x
L2) / (KI x L1)) 25 Therefore, the f or mfi2a (17) and formula (19) are sane
as the followng fornula (29) and 15 Decenber 2004 23 formula (30)

respectively. ((L1 + L2) tanQ) | Xh s ((KtL2 / KIL1) - 1) (29) ((Kt + L2
/ KILl) - 1) < ((L1+L2) / Lt) (30) Both of the forrmula (22) and fornul a

(23) are shitiigfa ledd when tht 64tsbed Stmtangp) / X s ((KIL2/KILL) - 1) <
((LIh+L2) / U (14) is satisfied. Specifically, it is possible to obtain a

head slider ha(LingL2xiandp/Eh} <i( (a0t ngkg(nlncﬁzp/yu)de_si gni ng an aﬂ'go? beari ng
surface shape capable of realizing Kt and KI that satisfy the fornula
(14) . which is most excellent in impact resistance.
-Here, when the membrane rigidities at the upstream rigidity action position 203 and
5  the downstream rigidity action position 204 are respectively Kl and Kt, as described above,
since inertia force G is applied to the load action point 201, when inertia force G caused by
external impact is applied to the head slider, the components of force of inertia force G
generated at the upstream rigidity action position 203 and the downstream rigidity action
position 204 are respectively F1 and F2, then from a common formula for representing the
10  relations of elastic stiffness, inertia force and displacement, F = kx (F: given force, k:
stiffness (elastic stiffness), x: displacement),
F1=Klx Xl (21)
F2=Ktx Xt o (22)
can be obtained and changed as follows:
15 Xl=F1/K1 (23)
Xt=F2/K2 (24)
and then, the ratio of Xl and Xt is
(X1/Xt) = (F1 x Kt) / (Kl x F2) (25)
Also,
20 - F1xLl=F2x12 (26)
o can be obtained, and then
F2=(F1xL1/12) (27)
It is put into formula (25) to obtain
(X1/ Xt) = (Kt x L2) / (K x L1)) (28)

25  Therefore, the formula (17) and formula (19) are same as the following formula (29) and



10 A head supporting device and disk drive having excellent inpact

resi stance and being strong against external inpact nay bE Peanhbaétlby
nounting a head slider having an opposite-to-nedium surface shape that
satisfies the formula (17) and (19) or the fornmula (29) and formula (30)
[that is, forrmula (20) or (14)]. In a diZdk drive, it can be considered that
the relative speed between the head slider and 15 the disk is generally

| ower when the head slider is positioned at the inner periphery of the

di sk than at the outer periphery thereof, causing the air flow generated at

the air begg d the amobunt of flying to becone | ess and the
i npact resi stlg%gé(ﬁ?%sfpgg%lcgn\'/vered. Accordingly, it is just enough to satisfy

t he above for ey @Y far r_pythe formula (29) and mul a
et SR 05 D e

(30) at |east en t unt ying rs l‘east at the inner 20

- peri phery of(gge+gh$mmjjme@(ahglgprgresent preferred enbodlng?bb an
exanpl e of produci ng necessary nenbrané rigidity by using a positive
pressure @uikoattedoiniuli (B2)and fdrhal (28) weantidfd wlieh bearing surface and the
disk is shown, but it goes without saying that simlar effect can be

obtai néd by r é@Li+1i2hanlpY bKh isg((KALYKILL) hal) <@ 1HE2)ndtpbout - si mi | a4dyrenbr ane
rigidity by 25 using other lubricating agent. 15 Decenber 2004 24 Next, in
order to vefatisledhe condition for a head slider having excel |l ent inpact

resi stance as desgcribed above, the difference in inpact resistance due to
the differ encSPeeifieally, it frepassinly i @btaie a heahylidenhavingexecliont dnpase resistazce by
specifically exam ned, and the results _are shown__in the following. 5 In
Fig. 17 ay‘%glg‘ﬂﬂg\/ﬁﬂ i deapesuripceshaps caprblend replizme &t aad Kl dhat jsatisfe thedormyle
evaluatioT and the evaluation result of inpact resistance. Al so, the
behavi ors 89'the head slider when inertia force is applied to each head

lid h j | 0,: -Fi . Q. 16..ln.the,h lider .of th
1 Gengere SOk Eidrnd ot i 08 AU, i SRR s SRt el
the upstreaphd iaghflitt YxtBfhi %pﬁ;??tlﬁ)}lgg J%Qgtcﬁpﬁy(cj?]?oé%t i 'lt,]a E}%,(acfi !sﬁ&e?‘%%id%%laﬁ n-a

10 direction paral el to the in the alr i end
from the ioppéditedoimédiin surface shape that satisfies the formula (17) and (19) or the formula

(29) and formula (30) [that is, formula (20) or (14)].
In a disk drive, it can be considered that the relative speed between the head slider and
15  the disk is generally lower when the head slider is positioned at the inner periphery of the
disk than at the outer periphery thereof, causing the air flow generated at the air bearing
surface and the amount of flying to become less and the impact resistance to be lowered.
Accordingly, it is just enough to satisfy the above formula (17) and formula (19) or
the formula (29) and formula (30) at least when the amount of flying is least at the inner
20 periphery of the disk,

L Also, in the present preferred embodiment, an example of producing necessary
membrane rigidity by using a positive pressure generated in the air flow between the air
bearing surface and the disk is shown, but it goes without saying that similar effect can be
obtained by realizing a configuration that may bring about similar membrane rigidity by

