‘“and Di sk Drive TECHNI CAL FIELD 5 The present invention rel d
slider and head supporting device and di sk drive on which is

i nformation transducer for recording and reproduci ng of signal 85%n+«and from
* recordi ng nmedi um by using the actions of nmagnetism 1ight,

magnetism etc. 10 BACKGROUND ART Recently, the technical ﬁ%mmmuﬂwﬂm
remarkabl e with respect to disk type recording and reproduci

(hereinafter referred to as disk drive) for signal recordi ng andGooooz
reproduci ng on and fromdi sk type dium (hereafter referred to
as di sk) such as nmagnetic di sk, R]?%QF?%’FWand magnet o- opti cal disk, and
besides its nounting use, its
application is al so E@Q‘saﬁld eﬁ;a?dgpgﬁ gé%rﬁﬁgmgﬁ%ﬁgﬁeésko@%lé as portable

smal | -si zed el ectroni c equi pnment. Accordingly, in recent disk drive,
magnetic disk drive in particular, there is a strong demand for the

devel opmgficpiiidAE IR DVe Which is capable of higher density recording,
havi ng i npact resistance high enough to enabl e stable signal recording and

reproguci ng ZtheVprkdeat inveaidioreldtes 118 1dhé klidwr hndaed Supplrting \devicsagd diskposed
to disturbance l'ike inpact, and is further mniaturized so that it can be
mount ed @fivp@nt ahich s MAdUntad afdnfokmationo frassdacgsi mmeéord$§ @dcepuriiting nefl
probl em of inpact resistance, when subjected to inpact from outside such as
di st ur banipnalstdreatt &dus tdcdating aredim by aisingl the sictionopf emghetisin, dight) dptiealdi sk,
25 causing wear or damage to the head slider or the recording |ayer of the
di sk, whingdgnptigm, et@ | ead to the destruction of data or damage to the
equi pnent. In order to solve this problem various techniques for realizing
the vibration proofing of head slider have been proposed, and many of them
are opqsed | f of an air bearing surface of desirable head
slid b. §$$§ﬁ£@5hﬁﬁgbgﬁ¥brlor art is the result of exam nation with respect
and no exa
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account t cation to no
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, magnetic 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 disturbance 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 into_ collision or contact with the disk,

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



~consuned by the notor-is reduced by decreasing the disk rotating speed, and
thereby, the speed of the air flowng into the air bearing surface of the
head slider is |owered. Thus, in the prior art as described above, when
inertia force is generated at the head slider due to the inpact externally
applied, it causes the head slider posi2ion to be changed, 15 greatly
increasing the possibility that the head slider conmes into collision with
the disk. DI SCLOSURE OF THE I NVENTION As for the head slider of the present
invention, when inertial force is generated, at the upstream position
spaced a ] | St in.the direction of air inflow 20
184d toke ﬁ%@ﬂ%g{&éﬁté‘ﬁpd&a&eﬁpgﬁ? GiRmeng. applied to the head

end fromthe position e in

slider, and it art .b nme. di stance.in the
i rect | on of morag (BRPRENERERAES, Hrdls SRR AR o he IR Riien et | o
applied, df LS Fidnl ' [ r. forne t ween the
head sl i d(%a ?ﬁgﬁﬂﬁgﬁ?‘%? g%‘dﬁ'l r?éb%é‘a?E%‘?%“?‘zs“%“‘%ﬂ&‘i%‘?"l’é%%@ﬁf?ﬁm .O?Aﬂd‘,’f t he
di st ance HegiiNEanfacd 6f SREhFIEARPARIEL I on and the downstream position in a
direc%ion 25 parallel to the recording nediumsurface is L, the amount of
flying in verHowaler,dutleplibidit isitheesul® of BantiRA Rl R0 rIpelt

downstream position is i)3(h, and the angle forned by the Sﬁ%&aéfo?ﬁ:r%%ﬁng
opposed tpooperty, amtno ckangnatizai hasbedn mbde dreadorfigueidionaBaiifsipableef féﬁ@&fv@%\yng
mediumin stable flying of the head slider is 8p, then the relation o

(Lt an6p/ Xmyuring gternadlimpadt) 5 is satisfied. The head supporting device of
the present invention conprises a suspension having such configuration that
a predet er ni Y8, degarding agliskomeunted agi pertatlo small-shed cttlectriodier equipment,ptheot i n
t he direg@h&g of. recor.di ng nediuqi and the pivot position at which the
pivot to le; ¢learpues ety ecadthe ihsad glider grditheatish, os dhe emowit ofHflyitge ddesshotder |
and 3

head sl i f the 10 present invention. Next, the disk drive of the
preseRt i NVPENT ﬁﬁ{{m@o et ékﬂ“ﬂl P G sthe pplcationnty mnbilestthei payver
recordin ' | sk _recardi medi rotatin ans for rotating
a suppor t% oggr%%&eld;ﬂ }g@gtn?%ﬁr ?rsergﬁ%(fe%al?'?'£%rer?8’3§Lig‘luﬂ‘;a%lr?‘iaﬁﬁg a&ﬁqg%“ bereby, thead
slider ofgpdddfRheEsi [ th 0D 4 he 15 .BRI.EE DESCRI PTI ON OF
THE DRAW NGS FiRg. é?ﬁf“g wﬁ@ﬁ‘e‘ﬁ%‘t’ ?Sgé*ﬁfg%%%%% éﬁggmh% dSSthﬁg ¥ F‘W‘H@‘gst ate of the
head slider H@ugris thdpfidr #t hOHERrBAY EH P ' ' I pdgto
the head slider in thgﬁfi rst pr e%lerrglgdj"g’n?gg |hrrlgirclttfﬂ8féct %%%?Igég%?ﬂllcn@cgﬂti on.
20 Fig. 2lides dae 36 emaipact citags B in BaulsECthB AR AY LiRfer bhbsiti ' at e
of the head slider vvhepn i nertilgr%%)rﬁce 1caused by extercflgl Slf]%g{:%y%%g%%&ﬁl i ed
to thé heaeitlylinaiensingrth¢ pessiility thap tieflead ektice obaed MaNéolBfiod WRh MRESaNt
invention. Fig. 3 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 1 as
DISCLOSURE OF THE INVENTION

As for the head slider of the present invention, when inertial force is generated, at the

upstream position spaced apart by a predetermined distance in the direction of air inflow

20  end from the position where the inertia force is applied to the head slider, and at the
downstream position spaced apart by same distance in the direction of air outflow end from

the position where the inertia force is applied, the membrane rigidities of air spring layer
formed between the head slider and the recording medium are Kl and Kt, respectively. And,

the distance between the upstream position and the downstream position in a direction

25  parallel to the recording medium surface is L, the amount of flying in vertical direction from



. 25 agai nst the present invention. 4 Fig. 4 is a schematic diagram show ng
.the behavior in the flying state of the head slider when inertia force is
applied to the head slider of the conparative exanple 2 as agai nst the
present invention. Fig. 5 is a schematic diagram show 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 first preferred enbodi nent of
the present invention. Fig. 6 is a schematic di agram show ng t he behavi or
inthe flying state of the head slider when inertia force caused by
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enbodi ment  of(y {6 ge@k iknvep i on and the conparative exanple. 15 Fig. 9
is a chart séovﬁﬁngp?ﬁe e}/gti)i onshi p between Kt/Kl val ue and i npact

resi stsanGesambiete 1 n the first preferred enbodi ment of the present
invention.. Fig. 10 is a schematic diagramshowng the flying state of the
head slider bEfeOeadisappdrtifig ideviee of desp@sdny BXhBOM abmp1ige8ci susPerdioml lidthgt O
the head slider in the second preferred enbodi nent of the present

i nvent i orsuck@oifiigyrativh thst a psadetermiined attisapingniosdtroisi gigent tvethedivad istideri via tahe
flying state of the head slider when inertia force caused by external

i npact i spiegspini thd directioe dfiggeprdingdmediim, tand the qivad posiiosr atewhishiiddi pieott  of
the present invention. Fig. 12 is a schematic di agram show ng the behavi or
in the fltonehys dheaheadgylidemis the zetational sentomehthe head shider oandea headaglidier efitheo t he
head ﬂider of, the, conparative exanple 3 as 25 agai nst the present

i nvertd orpresenkingentions 37 s 4 schematic di agram showi ng the behavior in the

flyi f .Sl wh i ia f i lied . head
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the head Skigeh i, tortft Hdhnbr Afies hesh SIPpRHTEAviQS withe REASEALr of the

i nvention.
present invention mounted thereon.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 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 first preferred
embodiment of the present invention.

20 Fig. 2 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 in the first
preferred embodiment of the present invention.

Fig. 3 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 1 as

25  against the present invention.



Fig. 15 is a schematic diagram show ng the behavior in the flying state of
.the head slider when inertia force caused by external inpact is applied to
the head slider of the conmparative exanple 3 as agai nst the present
invention) 10 Fig. 16 is a schematic di agram showi ng the behavior in the
"flying state of the head slider when irertia force caused by external
inpact is applied to the head slider of the conparative exanple 4 as

agai nst the present invention. Fig. 17 is a characteristics table of
conpari son between the head slider in the second preferred enbodi nent of
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I i d f d di t of..th t inventi ig. 19
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using a h id n ad supporting device in the third preferred
enbodi rreﬁgggsftﬂf%%r%%)erng]sng’ﬁ{&?qnhventi on. 20 Fig. 20 is a perspective view of an
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preferred enbodi nent of the present invention I's shown the configuration

