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Slider, head assenbly, and disk drive unit 2. Detail ed Descri gmzthe
Invention: (Field of the invention] The present invention relates to a

'“slider provided with a head for reading/witing data fromon a magnetic

disSk,', nore particularly. to a technique that can reduce deposition of
partrcles on the slider. [Backgrogpdcaflikatidn hard disk drive (HDD), which
is the nost popular recording neans of conputers, is structured so as to
drive a single or a plurality of magnetic disks disposed at. the sane
rotation axis "with use of 'a spindle notor. A head di sposed so as to face
a magnetic diskie sofusd ttaveneddhywrite data on/fromthe magnetic disk.
Thi's head is driven by an actuator,.. generally referred. to as a voice
coil nmotor. (hereafter, to be descri bed as'’ the VCM. The nmagnetic. disk,
the head, andtiieLchigadopsgrmblyt and sk driye ¥pd osure referred to as a
di sk enclosure Such a disk enclasure is donfigured "by a "thin box |ike
base, for exanple, an alunrnunralloy base and a top cover for sealing the
openi ng o% th ‘qged to read/ wite data have. a
transducefl* ' ' . ata—arrd—ragtre Rrsddns for reading data’
separately: ‘The nmagneti zing nmeans for readrng is realized actually by,
for exanplfeiellecoffagmetinveatiishiive (MR) effect or the giant magnet.o
resistive (GWR) effect. 'The nagnetizing -neans for reading, whi ch enpl oys

the MR or [ there |t can i nprove the
recordinnggE?FF§e8¥ lﬁVgﬁglOQ\rﬁi§%ﬁstg§ (éiﬁ? Pelfsk &Hbhn@d K586 ti on
of a nmenbd&pr reading/writing data from/on a magnetlc disk, more

- particularly to a technique that can -reduce deposition of
particles on the slider.

[Background art]

' *'A hard disk drive (HDD), which is the most popular recording
- means of computers, is structured so as to drive a single or a
plurality of magnetic disks disposed at. the same rotation axis
‘with use of a spindle motor. A head d:Lsposed so as to face a
"_magnet:r_c disk is used to. read/wr:r.te data on/from the magnetJ.c
~ disk.  This head is driven by an actuator, generally referred.
to as a voice coil motor. (hereafter, to be described as the
VCM). The magnetic disk, the head, and the actuator are all
housed in an enclosure referred to as a disk enclosure. Such a
disk enclosure is conflgured by a thin box 1like base, for
example,' an alumlnum alloy base and a top cover for sealing the
. openlng ‘of the base. )

Some of such heads used to read/write data have. a transducer
for writing data and magnetizing means for reading =daté
separately: ' The magnetizing"means_ for reading is realized
actually by, for example, the magneto resiétiVe'(MR) effect or
the giant magneto resistive (GMR) effect. The rnagnetizing
means 'for reading, which employs the MR or GMR, is affected



: referred to as a slider. A slider includes a head sonetimes. Sonetines the

slider nmeans the head sinply. Concretely, sonetines the head and the
slider are recognized to be equivalent to each other. Wen such a head
reads/wites. data fronfon a magnetic disk, the head (slider) flies above
the magnetic disk at a predetermned height. This flight of the head above

t he magnet4 g di | S . .Ca he air s | i nd h-é@%p FC .
di sk bg thle(_gssr o@};tr}ozlr?eg'f Lk’?%ge%gtr%t i%hdil@§?5¥ﬁ?§h?sygﬁ€r?£%é cherr]g ac g‘%fthe

slider, V\/rﬁJcsr%‘sf'aqes the magnetic disk, is referred to as. an air bearing
surface. (hereinafter,. to be described as the-ABS). The property of this

ABS af fects hBgaf liOhiisposddieas! iflepresdtbinineant bos idium fb¥i no hewebt of

- the slider_fromthe magnetic di sk ghogl.a- therff[?re beh-as I QU aﬁ.rgosm bl e

when much TOMETE G otf 755 47%en 16 PRAAPRGHIFTYTRY Br PHada ORRFLUFR-

because tHRomaftimes whgnesltdett iNgRNSHethcenhead raigidti-c di Srnandtehe, head

must be sosndEdneRNOUR . headsegrant tye 'slisddrderarehatcekbbigaszeq@w sdoubd

be' enpl oy&ﬂf{‘%][%}jtgllgr eQSBs&t_%emagnet ic recording. ..An excessively |ow
W et

flying heig -cause th ead to come in contact with fine

proj ections fornmed on the surface of the nmagnetic disk,- however.- It is
t her ef or e Wineh spurts ablhead mpadsdwr ites sdata Mdwy ogurf aegnetichdiskhgnehec

di sk so aspésa ([SBlA&E) NExfeddensivey tROMRIgnetiecaigknat dngredesefmined
conventi Orﬁéit‘%&ék dr‘I’hé_% LW.Llitghltn &pl ?ﬁet Hgaﬂ %\%}hggr t'[h%' mac 'Q:lti%d (i'os [ e__gé ' n
a retreat. area_fTormed on - “a maghetic _dI's ITe en$]ne.|c o S oes
not - r ot at eCaREd hbY sFhBepi¥| Pearing oiRiveed 2B chlte JFreNGHEh 4k negnkhec -
di sk begi nsotatxtn ngf sthe asagnetec( sksk) t Fhasdasawhgcthdeduafaee 0bft hhe
rrflgnet,l( %S diskder [ gd_rﬁiéﬂ Stacdisl \thel R né’fié edfdi ed & Qe;%%r%e@_oﬂbaﬁb ahaairgnd
stop - RY i cont 1.ary re.is. a o

| oadi ng / %?%%gﬁ?%gél?%ae edi(g,i?%%rllh\?g#unf'tgcl?nb%ﬁ%ﬁ?ﬁ%ﬁgds?fdgbéi %lag?ét (%%‘taed
to a ranp PEPREECHULST detBlfraRi | AiEsSwhithe  Adight of the slider

-significantly. '

The flying height of the slider from the magnetic¢ disk should -
therefore be as low as possible when much consideration. is
given to reading/writing of "data. This is because the mutual
magnetic action between the mag_nétic disk and the head must be
,.secured enough.: Conseqlit_antly, ‘a sl"i_d'er that flies low shoti_ld'
' be émployed' " for higher density magnét:ic recording. .. An
excessively low flying height will .cause the head to come in
contact with fine projections formed on the surface of ‘the
magnetic disk, however.- It is therefore indispensaibly
important to smooth the surface of the magnetic disk so as to
realize high density maghetic recording. ' '

There is a conventional disk drive unit in which the slider is
enabled to rest in a retreat area formed on-a magnetic disk
" while the magnetic disk does not rotate _and'th,e slider flies
from the retreat area when the magnetic disk begins rotating so
.as move (seek) to a data recorded area of the _magnétic disk.
This disk drive unit is referred to as a contact start and stop
(CSS) “type disk drive unit.” On the contrary, there is also a
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magneti c di sk does not rotate. [Problens to be solved by the invention.]
The main technical issues of the HDD are inprovenent of the recording
capaci'ty per magnetic disk and faster reading/witing data fromon the
magneti c di sk. Faster reading/witing data froma magnetic di sk can be
reali.zed by reducing the seek tine with whi ch the magnetic head rmves to

.a target i 0, tic Because.l he drive a VCM
as describ Jf%ﬁgl&ﬁnﬁgsﬁggg/cﬁy a rév?sunﬁﬁprlf}vé’g‘lgg ﬁ‘et & v’eS t he
seek time.refkpated, t der rawp ﬁﬁﬁm%@eoﬂhélw magnetigsdisgquitide tthe -
enpl oy a peaxgrteid digkgdeés ofott htEEd. having a stronger magnetic property
or increasing the thickness of the pernmanent magnet so as to increase
the- magnetic field to be applied to the-voice coil. of the VCM. .