25  using other lubricating agent.



action position and at the downstreamrigidity action position 204 spaced
apart by distance L2 in the direction of air inflow end f¥rdpeceinkeri2f@dti a
force action position when inertia force G caused by external inpact or
the like is applied, are respectively K. and Kt, then the position of K =
Kt, L1 = 0.23 (mm), L2 = 0.58 (mm). Fur®her, the evaluation was 15 executed
under the condition: the distance Lt = 0.1 (nun) between the downstream
rigidity action position 204 and the air outflow end portion 205; the
anount of flying Xh = 20 (nn) at the downstreamrigidity action positiog
204 in a statipprar ' iy ' L rd AV  gk: an
the pitch angle ()’pﬂl:t)gdo& ?gr ad)”. Q]gtc'?{l]&gﬁ%# E{éall(ra ah%dr%g, éb;agfra h%‘ﬂgé pélf?%lgg{e%g?a&
conpar i Sofesidtitetal AedteBed hdveSihe hiffdrBieith BRHRE resifincd BYERS e WiffdrdiRe in air

eval uation was al so executed wth respect to the head sliders based on the
speci fi catbearify wifatdishape GPekdkhd didex aPicdicaliteamiRal Ald e rSuRIRle@hdwi hown
in Fig. 17. In the air bearing surface of head slider 130 of conparative
exanpl e 3jnthedollaviagair lubricating filmrigidities at the upstream
rigidity action position 203 and the downstream rigidity action position
204 ar @ respednFglly 4k shown Kie, spetificationeofiths htadoslidef sulijectedto, the Evaluatdm, 0. 32
(m), L2 = 0.3 (nmm. 15 Decenber 2004 25 Al so, in head sl|ider 140 of

conpar at i W8d dheagisluation regls ofimpachiresistansei dsa, tbe behamiors ofihdihead slider vwitbn
upstreamrigidity action position 203 and the downstreamrigidity action
pgsi tion 3% I%JF"éger’é%%‘@fiit%PSﬁ head shider pye shopain Figa lﬁo@gd%ﬁugﬁm = Kt, L1 =
0.05 (m), L2,=,,0.61 . .5.As for the head .slider, in, the preferred
embodi ment of AR BPaedsélﬁQ of B ProsE Etann e e 4B 8 GBictng Sy HEAGES | he
conpar at i I ,ve ex I the value .o Ktl.2/ Kl L1)
was obt ai X’gﬁl%g% %F %fﬂ%{e}g%rg%g@{y?ré‘fm? h%osﬁ}i%'ag?fPB%Cfgta&’ﬁ%ebX/\ﬂEI?“g:%g‘ht 1’1@;
forceips t D ' : : ' l.der
o apiCoaanonia Pkt s GRLROZH: (hRRGHioR 1 e ARl Bol Ve TR TE T

Here, t he attidagdsitiotSindta BeCddwnsl@am @B BE gg%’itiéfﬂ 004 §[§éfﬁ‘:l=:d ‘a[a%rit i gisiﬁcé orce

necessary for making any part of the head sli subj ect ed
eval uat i olL2deee diftictiof 0N4inGiflow dnd fidiR tifh ifkrtia force action position when inertia force

G caused by external impact or the like is applied, are respectively Kl and Kt, then the
position of Ki = Kt, L1 = 0.23 (mm), L2 = 0.58 (mm). Further, the evaluation was

15  executed under the condition: the distance Lt = 0.1 (mm) between the downstream rigidity
action position 204 and the air outflow end portion 205; the amount of flying Xh = 20 (am)
at the downstream rigidity action position 204 in a stationary flying state at the inmer
periphery of the disk; and the pitch angle 8p = 30 (urad).

On the other hand, for the purpose of comparison with the head slider of the present

20 invention, the evaluation was also executed with respect to the head sliders based on the
L specifications of the comparative example 3 and comparative example 4 shown in Fig. 17,

In the air bearing surface of head slider 130 of comparative example 3, when the air
lubricating film rigidities at the upstream rigidity action position 203 and the downstream
rigidity action position 204 are respectively K! and Kt, then the position of Kl = Kt, L1 =

25  0.32 (mm), L2 = 0.3 (mm).



In the evaluation of such inpact resistance, the conditions for eval uation
are as follows: the equival ent mass including the head slisdesceabat 2804 der
supporting sectionis 8 (ng); the activating force given fromthe
suspension to the head slider is 2 (gf); _the disk 15 rotating speed is
4,500 (rpm; and the skew angle is -5 ( 5at the posi tion of disk radius 6
() As shown in Fig. 17, the value of (KtL2/KIL1) of the head slider 120 in
the present enbodinent is 2.53, while the values of (KtL2/KIL1) of
conparative exanples 3 and 4 are respectively 0.97 and 12.2. Also, the

