27 July 2006 1 HEAD SLI DER AND DISK DRI VE APPARATUS FI ELD OF THE

I NVENTI.ON-The present invention relates to a head slider @ﬁﬁjﬁ%ugﬁunted
t hereon a head for recordi ng and/ or reprodu0|ng data on a '7 aped -
recordi ng nmedium such as a magnetic disk or a nmagneto-optic disk, and
also relates to a disk drive apparatus using such a head slider.
'BACKGROUND OF THE | NVENTI ON Recently, there have been made great

t echnol-ogi cal advances in disk recording/ reproducing apparatus

(hereinafter refer E@ADOSBEDERIAND BIEKeBRIVECAPPARANTEI®Y and/or
reproduci ng data on a di sk-shaped Tecordi ng nedi um such as a hard di sk or

an optical disk (herei nafter referred to as "disks") and their use is

~expandi ng _not onl conventional conputers but also in many ot her
fields. 1%@11']8 %Féﬁh EINVENTINdenands for such disk drives to have high

di d t diti littl
bover . have DBbEREEk ipReftn,bdRen ot r?%a‘éﬁm e R
equi pretherbfs alhehd Poxp%é-ﬁﬁﬁh! and Q¥ $ERRIEG 19% h)étéhﬁw ggd?sw“ sk
drive. In FIG 14, a disk 2 is upportedo spi ndle SO as to be

_rotativedlyapked vemﬂa:&ng rdedinmg soehnas 3 m@rdﬂtjc\/dm diﬁEart&a%neﬂo itied| €
not or for exarrpl e is used. A head slider 4 having a head ot shown) for

perf or mdi@ a st Glap rehpissute aopbskt done (apparatisr uging sudng &eadecor di ng

and/ or ] I Epr roduci ng operation) is supported on a suspension 5 and the-
suspensi ‘i's fixed to an actuator. arm6. Actuator arm6 is attached to
actuator shaft 7 for rotation. - ‘

‘BACKGROUND OF THE INVENTION
Recently, there have been made great technological advances.in
-disi«_: recording/ repr_od_licing' apparatus {hereinafter referred to as
“disk drivés’f) for recording ‘and/or reproducing data on a 'disk—s.h_aped
recording medium s‘uc‘hra's a hard disk or an optical disk (hereinafter
‘referred to as “disks”) -and their use is expanding not only in
conventlonal computers. but also in many other fields. There are
increasing demands “for such disk drives to have high recordmg
density and, in addition, to be small in size, consume little power,
'.have good shock re’siétaﬁc_:e; -,‘-and be mountable onto portable
equipment. | | '
- FIG. 14 is'a pérspeétiVG view schernatically showing a disk drive
In FIG. 14, a disk 2 is supported on a main spindle 1 so as to be
rotatively driven-by a dr1v1ng means 3. As driving means 3, a spindle
motor for example"ls _used. ‘A head slider 4 having a head (not shown)
~ for performing a record/reproduce operation ‘(i'.e., for performing a
L recordirlg_ and/or a reproducing operation) is supported on a
__suspensibn ‘5 and the ;suspénsiqn 5 is fixed to an écmator arm 6.
: ',Actuato‘r._arm 6 is _aftached -fto'aétuator shaft 7 fqr_rotation. |

A positioning means. 8, 'fo_:-- example a voice coil motor, allows




“A positioning neans 8, for exanple a voice coil nmotor, allows 27 July 2006
2 actuator arm6 to swing so that head slider 4 is shifteg,}tol%‘g _
predeterm ned track position of disk 2. A housing 9 serve tJ3y 86 t he
above described nmenbers in predeterm ped rel ative positions and, by being
covered with a lid (not shown) serves al so to protect the above- nentioned
conponents and ot her conponents within the housing. Wiile a record/
- reproduce operation is perforned in the disk - drive having the described
struct urgetuklisr f oy tgi,(,ﬁl%f an i ed A ot hg: d.sl ,der 4 and
a ‘bal ance anong %r#és\g tn‘%r ee-forcsgfscﬁgaltl c%ﬁ%ggiegl i%jgirs z%%tlfc%ggl ;;éwhi |l e
mai nt ai rpregleterdeiicghtchickl posigidiebfldisk 2The Housshg of sthes ar kespithet he | oad
exerted by suspension 5 such that head slider 4 is urged in tIr)1e di rection
of the dilwe dpecribedinembers b predewsminedgralatve spdditansfandsbyus 1 ui d

ot e or SbEn YRR A% el Tbe oo Snrel el o BiechtBe SoSvehe t i r o
(15 @ f OhBenBbRElAldnipoh it LhathtHeBotn bbauhf wiﬁﬁﬁgﬂae%é#éiﬁgs“c“ as air

acconpanyi ng t he atiron o e dis 1S 1S negati V& pressure

(TTYIng ot a Cpredererm ned {1y na herght by virkua oF the bl ance arorg the

three fditesiayosi thomesgrineshsteuciirgy i thenfallowing theeel forcaterard is

e o Y R R Aok RS bR B Ban el eprofce operat on
e s Wi 250 1o Sy Khy PSR b Y Bl o Lo

- gfm Inlot g??(gﬁétlaf ther 08¢ i§ MHRUIGUS exbPledP by RhSpertiiohssavén Ftﬁ%@ms as
I head slider 4 is urged in the direction of the disk. The second is a

force resulting from a flow of viscous fluid such as air accompahying

the rotation of the disk and this is a positive pressure acting to urge

_the head slider 4 to fly above disk 2. Th'e‘ third is a force similarly

‘resulting from a flow of | viscous fluid such as air accompanying the

rotation of the disk but this is a negative pressure acting to urge the

‘head slider 4 toward the disk 2. While head slider 4 is flying at a

‘predetermined flying height by virtue of the balance among the three

forces, positioning means 8 is driven so that head slider 4 is shifted to
.a predetermined track- po‘siti_o'n -and a record/reproduce operation is

performed by the head (not shovm‘)‘.

~With the increase in the recordilig capacity per unit area of

S disks, disk drives of smaller size and smaller thickness have come to
be realized and mounted on portable equipment such as notebook-size

.. personal computers. For example, disks have become as small as 3.5
in., 2.5 1n., of as small as .1_.3 in., in diameter. As the disk diameter is
decreased, the number of _reVOIutio_ns_ of the disk 2 is accordingly
_increased. Thus, the rotation speeds of these smaller diameter disks

-are increased to 4_500 rpm, 5400 rpm, and '._'(’200 rpm, reSpec.tiver. :




in., 2:5in., or as small as 1.3 in., in dianmeter. As the disk dianmeter is
. decreased, the nunber .of revolutions of the disk 2 is accgz?inglﬁ

increased. Thus, the rotation speeds of there snaller dia @? 8 @ks are
i ncreased to 4500 rpm 5400 rpm and %200 rpm respectively. 27 July 2006
.3 Thus, when the diameter of disk 2.i5 decreased, it has conventionally
been required to increase the nunber of revolutions of disk 2 in order to
- maintain-the relative speed between di sk 2 and head slider 4 at required
 level s. IThus,dehehothreedidmeter of disk Ol Heeralised, dt i a@ﬂvéﬂim%i t

mount ed on portabl e equi pment represented by nobile tel ephones, there also
ari ses .a BEERyraqited Antingreasce thonumbecofigevobitpove of diskSuiptordar Mor e

© specifical

l%ﬂ .t{%ﬁugﬂ_‘sna | er di aneter di sks ,a,{(e requjred in.order for disk
drives t ¢° BRI et o Y asPec B PRt disk2jand headh didarodi Atr ease
the nunbeg Qfrelqupdidt i ons because doing so incurs an increase in power
consurrpt_io(r:li. Al'so, 1t is required to nmaintain a stable flying hei ght of

 the disk evenlhfoider rel aealse soaadl dahneendidie digad sid dey e the di sk

becones | ow when such a smallgr sized disk is used. It is further
r equi r ed menrtediean pxteblealequiporsnti sepvesehéet] oby t imbileadelephdeies, t hat
wear - and tearéﬁxr darrage to the head slider or the disk due to collision or

contact Ghoron 2150 AFISES dfer Veryi PRPORER; giroblemyr of errditring the eawier of a
head | heanatle Mol Xondiabaie, 1G04k ASEEIET i "t L ve
hidor, (here e Te ot g poves I SRR ol pREGH SRLISESARTCC o
't he headitsisi algrobnstiot mdrbaseithé number of revolutions because doing so
B  incurs an increase in power consumption. Also, it is required to

maintain a stable flying height of the disk even if the relative speed

‘between the ‘head slider and the disk becomes low when such a

smaller sized disk is used. It is further reqﬁire.d, even when external

“shock is exerted on the head slider, that wear and tear or damage to

the head slider or the disk due to collision or contact of the head slider

with the disk be prevented.
A structure of a head slider capable of flying above the disk
surface even if the relative Speed between the head slider and the disk

is low is disclosed in Japanese Patent Unexamined Publication No.

2001-229518. In the disclosed head Slidei'," there are formed grooves of

different depths in the surface of the head slider opposite the disk,

whereby stepped portions having at least two steps are formed, and the |
depth of the shallowest groove of thé grooves forming such stepped
portions is set to 250 nm or below. It is stated therein that a stable

{lying height can be maintained by the use of this head slider even if
- the relative speed between the head slider and the disk is low.