Readi ng/ wriR5aRLeS F8t Recs ‘J{:‘?%d’.y goendneertioRl by increasing the

rotation speed of the magnetic disk. In .this case, however,. faster
rotation ofnd NfafRORRChAIEAEKi684EES @arttﬂech% hPellihy &B@eﬁ%'btd%ﬁs (fgad)

nore ofte e nu particl.es i St he sanme
e that WS ey SBRRRTEy Cper PRAdNEH 122 418, a0f° raBtpg rcpaina (rettingn
powder ex3&%3 fgrand oph&heppagnetdy ([disken of those particles against the
surface of the magnetic disk often causes hardware errors, that 1is errors

surface of the m i :
Do | i " bRk LR I, BpoR Ralher O%iall! Phhrte®

the 'HDD. On # (fré)
(head)' friomtie néts Catlgkt‘ﬁ%ss %e%&él Pe&'htlﬁ bherBagRetizheadt o
cope W t h TRPrEes mtgr?ertara@ﬁaergcbso@fthmgnmectml diisk.t hBepausé e clddd si on

of even fismedphvén cbgsat tiam hsvaebeﬁibéwgéw&@,bhﬁleamnﬁérfcmna%ldéjeis _
(head) ‘has ne%s&éa S8 %er%oa e H{@eéeéieclezﬁéfcugﬂ@ C§R: oxder' 3
er | self Cﬁ’l ve

obj ect of. r n ntian 5__0 r ovl a sli

uni t -t hat a%ro‘fﬁgdgﬁ RIggdlvf’r t &% edM§ &%by cbaFI“PE‘P-‘ésa aRerpanents

assure - magnet of the VCM, ‘having a stronger magnetic property or
C _1ncreas:|.ng the thickneéss of the permanent magnet so as to

‘ increase the magnetic fJ_eld to be applled to the voice coil of_ :
the VCM.

Reading/wrii:ing of data can also be made faster by increasing
the rotation speed of the magnetic disk. In this case,
however, faster rotation of the magnetic dJ.sk causes particles
to hit the slider (head) more often when the number of -
particles in the subject HDD is the same as that when tlie

. rotation of the _magnetic' disk is slow. Particles mean -powder
existing in the HDD. ° Collision of those particles against the
su{rface of the magnetic disk often causes hardware errors, that
is errors in reading/writing of data, resulting in loosing of -
the reliability of the HDD. On the other hand, becaﬁse the
flying height of the slider (head) from the magnetic disk has
been required to be reduced so as to cope with ‘the. higher
capaCLtJ.es of magnetlc dlSkS, ‘the peril of collision of even
fine partlcles that have been neglectable -against the sllder
(head) has also risen more and.more.

Under such circumstances, it is an object of the present



the reliability. [Summary of the invention] in order to achieve the above
obj-ect, the present inventor observed actions of particles-against a
slider. As a result, the inventor recognized that the nunmber of read/wite
errors was varied anong the shapes of .the ABS on a kind of. a slider and
there occurred a difference anong the particles deposition .states
according to the ABS shape. Concretely, when the nunber 7?of deposited
parti cl esipgerbierelo provida| 8o Sideerblead. B diwuuBELIYReURLFhERABT CARk a
read/ writ ee@utor seadbiel toorearrerel yautbé byepantidchasentaowglriovsdeassarsl i der
.disposedtﬁg 4 fgéyafdlsk | i ke recordi ng nmedium and enabled to
support :a hea or ding /witing data .fronfon.the disk. The slider
‘conprises.a slider body provided with an air |leading edge, an air.
trailing ¢dgemampdofintlee rirbeantiioglsurface 'forned between the |eading edge
and the trailing edge;. a rail fornmed alnost like a U-letter-on the air -
beari ng surface,:so that Its ol sed.,at the trai
and -a pa&fl A8 6PN %sefo#lﬁ%dagﬁ'ﬁee 35 e t?lb PrFﬁSnEallan%éW&’rt he
trailing @@gerveénécﬁions hefpaprtécleqnagaingadd FildervedAscanvednltat its
'side facihe tiifventidr ofeddymilzadditightpachevhheiber sodi spesperdtet hﬁ:x@iﬁser '
per ! pher ¥ walsdras el nflind e eh'ek ARG n-]qxer%sﬂwha' 1hBC oSty dArid

di sposed so as ace |nvent|on has

sent
the’ | andi ARGIRETEATFEUIERS A QEAETPRGETBING  Che PEEBUTI oA HHRBIGT he
exani nat i- grii@tegs ageordinadtabdve ABfatshapeti cCoscretrelyptwhen ddppgiumber one
si de of adﬁ”déﬁ@sﬂ@éﬂ paltice81éaceas t hedtded, .ikspesi allsy popeibiel am are .

apt to depQyl oghgnﬁuﬁésfrg% iy rgéd(ﬁﬁfké“br 5, Which i's disposed at

t he outer perlﬁ%ery Sl of the dis e recor ng medi um whi l e the
slider is disposed so as to face t he. medi um Thus, "the'inventor et al
changed- t Mershageoncreselyi . the |RIRHaRF p&avanﬂlhhemP¥¢M&dQSuaQunﬁkﬁdaﬁ

dGDOSItfﬂidlsposed so as to face a disk-like recording medium and ‘enabled
to support -a head for readlng/wrltlng data from/on . the dlSk.
- The slider comprises. a slider body provided w1th.an air leadlng .
edge, an air trailing edge, and an air Beéring surface formed
" between the 1eading_edgé'and thé trailing edge; a rail formed
almost like a U-letter on the air bearing surface so that its
tip is disposed at the trailing"edge side; and a pair of
landing pads -formed "between . the tip of the rail’ and the
trailing edge., One of the pair of landing pads is curved
‘convexly at its side facing the rail of the landing pad which
'is disposed at the outer periphery side of the disk~like
recording medium while the‘élide; is disposed so as to face the
' médiﬁm. ' . - . |

The slider of the preésent invention has the landing pads. And,
‘the present inventor et al recognized through the examinations
as described above that particles were apt to deposit at one
'side of a landing pad,’ which faces the rail.  Especially,
 -particles are apt to deposit on one of the pair of landing .
pads, which is disposed at the outer periphery side of the
- disk-like recording medium while the slider is disposed so as
to face the medium. Thus, tpe”inventor et al changed-the shape
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partlcl es was varied anong the shapes of the |andi ng pad. Concretely, when
the side of a |anding pad, which faces the rail, is curved convexly, the
. deposi-tion of particles can be reduced. This is why the slider of the
present invention has been proposed. In the case of the present invention,
the |eading-edge is disposed at the upstreamof the trailing edge in the
rot ati onal irgl%tiﬁn f the disk-like. recording nmedium Each | andi ng. pad
of the: sli andhing e pRdi ndReht kHeWe ahh e r vEEORHhy &f) ydpposited
t he- cent erpayft idieswi Wah diarded oamorg tihebeshalpscr oliedthat dandtihigs pad.

becausfe dmﬂé\l\ﬂﬁlyqf tvﬁﬁéﬂlﬁita@ssgaet%% Aamghcﬁlgn@agaaﬁnvm hedticeds "PLE g
convexl y AR ways S PETERCERBIEX LY the dsBesitioh: e HATEISe G ppesent
i nvent i on,red £ or T % ngh. thesplider ppEsthecpreseme $hvewtionahabe
}‘g; g:sg on nmr@rbpoaédthe kgadineg esge sﬂefdethan@rebegw:ﬁrhﬁmﬂg?s[”@ﬁ?s

o Pdiug N0, B HLRSHA W coIBSLel o O Ve PLEE S

formed. in, an area I'der
i nventi on ¥t %Oaalnébﬁ??wlbr"é‘sWe éﬁ]‘d%%k%lri’cﬁqotrdfllnlgesledb@me the .
magneti c di sk at a slower rotation speed. ' In-addition, the slider can

suppr ess tfwel arddig) ia e de/idid deheioghtnin psstaseﬁ@diﬁ%en@'i&?cééx?”bgf

t he. di sk- 1 £ Furt her sent. Lnvent] on rOV|des
a head assé% é%{nq,le’}ﬁfﬁ g se. cht%ro@&ﬁgpgg‘é&B glﬁchbonfac%s e85

di sk-1i ke ?% %&%F@éﬁruﬁh&ﬁdlénhﬁ%%ﬁ% Fepasidienaoficpartbeles on the

r eadi ng/ wlandipglapad f cam be treducedi morandiqni fdartlyr wisar tiee SURPOF! -

and nove thersidifiein apRVeibbR diskedidie J_seegfsgé&'gcorﬂ?%ll g t&' der

conprises. a slider body provided with a | eadi ng ailing
edge di sposed at a- predetermi ned - interval * therebet ween in the rotational
di recti on THTERRImMOrSy; s | kder e 388G n§Lnedham saiderinept . thige pnesenw

outer edgeinvémnipissed aatpasl foedepplyingdaipdsrbisle plressheevweenthe shedeadi al

direction @nt e deskndd k%nreeaoédh:aglﬁechﬁmtnénCie%'alﬁbf OEAL | BYgeSUrige

for med a%&@& I %‘@ n%aggg trh?ancflrllagl | nggs. edg%ﬂh en h% surface ‘that.
generates a negative pressure :Ls formed. in an area ‘enclosed by |
the rall, the slider of the present invention functlons as a
negatlve pressure - sllder and it flies above the magnetlc dlSk
at a slower rotation speed. " In addition, the sllder can
suppress the variation of the flying height 1n the radlal
' dJ.rectlon of the. dlsk—llke recordlng medlum.