| npact resi st AR i alei@ shller! 190 BEROmPAlARS edalblt 1t - aiP WRIRLM

enbodi nent is 1000G,cwhfIéche inpac? resigtan%e va ygéggfnggnpaéa 9%“
exanpl es Jigifitbs‘t ahe uEﬂs&gﬁﬁgm&mcﬁ&Oﬁoﬁﬂ@n 269 Gnd A& dBEmitflath ARty Hotion ©
use as a magnetic disk drive in use for nobiles, it is obvious that the
head sl i deositibn 2OvearerrespeotivelynKEdid Kr) thshythe paditicaCofKRE Kit gl =iQ); ,12=
resi stance. Next, as for several head sliders including the head slider 120
of the pré&fdr{mm)25 enbodi ment and the head sliders 130, 140 of conparative
exanples 3, 4, the relations of the 15 Decenber 2004 26 air |ubricating
filmrdgidityAsder the(cad slider 12 imthet preferned tembadiment bfitheypresent ety aidn
203 and the domnstrean1r%ﬁidity action position 204, and the evaluation
resul ts ofhe kgad slidess 305 440 @ the eomgpasptinedesamply § and gomparative gppaplert, the
Fig. 18, the variati of inpact resistance is depending uypon the 5 value
of (KtL2/ VQE&?%Q&G,&E&LWG%% Al gnd gbiths same Hats, thedmpast senistance pehep/inartia ) =
(XIL2/ Xt L hol ds 0. It can also be said that the varjation of i ct
resi st ancé(}rfcs Ed%%‘&%@?‘ﬂ@“%{?o?ﬁ?ﬂgl W&Fb@cgfas imb: %eﬁ??g Sh%’rﬁ@ QP@%CHD Bgfd
above, in t | Iy | lL.catlng. fikmri.gidity at, the, upstreamrigidity
action poglﬁtﬁﬁﬁaﬁ %gﬁkg ’ 3# cﬁﬂecr%%‘fl&f ?rgr%h?% ai I‘]g'|]>l?bl’lhglé&’ ﬁlﬁcg l?a\cﬁf‘?sfs Fey

acti ogg poﬁp&éseﬁeal%g tht &vel Bfﬂﬁglnﬁ hodles né:&«!?dasp%eo%%ﬁx&lg By bk R hOl L HidG

caused by external “inpact 1Is erent 1n th
subjected to the evaluation come into contact with the disk.

In the evaluation of such impact resistance, the conditions for evaluation are as
follows: the equivalent mass including the head slider and slider supporting section is 8
(mg); the activating force given from the suspension to the head slider is 2 (gf); the disk

15  rotating speed is 4,500 (1pm); and the skew angle is -5 (°) at the position of disk radius 6
()

As shown in Fig. 17, the value of (KtL2/KIL1) of the head slider 120 in the present
embodiment is 2.53, while the values of (KtL2/KIL1) of comparative examples 3 and 4 are
respectively 0.97 and 12.2. Also, the impact resistance value of the head slider 120 in the

20 .preferred embodiment is 1000G, while the impact resistance values of comparative
. examples 3 and 4 are respectively 260G and 570G.

Taking into account the use as a magnetic disk drive in use for mobiles, it is obvious
that the head slider of the present invention may realize practical impact resistance.

Next, as for several head sliders including the head slider 120 of the present

25 embodiment and the head sliders 130, 140 of comparative examples 3, 4, the relations of the



anount of displacenment in a direction vertical to the di sk between the
upstreamrigidity action position 203 and the downstream ¥5gécdinby 2804 i on
position 204, and therefore, it is 15 displaced while rotating in the
pitch direction. That is, the behavior qf the head slider when inertia
force G caused by external inpact is applied thereto varies with the val ue
of (KtL2/KIL1). Wien the condition for the present evaluation is inserted
into the design condition of the head slider having excellent inpact
resistance in the present invention described above, 20 -that is,

(((L1+L2) sien6idating fih Seidify<idid/ ( idity Lol i
obtained i's 1.5°s {(Kt L?/"’éla'ﬁ%m%@%%‘. %lc('%%t)}eﬁg%’d’t ?r?i]%éijé%lg?ﬁza?ﬁt L2

I KILT) <ahd.the (@ nstBarbagidiie act20odifion 2082 khd the dvalhdtionSreBRIRS b ifipdc?
obtain a head slider having excellent inpact resistance. Next, regar%lng

t hr ee typessissinceaadgrapheadean Fig. 18t he present preferred enbodi ment, the
behaviors when inertia force is applied thereto will be described with
reference to tAseis apparsiinipsFigs 18 hihe hasidticl Dl énpabp Gesitarichds deeading upoxeahéi on
satisfies the condition of formula (32). Accordingly, as shown in Fig. 14,
when i Aer tvRlte oS (BE-2KEd)sed by external inpact is applied to the head
slider 120, it, is displ.aced to the position shown by head slider 120a, but
the displ acedt§f 25 AgGHPedAbONE \SiNGE tgﬁ)@é’é‘“las smal l er at the outflow end side

than at the i i en inertia force larger than inertia force
Gis further 3%h3¥§ﬁ33=ﬂ§@8ﬁgnﬁﬁkernal 10 inpact, it is displaced to the

position head .slider.,120h. However ..even in this . condition, since
t he head Z‘p%wfalpn a"i']?losb%s %M&Fewﬁgﬁgmog’ﬁw ?IEFﬁ'@"%ﬁ ¥ qu‘fP:ai“'tgdeoﬂdh?i | m

fornmed betuge v 1hearing surface of head slider 120 and the surface
of disk 102 wgrrmzﬁx%é?br oken, and thereby, the air lubricating film