. Although it is stated in the disclosure cited that the head slider

is kept at; a stable_ﬂying state so as not to cause ai collision with the




' Wner.eby st epped portiohs havi ng at | east two steps are fornmed, and the

depth of the shallowest groove of the grooves form ng'suc? jtle%%(gg
portions is set to 250 nmor below. It is stated therein RARLY, abl e
flying height can be naintained by the use of this head slider even if the
relative speed between the head siidér and the disk is low. Although it is
stated in the disclosure cited that the head slider 1is kept at a stable

"-'.-_f,lyi ng state so as not to cause a collision with the 27 July 2006 4 disk

when t hegiLelait, L b 1S nQt t sl der,
B i o R P N e R R e e e

- on the hehdeshlyiles Witht e 1dws kelthere tdipeddgatt Predentdd fronbj@tisidgto a
. shock force. SUMWARY OF THE I NVENTION'It is an object of the exanple
‘enbodi nelamage oife theedwad  slideenor othe odiskovwhien atheddead i sléderstisuct ur e,
preferably which is apgbtle of maintaining a stable flying height above a
di sk surfayec W‘F‘fS%H? Ofef-ati ve speed between the head slider and the
disk is lowered and -hardly avoiding significant damage to the head slider
or the disk even if the head slider is subjected to an external shock, and

al so t o gUMMIARY OFITHE INVERTION'G such a head slider. According to a
first aspect of the present invention, there is provided a head slider for

use -opposi t e It Tsotaat abhjecti ok the exdinygidedemisodiappatsatofisthe oprasesitng a
disk-faging surface for facing the rotatable disk, and a head di sposed on
- said di RVEREPRJOBAILR adasadd stider gtrIctiRe Praferadiy avidichidsrenpatdef or mi ng -
i sic 1 aot iRau T aREe RohBE yipe R BRICHhER o i Shfastctrd ib 8% cposed
-per pendirgiitite kpeéd between the head slider and the disk is lowered and
- “hardly avoeiding significant damage to the head slider or the disk even
-if the-head slider is subjected to an external shock, and also to provide
a disk drive using such a head slider. N
“According to a first aspect -of the pré'sgnt invention, there is
~.provided a'head slider for use opposite a rotatable disk in a disk drive
apparatus, comprising a disk-facing surface for facing the rotatable
'disk; and a head disposed on said disk-facing surface so as to face
“the rotatable disk for performing at least one of recording and
reproduction, characterized in that, said disk-facing surface has: an
upstream edge portion adapted to be disposed perpendicular to a
rotation direction of the rotatable disk and so-as- to-be a leading edge
- portion of said disk-facing surface with respect to the rotation
direction of the ‘fota'table disk; a first positive-pressure generating
‘section constituting a cross rail dispesed a:predetermined distance
from said ‘upstream edge portion and generally parallel to said
~upstreain .e'dge portion, and side rails connected with the cross rail at
- both of its ends and éxtended toward dOWns.treé-m edge portion; an
' -upstrear'n'—_‘"si-de: intermediate-level - éuf-fa‘c_:ef }_extending from said

| ‘upstream -_edge : po-r.t_io_n to sald ‘cross. rail, Sa_ld upstream-side




- rotation direction of the rotatable disk and so as to be a | eading edge

- portion of said disk-facing surface with respect to the rg-?Hig@ di rection
of the rotatable disk; a first positive-pressure generati g uly 09% on
constituting a cross rail disposed a predeterm ned di stance fromsaid
upstream edge portion and generally ﬂ&rallel'to_said upstreamedge = . . |
portion, and si-de rails connected with the cross rail at both of its ends:

~~ and extended toward downstream edge portion; an upstreamside’

i'nt er medj - _ ! j 4P 2 am, - riion to
sai d croggkfﬁkﬁgggzﬁﬁ&%3%??%3%3@??%9nggﬂ%ﬁ%égﬁﬁa ﬁgﬂ?%%ggggng?g%leve
surface hfdnbapai@ll Beight kalér @halk- 4kl BgossIrhicseucianthdiayi s@ppekdei ght
| ower than said cross rail such that a stepped portion is formed between
sai d cropertian| issformaddbapweerasaisl deoss ntadl ol ssaidl wpsitreamtside; a
second positive:géﬁfsu e geperating section disposed to elevate fromthe
- level of | \'f‘é’&é;e-*"'gB Geon? AASCOBG HOULWERTISSHECWEERETBERECt to the
lateral gi [Welal I,V g el afi [.O . -
Sar r ounde Gy FEPp AR to IR/ Rl I8 EEL AR Xan AR LR 1.
.second pRBbve Vehe PEaRRH Bn@CRERAT rBSpSECito0RheOMelerhlit ditdcBotieeAnkeCess;
wherein said stepped portion has a step depth in a range of 5 nmto 100
nm. 27 Joegatdodocforbe Pgeheratihy Stetibeathrgely esumaprsted doyreths ufisttant i al 1y

. in a rectangul ar parallel epi ped shape. By virtue of such a structure, the

‘head sl i BRFIUYRYPIRSSABFe §RNCTAHNE aiSFCHon yRRE hEighisespng spSHEN al | y
= fg} ;ts{ 3@@%&%‘6@4@‘@2&%@%@%%ﬁjéé%(u{i?ﬁg A G2 eBlr QNG R n Al gt e

stepped portion has-a step depth in a range of 5 nm to 100 nm.




slider and the disk is |owered. Also, such an advant ageous effect nay be
- obtained that variations of the flying height may be supprgjng¥ﬁg :
the head slider is subjected to changes in the relative s& changes
in.the atnospheric pressure. Further,-the head slider may be provided with
good shock resistance such that the head slider and the disk are hardly
“danmaged even when the head slider is subjected to an ~external shock force.
Accordingly, a disk drive may be provided which is small, thin, and
consunes |ittle power and may thus be nountable on portable equipnent.

‘According to ?a‘(fe ]Sd aspect of the present invention, there is
,provi ded a df§%¢€ lyetQSpHFafiﬁ idsnpmiesi bg: f@rmﬁdvsubsm&laﬂysm arr anged

for rota jskiiqn a disk rotation direction; a  head slider;
an act ua%%r a%r"rllr sugpor eqﬁélpeg E'h%%d slider; and a p03|t|oni ng mechani sm

coupl ed Wi B3l irBGé Ut ! sy PRE T, AMEMcaOoRABL hY B8 fhypciyat or arm

So as to position said head slider at pre etermne %on of a

r ot at abl mains«in BRIERgIESERE aflﬁu%%ﬂﬁ&%%tBh? 1ePMeRidrO G Hen further
descrlbea?by way of non-limtative exanple, with reference to the
* acconpan¥gistk Eliakes at ianlown Sl?hed el ﬂlﬂrelatwemmed/bewmmha thead

The' nvereh HhRik flsdid il 56, B dnSlitanimeronmaiion PRy nead
p T T
embodi neifitthe head slider is subjected to changes in the relative speed or

changes in the atmospheric pressure. Further, the head slider may be
provided with good shock resistance such that the head slider and the
disk are hardly '_d-émaged even when the head slider is subjected to an
-external shock force. Accordingly, a disk drive may be provided which is
small, ‘thin, and consumes little _,p'ower,and--r'nay thus be mountable on
-portable equipment.

According to -a second aspect of the.present invention, there is
provided a disk drive apparatus comprising: a driving mechanism
arranged for rotating a:rotatable disk in a disk rotation direction; a

~ head slider; an actuator arm supporting said head slider; and a
"'positioning ‘mechanism coupled with said actuator arm.and arranged
to position said actuator arm so as to position Sald head slider at a

_.predetermmed track position of a rotatable disk.

BRIEF DESCRIPTION OF THE DRAWINGS
| The -invention is further described “by way of non-limitative
example, with reference to the accompanying drawings, in which:-

FIG. 1A is a plan view showing a disk-facing surface of a head

' sli_der;ac_(:erdili_g-t_() a first embodiment of the invention.




FIG 3 is. a graph showing a relationship between flying height of the.
head slider and distance froma center of a disk when the d (%]i der ~of
“the first enbodinent is used. 27 July 2006 6 FIG 4 is azgi'gﬁﬁoé owing a -

rel ati onship between variation of flLying height and step depth at the

. stepped portion of the head slider oPa the first enbodinent. FIG 5 is a

graph showi ng a relationship between a ratio of flying height when the

atnospheric pressure i s |owered 20% and-step depth at the stepped portion. =
of the head siigler1gfid e {ddiinAmhady MBI indiRad difadr Uraphe ShRY N0 &

rel ati onshi p between shock resistance and step depth at the stepped _

portion @hbbHankaad sli-der of the first enbodinent. FIG 7A is a plan view

showi ng a nodi ficatjon of the head slider of the first enbodinent. FIG 7B -

is a plan vi ¥ &hdwvisng pesestivapdewi schematisallyhshowing astidedrdfe t he

first enbodinent. 'FIG. 8Ais a plan view show di sk-f aci f f
2 head SpPEIREReR alidsr of the Bel eERbABREnt of the | nvention. FIG OB
is a sectiongyyi ARk hiffltof ' G 91
2 plan vi ew onshi Sao & kel MERRE SFCllor i B0 En AIRTERHof (° O 1

enbodi megie hEb& slidér bhida digtadize Virbi Shewhbér e disk-whehNthes Wichdce of a.
head sl ider according to a third enbodi nent of the invention. FIG 1013 is -
a sect.i cldenafghedirstiranhediment densed. the third enbodi ment.