- Filrthermore, the present J.nventlon provides a head assembly
configured by a slider. dlsposed so as to face a disk-like
_recording medium and enabled to support a head for

- reading/writing data from/on the medium and an actuator used to-
_ _suppert and move the s]::Lder above the disk-like - recording
medium. ~The slider comprises a slider body provided with a.
. leading. edge and-a trailing edge disposed at a predeterlﬁined '
'_in_t_er'val' therebetween in ‘the rotational: direction ‘of the.
‘disk~-like recording medium, an inner. 'édge and . an outer .edge
' _.d:Lsposed at a predeterm:.ned interval therebetween in the -radial
direction of the disk-like recordlng medium, -and an air bearlng
surface formed among the leading edge, the trall:mg edge, the
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5 -inner edge, and the outer edge respectively; a cross rail forned al ong
the | eading edge; a pair of side rails extended .from both ends of the
cross.rail to the.trailing edge; a first pad formed between the cross rai
and the boundary between the pair of side rails and enabled-to apply a
positive pressure to the slider; a pair of strean1ined Ianding pads f or med
between fhe end ,of eagc ch.of .the s | SPO % t the trail ? af ge

N
_si de. and"PHRF t PE9Fr ng? MY gdhe, 8%%?% 58. ]fes TBC \Xéen tﬁ:erosﬁal

"1 andi ng $rered antorg s‘éb@ndepdélngf 6Aged &n RAHE déﬁqt%%derawlﬁneréﬂa%e@d to
apply a pesgdr i NELIPI &5dIrSf t€hd hersdd deril Becanee tirdglliagdeagegndl yisstt he

present ;)é}é(&”%bﬁ{?ec?aé?tééér?aﬁ] f&dq gldaﬁga dgp3s b%%?lﬁ%!rgegeégggﬁ’the

deposi ti €s_ on can- be suppresse
head asseR®dly ©Ff &hee p%sbﬁta%v%f#ﬂhlcﬁ@ t&n@P@r Yt l?ePSe?llF—l"Gf PrEE8nEY. t‘Bads
whi ch i s thepsitdéerat at paicutodr sidpamdided lahdihd padéerfabhgd between

be’ st rearrth@eéna % f Neacrids fdrfyvs h@%&ﬁfsoali osé‘cﬂgﬁ: ‘M}Fen 38 19hgkebihke
recordi ng qg |un1r ates qﬁ escrl aei |s | gecaus%Ph
particl es®4f® & ngon d o ?ﬂ% |$ b F% YR < Whfeh i s
di sposed Beir h@f dﬂfé?l!@dwdﬁrdeanq nat ﬁécéaéepéfi tﬂ?éf“ﬁdes@htthﬁvéﬁﬂtéﬁ t he
i nner edgeaf®assd asmasdgRl dospppey atpoditeivenpeesparepberyhofstiter.

di sk-11ike recarding nedlun1mhlle the -slider is disposed. so as -to face
the di sk-li ke recordi ng % ‘. _The oq&er edge nean%u An edge di sposed at
't he outePeﬁ@P?%heFQe"oPe? e ﬂ?%?@?%ﬂ«a e | RFSRERTUMREPE1PRe BRFder

i s di sposetireambined flapdinge padskasi kdesewihell ngbovei undenas ittiienheat

assenbl y phrthe1#s esenihdsy dahideng paed dantienguppeessaad. have an inclined.
pl ane in the a|r flowing direction. it is .a concrete exanple of the .
strean1|ned I ad_descri be andi ng p s formed
such’ way, Pﬁe ﬂg? oﬁfs ﬁnﬁ?e Pﬁ@??ﬁgdlﬁﬁ%ﬂﬁﬁoqquﬂquffngSSPPFBn of
particl esoén lémﬁb-ﬂganﬂfrl% pubiiehn ise dignnsessert nbbe efytan | 9d9y. side,
Furt her nosRoulla phefeesisl pasendtneanil inbe Po esiedtainverdw @xomA the outer

" edge "when the disk-like recordlng medium rotates. As to be--

- described later; this is because partlcles are apt to dep051t,
on one of the pair of landing pads, which is disposed at the
outer edge side. In the case of'the'present invention, the
inner edge means an edgé disposed at the inner periphery of the
disk-1ike recordlng medium while the .slider is disposed so as

- to face the disk-like recording medlum.. The outer edge means
an edge disposed at 'the outer periphery of the disk-like
_recordlng medium while the slider is disposed so as to face the
dlSk—llke recording medlum.

In the head assembly'bf the.present-inVention, each landing pad
can have an inclined plahe in the air flowing direction. It is
a concrete example of the streamlined landing pad described
above. When the landing péd is formed such way, the air flow -
: cleans the inclined plane, thereby deposition of particles on
the -landing pad can be'suppressed more efféctively.

. Furthermore, in the head assembly of the present invention, a
negative pressure pocket can be formed in an area enclosed by



negative pressure pocket, can be formed in an area enclosed by 6 the
cross rail and the pair of side rails. The pocket applies a negative

pressure to the slider when the disk-1ike recording mediumrotates.

Because of the conbination of the first and second pads that apply a
positive pressure to the .slider respectlvely. and the negative pressure

pocket - descrl bed bov th r f oL N8 ese |nv nt,i on functlons
as a nega rsgssr&rl dketrhe g)o %? tsg Pgdgr e'f)o‘i/e RFP‘EIE\]' i sk

at a sl owner Iﬁﬁaéﬂv@n @ﬁ@@arel {0 §llehl§§166§swbﬁe the @Bﬁb‘r t¥RCAEGINg i on
of the fl yviewiviei Piateds.t heBstades b6 thecuwombhnébEon adf akhdi rdgisitoramf t he

di sk-1i ke éeec%?{dd' @st B 44M apﬁ»ﬁ?ﬂe%”ﬁ% Soitide p{glféﬂﬁrdé ”‘é%”“cf?é‘ psrﬁ"ciéles a

di sk drive un rising recor

r ot atlonalq%‘ﬁpeﬁtdﬂﬁéya apg at‘ﬁ}%?n ARPAL LY éﬂ-’fﬁ?@ﬁgt cP%iJ‘recte aét ad?q'f'e‘?Jé?ﬁﬁ a
slider prcabaed wthh sliekd f of rigdwli pgesenti ngveheidat efurfotdohen’ ade a

medi um - ar, ﬂa;téar refs%rée%&llagrt hsoshhderthébéwdef mearfilﬂlg, 'éﬁ%ﬁzé R di ng
medi um . a ousi n

. enc 0 r recor
the slider s;;{hdz""?-‘he iPUEForré)tatﬁ?él sfﬁ%l%‘% co 1F| §‘3s %) P&&Flg%‘agf‘?ﬂ
provi ded WUEDLEFSi ¥he cEaF Mticiget hhe' Alyipg abpivlht cg§ethendlddes rto
bearing swdane fiar metle beadksh tdterdc&admngoedgman@ﬂﬂsbtemkel | tegor&idge; a
‘rail fornpdy;@inost like a U-lTetter on 'the air bearing surface so that -
its. tip -1s: disposed at the tralllng edge side; 'and' a' pair of
| andi ng pads fornmed between the tip of the rail and the. trailing edge.
One of theéFypetihergoreandiiyy peRRSNtWhinteatdondipyeyddasae diskodmiveparmighery
si de of - t heompprstedrikear eaDékhTigke Nedboniing pmedidad diivénanrotstioedil
Zgg; ac$hg S0 | Veroh:'&?:lonwaqglr% UALcLham eﬁlswﬂeg Eagép%&g}%oheafﬁ |
pai r. of Ty FHFY l%ﬁ"&t E’bﬁ?l g% 2’5 Qiﬁ] Sl d’é?acg’rﬂf/g’ﬁg‘t&f’g t hige I‘Qﬁﬁﬂ ng
pads; whi ciﬁP-’(P%/ eh 'spbe eBediunpe agutattugéerpifery saekdngf thehesldidsr | ahave
recordlng tieeli diski-3ike oviedotlding hmeditng| iandd an’ enclosure " for housing
- . the disk-like recording medium, the slider, and the actuator..
The slider comprises a slider. body provided with an air leading
edge, an'air trailing edge, and an air bearing surface formed
' between the leading edge and the trailing edge- a rail formed'
almost like a U-letter on the air bearlng surface so that its .
tip is- dlsposed at the tralllng edge 51de- and” a- palr of °
‘landing pads formed between the tlp of the rail and the.-=
. :trailing edge. One of the pair -of landlng pads, .which is -
disposed at the outer periphery side of the disk-like recording
- medium is provided with an inclined surface inclined in the’
width direction at its side facing the leading edge.