actingoas an isrdeS&tiledhbiwe, R@¥Ehe 4iP fabrcating film rigidity at the upstream rigidity
~ action position 203 is different from the air ubricating film rigidity action position 204, the
head slider subjected to the inertia force G caused by external impact is different in the
amount of displacement in a direction vertical to the disk between the upstream rigidity
action position 203 and the downstream rigidity action position 204, and therefore, it is
15  displaced while rotating in the pitch direction.
That is, the behavior of the head slider when inertia force G caused by external impact
is applied thereto varies with the value of (KiL2/KIL1).
When the condition for the present evaluation is inserted into the design condition of
the head slider having excellent impact resistance in the present invention described above,
20 that is,
. ((L1+L2) tan8p) / Xh ) = ((KtL2/KIL1) - 1) < ((L1+L.2) / Lt) (14)

then obtained is

1.5 < ((KtL2 /KIL1) - 1) < 10.0 (31)
and when
25 2.5 = (KtL2/KIL1) < 11.0 _ (32)



surfaces fromcolliding with each other. O, even in case of colliding, the
colliding energy is 15 very lowand it will hardly cause ddmmgebard0@the
head slider 120 or disk 102. On the other hand, in the case of head slider
130 of the conparative exanple 3, as shown in Fig. 15, the val ue of

(Kt L2/ K1L1) is 0.97 and does not satisf97the condition of formula (32). At
the upstreamrigidity action position 203, the anmount of displacenent in a
direction vertical to the disk 102 after application of inertia force G
caused by external 20 .-inpact is smaller as against the amount of flying
In the inigi it LRtk : | | ks erated due
to external FSaBH b PRl SR g Bead SRR by Gl iR Bl P

direction and Next,degatlidgafreB 9pds)of Hehd S5 ¥ thé\?r&eﬁteﬁ%_fehed%ngbﬁhﬁﬁén\c?w | ow

inertia force G due to external inpact may cause the air outflow en

portion 2@Ghatiors hehahomBRiar 268 % Siplic@ theefwillhe deabditiedi Wih Wefehenkb Qo dhek
102. 25 Also, in the case of head slider 140 of the conparative exanple 4,

as shown idmavFngs. 16, 15 Decenber 2004 28 the value of (KtL2/K1L1) is 12.2
and does not satisfy the condition of fornmula (32). In such head slider
140, even wheMhdilepd alidsd 120 afttbe pusenti invensihowatidfigs Heachrslitiooiesf fhdala (B2). t 0
inertia force G caused by external inpact, it will not collide with the

di sk 102. Adserlingly, aswhesym imlig: 14 Whendeeriis fdreg Giransegdiyeaxtaraal inpect ioappticér nal
i mpact, as shown by, head slider 140b, 5 the flying space at the air inflow
end of thd® G%P‘?"éia%ﬂdgﬁ €0, 1t issigplnced torthe popition ishowm by higad sider 128a byt the
outflow end of the downstream side, then no air_lubricating filmijs forned
bet ween (@ ASeT ampiAgot e pacek el « frepitianend sde 8 at e alaw 57 di sk

causi ng.t ARhoRHeLHRal <8 ek i Bt ok T 8ot BBt A RS oo
causi ng _ 706 _ ey SR 26
i sk 192, REELE S HRpRARCI e okt sONR Uyl 36ach 200 el el 489,

sl ider of ; tthel it | cel B el t '
chiiition, SERRL the | RRYE Rl mhRtaBrECE pbiﬁﬁ{rc IRHCH %%E,Sflfceﬁf 3%]?’[&%%3; glrné sent

satisfying the condition nentioned above. In the hea | der

e oo it EocE S8cscni SR Ll ik rmrnOTR
head not be broken, and thereby, the air lubricating film acting as an air spring may prevent the
surfaces from colliding with each other. Or, even in case of colliding, the colliding energy is
15  verylow and it will hardly cause damage tol the head slider 120 or disk 102.
On the other hand, in the case of head slider 130 of the comparative example 3, as
shown in Fig. 15, the value of (KtL2/KIL1) is 0.97 and does not satisfy the condition of
formula (32). At the upstream rigidity action position 203, the amount of displacement in a
direction vertical to the disk 102 after application of inertia force G caused by external
20 impact is smaller as against the amount of flying in the initial position. Therefore, when
L inertia force G is generated due to external impact, the head slider is hardly rotated in the
pitch direction and is displaced nearly vertically. As a result, a relatively low inertia force G
due to external impact may cause the air outflow end portion 205 at the downstream side to

come into collision with the disk 102,

25 Also, in the case of head slider 140 of the comparative example 4, as shown in Fig. 16,



15 slider having excellent inpact resistance provided that the condition as
shown in the formula (14) is satisfied. (Third Preferred EnBodinheR094 As
the third preferred enbodi nent of the present invention, a head supporting
device 20 and disk drive using a head slider of the present invention wll
be described with reference to the dra 8ngs. Fig. 19 is a perspective view
of an essential portion of the disk drive of the present invention. As an
exanpl e of disk drive, a nagnetic disk drive is used for the description.

In Fig. 19, disk 2 is rotatably supported on spindle 1 and is driven by

driving meReGalde of ARLAKILIEs d0INANAUIORE AltSsaflsty Y cmMAIR oF fordmtPIR B GRROT
Is used. A head slider 220 of the 1 5 Decenber 2004 29 presen nventi on

conpri si ndhehdshiddret40p Rvén whesl daplactdes tih orf SHowiLBPhdhdSliRRA40a due to
reproducing is fixed on suspension 5 and torns head supporting device 10.