6 of a h@a@fcﬁéd&ﬁlﬁomcﬁthﬂtmlﬁgﬁﬁﬁﬁveﬁtﬁﬁﬁi on. Fig. 1 is a head slider 20 of
the present invention, which is in a stationary flying state state above a
di sk 2, that Fig,6 showthematic didgrararshowingl the 'ghatiat i diealyeng karpohtheaizadngl e,
pitch angle Ap, against the surface of the disk 2. 5 An activating force
shown by skddrnwhdweinkitgufoecd sauged dny ¢xperhalanhpact isoappbiod rtd thé hedd clidea dfethd
supporting device (not shown). Also, as the disk 2 is rotated, the air

f1 ows i ncbmperative ¢xpnplat Aniagainsp egiteggnt invertiondi sk 2 of head slider 20
(hereafter called air bearing surface) and the surface of disk 2 in the

di redPi on of Hise i#r# sohemphie diggram shaymngcths bebavier i thesfhying, gtateqof thecheadhat
the. h lid 20 t ise. Th ti f o h i i [

bal anced SISV e, e Gty 28 eicinel arach B g do ibe tked sl B¢ head

slider 20 that,acts t ve t.he.head sLi derio%o closer to the disk 2, and

t her eby, CPﬁl@anﬁ%lcgnfpgeéggiﬁgwsg&c RRE" 'élgf)%t a'stationary flying state.
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the | oad "action polnt 101, ere e activating given to the

head1sl i der 38y @RWcHapt SHaGispihkaeRtiOAshi Befwéer Ri/Rl S8k Snd MGpah redd@@ceNg
surface, is upstreamrigidity action position 103, while a point on the air
beari ng suluba the firstyeefebyd dinbbdinest ¢fithe presgmiimlehdon. W t h t he surface of di sk
2 in the direction of air outflow end (right-hand side of the drawing) is
downst r eam r iKig. di0tiya achematic giagiani shrowiagithe Ayingetate of He headyslitier hefofe inémtiaai r
spring is supposed to be a rigid spring, and the stiffness at the upstream
ri gi di ty fexce| GusqsoBY texémnal oimpaed Wgamhcgria thechead; slidge d% thy seqoad dprgfestcdeam
rigidity a(ﬁtoi pnngogi tion 104 being Kt, it is supposed that the head slider
20 is kepMoofiment pLthe presept MYSHIAR state by two rigid springs at the two
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cl osest e alr outflo right hand side of the drawing) on the air

bearing surfage of isthgchemade dlasfek sg&vihg thd bemvidr SR thd fying dRke bPtlecRaAN the
i nfluence of inertia force due to turbulence such as

slider when inertia force is applied to the head slider of the comparative example 3 as

25  against the present invention.



external inpact 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 other when projected in the direction of disk 2. Under
the condition, the head slider 20 of the present invention satisfies the
“relation of 10 (Ltan6p/Xh) s ((Kt/Kl) -81) < (L/Lt) (1) It has been found
that the head slider 20 is strongest against inpact caused by turbul ence,
and excellent in inpact resistance when the fornula (1) is satisfied. Wth
respect to the head slider 20 of the present invention that satisfies the
formula (1), .t he ,behavior of .same subj.ected to inpact gcaused b urbul.ence
o Qoscr | bedFig A 53 30ran dBERE BIAGHRE 1R hordvighes the fighg Saee Y IAFRERIG
shown by lid |line.shows the iti.on.h A ication. of inertia force
S causen SEs s RguE RSfe ionffii o' B0 4R S e Sl Bl, B Jin

i ne shows, . LLl ] inertia force Gis externally applied thereto.
The i ner ¢ %ﬁl{lg?éégr%%fngc S}Q@cﬁ{?l oad action point 101 at which activating force

Fis given tgufhg @%a&h%gﬁ@aiaggw gxg)ﬁg ugg BShaviodGn YR h%ilﬁgg}a@é SPhRCRARNt of

upstreamrigidity action posit -1 ~and the vertit di spl acenent
of downsiiaRHeh Fhdtid Yor8CLduRt BPSitlmMNmpA i Sppfled té F}fe%ﬁa SNk Yo R QEcne

inertia force G acts on the |oad action point '101. In this case, when the
head sl i fert€d @hbddimemr FIRNprekdily @ivehtish. subj ected to inpact, absorbs the
inertia force Gwith the spring rigidity of air lubricating film the
amount of i t Fig 3 5dis Ppschemans diagana pipowaiag hhd behaviorfiathe ffingistite f ke hyadat er
at the air inflow end (left-hand side 8 of the drawing) than at the air
out f | ow ehder(whehinettiantbres daused hyhextemalwimmpprt isThpplied o the liesd siddri ofuthed
that the head slider 20 absorbs the inertia force Gwith the rigidity of

ai r spri rgmphiatige example Ags pgaingh sheppresemt ivertion. on. By enpl oyi ng such
configuration, it is possihle to obtain head slider 20 which ensures
excellPent i miigtl6 51 sehsmatic dipgraay showing the hehaviass the flpag state of theghgady
realizing,such head slider 20 will be described in . detail. In statjonary
state shoWfer yhey gerti fqrpe Cﬁ‘ésﬁgn‘gl ?’H‘é‘r"g‘zﬁnl?%t & 9?9%349 the (hepd éﬁﬁ?re(’%ﬂ‘cmm | e
keepi ng a space. equivaglent ta ampunt of..flying Xh at the downstream
rigidity cﬁ?ﬁ’f‘%ﬁvﬁg@]’flﬁ%g aiﬁﬁémsi?ﬁetwgsetnpﬂlg,cmf%é difference in flying height
bet ween t he t4 b Qicdid [ it q m
rigidity act :t@o% lggig Fq;‘%lgﬁgcglegﬁg%satﬁb%gtfrcgglp g@%ﬁt%@%ﬁe@f ag gﬁagﬁgpt ékéfglta io a

to the a:?ié‘f@ﬁc@émﬁ&dihl@ﬂt ofthé pRRsOR ivRRAGS AT e cBMphiavd &lahﬁ:‘l@.ng formula (2).
a = (Ltan6bp/ Xh) (2) Also, in the behavior of the head slider 20 when

i nertjisa forcerifs TRUSSEhY sBywitighihe 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 slider and head

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
(First Preferred Embodiment)

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



.15 inpact is applied, shown in Fig. 2, the difference in displacenent
vertical to the surface of disk 2 between the upstreamrigidity action
position 103 and the downstreamrigidity action position 104, and ratio b
.to Xt can be represented by the following formula. b = ((xi - xt) / xt) _ (
xI / xt) -1 (3) In this case, as the cofddition for realizing high inpact
resi stance, when inertia force 20 caused by inpact is applied to the head
slider 20, the head slider 20 should rotate in the pitch direction while
the inertia force is absorbed by the air spring between the air bearing

surface mﬁegﬁlsﬁ#’egfog?lﬁ]ﬁfeseﬂi ﬁﬁ%ﬁ:ﬁhnt hat is, the ratio b of displacenent

anpunts i s equa ar ger an'the ratio a of flying heights in the
initial stati ' | L te ] Soer l.ation of a g .b should
be true, and I?%gf ?ée g%%dggggﬂio%j é‘@g I{?gﬁtt]ﬂ{éé?lg?hhﬁf]%ﬁ(lﬁi asﬂgt&qx}?r%ﬂy e ﬁg?egood.
9 (Ltan6pdtafb I ; Ay T L I i sfi,es

t ht(a for rruFbIIta ?ngel(izﬁss{( rzég%} zla%g?l%\gltﬁé ian%%ﬁngﬁq‘ %:%gg%usz%tg’d%p Iélg'?a Ealrari’gfcl’ El Ihact .

| n contr asigle ) apgaihdiehd Qirfidt of (it )digk. 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 @cement Au hétiviating foree Sovaebioranpid Blet S Sited lyd hedsh sdihdfl1 8842 VWen
the relation is a > b, it neans that the air outflow end of head slider 30

i ni tial | yhebe sugpoctingsdevideqnbhshosling k Also, asitheatiskelistrotated, €hdat bW aCbetwish
given priority to approach the surface of disk 2 and is liable to contact

t her ew t tthe sitéace ieppesing t, the disk@ofdead slidér 20 gheredfter loalied alibeating eurficey gldves a
probl em OL irrEaact resi stance. However, even in the case of a head slider

t hat sat it8¢ fwdace Q€ disk 2-p tsndigsctian ef the aoeh Thecair lagertacts dsemedr spsingasfordeed by

t he ai [ [ t | ] t ] l.ied in the pitch di ti [
noad S1 i bt Hicsithe fea ey 20 I e, s Fabiomfoapn ot e sspes Mbainaanihown
by h | j: . d,i th ' tfl d ivel h
Che avs elPne 30 1 g VR ERGTE: B vt end S DD hdncutoamore thve.
head sl i ' [ he.head slider, 4 l, [ flyi
povor and esTeeIcD siobfr 3tk Sl fenl B B Shaeti 2B, o5 B kop o g

such col Isitﬁjoggyyvﬁylh{g d5edescribed in the following. Back in Fig. 1, between
the downstream'ri"gidity action position 104 and the air outflow end portion

105 on the aiAlsQeapoidofiUhé af DearkleSurtee, ﬁb%cﬁﬂfgistdtﬁc@ 1P ggﬁéﬂaﬂél Wit el €

20 to the disk 2 is Lt, then the ratio ¢ of L anh can represented by

the fol | euifag éfodishildn tie=difdction OF aBueiibva e EORNBRP Bidk Bﬂhena}a@riﬂg? lHoR et i ng
filmis formed due to excessive rotation of the head slider inthe pitch

di r edfi orpoint atiaehiehi b eerpaintiowlart drkws frimacie: oad avtieh poHETOT, WHictd thel REOAIE

caused by inmpact is applied to the head slider, the ratio b of displacenent

amount s 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 L/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.



25 represented by formula (3) is larger than the ratio ¢ of lengths in a
~“direction parallel to the 10 disk 2 of the head slider represented by
formula (5), and the displacement at the air upstream side deternned by
_the ratio of inertia force G due to inpact and air lubricating film
rigidity is relatively smaller as againét the length in a direction
parallel to the disk 2 of the head slider. 5 Further, the inpact resistance
val ue of the head slider, with which the flying space at the upstream
rigidity action position 103 beconmes snaller than that at the downstream
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said that the head~sl ves a pro I"em of 1 npact resistance.

Contrari Ihnd 8idle bf'tHchﬂa\bﬁg}joﬁ{Heqﬁrbcgﬁng)gurﬂée oP HRIRAY sidEP it . in case the
ratio b of displacenent anounts represented by fornmula (3) is smaller than
the radtio c ofisd,eingbdider pariadstelthd ehffubfcedbs knettin forchaiuBemduabileife such as
represented by for mul a (5), that is, when the relation 15 of b <c is

sati sfi ecdxturndl Himphcirand ® {6provd Kie imﬁé’rc) resistgnes, {tLis /cohfiguré® ko ithatsedntef dfed,
the head slider 20 is very strong against inertia force caused by external

i npact . Awadtydl@ghnd load actionlpeinaldl ofhhead sleleh@8dcadncidtewitbfeath ether oslemt
invention, having excellent inpact resistance, is a head slider that

sati sfi esl’fﬂlqéteﬂéﬂ#heldéfcwl)ﬂ@r@ﬁ%rnul a (6) 20 that is, a head slider that
satisfies forngula (7) Cp/X3 %é Xt) -1) < (L/ Lt) which is nost
excel l ent in li"?‘i%é&'}e Gog 1“9%‘6‘#6@33 Slidee20 %@ﬁ ProsentBYApian satisfigs the eelationsaf ¢ he

d the d d
upst e 110 ey SOGPRIL LRl o e Sormtiean r 1ol gyacton
t f d t ti L. t f
e g Pl 30 M e ST
gener at edanﬁtexééﬂgnt”iﬂ%Bﬁ%sgs‘ﬁagf ofl it B 1 PRRE) & LARLPS and the downstream

rigidity action posit en | ner caused by external

impact is apﬂk’ltﬁ‘i'cs{p@ctt ddenbeaes Slided@0- ofTH@!:?é‘s@ﬂt%vetnhﬁn IR YRtstRE (fl fRpmakenent

in a direction vertical to the disk 2 at the upstreamrigidity action

posi tion (1§)3the Wehavibhof damesdu tmrtog hdcy cagdedOoby m@hkh&nlslﬂ&cﬂf)cd Rgthhead
slider can be represented by X1 KtxXt that is, (X [/ Xt) (Kt / KI') (9)
f r omltShe refekakce enFigf 2F = kx (F: force given, k: stlffness (el astic
stiffness), x: displacenent) 10 that is a common fornmula for presenting the
rel ati ons of lalFgt2, thesheafl fslidear20 shnwntbyaolid line skovds e ppsitice hefiote application
Accordingly, the fornmula é4 and fornul a &? are sane as the follow ng
formula ( )mqﬁg forge ,ﬁ,p%pse @}lc ,t@gpm ioy éhg, 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 XI 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