The disk drive unit of the present .invention is provided w1th a
- pair. of landlng pads that configures the sllder and one of the
landing pads, wh;ch is disposed at the outer perlphery side of.
't_he ‘disk~like recording medium, is provided with an inclined
. plane inclined in the width direction at its side-féding the -
~ leading edge. The air flow ‘against the landing pad does not
stagnate so much on such an inclined plane. 1In the case where
the air flow stagnates, it causes particles to ~deposit more



plane inclined in the' width direction at its side facing the |[eading
edge. The air flow against the | anding pad does not stagnate so nuch on
.such .an inclined plane. In the case where -the air flow stagnates, it :
causes particles to deposit nore 7. easily. The |l anding pad of the present
I nvention, havi ng such an-inclined plane will therefore be effective for,
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in. the.. plugpléeYiof dérecbons- a Wt%x%wmeﬁ/v |363 FRWL Hhs. a
. F:Lgure 3 (to. be described later) has landlng pads, each of

. which has an ;anllned plane inclined in .one direction. The

slider 3a shown 'in Figure 1, however, has landing pads, each of
'wh:Lch is inclined in a plurallty of d:Lrectlons (actually, two
directions).

[Preferred em,bodi‘mentj

Hereunder, _,the preferred en\bodjjneﬁt of the preeent'_ iiwention
will be described with reference to the accompanying drawings.

Figure 10 shows a schematic configuration of an HDD (hard disk
. drive) 1 in the embodiment of the present invention. In Figure
10, a magnetic disk 2, which is a disk~like recordlng medium,
.'LS driven rotationally by a splndle motor -(not shown) in the -
‘direction denoted by a white arrow. The magnetic disk 2 has a
| magnetlc thin film formed -as a magnetlc recording layer on a
-glass or aluminum substrate. . In F:Lgure 10, an actuator 4-
' prov.1ded with a slider 3 oscillates the range denoted by a’
- solid line arrow around a pivot shaft P. This oscillating
action is done by a voice coil motor 5 configured by a c¢oil. 5a



magnetic thin filmforned 'as a magnetic recording |ayer on a glass of

al um num substrate. . In Figure 10., an actuator 4 provided with a slider
3 oscillates the range denoted by a solid line arrow around a. pi vot shaft
P. This oscillating action is done by a voice coil nmotor 5 configured by a

coil. 5a 8 for a voice coil nmotor and a magnet 5b for the voice coil notor
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the rotation spee magneti ¢ di sk her. the
positive pressure becones. Even when the - ‘angul ar - speed .w of -the
magnet i ¢ dlhek sAiders ¥ i iedihisheeshodioengr dist ial negyidoe Yressurevaiiddr

accor di ng tth%tt h@a@@ééth:ﬁé rmm‘ the gdridiere aboveghbevdi PresBukhe I aghal
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'I'he pos:Ltlve pressure (flying force) is the largést .impact for
deciding the flying helght of the slider 3. Generally, the..
~ faster the rotation speed of the magnetic disk .2- becomes, the
‘higher the positive pressure beeomee. .Eirerx when the _-' angular
speed @ of the magnetic disk 2 is fixed, the circumferential
speed V- is- varied according ‘to the position r of the le.der
"above the disk in the radial dJ.rectJ,on. cOncretely, the
'c_:J.rcumferent:Lal speed V satisfies the relatlons\h'ip of V=r-w, the
further the outer periphery of the magnetie disk 2 goes, the
faster the circumferential, speed V becomes. Consequently, the
flving heigh{: decided by the -positive pressure is  increased
- more at an outer peripheral.erea, which is further separated'
from the center of the. magnetic disk 2. . The negative pressure
slider 3 is mdinly intended to suppress the variation of the
‘"flylng helght accordlng to the p051t10n of the slider above the'
magpetlc disk 2 in’ the radial direction by "generating ' the
negative pressure correspdﬁding'to'the increase. The slider 3
can fly at a slower rotation speed than conventional one. Ii'1
addition, the flying height of the slider 3 can be reduced. 1In



nore at an outer peripheral area, which is further separated. fromthe
center of the. magnetic disk 2. ., The negative pressure slider 3 is.
mainly intended to suppress the variation 'of the .flying height according
to the position.of the.slider above the nmagnetic .disk 2 in' the radial
direction by -generating' the negative, pressi.ure corresponding' to ' the

I ncr ease. he slider a_slower rotati pe n .
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ef fective digghni.que for the high recording density magnetic disk 2.
Furthernore, the present inventor created a slider 3 provided wth sone
di fferent ABSs and neasured hardware errors to occur ‘when particles mere
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except foreatd’ﬂel’@lﬁape of the.landing pads A contrast level.in Figures 1,
3, and 5 denotes a height; the darkest denotes the highest portion and t he
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In F:Lgure 1, the slider 3a has. a leadlng edge 10, a trailing
edge 11, an inner -edge 12, and an outer edge 13.
. The leading edge 10- is' an edge  to wh.ich the a.i:g'c flows when the
'_ slider 3a flies above the rotating ma'gnet.lc disk 2 at . a
'predetermlned height while the ABS faces the magnetic disk- 2.-'.
N The air flowing to the 1leading edge 10 goes out from the
"'-tfailing' edge_ 11. A slight - air also flows to both inner and
outer edges 12 and 13 and goes out from the training edge 11.

The slider 3a -is provided with two side rails 20 and 21, as

" .well as a cross rail 22. The side rails 20 and 21 are
'connected to the cross.rail 22 respectively into- a rail that
looks light a U-letter. Each of the side rails 20 and 21
receéives a positive pressure so as to keep the right-left
~balance of the slider 3a during flying.- A pre_determine'd, .
- distance is secured between the tip of each of the side rails .
20 and 21 and the training edge 11. At the boundary between
‘each of the side rails 20 and 21 and the cross rail 22 are

g ~formed ABS pads 51 and 52.. The ABS pads 51 and 52 apply ‘a
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* connected to the cross-rail 22 respectlvel y into. ‘Arail that 'Htooks l.i ght
a U-letter. Each of the side rails 20 and 21 receives a positive pressure
so as.to keep the tight-left balance of the slider 3a during- flying.- A
predeterm ned. distance is secured between the tip of each*of the side
rails 20 and 21 and the training edge 11. At the boundary between each of
the side r 0 and 21 and the cross rajl 22 are. fornmed ABS pads 51 and
52.. The %gls %‘éeﬂr%%sdnga‘zq:é)pﬁ% ﬁg}aiﬁaé?)ors?%e\‘fglﬁfg&ure to the slider
3a respectlve_ly Between .the tip of each of the side rails.20 and 21 and
the trail Begwedge ther & ififoradedd®w bandhag spads r3Qasand Ss:.l;ﬁi Yennd. the
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and' 3la_ are fornmed while the side rails 20 and' 21 are formed. within a
predet er m mhe |stdgt hraiBspect bual R1asayn beaseteddddien tderthe38eﬁar1nt1*ﬁk38

mbod t fql h t of 3
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with the #ﬁ’@ﬁét |t@ed|lmer@tlmmkor% imsthe, radiali diyeghitwmi. f oWhen the

prot ect | ng landénhepddét Bokean®sTT4 ha |fai1fmred) whBeévers 4 itk |1€Hl(1lsn90p%ﬁ% 30a
Formod an” A3 had "oh e %"f“% ﬁgeg’?@gmﬂ’?? “LATE Ueckdylrd k5 in
appl i es a =868 O Z:%e ps;ge‘gfﬁr t&nt 8| Fﬂﬁed’s‘& S} s peta ﬁ;éﬂlﬁ‘g Reigbscpithed
above, ' lﬁlédFr 2. chthasttakildizederrsigesddess| piindtheipgstitabnt he
slider. FI g:lhleer]ada.la&OdSJiﬁWBlbﬁt 8f Atfe magnetic disk 2. The landing pads

30a and 31a, When the - sllder 3 comes in. contact - ‘with the
niagnetic disk 2, functions. as an, auxiliary wheel for protectlng'
the head (to be descrlbed later).

Between the landing pads 30a and 3la is formed a center rall'
40. And, above the center rail 40 is formed an ABS pad 53.
'The ABS pad 53 as well as ABS’ pads 51 and 52 applies a -positive
.pressure to the sllder 3a respectlvely.

