15 Decenber 2004 DESCRI PTI ON Head Slider and Head Supporting Device and
Di sk Drive TECHNI CAL FI ELD 5 The present invention rel atess baeabs1i@@h sl i der
and head supporting device and disk drive on which is nmounted an
i nformation transducer for recording and reproducing of signals on and
from recordi ng medi um by using the actibns of magnetism 1ight, optical
magneti sm etc. 10 BACKGROUND ART Recently, the technical devel opnent is
remarkabl e with respect to disk type recording and reproduci ng apparat us
(hereinafter referred to as disk drive) for signal recording and
reproduci ng on and fromdi sk type } diun1(hereafter referred to
as disk) such as magnetic di sk, g%ﬁﬁ@kﬁPfﬂ) and nmagnet o-opti cal di sk,
and besides its noun ?ﬂ&gg-' nal use, its
application is also 3§3§§®?Q§P%#%%d§%§ﬁ%&ﬁéIﬁ&mh%ﬁ? es %ﬁ%h as portable
smal | -si zed el ectroni c equi prent. Accordingly, in recent disk drive,
magneti c di sk drive in particular, there is a strong demand for the
devel opnepf Fﬁq pre which is capable of higher density recording,
havi ng i npac eS|stance hi gh enough to enabl e stable signal recording and
reprogyici ng 2Pne YiekdiR YhvedBoR98ate® té Rehedd Skdanmhdhiead sappeieing eeeioe ik disk
exposed to disturbance |like inpact, and is further mniaturized so that it
can be NDgeLen hidhoist Mbhtted ranl infinatich edestincanfor reewpdingnandt reprsluging of
conventional problem of inpact resistance, when subjected to inpact jron1
out si de sgigilnsn ind tiomb acwoeding ecdinn bysisingethe stions phmmgaeis, Jighh aptical
contact with the disk, 25 causing wear or damage to the head slider or the
p-cordingnﬁgmmhmpﬁcihe di sk, which nmay 2 15 Decenber 2004 lead to the
destruction of data or damage to the equipnent. In order to solve this

obl em various techniques for realizing the vibration proofing of head

slider have been r%)osed, and many of them are proposed in the formof an

Recently, the technical development is remarkable with respect to disk type recording

and reproducing apparatus (hereinafter referred to as disk drive) for signal recording and
reproducing on and from disk type recording medium (hereafter referred to as disk) such as
magnetic disk, optical disk, and magneto-optical disk, and besides its mounting onto a
15 | computer as in conventional use, its application is also expanding, for example, to mobiles

such as portable small-sized electronic equipment.
Accordingly, in recent disk drive, magnetic disk drive in particular, there is a strong
} demand for the development of disk drive which is capable of higher density récording,
.l 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 clectromic

equipment.

As a conventional problem of impact resistance, when subjected to impact from
outside such as_disturbahce, the head slider comes into‘ collision or contact with the disk,

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




bearing surface of desirable head slider. However, such prior art is the
result of exam nation with respect to vibration proofing property, and no
exam nation has been made on a configuration that is capable of effectively
enduring external inpact. A so, regarding a disk nounted on_port abl S

snal | -sized el ectronic equipment, the desirabl e cl ear ancel%g)ﬁ?ﬁggﬁr% RE head
slider and the disk, or the anount of flying, does not surpass 20(nn).

Further, taking into account thg apgli atian to nobiles, the power

tcggfgggd {olﬁzﬁvghﬁé‘;fé’lﬂzﬁoquéﬁ_@%ﬂkﬂ C L EASPHE™ he di sk rotating speed, and
o . . . Lo

.’ . I LAV R et féd fealb@d the gibsdtioh peefiag t he

head slider |S.B‘oo\?veerrgd.s ?ﬁgg%ﬁrion t he p}l% or azrit as descri beigtlh abovg Wn%n

i nelrft i 3 f pf;f:ﬁeﬂd&sli@aﬁﬁlvh aElaem ptopbivd, ebmanys bf them afa@renssechia thaperst okt & nal | y

applied, it causes the he slider position to be changed, reatl

i ncreasi ngb%aﬁégﬂé'@‘g?ﬁﬁ@‘f'@?et}ﬁéégl‘{% head slider cones into cgl lisi )c/)n wi th

the disk. DI Sqﬁéwgﬁer,%c%gl%ﬂ AMEMEEMIt lof cREGAGtRARGEM kel ta vibirativh pasihagt  of

the present invention, there is provided a head slider characterised in

that, whenpapertyjend hakxdwnagionihes henenadesn, a @Pﬁ@ﬁa@%@?tééﬁﬁ‘ﬂﬁg@'oifie ?Fﬁvgﬁaced

apart by d[cl? ancetLl i.n trtle direction of air inflowend froma position

where said uﬂégf”fgn‘l’l&‘?j%“i.s applied to a head slider, and at a downstream

posi tion spacedsgRatdgatiing §lidikaneentédon ottitte dinalbsized vleottordd cqwpédtotheend

froma position where said inertia force is applied, the rane

ri g! dities df(ﬁfralaie Ichegmancef gtyvean the hegdeslidenang W@Qﬁf"ﬁsm‘i @'@ra”é’ﬁﬂt ‘gfegb%%:}iﬂiasnﬁ(’t

medi um ar e angl, Kt .res ti oan : ik rddvicz!

diy ect i on F'flgﬁﬁssg?(am)‘r ggﬁﬁ%f rtlag@ﬁ%é? tﬁm&gﬁ)@a@g‘) %@%gtﬁord;g%hgggl:ef‘,l %lﬁ Ii;dﬁh,

a St _hg ﬁngda@mlfn_@% BRahdmotones sidudeddsy ddoreaking dippdisle totatingswpiedt, mpd dresbiigtheedi um
ai d head slider against said recordi dium,in, stable, flyi f i

head sl i degpded offhe aif Hawingrgtothy a&%b%ﬁ“ﬁg%(qr}ﬁhqheﬁ%)ﬂlqeﬁﬁ W?eg(h) y|<n?( &t Lza} |

KILL) - 1) s 0 $f 1€ FrioBad 3s BREEHREH0%) Wheh AndkGs RiretAB genatdtbdiatahs Rendnd
aspect of the presént 1T nvention, there is provided a head slider

char act er i skdbr idoe towht impave extamaliy eppilicd, if causes the hgashdidgt pesitioatto b chpged-eam

greatly increasing the possibility that the head slider comes into collision with the disk.

DISCLOSURE OF THE INVENTION
In accordance with a first aspect of the present invention, there is provided a head
slider characterised in that, when an inertial force is generated, at an upstream position
spaced apart by distance L1 in the direction of air inflow end from a position where said
_ inertia force is applied to a head slider, and at a downstream position spaced apart by
} distance L2 in the direction of air outflow end from a position where said inertia force is
applied, the membrane rigidities of a layer formed between said head slider and a recording
medium are K1 and Kt respectively; and the amount of flying in vertical direction from said
recording medium at said downstream position is Xh, and the angle formed by the surface
to be opposed to said recording medium of said head slider against said recording medium in
stable flying of said head slider is 8p, then the relationship
((L1 + 1.2) tanBp / Xh} < ((KtL2 / K1L1) - 1)
is satisfied. |




position spaced apart by distance L1 in the direction of air inflow end
froma 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 froma position where said inertia force is applied, the
menbrane rigidities of a layer formed belween said head sl ilddlecamphgr 2004
recordi ng mediumare KI and Kt respectively, then the relationship of 2.5
< (KtL2 / KIL1) < 11.0 is_ satisfied. In_accordance with a third aspect of
the present invéhes@rdanceaith 3 secgpd asrestohtheeyesent jvagions W%&EPY@@@ 3 n

that, when gLt ha.forces & n  inBiti t it rapaced
apart by dlhg%haﬁlg(g& Ldf%aﬁ E—lﬁgd 'clf? rﬂgag’t %ﬁﬁ %ﬁ lglgltrtla?fr%f‘%g\rjsv gﬁ%@%%tadnp ssi I??[gn
wher e sai dpositiet spared apare biylistplei leldint thealitvetich st nitanflovaredd dtona admait®hr eam

posi tion spaced apart.by distance L2 i .he direction of air outflow.end
froma pos™iEn® @geglasémf lﬁﬁsi?lﬁdawfﬂﬁfeé@ oide: argf{)ﬁ'i BHOWRITEIRAGGHCY spiecd
di spl acemenf, gy BisthbEED 'i@&e‘éﬁx}[e&t;i@f diPoktB6 R Al T8 PostibR erSlaidaineh it

respectively; and the anmount o ing in a vertical "direction from said
recordi ng tiede smpatied; sicmedbrms trigebinspd i layeay foingedteiwemdaidfead slgder ahdaned

by the surface,.to be opposed said . recqgrdin di ym of said head slider
agai nst sa?%fofdé%?lﬁgl?ﬂp%ﬁiﬁ&ﬂ&%ﬁr??ﬁ%@& &S?Mlbg atlog, 1Jﬁlm&uead slider is Op,
then the rel ationshimarof, Kifhk m.42) tanOG / Xh) < ((XIL2 | XtLI) - 1) is
satisfied. In accordance with a fourth aspect of the present invention,

there i s pisoatisfedd. a head slider characterised in that, when an inertia
force is generated,

tr. it d. t by di.st LI i
the direction of®%PT aﬂ??n%#ﬁzﬁ%ﬁfgggﬁ?%}lf 'e@é‘r@e@ﬁ%&%@tp@f%@sﬁwﬁquﬁe rceI "
7'y appli edgfifRr 38k 1Ml Wat, ANch 8k n@erei@\ﬂlsr%é H@ggﬁa?ﬁﬁél,tdt% siRaead Bdibh by

¥stance L2 in the direction of air outflow end froma position where said
i nertia fospased spapby disthnce hé in dreodiraction df dir spfleve end from spesiteinrelbere said

\r/g{ ;![ ngLsLi(‘)IE{T%fF ngésps%pﬁgh gompalgggﬁf%id%p gui(i( ta a rd%%m%%t(rzée{n\l/ %logliﬁortl an%eé %San by
distance L2 in the direction of air outflow end from a position where said inertia force is
applied, the amounts of displacement in a direction vertical to recording medium are X1
and Xt respectively; 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 +1L2) tanBp / Xh) < (X1L2/ XtLl) - 1)
is satisfied.

In accordance with a fourth aspect of the present invention, there is provided a
head slider characterised in that, when an inertia force is generated, at an upstream position
spaced apart by distance L1 in the direction of air inflow end from a position where said
inertia force is applied to a head slider, and at a downstream position spaced apart by distance
L2 in the direction of air outflow end from a position where said inertia force is applied, the
amounts of displacement in a direction vertical to recording medium are X1 and Xt
respectively; then the relationship of

25 <(XIL2 / XtLI) < 11.0
is satisfied.




is satisfied. 15 Decenber 2004 3a The head supporting device of the exanple
enbodi nents conpri ses a suspension having such configur

predet ernined activating force is given to the head s||3%f‘vﬁﬁg358@bot in
the direction of recording nedium and %pe pi vot position at which the

pi vot touches the head slider is the rotational center of the head slider,
and a head slider of the exanple enmbodinents. Next, the disk drive of the
exanpl e enbodi ”El'ﬁe%eﬁ@&gf pbRBS devies bf’th@gxdi‘ﬁiﬁé'émﬁ&ﬁmeﬁﬁ wmﬁgse@a%pgﬁs%ﬂ ng a
recording medi um and a recording medium a rotating neans

rotating a hsuingoueh &ﬂhﬁ%ﬂtmﬂﬂlﬂfo* prasgieomingd cictivating fora ip givenrig thiehesk with

head dt BRI EF CRI PTION
o The DAt Retp biVos BY 8 Sbcl b SRR B RER, Ad e RIS o A RAR ¢ of
the head slthe@ivopesuehes the hedd ililef Br e r@taitHANcdiYer DF RS RAH slidRasid 4 seapPp! | ed

to the head slider in the first preferred enbodi nent of the’ present
i nvention. S#Flgo $he exaple epbpdiments.d agram showi ng the behavior in the flying

bl fed to the neay ot FEaHOR hREkpe pAbSEnER e Fh R el BRE™" ' ©

present i nuivirigoand 1Blating Bréwrﬁmbmmtand acﬂlsigfeadrdmgmdn@gtahetakiﬁ@mew in
_theflyingrfstate of the head slid when [nertja force sapplledtothe
head slide Wtﬂnﬂgaéé}ﬁ%?%‘?\ﬁecoélﬁa ans, gnd,g hgadsuppprting deyice sl a headent i on.

15 _Decenbers;gdQs e fietbnt fivisioRnpGhiEMBieldbndi a0r am 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 2 as against the present invention.