The head isutipdorce Ghcalbed by ctBriab ihpacedt ol act codlider with Bhebdisland2.f Howeer, t he
actuator 6 is rotatably disposed on actuator shaft 7. 5 The head slider
220 of t hevisndeestia farps/isdonthen generatel dad tebxtermnl ifpact, seghosi byshetd elideo 1408, a
(1), f%rrrul a (7), formula (14) or fornula (20) nentioned in the first or
second”pr dheflyiBg spasatsb theraininflow em of shecupstream sideris swaller Then the fliying tspane adf
each constant, ana variable is onmtted because of being same as in the
first pref®saEgu ghdrehthe downstreans side e pa pEr Ipkdrating Sm i formed betagsen
rotating ans,8,.for exampl e, voi.ce ¢oj l tor _is ed. It rotates the
actuator 5 A BedTineRyviacs @%@5@%I¥4§@8%‘ﬁcﬁoﬁé§k ﬁ@%l- SHeltk PROMENSR on
the surfa . (] . Casing.9 maintains.these c n I n the.
speci fi ed(}%s(l)lglE | %l?}rlgq_)tzﬁgls%_g "36‘1 qgfslymag BSWSbé&?ﬁ%ﬁ\?ﬁ’éaﬁ”g'?&éﬁ%zg &ptide, With ghe i on
of the heggﬁﬁ%ﬂﬁgg ' I:Ces e gﬁi@ i der
220. The head sli §e]&r i%%ﬁys}tc%% Ieg%r{ﬁgﬂ)é’g%?lgﬁé%g - alggg%@g%&ngﬁr gll‘%}%sed
at onggendisgfigehe tip portion of slider retainer 11. Al so, the other end
Through the above examination, it has been verified that the head slider of the present
invention is excellent in impact resistance, satisfying the condition mentioned above.
In the head slider of the present invention, the air bearing surface shape is not limited
by any means. Whatever the shape of the air bearing surface, it is possible to obtain a head

15  slider having excellent impact resistance provided that the condition as shown in the formula

(14) is satisfied.

(Third Preferred Embodiment)
As the third preferred embodiment of the present invention, a head supporting device
20 - and disk drive using a head slider of the present invention will be described with reference
S to the drawings.
Fig. 19 is a perspective view of an essential portion of the disk drive of the present
invention. As an example of disk drive, a magnetic disk drive is used for the description.
In Fig. 19, disk 2 is rotatably supported on spindle 1 and is driven by driving means 3.

25  As the driving means 3, for example, a spindle motor is used. A head slider 220 of the



of the slider retainer 11 is secured on beam 13. As the slider retainer 11,
for exanple, a ginbal spring is enployed, and it is configlireember 2864t o
all ow the head slider 220 to pitch and roll. The head slider 220 is fixed
on the slider supporting retainer 11, for exanple, by using adhesive
agent, while the slider retainer 20 11 @ﬁy be fixed on the beam 13, for
exanpl e, by welding. At the tip portion of beam 13 is provided pivot 14
for applying a load to the head slider 220, and a specified load is applied
to the head slider 220 via the pivot 14. The point at which the pivot 14
touches t hredafiRAnventibdl SdongRinkS idf@ndbiol Obralk@aédr! m@.{bt t O$ho ko?apecaﬁ%ﬂgo "ind

poi nt, described in the first preferred enbodi an he secon
pref err ed replodaéineny fixéd1eh suSpenkibf Sahd FHMROARH ? pfting Ndeviter 1d, aTn%ﬁlefa&r ce
acts when inertia force is applied due to external |npact or the |ike.
Decenber 20pgoreifig AevithdOtis fiRed loyi dearabdmgnt beafie At PBe dciuatbrde W fofatdbly so
that the center of gravity position and pivot position of the head sli der
220 coi ncidiposad dn schettothhf7. when proj ected agai nst the recordi ng nmedi um
surface, it is possible to nmake the head supporting device 10 nost
excel | @nt in |Tr'hpd1§@d slidsr 220 0€ the mesent inventjontine lead plides ithat satisfiosrirci foasulbeam
13 havi ng 4 and slider retainer 11 having tongue-shaped-section
and al(g)e Ba dorapiia, 614 a1 forrawlp {20) mentipned rlwém: gxsn@r sedong rbfertadad
sI i der 220, \/\a ?ll‘dl ng and re roduci ng on the rotating disk 2 by using
such head B, E?? ﬂ the Hdnvegtio here are three forces such as a | oad

2ers to rai se MRS éf‘raa@r S5 A e%.ogwt#%%aye i B0t atabe no
ai T bear | gy éfEﬁ&FclﬁB 508 erecg,gagg Ferid HuSE 2nd 2 negat i ve force

that acts t nove t Wth these forces

bal anggd agal@&hoﬁﬁﬁ@:n&mﬁgrﬂnkﬁﬁ ﬁkes i éGSﬂn%%91§h§9iynrb@ﬁ%gﬁg auﬁﬁ?p'”g

a constant anount of “flying, 1t rotating neans
the desir afintd BCkioROIhd hedd, siee 206 ¢85 @b¥esirkd tiadk @%ﬁw'oﬁ e seﬁﬁéeoasmlsﬂfz
recording and reproducing by transducer (not shown). By using head

suppor t i n§asliey Oarairt@ing Htbsel corkipsiteniedn 11, specifivhpasitionead slider 220 of the

Fig. 20 is a perspective view of an essential portion of the head supporting device 10

formed of suspension 5 and head slider 220. The head slider 220 is fixed on tongue-shaped-