As descrlbed above, in Figure 1, 'a. contrast ‘level denotes a
flylng height of the slider. Figure 1 also shows bo{:h A-A
cross sectlonal view and the B-B cross. sectional view. The ABS
pads 51, 52, and 53 are highest ‘and. equal to each other in
height. . The . side ralls 20 and 21, the: cross rail 22, the
-landing pads 30a and.-3la, and the center rail 40 follow the .ABS
" pads 51 to 53 in helght. The side rails 20 and 21, the cross
rail 22,.the landlng pads 30a and 31a, and the. center rail 40 -
are all equal.in height. Other parts are all lowest portlonS'
‘that are denoted in white. - The ABS pads 51 to 53 are standards
-against. which the plane is récﬁgnized-'as’- a. recess 60. This
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* cross-sectional view and the' B-B cross.'sectional view.' The ABS pads 51,
52, and 53 are highest and.-equal to each other in height.. The side rails
20 and 21, the. cross rail 22, the -landing pads 30a and.-3la, and-the
center rail 40 follow the. ABS pads 51 to 53 in. height. The side rails 20

and 21, the cross rail 22; the Iandlng pads .30a and 31la, and 'the.
center rail

e all equal, in height. Oh all | onest
portians’ Hcﬁ’é‘tetaralé]e(ﬁeﬁﬁ?ﬁﬁs 0 2 R AgggSEd‘PgSéxsefS%ru%? are standards
.against. which the plane is recognized. as a. recess 60. This . - 11 - .
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portion are forned a converter f-or vvrltln data a d magneti zi.n rreans for
readi ng dafBe tHatdsts, 33 nthid.Mad%eclise T¢hHi £ fon #s %FW‘&F% apEEed

t he' descr i pompound OPl.10:eTiPepy. AlMHics afhpt ttaniumh ecapaenatst | OHLCOf and
slider -3a ghewind N(Kioyfe HowSasi cad | yreddieralinpds walithhetstteter st the
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The. , nuner al t her given t. rdég__gne L{Eems
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descri pt i omagiiebizhmposedis t fier | nead g p@%rsarsoehqfo is, 3@0118@% weBecasse 31a
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1, 3 and . Concretely, the ,
: Th:Ls completes . the descrlptlon of the slider 3a shown in Figqure
T 1. Basically, the shapes of the sln.ders 3b and 3c shown in
" Figures 3 and 5 are the same as that of the slider - 3a. _The,_", '
same reference numerals will therefore be given to the same
" ,items in Figures 3 and 5 as those shown 1n F:Lgure 1, avoiding
redundant. descrlpt:l.on. The shapes of the land:.ng pads 30a to
30c, as well as 3la to 31¢ are only a difference among the
sliders 3a to 3c shown in Figures 1, 3, and 5. Concretely, the
slider 3a shown in Figure 1 has a convex  surface at one side -
facing the side rails 20 and 21. This convex surface is formed
in the center of the width direction (right-left direction in
Figure 1) of each of the landing pads 30a and 3la. The slider
3b shown in Figure 3 has a convex surface at its one side
facing the ‘side rails 20 and 21 just like the slider 3a shown
in Figure 1. The. slider 3b- shown in Figure 3 disposes the
convex surface closer to the inner edge 12 and the outer edge.
13. *~ .The sliders 3a and 3b shown in Figures 1 and 3 are
identical in that they have a convex surface at its side.faicing
“the side rails 20 and 21 as des_éribe_d above, -but they differ
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* slider .3a shown in Figure 1 has a convex surface at one -side facing the
side rails 20 and 21. This convex surface is fornmed in the center of the
width.direction (right-left direction in Figure 1) of each*of the |anding

" pads 30a-and, 3la. The slider 3b shown in Figure 3 has a convex surface at

Its one side facing the side rails. 20. and 21 just like the slider 3a

shown {raog'grg?ﬁg *{t%ers'h‘i‘er tn3l t 0 n{r% F'éﬁ‘rrf%cés Cﬁr%wi&?méd‘eat

convex SUI’ o-t he i nner. th

ge, a '
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end, so thB I.n _one rection, F sli der
3c shown in Fige¥e 5 has a Lingay ‘(ﬂaé:t)) P;S’JFPPBna’at 1t$ sOBRies {9 1 %g.
t he side rahéss2de argfilsl.200Nand B@3e of those sliders 3a to. 3c, the i nvent or’
et al nmeasured hardware errors to occur while particles-were applied in.

the HDD 1. durin e 1 on' tenti opal

deposi t ed YAt Eaﬁﬁg %g @%% a ersx%erggnéééagﬁe Bﬁ’%n\é%q: QQ Eaﬁl&égﬁféd
presunpt i oharfWare herEpps Loh RFUFUWELLS | RRYFICAESmWeTEt cﬁP)Plr"h?&ne’ﬂ cthe sks
'2 to be gpobatedusing opéeatimt dintentipeetilyfand @g®Enoved hBwcpasti¢les

magnetic di %ggsgtggrgneggglpm for the HDD 1, the- nunber .of  sliders 3a to’
--3c (headg) . Particles applied to each ABS .were. alum na (A1203) -
partieles Wnose d| aneter- was. 1.0 pm The articles were bb nto t he .
HDD 1. t ogetlher aRPVR eﬁeem?nce%tweret KengaRe gbﬁepr%%{@%é@ F8ad F %n’i‘%‘)
nmagneti ¢ dilsskh2datfawnddns inch (foam factor) magnetlc disks ‘2 to "be

rotated at a rated rotation speed of 10, 000 ‘rpm. Because ' four
magnetic ‘disks 2 were employed for the HDD 1, the- number of
sliders 3a to 3c (heads) was 8. Part:.cles applled to each ABS
were, alumlna (A1.0s) partlcles whose diameter- was 1.0 um. The
particles were blown into the HPD 1 together with the air. At
‘the ‘Same time, data was read from a magnetic disk 2 at random
_for 30 minutes and the number of read errors (hardware errors)
- was counted. ' '

_ ’.Figure 7 shows the-results, which are graphs for denoting the
. number of read errors detected from each of the sliders 3a to
. . 3c (heads). Figure 7 shaws that the number of read errors ‘
becomes less sequentially ‘in order of the slider .3a shown in
Figure 1, the slider 3b shown in Figure 3, and the slider 3c
snown in Figure . 5. Concretely, the number of 'read e'rrors is
less in the sliders 3a and 3b provided with ‘landing pads 30a to .
"30b, as well as 3la to 31b prov.'Lded with a convex surface at
its side facing the side rails 20 and 21 respectively than the
slider 3c prov'id'ed with landing pads 30c and 31c are formed
linearly at its side facing the side rails 20 and 21 is formed

L
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= for -:30. m nutes and the nunber of read errors (hardware errors) was
‘counted. . Figure 7 shows the results, which are graphs for denoting the
nunber. of read errors detected fromeach of the sliders 3a to 3c (heads).
Figure 7 shows that the nunber of read errors becones |ess sequentially
"in order of the slider 3a shown in Figure 1, the slider 3b shown in

Fi gure 3, ind thf sl ider 1 hovvg By ug C&)ancr(f{ the ? gb
read. error3®f&r Yersessl?eﬁttlﬁ'g 41 déPsF395Ra 3° p?%w]ﬁee |§n8 hgs
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side facing't Si e ral near respectively
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read errorgpgl §cp%ﬂ¥hﬂe§n"‘@'l&u£c9é”3 MBI Ed | Gorl Sdishaitd RA LREASHS %@‘e%st

result of the er 3a shown 1n Figure 1 was obtained wth use of

units of tRE€ 1 *The nmeasurement results of the sliders 3b and 3c shovvn
in Figures 3 'and 5 were obtained with use of just one HDD 1. Next,: the

i nvent or etvealt, o3y viadrdiiwrpast siedeewedtﬁdwo@areaeme@f dbbesﬂ:édiebﬁ 3a

to 3c used f@ oV, ur. r l@:ﬂ{je %bs%

results. Flg__ﬁur eg%e %téwgsq%%nggﬁe}te?ecnt‘%% f‘o%: 2? g‘“ as oﬁlﬁ'i n
Figure 1.- TRIJ&FE % .. ShoR@% ne FBS¥urdfe rﬁesr‘bléi?l't ofFlﬁﬁeesI% dghows) Sh&wn
in Fi gure 1@asprguent 6resulds . of heheresbidansa shoswl tinofFiguwees(li.deFigore
shown in Fisggehews. thenmEhgur&fert rbsvardof, tnunbﬂaeﬁlmenshdvm 1(nA),-lt;ar(eC)

denot e the yunbg: &ggi»er%adsﬁassorehgeﬁe gﬁ@gfe@pogssuieseectw & 30

Fi gures. 2, 4, are_al l

S .
*As shown i °l3’ gpud:zfr t3ecl egndgﬂ)g‘éﬁ%d ontthe gaﬁdl AYTbSYE 9éﬁﬁnaﬁ8
3la. It vvas(Adon1F¢r|(r§&l deaptgortdieparunksresofiepesiit @grazs described above

respectively. 1In Figures 2, 4, and 6, .spots on which partlcles
dep051t are dll palnted.