Fig. 5is a schematic di%%ﬁé‘&ﬁﬁﬂoﬁ\f‘&bﬁ?ﬁiﬂﬂ“&ﬁa&he flying state of

t he head

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,

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.3isa -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 against the present invention.




5 slider when inertia force caused by external inpact is applied to the
head slider in the first preferred enbodi nent of the presdgstDe:@entioan.
Fig. 6 is a schematic di agram showi 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 conparative exafple 1 as agai nst the present
invention. 10 Fig. 7 is a schematic di agram showi ng the behavior in the
flying state of the head slider when inertia force caused by external
inmpact is applied to the head slider of the conparative exanple 2 as
against the p i :on:. Ei | t:erq Stil I f
conpari son be? 'S'nn{stdhgé%ﬁ@ggpgfaﬁgaggsﬁlﬁgetﬁ? ?gig#%p]ﬁetb%trﬂ&@g %ﬁgé’gitﬁ%%%adof

t he presegider MR L t; i e i Q|

showi ng the relati oﬁ?ﬁﬁgﬁﬁe'? %gﬁéﬂﬁﬁ %I;é ggﬂduggﬁgﬁ ?iﬁrlf%g%]tﬁb%gts“%s% an@é"ga\%ﬁt ue
in the fiagdingdtef medeatineefriod] nent of the present invention.. Fig. 10 is a
schemati ¢ di agram showi ng the flying state of the head slider before
inertia forcPigcdusedsdhymatid diagaim shgveias the bepplor aa the fyig shRadrihd Haid i n
the second preferred enbodi nent of the present invention. 20 Fig. 11 is a
schema? i cslifieaghemimsktiaonc ¢dusedby extenmal inpachi dpplicdie the diesd sifdet hethaeast
slider when inertia force caused by external inpact is applied to the head
sl i der i npickaredembadiment of e peeserivoaitionnt of the present invention. Fig.
12 is a schemptic diagram show ng the behavior in the flying state of the
head slider WBef i Aechsmaticodiagraps shayying &kt behavige i skedflghg gtate of thenbead

conparati ex l.e 3 as 25 agaj nst the present invention. 15 Decenber
2004 5 Fi el Wheb ineria fore caused iy PutsTIah Hpac it Aeplisigyihe hond ider of ieng

ate of e hqad en inertia force is applied to the head slider
|

i wh
of the conparat ’V\‘/’ee"%}?%‘%g!r"é agaip t %gféFﬂEEﬂVfﬂtéOfbr esent invention. Fig. 14 is
¢ PO g A AR 4B RO e Rty SRR,

slider mhen in ia force caus rna head
slider insidbewhes Mibtia force caused by external impact is applied to the head slider of the

comparative example 2 as against the present invention.
Fig. 8 is a characteristics table of comparison between the head shider in the first
preferred embodiment of the present invention and the comparative example.
15 Fig. 9 is a chart showing the relationship between Kt/Kl value and impact resistance
value in the first preferred embodiment of the present invention..
| Fig. 10 is a schematic diagram showing the flying state of the head slider before inertia
H} _ force caused by external impact is applied to the head slider in the second preferred
embodiment of the present invention.
20 - Fig. 11 is a schematic diagram showing the behavior in the flying state of the head
A slider when inertia force caused by external impact is applied to the head slider in the second
| preferred einbo diment of the present invention.
Fig. 12 is a schematic diagram showing the behavior in the flying state of the head
slider when inertia force is applied to the head slider of the comparative example 3 as

25  against the present invention.




preferred enbodi nent of the present invention. Fig. 15 is a schematic

di agram showi ng the behavior in the flying state of the haahecahticd2yoanwhen
inertia force caused by external inpact is applied to the head slider of
the conparative exanple 3 as against the present invention. 10 Fig. 16 is
a schematic di agram showi ng the behavios in the flying state of the head
slider when inertia force caused by external inpact is applied to the head
slider of the conparative exanple 4 as against the present invention. Fig.
17 is a characteristics table of conparison between the head slider in the

d f j f th t ti dt ti
oxamie. 15 Fri 118 RaCheHte RoerhieRh BRER: PPt rCl Pine et TR hMda 1

I dgp r oS : [ oy f d..embodi t_of

{ne.pr osehiitt Rgkn, R SpRECE APIHPL) e RACRRGE S A ERbRRTREMIER o

porti on OfgAnstiRkortNchivafiahl gured by using a head slider and head
supporting device in the third preferred enbodi nent of the present

i nvention. 20Fki 94 i stEenttRedisgamtdhyei 'ﬁw&hﬁ&ﬁ%erﬂging' tREJr RN p SOV g
a head slider gnd head suppor??ng dev?%% in t%e third pr f%rred eng%@inent

of t heS pr dilenwhemineniaiforte cRlsEAlbly EiteRRBRERCHT s @phdd 1BFEE RRRERI&E B He! MMAS
(First Preferred Enbodinent) 25 In the first preferred enbodi nent of the

present i prefmted @mbodinginbviitht lpeesentrifivegtioat i on 15 Decenber 2004 6 of a head
slider of the present invention. Fig. 1 is a head slider 20 of the present

i nvention, whFighl§ és # schenmtiatdiagramshowingrihe debavior mtthe dlymgotae af dheshead,

that is, showing a stationary flying state state, keeping an angle, pitch
Angl e 6p, Slidgahen ipgrta Jorice fabsedf by patertiak fmpact A applicdyvtet thaghehd rsbidersofothe by F
7 the figure is given to load action point 101 froma head supporting
devi ce (nOTMRHFNA FXample 3 as agaipsidheprerens mvention- at ed, the air flows in

o Vo e T 655, PRRRRIE FigPorn "o 108 b2havili H the n5Rg sfate OF Fhe head””
slider when inertia force caused by external impact is applied to the head slider of the
comparative example 4 as against the present invention.

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

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

| Fig. 19 is a perspective view of an essential portion of a disk drive configured by

L} 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 Embodi]ﬁent)

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




the surface of disk 2 in the direction of the arrow The air |ayer acts as
an air spring, a force that causes the head slider 20 to riisgecenlte2¢02acti on
force of the air spring is balanced with 10 activating force F and the

force due to the weight of head slider 20 that acts to nove the head slider
20 closer to the disk 2, and thereby, t#e head slider 20 rises and keeps a
stationary flying state. Also, a point on the air bearing surface, noved by
distance L/2 in parallel with the surface of disk 2 in the direction of

air inflowend (left-hand side of the drawing) fromthe 15 point at which
a per pe”dbﬂ'h@e{dsﬁﬁ@ﬁ’ﬂtﬁégf&%ﬁﬁrvkﬁ action point 101, where the activating

ead sli

force Fis given to the er 20, down to the surface of disk 2

i ntersects t hgjgii s RSAd fller 3¢'nE AeGredesit MPSHLAWhIch K gﬂb‘{/ %aﬁr@{a&gﬁ@gﬂ%?@{é on

103, while a point on the air beari'ng surface,” noved I n
paral | el vafehubohe a bkl BGRatqé, sHbwing2 dtati b ' fred] t w@nd
(right-hand side of the draw ng) |gs é@ﬁgﬁr%%t;?%?tg’yk%ﬁlfggﬁ afﬁ)lg%}ﬂ?llt%
104. 20 Hexgl 6p,gainbighelsinfacelof tHealikiz, spring is supposed to be a rigid
spring, and the stiffness at the upstreamrigidity action position 103

bei ng K and Ahacttatingfess shdwh be Fdnwiestigieans givegidliond adtidn ointorl rdmn 104
being Kt, it is supposed that the head slider 20 is kept in a stationary
flying stbead ssppartieg dejea(nopsliongs. adso, hethewbskpdisnbted] e =it fléiwnacstwam be
freely changed in accordance with the ghange in design of the 25 shape of
the air bdgsusgreqpppsies tothedigk 2efhyad slid¢s 20 fhicreafer pellsdrardreadQsurface) md, t he
di stance t?letvgen tlﬁgg %)]i\l/‘m treamrigidity action position 104 and the

suy face offtegpugcepfidiskyin the,dirqctan of the aew- pHhel layeriagtstasanginspros adbragi sk 2

bét t d tream.jgidity. actjon pQsition 4 and the point closest

Co the a DRCSAHRORP EAT e R0sS HitoThe Hrabin bore? o Giioioprion o bATRed Wibar 1 ng
f ; | Q. i t...5 A.so, .i,n order | essen t he

b o8P cleb R R P T e i R o e BT D IHEE B e

to inpro i i P fi t..cent er, of

gr ai/ir?y X%%Hﬁgémﬁﬁoasgﬁgﬁhﬁg?gt2’|1%1f| %F&(}g’g’ak gf‘?eage@faﬁ%agoﬁlsﬁ i gﬁe{’%aeach

ot her V\he_ﬂaﬁo%ﬂjjggﬁgegaﬂen the direction of disk 2.

Also, a point on the air bearing surface, moved by distance 1/2 in parallel with the

surface of disk 2 in the direction of air inflow end (left-hand side of the drawing) from the

15  point at which a perpendicular drawn from the load action point 101, where the activating

force F is given to the head slider 20, down to the surface of disk 2 intersects the air bearing

surface, is upstream rigidity action position 103, while a point on the air bearing surface,

) moved by distance 1/2 in parallel with the surface of disk 2 in the direction of air outflow
end (right-hand side of the drawing) is downstream rigidity action position 104.

20 - Here, the rigidity of the air spring is supposed to be a rigid spring, and the stiffness at

L the upstream rigidity action position 103 being K! 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.




Under the condition, the head slider 20 of the present invention satisfies
the relation of 10 (LtanCp/Xh) s ((Kt/Kl) - 1) < (L/Lt) (1p Deehins2men
found that the head slider 20 is strongest against inpact caused by

turbul ence, and excellent in inpact resistance when the fornmula (1) is
satisfied. Wth respect to the head slider 20 of the present invention that
satisfies the formula (1), the behavior of sanme subjected to inpact caused
by turbulence is described with 15 reference to Fig. 2. In Fig. 2, the
head slider 20 shown by solid |line shows the position before application

of inertia fouag, Gneatighibdbitwboh WP AGmAfcabl ol CucrBRpRYL P 485 RO2

shown by broken “|ine shows the position tra rce xternally

appl i ed t Beakoof Jie 2 REXh) fnd ﬁfccasta&eagsﬁuagoltﬁe uﬁ&%éb@f‘ggﬂgi‘n ethitn he

whi ch activating force F is given to the head slider al so, the

vertical dospiteeemEgidite hetidsidsRdpi 104Gndithy péit EIBgsPRSIhE iaﬁrbul@&yieﬁd?li ind
the wvertical displacenent of downstreamrigidity action position 0%1 S

Xt, respebadssideofthe drawifg) onthe bir dedrigaRrfacash the Bendtdigerd 20ag 18Ct | on poi nt
101. In this case, when the head slider 20 of the present invention,

subj ecled to Alyvadt ordabiolesent the infiemice 2off inertia fGrosi dibe tdeurdpleneg siidhghgli ty
of air lubricating film the amount of its 25 displacenent to approach the
surface ofxtgimak impict agd detimprave thhdmpaet sesiftanse, dnid (dnfigereti aodthat dentdiSof
Decenber 2004 8 of the drawi ng) than at the air outflow end (right-hand

si de of -t BRVHY A2 gl load actions point 10k of dead glides 20 pincide avitheeagh githetewhan