CFIG 11 s .a gkaph showi ng a rel ati onshi‘p between flying height of the

head slider and distance froma center of a disk when the h?@d 6%; der of
the third enbodinent is used. FIG 12 is a graph show ng 27 ey 3P nship
bet ween variation of the flying hei gBt and step depth at the stepped
. portion of the head slider of the thrrd enbodi ment. 27 July 2006 7 FIG
13 is a graph showing a relationship between shock resistance and step
“depth at the stepped portion of the head slider of the third enbodi nent.
FIG 14 is a [RGspecisi aegra;ﬂwmm%(acaélhmoﬁlgﬁg MeetdechOPSALOANRE di sk
~drive. DETAILED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS (First Exenplary
Enbodi nedlyjngheighinand stepldapthi atwthdf steppat pstickerof 2bedicead Elidst of |
errbodi'mergé fof thel_i)(gcﬁesent i nvention showi ng its disk-facing surface, and
FIG |B {teiustg MeRf ew taken along the line X-X of FIG |A Head

l'i der 20 i i kal | . | | | el epi.ped.sh ,
hi ch has | an ugkt pesmrelbe Rorty e ATELPRRHLT (&R, BBURCRAS T oo

 edge poflyig Keight vehdre Ahwaiteh S sieridiprR s8R0 B lowerdd 18059 Lald irection
of a di SE".I ?n tﬁe pr esent enbodi%e%ﬁl, I{hg di sk-f%ci ng surfaced :égeﬁ]

- . confi gur dapth atdhe steppedipartiont ofihephead wiiedleg@fehatfireg eatsddioteR6, a

second positiye-pressure generating section 31, a negative pressure
generati ng se-ﬁq}onf’ZS‘? &n Fedhy cshoving mnusiafionship- |hstaeesurshek 32, a

Sounst ot OO JRA 0ol XS PR, BiroR bR TR,
w || be gesearibeghbidigknin nore detail. At a : '
| | ‘FIG. 7A-is a plan view showing a modification of the head slider -
of the first embodiment.
FIG. 7B is a-plan view showing another modification of the head
slider of the first embodiment.
‘FIG. 8A is a '-_p.lan. view éhowing a dis‘kefacing surface of a head
slider according to.a second embodiment of the invention.
‘FIG. -8B 'is 'a sectional view of the head slider of the second
-embodiment. |
FIG. 9 is a plan view showing a modification of the head slider
of the second embodiment.
FIG. 10A is a-plan view showing the disk-facing surface of a
"+ ‘head slider according to a third embodiment of the invention.
 FIG. 10B is a sectional view of the head slider of the third
‘embodiment. | _ | |
FIG. 11 is a graph showing a relationship between flying height of\
" the head slider and distance from a center of‘ a disk when the head
.slider of the third embodiment is used.
.. FIG. 12 is a graph showing a relationship between variation of
" the flying height and step depth at the stepped portion of the head

slider of the third embodiment.




position a predeterm ned distance apart from upstream edge portion 36, a
cross rail 261 is arranged perpendicular to the rotating _direction of the
~disk. Connected with cross rail 261 at both of its ends #ddu§x4%Aded

- toward downstream edge portion 37, there are disposed side rails 262 and
- 263, -which, together with cross rall'§61 constitute first
positive-pressure generating section 26. Along the <center line with
respect to the lateral direction, there is disposed second

posi tive-presgyse gengsali ﬁl?%h@ﬁnﬁ% ﬁ""g-'efethdr?slﬁ eviGren’ shcx 2006 8

fromthe level of downstredm’edge port Extented a predeterm ned

~di st ancerdsivimrteupsd rstapm detotd porthicostePpetir portidre of fthie- hesd sidge of second
posi tive-pressure generating section 31, there is disposed downstreamside

i nt er nedibg thirdvanbpdie¢nh 33. Further, extended in the direction of
upstream edge rtiign 36 froma st ortioon 3 on, the forvvard
end side of clﬁ‘g(g i 13526%, PW@P&C?&B diig os%@“?f‘ﬁ'@grcéﬁﬁ STREWin

_ 'ntermdé&tx@eﬂt?(y&h&lgkfcﬁ%'e 32. The area surrounded by first
positive-pressure generating section 26 and second positive-pressure
generating section 31, plus downstreamside internediate-|level portion 33,
'~ constitutes ne atlve ressure generating section 28 which is recessed npst
deepl y fPERAIREDY Hﬂﬂé)iﬁ OMWHHE EXENRIARY EMBEHPIMENES on of the

~di sk-facing surface, a step depth H at the stepped portion 38 between
-upstreamside I nt er medi ate IeveI surface 32 and cross rail 261 is set to -

‘be vm'thl ﬁkﬁ,keé 8 run, which is a characteristic of the
. present |nven 10 a |ve pressure generating section 28 is constituted

- gl; ;:?i gﬁep r elcR;.s.lAam@waﬁ uﬁeﬁ%ldadaetaa kligef g@éf hi figstRsiabodimegner ati ng
. of the present invention showing its disk-facing surface, and FIG. 1B is
| a sectional view taken along-the line X-X of f!‘IG. 1A. Head slider 20 is
_formed in a substantially rectangular ,,.parallelepiped shape, which has
-an upstream edge portion 36 oﬁ a forward side and a downstream edge
..-=-port-ion 37 on a rearward side, with respect to the rotating direction of
a disk. ‘In the present embodiment, the disk-facing surface is
~ configured to have a first ‘positive-pressure generating section 26, a
" second -positive-pressure generating section 31, a negative pressure
* . generating section 28, an upstream-side interfhediate—level surface 32,
~ a downstream-side intermediate-level portion 33, and a head 22
B _dispos'_ed on the second -positive-pressure generating section 31.
| The configuration - will ‘be: described below in more detaﬂ At a |
- r.-pos1t10n a predetermined distance apart from upstream edge portton
+ .36, a cross rail 261 ‘is arranged perpendicular to the rotating
.direction of the disk. Connected with cross rail 261 at both of its
a _ends and extended toward downstream edge portion 37, there are
' '_djqused sidel rails 262 and 263, which, together with cross rail 261,
‘constitute first positive-pressure. generatin'g ‘section 26. Along ‘the
"'_(-:ezl'iter;'line with respect to the lateral _diljection, there is dispoéed' :

= 'fs_econd':':pesitive—pressure .generating- section. 31, '-w_hich is elev_a;ted'




' - flowing into the deep recess fromthe side of cross rail 261 abr@gtly

26 and downstream si de int er nedi at e- | evel .'porf ion 33. A viscous fluid

expands so as to generate a negative pressure at the negalf V&YgP&&sure
generating section 28. This negative pgessure acts to urge head slider 20
toward the disk. Wien a head slider of a general, conventional

- configuration is steadily lifted above the disk surface, the head slider

~maintains its flying attitude at a pitch angle of 0.1 nrad or so. Wen
such a hedtP™Ms| theer 6%l 0] edewastreamstasige f pordonn 3he Bixtesdédn 0f t he
di sk and t [ | S, thereby caused to, cone close to the disk
surface, Epﬁgﬁle taenp??sicﬁg{/aélcﬁr é@é’ﬁf YBREFarE $dgeo PRatiPRe Sap i atheedge
portion i $oRvartlleMgdUItsedr@EPBERidL \ Liyespressure
generat ed_ar ound the  downat rgam edggk%%ﬁﬁ%gf@ﬂ?ﬁ%%g%%h%n%@ ﬁ%%reoccurs
that "t he h%&hSP@Nd;Idow:akh‘sammtihv&méﬁmeaegbieﬁ@@@lohhssf IptiffHeat titude
becones _unﬁt aqb}%cg. Hgvveciigr ,..in head slider 20 of the present invention a
posi tive predintin dhg digegtige ot spstieanp sdge sortiate 3tnfromeditepped evel
surface 33,0086 ider ccomes, ¢l gse to the disk surface.
Ther ef ore’,got heﬂo%%?g%%goébttﬁl\?eefog&é%rgu%‘aaﬁlﬁlﬁn BTRES sath<lyethsgetison 36
i's increadisposed: hapsaepasisidy e iRidraie AR -Sev |2t 8l ned an
- consequently, the slider is prevented from coﬁql {%rﬁ%&w tg%'tﬁeediag a
surface, Friradingded byt figst | posisive- presshares gebhatatingheestiosk @ 5841 S

absor bed and tﬁr% i n@act .mnimzed. Head sliders 20 having the described
shape can be pr SETERE BYCSTHICHRFRESFUNS: sectien pik pblits deshistreambsidear e

Compl 1 ot R L ehoPtiofl"Y o8, ¢ EBng Bl aae e TPIEEE on o

i on generating section 28 which is recessed most deeply from the disk
surface. With the described configuration of the disk-facing surface, a

step depth H at -the stepped portion 38 between upstream-side
intermediate-level surface 32 and cross rail 261 is set to be within a

range of 5 nm to ‘100 nm, which is a characteristic of the present

invention.