15  section 12 disposed at one end of the tip portion of shider retainer 11. Also, the other end
of the slider retainer 11 is secured on beam 13,

As the slider retainer 11, for example, a ginbal spring is employed, and it is configured

50 as to allow the head slider 220 to pitch and roll. The head slider 220 is fixed on the

slider supporting retainer 11, for example, by using adhesive agent, while the slider retainer

20 11 may be fixed on the beam 13, for example, by welding. At the tip portion of beam 13 is

S provided pivot 14 for applying a load to the head slider 220, and a specified load is applied

to the head slider 220 via the pivot 14. The point at which the pivot 14 touches the head

slider 220 is the pivot position or the load action point, described in the first preferred

embodiment and the second preferred embodiment, that is, the action point on which inertia

25  force acts when inertia force is applied due to external impact or the like.



present invention having such configuration, it is possible to obtain a
head supporting device and a disk drive having excell ent Iifpesember 2004
resi stance. The present invention is not limted to the magnetic disk drive
shown as an exanple, 20 . and it is, ng@dless to say, applicable to a disk
drive using a flying-type head slider sd€h as an optical nmagnetic disk
drive and optical disk drive. Also, the present inventionis not limted to
a disk drive using a disk type medium and it is, needless to say,
applicable to a recordi ng and reproduci ng apparatus using any other type

of nedium 25 Mshdese! bP iRV hdad Supssttins ldbdes 10%oith i i on
may relieve the inertlaia15 Decenber 28@4 31§force biortoiﬂaligiéﬁgﬂﬁoﬁ%egftch

di r ect i on pobitibe akidpivongoditien POE thexd sllet 2P0 abtide WigNedch @tick avheh Pr&jecte@used
by external inpact is applied to the head slider. By this configuration,
even when agziesttthardcordieg madismcsubface rieftpossible to alake mplidadisapp@tine datied 1@hen
the head slider is flying above the disk, it is possible to prevent the
head 5 smagbexcelenicimpacidicsistanée h t he di sk surface or to prevent the disk
fronlbging danmaged by | essenin the.colliding@epergy. Thus, it is possible
to provi de a Kughery theejuspausiondeeemprisesibeam 18 davting pivedrldi and slider egdainaniil di sk
drive. 10,15 20 25 15 Decenher 2004 32 CLAINS 1. A head slider

char act er P2EPE | iADgUsShapsgrsention 12, and; alsq, othechsad gpppertingedevies 18nis fopmed eam

Proma pBBETERREHAEE 470 nor (i o force | s applied (o a head siider, and
at a downstr e%eﬂ?&otr&jgg and reproducing on the rotating disk 2 by using such head supporting
device 10, there are three forces such as a load applied from the pivot 14 to the head slider
10 220, a positive force that acts to raise the head slider 220 from the disk 2 by air flow
because the air bearing surface of head slider 220 is so designed, and a negative force that
acts to move the head slider closer to the disk 2. With these forces balanced against each
other, the head slider 220 stably rises and, keeping a constant amount of flying, it drives the
rotating means 8 for finding the desired track position, and thereby, it is possible to perform
15  recording and reproducing by transducer (nbt shown).

By using head supporting device 10 and disk drive 19, on which head slider 220 of the
present invention having such configuration, it is possible to obtain a head supporting device
and a disk drive having excellent impact resistance.

The present invention is not limited to the magnetic disk drive shown as an example,

20 .and it is, needless to say, applicable to a disk drive using a flying-type head slider such as an
e optical magnetic disk drive and optical disk drive.

Also, the present invention is not limited to a disk drive using a disk type medium, and
it is, needless to say, applicable to a recording and reproducing apparatus using any other
type of medium.

25 As described above, the head slider of the present invention may relieve the inertia



spaced apart by distance L2 in the direction of air outflow end froma
position where said 5 inertia force is applied, the menbradDeceybatizffes of
a layer formed between said head slider and a recording nmediumare Kl and
Kt respectively; and the anmount of fIying in a vertical direction fromsaid
recordi ng nmedium at said domnstrean1po§'tion is X. and the angle fornmed by
the surface to be opposed to said recording nediumof said head slider
agai nst said recording nediumin stable flying of said head slider is Qp,
then the relationship 10 ((L1 + L2) tanOp / Xh) <_ ((KtL2 / KIL1) - 1) is
sati sfi edforkd byQoating e if i€ kad b b e
((KtL2 / K Ll)b?'- 1) g (Eﬂﬁe‘?@?ﬂfgt)%} 9"&'%1‘)9 \eepite theRliftt bkR EnfIEWikh Gibaflh |
a directi dorcpemabd 8 ekterrabinthatEr apglicddo MRAMMs®Eween said downstream
position and a downstream end portion of the surface to be opposed to said
“recordi ng nediBynthi configdratiead cedni ohheén tigertid forde cAusedashy gidaflextefladimpiceris sed
in that, when an inertia force is generated, at an upstream position
spaced apgererpipd dvienghe beddislider fshilying nbuwiei the disk, #iis possibleve prabefitr thohead
positign where said inertia force is applied to a head slider, and at a
downst Peaslidrsdram sallidingawith thepdisk swrfaci asttarprevenp thndish droi being idamagdd By r
outflow end froma position where said inertia force is applied, the
menbr ane A58 the coliding ensteyy Flasnitds pessiblete providernchighly|relible head slider,