LtanBp/ Xh s ((Kt / KI) - 1) (9) ((Kt/KI)-1)<(LILt) (10) 15 Both of the
.formula (9) arid fornmula (10) are satisfied when Ltan6p/Xh s ((Kt / KlI') -
1) < (L / Lt) (1) is just satisfied. Specifically, it is possible to obtain
a head slider having excellent inpact resistance by designing an air

" bearing surface shape capable of reali&ng Kt and KI that satisfy the
formula 20 (1). A head supporting device and disk drive having excell ent

i npact resistance and bei ng strong agai nst external inpact may be realized
by nounting a head slider having an opposite-to-nmedi um surface shape that

satisfies hefor 4 and formula (10) [that
is, formdfheErsvEe khf?](a ?“I(H‘(t@‘ﬁfjg‘k Eﬁ?‘it@ém{mijc 8@‘2‘}39 VEBEK| dered t hat t he
relative spe e i 1 e dISk N ener.a Iomer
when t he heaglﬁgﬁsderls g rﬁ?s?fﬁ%h@lfg tsﬁgerl 2non gsohlgsr H’é‘?{}a E?I%fhewdé s t han
at the oy Ik air
bear | ng. SBALRT a%ﬁs@%%ﬁh?ﬁ%ﬁ%{m%ﬁ# b?%lg&%‘”m eco&e“ﬁé%?%“%ﬂﬁémﬁ”

resi stan oner , Q atlsfythe
above fo?ﬁﬁkess?ﬁs td &g{llﬁglﬁm a Q’gircxtcﬂé&%g E"H:Q]sif ?ié)r mula (10) at
| east swhen t'&f‘cx@rﬂ?é’B&n&ﬁoﬁs't%'b@gaﬂxﬁch@&%%a% r%ﬂﬁh'ﬂ&&&&hd&?&b%ﬁrb\é dRbcrivRg

di sk. Also, in the present preferred embodi an exanpl e of producing
necessar \n g&pir ane rigidity by using a positive pressure generated in the
air flow between the air bearing surface and the disk is shown, but it goes
W t hout sayi g at fistiomatynither shefvheintFigan the htad ebideai2teld fiying eapitch mggla 6p
configuration that may bring about simlar nmenbrane rigidity by using other
| ubri cat iwlglekgeping a\space ciqmivalenteto the apemint wf tflyngcXh dit ttho dowostreanh eigiflity| | der
having excel I ent inpact resistance as described above, the difference in

i npact r @stien pagiton| 1841 oAt ke times Hreediffercnee dn fyineheighy betweeaciesupspreast t he
headé@: i der _was specifcally exam ned, and the gefﬁsm ts are shown 15 i n the

fol | Wi ngigidity F?tgm soawn Ji03vand e sgwastrgamn migiityopctione PASiten si0dgesn b
subjected to th tion, and the eval uati ] f
es! ot andEPTesn R0 theyTatio o 19 the FROKp Of Ayfag %w%eﬂs%ﬁe%%@q s

applled each he |der are shown in Fig. 5 Fig. 6 and Fig. 7. In the
head sl i “Sar@ ent invention, when the air lubricating film
r|g|d|t|es 2Q D@“?ﬁ t the upstreamrigidity action position 3 and the
downstream ri gi actl on position 104, |ocated at an equal distance of

L/2 in a direqtd qR tHéibéﬁa'vﬁ)'r JfQnd RExddiIRIKr 20 WHRM ihdHEa FORE IG: adsed Y Sfdrhan
position when inertia force G caused by external inpact or the like is

appl i16d, impsctriespstiet] sidhwh MIFxgraj tié diffefenite il displecefink véd@icll toNhekudad dft =
2.0 x 1006 (Nm when L = 1.0 (mm). Further, the evaluation was executed

under t helmmmtmemthetdpetrehm tigidite aéﬁoﬂ_posmo(ﬁ 1D3(amdjthd ddwestreathdgidiopmntioneam
rigidity action position 104 and the air outfl ow end
position 104, and ratio b to Xt can be represented by the following formula.
b=(XI-Xt)/Xt)=(XI1/Xt) -1 3
In this case, as the condition for realizing high impact resistance, when inertia force
20  caused by impact is applied to the head slider 20, the head slider 20 should rotate in the
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
larger 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.



13 portion 105; the amount of flying Xh = 20 (nm at the downstream
rigidity action position 104 in a stationary flying state at the inner
peri phery of the disk; and the pitch angle 8p = 30 (prad). On the other
~hand, for the purpose of conparison with the head slider of the present 5
i nvention, the evaluation was al so exected with respect to the head
sliders based on the specifications of the conparative exanple 1 and
conparative exanple 2 shown in Fig. 8. In the air bearing surface of head
slider 30 of conparative exanple 1, when the air lubricating film

rigidities at tr gi dity action position 103 and the downstream
rigidity act i(%%gggjgﬁﬁiso@ﬁq)o&bé?g respectively KI and Kt, then Kl 4 0.62 x

10'6 (N m, = A0 6 (N.m . AlS i.n ad slider .40 of
conparati ve @13%%% g?a%v\ﬂled%ptt i s!\llélg%lsu@F ifggf"illﬁg(gfﬁs PR AgiRY ingrtip fgrce
upst r eamdy i@ Gylek il ifhadposi tion 103 and the downstreamrigidity action
position 104 afe respectively KI and Kt, then KI = 0.48 x 10'6 (Nm, Kt =

5.85 x 10" 6 (iVcBhtrastowhsn HR folfifla @R Rt legﬁe%? é%eﬁ' i A 8«? 's %eqrgﬂeﬁlav di ment

of the present invention, and the head sliders e conparative

exanpbe ZIelatish 6OOPad, @lid Mehatis A Es&héwn i) Big, 81 ITheQfispMcemb W itf et idofokd
rigidities (Kt/Kl) at the upstreamri gi digt’y actci SS pogli ti orﬁ %gpdgfr?fcrﬁepﬁe

downst r eappliddgs shidwn behéadsliga30hi on 104 were obtai ned, and at the sane
time, the inpact resistance (Gin the figure) when inertia force is

gener at ed duéVhan tb relatial isiaphcit neanhthasth2Giceudowent o hbapglidet B0 afitidlg
approach the di sk was eval uated, and the results are shown in Fig. 8. "Here,
t he i npadeingedgsst tmihe disk Peprhientert tulextgrmphimpasycb govenipmiprity to hpprosch the
necessary for King any part of the head slider subjected to the

oval uat | SHIERRSHAL sk oandmiglle taFamiact Riesrelith, an gharefercotaen ot i tlpt thuiead
irrpatib reﬁéstan?e, thgl?lcorg)?i,ti ons for evaluation are as 25 follows: the
equi val et Al @M EIRAP'HY O FRPasb B snceter and slider supporting section is

8 14 ; ' f i f h [ he head
Sl der § o0 HoRVBE khifhl BOcAB T & a8 et BRI REe R ?%%scino&fh@? biahesiibo,
le isS:cbe ) it ) i i 6 \ i,n Fig. 8,
Thal & 1 ° ieptid dorcl i aborBaPbY Uit Norill b kB Fnact Mfoplied B, o githy ifactiof
t it grarty . eddest 20 Th THE S,
P oo a RO r 40 Boitin Mg 51 W b Ulsphttf oL b i ol i sfifth DS
i "pact r ¢9i.StARE en \badeU eheOir WV R6ld SdxcERiveROa ;cp@oa{clﬁgs PSRk rs%f’fagé'%diaigegh g

is 1000G while the inpact resistance val ues of conparative exanples

2 ar &5r edybeicatingefin READE: forched Hafvechahe gad Slider 305 @i the! Migk YSOLAS(IR Hoagnet i c
disk drive in use for nobiles, it is obvious 10 that the head slider of the

present Fkdes40n dosesrity flyingl forer pndicollided withphe surfaes iof disk® . Thiesénditam foor
oo LT ey 20 o (e presen
g
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 c of L and Lt can be represented by the following formula.
c=L/Lt 5)
Such a phenomenon that no air lubricating film is formed due to 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



enbodi nent and the head sliders 30, 40 of conparative exanples 1, 2, the
-relations of the air lubricating filmrigidity ratio (Kt/Kl') at the
upstreamrigidity action position 103 and the downstreamrigidity action
_position 104, and the evaluation results of inpact resistance are 15
graphed in Fig. 9. As is apparent in Fﬂ@. 9, the variation of inpact

resi stance is dependi ng upon the value of air lubricating elmrigidity
ratio (Kt/KI) between the upstreamrigidity action position 103 and the
downstreamrigidity action position 104. As described above, in case the
air | ubrijgagtt O i . di 2 ' ition
103 15 dfRer o P adiilet Yerthechld HP TR M i, SpiREhish® sE 3 oy

104, the upeachn? bidd detctiild o Aflc ttid bPkARI bt G GnbBUAR MY nbiLAHRS!