~absorbs the.inerti orce Gwith the rigidity of air spring while rotating
{it;@tthe pi P cc&?%'ﬁéﬁq%ﬁm%%&gﬁlfgyi ng such configuration, it is possible to

e condi 11 ondnies b ey MM SR E 35 B i pretsibiorrasion Sples ogeliion oo
ol et 20 i s (oIRE = BRIEY ZLRAEED SR e Koepi ng a Space equlbarent to
the amount; 1aé bbdnidddd Wt dhe hida FAWS0 fseﬁmnﬁésg iagziﬁ}léf impact caused by turbulence,
and excellent in impact resistance when the formula (1) is satisfied.
With respect to the head slider 20 of the present invention that satisfies the formula
(1), the behavior of same subjected to impact caused by turbulence is described with
15  reference to Fig. 2.
In Fig. 2, the head slider 20 shown by solid line shows the position before application
of inertia force G caused due to impact or the like, and head slider 20a shown by broken
i.j 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




action position 104. At the time, the difference in flying height between
the upstream 10 rigidity action position 103 and the downgf Deamatet Zfi0di ty
action position 104 can be represented by LtanOp, and the ratio a to the
anount of flying Xh can be represented by the following fornula (2). a =
(LtanOp/ Xh) (2) Also, in the behavior ofe the head slider 20 when inertia
force G caused by external 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 9?‘“@] ' . [ eSent e the follow ng
forml a. %géﬁf - téftngh? i‘?‘;}f‘? %6 ?Et%%?%‘?de(r{gﬁppﬁ@@%‘%&%@?‘@@' condition for
real i zi ng hi gy : ' ) i t s C e lpact
< appl o o THaoE i GRSl (MR AR 20%k O e ERMRISCE, Wi (PR
_ pitch diipRadiofRir Whi ' i HeStidPS | nee
bet ween th% alsrr begﬁﬁ%wgﬁfﬁdéﬁgga%gl{xagﬁ?f re 1§ tzli%g B(# Q%P ?Emgkn?}]g%ﬂqgsﬁ%f?ﬁ’e
ratio b oft ifiespibRae BBin RFEWRAS 20SvIEek Slsubcd eREellchiAif@aét rtdidindehe ratio a of
flying heights in the initial stationary flying position, that is, the
rel atibn of aNsxtbtlshoubitichetd beieatisBattifor healizing a0 Reki fidehToMvilbye dReribsr mul a
(4) should hold 25 good. 15 Decenber 2004 9 (LtanOp/Xh) s ((XI / Xt) - 1)
(4) That ingdetal head slider that satisfies the fornula (4) is strong agai nst
inertia force caused by external inpact. In contrast, when the fornmula (4)
i s not sati sflnedstatipmary istate kown i Figerl, 8% headi shident 2@ is Bying lah tpitoh avgle £p> b,
the behavior is as shown in Fig. 3. The displacement with inertia force G
appl i ed i!ﬁ% GPmgy 2 §Rage squivalent to)she gwapntt ofcllyieg Xhi rthe dogynstream jrigidigyans
at the air outfl]ow end of head slider 30 inigially being closer to the
disk 2, SEPRACSHORlHyy AF g tﬁﬂwpéﬁft ?‘Jﬁ%ﬂg«mrﬁm& Biightybatweer theo upsireame
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-represented by LtanBp, and the ratio a to the amount of flying Xh can be represented by the
following formula (2).
a = (LtanBp/Xh) : 2)
Also, in the behavior of the head slider 20 when inertia force G caused by external
15  impact is applied, shown in Fig. 2, the djffercncc in displacement vertical to the surface of
disk 2 between the upstream rigidity action position 103 and the downstream rigidity action
position 104, and ratio b to Xt can be represented by the following formula.
2 b= ((X1- Xt) / Xt) = ( X1/ Xt) - 1 3)
In this case, as the condition for realizing high impact 1esistance, when inértia force
20 . caused by impact is applied to the head slider 20, the head slider 20 should rotate in the
e pitch direction while the inertia force is ébsorbed 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. |




10 slider involves a problem of inpact resistance. However, even in the
case of a head slider that satisfies the relation of a s hjDseibet 094
inertia force is absorbed by the air spring, if external inpact is applied
in the pitch direction as in head slider 40 shown in Fig. 4, it will be

di spl aced to the position shown by head &lider 40a. And in case the air
outfl ow end excessively approaches the disk surface, no air 15 lubricating
filmwll be formed between the head slider 40a and the disk 2, while the
head slider 40a loses its flying power and collides with the surface of
disk 2. The ¢ 4 f i dhng such collision will be described in the
fol | ow ng. Ba@%gillér#@gsqu/%éfﬁg% the downstreamrigidity acti oﬂ&\posi tion
104 and the at ut,f j e, Al ing. surface en
the di'st ance. itz Sip e sHac AL kyied 35 MimbRCef & 55 ot B o
ratio c oEadse@Bpeﬂgnﬁpjﬂlplg@Lrepr esented by the following formula. ¢ =L / Lt
(5) Such a phenonenon that no air lubricating filmis formed due to

excessi ve rot Bf tdtraef, whiciahb gaendd (466 rop sitﬂﬁccl}'thﬁhis,dhéaﬁcélﬂ&%@ﬁaﬁﬁé fifel bed
above takes place because, when inertia force G caused by iInpact i

appl i ¥l t elition dieadbsihe delavidriie as stiown # K. 3i TR aissla@Ment WU Théti2 Borce G
represented by fornula (3) is larger than the ratio ¢ of lengths in a

di r ect i onappdicd sl shbwndythiaad didefB@enber 2004 10 di sk 2 of the head slider
represented by fornmula (5), and the displacenent at the air upstream side
det erm ned by theanelapionfis 4 ndy; it medns that tie afueutflowi endadthead elider B0 initially
Iubricatigg filmrigidity is relatively smaller as against the length in a
diy ection f‘;&%&ﬁlpﬁf'émttgetdwé HisyRjectedfto exteanal dmpacs) ¥s driven priqrily ¢ @pproa¢hethienpact

rési stance val ue..of .the, head slider, with which the flying space at the
upst r eam ﬁréf:‘?j?f‘gﬂsol&% Pp‘gﬁq’ﬁggit? FoRfagtabenswithand therglone it ¢amdig spiddhat he hoqd
down e rigidity action.position 104, is closely related with the
vari :#q oﬁgﬁgfl?lo?lg?si%%mg%ge%'%ﬁﬁ"tgﬁ “ngl e or the change of |oad or the

i ke as wel | hte- o-frﬁgi Surf .the air. bearing surface)
shape, and al %%WL%E’ %Fg\g 1h§i%ﬁ§ge Tpac 38 g]é%g rtrléagggt??éﬁ @F ,Iclﬁlm\l/\ﬁ’fﬁf sPa‘ﬁS‘éﬂ ©| ead
to inertia force is absorbed by the air spring, if external impact is applied in the pitch direction

as in head slider 40 shown in Fig. 4, it will be displaced to the position shown by head slider
40a. And in case the air outflow end excessively approaches the disk surface, no air
15  lubricating film will be formed between thé head slider 40a and the disk 2, while the head
slider 40a loses its flying power and collides with the surface of disk 2. The condition for
avoiding such collision will be described in the following.

\) Back in Fig. 1, between the downstream rigidity action position 104 and the air
* outflow end portion 105 on the air bearing surface, when the distance in a direction parallel

20 to the disk 2 is Lt, then the ratio ¢ of L and Lt can be represented by the following formula.

Ny c=L/Lt | ()

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 c of lengths in a direction parallel to the




10 damage, causing greater variation of the inpact resistance value, and it
can be said that the head slider involves a problem of i npaectenitesi®iance.
Contrarily, as in the head slider 20 of the present enbodinent, in case the
ratio b of displacenent anmounts represented by fornula (3) is smaller than
the ratio ¢ of lengths parallel to thel@®isk 2 of the head slider
represented by fornmula (5), that is, when the relation 15 of b < c is
satisfied or the formula (6) ((XI / Xt) -1) < (L / Lt) (6) is satisfied,
the head slider 20 is very strong against inertia force caused by external

i t. ' id.that th d, sl i f th t
mvent | ontibay Bh R ead MERTRRaaRA bk Bopine) Bl T, dBnimant ot HhERS
tisfi 3 f |.a- h | shider.t hat
St 1) couidEah o RS of sl i 6l ol SRR HBl 2!
S oSt CHERHERRY is RIIHY Shallé s HeFiCthe e in't\Eedidf JARMDY BMfe bl | &
at the upstreamrigidity action poOsition g and the cﬁ’ownstreamrlgl Ity

action pogkthessliled are KI and Kt respectively, as described above, 25
since inertia force Gis applied to the | oad action point 101, the

conporent s of Fifrthieg,&hd mpaRe essireince 0de b1 tRaGAIBI@A UHth Whi@PGB inpapacd 4th
respect to the inertia force G generated at the upstream rigidity action

posi ti on the3ipatsehm hizidigvasionepuyitiongl @8 bycons i somllpo shahi it A0 thew@instragmt i al
force G caused by external inpact is applied to the head slider. Therefore,
t he anourfigidity actiogpositiond ¢, is wlaaelglirelatetivath the viadigtin dforotdting dpedd Adakewhe
Posi 1| an. Sk o cbangech] 1644 abfhecils isavelbpy BecTpodHiolp-michu ske(ehe Rt | 5
;posi tion f the caangey \a¢ e Beenppesiintp ( ,
01 11 s oepeb et ol SRE. i Tt Gspane cpmes el el erstinon 1o
;ﬁ(rjmilﬂa ffahagg,ec%ﬁs%é 2 aEeQ %a:rie%o%t(;fotﬂg in(l)l}:acl(:a lrc%?s%aingc \Srgliué,farxll i t’:ani bréesra'ﬁ tzlilat]c t%gce
head slider involves a problem of impact resistance.

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

15  ofb<cis satisfied or the formula (6)
(Xt/Xt)-1)<(L/1L8) (6)
is satisfied, the head slider 20 is very strong against inertia force caused by external impact.
‘i\.‘_') Accordingly, it can be said that the head slider of the present invention, having
| excellent impact resistance, is a head slider that satisfies the formula (4) and formula (6),
20 ‘that is, a head slider that satisfies formula (7)
L (Ltan@p/Xh) =< ((X1/Xt) — 1) < (L/ Lt) )
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




di spl acenent. Accordingly, the fornula (4) and fornmula (6) are sane as the
followng fornmula (9) and formula (10) respectively. Ltan®weXmter faodt /
KI) - 1) (9 ((Kt/H)-1)<(L/Lt) (10) 15 Both of the fornula (9) and
formula (10) are satisfied when LtanQp/Xh s ((Kt / KI) - 1) < (L / Lt) (1)
is just satisfied. Specifically, it is pbssible to obtain a head slider
havi ng excel |l ent i npact resistance by designing an air bearing surface
shape capable of realizing Kt and KI that satisfy the formula 20 '(1). A
head supporting device and disk drive having excellent inpact resistance

hoad ol | s AaPRRLYE PR Rsporl dhs ERtaaba <R stoodrot Bt pPeyiege the
(7 Tor 2 iaRS et 59%1&12% ey B i NP rbitioh PR ovicdi
speed bet M&”Gt&ﬁséﬂe@ﬁl)g gleihlp@&dis ga?glﬁgt%r@é} rhﬁ:?cpgﬁcﬁzTh&%foqﬁsthe aﬁpgﬁthcgtr ally

| oner when the head I S posI e | nner peri phe

di skt handigdladehifRnP it £Aird28ibh RESEM th &S §QF 2 of ?iéylpﬁgeatntﬂﬁgfeﬂ?g aul &ﬁﬂ)ﬁl dﬁ%’ﬁd at

the air bearing surface and the anmount of gto S a
i mpact5 r egidshed6wniteeaberidi@ieictidn pdSiEieh 40961 the hedd dRled é&tbeereﬁ%gé}m atisfy
the above fornmula (4) and fornula (6) or the 5 forrmula (9) and formul a
(10) at | eastKivh&d=tKeex Xiount of flying is |east at the |nner peri phery of
the disk. Also, in the present preferred enbodi nent, an exanple of
produ0|nqhm9&essary nmenbrane rigidity by using a p05|t|ve pressure
generated in the air flow between the air bearing surface and the disk is
@om but i t(Xdé&d) wi(KhOKD saying that sinilar effect can be 10 ¢tai ned by
alizing a confiqguration that may bring about simlar nmenbrane rigidity by

usi ng ot HEM| the, Felation; qung dg{n& force given, k: stiffness (elastic stiffness), x: displacement)
10  that is a common formula for presenting the relations of elastic stiffness, inertia force and

displacement. Accordingly, the formula (4) and formula (6) are same as the following

formula (9) and formula (10) respectively.

LtanBp/Xh < (Kt / KI) - 1) | ©)
(Kt/KI)-1)<(@L/LY) - 10)

15 Both of the formula (9) and formula (10) are satisfied when
LtanBp/Xh < ((Kt /K1) - 1) < (L/ Lt @

is just satisfied.
) Specifically, it is possible to obtain a head slider having excellent impact resistance by
designing an air bearing surface shape capable of realizing Kt and Kl that satisfy the formula
20 (V. |
L A head supporting device and disk drive having excellent impact resistance and being
strong against external impact may be realized by mounting a head slider having an
opposite-to-medium surface shape that satisfies the formula (4) and (6) or the formula (9)
and formula (10) [that is, formula (7) or (1)].