Negative :pressure -fgenerating section 28 is constituted of a deep

recess largely surrounded by first positive-pressure generating section

26 and downstream-side intermediate-level portion 33. A viscous fluid

flowing into __:the deep recess from the side of cross. rail 261 abruptly
_¢xpands S0 as o generate a negative pressure at the negative pressure
generating section 28. This negative pressure acts to 'urge head slider

20 toward the disk. | | |

_ -th_t-:n a head slider of a general, conventional configuration is

steadily lifted above the disk ‘surface, the head slider maintains its

flying attitude at a pitch angle of 0.1 mrad or so. When such a head

.slider is subjected to a shock force in the direction of the disk and the

' -_hga_d. slider 1s thereby caused to-come close to the disk surface, then |

“the pgsitive pressure generated around the upstream edge portion is -




irradi ati on may be used. In the present enbodi nent, a processing nethod
using-ion irradiation is enployed. First positive-pressure_generating
section 26 and second positive-pressure generating secti %W‘-glzg?% made
flush with each other and, also, up%reamsi de internedi ate-level surface
32 and downstream side internedi ate-l&evel portion 33 are made flush wth
each other. On the other hand, the step depth between first
- . positive-pressure generating section 26 and negative pressure generating

~ section génerdlywdblveas thahWeRB Rivee iskiive- BEASRIEE A80RMAtdHRY section
31 and negative pressure generating section 28, is set to 0.6 pin. Asto
t he ent i dewgisérsarnfedgragostivderH@ige, t tesdmetinhes oscdrs, thandthehheldess ar e
set to 1.235 , 1.00 mnmm and Q.3 mm respectjvely. - —--- -
°ot 10 e gk%@ negRfive Pitahg angle cand pdyes fyangvattiiugs beremes cal |y

showi ng a.,.di.sikq.dr i ead; skider ,20 of .£he present enbedi ment. A

di sk 400ﬁ|ngjt§“r§lgf aifll}g\%ﬁvﬁﬂrr}!gvglﬁ%%yl%l%ﬁi \%%né)?rrgéﬁspgefsseﬁ’%sélavmwm 31 sk 400.

As the ,gagmmgfemre 3s MhIROBEALRALE a3 PLPSLR aRIGHe | RitepriMRhfe- S used.

Head slider 20 having a record/reproduce head (not shown) 1s supported on

- a. susperkiveh s@irfrices BBwwheanthe head sslkleensimes icdodé ke dht diskrswathoat or arm

600. Actuator 600, in turn, is attached to an actuator axis 700 for

r ot at i onthereers, t thenprierate RASILHGOPTesOVE depuns} upsirgama edge portion

- microm njature voice cail or, al.l.ows gctuator arm 600 .t0o sw ng, so that
head 51 | 6r i dnfRatar 3o, BBt A puibiver pitfhantle B pn Rl bk 400 A

. housing merq[%féﬁ'. :0e .‘R’Rﬁ- C@RAN 1! rge.ped

relative positi on@s’a?}g@i g@(g apltgggk%o gdcover ega%/l\nﬁ%lhga“{?flgd&;& disk
o surface, or, even if it collides with the surface, the shock force is

absorbed and the impact minimized,

‘Head sliders 20 ‘having the described shape can be produced by
‘molding or .general-purpose -machining but are preferably produced
by wet ‘orr'dry etching. "Eﬁrmer, when -more- ‘precise and complicated
‘working is required, processing by laser beam .irradiation or ion
‘irradiation - may be used.

| In ‘the present embodiment, a processing method using ion
‘irrad-iation is employed. First .positive-pressure gene-rating. section 26
| and second  positive-pressure generating section 31 are made flush
-with each o'ther and, also, upstream-side ‘intermediate-level surfacé
32 and ‘downstream-side intermediaté—.let}ei ‘portion 33 are made flush
with each other. On the other hand, the step depth between first
- positive-pressure generating section 26 and negétive pressure
‘generating-. ,Section 28, as well as between second positive-pressure
generating section 31 and negative pressure generating section 28, is
set to 0.6 pm. As to the entire shape of head slider 20, the length,
width, and'_thiékness.are_set to 1.235 mm, 1.00 mm, and 0.3 mm,

respectively.




(not shown) -for protecting these and other conponents within the housing.
In the disk drive of the present invention, disk 400 is -formed integral
with the main spindl e and, hence, only the disk surface i 27 Jely@988d on the
front side of disk 400. Further, there is enployed the ranp |oad systemin
whi ch the head slider is retracted oo a ranp 500 . when the rotation of

" disk 400 is st opped. The di sk drive as described above is configured

- substantially the sane as the disk drive shown in FIG 14. However, the

di ameter of HiGk24Q0ali exfsgfeteﬂeé ViedUSEHe ARG sRbWInY @ SRaedidet ween
er

. disk 400 and head sli O is made snal |l er. re specifically, disk 400

has a diusstgerhedd agplaxidthtel yth20 preseandembedimghon Ardinvk3 400 i 9 nin
of its radi u.ss'iys t he recordabl e region. Further, the skew angle at a

radi al pBEPAHVEY driveunhy adrivies; Wspéfﬁﬂﬂ?ﬁéﬂabelﬁb‘f dighk Y0t He tha sk is
et AR St B ARG EL $i0EE HeBEl R nd et (P L,
o Ao SO B3R 5l Bl Mt ikoghr v
changed, sappofteyli o1y ahenghdrssion griodtshwn)ohnthéhis Isyispensien @b fixedntb
vari ations of 'shock resistance due to the change were obtained by
numer i ca0 AFAPFETsarms; 6@ Actuaior GRQnin sarnyi kalashed de anmetiatalms
rotated BuATLL AUESL ST IRICLALPTS 5o St et sbgte, e ol stive
T A e etn s o oSty Ve
- the centsy thit diesld 408cn20 idhehiftyd n® hepitetéfmanad tradlsigdsefionhen a head
- slider 20 having a step depth H at stepped .
. disk 400. A housing 900 retains the above mentioned components in
predetermined relative positions and is adapted to Be covered with a lid
(not showh-) “for protecting these and other components within the
‘housing. In the disk drivé of the present invéntion,,d-is'k 400 is :for-med
:dintegral with the main .spindle. and, ‘hence, only the disk surface is
exposed on the -front side of disk 400. Further, there is employed the
ramp load system in which the head slider is retracted onto a ramp 500
‘when ‘the rotation of disk 400 is stopped.
The disk drive as described above is conﬁguf_ed subStantiélly
-the same as rthe_disk drive shown in FIG. 14. However, the diameter
-of disk 400 is further reduced and the ‘-—r.élative speed betwéen disk
400. and head slider 20 is made smaller. More specifically, disk 400
" has a diameter of -approxi'mately 20 ' mm and its '_région from 3 mrn to
9 mm of its radius is the rééordable region. Further, the skew .ang-le
at a radial position of 3 mm at the inner peripheral portion of the
. disk is set to -3 degrees, the skew angle at a radial position of 9 mm at
the outer pcripheral-.;plortion,of ‘the disk is set to +15 degrees, and 'the. :
' number of revolutions of disk 400 1s set to 3000 rpm. ' ] .'
By using this d__i.ék._(_i‘r,i've,_ step depth H at s-tcp‘p'ed portion 38 ,6_f‘.'




portion 38 of .100 nm was used. As shown in FIG 3, it was found -that

- substantially constant flying~heights can be obtained rega&jl e52?) 8 the
radi al position of disk 400. Then, the flying height vary uli ] changes

in step depth H at stepped portion 38 of head sliders 20 was simlarly

. obt al ned by nunerical analysis. The Ilesults are shown in. FIG 4. In FIG
4, the 'horizontal axis represents step depth H at ‘stepped portion 38.

Assessnents were nade by ratlos FHmax/ FHave and FHmin/FHave, which ratios:

Aver hpe BEEidReoR6 S LiARRA) ARG NG RELIRS, yBtighiond BE e fFRKE S the
val ue anideighe, mirid mamatﬂin@ off shbekffeslél@md&etig&t $o the td‘lﬁ?{ﬂ?ﬁ“@ﬁeﬁer om t_he

i nner- peripheral portion of disk 400 at a radial position of 3 nmto the
out er pecvbtl@nﬂ@wélbypnummc@ltaraahram a‘Blnq@o@uam@% diangetamdisk ovas msedesul t s,

it is foun that FHhax/ FHave as step dept I ncreased
and FHmi #Eihvas ro(ll:gtﬁ?\yﬁ{eg’g@dssmaﬁ i"@]’u%%"‘%laé ?fgﬂ%?la—@ggv‘?’ncreased.
~I'n ot herg, W t t t r t| i.ghts
occur over ﬁi%mrr%n gé?rom ?ngﬁnn}gé&ge%%%{gr g? | on e g’%t er

. peri pherghproRinkit€ly Sion s wieRid hpprStiarne 4)1ten 138 'tﬁe'd}fé&ﬁa%d
‘Thi's is%%p\]ul 2006 1€égreatly affg%ted by %hg%z;ct r[tﬁ{afl the relative

speed beiﬁmnwemmd@ﬁ)skdmwdsead slider 20 is |low. .\Wen there are
variations in_the fl |ng hei ght, . recorded/reproduced signals by head

slider 20 fld&uafe s anglvticabcemsults «fr hacselgbiont bW@@c&H@s '
it vas gt S Yenut A AERNC et SO NS TRe NS ERRL A elofiher T
- was. fouynskitiBAt wheh ot HRadeRlel £6 hﬁé&fgeda (Re0dBAHP HD&E WephRHi OS
: -portion 38 of 100 nm was used. As shown in FIG. 3, it was found
. ‘that subetan-tially' consfa-nt qdlying ‘heights can be obtained regardless of
the radial-iposition of disk 460. |
Then, -the flying —heig'ht wvarying with changes in step depth H at
stepped portion 38 of head sliders 20 was similarly obtained by
~numerical ana‘lysis. “The results are shown in FIG. 4. In FIG. 4, the
‘horizontal axis represents step depth -H at stepped portion 38.
Assessments were .made by ratios FHmax/FHave and FHmin/FHave,
which ratios are indicated -in .apereentages along ‘the vertical axis,
.. ‘where. FHave is the average value of ﬂylng heights, while FHmax and
- FHmin are the maxunum value and the minimum value of the flying
heights, in the range from the inner peripheral portion of disk 400 at
a radial position of 3 mm to the outer peripheral portion at a radial
.position of 9 mm. 'From_'vthe"--results, it is found that FHmax/FHave
becomes larger as step depth H is increased and FHmin/FHave, -
conversely, becomes smaller as step depth H is increased. In other
: words it is found that greater. variations of flying hezghts occur over
- the range from the mner penpheral portion to the outer penpheral--
E -portlon as step depth H at stepped portlon 38 is mcreased ThlS 1s_




FHmax[ FHave and FHm n/ FHave were substantially constant even if step depth
" .-H was varied. Accordingly, it has been known that variatiggs %{ %he-flying

hei ght hardly occur even if there are present sone vari ati JHY 499 -wor ki ng
accuracy of step depth H, and hence -_lavorable -results such as an :
_i-nprovement of yields can be obt ai ned?2 Furt her, the effect of changes
in,the atnospheric pressure under which the disk drive is used was
‘obtained simlarly by nunerical analysis. The results are shown in FIG 5.