inpact is different In the anmount o spl acenment in a rection vertrcal
to the diffilg rpgdiver Rehid@lp BfAllce AT apAiskt dhd gl ih QaiRREbA beandid3 tHQQiS{{ heot
downstreamrigidity action position 104, and therefore, it is displaced

whi | e rottld hdad slidert he pitch direction. 25 That is, the behavior of the head
slider when inertia force G caused by external inpact 15 is applied
therefo vari @urthet, het ingpaai resistabed ealtie ofjtheitend sliderOwitl whidhi the (singHbicdat ween
the downstreamrigidity action position and the upstreamrigidity action
posi t i on theNupstraame rigidityli actiom plosition k)3pbexeers seallemutiancthati st theséswestreamt 0
the design condition of the head slider having excellent inpact resistance
in the prigiditytactiny pasition 18bge closely relatod avithethe ivatiation, of(thtating spedd andsskew
((Kt/KI') - 1) < (L/Lt) O((51) then obtained is 1.5s((Kt/Kl)-1)<10.0 (12) and
when 10 3n8lsOxthkchange of lpadsgr the liksiasavslhas thetoppgsitsotosmpdium; syrfspe tthe 2ii head

lid havi & Il ent i t i ) t, ding three t f
head i i BEPE SHRRY) IR N AP cFF ST e PREAITES HAIBeR Sl SHEAREY 1o
i ha f i | th t i1l be d ib ith.ref to.th
e S0 8 LA LS o SRR R { SeSHET ™
condi ti Ofegi s élgtgi'%ﬁeé }ﬁ)qblcmgfﬁ{pgﬁteresigﬁ{l&hom in Fig. 5 when inertia

force G cause exterhal T1Tnpact I's applired to the head slider 20, it is
di splaced to She § 4Vali i callddi g i nt
anount of fl ﬁdr?gaggéggéh{)@egﬁnal I e&r}yazp e(?ﬁgéhtctgﬁtow ertllgpééhltt’dﬁelrb’t%lgﬂlﬁacj{rlhé21}%a G(?%erm

i nfl ow edisphiceiaentViiBdurits eépre@nfedr B fdraiute (3)t B amdllBe ilanatht 066 Cof Tenlotiist her
generated due to external 20 inpact, it is displaced to the position shown
by head phiallelrto2bbdiskidvaf\ties head\stideri ropiickintedCipnfdirinuan(5), $haGs; vilka theathtiphi der
mai ntains a positive pitch angle, the air lubricating filmforned between
the dPr loéhrd iy satisfied oe thefformald (6) i der 20 and the surface of disk 2 will
not be broken, and thereby, the air lubricating filmacting as an air
spring may pl(@glér?ft)t“ﬂé%@-rmdées fromcolliding with each other. @, even in
case of colligding, the colliding energy is 25 very lowand it will hardly
cause dar’rsaﬁ'élsg"(ﬁl’ dogd sdes pD vty airoe daaingt Bertia fotpe causcR by siisatal FBPRSL. i n

h f d i d 30 ,of . [ le 1, h in Fig.
6. the air | AREVIREAGH (RN s I bfl TR atert S1E°0 o TheRuesapio v Apons dupiog, i
the Thy i i

he. amoustoorGRB Ercehrthes, 8 o e MR B ik by Yo, B0 LI (&f

appl DOat o i0h HeRPUd:RILPLARAG BAiRED by external impact is smaller as
agai nst the anmount of flying in the irfitial position.

(LtanOp/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



Therefore, when inertia force Gis generated due to external inpact, the

. head slider is hardly rotated in the pitch direction and is displaced
nearly vertically. As a result, a relatively lowinertia force G due to
external inpact may cause the air outflow end portion 105 at the downstream
" side to come into collision with the dldk 2. 10 Also, in the case of head
slider 40 of the conparative exanple 2, as shown in Fig. 7, the air

| ubricating filmrigidity ratio is 12.2 and does not satisfy the condition
of fornmula (13). In such head slider 40, even when displaced to the

fﬁEL%i "R e L B B f SRl e R e ERRER TR ) %”?L
he 1Ty AEegsEaon PUFHER 1Y WRl I, AbERGRam AR AU boRRRI0P W SR

the flyi pgcsppremsad b#r lBteal iB-RI%hH hsoélﬁ[pﬁg&' t® thel G 4045 ITIRAGL R, % athOlR o0 A T

lubricating filmis tornmed between the air bearing surface of head slider

40 and t QRpRbéhéf &n 8lirsétidn vertical fthe dkENANRE apsticamtidigity ActRRrpésitiohads ng of
the flying power, causing the head slider 40 to collide with the surface of
di sk 3, aﬂdit}ietddwﬁﬂsirc{hﬂ(fai%ﬁl&t?%cﬁ(hepm&ﬁi 104l dftthe Rdaddtid@rdan Ge kéRedeard b0 sl i der
40 or. disk 2. Through the above exam nation, it has been verified that the
head slider ®ixtXk=gt&s¥nt i nvention is excellent in inpact resistance,
satisfying the condition nentioned above. In the head slider of the present
i nvent i omhattifhe air bearing surface shape is not linmted by any neans.

What ever the shape of the air bearing surface, it is possible to obtain a
head 25 sl i déKlh&DiTdKte ¥Rl | ent inpact resistance provided that e

relation _of air |ubricating film 17 rigidity ratio |[s as shg in the
formula fPm ﬂvs&l@&ﬂa obter é‘%r(gblf%ﬁ%éﬁ%elﬁts)“%ﬁ%t(ﬁ]gs%ceﬁgﬁ’&“;’r’é’f‘gi‘ aqgment
enbodjne of the present. inventign i s shown the.5 .confiquration of a head
o1+ adp ot o sPReBi rye fP1 Birseing the 3REhs ol el Rt B oft aha
present igvention, LCR. i85 i tianary<flving.stat bqv isk 102,
Phat 1, TRERMRER, ARl bRy RorRhdt LY il R B8 B ol e
Ap, agai @%ﬁ] i 102. An activating force shown by F in
the fi gu?(zﬁllngyg)i)\siée{ﬁff 0 la.g(glgsg%ﬂg%%glgbi nt 201 froma 10 head supporting

devi ce (not gh Qlpdy/ @g -tiye disk 102 is rotated, the air fl in

bet ween the surface opposing to the disk 102 of head slider 120 ereafter
call ed air beau/mi)suthaqe)/ 1and the surface of disk 102 in the dguogction of
the arrow. The air |ayer acts as an air spring, a force that causes the
head 18l i der Bbh bbtheifemuuld (B and dotmuda( 10 nresatiéfiedivehemi r spring i s bal anced
with activating force F and the force due to the weight of head slider 120
15 that act s Ltentpi¥le st((et Hebd 914 defL120 cl oser to the disk 102, (Xnd

t hereby, the head slider 120 rises and keeps a stationary flying state.

Al so, a poiustsagpiiadne air bearing surface, nmoved by distance L1 in parallel
with the surface_of. djisk 102 in the direction of air |nflow end,(left-hand
side of the é%aseﬁm}k% fiSPRSSRE 9t 3che Slier hayieg E’é“r“rh?‘Ed’I“H?C‘dF%i(kﬁ‘PcF ¥m t he

o1 rdor 150 eBkAn o et Rt daf St 405 Pihedf AR R AT Bl "

sur f age, Ef upstreamrigidity action position 203, while a point on the air
bearing s( ‘face, nmoved by distance L2 in parallel with the surface of disk
102 in the dig s6ld Qpp&itingidevRlhhd AWk hfe hhliap bxdnbd sl rofisthite Al3einga) i s
downstreamrigidity gCtI on position 204. Here, the rigidity of the air
Spring i sudHPPRaREt eRtchfil amphdi fa$ Bed Railiza By tAGurfiinf 4 NREE slitler? hadile an
upstreamrigrdity action position 203 being KI and the stiffness at the
downst r eaprosiﬂe&onmgdidint snrfacd slape Pt ishiigies 2Afobmulag4Kand (6) drsthe damage®)t hat
the head slider 120 is kept in a stationary flying state by two rigid
springs aind dawaiulo{100) fithat wofopasta t(Voms(1)[The stiffness can be freely changed
in accordance with the change in design of the shape of the air bearing
surf e of t He ardiskddrisiej il ean b @onsidered that the relative speed between the head slider and




5 Also, the distance between the downstreamrigidity action position 204
and the surface of disk 102 is Xh, and the distance parallel to the surface
of disk 102 between the downstreamrigidity action position 204 and the
‘point closest to the air outflow end (right hand side of the draw ng) on
the air bearing surface of the head sliagr 120 is Lt. Also, in order to

| essen the influence of inertia force due to turbul ence such as 10 external
i npact and to inprove the inpact resistance, it is configured so that
center of gravity 202 and | oad action point 201 of head slider 120 coi ncide

condi t1 on e oRgory Fafery Sl o i M3 bSR3 e nepbery gt
15) ") Ut 2R i e ol gipiiy shorebf R el i enld o i ybtne "
ahen The Tormul e {La A Sty ROSRopf s AT Bl FPbel Pt MATh veRRERE10 o1

the present i Acestdingly, ithjuss aidughite Safishp tHeOlbaWé forful) (4)_ta§1ﬁ £l e¥éé:or%c same

subj ected to inpact caused by turbulence is described wt ence to
Fig. 1i. foxmBlag(9)ldnd fdrmuhekd)sdti et R sHeoxRoly ﬁog}iﬁg% Nésf AP filier
position before application of inertia force G caused due to I npact or the
| i ke, andp¢riphdrystfitbedisk20a shown by broken |ine shows the position when
inertia force Gis externally applied thereto. The inertia force G acts on
| oad action pdisat iRGhe quesshi pheferred \eattiodimengr s ekamplegof @roduRirgh Gedteady 25
slider 120, and also, the vertical displacenment of upstreamrigidity action
posi t i on Dmbrage yigidity1 by ysing mrrositetpressiredgenstadebinethe aif fldwvigtveanthe air
rigidity action ﬁositiog §04,is Xt, respectively when the inertia force G
acts on t PETguTiags angithe diskiis skppm, byt jtrgoes wvtheut saying thatesimiardeffict dar bel 20
of t pr kovent .on, supjected to i ct, absorbs the inertia force G
with the ‘S%rgﬁ%% "pifai‘ e, o“P“gé‘Faﬁ‘%F‘}agéﬁ% mg phRut (Simlag wpembrage rigiditysby

di spl ace . surface of disk 102 is greater at the air

i nfl ow em?ﬁﬁéﬂﬁeﬁgﬁﬁﬁégééggf the draw ng) than at the air outflow end
(right-hand sp I:410 s L Se i F ol figueed that the head
slider 120 ab};g)f&bglflt&krg&i ﬁg?}tyiﬁg %1&%3319%10\'}1“ o EE k}fggdr sgﬂﬂ: i 3 e’é“icﬁmllp’r"m;i‘fjt

whi | e rotabistaged 4 deleriteldtabbvd] ith£ it | OV dguration, it
is possible to obtain head sl’itdeg%%gc%\hﬁ%ﬁc H@;gﬁ@g@%@@ﬁg&;{l%@ ar

resi st anciarii) siiface shipeerf Ry kbalishak va@ specially skirfifed Ahd HRALAIsIge StiG head
slider 120 will be described in detail. In a stationary state shown in Fig.
10, t¥e hiaghe Bllowing. 120 is flying at pitch angle 8p while keeping a space
equi val ent to the anmount of flying Xh at the downstreamrigidity action
posi tion 204.Indfig: hare phawn theespacificasionnafthe hedd slidey shleicgbd thehareeiluatibe,
upstream