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




Next, in order to verify the condition for a head slider having excellent

i npact -resistance as described above, the difference in i1RPREMH-£5003t ance
due to the difference in air bearing surface shape of the head slider was
specifically exam ned, and the results are showmn 15 in the following. In
Fig. 8 are shown the specification of tbh2 head slider subjected to the
eval uation, and the evaluation result of inpact resistance. Al so, the
behavi ors of the head slider when inertia force is applied to each head
slider are showmn in Fig. 5, Fig. 6 and Fig. 7. In the head slider of the

t o ti when. t he ai i cat] fi igiditli 20 obt ai ned at
Pho upst r DA B inEGTRIATS e REH SsF BrepstREc g ieUPU AP PR e
ti it 4, t. t . dj st f L/2.i dj [
par al ol PRk ot 08 oatsf PR ErE nfRof BpmechnE a2ty arnsabriat ofe fhdRemnEGr 1 o
K and Kt RS sy pRAEAEL AVTRPE b s il s PR T I erlthen | -
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i stance 25 LE gnEbTiR RpUGiaR o SRl HRbGle BT (47 Eof Rhbl RToUHE o,
104. t femal I 2004 mct t 4 o ofl f
flyi ﬁgﬂj Xh = Zlélr ﬁa%ﬂaﬁﬂ?ﬁlgdgganaspﬁgﬁm(?g@gi ty ‘ggﬁfo%%%ois? ?ia%n&eﬁzﬂy %I ao

st at i onar perighgiyef thd disle at the inner periphery of the disk; and the pitch
angle Op = 30 (rad). On the other hand, for the purpose of conparison wth
the head sli dAkopfin tthe ppeseste pteferied BudOdin®at, idhexsuplk Us pRdudAE RcBRary
executed with respect to the head sliders based on the specifications of
the conpamembiage gigidityl by tsimgd positivapatssvie generapddein2he hirviiow rbefvgen te airn t he
‘a¥r -bearing surface of head slider 30 of conparative exanple 1, when the

ai r | ubrbeasing syrface| and theyfligk 5 ghoway buhi gops witheuh sayigg dhat sinaibir iefiactpmsibei on
103 t(ﬂg doynst r%gm rigidity action position 104 are respectively Ki
and K" tRipned by replgmg,a epnfigurdijon thakmay bring abogt similyr gnemlprage; rigidisy byi n
head slider 40.of conparatiye exanple 2, when the air lubricating film
rigiditié?WﬁOQWkpﬁﬁéﬁ%%ﬂﬁPPigidity action position 103 and the downstream

rigidity act 'qukt, i order to verify the condition for a head slider having excellent impact

resistance as described above, the difference in impact resistance due to the difference in air
bearing sﬁrfacc shape of the head slider was specifically examined, and the results are shown
15 inthe following. |

In Fig. 8 are shown the specification of the head slider subjected to the evaluation,
and the evaluation result of impact resistance. Also, the behaviors of the head slider when

":\..u} inertia force is applied to each head slider are shown in Fig. 5, Fig. 6 and Fig. 7.
In the head stider 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 L/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 KI and Kt, then Kl = 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



position 104 are respectively KI and Kt, then KI = 0.48 x 10.6 (hVn) Kt =
5.85 x 10"6 (N'm. 15 As for the head sllder 20 in the pngtﬁa&ggrﬁm4
enbodi ment of the present invention, and the head sliders 30, 40 of the
~conparative exanple 1 and conparative exanple 2, the ratio of air
lubricating filmrigidities (Kt/Kl) at 1he upstreamrigidity action
position 103 and the downstreamrigidity action position 104 were
obtained, and at the sane tinme, the inpact resistance (Gin the figure)
when inertia force is generated due to external inpact such as 20 causing

Shown 1 n BPSOR 185 RO ﬁaﬁﬁ %th: &&wﬁ%@é%%%ﬁ%ﬂwﬁ%ara?@éﬂf».%n?oéﬁa
cubj oct teh??‘{%{ A RFARARL B BB e s Bt B 0

eval uati \%gu {1) such inpact resistance, the conditions for evaluation are as
25 follo he equival ent mass including the head slider and slider

supporting seghifpNofhsr ﬁarﬂ:l5fd?qﬁﬁgpﬁ{ sr.zgf)? n&éarfs?ig)@thttﬂtfe hekd %}h‘ﬂ@lt bfq@le p?és

given fromthe suspension to t ad s e dis otating

speed 35S fhyoion( fRMBvaludfiéh Wa8 akbeNcANBY SviltSresprcf 1o e ﬁé&ﬁ SRS W R 6]{ till sk
radius 6 () As shown in Fig. 8, the air lubricating fil mrlgldlty ratlo of

the head sgletifiestiond of theldotpaiities exdmled adil eBmparativelexampleMitotvit il Figd
lubricating filmrigidity ratios of conparative exanples 1 and are
respectivel y It adrisbattifly Rurfalesuf, hehd aliderBicef coampasitivecampleU; witentthe airthead
slider 20 in the preferred enbodinent is 1000G while the inpact resistance
\_Fgl ues of lubdenting ridmi rigiditissaatpthe sipktream rigidity exctions pesitiow 403 2866l ME%
King into account the use as a magnetic disk drive in use f mobi l es, it
i s obvi oueglimy petion pasionddd ase respectieln Rbansk Ks dhen Khedh6? 6n10m§,N/mésaKt Ze
practj npacd .. resistance. Next, as for several head sliders including
t he d Q‘ﬁl %“‘Sf the present enbodi nent and the head sliders 30, 40
air. lupricat

f t |
e e KisEa Reat stiter B0 B ComBaative SRS b Moo S akes SR |t he

rigidities at the upstream rigidity action position 103 and the downstream rigidity action

position 104 are respectively Kl and Kt, then Kl = 0.48 x 10° (N/m), Kt = 5.85 x 10
(N/m).

15 As for the head slider 20 in the preferred embodiment of the present invention, and

the head sliders 30, 40 of the comparative example 1 and comparative example 2, the ratio
of air lubricating fitm rigidities (Kt/KI) 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,
e 8. Here, the impact resistance is represented by the level of mertia 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



downstreamrigidity action position 104, and the evaluation results of

| npact resistance are 15 graphed in Fig. 9. As is appareng[kamﬁkgmxﬁ t he
variation of inpact resistance is dependi ng upon the value of air
lubricating filmrigidity ratio (Kt/KI') between the upstreamrigidity
action position 103 and the downstreani4igidity action position 104. As
descri bed above, in case the air lubricating filmrigidity at the upstream
rigidity 20 -action position 103 is different fromthe air lubricating film
rigidity action position 104, the head slider subjected to the inertia

Lf’éﬁﬁa?eﬁﬁ@e?wbit ﬁ%?qrsag%?&m?e?%fsﬁﬁéﬁﬁf@kﬁs 5%15.'#‘“ o2 g5l Pk
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25. That * t he behavior of the head slider when inertia force G caused by
ext er nal rrp?iet 15 Decenber 2004 15 is appl led thereto varies with the air

lubricating fikhéd@ifE fg gra{e|£r fublbds A eﬁ% p%s?tlgnri} ((Aﬁgd%}?g%g{ety

action position and the“upstreamri gi

condi t§ onpfeSnt tdpfoBmMRHERE 2882 wiak| @R ahxslubﬂéeﬁ g %ﬂn& &tigest 8m @9 Qg 1 on
of the head slider having excel | ent I npact si stahce”in the present

i nvent i onexiegddsi basll 2key fspeddivél m?l snd 12.2.2060, ¥he nfdipe(cf Ksistinke valdd oftJ{eL/ Lt)
(1) then obtained is 1. 53((Kt/ 1)-1)<10.0 (12) and when 10 2.5 s (Kt /

Kl) < 11.Beadk8yer A0singhé prcfforedi, emliodlnﬁermd§ $000G; widleaht ahpach rdigatics valdes of

havi ng excel l ent inpact resistance. Next, regarding three types of head

*slgr ders |¢pmmatpﬂﬁ@§§nplc$)leﬁéﬂrameepd¢bd¢lyréﬁﬂm anth§708ehavi ors when inertia
ce is applied thereto will be described with reference to the draw ngs.

Taking into account the use as a magnetic disk drive in use for mobiles, it is obvious

10  that the head slider of the present invention may realize practical impact resistance.

Next, as for several head sliders including the head slider 20 of the present
embodiment and the head sliders 30, 40 of comparative examples 1, 2, the relations of the
air lubricating film rigidity ratio (Kt/KI) at the upstream rigidity action position 103 and the
downstream rigidity action position 104, and the evaluation results of impact resistance are

15  graphed m Fig. 9. |

As is apparent in Fig. 9, the variation of impact resistance is depending upon the value

of air lubricating film rigidity ratio (Kt/KI) between the upstream rigidity action position 103

\} - and the downstream rigidity action position 104.
As described above, in case the air lubricating film rigidity at the upstream rigidity
20 action position 103 is different from the air lubricating film rigidity action position 104, the
f 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




15 The head slider 20 of the present invention satisfies the condition of
formula (13). Therefore, as shown in Fig. 5, when inertiasfieser@aused
by external inpact is applied to the head slider 20, it is displaced to
t he position shown by head slider 20a, but the displacenent anount of
flying space is smaller at the outflow End side than at the inflow end
side. When inertia force larger than inertia force Gis further generated
due to external 20 inpact, it is displaced to the position shown by head
slider 20b. However, even in this condition, since the head slider

mai nt ai ns;_a Ftive pitch angl the air. lubricating fil 0 d bet ween
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not be bpokgn, iy . ' ' . 0G.. f] i.ng as an air
spring ma?/ pr e\?gﬁl{}ggtlﬁgﬁ&?g?{? g%g(gn ?’#c{)trlﬁk ggﬁcl%g'l} llﬁ%lgl\ﬁ {"lﬁggj)%&mgﬁ'her. O, even
in case of coly.di ; Wl O hﬁ%ﬁ ETY

hardly cause g‘gir?gé%w%%&d? ﬁ)élqﬁ%agc?dﬁglgggg% 1(c)ﬁrﬁsdl S cgl%élbgh%\eﬁgg gar)ﬁdé%%d4bf16 On
the ot herHRaRad shdtr Haeing 3RO iHBAC Riktdele B IhOprebdi IMRAABG alscMbeaitRB) e 1,
as shown in Fig. 6, thé air lubficating filmrigidity ratio is 0.97 and
does Mot gatissfy the condition of fornula (13). At the upstreamrigidity
~action position 103, the anount of displacenent in a direction vertical to
the di sk 2 af{IganGpiih ) ef(KigKl) of1)i<v@yLi)a force G caused by exter(® inpact
is smaller as against the ambunt of flying in the initial position.

Ther ef or ethemhbiamedds ti a force Gis generated due to external inpact, the
head slider is hardl rotated in the pitch direction and is displ aced

near |y verticbﬁl%/((KF\ZKB-rBsﬂlQ-? arelatively low inertia force GXue to
external inpact may cause the air outflow end portion 105 at the -
downst r ea®AISVR& t 0" come into collision with the disk 2. 10 Also, in the

case head i of .the conparative exanple 2, as shown in EFig. 7,
t he aﬁi Iubri%gﬁd@/%ﬁlibm dity ratio is 12.2 and does not sat pgby t he
condi tion_qf.. ] a 3). .L.n. such d,sl.ider 40..even when displaced to
the. post 07 SR isRossilels ot Padieda ShRG g nE Scalion il st et ed by
external inp I . t } ks . i . n
inertia forczﬁl&g’ #e{%ﬁﬁhﬂérthg%ntgﬁ %{ Jéfdﬁje %&‘é&ﬁ]{l%stgg@ ec?}lr'lrg nlgﬁf)ee{%‘?%wéaigﬁosdﬁ%émﬁ’ E)hf head
15 sli derpef@iorst Whed it fRAGE applicddNrerttd Wil BeOUeseRBe WwithhR bRk R2eS! de
is smaller than 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 caunsed by external impact is applied to

the head slider 20, it is displaced to the position shown by head slider 20a, but the

J displacement amount of flying spaéc 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

e condition, since the head slider maintains a positive pitch angle, the air Iubricating 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.



flying space at the air outflow end of the downstream side, then no air
lubricating filmis forned between the air bearing surfaggmtedhadoml i der
40 and the surface of disk 2. Such a phenonenon results in abrupt |osing
of the flying power, causing the head slider 40 to collide with the
surface of disk 2, and it wll increaseléhe possibility of damagi ng the
head 20 slider 40 or disk 2. Through the above exam nation, it has been
verified that the head slider of the present invention is excellent in

| npact resistance, satisfying the condition nentioned above. In the head

slider of the_prese i.nvention, the_ air ar | surface shape is_not
linmited by aﬁ@' ‘ﬁﬁé’ﬁn@?’ iy B 0F ?%Ogﬁ%aﬁ‘esqﬁff B0 Ot The CHRBFALYF %W?Péfcg’, ajt s
possi bl e bt aik ad. sl i dek, havi excel | | rpAact resistance
provi ded S| g?ggqgﬁaoag g‘?’“&?‘i‘“gl i”@&ﬁ‘g’n’j“‘f’i‘ﬂ%f% apl g, 2Pt S5 1
rigidit Tl 0 I n C . Pr ryed