"As shown in Figure 2, particles deposited on the 1aading pads
30a and 31la. It was confirmed that more particles deposited as
the number of read .errors increased. It was thus estimated
that the particles deposited on the landing pads 30a and 3la

- fell from the landing pads 30a and 3la .and hit the data wfitingf
converter of the head and the data reading magnetizing means,
thereby cau51ng hardware errors to occur. The trend recognized
in Fiqure 2 is also seen. in Flgures 4 and 6. Concretely,
particles deposited on the. 1and1ng pads 30b to 30c, as well as
on 31b to 3lc and the depos1t amount was proportlonal to the
number of detected read errors.

It was also'recoghlzed from'Flgures 2, 4; and 6 that particles
dep051ted easily on a specific spot of the 1and1ng pads 30a to
30c,. as well as 3la to 3lc respectlvely. Concretely, in
Figures 2, 4, and 6, particles deposited on the 1andiﬁg' pads
3la’ to 31lc more than the landing .pads 30a to 30c. - At.'thatj

" time, the landing ‘pads 30a to 30c were disposed at the inner
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t he, nunber of read. errors increased. It was thus estimated that the
particles deposited on the .landing pads 30a and 31a. fell fromthe |anding
pads 30a and 3la-and hit the data witing converter of the head-and the
data readi ng magneti zi ng means, thereby causing hardware errors to occur.
The trend recognized in Figure 2 is also seen. in Figures 4. and 6.
Concretely,. particles deposited on _the-Iandi.ng pads 30b to 30c, as well -

on 31b to BAGIRhRIM W dfepasi thanbantingatopdd itendllct yerpedispesetratf
detected rekel eutets. pétiplhaeal smdeecﬂg:mezedhér ahidergur 88 o 43cangeke t hat
particles 4 ed.easi [y, 0 C t he, | 3 to
30¢;. as vve as %1%%%% 1%:/0 rggc%lctéﬁge yg(ﬁ(ejgﬁe d(;&Ikrs ez flg%&gcrlgfge , and

6, par ticl SSURRY tFPHr t hEOR i yagdr é:ﬂ? t"(?sf?lco%?léetﬁhﬁiﬁ% a
| andi ng ' .tpads 30a ttthi3)cembodimentat parttiches tdepdsdndidngngesls odlattie® 30cC

vere di spoggslafig tﬁkf‘dé MY tol41cPBELPIGEY ﬂ%@%ﬁé}e Pl BhBgy Pafige 3£ 1O
31lc were dtégosed oyter periphery side "while the slld%rs 3a to 3¢

t e
were disp d“%%na F&cé t he magneti ¢ di sks 2 respectlvely as
descri bed above. Oonsequently, in the case of the sliders 3a to 3c in this
embodi ment Theapkeséns depestéedmenseran tihe aﬁ.ﬂndﬂ.ﬁ@ padEhal aHO o¥lcthe

ded t f t
provi ded: agy §dier O é:,ge%%p@ Bidn SufifL0 ‘A’%‘% 2ROOR! §§¢S§ : Ig?%g{.r? en
while the Mh@HetTc s Fgl?‘ét i The é’gi’:é 8 HHi%F s owspﬁﬂsr eshp

Fi gure 8 sAdmglatpion syeanidt iafn th@salln-der 3heshawrddm Fhgukrewa. i nF Eggre €9 3
Figure 9 shows the simadadiodn reegutt ogf thées Biddiern SehohkaWan m&hgélr@.

Z'ngugg gg 'g‘h t| ;;%1 ea%A)ngm S aéﬁaw %gf;lﬂég% ‘é{]%éﬁ% SIS gl?(

netlc di

he out er |
respect i veF ufB9s %) aﬁ?\dpﬁb ‘!l{)tB)t &Htﬁ’f@"ﬂnﬁﬁﬁﬂ’]&m e%%l ts
when' t-he sF ﬁeﬂ@mt&ﬁd Xiskar . respgq:t-i‘mﬂad andt fdghnaed(yt et i Pheuye of
t he nagnetBCBdlskoﬁ tﬁes¢&mﬁmaﬁﬂdn ‘results when the sliders 3b and 3c are .

positioned at the 1nnermost perlphery of the magnetlc disk 2
*respectlvely.

IhU?igure 8 and 9} the inventor paid attention to the air flow
around each of the landing pads 30b to 30c, as well as 31b to
31c; For the slider 3b shown in Figure 8, the air flow hits
- the. 1and1ng pads 30b and 31b, but the air flow never stagnates.
Concretely,_the landing pad 31b is streamllned to the air flow.
When the slider 3b is positioned at the outermost perlphery of
the magnetlc disk 2 as. shown’ in Figure 8(A), it is understood
that the air flow -coming from the outer edge 13 flows along the
. 'in61ined plane of the landing pad 31b. Even when the slidet 3b. -
is.positioned at the innermost periphéry of the magnetic disk 2
as shown in Figuré 8(B), the air flows along the inclined plane
of the landing pad 31b just like that shown in Figure 8(a).
Consequently, it can be. estimated thatnthe'air,'even when it
..includes_particles, flows so as to clean tHe inclined plane, so
that -the particles did not deposit so easily on. the iandiﬁg
pads 30b and 31b. In this case, the slider 3b enables the
inclined plane to be formed so as to exclude part of -each
landing pad 30b/31b. .in the width direction. However,. the
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In'-Figure 8 and 9, the inventor paid attention to the air flow around
each of the. landing pads 30b to 30c, as well as 31b to 3lc. For the
slider 3b shown'in Figure'. 8, the air flow hits .the.landi ng pads 30b and
'31b, but the air flow never st agnat es. Concretely, the landing pad 31b,is
streamined to the air flow. \hen the slider 3b'is positioned at the '

out er nost _peri phery of the magnetic_ di SE e?f) shown" i.n, Flgglre . 8 ,

i s under st854inefat PLAMe @Y 2F8w REm Y met“f‘férsal?erl’éd €3 WY

al ong thediriegtlibned @hahke cfontmiyandinghgadasehot Evke. Slmtfrr t3ee shiowger
31; i's pg%l ttﬂ&gﬁ%?@ Jhegi &%e]fﬁﬁ?&ér@tlﬁfdd)htﬂﬁa{tOftﬁ&eamﬁgrﬁtdvﬁ ﬂi@étsh&heas .
shown in Eigure air ows ong n e

| andi ng p&d‘ 189 &’?flsl H} E i‘gur lc%?i\z %%Egn;%@%u er i can .
be. esti nmdttlha?d ahetherou@@w%mrwhermpﬁdé ep'aaqm%ﬂ:% dirsDids a0 as
to clean tghwnndln nedyudeanga)sand haterd mlqowndéxe&sdlpbsmbnéapw ttm

easi |y Onmﬂl%%mogfed %glpﬂgﬁg ?sgbtg@d yaegke h*ﬂsﬁ 5338 g GrmS | sird

enabl es 't hé to exc ude part ]f -each

It

| andi ng pa?dBéob/ ﬂ%sqwepﬁém dth18i FéEH“%e Hees BFe 3Ry iYed
pl ane can ddmsilte éor obe ekrrdiglgy pads héOwi chrid- alqﬂe@the@\n.tl@l sig cOmwary,
in the casgdfuddse pakkdeledc shown in Figure 9, I s understood that the

air flowhits the |anding pads. 30c and 31c al m)st vertically when t he
slider is .positioned at the outernost periphery, of the ma%netlc di sk 2 as
shown in BRRIAPYEARCARBTRRRRT (FREWI NS SL e SUIRRT12htF JCILRNS i nner nost
periphery (@f) tles smagreel | ermirsk Zreasdetamntred wilibgures pe@tB)to Gormsesjlisdedsy, it -
is estimtpd 4@t 3papkbei&sy ape1pPind manﬂ%@o%ardsors dhendanstivlg argswtseﬁpc
and Fic wheh Lag alla ThoW dgiudes Rt gl esnvile ARtuR A IRl g

results ar® ed”as read errors are detectedlvmth
respect tof‘%??é‘%ltr%rss‘d%éaé%ﬂ %‘b apﬂ%\ﬁldéﬁsﬁf?ﬁl‘f‘ﬁ’eﬂ andi ng pads .30a' and.
30b, ‘as we(2) Tctsem\m:mldilbrq@ldomrctedsvmlshpaomnmao(na;hrtcaceh@tamcuansiqﬁa

faci ng thepé&ﬁ&bﬂéﬁ'é%ﬁﬂ%ﬁ%&d 3% EﬁépﬂﬁhaiﬁéyPads 30a to 30c, as well as
31a to 3lc. _ .
{3) Partlcles deposit more on the landing’ pads 31a to 31c
_prov1ded at the outer perlphery side of " the magnetic disk 2
than the landing particles 30a to 30c, as well as 3la to 3lc.
(4) The air flow does not stagnate or does not stagnate so much
on. the landing pads 30a and 30b, as well as on 3la and 31b
pi:bv:i__ded with a convex surface at its side facing the side
" rails 20 and 21 respectively. This is because the landing pads
30a and 30b, as well as 31a and 31b are streamlined to the air
flow.