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 /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



15 rigidity action position 203 and the downstreamrigidity action position
. 204 can be represented by ((LI + L2) tan6p), and the ratio a to the anopunt
of flying Xh can be represented by the following formula. a = ((LI + L2)

- tanép/ Xh) (15) Also, in the behavior of the head slider 120 when the
inertia force G caused by 20 external ildpact is applied thereto, shown in
Fig. 11, the difference in displacenent in a direction vertical to the disk
102 between the upstreamrigidity action position 203 and the downstream
rigidity action position 204, and ratio b to Xt can be represented by the

conai t1 oot HES e a4 Gl she Soine ey 205 nyBpioh "5,
g Sl}l%h%&%&{l%ﬁarg 'ﬂ?ﬁ%ts té Q{Aﬁg Fxﬂféf Hér?phegp(?ﬁhe ;f‘l{sfeanlaqﬂéjgﬁésﬂo ic 9 3§hOU| d

rotate in the pi orce’i’s
air sprlqﬁ tween the air bearing surface and the surface of dISk 102
that is Ke’ratio b of di spl acement anounts is equal to or larger than t he

ratio a of fleying Jt&'ergtatl& foP tnen% drp&de i@l rgaﬂ%ﬂ/with Yhe'EkaB QHbEr SHhe t)tt@tml S,
the relation of a s 5 b should be true, d the relationship shown by t he

formulsa (idventishomk evttettﬁbxgwesﬂ alsé (ekbcuted-RithtrasHepy t6hPheShelad Xliddrs ¥hded-onlihe( 17)
That is, a head slider that satisfies the formula (17) is strong agai nst
inertia fspecificationsefihbyompirativetxamplat tnd éomgpoativeastmploteshotvnen Fig. Bul a (17)
is not satisfied, that is, head slider 130 having the 10 relation of a > b,
the behavi or Indhasirdieening surfdee @f htad slidee 30i cfpdoagparive ewamplei hevhenehé airce G
applied is shown by head slider 130a. Wien the relation is a > b, it neans
that the labricating filrowigididesoft the agstsiamyzigiditgaction pesitiony 16%and) thel doserstreamt he
di sk 102, subjected to external inpact, is gKven priorit roach the
surface digiditsactipgpositignil94|are mspeatiyelydik andt Kt Hhemeld £10- 6% h&) /@poke= | t

t hat 15 head slid I bl f t
(r:ggi gﬁaniieg H&%&Q‘g‘?‘e evene?n (S:alsee(r)fI gvﬁe;gss?i gre(r) tﬁ?t Osat irrgt?ices the
| at f t t f L
extornal | mpadior s B PHF A" ebRpralivacrindt oh ueoh RnehdeBidenih g
shown i n ﬁ;&txesli“t t}{c 1g>‘§trla4m t}{ﬁl 9th%91§§1>€ Rl 1B ARSHE! &H%vx?st} XYH @ Bﬁ‘&q}?%' | der

140a. An case YoW en xcessively approac es
surf ace, ;;ngﬁtlr1o%0artq@§ﬂe9ﬁtegn &1 fahli RiVhn —f@tsradub@g N&S), kihe shgagd s der
140a and the disk 102, whil € the head slider 140a loses its flying power
and col |i qigﬁ?_vmth the surface of disk 102. The conditions for avoi ding such
collision will be described in the following. Back in Fig. 10, between the
downsttsr eam ri A €orttyie dedd slidepaOiih ithepBtredngntiodémait rofahd pleowwt dnvknfion,tandn 205
of the air bearing surface, when the distance in a direction parallel

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



25 to the disk 102 is Lt, then the ratio ¢ of (LI + L2) and Lt can be
.represented by the 21 following formula. ¢ = (LI + L2) / Lt (18) Such a
phenonenon that no air lubricating filmis formed due to excessive rotation
of the head slider in the pitch direction as descri bed above takes pl ace

" because, when inertia 5 force G causedldy inpact is applied to the head
slider, the ratio b of displacenent anobunts represented by formula (16) is
| arger than the ratio ¢ of lengths in a direction parallel to the disk 102
of the head slider represented by forrmula (18), and the displacenent at the

and arr 0y ML PR TR B Rl Pig o BichCio e AT il 1 GRLRIe AT

y ratio’rs re § "agal nst

R T

flying s?ﬁﬁ?.at the upstreamrigidity action position 203 becones snal |l er
than that at the downstreamrigidity action position 204, is closely

rel ated wi t hAkRBowRNA Blgl 8N t1Rf aif RIbALARG SIRCAFIdRN datfkEFMhaNZhE sBdertd0emahange
of load or the Iike as well as the opposite-to-medi um surface shape (the 15
ai r hgar piegertt Winitddient @23 lvelle e dihubkicpimofibp aigalityentioe sf Lomiphtive i t
will rapidly lead to damage, causing greater variation of the inpact

resi st anexanyidsub andiBchre respentivbly GAT dnd A22. t Ao hthadmpidt desistanre olalesofahe
probl em of inpact resistance. Contrarily, as in the head slider 120 of the
present beddodidens2M in the prefemed tmbodiment i 16000@; whilathenimpactansisiancs vabyes e€ent ed
by formula (16) is smaller than the ratio c of |lengths in a 20 direction
par al | el cemparplvedixeraplesd anfl 2 are respertivelyi 2686 andY786ent ed by formul a (18),
that is, whep the relation of b <c is satlg&fed,or t he fq*nuLa,(lQ? ((xr/
Xt) - 1) < ((¥ingintopcqount the usgyasjasmagpefic disk flrive i usfotog mqbilgss it 5 PVioys ver y
stro agai nst. inecfia.force caused. by external i.rpact. Accordingly, it can
be sg(?d &?&&WW@E% Oghcd’é‘?seﬁtfmf' ‘°B%@éﬁ&¢ﬁ%ﬁ‘?@dﬁ?amwﬁ8‘% excel | ent
i npact resis €, | d, sl,i igfi t 17 d
formul a (19) N%szazs Itf%a c‘%éngq }écsaﬁeglgdcgéi é‘}(ﬁ%a@é s}gc?'?sgﬁgisojf'dgrélrfru a ‘i‘éif?‘p((u
+ L2) ta - |+ 429) LGRS t
excel | entlfg @é%i%ﬁ%és}{cg%%dsg j(?-’ie‘trﬁe()f(%/akllnepr? I%t é clr’r(ea]&r]%%gn’eg’r tlh\gé':{}glﬁ _??I_kess()fgyét he
upstreamyf 'hﬂirﬁhttiﬂ/g Bl 1Pt P Paid (‘éQYKl? Q@tlﬁ"iﬁi‘;st’?c&h ﬁgﬂﬂgﬂaéﬁdrﬁﬁéﬁﬂidrﬂi@ dnd tREL 1 ON
position 204 are respectively Kl and Kt, "as descri bed above, since inertia
force G dswagtiabedgillity hdtfon! pRBioACIO4 EndtheEvaldftion whells offifiphétaredithiR dre
caused by external inpact is applied to the head slider, the conponents of
f or ck5S of graphed indFig.dr.ce G generated at the upstreamrigidity action position

203 and the downstreamrigidity action position 204 are respectively FlI and
F2, then frodsdas apparaahinf Ggnithe variationof impast resistange is depending upon the value

2!

of air lubricating film rigidity ratio (Kt/Kl) 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
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



10 relations of elastic stiffness, inertia force and displacenment, F = kx
-(F:. given force, k: stiffness (elastic stiffness), x: displacenent), Fl =
KI x XI (21) F2 = Kt x Xt , (22) can be obtained and changed as follows: 15
X = F / Kl (23) Xt = F2/ K2 (24) and_then, the ratio of XI and Xt is (X
/[ Xt) (F1 x Kt) / (K x F2) (25) Als& 20 F1 x L1 = F2 x L2 (26) can be
obtained, and then F2 = (F1 x L1/ L2) It is put into formula (25) to
obtain (27) (X / Xt) _ ((Kt x L2) / (KI x L1)) (28) 25 Therefore, the
formula (17) and fornmula (19) are same as the followng formula (29) and

(29) (K ol hGRBghAct ity b o, Fpcpinb P Refon aflo UL iRt (20
and 101 bl i i oo NARPUR ot ALichPRORI potfons ((KEL2/KLLL) -

1) < ((L sat1s peci Iy, IT I's possible to

obtain a heaw}éh'tH@Eoﬂ}HtYdrﬂﬂ)r% ckéﬂtevél{mﬁﬁltls hieited G Bheldes Sdoﬂﬂftlﬂ o@n air

beari ng surface shape capabl realizing Kt and Kl that satisfy t

formul a {hkdead $Bdeh Haeﬁg c&éleméﬁf ﬁﬁ;rwt fleiiance Mle %éknmvmloh%s@mee&s@&é ent

i npact resistance and Being strong agai hst extérnal inpact may be realized
by nofint thagisa head slider having an opposite-to-nmedi um surface shape that
satisfies the fornmula (17) and (19) or the fornmula (29) and formula (30)
[that is, fo(ah@p/KB)) @Kt/KD)4) 1) <(B/1a) di sk drive, it can be congilylered t hat
the relative speed between the head slider and 15 the disk is generally

| oner whthentobtaiedssl 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 éér-‘ré(l‘g/éﬁi)d-ﬂhe 184bunt of flyi ng to becorme |ess and @Rk inpact
resi stance,to be lowered. Accordingly, it is just enough to satisfy the
above foPRV °’( 17) and formula (19) or the formula (29) and fornmula (30) at

Ieas_rlovvnen t ﬁg‘ of f ying is | east at the inner 20 periphe of the
di sk: " Al so, G‘%‘% preferred enbodi ment, an exanpl e of rﬁrl uci ng

necessar Ysbﬁqgﬁ%daﬂ?ﬁéds%ﬂ'tg%bpﬁn bR PR NE R PRSHEErgEAREAT ed 10 the

air flo earing s dce and the own, but it goes

W ENOUL ' S2Y1 R okarShEIAEE (L @ OHRR, AR iRl R, i

configuration tHat™ may-bring about sim rane Yigi |ty by usi ng
ot her | uBEha&Rirs Wehe@OMBiktia 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 smaller at the outflow end side than at the inflow end
side. When inertia force larger than inertia 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.