Engodi rrgn'gz ?ﬁqlt(ri])m{ Eg?{g]e@% ngﬁg'r e%%&%e@é%&aééﬁ a((%}%%t %ﬂb@ egﬁgﬁttﬁ? ﬁ{}lgﬂ?ti 8?1 S
shown t heg; j ' oy | i i g.
1018 a nosPeGRiqt ks Btanierdal RPtheRliok Eandt aphEniRhti it BIEEG Glised 0,
flyings shate Vifn * , indt Sghe S \ t3.00ar ¥+ lRgk~St at e,
kegpi ng anﬁangelﬁl%f1 piptagtﬂhssglr%?% ﬁ),g%%%i tr?gtm??]“elﬁg%f?fﬂ g%g i!cl)lfﬁlt%hgﬂtgl:l ?kog%(g% An
acti vat i nghérefoes velien\ierty forcd G i Benetdt@limee foSextHiriA impaet) B8 HeaAliHANs AR 201
froma 10 head supporting device (not shown). Also, as the disk 102 i's
rotated, tdigtedinr thelpitek directioneindde disphe:dsnsaflacertiopiposAng résaltf feclgively 62 of

head slider 120 (hereafter called air bearing surface) and the surface of
glpfk 102 ingrtiahforeti Gabiei torextémalhimpactr way cdse the mirl atflow zat poatiorn 05 at the

spring, a force that causes the head slider 120 to rise. The reaction force
of the ai#owagticamgidedo samg dnte ¢ollision vatrthediskdg force F and the force due to

t he | ght of head slider. 120 15 that acts to npve the head slider 120
cl oset’ to t heABPsit thysase of hepdyglidsp U of the erapparalive sgpmple R, af shoven Bnbigkdeps a
i .Yi . AlLS, . POi he ai ' f
o 2 Lo e i e o i AR o8 132 S 66 ot safleH the Boridllicn S rormale © Y
(13). In such head slider 40, even when displaced to the position shown by head slider 40a

due to inertia force G caused by external impact, it will not collide with the disk 2.
However, when inertia force is further generated due to external imipact, as shown by head

15  slider 40b, the flying space at the air inflow end of the upstream side is smaller than the

flying space at the air outflow end of the downstream side, then no air lubricating film is
formed between the air bearing surface of head slider 40 and the surface of disk 2. Such a
) phenomenon results in abrupt losing of the flying power, causing the head slider 40 to
collide with the surface of disk 2, and it will increase the possibility of damaging the head
20 . slider 40 or disk 2. _
R Through the above examination, it has been verified that the head slider of the present
invention is excellent in impact resistance, satisfying the condition mentioned above.
In the head slider of the present invention, the air bearing surface shape is not limited
by any means. Whatever the shape of the air bearing surface, it is possible to obtain a head

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



surface of disk 102 in the direction of air inflow end (left-hand side of
the drawing) fromthe point at which a perpendi cul ar dr ammDE¢eaietdoe4 | oad
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 upstreamrigidity action pokition 203, while a point on the
air. bearing surface, noved 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 downstreamrigidity action position 204. Here, the rigidity of
the air spring i s .supposed to be rigid spring, and the stiffness at 25
the upstr &W#?FﬁFH@? ﬁ%ﬂ??%ﬁ“b@????éhg203 being KI and the stiffness at the
downst ream 15 Decenber 2004 18 rigidity action position 204 being Kt, it is
supposed that the head slider 120 is kept in a stationary flying state by

t wo rigidﬁﬁgghp ﬁﬂkdq%ﬁ?ﬁﬁ%ﬁ%?e two positions. The stiffness can be freely

changed i h"accordance change in design of the shape of the air

bear i ng Surf age (B &b d153tkeib IeibokBflontS ofl 8. picleu it aflge ipatsgAN e

downstreamrigidity action position 204 and the® surface of disk 102 is Xh,

and the disdmRiffioRdF fhbfl siter e prsémGRepfionli Sk 102 between the _
dowhstreamrigidity action position 204 and the point closest to the air

outfl ow end (Figght is havsl slidie 120 dfftke Pre3wtrigyention! Whichiis ibe atatiogars flyingce of
the head slider 120 is Lt. Also, in order to |lessen the influence of
inertia fsaeabdue atdisk L0 uhstniscstomdly astatibfarydydug sthte, hpeutg amdngle, pitghr ove
the i npact resistance, it is configured so that center of gravity 202 and
l-ead act i angledp, agaifg thosurfacadf theidiskr 10220 coi nci de with each ot her when

projected in the direction of disk 102. Under the condition, the head
slider 120 of Anpetiysting &orce shavanby Erin dha figyre dssgiverctoy lopd actinn poiat 30 e 15

beon 1unbeadhpYRBE sk ShpGBIowE) ALOLEr divgtk 1036 detlschthic ok SRS by
T R T L RN R IR AN
that sati ssu]c | %é) z}ﬂ%etht]:, (s)zgr%le%f disk 102 in the direction of the arrow, The air layer acts as an
air spring, a force that causes the head slider 120 to rise. The reaction force of the air
spring is balanced with activating force F and the force due to the weight of head slider 120
15 that acts to move the head slider 120 closef to the disk 102, and thereby, the head slidq 120
rises and keeps a stationary flying state.
Also, a point on the air bearing surface, moved by distance L1 in parallel with the
\) surface of disk 102 in the direction of air inflow end (left-hand side of the drawing) from the
point at which a perpendicelar 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
e 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




(14), the behavior of same subjected to inpact caused by turbul ence is
described with 20 reference to Fig. 11. In Fig. 11, the hé&@dcsttbed#04120
shown . by solid line shows the position before application of inertia force
G caused due to inmpact or the |ike, and head slider 120a shown by broken
line shows the position when inertia fol8e Gis externally applied thereto.
The inertia force G acts on |oad action point 201 at which activating
force Fis given to the head 25 slider 120, and al so, the vertica

di spl acenent of upstreamrigidity action position 203 is XI 15 Decenber

2004 19 and..th

posi ti onagélﬁty%c%e]{ H’%@B’e%f@%?% r}tlﬁ Pﬁ 5" ner oércg!é]ﬂ&lt é%ﬁ(ﬁ kﬁﬁtlﬁe | oad
t f th

vent i oneeRibyhg %%&%%if?@“@%&&aﬁ%@%ﬁcﬁwﬁ StFBPce G w th the

spring rigidiiye gééfggas% Félybé'ﬁ%% Hnfdd I adchflaREOWRE RS ¢ hin? ﬂu&@@asﬁwt to

approach the sur di sk 2 1s greater at the air | ow end

(1 ef t-hanghaps bftheQl Hegﬁnéjglﬁyycggiﬂfch@m didet Ip.ai r outflow end (right-hand
side of the dravm ng). That is, it is configured that the head slider 120

absorbs the i Agb! il URtdge Gewhddn {Haedowhsgieghint dgiafty aictioss pokifign \#04! end dieat i ng
in the pitch di rection. By enpl oyi ng such confl guration, it is possible to

obt ai n heqdfast iofl disk DR isvXibe ind: tieudistaneexgaedlleb o therspefate obdisks 160 betwee thée x t |
the conditions to be satisfied for realizing such head slider 120 will be
descri beddowmsttemaigidityl actian positivn 284 pnd tlet poiathadogsst to the gir outflove ped Gréshtt
slider 120 is flying at pitch angl e O while keepin ace equivalent to
t-he ampunhangfside ofitheydnaiving) opithe aibhprasing surigei ofithy kspd s @qrﬂaﬁ ipbisition 204. At
the tinme, the difference in flying height between t he upstream 15 rhgldlty
action positiOHo2dB oxda tPh’éﬁ?BvGﬁ%ﬂ‘%‘éﬁ’i‘F‘? iofi ity fgrce YrogReeo A be

i calb beteapl BYBR @a&efé e oy Teomteea s Srppied B85t Bty
(15) A Sgl'awt 26? (? ?oaadv ronoﬁcongt%lhgfaﬂeaﬁl ]ﬂgr 15@90%39 leﬁl cdcll Hthdrdwhdl €€ G

caused by
projected in the direction of disk 102.

Under the condition, the head slider 120 of the present invention satisfies the relation
as follows:
15 (L1 + L2) tanBp/Xh) = (KL2/KIL1) - 1) < (L1 + L2) / Lt) (14)
It has been found that the head slider 120 is strongest against impact caused by turbulence,
and excellent in impact resistance when the formula (14) is satisfied.
\.,} With 1espect to the head slider 120 of the present invention that satisfies the formula
(14), the behavior of same subjected to impact caused by turbulence is described with
20 . reference to Fig. 11.

e In Fig. 11, the head slider 120 shown by solid line shows the position before
application of inertia force G caused due to impact or the like, and head slider 120a shown
by broken line shows the position when inertia force G is externally applied thereto. The
inertia force G acts on load action point 201 at which activating force F is given to the head

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




20 external inpact is applied thereto, shown in Fig. 11, the difference in
di spl acenent in a direction vertical to the disk 102 betwaémetdnbeu®tr eam
rigidity action position 203. and the downstreamrigidity action position
204, and ratio b to Xt can be represented by the follow ng formula.
b=((XlI-Xt)/Xt)=(XI/Xt)-1 (16) 25 In thl% case, as the condition for
real i zi ng high inpact resistance, when the head slider 15 Decenber 2004 20
120 is subjected to inertia force due to inpact, the head slider 120 should
rotate in the pitch direction while the inertia force is absorbed by the

ha T, " EEEpERRal A5y Rl 8L A S itoh st} 0B R BBty
that 1s fro=b o "arep dcercht ity ToOS4lRr B4 6r TRrgF ¥han
o the rungfits o rRPUARl A e MmO AR YT Y1 21 Bnshi p_Shown by

the formula (fn/shafBRUI SnlPh 1890 Hdd (1bh th@%)résaﬂ%eﬁpgn,?sf%&ed/to% act, 1)

(17) That is, a head slider that satisfies the formu I's strong

agai nst i pRbitsané aleat fofcﬁ:b'_@@ﬁtlpmc%?iiﬁg E‘@iditkr@%ﬁ?lubrﬁd&tiﬁ% Pileh AhE amblfiof ke
formula (17) is not satisfied, that iS, head slider 130 having the 10

rel ati®n @placemeat td hsproahame Qiirfice oTiskNDM s ighealdrut tHeair T wdédiD{lefcRaRINt
with inertia force G applied is shown by head slider 130a. Wen the

rel ati on side af the drawihg)thanst thé ak outflowatnd (@ighf-hand sidechfahe draavdng)] | der 130
initially being closer to the disk 102, subjected to external inpact, is
gi ven pri ori t Yhatas,dpjsravabgured ¢hat $he headeslidér 2% absofi thedheirtda faresGewitlo the
contact therewith, and therefore, it can be said that the 15 head s|ider
@vm ves HeiditpBf einfrring wislscrotating jim therpteh dizsoliope rBy espplaying suelseordiguratinggd

sld der that satjsfies the relation of a s b, when the inertia force is
absor bed 1ys ra3eiblg;te obiaim brgd slider d2p ayhich ensygss exceflent f5pact &eFiStaCEne pit ch

e pHLI i on NDud1E g Rtat ol e A0k Miind e dsed S 120 ¥t fr s ©

excessi ve Xkﬁﬁproaches the disk surface, no air 20 lubricating filmwll be
formed between' the head slider 140a and the di sk 102, while the

In a stationary state shown in Fig. 10, the head slider 120 is flying at pitch angle 8p
while keeping a space equivalent to the amount of flying Xh at the downstream rigidity
actioﬁ position 204. At the time, the difference m flying height between the upstream

15 rigidity action position 203 and the doWnstrcam rigidity action position 204 can be
réprescntcd by ((11 + L2) tan6p), and the ratic a to the amount of flying Xh can be
represented by the following formula.