ium are Kl, and respectively, then the relationship of 2.5

recordi ng ne t
<- (Kt L2/ Kkﬁﬁfsu‘??‘iﬁ!ﬂé dcwge’saaﬂﬁés?‘idé’a.- 25 15 Decenber 2004 33 4. The head
slider of any one of the preceding clains, wherein the nenbrane
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r|g|d|t|es are realised by an air spring |layer fornmed between said head
slider and said recording nediumsurface. 5. The head sl ilkdPeconbarflfone of
claims 1 to 3, wherein the nenbrane rigi gltles are realised by a

| ubricating |ayer formed between said he3 d slider and said recordi ng nmedi um
5 surface. 10 15 20 6. A head slider characterised in that, when an inertia
force is generated, at an wupstream position spaced apart by di stance L1 in
the direction of air inflow end from @LAIMSti on where said inertia force
is applied to a head slider, and at a downstream position spaced apart by
distance L2 in the direction of air outflow end froma position where said
inertia force ig AmRhd ﬁﬂier Eﬁﬁa&éﬂ&ﬁﬁﬁtﬂ%{ xﬂieﬁ%%ﬁf@fﬁro#ﬁg@n&é{eﬁ%ﬂaﬂn
vertical to recording nediumare X and Xt respectiv the anount of
flying i n upstreane pesitionlsmaced apat b}rahsmasta: It nﬁhcddecrtgmmfdlrmﬂm esdirdm a

Comosed + QBTG WiRke b i Beun flieg 45 o nead e had AT daden poattion
di by <lisadice 2|
el At ot p ol (11t o) AN 08T BLORS TGy gion 1R L1
sat i sf Ped.ingtia forec feapplied,i embra@leaxgnﬂmes aftdapsriormhes! rebiverni sitl fedad slidex! L2 /
XtL1) - 1 d.when the distance in a direction
) - Dond lsbbrkaiio idaid WOl S St A0k when

paral l el to sal ordi ng rre | um downstream position and a

downst r eam end thoamoait offilyidpein et tiabdirection fARP9HE tecoRlisinddiuiPARR™ NI
nmedi um of r@al d head slider._is Lt. 8. A head slider characterised in that,

when an i W’Fﬁe%%‘%tl‘?%ls@ghépéﬁl&?ﬂgﬁfo&ﬁed bptherstesefodietoppesed pasaid amrt
by di
ohi d i nor t ol duddin S KRR hLARTLRLr flobogt i SR ek EinSRtRERUbERP e @

posi ti on said head slider is Op, then the reiatlonslup

10 (L1 +L2) tanBp / Xh) < ((KLL2 / KIL1) — 1)
is satisfied.
2. The head slider of claim 1, wherein the relation of
(KiL2 /KIL1) - 1) < (L1 +L2)/Lt)
5 is satisfied when the distance in a direction parallel to said recording medium between said

- downstream position and a downstream end portion of the surface to be opposed to said

recording medium of said head slider is Lt.

3. A head slider characterised in that, when an inertia force is generated, at an
upstream position spaced apart by distance L1 in the direction of air inflow end from a
2( .- bosition where said inertia force is applied to a head slider, and at a downstream position
spaced apart by distance L2 in the direction of air outflow end from a position where said
inertia force is applied, the membrane rigidities of a layer forméd between said head slider
and a recording medium are K1 and Kt respectively, then the relationship of
25 <(KtL2/KIL1) < 11.0

is satisfied.
25



spaced apart by distance L2 in the direction of air outflow end froma
position where said 15 Decenber 2004 34 inertia force is appPéceuberiZfes
anounts of displacenent in a direction vgrtical to recording nediumare Xl
and Xt respectively; then the relationship of 2:5 < (XIL21 XtL 1) < 11.0
Is satisfied. 9. A head slider according to any one of the preceding
clainms, wherein L1 is the 5 same distance' as L2. 10 15 20 25 10. A head

slider according The hend stider affany e pf ®@ @8écading|chiiis, whdtehehdmehbang L2 are
di st ances ﬁaral | el to.tggmsurtace_ of said recording nmedium 11. A head

slider accogdites arerealised byansir spras et bamad betwermsaid beadbdlider mat sah  with a

di sk nedi | ' rding nmedium wherein said relationship is
satisfi edeapfOIlat ggﬂfﬁﬁigf&%@%peri phery of said disk medium 12. A head

supporting device, conprising the head slider of any one of the prfceding
clains, and a suspensi gn..gonfj gured that a specified activating force is
given to said h a@ﬁe ETq%cfgﬁeri qfaﬁﬁgngpftgmsolntop}, vdigrean ﬂ@d@?@bﬁ@geﬁﬁ lmljﬁda a
pi vot, andrealifl\t9ta 10GEding TayRt foMHed Betviteh Sailinked sit i Fiuh €'
is the rot gt iiona acentre gf y?aicﬁﬁlﬁeac‘?l S|ill %lr. s C%Egﬂﬁ%aé(g%scufodgﬁ _|nlg
devi.ce Sof ®if@ren 12, wherein the centre of gravity position of said head

slider and said pivot position coincide with each other when projected on
the surface of said recording nmedium 14. A disk drive, conprising the