FIG 5 ' | s )ge%%} ' ' when t he
‘anbi ent Sé}%\téﬁn%rs%ﬁg??egilg eglgﬁrf%g{wgg%%gﬁg%eégﬁy 2 oééﬁngegkéég%gggg_ggi ght :
prior tandheeadadippher R0 e 1aI0BNTE]T ithepé eaisUariadtosedn thoMhe 5, it
is  found that ratios of the flying heights not |ess than 70% can be
obt ai necheight, seeqrdgehirnprpduced aligndl byt hoad 3dider 26t fluctua@ andor

dept.h is set o 60 mm or. below, it _is found that

bel ow. en.the st t
‘ratios _\c%\y][ag’ifér??%cfé@ﬁ’é' gres opratiany hergmeimposshies e et hence

_nore st e y: 2.0 ' can . per. f dgF 6 shows
the rel atl g%ésh?%&%[e‘{%@gggﬁgﬁ Sﬁ:{oﬁtﬁlltﬁ?lat iaé;t gggfez’é%ep%_r tz“lto(r)ltlp 5?1_ hEs%hock

resi st anggceshiy thRRPSEdp (detROEK Hee IO ifiCor HOIBRY.| Faktldla! dswaswas made
on the assunption that the equivalent mass of the head slider including

- the susdongidothas, $f sgepndeptls Hdcls ‘réduced ptod@ enimbyrabeldvangatias wave of

 an asscddAmAT NS YR dad Himie ABHiene Verd substanGally, censiRag iea B sk cones
. into comast it BEads! (Rled PALcoPRRIAGA IR BAS RS g thereto
variations of the flying height hardly occur even if there are present
some variationis in -working accuracy of step depth H, and hence
‘favorable results such as an improvement of yields can be obtained.
Furfher, the effect of changes -in the atmospheric --pressure
under which the disk drive is used was obtained similarly by
~numerical analysis. The results are shown in FIG. 5. FIG. 5 shows
‘the ratio, in perceritages, between the flying height when the ambient
_atmospher_ié pressure was changed by 20% and the flying height prior
to the change-in the atmospheric pressure. As seen from FIG. 5, it is
found that ratios of the flying heights not less than 70% can be
obtained when step depth H at s_tepped portion 38 is set to 100 nm or
below. 'W_hén' the step depth:is set to 60 nm or’belov&, it is'found that -
ratios of the flying heights not less than 80% can be secured and
: hence more stable record/ reprodﬁbe operation can then b__é
performed. _
FIG. 6 shows the relationship between step depth H at stepped
portion 38 and shock resistance. With respect to shock resistance,
.- - numerical analysis was made on tile assumption that the eqﬁiv_alen’t
) mass of the 'hé_ad slider .includ.ing the suspension is 8 mg and a"Shéclkf

.. force _p_xfoduced by a tnangular wave of 2 ms is applied to the -fhf:étd’




seen fromFIG 6, it is found that it is possible to increase the shock
resistance to 500 G or above if step depth His set to-10Q r}i n %r bel ow.
It is further found that it is possible to obtain a shock 27 PGP ance
val ue of 1400 G or above if step depth His set to be within a range of 10
m to 60 nin and therefore a highly L8liable disk drive when nounted on
"portabl e equi prent can be realized. Although it is not shown in the graph,

.t was made clear by experinents that the flying attitude becones very

unst abl elienaaleRhofeRabdtuagh: WO plde BECBUERS IndSAIER Ll T ol

then, for the “viscous Tlurdto ta rnto
th e di sime fwheng ther fdisle @bthdsheindbsleonther evthe, hédd - kEder NEgeBsSary to
provide, at least, a nonzero step depth H at stepped portion 38 and, in
order t@apphiediionsef the shogknipractthantéo as the sbgekr eesistapeovidde, a step
depth H of m above, IL.n view of the results of analyses as descri bed
above, St%B ?‘E?é‘ﬁtlﬁ{q'l gf 1t g folnd thad| Kvis B‘P?’Slgk"ef‘éﬂﬁﬁﬁiﬂs%ﬁl‘% f‘bel ow, is
required.dl r V@) At hngy hei ght . ar u essed and
stabl e &_gg%rt ?’%p% ucoe %lpééfégt Ion gssé rf%‘%#ehd%ﬁgeg& ﬁ@ ﬁ%@nﬁﬁ i%n of Iow
speeds Wdlbwd 1A isapgAhet fbuldi Bhab #0i® pHésidle RY (dMthin hNsPLRRT tO

I nprove the shock resistance, provision of step depth H within a range of
5 ni n t gestdanicn winepfel40aE wr abovd if stepadeptiot 1Dsenio teowbthinn, i s
~desirable. Fromthese results, step depth H at @ stepped portion 38 within a
- range of2 5angf qfgl@opmnie 64 nd’ésﬂl?‘gcfhﬁéef%?-%rl@ﬂhbfedehﬁt@ﬁ digkoflriytce is
- placed oA bhopilah ol b Ranen further shock
~within a rangguibudl) #13 HOt66héWh i he Phph24PGwaddmade clear by
.experiments that the flying attitude becomes very unstable when step
~depth H is set to 0 nim because .it ‘becomes difficult, then, for the
_ viscous fluid to be stably-introduced -into the space between the disk-
-facing surface and -the disk. Therefore, it-is.necessary to provide, at
least, a noenzero step depth ‘H -étt stepped portion 38 and, in ordér to
stabilise the flying attitude, it'is required-to provide -a step depth H of
:5,nm or gbove.
In view of ‘the results of analyses as described above, step
- depth H of 100 nm or below, or, .Lpreferablj, 60 nm or below, is
required in order that variations of the-flying height are sﬁppresséd -
~and stable -record/reproduce fqperatioh. is- _per—formed under the
~condition of low speeds within a range of 0.5 m/s to 5 m/s. Further,
in ‘orc.ier to improve the shock reéistance,-profris_ion of step depth H-
within a range of 5 nm ‘to 100.nm or, -preferably, within a range of 10
.nm to 60 nm, is desirable. From these results, step depth H at
St'epp'ed portion 38 within a range of 5 nm to 100 nm is desired to be
ey provided: _wh¢n' importance is placed on the stability of the flying
3_attitudé. ‘When further shock resistance is taken ifzto"cons-ideration-, x

itids ,_fo1_.1_r'nd_fthat t.hf_:_step depth within a range of 10 nm to 60 nm 1s o

Space between .




preferable. |In the present invention, when a shock force is applied to the
head slider in the direction to pull ‘the head slider away.fro @i k 400
- abruptly, a negative pressure in the direction to attractzﬁéﬁg}-ogder 20
‘toward disk 400 is generated at stepgﬁd portion 38. OMng to this negative
pressure, the head slider 20 is preveEnted fromtaking a |large pitch angle
in a positive direction thereby becom ng unstable inits flying attitude.

o Thus,-nore stable flying can be performed. 4n head slider 20 of the present

enbodi fersfHiss rail 261- and side rails 262, 263 connected with cross
rail 261 are nmade flush wth each, -other to formfirst positive-pressure

generating sdgnt tlgd ptesentl igvaiteseNtwihdy edtdhek foreetis apblied t® thech a

configuration. Various configurations can be nade so -long as they He

wi t hi n theadsplider infthe directivre depull ihenhead slider soxaydpdre, diskad08! i der
201, 202 .confjgured as shown in_Fl Aor. FIG 7B may b sed. Like

refer en(?é)’?i‘lmjé’grasnegﬁgvﬁégﬁs?’ﬂrﬂéﬂ CnELrEeHpB et drach ?‘8@%0‘#&%?92?0 t hose

in FIG ng; 13. _ [ ' A .cross rail
204 15 Coaerd i o b fRE &) SUEhpepstti 3 Oniiee B 8375, S
- formed, alﬁﬁel}gbt% sukbathe Heed sRier 2941 Svérited frahdthlirssa Ritpded by
si de r‘airfﬁ(sg 52, 54 and cross rail 26121 ancltls avi ng the deepest raecess
const i t pitsh anggani aeppsiteudiregptivar dhieneh s dedtdonming0 Lidstablein #a
upstrearmyside internedi ate-level surface 42 is extended fromthe edge on
the for WiiRe ateRuds. Tines.gpese stable ilying eanibedperiommesd. upst r eam edge

s eby Tonedoh8Ed piderr Y e in g 13 RRRE B At bdsBCtati 260 AT
. -can be peid eldefail§Ydhei63 %%g@ﬁ&&%@ﬁ&&é&@%&gw Ada2s ARWYTIHEHFI G 7B

may al so be used. This hea 202 has side rails 56, 58 extended
T with each other to form first positive-pressure generating section 26.