From the .above results,. the present inventor. et al have
concluded that landing pads should be formed like the landing
pads 30a and 30b, -as well as 31la and 31b prov1ded with a convex
. surface at its side facing the side rails 20 and 21, that 1s,
_streamlined to the air flow respectlvely so as to reduce
hardware errors of the HDD 1. 1In addltlon, because particles
deposit more on the landing pads 3la to 31b formed at the outer
periphery side of the magnetic disk 2, it is more effective to
reduce the hardware errors to streamline the landing pads 3la
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(2) - The nunber of:.read errors, is proportional to the anount of particles
deposited on the | anding pads-30a to 30c, as well as ,31a' to 3.1c. (3).
Particles deposit nore on the | anding' pads 3la to 31c provided at -the
outer periphery side of *the magnetic disk 2' than the |anding particles

30a to 30c, as well as 3la to 31c. (4)-The air flow does not stagnate or

does not %%gﬂni&ﬁ %gegyﬁﬁ %QP fi$W5té%ﬂ@@gtﬂggss%?@aﬂfg%ﬁﬁfaCIng hhlﬁ

3la and. provi a convex surface at 1ts
rails 20 RFDPGFHECSPely. This is because the |anding pads 30a and
30b,. as well as 3la and 31b are streamined to the air flow Fromthe

above resupls . Sl N &S CPle | QSO Qi Bl Aodithe %éﬂefbé h@ﬁdlﬂ@dbeg

pads shoul d be forned Li ke the |an as_3la

D310 arovs GRHSSFEN IYERASR- cubrusrebr “Pnd "BraRses comSR At 16 paE
20 -and 21,limited sonlyt teahhenebape ofie ther silliigereedpecribed yaboves the

reduce haélqblpé emafl O Gapied herdddy.1. Hox aﬁahxrtpler) whts_@eaurae Raftkesesa
IPRo%ht [rafa ofet ARan1 8N HoRd RIPRESH (he e ﬂg%aa& iy SR soperLRhery.

side of the I'S nore e af diar e

errors to $etkadfi Adat Y A 1§ fue 3 lw %‘Watc@ HESPECE VRdY,
rat her thahtstsepoisisibig ttoe fcemdisueh panlsiBOhimed. B@bf ackhi enlynpoet ebet he

descri pti ola ROy pdies sélaierne %albaeel #8ieh paibEcINLIOY dptv el i@Posit.

However; t §SERL i nyent no, | 40t o] t he ha f th
sliders: deggrlg ﬁga ol ¥ﬁ‘tehché Iib éds gav%??e%h%‘(‘ree? YeEor gx%ﬁ%l nd
while the 31pdeay 3y SW@BSengﬁFeeWW%y;?e§°é1umf1heal éﬁ%ﬁ?@l%(ﬁZCSOa and
30b, ras well as 31la and 31b to have an inclined surface respectively,. it
i's possibl padPahides ush e liRGkheednpurface only for the - I anding pads 3la
and 31b on which particles are apt to depasit. |In addition., the |anding

pads 30a and. 30b, _as well as 3la and 31b .may be sha Eed as, for exanpl e, a
Colunn a @elgﬁépglb@gcabove, according to the presen 1nvent10n, 1t is

possible to assure the reliability of the subject disk drive
: unit by reducing the deposition of partlcles on the sliders. .
3. Brief Description of the Drawings:

Figure 1 shows an ABS. of a slider 3a employed in an embodlment -
-of the present 1nventlon,

Figure 2 shows how particles are deposited on the'slider 3a;

"Figure 3 shows an ABS of a sllder 3b employed in the embodlment
of the present invention; :

Fiéure 4 shows.hqw particles deposit on the slider 3b;

Figure 5 shows an 'ABS of a sllder 3c employed in the embodiment
of the present 1nvent10n, '

."Figure 6 shows how particles deposit.on the slider 3c;
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" [ Advant ages of the invention] .As described above, according to the present
invention, it is possible to assure the reliability of the subject- disk
drive- unit by reducing the deposition of partlcles on*t he sliders. 3.
Brief Description of the Drawi ngs: Figure 1 shows an ABS..of a slider 3a
enpl oyed in an enbodi nent of the present -invention; Figure 2 shows how

P Ger 35 LG PnSthEt dond et tor Sfea%gé%ﬁseﬁt I W Y,
shows hOMlpgﬁﬁ RSN e§8sF?nB % %Iﬁ%ﬁﬂer§b FFBU?%'S shows an ABS of a

slider 3c enployed in the enbodi nent of the ' present invention;

.Figure ﬁhgﬁEHWBf&mbwgﬂéimﬂrst1@%p&%bhle§ Bfea§|hﬁ§rf§8w 47 Ehgu loghows
t he' nunber, %;¥g%£ HArs detected in an HODD 1 with respect to each o t he
0

sliders 3a i gur'e 8 shows simulation results of ‘an air flow on the
ABS of ‘the slider 3b*: Figure 9 shows a sinulation result of an air flow
on the ABFijurd I stiduien 3dmuEagios- tOsshowsE ancaiikl g1oat bant8é . Afe D 1,
and FHgur@héjsifaé%rggspectlve vi ew of positioned sliders 3. [Description
of symbols] 1 . HDD (‘Hard Disk Drive) 2 ... Magnetic Disk . 3., 3a, 3b,
3c Slider 4 . Actuator | 5 ... Voice Coil Mbtor 5a ... Coil for Voice
Coi | Mot orFigire 10 Wepwst af gpnibyeratting of the. HBAsE, 1and .. Leading Edge

11 ... Trailing-Edge.

Figure 11 is a perspective view of positioned sliders 3.
[Description of symbéls]'

1 ... HDD (Hard Disk Drive)
2 ... Magnetic Disk
3, 3a, 3b, 3c ... Slider
4 ... Actuator ,
5 ... Voice Coil Motor
" 5a ... Coil for Voice Coil Motor
5b ... Magnet for Voice C01l
6 ... Base
10 ... Leading Edge
11 ... Tréiling-Edge_
12 ... Inner Edge
. 13 ... Outer Edge
"20, 21 ... side Rail
22 ... Cross Rail
30a, 30b, 30c, 3la, 31b, 3lc ... Landing Pad
40 ... Center Rail :
51, 52, 53 ... ABS Pad
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12 ... Inner Edge . 13 .. Quter Edge 20, 21 ... Side Rail 22 ...