24 Nekt, in order to verify the condition for a head slider having
-excel l ent inpact resistance as descri bed above, the difference in inpact
resi stance due to the difference in air bearing surface shape of the head
. slider was specifically exam ned, and the results are shown in the
following. 5 1n Fig. 17 are shown the dPecification of the head slider
subjected to the evaluation, and the evaluation result of inpact

resi stance. Also, the behaviors of the head slider when inertia force is
applied to each head seder are shown in Fig. 14, Fig. 15 and Fig. 16. In
t he head sli ggrq@f ege I I . I i i film
rigidities og?latlhgeoctlﬁ%teh a,'[ﬂ E’eﬁluglrSCtdragé/é%P?lFégfs} y%gccifhgﬁacg{élg %‘#B&%%%Eﬁgpla@éd
apart by gl i [ 1 ON: Par | 5.t dj bl t
directi oﬁg(%)‘f§lrl g?ﬁ'hé’l%l\?v agrnéﬁ) {frégt?r]fgtc lenqir}ﬁz(?‘ty??@olrscg'%c%fio#l&go%o?tzslag#yan at

t he downgps F Qoreh ti Lt : ? .S 21in
t he di recti%ﬁ%?fg?@u?ynﬁggw gﬂé@?%ggc?ﬁeggﬁgf??‘g&fgﬁgﬁa‘glﬁi%t@?’oﬁ]‘epos| |(5)E when
inertia H%F&eclﬁérﬁ&uﬁelﬁic&?i’o%ﬁédl'% thWMACD aBEr hpjichtidiPot MeMRRbIEG ﬁ%s%d
respectively KI and Kt, then the position of K" = Kt, L1 = 0.23 ( , L2
0.58 §mmpy duerhdieimpachds enallerabs Qgaiets thkS amsesubediyiipdal thd eniGANPbditian: t he
distance Lt = 0.1 (nmm) between the downstreamrigidity action position 204
and t he Jhereforefwhen ipertia fance Goi geisated dee sneuemakifnphéty theche X shide? & Handly at

t he downstream ri gi di t(%( action position 204 in a stationary flying state at
t he i nnerotated;ip Heer gitchidinepidordanskis displacedhaealytverticallyl dsSyresul@ refatively Jow On
the other hand, for the purpose of conparison with the head slider of the
present MsThhinaes Codue to,extetnal impach mayeeausy the aik ewtfowdend pertioasificat the t he
head sliders based,on the ,sPeci ficatjons Qf the conparative exanple 3 and

conpar at FO¥NHEIMTIde 19 oM inta spllgsion wilythedisk e aj r bearing surface of head
slid 130 of,,co rati ve, £x Le 3 en the air lubricati film,

ri gi glbti es alAlﬁohg'P ﬁlﬁs“f‘?ce%‘}fﬁaﬁgﬁ%ft‘@ %%F BHmB?fé‘ﬁY‘? BHmRIs 2 o35S OWE 1B &gk r eam
rigiditygqacts It} 204 tespsclivel nd Kt, then t osi tion
o T = R, HorRa3le gty 36 SEPREShR By nbt 5 B condRued ToPRler 140
of conpaygg)i ﬁﬁ,sﬁeiﬁﬁeah%ﬁfferMbs%ntwbﬁeﬂﬁpl&déﬁftg?ﬁé tidn' dhBWh '1%5& sfider 3pa ! he
upstreamri‘gidity action position 203 "and the downstreamrrgidify action
posi ti ondde4o dinertih BRRCGI ¥AlsYd Wy aiemil impdeEnic Wl RASESHIRNIwath e Fislkto, LI =
0.05 (m), L2 = 0.61 (m). 5 As for the head slider 120 in the preferfed
enbodi meifovadvet, inhep iestinforcaisefoithargenaattdtdie tbeattrsdl idpics, ak3Powh 4y HREdt he
conparati ve exanple 3 and conparative exanple 4, the value of (KtL[2/KILlL1)
was &bt aslided 40bnthediyinghspasart the aie infldve endrpéithe npsicamasideisvingailei fanttha
force is generated due to external inpact such as causing the head slider
to appr ofl¥mgispaccditsthe airsouwsflew waded the dawnstecameside,tthemne aghlobicating Fiby.is 17.
Here, th :ﬂ@ ct resLst,ance,is 10 represented by the level of inertia force
necessar $°’ eRdhealy bearing yrfape el heagd shider; 4bandsthp safacepiidisk heSuch a

eval uati og?corre i nto.cant act disk. In the eyal yation qf such

Cth
i npact r BEFIOPIAQR Tesufts T ARRRt YVB%%E tpgghceg&’lnﬁdﬂ“ﬁﬁ’ ﬁ?‘@m&sg‘?d}e% der; 4} to

equi val eBhuein' A SHBARbe i 588 1P Will SlorA0 R S Gbity BPEAght 38 Head" ' S

20  slider 40 or disk 2.
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 lLimited
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



); the activating force given fromthe suspension to the head slider is
gf); the disk 15 rotating speed is 4,500 (rpm; and the skew angle is -5
) at the position of disk radius 6 ( As shown in Fig. 17, the val ue of

(Kt L2/ K1L1) of the head slider 120 in the present enbodinent is 2.S3, while
the values of (KtL2/KLL1) of conparati¥® exanples 3 and 4 are respectively
0.97 and 12.2. Also, the inpact resistance value of the head slider 120 in
the 20 preferred enbodi nent is 1000G while the inpact resistance val ues of
conparative exanples 3 and 4 are respectively 260G and 570G Taking into
account t.he. . (A ' ive in use for nobiles, it is obvious
t hat thehgglz]atg§§tfoﬁgg€5ﬁ(;§%%?ﬁeth%¥°$§%&&§'nventi on may realize practical inpact
resi stance. Next, as for several head sliders including the head slider 120
of the present 25 enbodi nent and the head sliders 130, 140 of conparative
exanpl es (§ecofld Prdt&rdEAbbAREnYT the 26 air lubricating filmrigidity
ratio (KtL2/KIL1) at the upstfeamrigidity action position 203 and the
downstream rigi et Yecafd | profepRal tmBBdiRlfr ENthet Heeseialin@ntion % eshivip ht

i npact resistance are graphed in Fig. 18. As is apparent in Fig. 18, the
vari afi ogorfigurdtipacif aread slidaf 6 £the prebefeificintignupon the 5 val ue of

(Kt L2/ K1L1). Also, as described above, since the fornula (KtL2/K1L1) =
(X1L2/ Xt LI') IFiy. d9 igadead istidearat20abSthelpaeseal thveition, whichviarin at statfonafy flpipgct
resi stance i s dependi ng upon the value of (X1L2/XtL1). 10 As descri bed
above, i ntatcaslovetredisk A02.uthat satshowingia stationgiy flyipg state, Heeeping tancangle; ipdfichli t y
action position 203 is different fromthe air lubricating filmrigidity
acti on péBgle Opragabut the surfacsof the disle 10%ubj ected to the inertia force G
caused by external [npact is different jn the, anpunt of disp]| aggrrent in a

di rection veryiackivating forre showp bydf Wetbr Behte 15 givep 4 fead; astign pomh 2P diom a

It 20 d the,d t igigit ti Lti 04, .
Fhor dDor Eeat siporting dnde ot GBar o st 26 it o T it lbe o o nay
is, th ' f 4, d ' y . I
5 i, SRR AaLISRSa SO0y BPICIBSIAR LBTRRLG SR it o e
condi {i 08yl LAPIRIGEEES oL YO iPlhel FrcbBEEE GF bR THEaiERcPREandh i On
of the head sfider having excellent 1 npact resistance in the present
i nventi Oﬁirds?ﬁﬁ%,i P eckc@ PR Causdd thbdead Slider 10Dk Leikk, tPROPactionPorte 9f the air
((KtL2/K1L1) -1) < ((LI+L2) / Lt) (14) then obtained is 1.5 s ((KtL2 /

KIL1) - Ypring i Galnevddvidhadtivatidg fozbe B ahd she(flideuk tiihelyeightldf Had sEder 120
15  that acts to move the head slider 120 closer to the disk 102, and thereby, the head slider 120

(g
-2 (
(

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 to be a rigid spring, and the stiffness at

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



27 is satisfied, it is possible to obtain a head slider having excellent

‘i npact resistance. Next, regarding three types of head sliders in the
present preferred enbodi nent, the behaviors when inertia force is applied
“thereto will be described with reference to the drawings. 5 The head sli der
120 of the present invention satisfies lhe condition of fornula (32).
Accordingly, as shown in Fig. 14, when inertia force G caused by external
inpact is applied to the head slider 120, it is displaced to the position
shown by head slider 120a, but the displacenent anmount of flying space is

orce | ar pminy plith O304 bite 178 Fispbilied 3%4%37{:“3?18% ?Ep%%lﬁ“&éi%étﬂﬁ[é 5
et o) AphoSa SRS AT AAMMN Gk der 1200, Hovever,
angl e, the aiThd 4@fies@tdmBe fﬁ'eklg %gﬁ%éﬁglﬁba‘%gﬁﬂﬁ &ﬁh%h{)gﬂzﬁx%%'i&%eégﬁ??ﬁe of

head slider 120 and the surfac not oken,

thereby, dhape of the bibeareid duifice bf the'hasd 4 #80,an ai r spring may prevent the
surfaces fromcolliding with each other. O, even in case of colliding, the

col i ding eneAlyy, it distavies belwisnathd ddwittrehmhasidlty 1686 SoSHERID4L Sud I Nead
slider 120 or disk 102. On the other hand, in the case of head slider 130

of the cowmpfaraof disk dRAnpKb, and tes distawe parallel b tht SurhéteolV @ikl €02 betbh HeKLLI )
is 0.97 and does not satisfy the condition of formula (32). At the upstream
rigidity dnstapasigidifymetion positiom 264rench thegfointi deplestctorthe hir iont fovd el Gighen
vertical to the disk 102 after application of inertia force G caused by

ext er nal 20disids of thej drawing) pa thegair g@amgsurfam@falmhmd sbderfIRQiisigt. i n t he

initial positjon., Therefore, when inertia force Gis generated due to
external i npdcro Pherdeedn leysedhe jinflugreq)of inestiatfersei duet toe tysbulehcedsucheasi on
and Hi)diaggaqed n%aégytverticahg . As aresult, arelatively lowinertia
force G die T R 9 ey PATE depfiancs; it s ponfigited sa” thelr eangar 05 at
t he downs j C in | 1d.SiQn.wt he di.sk,102. 25 Al so, in
the case %ﬁﬁ'g%@ gﬁ E 219 a%ggn & srﬁhig?c%ntbeﬁﬁﬂ’&%e@ﬁmﬁ“@c Fithocach ipbhes Whenri g.
16, 28 ﬂIB_?Ct\éalinﬁlcqfircétlﬁgMdﬁ- is 12.2 and does not satisfy the
condition of formula (32). In such head slider 140, even when displaced to
the position GitemhdvonifRd, feitd | bdvent; . Ry
external inpact, it will not colg? is%«ﬁc@%ztd#@g%ipﬂgﬁﬁﬁtﬁ%ﬁé@gﬁ@ﬁ%ﬁﬂ
inertia fasrfellowss further generated due to external inpact, as shown by head
slider 140b, 5 the flying space at the air inflow end of the upstream side
is sl ler tH@H +b2) thh§p/Kb) siE@2A0LLNS 13ir((DL4Iyywignd of the dpwystream
side, then no air lubricating filmis forned between the air bearing
surface dt hareegn doundethatithe haadislidee 120 isf siomgedt aghisit ibPact cBued by tpitakaBENON