The present invention -is-not limited to such a configuration. Various
,.con-ﬁgu-rat-ions can be.made so‘long as they lie within the spirit of the
;present invention. For --.e){ample, ‘head slider 201, 202 --conﬁ-gured as
shown in FIG. 7A or FIG. 7B may be used. Like reference numbers
-are used in denoting compoﬁen’-ts corresponding ‘to those in FIG. 1A

and FIG. 1B. In‘head slider 201 shown in FIG. 7A, a cross rail 264 is
not flush with side rails 52, 54, but rather, side rails 52, 54 are
formed to be lower than cross rail 264. The area largely surrounded by
side rails 52, 54 and cross rail 264 and -h'ejwing ‘the deepest recess

- constitutes a mnegative pressure ,-gericraﬁrig Ls_‘eetioh'. 60. Further, an
. upstream-side intermediate-level surface 42 is ,.exten‘de_d'- from the éd-ge
- ‘on the forward side of the cross rail in the direction of upstream edge

portion 36 and the stép depth at a stepped portion 39 is set to 100
nm, whereby functions the same as in the ‘head slider of the present
embodiment can be performed.

- Further, head slider 202 ‘configured as shown in FIG. 7B may -
also be used. This head sl’ider',2.02 has sid.e‘ ra:lls 56, 58 e_xtende'd'f

o dowzll_ft'q the :downstreém edge portion 37 and ‘has head 22 mounted




~ down to the downstream edgé portion 37 and has head 22 mounted 27 Jul y 2006

"'si de internediate-level surface 44 is extended fromthe f

15 on one of the side rails (side rail 58 in the case shown). pstream

ﬁ?dﬁ%ﬁ%ggge ~of a
cross rail 266 toward the direction ?f upstream edge portion 36. The
deepl y recessed regi on surrounded by ®ross rai.l 266 and side- rails 56, 58 .
i's a'negative pressure generating section 66. In the described

- configuration, the step depth at a stepped portion 41 is set to 100 nin or

“~interme

bel ow. T iRAGE the Gidlerad (iR RLESRMy tHY AKEUhGInPAKA G EELY-
effectively operated wthin'a range of 0.5 ms to 5 nfs of e relative

©, speed hsitledientetediadesktl denrfard4the ekizhdrad fisinhtlan fadvant adge can be
obtained that the variation of the flying height is suppressed even if the

rel ati veolspeagss Jaih3h§etpward fhe dinectivre afcupstecam edgs pertioné. The

for it | fol | ows. .Nanel i t he st ) b th
Croser ahe RPPY ecERsed ebirign Rt dtah B Cross crail g 88 | S€et 1o be
bel ow 1QQ;; d=aboye, 5 - iy d: i s.ged dth
nond | Hqa S SBOM °a “pBER YO Prd et ChBhe g PEARiE. £6C RN LN

inter mediaceiherl ebnfightatengline stefRdestinae of Stdpised Postion | 36630 as to
generate a&gsmlve pressure. Since this positive pressure is added to the
posi ti vdopHed sumerdmwiewat ed by the cross rail, the head slider is returned

e e e L B e L e O ang
ence bRy KpoRERe ORI B WA S IO e o

flies afspretl BefiGedititABthE2RSIHAIaAA the disk and such an advantage
can be obtained that the variation of ‘the flying height is suppressed

. .even if the relative.speed is ‘cha;r.lged or the atmospheric pressure is
'¢'hanged. The reason for it is as .fol-lows.‘ Namely, since the step

. ‘depth between the cross rail and -the upstream-side .intcnnediate-levei
_surface is set to be-below 100 nm and above 5.nm, 'W'hét—i the relative

_ 'speed-:is:reduc'ed and the head slider comes close to the disk surface,

the up_stream-side intermediate-level surface also comes close to the

-disk surface so as to generate a positive pressure. Since this positive

- pressure.is added to the positive pressure generated by the cross rail,

the head slider is returned to the position where it maintsins a stable

flying :hf;igh‘t. When -the relative .speed. .:ﬁecome's- ‘higher, the flying
height also ‘becomes ‘higher, 'and hence 1 the positive pressure
generated at' the. ups&eamFSide intermediate-level surface ‘becomes

lower. Therefore, -the head slider flies ata flying ‘height depending on

the positive pressure generated at the cross rail. Thus, a head slider

- - can be provided that easily mamtams a constant ﬂYing height even if
- the relative speed décreasesaand exhibits sméll variations of the flying

height even if the relative speed varies.




the positive pressure generated at the cross rail. Thus, a head slider can
be provided that easily maintains a constant flying height ve if the

rel ati ve speed decreases and exhibits shall variations of 2’9?@ yﬁ%)png

hei ght even if the relative speed vaages. 27 July 2006 16 (Second

Exenpl ary Enbodinent) FIG 8A is a plan view of a head slider 203 of a
second enbodi nent of the invention show ng its disk-facing surface, and
‘FIG 8B:is a sectional view taken along the line Y-Y of FIG  8A. - E
ConponerP§cedd FegBriary fmbodige8tshown in FIG 1A and FIG 1B are denoted

by like refer egnuneral s, Il n_the present enmbadine here . rovi ded a
~ proj ected porPﬁF}(CjnS%S?}gpﬁ"tﬁ%nu _etv?e inasi gsagi ﬁﬁgﬂmg{jgt é{fl gv%fxéﬁ&f ace 32.
Proj ect egnBegihent 160 the [rdmsbd Osmwir_{g gRer disharhdiRgt EaMAce, dend
i nternedi ate-1evel surface 32. Cross rai 261 is forned to be |ower than
- proj ect lGoBB da AS8eceationil gliew tdleem aipsir ¢her HhdeYi-Yit of rEldi.aBaA.| evel

surface 32. Step depth H at stepped portion 38 between cross rail 261 and
'upst r eafr@inpencRts reprapapanding dp dhnseashown iis HEB. dd ench&Gw HAd, hence,

the level di,ffe e ..between upstream si de internedi ate-l.evel surface 32
and pr ojfE: SOt BV HRESHFIFRETLE:, MG I PO FTFRRRT SPOTERty car 1o
120 nm t ' h 1 =rib bave e SRR t hose in
head sl itHEf@Z%"r g@ﬁ%ﬁ. %‘s?}grf%g‘ﬁ:?ngﬁﬁ%dqﬁ’gﬁc‘gﬂdﬁrﬁ b S i 1
‘be om t tigteroatidisléevidr sifidce BR.bProjeeted pdreiorg 180 dshfsdniaal ttbebdi sk

~‘drive shown in FIG 2. Head slider 203 not only perforns the functions

~ per for médghgr tthenhsustetamesidge ttermadliate-denclf susfaceefBodirasmst rabut al so
. per For mﬁé 1h$s ff(())ll‘rh(e)gli trc])gb(]; Lfgw%té{' %‘@ngcgtlsgfed portion 150 and higher than
upstream-side intermediaté—level surface 32, Step depth H at stepped
portion 38 between cross rail 261 and upstream-side intermediate-
level surface 32 is 100 nm or below and, hence, the level difference
between upstream-side intermediate-level surface 32 and .projected
portion 150 is set to be above 100 nm, e.g., it is set tb 120 nm.
 Features other than those described above are the same as those in
head slider 20 of the first rembodiment and hence description -thereof

will be omitted. _

Head slider 203 can be used by being attached to the disk
- drive shown in FIG. 2. Head slider 203 not only performs the
functions performed by the head slider described in the first
embodiment, but  also performs the :,following function. Namely,
- when a shock force is applied ..-to'ztﬂe disk drive and head slider 203
- is brought close to ‘the disk, ‘a positive pressﬁre is generated also
* on upstream-side intermediate-level surface 32 :becaiJ_.'se' step depth
H between cross rail 261 and upstream-side intermediate-level
.~ surface 32 is set to ‘100 nm or below. By this positive pressure,
B ~collision of head slider 203 __v_vith* the disk is prevenﬁed _'and, even if

~a -collision occu_i-‘.s, ‘the - shock force is ab'sorbe.d -and- the impact




when a shock force is applied to the disk drive and head slider 203 is-
brought close to the disk, a positive pressure is generated akfo on. .
upstreamside internedi ate-level surface 32 because step &gHP 2006pet ween
cross rail 261 and upstreamside intgFnedi ate-level surface 32 is set to .
100 nmor below. By this positive pressure, collision of head slider 203
with the disk is prevented and, even if a collision occurs, the shock
force is absorbed, and the inpact 27 July 2006 17 mnin zed. This. o
mer i £ or | BHRIBREEC TS FEteRoMSasTIsst APniie FAME RS oBtANGd 50 Beaghe fi 1 st

enbodi ng, . | j,der, 3 o] rLesgn [ t d rovideq with

pr oj ect e%i%%%r??l aﬁrégt%l?lgmhﬂ)&&% gbﬁgﬁé%ogﬁagﬁ #gg Olfsﬁgrﬁléecf e,'[%g be at