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

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

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

S 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




head slider 140a loses its flying power and collides with the surface of

di sk 102. The conditions for avoiding such collision wlIll5hecadsc2dBed in
- the following. Back in Fig. 10, between the downstreamrigidity action
position 204 and the air outflow end portion 205 of the air bearing
surface, when the distance in a directidhh parallel 25 to the disk 102 is
Lt, then the ratio ¢ of (LI + L2) and Lt can be represented by the 1 5
Decenber 2004 21 following formula. C = (LI + L2) / Lt (18) Such a
phenomenon that no air lubricating filmis fornmed due to excessive rotation

of the h e‘ﬁ%!‘!’g‘?{"‘.‘ g&lglte*]% fB}ctegﬁc % st tc.B?/He ﬁésadds?a%rrijg)gsglﬂaﬂggg a&et ﬁﬁges Hﬁ({;}{g ce

because, orce caus I npac S

sl'i der, tggecr[-ﬁ;l itk mg@q{)%%gﬁsg&b@ﬂy Sair %&glf%%ﬁvéﬁ%ﬁg%{ iﬁﬁglsﬁr&%{) 1i0;

| arger than the ratio c o in a directi para

of the heagh @k s@@ice'RRRSION! At RYthE Queib 81 & cen?éﬁgaﬁﬁ%]tggﬁf&l(ugﬁ@m%g@} the

air upstreamside determned by 1nertia force G cause ternal Fnpact

and air | {Hah kieahtiod of Hiingheighisth initidl 8fatiOndr$ A§RE PobSh MheT8 thSfelfdn 3@ glnst
the length in a direction parallel to the disk 10 102 of the head slider.
Furthes, bleuldbagic,nad ik @Reionshdp showalbytthe digath (I17) situld Mdld Bovdli ch the
flying space at the upstreamrigidity action position 203 becones snall er
than that at @he+83Wuedp/dn< ((XbiXi)tyl)acti on position 204, is cl¢(sRly
related with the variation of rotating speed and skew angle or the change
of 1 oad or thEhatiiea headrelider 4battsatisfizp $bs ifermudao (1 dis stmosg ragaingt bl efofaehe 15
air bearing surface) , and also, as the flying space becones smaller, it

wiy | rapi‘&“?cqlé'afiﬁfiféal”é!aﬁge, causing greater variation of the inpact

resi st : djt b idthat th head slider. i | ve

o e dpdginsovbineorun il it s A, Rt B b B e
di t th tio.h of I.spl t ar t

Fepr el BHERY O B it TR0t 8 S vEim Tl MY PRRRGEn: PIRGRERH G50 20

- - di reCt'%@}jQ@{S%&'{@#éﬂsﬁgﬁSﬁiﬂ? 1&31@31102 of the head slider represented by

formula ( e relation of b < c is satisfied or the
formul a (19) when the relation is a > b, it means that the air outflow end of head shider 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 rcéistancc.
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
J 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 fitm will be formed between the head slider 140a and the disk 102, while the
M head slider 140a loses its flying power and collides with thc 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 paralict

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




((xXr /7 Xt) - 1) < ((Ll + L2) / Lt) (19) is satisfied, the head slider 120
I's very strong against inertia force caused by external inpdetember2004
Accordingly, it can be said that the head slider of the present invention,
having 25 excellent inpact resistance, is a head slider that satisfies the
formula (17) and fornmula (19), 15 DecenBkr 2004 22 that is, a head slider -
that satisfies formula (20) ((LI + L2) tan8p/Xh) s ((XI / Xt) - 1) <( (LI +
L2) / Lt) (20) which is nost excellent in inpact resistance. Here, when
the nenbrane rigidities at the upstreamrigidity action position 203 and 5 |
t he downs regidity action position 204 are respectively Kl and Kt, as
descri bed%z’i]%(;wﬂé%fogﬂsllgfﬁbe inertia force Gis applied to the |oad action point
201, when inegtiq;fqr caused by external inpact is applied t he head .
slider, the c%rrp(bi}fé(riftzz?é? force of inertia force G generated at t(ﬁﬂe
upstream f1 di idiva idroRindio flat h Rir AbHicait HRP:AOUAN b LPN
position 204 are argg%lectinyel y F1 g%@ﬁf , ﬁ%glsﬁ?om a‘.il%gt%%&yg%%tﬁgﬁ gf |
repr esent tHathebd 8lidd? ifi Shepit@dirhioR la@ Abdceibed hbdVRSERes PIRG bdcRustOfvhEn B2ftia

di spl acenment, F = kx (F:" given force, ki stiffness (elastic stiffness), x:
di spl aSentyite G dabsedl byXidpads) is gpliedb the Méad2hiler] Pecatifd GtisplReMeNEnduRgNged
‘as follows: (23) XI=F1/Kl Xt = F2 / K2(24) and then, the ratio of X1 and Xt
i's (25) (¥prdsenttd by fqrhiala (1) Js lrgeKthan the2)atid @Adfdengtlis?f)a direction parallel to the

disk 102 of the head slider represented by formula (18), and the displacement at the air

upstream side determined by inertia force G caused by external impact and air lubricating

film rigidity ratio is relatively smaller as against the length in a direction parallel to the disk

10 102 of the head slider,

Further, the impact resistance value of the head slider, with which the flying space at
the upstream rigidity action position 203 becomes smaller than that at the downstream
rigidity action position 204, is closely related with the variation of rotating speed and skew
angle or the change of load or the like as well as the opposite-to-medium surface shape (the

15  air bearing surface) , and also, as the flying space becomes smaller, it will rapidly lead to

damage, causing greater variation of the impact resistance value, and it can be said that the

head slider involves a problem of impact resistance.
\ﬁ) 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 c of lengths in a
- 20 - direction parallel to the disk 102 of the head slider represented by formula (18), that is,
L when the relation of b < c is satisfied or the formula (19) |

(X1/Xt) - 1) < ((L1+L2)/Ly) (19)
is satisfied, the head slider 120 is very strong against inertia force caused by external impact.
Accordingly, it cén be said that the head slider of the presemt inventiom, having

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



F1xL1=F2xL2 can be obtained, and then F2 = (F1 x L1 / L2)(27) It is put
into formula (25) to obtain (28) (XI / Xt) = ((Kt x L2) / 16 Klecetmbed)00425
Therefore, the formula (17) and formula (19) are sane as the follow ng
formula (29) and 15 Decenber 2004 23 fornmula (30) respectively. ((L1 + L2)
tanép) / Xh s ((KtL2 / KILL) - 1) (29) 22(Kt + L2 / KIL1) --1) < ((L1+L2) /
Lt) (30) Both of the formula (22) and fornula (23) are satisfied when 5
((L1+L2) tan@) / Xh s ((KtL2/KIL1) - 1) < ((LI+L2) / Lt) (14) is
satisfied. Specifically, it is possible to obtain a head slider having

excel | ent ﬁ%%hdﬁia%ﬁgﬁsgt@estﬁgﬁhaggo;‘g an air bearing surfaciosgaﬁgad

capabl e of realizing sfy the fornmula (14).

supporting de(tim:g_@ e. f’?‘)ﬁﬁ(ﬁ/ﬁ Vi %@qglllﬁz}[ﬂ npact resista and

bei ng strongagai nst I mpact zed by mountin head

slider hayhfl ifRostQRBORNE friPadBliyticeur f ace shape that satisfies the
formula (17) and (19) or the fornula (29) and fornula (30) [that is,

formul a (20) Here( #hbh-thd Fembshing Kiglﬁt_[itiééeat tht upFeabricP aSifmepbsithat 203 %hd
relati ve speed between the head slider and 15 the disk is generally | ower
when the tiealdwakiretmi righlitp@siiér poratibnal04t 43 réspoetiveFEKN MAKtY a®ledchibed sHosk, t han
at the outer periphery thereof, causing the air flow generated at the air
bearing soeefinertia domte tChis appbiadnto thé 1dald yactign poinb2@1) veheh destia fodcd Geacatisedabst
resistance to be lowered. Accordingly, it is just enough to satisfy the
above f oreni¢raal mpackisdapipliedrte the( i sider, ithe compondnts ¢L2®)ceantlinkgianioree G30)

at | east when the anmount of _fl_d;J(ti ng is least at the inner o
generated at the upstream rigidity action position 203 and the downstream rigidity action

\\w> 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=Kix Xl (21)
F2 =Kt x Xt o 22)
can be obtained and changed as follows:
15 ' X1=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 - FlxL1=F2xL2 (26)

can be obtammed, and then

F2=(F1x L1/12) 27)
It is put into formula (25) to obtain

(X1/Xt) = (Kt x L2) / (K x L1)) (28)

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




20 -'periphery of the disk. Also, in the present preferred enbodi nent, an
exanpl e of produci ng necessary nenbrane rigidity by usings®eposict 2004
pressure generated in the air flow between the air bearing surface and the
disk is shown, but it goes without saying that simlar effect can be

obtai ned by realizing a configuration tB&t may bring about simlar nenbrane
rigidity by 25 using other lubricating agent. 15 Decenber 2004 24 Next, in
order to verify the condition for a head slider having excellent inpact

resi stance as descri bed above, the difference in inpact resistance due to

t he di ffefenc%ﬂ} air t.bfﬁari ng surface shape of the head slider was

speci fi caffH HERPCMSAE the results are shown in the following. 5 In
Fig. 17 are s e ecj {1 calqd e .head slider subjected t he
eval uation, a mhféﬁbe\t/ag'lagg)t%ﬁ k%@t?l/ﬁh%”rr%‘gact resi stance. Al so,&@he
behavi ors of IeKﬁl'c_lr j\ngrtia force is applied to e head
slider are sh @?ﬁﬁ%ﬁ |g.1})1?,)%§?+liﬂgr}gﬁjj Fig. 16. In the head sli*dér of the
present i Bgﬁm]itgé]fqrm%r(zﬁj‘l&d%fm]!ﬂg?ﬁ:ﬂ(%%%digﬁéd Jwgéxf' gidities obtained at

the upstreamrigidity action positio spaced apart by distance L1 in a
10 dirgction ganalbplandp) /Des dikekoAdR1y 013 beadivieyrign of air infigw end
fromthe inertia force "action position and at the downstreamrigidity
acti on pokiskfisfied204 spaced apart by distance L2 in the direction of air
inflow end fromthe inertia force action position when inertia force G
caused by ext Bpariicallyyyitis posuiblt treobtaine hend afigdri lading @xecllentsippatt resibtyndé! byand
Kt, then the position of KI = Kt, L1 = 0.23 (nun), L2 = 0.58 (nm.
Furt her, designingzinait beaningawrfacs shopscapahde afitalizing 1Kt ewhii thabsatisfyrthe Sirsmbince
Lt/ = 0.1 (nun) between the downstreamrigidity action position 204 and the
air outfldend portion 205; the anount of flying Xh = 20 (nn) at the

4 in a statjonary flying state at the

nert0 por it i AfPice e deate Hg sl sV R et
oL ok, B Bl TR el b St s bl
the head éﬂﬂo@f&-?o-&%ﬁﬁ% BﬂfaE:Q%hape that satisfies the formula (17) and (19} or the formula
(29) and formula (30) [that is, formula (20) or (14)].
In a disk drive, it can be considered that the relative speed between the head slider and
15  the disk is generally lower when the head slider is positioned at the inner periphery of the
disk than at the outer periphery thereof, causing the air flow generated at the air bearing
surface and the amount of flying to become less and the impact resistance to be lowered.
\) Accordingly, it is just enough to satisfy the above formula (17) and formula (19) or
the formula (29) and formula (30) at least when the amount of flying is least at the inner
20 - periphery of the disk.
e Also, in the present preferred embodiment, an example of producing necessary
- membrane rigidity by using a positive pressure generated in the air flow between the air
bearing surface and the disk is shown, but it goes without saying that similar effect can be
obtained by realizing a Vconﬁguration that may bring about similar membrane rigidity by

25  using other lubricating agent.




specifications of the conparative exanple 3 and conparative exanple 4 shown
in Fig. 17. In the air bearing surface of head slider 130 i@fhec@rmar@id ve
exanple 3, when the air lubricating filmrigidities at the upstream
rigidity action position 203 and the downstream rigidity action position
204 are respectively KI and Kt, then th24position of KI = Kt, L1 25 0.32
(rm, L2 = 0.3 (M. 15 Decenber 2004 25 Also, in head slider 140 of
conparative exanple 4, when the air lubricating film rigidities at the
upstreamrigidity action position 203 and the downstreamrigidity action

position 204 e, respectivel y.. H. and Kt hen .t h sitigon of KI = Kt, LI =
0.05 (my, Lzﬁrg’“’o%‘%%fm .VcéfyAblcf 8?“#1’{8‘ h‘é‘aﬁ hepl g0 31'15‘6’“?_31 cxrllenl TRRACH e
enbodi nen ' i and .the head sliders, 1 140. of, the
conpar at i \}/ceS%{eaglggrg? gésgﬁgér?taa Hg 8‘%&@%5 0% C%)%]aﬁ%ﬂagt rfsgtf’ﬂ e &l{?gtf’jgc g%cfelﬁf?_ﬂ% L1)
was obt ai gefipedy ' i | ' '
force is gene gtag?i@etds &%ﬁhf%ﬁtg%%%d'ns’gﬁeri ‘%’rp&:sgf Eﬁggagﬁ/ cgglﬂgg%gaﬁxﬁgh%gﬁﬁe%% Iéféq‘%ﬂer
to approagint fllovdhek was eval uated, and the results are shown in Fig. 17.
Here, the inpact resistance is 10 represented by the level of inertia force
necessfiry for uivBlg 19 asd¥hoRaY the Rpedifkatibp ¥ t&d h&arsﬁdavd%ﬁeéea%ttﬁe EPfuation,
eval uation cone into contact wwth the disk. In the evaluation of such
i npact r esadstherswaluatidieresoln of iniyaas rdsiRtancy. alAlal tiRrbedidoRof th® hbidet When
equi val ent mass including the head slider and slider supporting section is
8 (np); inbdiadotdeinappligd foeah hgad didef arershowe isEigpbt) Higrl Staad Fie lsead sl i der
is 2 (gf); the disk 15 rotating speed is 4,500 (rpm; and the skew angle is
@ () -at the bothet head differd pE kher prgbant iBventing, Whers iwwair ilwbricating fikp rigiditiesal ue
of/ (KtL2/KIL]) of the head s|jder 120 in the present enbodinent is 2.53,
whi | e t heobtaingd at ke upstreancrigidity ictien mesitian 38 wegedppart by distancegkd in a
respegtively 0.97 and 12.2. Al so, the_ inpact resistance value of the head
sl | qeﬁs | S8dctiop peradt to ﬁ\ﬁé#l%? @1@% %%o@{f?fgwe of air pRyE enifrqre the, ertiploace
;ﬁzl Egggcgctf()%lp%gi?ioﬁfan& gpﬁl%r(%wn\s/t?em? )r(ig] tlyea%t'c:))’n Sgs(iitiodh fd4esprages aep%}tl l\)/yecliigtaggaoG
L2 in the direction of air inflow end from the inertia force action position when inertia force