head supporti ngs.daVea@slefer 6hahdReristd @f thh8 wiRhtn iferfif FHeE B nERAGUM an
upstream position spaced apart by distance L1 in the direction of air inflow end from a
position where said inertia force is applied to a head slider, and at a downstream position
spaced apart by distance L2 in the direction of air outflow end from a position where said
10 inertia force is applied, the amounts of displacement in a direction vertical to recording
medium are X1 and Xt respectively; and
the amount of'ﬂying in a vertical direction from said recording medium at said
downstream position is Xh, and the angle formed by the surface to be opposed to said
recording medium of said head slider against said recording medium in stable flying of
said head slider is 8p, then the relationship of
15 (L1 +L2) tanBp / Xh) < (XIL2 / XtL1) - 1)

is satisfied,

7. The head slider of claim 6, wherein the relation of
(XIL2 / XtL1) - 1) < ((L1+L2)/Ly)
20 - is satisfied when the distance in a direction parallel to said recording medium between said
downstream position and a downstream end portion of the surface to be opposed to said

recording medium of said head slider is Lt.

8. A head slider characterised in that, when an inertia force is generated, at an
upstream position spaced apart by distance L1 in the direction of air inflow end from a
25 position where said inertia force is applied to a head slider, and at a downstream position

spaced apart by distance L2 in the direction of air outflow end from a position where said



a driving neans for rotationally driving said disk nmedium a rotating
means for rotating said support arm and a control means. 15Pgeggber@P¢der
and Head Supporting Device and. Di sk Drigye ABSTRACT OF THE DI SCLOSURE The
head slider of the present invention is characterized in that, when an
inertia force is generated, at an upstream position spaced apart by,, a.
predeterm ned distance in the direction of air inflow end froma position
wher e t he ingiadorge ipnplied.dhepppumts of displheenuiin a dir¢ation vedicdl tatreerdiognst r eam
position : istan in,the.,direction of air outflow end
froma po:rptalﬁgﬂa\%gg?ém?ﬁ?ﬁ% e%“??@’&gﬁ eriegatngﬁz&l?g , the nenbrane
rigidities' of ;}a,ijs(xu)mnmﬂlgy@n,@orned bet ween the head slider and a
recording mediumare H and Kt respectively; and the di stance between the
upst r eam pésdtisfied and t he downstream position in a direction parallel to
the surface of the-.recording nediumis L, and the anmobunt of flying in a
vertical direction fromthe recordi ng nedium at the downstream position is
Xh, and the arylAchdadrsitaer deyordiey 164n @ﬁ@of&e?@ec@@iﬂ@%ﬁ‘ﬂnﬁ,%ﬁe@ﬁn'LQQQFH@ ng
medi um_of the head slider against the recording nediumin stable tlying of
the hedd sPME&isiange@pLl2ihen the rel ations of (LtanOp / Xh) <_ ((Kt / K1) -
1) is satisfied. 'By such configuration of a head slider, when inertia
force caused by external impact or the like is applied to the head
- ls! ij der, gi r hl adyeA ﬁeggi srﬁdhrtagqmmmg tb fhﬂy aid ofthe ptededing Ulafrag Qy]:[éfeh&\%f? laﬁ@@%
slider and the recordi ium surface acts as an air spring ile the
head s i dé‘F"‘?“S‘iaa?f‘ésPaFﬁ%ﬂ’?ngﬁﬁﬁ e padaeordingmediunine head slider hardly
collides with the recording nmedium and ensures excellent inpact
resi st ance. )

11. A head slider according to any one of the preceding claims, in combination

10 with a disk mediu:n,'being said recording medium, wherein said relationship is satisfied at
the innermost periphery of said disk medium.
12. A head supporting device, comprising the head slider of any one of the
preceding claims, and
s a suspension configured so that a specified activating force is given to said head

slider in the direction of said recording medium via a pivot, and a pivot position at which

said pivot touches said head slider is the rotational centre of said head slider.

13. The head supporting device of claim 12, wherein the centre of gravity position
of said head slider and said pivot position coincide with each other when projected on the

20 _surface of said recording medium.

14. A disk drive, comprising the head supporting device of claim 12 or 13, and
a recording medium,

a driving means for rotationally driving said disk medium,

a rotating means for rotating said support arm, and

25 a control means.
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Head Slider and Head Supporting Device and Disk Drive
ABSTRACT OF THE DISCLOSURE
The head skider of the present invention is characterized in that, when an inertia force

is gemerated, at an upstream position spaced apart by-a predetermined distance in the

direction of air inflow end from a position where the inertia force is applied to the head

slider, and at a downstream position spaced apart by same distance in the direction of air
outfiow end from a position where the inertia force is appliéd, the membrane rigidities of air
spring layer formed between the head slider and a recording medium are Kl and Kt
respectively; and the distance between the upstream position and the downstream position
in a direction parallel to the surface of the recording medium is L, and the amount of flying
in a vertical direction from the recording medium at the downstream position is Xh, and the
angle formed by the surface to be opposed to the recording medium of the head slider
against'thc recording medium in stable ﬂyiug of the head slider is Op, then the relation of
(Ltanfp / Xh) = (Kt / K1) - 1) |

is satisfied. 'By such configuration of a head slider, when inertia force caused by external
ilﬁpact or the like is applied to the head slider, air laycf formed between the air bearing
sutface of the head slider and the recording medium surface acts as an air spring while the

head slider rotates in the pitch direction. Thus, the head slider hardly collides with the

. recording medium and ensures excellent impact resistance.

‘Figure 1.