results indabﬁmpt,losin of the flying power, causing the head slider 140
to col | i f&¢REEHCRHR apadt Fsistance Wibgk thegormul §14)tis gdtisfied. ncr ease t he

possibility damagi h e s|lider 140 or 10 dj sk 102. Through the
above exami n ca%tg f°SP ?ﬁt Qﬁ é@c ﬁ‘@grf%agr Hq %{jthf’ PEESCRIBVERLIQn thatisglsfics the feemplaesent

i nventi onqj t dn.i ct .resistance, satisfying the condition
ront 1 oned ubaf Seta il of hold BRicatd B impRa “spiRLhT ahbEatq SndcsPRiedaitn
bear P09 sbfefRctcRgPeris not linmted by any neans. Whatever the shape of

the air bearing surface, it is possible to obtain a head 15 slider having

Pxoe | M LuyRdtig! 88! piAReRs RARY. FRf hEB P SIRORAL hels 3R HANNPR hetile

formula (14) is satisfied. (Third Preferret _ _
pr ef er r edpplhidagieh GERHertRl fomec;rza@s%araue;tagﬁp&dt OR thAIE Al RERAREL @agg&'vﬁe 20

and di sk drive using a head slider o e present invention

descri bedyWirokenrleiceshows @hd podifien Gihaivine@tsa TG & LxtetnMyRPPEREGELIYE hEW Of
an essential portion of the disk drive of the present invention. As an
exanpl e dferid iceiGiacts, ondloadgctismi pinti 208 atimihich dcsivatidof@ITF & Rp&refl @6 Bifel kil ON.

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

dri vizgg hdgs 4 28, ampilses theneertiedl displacereenif aipstieam sigiditp hetiompailondld ig™Xor is
used. A head slider 220 of the 29 present invention conprising

i nformation transducer (not shown) for recording and reproducing is fixed
on suspension 5 and forns head supporting device 10. The head supporting
device 10 is axed on actuator arm6, and further, the actuator 6 is
rotatably disposed on actuator shaft 7. 5 The head slider 220 of the
present invention is a head slider that satisfies the formula (1), fornula
(7), formula (14) or formula (20) nentioned in the first or second
preferred enbodi nent of the present invention. The definition of each
constant and variable is omtted because of being sane as in the first
preferred enbodi nent and the second preferred enbodinent. 10 As rotating

o o ~ e . e " o e




.25 force acts when inertia force is applied due to external inpact or the
1ike. 30 At the tinme, by formng the head supporting device 10 so that
the center of gravity position and pivot position of the head slider 220
“coincide with each other when projected against the recordi ng nmedi um
surface, it is possible to make the healf supporting device 10 nost
excellent in inpact resistance. 5 Further, the suspension 5 conprises beam
13 having pivot 14, and slider retainer 11 havi ng tongue-shaped-section 12,
and al so, the head supporting device 10 is forned including the head slider

220, eheraridane veiedl Alad:RREOOL 6 iR AbH WS 502 1P, Y SE

head supporting device 10, there are orces

from t he whetothe InbrfiPfor&GReADNSthe #Rd alﬁor?ﬁ%nt Fpositive force that acts to
rai se the head slider 220 fromthe disk 2 by ai'r flow because the air

bearing sur f aimethaf cdieaehal ihdaicad 2dr 32 | inéeli tiye force
that acts to nove the head sl ie(a:ller cl osg(rz)f?gék)%g&gilg‘ﬁeqlggn’wpﬁg?%gempﬁqces

bal anced abgaibashe imartta fotdeel withhhely $ibideeof 28Qu6i i i ng
a constant amount of flying, it dr?sﬁegs Fheﬁrogl%gg}l%&%%ﬁ[srh’gﬁ?&ﬁﬁ Ptngﬁﬁsg t he
desi réd tdisplacepesi to approavhdhe berfabyof disk 102 1 essitda! @ theCaiP BIo®r Mdl@ef-f50f di NT
and reproduci ng by transducer (not shown). By using head supportlng device
10 and diside ofrthy drapdng)shanwtithhain eatdlos! dnde(rigR2Randfsidelvt 1Ry @&@Riig)i nvent i on
havi ng such cgnfiguration, it is possible to obtain a head supporting
device and a aélks’dFr‘P\Pénﬁ@w%ghaéigﬁehqaérsﬂid¢mﬁ&babsoﬂlsith¢ amectéa foTEeGpWwitl St

i nvention iﬁg’nfgﬁ[ Jimted.to the nmagnetic disk drive shown as an exanple, 20

e

and it i SEG-0 Ak spring wehile Totating im.the pitch diractioms |Byiemploying isweh conffigyiationy ype
head sl i S _anh. qptic netic disk drive and optical disk drive.
Al so, thcehe{s) Z’sgfsg‘;r}? ?ﬁ’ g@tgwﬁfégﬁ Sﬁ‘g‘f Hgg‘ﬂ?'i“i‘ﬁcf'@&ci excslient dmpast resistanse.ng a di sk
type di um WL LSy L ess,. a applicable to a recording and
repr g%ci ng a%&’p;’rtg% ﬁgﬁdl}tsnlﬂﬁgggﬁ&“ﬁﬁg?o%ﬁﬂ@%%S“ﬁEE‘FQﬂﬁhd%l%WH]e%fcqumd

above, thgdhgad slider of the present invention may relieve the inertia

31 force by rotating in the pitch direction while keeping the positive

pi tch angl e vhanstiti@ay datt W6&nGRESEG 0D ’ | bink S, 30RI L eq to the
head slider. By this c}‘onfi gur at | olrllb?gee\(/)’eﬁ]c\?}%ﬁ S?(?;éerrltziﬁggglglrngélt (Pﬁg;ééﬂgqﬁ)ﬁpgr eat
ext er nal whilbdeeping myspaee ayeialherd tHeearh@ad of Ayier XhSatfihyi Lhg . di sk,
it is possible to prevent the head 5 slider fry%%r coﬁ i h?rﬁigg“vﬂa?%\ﬁfﬁléldgtysk
surface @ftieroppsidere 2041 hat dhes kinkey dia bifferegicel araghg RiigHt StREin he! 'Etﬁtl'c

col l'i gi ng, energy, Thus, it is possible to provide a %‘Ii ghly reliable fiead
sli dd : HB&B‘Ysafﬁwr ppyidonidBcand dhed ddivebtrahm \rigidity0 adtfon position 204 can be

represented by ((L1 + L2) tan6p), and the ratio a to the amount of flying Xh can be

represented by the following formula.

a = ((LI + 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

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) = (X1/Xt) -1 (16)

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



20 25 32 CLAIMS 1. A head slider characterised in that, when an inertia
force is generated, at an upstream position spaced apart by distance L 1 in
the direction of air inflow end froma position where said inertia force is
- applied to a head slider, and at a domgétreanrposition spaced apart by
distance L2 in the direction of air ouf¥low end froma position where said
5inertia force is applied, the nenbrane rigidities of a |layer forned
bet ween said head slider and a recording nmediumare KI and Kt respectively;
and the amount of flying in a vertical direction fromsaid recording medi um

at said Q!M?hf) g?i @@ﬂc}tii Idesdugl}o ﬁg%ttﬁ'r@ h elt I BHuRY ot 1€ i e pgﬁﬁ to

be opposed t recor ium sal d sI I der agal nst sai

recordi nauérﬁréwmre @hehehiaefofdem Akoffed IR/ tﬁe Bﬁ %@gzbér!%eﬂ ﬁleg} bca s&rﬁ%e
relationship 10 ((L 1 + L2) tanOp / Xh) / Ki1L

sati sfi ednd the stifece ¢fatisks] 020 @tiat &f ti! Iatumblof drypﬁbahalttahﬂ)uhel 1§Ed|@'lltc96r rafgsr L2 /
KIL1) - 1) < ((L 1+ L2) / Lt) 15 is satisfied when the distance 1n a

di rect i othapahatakiola dfdlyar ltigheciarinitiaigtadeaatynishes pesétions thatlisghenshtianof a <
position and a downstream end portion of the surface to be opposed to said
r ecor 8i ng shexdd bentrot, @i the redatibnship diown by thte. foBnuld\(1H abiowt hdirgoodar act eri sed
in that, when an inertia force is generated, at an upstream position spaced
apart by di s{@hed.2) t&lﬁpﬁ(h)m((éﬁlf&c)i-@)r of air inflow end from a (20) position
where said inertia force is applied to a head slider, and at a downstream
posi tion spadbet Bparhead slidersthahsatisfics the fommulai (1dy i sifongr agamst duartia dovcend
froma positi 8n where said inertia force is applied, the nenbrane

rigiditi &3ussd &eﬁﬁg’é‘f“‘%‘ﬁed bet ween said head slider and a recordl ng

KIL 1) < 11 ra?étvrlfﬂrsﬁﬁ% o (173 Bt forcl el R R e i e e
or coggl no B, AR 8L A0S, RSN 14 B S BBt i 1

spring | aye or me etween sald recording medium

surface. E m‘gggs}{& hdadSfig2f13apy one of claims 1 to 3, wherein the
menbr ane 1ties re

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
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 parallel

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



. realised by a lubricating |layer formed between said head slider and said
-recording nedium5 surface. 6. 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 iqﬁLOM/end froma position where said
inertia force is applied to a head sli<er, and at a downstream position
spaced apart by distance L2 in the direction of air outflow end froma
position where said 10 inertia force is applied, the amounts of

di spl acenent in a direction vertical to recording nediumare Xl and Xt
respect i gRbWing@@mjiile amount of flying in a vertical direction fromsaid
recordi ng nmedirum at said 15 downstream position is Xh, and the angle forned
by the surfa&g(gp+pg)ppposed to said recordi ng nmedi um of said hggg sl i der
agai nst said recording nediumin stable flying of said head slider is Op,
then the relSichansitnemehon thht do dir lubyicit@ipAfilny is ¥rmed_due (tXtkeestivelidtation of 1 )
is satisfied. 7. The head slider of claim6, wherein the relation of ((XLL2
[ XtL 1 the-hedd lider (i thelpitchldjectlion by dédribal statvie shkespladechecause, ohet dnectdn i N a
direction parallel to said recording nmedi um between said downstream

posi t3 onfoagedG aavkedrigtimpach ie applisd to tionheatl slitke, therthtic b afdlisphacopputsagounts sai d
recordi ng medium of said head slider is Lt. 8. A head slider characterised
i n t hat , representethby frsmula(16)pisdersesthge tee ratie ¢, ofdengshs in gotivestion pwrsllelitothespaced
apart by distance L 1 in the direction_ of @ir inflow end froma 25 pqsition

wher e safigk 1A% of ithe hepd: glides repipiented Byofoamubad 85| ndethe displpcgent gothissAt eam
P rom o pURTERD i ermitedby i fEe G PEesbract Sid i SRR of
5 Sk B S s B TR A
wher D Cfoact e ppERgag, el ot g 15 MY, A head o1 fer according fo

any one of Ry 6GE Skt %ﬁ%ﬁc v‘&iﬁg_ro?itﬁb !:claﬁ sﬁ@%, kathahBcHiRl BRgLsaeangl | el

to the surface of said recording nedium 11. A head slider according to any

one of the WsaeafirMEdis} actith posticioDh3 Beéddy siallet ithanathdt Sk thee dowibtrd2@d Ng
said recording nmedium wherein said relationship is satisfied at the
I nner nostigidity agtiar positfons2iidd isdileselynmetitadnwvith 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 formula (18), that is,
when the relation of b < c 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 t?y 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),