- the hi ghgabodevent Thebeided vhem hRdtedtbldepordish CamRp hAlo gertact with
.the disk surface, projected portion 150 first” touches the disk surface.
Even i f mrogeetedegorpont 150 i Formede be et he thieshighest deeel. iThdxmfdle, causes
damage on_ the_  disk surface and, further, adhesion of head slider 203 to
the di skvhenr hgad shidepe2BBevomeand 19 acartagte with the disfostirédcthas a

smal | and.smoat h _cont ' rface. [ Accgrdi ngl relief..of shock force by
it ue AROURERSLEPTiRG TR0 BEef oudies s0BARER it penfiveRdl Profdiies

internmed ; i itgk, as
el © as Bt TS0 AT ISR T IR oty MRS uAapeb e 1T
pr oj ect etiskostirfaceldfide dartiodd) d¢hesion wédheddusider RO ts! thkerdisknd a di sk
~drive that provide a stable flying height when the relative speed is ‘

r educed salidace gam heeprovenited frecsitrsk the praiesiesl pantibs hasenlsmal. |1 n head
slider 203,0f th seﬁgzrild.enbodi.nent, cro(is r.ail 6t1 and ?{i_ge rajls 262,
of or

263 ] oi At (HRPRHD CAPEAFIREHRAC e ACOBT gL, relief of Shock force by

e virtue of the positive pressure generated at upstream-side

intermediate-level surface 32 and prevention of damage on the disk,

a.s well as adhesion of head slider 203 to the disk surface, by virtue

- of projected portion ‘150 can both be attained. Thus, a head slider

and a disk drive that provide a stable flying height when the relative

~ speed is reduced and that ‘have excellent shock resistance can be
‘realized.

in head slider 203 of the second embodiment, cross rail 261

and side rails 262, 263 -joined thereto are -.ﬂué:h with each other.

* The invention is not limited to such a configuration. A head slider

204 may be configured as. shown ‘in FIG. 9. Components

" corresponding to those in FIG. 7A are denoted by like reference

numerals. In the case of head slider 204, if step depth H between a

_cross rail 264 and an upstream-side intermediate-level surface 42 is

set for example to 60 nm and, further, if a plurality of projeéted

portions 156 are provided on upstream-side intermediate-level surface

| .-.__'42 and the level difference between projected -portions 156 and

- upstream-side intermediate-level Sufface‘ 42 is set to 100 nm, functioln_s _




The invention is not [imted to such a configuration. A head slider 204
‘may be configured as, shown in FIG 9. Conponents - corresgg/)ri‘gliyg% %o t hose
in FIG 7A are denoted by like reference nunerals. Inth 8¢ head
slider 204, if step depth H between I8 cross rail 264 and an upstreamside
i nternedi ate-1evel surface 42 is set for exanple to 60 nmand, further, if
a plurality of projected portions 156 are provided on upstreamside
~internmediate-1evel surface 42 and the |evel difference t ween, pr.oj ect-ed
“por't i on&E LTINS efiesks dhesameaheatamed Wit 1@6@43@3@& 435%et 1o 100

rim fungtio 7 | v::20 1an Lforious effects, the sane as
obt ai negﬁﬁﬁ%%ﬁéia%&éqﬁdé}e%%o%%gp% %{;ﬁéggbnd enbodi nent can be obt ai ned.
(Third Exenplary Enbodinent) FIG 10A is a plan view of a head slider 205
of a third enbodinent of the invention showi ng its disk-facing surface,
and Fl @hirtBExsneplaey Bmbakimieent) of t he head slider taken along the line

Z- Z of FIG A. nponent § corresponding tqQ those i I 1A.and. FIG |IB

-are denoted @glgn Ilgﬂr éﬁeﬁerli’i%nnm?é’?’apg.al—iggﬂgslsﬁl‘@‘gﬂ" ?g)gzcﬁ% & _ﬁéu esent

enbodi ”%gﬁbb&izﬁéﬁ{ e fih%h&i&?%ﬂﬁwﬁ% ifd *Eﬁ%k-i%‘?& | §&ALgel Mddat there
me g thel

-is for a groove 322 In the center a ateral direction of a
cross. HGH. 1M iardsedtienal vieve o8 2Beilseqdishiddr takeh alostg taenlisicdd-

e T N SN TR AT
~enbodi mgn WBNadd defoddd 3D Elket fefbblncdimbmdriMe HBAWSlide 2G5 dfare
- obtained by nunerical analysis. Conditions for the analysis are the sane
~as t hoséhen presenhs enmdfodineent i isst dfidrsditndnomanthdsmcef etipé avdhiedn t her eof
wi bee?nr%g)éﬁxqénggin that there is formed a groove 322 in the center along
the lateral direction of a cross.rail 261 and this groove 322 is joined
‘with upstream-side ‘intermediate-level surface 32 and is flush with
the same. Stability of the flying height and the shock resistance of
head slider 205 of ‘the present embodiment ﬁrhen it-is attached to the
 .disk drive shown in FIG. 2 are.. obtained by numerical analysis.
Conditions for the analysis are the same as those in the case of the
.- ‘,firs't embodiment and hence explanation thereof will be omitted. By
the provision of :groove 322, inflow of the viscous fluid into the space
‘between -disk 400 and the disk-facing surface of head. slider 205 1is
'faci'litated so that the -air--lu'brication_:film can be easily maintained.
Results of analysis of ‘--the-:ﬂyi-ng_ ‘height at some distances from
'the center. of di_sk- '400.are'shown in FIG. 11. As seen from FIG. 1 1, it
is foundr-that-the'ﬂying-’?heig“ht is Sﬂbstaﬁtially constant regardiess of
the radial positions of disk 400. |
'Then, variations of theff_llyin.g ,height are similarly obtained by
numerical analysis for head sliders 205 having various step epths H
at stepped portion 38. The resiilts are shown in FIG. 12. The results
of FIG. 12 were obtained in the ‘same way as were the-results shown
“in FIG. 4 for the first -embodiment. That is, the horizontal axis.

L : '-'.'represents step _.dep_th- H _._at.‘s'tépi)_gf:'d portion 38 As_scss'me_nts. have




_the prov'i sion of groove 322, inflow of the viscous fluid into the space

bet ween di sk 400 and the disk-facing surface of head slid ; ﬁl&%ﬁ'g R
facilitated so that the air lubrication filmcan be. easirﬁyJ i2008i ned.
Results of analysis of the flying hdi®ht at sone distances from the center
of .disk 400 are shown in FIG 11. As seen fromFIG 11, it is found that
the flying height is substantially constant regardl ess of the radial '

osi ti f disk 40Q, Th apqati f the flyir i ght simlarly .
bbtai nedesy e, Podmeataips: BBk pEBAY: hal, FmatARBYY PRI wiep T
dept hs MHatidls atepRRUcRBd 11N pdeeditekCanS e whda] idkikl whéfe The

“results_of FIG 12 were obtained in the sane way as were the results shown
in FI G EHavy is fle faviesage vodae of dlyingHaights, whienbimanead Ekimgin

represe ep. . qs S Lan 3 As S ) 7 July
2006 18’5‘ %etgltr? ﬁxg@%ﬁ%}n&%ﬁpaﬁ@gﬁg%ﬁ%g%lﬁ% iﬁiaegﬁﬁlﬁﬁlg,%}/%t%th ratios
ar e i ndiregpectivélypénceid agageafrony thiteirvies:t ipeipitedd, pshiese ofFtisle is the
aver age val ue of ;‘ﬁl{%i ng .heights, while FHmax and Min _are the nmaxi num

val ue aff®Q Bé aradial pesitiga of 3t punf to the awiey Reriphemsd eertiofed @i n t he

range f LD .pheral portion of disk 400 at a radial position
o of 3'm %Qg](fﬂgﬁ’gllout é)rf@Sfedrrﬁbheral portion at a radial position of 9 mm

From the resWirbf fHe irestOty)dif Hat fcﬁmx/tﬁhlammﬁﬁﬁgmavbambneés step
depth His increased and FHm n/ FHave, conversely, econes smaller as step

dept h . Hlargernes etepddepth d Hisr inunedsedi and sFHmunFilaue, goasesselyari ati ons
of flyi hei ght s cur over the range .  fromthe_inner peripheral portion
to the ggP@Fﬂ ?F’ﬁﬁ afS pHEP] éﬁpﬁb H dg dpcaeased Hlnto p%’@ﬁg%’oitt dn 38 is

I ncr ean&Jthséle&tggma{}iﬁions of flying heights occur over the range

from the inner peripheral portion to the outer peripheral portion as

“step depth H at stepped portion 38 is increased. When step depth H
- was 10 nm or below, -substantially-th_e same values as in head slider
20 of the first embodiment were obtained. However, when step depth
H was made greater than that, head slider 205 of the present.
'ﬁrribodiment tended to preduce greater variations of the flying height.
‘Thus, it was found also in the case of head slider 203 of the present
.embodiment that step depth H is preferably 100 nm or below, or more
| preferably, 60 nm or below because variations of the flying height
.'hardll_y occur even if there are-present some variations in working
o 'aécuracy of step depth H and ‘hence improved yields are
 advantageously obtained. . |
| '_.FIG. 13 shows a relationship be"tween. step depth H at stepped
.j:.pb‘rtion 38 and shock resistance. Analysis of the shock resistance
was also made under the same conditions as .applied to head slider |
'- '1__2.0_: of i:he'ﬁr'st embodiment. As seen from FIG. 13, it was found that |
o the shock resistanc_e value can be -'incrﬁe.a.sed to 1000 G or above i_f '_

~ step depth H is below 100 nm and above 5 nm.