Cross Rail 30a, 30b, 30c, 31a 31b, 31c ... Landing Pad. 40 ... Center Rai

. 51, 52, 53. ... ABS Pad 18 . . [LLLELEErerererrrrrrr - Mttt HH---4

Cl ai ns: (1) A slider disposed so as to face a disk-like r

and enabl ed to. support a head for reading/witing data ﬂﬂ nggﬂ

medi um copprising; a slider body provided with an air |ng

air trail hg5§E§§$ias wel |, as an air bearing surface forned bet ween sald

Ieading'and trailing edges; a rail fornmed alnost like a U-letter on said
air . bearingl)ysusf agadee® tdpdpdden t 56 ias dtoPaFaeed aé %@sﬂ-l&kél |fe'&ra%%

si dei _and 3 Paifesll andung,gadaa R0Med BELUCSN G L ofcmpldh fall s

and-said-traili'ng edge, Wwherern. one- o1 PERFY.
formed as a coOMIEX SRAFERNE sid medipme CF%%BW@W itd rail of'the |anding
pad which is disposed at the. outer periphery side of said disk-1like

recording - nedlgngy@aég 1564 duldQled $ifhSRRS el d _
di sk-1i ke recor medi uglyj ﬂé él Pdgfr? §g](::ojr§%?% e%é %%dsgln 1r ein
sai d | andi ng pad=75lH09 nEd9%s cdﬁgngEMr?%céan beap nﬁeﬁPéFaSF ﬁﬁ@mﬁﬂdth
direction thereb@tw%en shid slleiaddngasndr i abl iny @dgiem; 1, . wherein a pad
Is fornmed on said rail, .at said | eadi ng edge si de, and betmeen said pair
of | andi ng padsa rﬁiidfg§ﬂed almost like a U—letter on said air bearing

surface so that its tip is disposed at said trailing edge
side; and

a pair of landing pads formed between the tip of said rail
and-said'trailing edge,

whereln one of said. pair - of landing pads is formed as a
convex surface at its side fac1ng said rail of the landing
"pad which is dlsposed at the outer perlphery side of said
disk-like recordlng medium -while said slider is dlsposed
SO as to face said disk-like recording medium. .

(2) The srider'aécording to Clainm 1,

wherein said landing pad is formed as a convex surface in
the center of the width direction thereof.

(3) The slider according to Claim 1, B
wherein a pad is formed on said rail, at said leading edge
side, and between said pair of landing pads, said pad- ..
giving a positive pressure to said slider.

(4) The slider according to Claim 1,

whereln a surface for generatlng a negatrve pressure 15'
formed in an area enclosed by said rail.’
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- giving a positive pressure to said slider. (4) The slider according to
Claim1, . wherein a -surface for generating a negative pressure-is -forned
in an _.area enclosed by said rail. 19. (5) A head ass,mm Gy a

" slider disposed so as to face a disk-like recording ﬁ"mummamgd to
support a head for reading/ witing data fromon said"di $k=Fike s

recordingénédiunk and_an actuator far.supporting and noving said slider
above sai(@)di 8kPPRR TR mF WRF FH IWherei n sai d slider includes:, a

slider body having.a | eading edge and. a trailing edge disposed at a
predet erni ned intgefyvpdr t HeEphStACed | Ast he fadat honkdsk-diikect rerondingai d

di sk-1i ke recordi.ng nediu i nner 'o.an t j d at
a pre'det.erni'ng‘(?dilﬁl“.e. gl fgr‘tar?gr%éib.e Wesel%gﬁ%nt tﬁeﬂ?%i gPE S??ggtﬂ‘?{)‘ﬂfo "sai d
di sk-1i ke recodditag Ereni of sakl kP lilikepEgPPREiRg MetidioPRdd among said
| eadi ng edge, said “trailing edge, said inner edge, and said outer. -edge-
respectively; g cr | bepgnsakdal gading edae & RAiY amdvsi de
rails extended%¥k6%?§g?%hén%§£g?gp a?d ér.oss raﬁlgto sai d traili%g‘%dge;

a first pad forsfdd HaekedikeafeeRrILY Me%iMMag the boundary ' bet ween said
pair of side rails and enabled to give a positive pressure to said slider;

a pair of streafddsas shafdsngaeadsndigesd bet ween the-end of -each of -
said pair of 'side rails at said trailing edge side and said trailing

A WG I R AR T A
' disposed at a predetermined interval therebetween in the

» ©  rotational direction of said disk-like recording medium,

an inner edge “and an .outer edge disposed at a

predetermined interval  therebetween in - the radial

direbtion of said disk-like recording medium, and an air

bearing surface formed among said leading edge, said

':“t;ailing edge, said inner edge, and said outer ‘edge
‘respectively; - | ' S '

'a cross rail formed along said leading edgé;

-.a pair of side rails extended from both ‘ends of'said-éross
‘rail to said trailing edge; '

a first' pad - formed between said cross rail and the

boundary between said pair of side rails and enabled to

give a positive pressure to said slider;

a pair of streamlined landing pads formed between the end
. of - each of said pair of side rails at said trailing edge

- . side and said trailing_edge;

'a center rail formed between said pair of. landing pads;
and ' ' '

: a second pad formed on said center rail and enabled to
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- 11131111 11111100111 11111 Il 1111 give a positive pressure to said

slider.. {6") The head assenbly m 5, wherein one of said
pair of landing pads, which is Jmﬂg mlimllm! uter edge side, is
streamined to an air flow fromsai ¢ outer edger when said disk-1ike
recording nedi um rot ates. (7) The head assenbl y according to Caimb5,
wherein said I’ %%@ﬁivergyégasirmﬁdﬂ sald Behieed. surface along one
-way. of said r ro he. head assenbly according to daim5, a
negative pressure pocket is formed in' an area enclosed by said cross -
rail. and 66) d T rhesfd sisgembaly| sceerding ¢o §ledMaSmegative pressure to

said slider when said dISk li ke recording mediumrotates. . .(9). A disk
drive unit, conprisin I r&e di bel £ | dri WMeh is
rotational I y gp‘b rg oY ar ?#am S an (r)llrblogg {nggggg ié t her eon a

slider provi deddigposed m"s‘racFaTJ&r aptieri RgErefdNfy 2 "Eltr"tPa‘lld' Y/ fPo At
di sk-1ike recorﬂldﬂ@ fedinusaidanowstiatdye f sheseslkiidg ds&kdlsked@?emmgsal d

di sk-1i ke recof r%gd#{{g and an enclosure for housing said, disk-like
recordi ng medi um sar cfe and said actuator, wherein sai d sl i der :
includes.: . a slider body prow ded with-an air |eadi ng edge and an air 21

RN I (701 | Thel heéad |agsemkly @CEOWSflﬂrﬁ?lqlfﬂgu'bég , as well as an air
beari ng. surface forned between said | eading and trailing edges; a rail

formed al nost- ST ar arf&gdéHrfMSchﬁilt@dlp
i s di sposed at sal ﬁg%ralﬁ%fde %ﬁ?% e P§ prdvi nt clr

surface alon onéJway o sa13 air flow.
(8) The . head assembly according to Claim 5,
- a negative pressure pocket is formed in an area ernclosed
- by -said cross rail  and said pair of side rails so as to
give- a negative pressure to said slider when said
- disk-like recording medrum rotates. ' '

(9) . A disk drive unit, comprising:

~a disk-like recording medium being driven 'rotationaily
around a rotary axis and enabled to record data thereon;

_é slider provided with a head for writing/reading said
data on/from said disk-like recording medium;

an abtuator'for seeking said slider above said disk-like
recording medium; and - -

. an enclosure for hou51ng sald dlsk—llke recordlng medium,
said sllder, and said actuator, '

wherein said slider includes:
" a slider body provided with-an air leading-edge and an air
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- a pair of landing pads.fornmed between the tip of said rail * afid said

trailing edge, and one of said pair of |anding pads, whichgs )

_ the outer periphery side of. said disk-like recording mﬂlmlmlmﬂﬁﬂmﬁm
with an inclined plane inclined in the width direction, at itstside s =
facing.said | eadi ng edge. (10) The .disk drive. unit, according to Claim9,
wherein said igeli ~ Pl i 98. the Mholye oF 1 RArdurcs akdhaqdi ng
pad in the w d?ggé:ﬂrﬂg%t i?g .g'. %Sf 11 Tﬁe,gi.s %Crli ve_-lur%?t 1<151]E:cocrdi ng t‘%ﬁl
Claim9, wherePRYSPR 5319 RAF iR G Lradlipfet9TSa single direction or

in.a plurality of directions. (12) The disk drive unit according to Caim
9, wherein said inghi nedmleancst arnRd Aty dedeted ol apt apgaginghi ch
deposi tion of Rarthelego YMat?ids' 220 19 BaUposaR BE SHRA' €388fing 2Bage

' side; and ' Co

a pair of landing pads.formed between the tip of said rail
and said trailing edge, and

one of said pair of landing pads, which is disposed'at the
outer periphery side of said disk-like recording medium,
is provided'with an inclined plane inclined in the width -
directioﬁ, at its side facing said leading edge.

(10) The .disk drive unit according to Claim 9,

wherein said-inclined plane is formed on -the whole or part
of said landing pad in the width direction. . ' '

1(11) The disk drive unit according to Claim 9,_'

wherein said inclined plane is inclined in a gingle
direction or in a plurality of directions. ' '

(12) The disk drive unit according to Claim 9, -
wherein said inclined plane is formed at a-predetermined

place at which deposition of particles on said landing .pad
. can be suppressed. '
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