. 12. A head supporting device, conprising the head slider of any one -of the
-preceding clainms, and a suspension configured so that a specified
activating force is given to said head 15 slider in the direction of said
recording nediumvia a pivot, and a piggt position at which said pivot
touches said head slider is the rotati é6fal centre of said head slider. 13.
The head supporting device of claim12, wherein the centre of gravity
position of said head slider and said pivot position coincide with each

ot her when projected on the 20 surface of said recording nmedium 14. A disk

drive, cenmpis, ahosi $ifaer haechtstiRABIR@djevi ce of claim 12 or 13, and a
recording medium a driving neans for rotationally driving said disk

medi um a ro(@! W) IEROpEXh)0E ((KOY Xk 0g9) sa{d spppary arm and 25 gorgpntrol
means. . A3H2 . A UE . AY.2 )2\%62 .A3). ?0\39\% .AIL:JQZ .?ABAZ A h2 A % ?ABUE
. Al E . AYAdhichAh FostedodlenfimYimpActirysistande. . A UY . A hl Al .A . Al .Al .A.A A

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 = Kt x Xt . (22)
can be obtained and changed as follows:
15 Xl=F1/K1 (23)
Xt=F2/K2 (24)
and then, the ratio of X1 and Xt is
(X1/Xt) = (F1 x Kt) / (Kl x F2) (25)
Also,
20 F1xLl=F2xL2 (26)
can be obtained, and then
F2 = (F1 x L1/12) (27)
It is put into formula (25) to obtain
(X1/ Xt) = ((Kt x L2) / (Kl x L1)) (28)

25  Therefore, the formula (17) and formula (19) are same as the following formula (29) and
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109& () -, 109 ()-u${dEbC3s6$10% &M 0% () - YA#LOM& ()-"4 10%& ()-,
"109&' ()-L"10%& ()- lz 109 ()-
gKzdEbC3s6$10% &0109%& ()-/"109%& () - Y&-%%O%&' ()- Y+ 10% ()-y)"10%& ()-'4g
109&' ()-z%35H JLbC3s6$10% & 109&' () -f10%& ()- 10 10 10Y63 109%& () -
4"109& ()-2T 109%& ()-i LAEbC3s6$109% & 10%&' ()-s 10%&k' ()-,$10%& ()- vy
109%& ()-s 109& ()- "109%& ()-L3dEbC3s6$10% &, f
109&' ()-sL109%& ()-sl"10%& ()-3$10%& () -
S10%& () -s" 1084k, (n -oddet HoCI3eHS LYt oYditibd@r (9 tigad 3046 Kaving excellent impact
10%&' () - Y%&R109& () - 3#$109%& () -s" 109k ()-+fdE:/ 10 1036F 109& () -
4" 109 (mesitthndd0fdidebdrilell QUS| thd diffopdiicd jn- ihpadili@Sidaftde-dudXoxhe diffetd@id B0® () - 'y
109 ()-s 109%& ()-s"10%&k ()-y 10%& ()-yl0%& ()- 10 = "lylldE/
10" 109&' Heprif® ¥ae ShaptQofdhe head 5U8E was-spedificatly exarsiddd) %R the lestilts"dr ¢ bibdE: /
10'g 109%& ()-%d0%& ()-F#$109&' ()-"109%&' ()- , f 10%& ()- ~10%& ()-##
$e$$$$d En/the following,
104109%&' ()- @Y109%& ()-/109%& ()-F9- $10%& g%ﬁ-)l +109& ()-y) " 109& () - $WXW'IZN %
Y%0&&]> 10$100xFig) 17 amghogyn the ‘spadifigatipy of Yl fead)slidersubfsctedptg 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. 14, Fig. 15 and Fig. 16.
In the head slider of the present invention, when the air lubricating film rigidities
obtained at the upstream rigidity action position 203 spaced apart by distance L1 in a
10  direction parallel to the disk 102 in the direction of air inflow end from the inertia force
action position and at the downstream rigidity action position 204 spaced apart by distance
L2 in the direction of air inflow end 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 the
position of Kl = 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 (nm)
at the downstream rigidity action position 204 in a stationary flying state at the inner
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
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 Kl and Kt, then the position of Kl = Kt, L1 =

25  0.32 (mm), L2 = 0.3 (mm).
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10 10 10Fs63ARRin( head4$liiOP @4 Jof 2D nifdtdtive ) exaipl6 8,/ wihéal ERCaik! ubdi€itikg (films
910%&' ()-,s$10%&' ()- s 109& ()-sl "10%&k ()-y 10%&k ()-i 778n8888dEbC 1!,
&10%&' ( )rigiditied@t (he- Upkbr¥dh (rjgiBitgbdAR fositién1Z0ARA(J tie" dOVRtEermBB8Li80y SctiondELC
11y)Z 109&' ()-' Z10%& ()-9% 109& ()-3# %d0%& ()- "f 10%& ()-%
109&' () -peosition204<arsrediveetivdly Kl and Kt, then the position of Kl = Kt, L1 = 0.05 (mm), L2 =

0.61 (mm).

5 As for the head slider 120 in the preferred embodiment of the present invention, and
the head sliders 130, 140 of the comparative example 3 and comparative example 4, the
value of (KtL2/KII.1) was obtained, and at the same time, the impact resistance when inertia
force is generated due to external impact such as causing the head slider to approach the
disk was evaluated, and the results are shown in Fig. 17. Here, the impact resistance is

10  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
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 (xpm); and the skew angle is —5 (°) at the position of disk radius 6
(mm)

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 resFectivcly 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
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Also, as described above, since the formula
(KtL2/KIL1) = (XI1.2/XtL1)
holds good, it can also be said that the variation of impact resistance is depending upon the
value of (XIL2/XtL1).

10 As described above, in case the air lubricating film rigidity at the upstream rigidity
action position 203 is different from the air lubricating 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 (KtL2/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+412) tanBp) / Xh ) < (KtL2/KIL1) - 1) < ((L1+L2) / Lt) (14)
then obtained is |

1.5 s (KtL2 /KIL1) - 1) < 10.0 (€2))
and when

25 2.5 < (KtL2 / KIL1) < 11.0 (32)
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5 The head slider 120 of the present invention satisfies the condition of formula (32).
Accordingly, as shown in Fig. 14, when inertia force G caused by external impact is applied
to the head slider 120, it is displaced to the position shown by head slider 120a, but the
displacement amount of flying space is smaller at the outflow end side than at the inflow end
side. When inertia force larger than inertia force G is further generated due to external

10 impact, it is displaced to the position shown by head slider 120b. 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 120 and the surface of disk 102 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

15  very low and it will hardly cause damage to 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
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,
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Q) hc air ouﬁlow end of the downstream side, then no air lubrlcatmg ﬁlm is formed between
the air bearing surface of head slider 140 and the surface of disk 102. Such a phenomenon
results in abrupt losing of the flying power, causing the head slider 140 to collide with the
surface of disk 102, and it will increase the possibility of damaging the head slider 140 or

10  disk 102.

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
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
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5 The head slider 220 of the present invention is a head slider that satisfies the formula
(1), formula (7), formula (14) or formula (20) mentioned in the first or second preferred
embodiment of the present invention.

The definition of each constant and variable is omitted because of being same as in the
first preferred embodiment and the second preferred embodiment.

10 As rotating means 8, for example, a voice coil motor is used. It rotates the actuator
arm 6 to move the head slider 220 to a desired track position on the surface of disk 2.
Casing 9 maintains these components in the specified positions.

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 slider 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
so as to allow the head slider 220 to pitch and roll. The head slider 220 is fixed on the
slider su'pporting 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
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.
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most excellent in impact resistance.

Further, the suspension 5 comprises beam 13 having pivot 14, and slider retainer 11
having tongue-shaped-section 12, and also, the head supporting device 10 is formed
including the head slider 220.

When recording 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
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
recording and reproducing by transducer (not 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,
and it is, needless to say, applicable to a disk drive using a flying-type head slider such as an
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.

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

z 10%08' () -1 %@0%08 () -y@O0%0& ()-9° 10%08 () - 10%08 () - k4dEYNC

L! " 10%08' () - 4W dEYNC 10 | 4f
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generated when the head slider is flying above the disk, it is possible to prevent the head
5 slider from colliding with the disk surface or to prevent the disk from being damaged by
lessening the colliding energy. Thus, it is possible to provide a highly reliable head slider,

head supporting device, and disk drive.
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position where said inertia force is applied to a head slider, and at a downstream position
spaced apart by distance L.2 in the direction of air outflow end from a position where said

5 inertia force is applied, the membrane rigidities of a layer formed between said head slider
and a recording medium are K1 and Kt 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 Op, then the relationship

10 ((L1+12) tan6p / Xh) < (K12 / KIL1) — 1)
is satisfied.
2. The head slider of claim 1, wherein the relation of
((KtL2 /KIL1) - 1) <((L.1 + L2) / Lt)
15 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
ng  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 K1 and Kt respectively, then the relationship of
2.5 <(KtL2/KIL1) < 11.0

is satisfied.
25
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5 surface.

6. 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

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 Op, then the relationship of

((L1 +L2) tanBp / Xh) < ((X1L2 / XtL1) - 1)

15

is satisfied.

7. The head slider of claim 6, wherein the relation of
((XIL2 / XtL1) - 1) <((L1 + L2) / Lt)
oo 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 [.2 in the direction of air outflow end from a position where said
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10. A head slider according to any one of the preceding claims, wherein L1 and L2

are distances parallel to the surface of said recording medium.

11. A head slider according to any one of the preceding claims, in combination
10 with a disk medium, 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.