G caused by extermal impact or the like is applied, are respectively Kl and Kt, then the
position of Kl = Kt, L1 = .23 (mum), L2 = 0.58 (mm). Further, the evaluation was
15  executed under the condition: the distance lLt = (.1 (mm) between the downstream rigidity
action position 204 and the air outflow end portion 205; the amount of fiying Xh = 20 (nm)
at the downstream rigidity action position 204 in a stationary flying state at the inmer
J 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
o 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 K, then the position of K1 = Kt, L1 =

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




Taking into account the use as a magnetic disk drive in use for nobiles, it
is obvious that the head slider of the present invention iBmecéngal 2one
practical inpact resistance. 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 exanples 3, 4, the rZ& ations of the 15 Decenber 2004 26
air lubricating filmrigidity ratio (KtL2/H LlI) at the upstreamrigidity
action position 203 and the downstreamrigidity action position 204, and
the evaluation results of inpact resistance are graphed in Fig. 18. As is

t i Fj 8, the. LAt f i t I, St I S. '
tho 5 val ue Bfoy B beAd it 14l dstousiary R Fiomel 45508 104 AECHDHGUPB N &
Kt L2/ KI L}): 37 . s ol b ' . . .
\(/ar iati oﬁﬁ‘h ]F%iag%%/ %iis'snﬂe éjflg?r‘éc@& g‘&g’gp%éns&ﬁoﬁllg%sgé%){lﬁgda%ﬁﬁégg%g]{l% ch}(’)?t L1).
10 As d : e . : : fid SN foah
upst reaﬁ1 isg??%%b‘?%getsp %dr?"‘gl giﬁtaih{i')%q’gf&%n :tﬁs%ciilsgﬁglrogg? _:‘ rémrllt;ﬁg'%gitqﬁnﬁ’ L34
lubricatimgl o) rigidity action position 204, the head slider subjected

to the inertia force G caused by external inpact is different in the

amount5 of di sl aeah®ehéad dlider 1O RCthE ?Fef&ﬁéd_ bBddifentt dTahé pdscirehveeion, t e
upstreamrigidity action position 203 and the downstreamrigidity action

posi ti on theAeadslilerh#3@fBi0eof the dompaidbiveliexphpie amh tdrapdratiat exugnpla 4] the
pitch direction. That is, the behavior of the head slider when inertia
force G cedserf (KYLAKileh)veds obtaieed; and at thegdnicetime,lthe Pipactmsisacewhin nbetiaval ue
of (KtL2/K1L1). Wen the condition for the present evaluation is inserted
lgso t he TQEcsi ) gercsptad idue o srternah dmpach gueh peiesusing the Jeask dlisler émappropeicthe

3 i‘stanc(F in the present invention described above, 20 that is,, . .
(((L1+L2) lﬁikawewvaluf%fi qndiipe spseits pye shown in Figy 174 Herp, the)impact) resisiyace is

obt ailrbed rie;?rcsentcd 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 (rpm); 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
e examples 3 and 4 are respectively 260G and 570G.
Taking into account the use as a magnetic disk drive in use for mobiles, it is obvious
that the head slider of the present invention may realize practical impact resistance.
Next, as for several head sliders including the head slider 120 of the present

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




1-5:z ((KtL2 / KIL1) --1) < 10.0 (31) and when. 25 2.5 (KtL2 / KILI) <
11.0 (32) 15 Decenber 2004 27 is satisfied, it is possibldstecaltntatsa head
slider having excellent inpact resistance. Next, regarding three types of
head sliders in the present preferred enbodi nent, the behaviors when
inertia force is applied thereto will b26described with reference to the
drawi ngs. 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 inpact is applied to the head slider 120, it is

amount ot °F iArkGuRE e 803 TP RA DRA % 16 g %%J@ﬁ%%%%‘ﬁoawogf%@%mm
i nflow engncflu?ﬁedﬂowm%n'f pg@&y.aaciﬂﬁcfoshﬁﬁg%él ANk awgﬁ?%%s(ﬁﬁs %[f' o ag t her

gener at ed e to externa i's displace € POoSi

by head Sidsigncd £2%r Odﬁgwﬁ E,1€ven in this condition, since the head
slider maintains a positive pitch angle, the air lubricating film forned

bet ween the ajk iDapgdratd is dgarsetﬂé vheafnSdf Hphctlefis@net kshpeatlih@GfoPtnedi Sk
102 will not be broken thereby, the air "lubricating frlmact ng as an
air spfi ngalueyf (KEIENL1) he surfaces fromcolliding with each other. O,
even in case of colliding, the colliding energy is 15 very low and it will
hardly cause Abnpgalcsaibeiebiveasined thddorndi@®d or di sk 102. On the other hand,
in the case of head slider 130 of the conparative exanple 3, as shown in
Fig. 15, the @ﬁmﬂﬂbi)%@&llzmllll) is 0.97 and does not satisfy the
condition of fornul aééﬁg At the upstreamrigidity action position 203,
the anmountolds gends i cap alrerbe spid that the vadatiosrofiimpadt gesistanse tihdepgnding upon it er
applicatio m tra force G caused by external 20 -inpact is smaller as
agai nst t ryi ng in the initial position.. Therefore, when
force G, S at ed due the head sl i der

ihg(ra(rjr[i)ﬁir ot at €0 IR flﬂ%cpellfﬂvtﬂcw tRsF & ?rae:rlt i n%gl% '@F?g‘%’e@ Wearmsye%r’ﬁrde% ly.
Cause 1 neion Dobifpfahy & sl 408 dhe B fiune it ey R Ry B0 ™

head slider subjected to the imertia 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 dircction,
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 i, _
o (((L1+L2) tanBp) / Xh ) = ((KtL2/KIL1) - 1) < ((L14L2) / Lt) (14)
then obtained is
1.5 = ((KtL2 /KIL1) - 1) < 10.0 31)
and when |

25 2.5 = (K112 / KIL1) < 11.0 | ' (32)




come into collision with the disk 102. 25 Also, in the case of head slider
140 of the conparative exanple 4, as shown in Fig. 16, 15 i1Pecendder200904 28
the value of (KtL2/KIL1l) is 12.2 and does not satisfy the condition of
formula (32). In such head slider 140, even when displaced to the position
shown by head slider 140a due to inert2A force G caused by externa

i mpact, it wll not collide with the disk 102. However, when inertia force
is further generated due to external inpact, as shown by head slider 140D,
5 the flying space at the air inflow end of the upstreamside is snaller

7 o R b R e e R oL
[ 140 . ' 102 ....S . '

oL der 140, an, 05 AL Lot B vPuRioR e RASBVIROSA HREAU L o
L hi e ERE AR Ml 45, B L P BEG BT BB RBELL b O

exam nat i @Rwinds. has been verified that the head slider of the present

i nvention 1's excellent in inpact resistance, satisfying the condition

menti ofied aboyge hédd dlider TEREL Blel Hi8SenP inveMGorPERRALY the PEAMELR Bf fFSARIA{37).
bearing surface shape is not linmted by any neans. Watever the shape’ of
“the air baetoripghiad ot ih Fig. d4p@hsh heiat Brells dhdted bl @R mal bupsici Heppisavi ng
excel l ent inpact resistance provided that the condition as shown in the
fornul a folthe liead shddarsi20eit. is (displaced By diecpositibnstoodi e hédd Ailet D204 but the
preferred enbodi nent of the present invention, a head supporting device 20
{@d di sk displeesment amgount iof Hting Ispaberis srhallehet the egtflow ¢nsidyt them at/he inflow end
described with reference to the drawings. Fig. 19 is a perspective view of
an essent §ig¢- Y¥han iprtigfforagelagsies fthagy ingrsia dpraeHe 1p farthentgeneratedruecie. extemaln
exanp of disk drj,ve, magneti ¢ disk drive is used for the descrjption
In Fig 189Pagh tklszilﬁ CF‘gt‘%ﬁgbe‘}Sl'éQprJWDeBY Bepdsylider 1 €0y Klovever, gvsn Brthisy

dri VNG NEARRio: sinfe the hoay JRlet faRdlalis 3 postive' pllch il the aff Rbtiching . "

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 colIiding, 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
e 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 rthc disk 102,

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




15 Decenber 2004 29 present invention conprising information transducer
(not shown) for recording and reproducing is fixed on sudpd@nrsémyer 300dnd
fornms head supporting device 10. The head supporting device 10 is fixed on
actuator arm6, and further, the actuator 6 is rotatably disposed on
actuator shaft 7. The head slider 220 o28the present invention is a head
slider that satisfies the formula (1), formula (7), fornmula (14) or
~formula (20) nmentioned in the first or second preferred enbodi nent of the
present invention. The definition of each constant and variable is omtted

B?:?szeﬁ e BHESETRITSRE Dk 158 apd jhinol NI B SpRhan b BB D8pL dF iy 0"
motor is y dmh} 59t &k %ﬁéﬁedi@@% 43R the omu? 'RofRYS ﬁééa 4 dggd z?da&li%tZZO

to a deS|re oz ﬁ05| DR TR LG, S|ng el Tt a1 ns

these conpRABNSce & Jaﬂ&d ﬁxﬁ%r@ﬁ&' ﬁt'@ﬂﬁmt chifide 49t ‘T‘S%&r mgﬁ&w@wv' ew

of an essential portion o sUpporting device

suspensi ofhén ARfia AL 1§ﬁirﬂ1%f e’n%Q.rtedTJl\f‘c BRafbrad ifRdct, %@th&n by %&fd Bifler 140D,

t ongue- shaped- 15 section 12 di sposed at one end of the tip portion of

sl i der5r ethaiflyaig s};&cc A 15O air il v EREHT BB Upstedant £i@e & InthBEr thekh Bie®fingldhabd at
secured on beam As the slider retainer 11, for exanple, a ginbal spring

is enpl oytd,airewdflow cind of ahd dowmnstatamssiden shenonoahit tubricignghiiadis $ointker beRéent 0
pitch and roll. The head slider 220 is fixed on the slider supporting
retai ner the airfhgaring surfice of byadislidrg 14t ekt sudiapenif, diskh102% Suvb aspliedemenon
retalner 20 11 may be fixed on the beam 13, for exanple, by welding. At the
tiyp port i tsaultstiniabapt Igsingsof @Pélﬂlﬂdwvrﬁrwﬂusmg theoheadidgs WP t ¢odlide with thse

: ad slider_ 220, and a specified load is, plied to the head sllder 220
via the phuiee ohdisk@2oand it vill igscasp ﬂﬂmOS&b%y of damagjpg dhe haad shiderdl 40991 der

220 gﬁ} dglgh%gt position or the |oad action point, described in the first
pr ef di rent and the second preferred enbodinent, that is, the

action point igh inertia. 25 forc aCt%Bﬁh j hent i [CE.LS |ied
Gue o out or nfrolRh i abBF bidinta, £HETERARHIR Bal I8 Head iRt SFunt - 0R
invention is excellent in fmpact resistance, satisfying the condition mentioned above.
In the head stider 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 sﬁdcr having excellent impact resistance provided that the condition as shown in the formula

(14) is satisfied.