was 10 nm or below, substantially the sanme values as in head slider 20 of
~the first enbodi ment were obtained. However, when step.deahg Ek@%s made -
greater than that, head slider 205 of the present. enbodi Ry ded to
produce greater variations of the flgng height. Thus, it was found al so
in the case of head slider 203 of the present enbodinment that step depth H
'is preferably 100 nin or below, or nore preferably, 60 nm or bel ow because
variations of the flying_height . hardly occur even if there are present '

- some vari ati disthe Garkidhdieat slidssy2@p ot dbedersent emdasdment adr oved

- ields are ntageous! y. obt ained. Fl 13 a_relationship_between
 Liep et E BB RS KRS vare ot f PR TLiaR A khR AL s "o "The

'shock ragd st 3206in WRSeBtatle TRHRSURAA' iR e AN COMH IO RSsi8Ba P dred to
head slider 20 of the first enbodinment. As seen fromFIG 13, it was found
that t hEOGOhEE lcanebe sibaaneed/ by uettiag dtep depdasedt soedfifd poroonab8ve i f

- step depth His bel ow 100 nm and above 5 nm 27 July 2006 20 In the case
of head I PEeabovs dmmnndrkeem 10hsanndnsides, et douad thaléheit s

._f d that L ation f.the flyi hei ght be Kk Lt hi t abl
[ Tits ARGParelE Bhaelrrahbe wiheh & Hikee 6F > foB0 o0 BoERT noa by
‘setting. - Lkl ; ;hel 100
i, BesroeevARRRDLS T Bl MR B B PR R R

range ofinfpiuvedo R nifi théredelre tHiebeMar soideOncar@itibhe ihywigkiagght
~ hardly occur and the yield is inproved even if there are present sone
~vari at i eeeuracymfkéteg deptdbuHacy of step depth H. The head slider for which

- o_ovg 322 C%eb%e%hogiiggp f(in[] w(\}{igl?xsgroove 322 can be provided in cross
-rail 261 is not limited fo head slider 205 described in the present
embodiment. Even if a groove is provided for head slider 201, 202 as
“a variation of the first embodiment shown in FIG. 7A and FIG. 7B or
for head slider 203, 204 in the second  embodiment, the same
functions can be performed.

By the use of the head slider of the present invention as
described above, it becomes unnecessary to increase the revolving
speed of the disk even if a small diameter disk is used so that power

consumption can be prevented from increasing. ‘Further, since a
.}p'QSi'tive- pressure can also be generated at the upstream-side
- intermediate-level surface when a shock force is exerted-on the disk in
- ‘the direction that the head slider is brought close to the disk surface, a
collision of the head slider with the disk can be minimized. Further,
" by providing a plurality of projected portions on ‘the surface of the
. .upstream-'sidé__-intermedia-te—'level surface, damage on the disk can be
~minimized even 1f the head slider comes iﬁt_o contact with the disk.
' _.."Thus., it is possible to mount a small-sized, low ?ower.consuming, and

o highly ;éliab'le disk drive on portable éq_iiipmént.. .




rail 261 is not limted to head slider 205 described in the present '
.~ enbodi nent. Even if a groove is provided for head slider é?%, %g%Gas a
variation of the first enbodi nrent shown in FIG 7A . and Fl %ﬁ for head
slider 203, 204 in the second enbodi nent, the sane functions can be
performed, By the use of the head sl?Her of the present invention ‘as. "
descri bed above, it beconmes unnecessary to increase the revolving speed of
the disk even if a small dianeter disk.is used so that power ~'consunption

can be prevented fromincreasing. t’%é“ﬂ r, since a positive pressure can

al so be generated at the upstreanty I nternmedi ate-| evel - surface when a
~shock force is exerted on the disk in the direction that the head slider

i's brought close to the disk surface, a collision of the head slider wth
the di sk can be nihihdazkdlidenrfohense oppositevadiatgtablel diskt inya eliskr oj ect ed
portions_qn the surface of {he - upstreamside interinediate-|evel surface,
damage GHIVE@RRAIRIYSCHEPIHIARN zed even if the head slider comes into

power - consun b iaing gttior dbr BeBEHE iSRRI cqul pment 27
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" rot at ablretdtatiie afigka foeachetifopming @t slendt diosle fafi ngcandifgceand as t o
. face the rotatable disk for perform ng at | east one of recording and
. repr odd€preductiozs act eri zed in that,
:  characterized in that,
'said disk-facing surface has:
.an upstream edge  portion adapted to be disposed
';pefpendicular"to a rotation direction.of the rotatable disk and so as to
be .a"‘leadiﬁ'g edge portion of said disk-facing surface with respect to
“the rotation direction of the-.rotatable disk; |
-a-first positive-pressure generating section constituting a cross
rail '-dispos.ed a predetermined distance from said upstream edge
portion and generally parallel to said upstream edge portion, and
‘side rails connected with the cross rail at both of -its ends and-
rextended toward downstream .cdg'ej-pertion; |
 an upstream-side intermediate-level surface -extending from
- said upstream edge portion to said cross rail, said upstream-side
| -intermediate-level surface being -paralle’l. to said disk-facing surface
- _énd :-havi_ng a'l.hei'ght 'fioﬁver-than ‘said cross rail such that a stepped ”
-portion is ‘formed between said cross rail and said ups’ti-eam—side
: _i-ntermediate—level' surface ; | , | _
‘a second positive-pressure generating _section _disposéd to
) elevate,fro‘m the level of downstream edge portion above the cente_i'

line _with-:respcct_ torthe.:lateral_.direction; and




sai d di sk-faci ng surface has: an u'pst‘r'é'am 'edge portion adapted to be

. ~disposed perpendicular to a rotation direction of the rotataple disk and

so as to be a |eading edge portion of said disk-facing sd/PaeUPth
respect to the rotation direction of the rotatable disk; a first

. - positive-pressure generating section?donstituting a cross rail disposed a

predet erm ned di stance from said upstream eédge portion and generally

- parallel to said upstream edge portion, and side rails connected with the

 cross rail atpbhettveliokts SASraltl SRS L ANALAANAALHCBY the

‘edge~portion; an upstreamside | nternedi ate- e extending from

- sai d- upslirsgapostige-poesswre tgensantingr ssstioni hndséhd sestned apesitive-

~intermedi ate-|evel surface heing parall.el to said disk-facing surface and
havi ng aPY&ESHRE ge&%?hﬂga?chb‘?%%BF‘ég@u%gagﬁgﬁ %47&5Sa stepped portion is

. formed bet weephgadifl §4iPBStdshdd PoRHtiDA HalPs StE€F BeHtBCin I r8AEE PG e- | evel

surface; a second positive-presSure generating section dispoSsed to elevate

- from t heatrete R Offnaownst r eam edge portion above the center line with

respect to the lateral direction; and 27 July 2006 22 negative force

generating section largely surrounded by the first positive-pressure

generating sexti omiathealde shgepEbdRdihg 8- cIRifs 31U WWheeder shidgtegct i on
constituting a deep recess; wherein said stepped portion has a step depth
in a rardpptdfissin amangs afobOmm ® 6@emhead slider according to claim 1,
~Wherein said step depth is in a range of 10 nmto 60 nm

3.  The head slider according to claim 1 or 2, wherein said
cross rail has a groove formed therein joined with said upstream-side
‘intermediate-level surface and extending generally perpendicular to

said upstream edge portion.

4, The ‘head slider according -to any one of the ,préceding
claims, wherein |
said dis—k%ac‘ing Sur_face further includes a - plurality of
- projected .portions projecting upwardly from said -upstream—éidc
.;iritermediaté—level surface; and | |
| said cross -.*rail.has a height lower than said projected-portidﬁé

and higher than said upstream-side intermediate-level surface.

5. A disk drive apparatus comprising:




3. The head slider according to claiml or 2, wherein said cross rail has
~a groove formed therein joined with said upstreamside ~ipter gi ate-l evel = -
surface and extending generally perpendicular to said upgﬁrr}élé(%% ége o
portion. 4. The head slider according to any one of the preceding clains,

. wherein said disk-facing surface fu2Zaer includes a-plurality of projected  ;

portions projecting upwardly from said upstreamside -internediate-|evel
-surface; and said cross rail has a height |ower than said projected.
portions and,hy [ Al pstr i .0t e I = | |- rface. 5.
A disk drive ,%?5%?%&%?@%%?%% %%?‘%a%’?y‘%‘;%b‘g‘g éggg%‘%g’ﬁ? &‘F%% ind oniem
ar rangeddisi rotatil direatioof;at abl e disk in a disk rotation direction; a
head slider acgording.to any gne of the preceding clains; _an actuator arm.
‘supporting saa@lqaéa%h@ﬁ B6eOTHAG 19 8% POEOH; K RERERMHNEHIABEM ed with said
actuat or arm.a LtlQn: sal : Al rmso as to position
said head sl %th{ﬁ%ngﬁgldéel?%}?%ﬁ%%%%?'}cggl?ggg%t‘#?%gé% a rotatable disk. 6.
A di sk drive apmsitdbninganechanism ccalpled with weaid eactuatop mirat mmda .

rotatabl e disk . and wherein said upstream edge ortion, . of sgéch didik facing
surf ace ¥Frauged e fpsitipgesaids ag e Mg ﬁ@cﬂ?%‘ﬁcﬂ’osﬁ St i on

~directi Wliddr 264 pretetbahlfed btk position of a rotatable disk.

6. A disk drive apparatus according to claim 5, further
comprising a rotatable disk and wherein said upstream edge portion
of said disk facing surface of said head slider is disposed

- :perpendicular to the rotation direction of said rotatable disk.