H> (Third Preferred Embodiment)
As the third preferred embodiment of the present invention, a head supporting device
20 - and disk drive using a head stider of the present invention will be described with reference
N 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 spindie 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




30 At the tine, by formng the head supporting device 10 so that the center
of gravity position and pivot position of the head sli deri5220cmehat Pikde

wi th each other when projected against the recording nmediumsurface, it is
possi bl-e to make the head supporting device 10 nost excellent in inpact
resistance. 5 Further, the suspension 52%onpri ses beam 13 havi ng pivot 14,
and slider retainer 11 having tongue-shaped-section 12, and al so, the head
supporting device 10 is forned including the head slider 220. Wen
recordi ng and reproducing on the rotating disk 2 by using such head

supportin Vi

d 10, ther. e.th f.C h gad l,j ed f
AP0 el G, SR, 5, AT b, Yol 5 2R o O
i th | i 2 ; di sk ir fl b th i
21 00 ephiathl) S8 MamSDE sl el b ARG P
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a const anfisgsted 8h aBfuafor ¥hatpy, it drives the rotating means 8 for finding
the desired track position, and thereby, it is possible to perform 15

recor d§ ng andTheRéRAKEAENIRO0YE the PREEMGRYentiBRts RO ideBihat St BB thrmula
supporting device 10 and disk drive 19, on which head slider 220 of the

present i{Wyefurinal (TaviongulRudl) oo fdrngld (20) afentivhed i heSfirktbesdcond ptedérieda
head supporting device and a disk drive having excellent inpact
r esi st ancemboidimengrod $lenpresamt énventom. i s not linted to the nmagnetic disk drive
shown as an exanple, 20 and it is, needless to say, applicable to a disk
gg ve usi ng alhe gafmgiomqieacheennstant gk vasigbly ingmitted bopuise af beiegysame as inlthek
ol ve and_optical disk drive. Also, the present invention is not limted to
a di sk drfsepigisied embadiment padthgsecongprefaged pmbedimeRfeed| ess to say,
appligable to,a recordin d reproduci ng apparatuys using any other type
of um zs%%‘é%ﬁﬂ%ﬁ AP PED @ Yok el MRl pysendl FRiaiEs Hie AHPAT: i on
may reli Sk E;*}g moVe %ﬂe%c%g sgggr%e{o g %%éirc%ltrack 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 retamer 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 supporting retainer 11, for example, by using adhésivc agent, while the stider 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,




~force by rotating in the pitch direction while keeping the positive pitch
angl e when inertia force caused by external inpact is appbimegedterdod head
slider. By this configuration, even when inertia force caused by great
external inpact is generated when the head slider is flying above the
disk, it is possible to prevent the heatfl 5 slider fromcolliding with the
di sk surface or to prevent the disk from bei ng danaged by | essening the
colliding energy. Thus, it is possible to provide a highly reliable head
slider, head supporting device and di sk drive. 10 15 20 25 15 Decenber

h
gt rorcort st b SR T gt i
di stance bkt I%rla:%d(;ur&gh o%fq e Bda i) 9 @Jhgm&f{%hgadps ol Rt MRSl .ol d

inertiaf ownstreamp

spaced apadifinsP¥heteedaEnddiush ! &aﬁé E}%

position \é/glerse scaled ?‘%er%(%i ?gltrf%%’ ?slg 8§Sb@@t efhﬁe%ﬁ%égﬁﬁgoﬁ ‘%‘rvgpes of a
layer forppst dxesivaen imphd régashes! | der and a recordl ng nmedium are Kl and Kt
respectively; and the anmount of flying in a vertical direction fromsaid

recor d ng nediuifhen! the dushenslond ohparesisait 1P Ravifig $ivot 39 ardEidén@tandrormed
by the surface to be opposed to said recording rredl um of said head slider

agai nst shivihg ewnguelishapedmedtion 12, aﬂdiblllse fthy iie@d sapporsing dehizadi(slid dermdds Op,
then the relationship ((L1 + L2) tanOp / Xh) < ((KtL2 / ‘K1L1) -- 1)
including the head shider 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 stider
10 220, a positive force that acts to raise the head slider 220 from the disk 2 by air flow
because the air bearing surface of head slider 220 is so designed, and a negative force that
acts to move the head slider closer to the disk 2. With these forces balanced against each
other, the head slider 220 stably rises and, keeping a constant amount of flying, it drives the
rotating means 8 for finding the desired track position, and thereby, it is possible to perform
15  recording and reproducing by transducer (nbt shown).
By using head supporting device 10 and disk drive 19, on which head slider 220 of the
present invention having such configuration, it is possible to obtain a head supporting device
\> : and a disk drive having excellent impact resistance.
The present invention is not limited to the magnetic disk drive shown as an example,
20 .-and it is, needless to say, applicable to a disk drive using a flying-type head slider such as an
te optical magnetic disk drive and optical disk drive.
Also, the present invention is not limited to a disk drive using a disk type medium, and
it is, needless to say, applicable to a recording and reproducing apparatus using any other

type of medium.

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



is satisfied. 2. The head slider of claim1, wherein the relation of
((KtL2 / KiL 1) -- 1) <((L 1, +L2) / Lt) is satisfied wiébetdmbed2@Eance
in a direction parallel to said recording nedium between said downstream
position and a downstream end portion of the surface to be opposed to said
recordi ng nedi um of said head slider is3lt. 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 inflowend froma
position where said inertia force is applied to a head slider, and at a

P S isa (head slider, and at .
oot o oIBR8 SRR iRy Bk 3858, bF Pl Pu iR b e
menbrane el tubdy Kol iSeh YIRS PGEIREANGRRLA head sl ider and a

recordi ng nmedi um are n espectively, n the relationship of 2.5
< (KtL2 / K LBg)thJ? éolaﬁﬁ&aﬁblﬁ ﬁ'ﬁén%mi%%\%% E}ﬂﬁs&f‘%g;gréﬂo‘%qéﬁal“m hRE g}qhe?d
slider of any one of the preéeceding clalnmns, ereint nenbr ane J}gl Ities

are real i 5&frdd MeRiic KAl Hder m@m%fé%%@héoafsw% g@ésfﬁleh@aﬁe%ﬂt ¥R nafad
said recording nmediumsurface. 5° The head slider of any one of clains 1

to 3, Swhesiiien fiofiecdlkdiby i the Gliski durRge of o pr&vahi BRIy framl bidig 8ahdged Hyayer
formed between said head slider and said recording nmedium 5 surface. "10 15
20 6. A hiessdnmpithecollidiag andrgy. Jthds,iinist puasibleibaitovide ardglily seliible head slider,
generated, at an wupstream position spaced apart by distance L1 in the

di r ect i onhaafl supporting dewicee mat disloduive.
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position where said inertia force is applied to a head slider, and at a
downstream position spaced apart by distance L2 in the dils@®etdniber zf0odai r
outflow end froma position where said _inertia force is applied, the
amounts of displacenent in a direction ¥ertical to recording nediumare X
and Xt respectively; and the amount of flying in a vertical direction from
said recording nediumat said downstream position is Xh, and the angle
formed by the surface to be opposed t A recordi ng medi um of said head
slider against said recording nediumgﬁégﬁg%le flying of said head slider-
is Op, then the relationship of ((L I + L2) tan@ / Xh) < ((X1L2 / XtL 1)

--1) is satisfiied, 7..The.head sljder of. claima®, erein the rel ation of

((X1L2 | xtL 1 & E?adéllgi‘%‘”LChffa«@geElﬁ?d 0 hat when gn fhegiia BB Bl T 8 ance +n

a directi Qﬁstfb&ﬁﬁ;bdsﬁionts@a&aia%aﬁ%s:@ﬁﬁéd%ﬁ quﬁim%%ﬁw@%aﬁﬁiﬂ&w@lﬂ'm{a%eam _
to said

position and a downstream end portion of the surface to be oppose

r ecor di ngPREHPL hete ssigh iderte derce IS apphied t 4 headgslidey, mbat aglovdetreane pesition er i sed
in that, ' ' e.l s.generat ed t an,.upstream positiaq
spaced. apaeos et 87 Bisllod 52 fi AR RRLE el o Ry boRERRe R o5
posi ti®n uletiefosed id applesd] iha rhahtignd SgidRRkiold 140r BorheadBeldeA 84id hasflsifer @
domstreag%é)om tign spaced %ﬁart by distance L2 in the direction of air
out f 1 ow efd # Fsprdingmedivpoare ¥ apd Ks apspeatrebs @adber 2004 34 inertia force is
applied, the a i-Spk i Lrecti vertical. to. recording
nedi um are Xl g}r%g gét ?Iéfs%gélgg ?@%?éi;%@%lﬁig%cﬁ%lgh?e S%{d?%%%ﬁ}rﬁ ng‘? Lyt s4d s | o)

Xt L1) < ldownstiesmsassitivhiiedh, £hd the hegld fatieddy the s@fadt Rgbd Gppayd PNRidf the

?Dﬁc edi ngre%l)racfinngsme fam oe{j sgi(}hleagi %liée@ %gaigstssglrzleregérﬁ%n%r}ﬁgdiﬁg ulf gt'abltle%yingz of
said head slider is Op, then the relationship
10 ((L1 +L2) tanfp / Xh) < (KLL2 / KIL1) — 1)
s satisfied.
2. The head slider of claim 1, wherein the relation of
((KtL2 /KILD) - 1) < (L1 + L2) / LY)
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.
_k) _ 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
70 .-Dosition 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




15 20 25 10. A head slider according to any one of the preceding clains,
wherein L 1 and L2 are distances parallel to the surface 16fDesanidr 2@dor di ng
medium 11. A head slider according to any one of the preceding clains, in
combination wth a disk nmedium being $3id recording nedium wherein said
relationship is satisfied at the innernost periphery of said disk nedium
12. A head supporting device, conprising the head slider of any one of the

precedi ng cl ai g, Tikad sBH3RE %&ef;tgé bgzﬁécgﬂg §191n1tl¥%he it BRGhLhE

activating force Is given to sal |rect|on ®said
recor di ng rigiditiesrareirealizepby a air aprihgelapénformgblsitiveansait hetldistiler disdidpi vot
touches said head slider (is the rotational centre of said head slider. 13.
The head §E‘E%@1“g TR §WEFCof claim 12, wherein the centre of gravity
position of said head slider and said pivot position coincide with each
ot her when projected on the surface of said recording nmedium 14. A disk
drive, corrpri si%@hdima&elﬁtrsﬁmgomd ofglaieeilde 3ptvhedei tire hitnehradsyigidings aw
recordi ng Vi ng ne r rota na| dr|V|n said dis

medi um ﬁﬁf@@@u H%gﬁa?fﬁ fﬁ& s Bedtier andhpicareordinednedam
means. 515 sf@g@nber 2004 35 Head. Slider and Head Supporting Device and D sk
Drive ABSTRACT OF THE DI SCLOSURE The head slider of the present invention
i.s characterized in that, when an inertia force is generated, at an

upetcam pos o RRRE AR oBteTin B TSR EMLRE R SR e 1
appl i ed t apithantg@ttion spaced apart by distance L1 in the direction of air inflow end from a
Y ) 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

15
(L1 +L2) tan6p / Xh) < ((XIL2 / XD 1)
is satisfied.
) 7. The head slider of claim 6, wherein the relation of

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

recording medium of said head slider is Lt

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

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




5 slider, and at a downstream position spaced apart by sane distance in the
direction of air outflow end froma position where the inemecanfeor@d i s
applied, the nenbrane rigidities of air,,spring |layer formed between the
head slider and a recording nediumare A and Kt respectively; and the

di stance between the upstream position and the downstream position in a
direction parallel to the surface of the-recording nediumis L, and the
anount of ifidriia fagcd i3 applicd, ver dnhauamks 6ff diqﬂideﬁﬁnf ﬂh(hfﬂlfelaﬁoﬂ ﬁﬁﬁﬁﬂlt@%cﬁﬁﬁ'ﬁgm at

t he downstream posjtfion is Xh, and the g formed by the surface to be
opposed t &&dfm dr?é“i‘?’éi?ﬁcﬁﬁ@lbfth%ﬂleﬁ onshipgelr  agai Rst tlhe I’ECOI’SI ng
medi um i n st abl ad slider is OQp, then-the relation o
(LtanCp / Xh) 26529(11?942%“5@“%3 satisfied. By such configuration of a
head sli dégsatishi@h inertia force caused by external 15 inpact or the like
is applied to the head slider, air |layer fornmed between the air bearing
surface of the head slider and the recording nmediumsurface acts as an air

ead 9 i der has ot eear i et lbg T ol ColsbEp Ry e e e b e "

excel | &nt sampditancead K2.ance. 20 Figure 1. 25 °

10. A head slider according to any one of the preceding claims, wherein L1 and .2
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 witha 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
15 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.

\ﬁ) 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.





