:e3e0,,-d.:6/606l 0TOcl *-5 NOV 2004 Specification 1. Title e-f5t N?V 2004
‘I nventivon: Slider, head assenbly, and disk drive unit 2. Detalle
Description of the Invention: [Field of the invention] The present
invention relates to a slider provided with a head for reading/witing data

fromon a magnetic disk, nore particularly to a technique that

deposition of particles on the slider. [Background art] A har#MW@HMWﬁmmmﬁﬂ
(HDD), which is the nost popul ar %Ecor ing means of conputers,

structured so as to drive a singl 2P arpfbtaNity of nagnetic di skiselss

di sposed at the sane rotation axis wth use of a spindle notor. A head
di sposed so as to face a nagnetic disk is used to read/wite cm Wmmmmmm
the magpeti g'%k.fTh's Qead is driven by an actuator, general ml \ g

to as a 00|@%—gﬁ*ﬁLﬁ§b§P—Pﬂgﬂ§éﬂﬁér, to be described as the VCM . .Jh@s

magnetic di sk, the head, and the actuator are all housed in an encl osure

referred togasgardi gkagngkes S .di sk _enclosyre is configured by a
thin box |ike base, f%r exan%FSY’aﬁﬁgl%ﬁfkuﬁFéVﬁo?nB§se and a top cover for

seal ing the opening of the base. Sonme of such heads used to read/wite data
have a transducer for witing data and magnetizing neans for reading data

separatgly. pdBgiMBENBLEZLR +TBAN f% reading .is realized actually by, for
exanpl e, tH€7ﬁﬂﬁﬁﬁTrTesrsgfve~fé£§—é§+§8¥§8gi£ﬁé gi ant magneto resistive
(GWR) effect. The nagneti zi ng neans for readi ng, which enploys the MR or
GWR, is[Biékdtefl thé invention]

The present invention relates to a slider provided with a head
for reading/writing data from/on a magnetic disk more
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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 disposed so as to face a
mégnetic d%sk is used to read/write data on/from the magnetic
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 configured by a thin box like base, for

example, an aluminum alloy base and a top cover for sealing the
opening of the base.

Some of such heads used to read/write data have a transducer
for writing data and magnetizing means for reading data
separately. The magnetizing means for reading is realized
actually by, for example, the magneto resistive (MR) effect or
the giant magneto resistive (GMR) effect. The magnetizing
means for reading, which employs the MR or GMR, 1is affected



Iess by noise, thereby it can inprove the recording density of disks .
‘head i s disposed at a predeterm ned position of a nenber refernedﬂﬂv QQ(
slider. A slider includes a head sonetinmes. Sometimes 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 from on
a magnetic di sk, the head (inder) flies above the magnetic disk at a

pr edet er m ned helght Thi s E of the head aFove t he n%%néilc di sk |s
caused URFst Y aRPiB@ar FRETeRY ‘i?rPtH%P]Fr%\@‘?reF & desrr S5 E of
t he magrietkdsc di sk. This is V\/ny the surface of the slider, which faces the
magnetic disk, is referred to as an air bearing surface (hereinafter, to be
described as the ABS). The property of this ABS affects the flight of the
sI|derﬁsrgﬁﬂdrcaﬁtﬂysppﬁ@dfl9tngih@I@ﬁ?térmﬂﬁédslP@%itlQBnﬂ¥meand@ﬁ®b¢E

di sk st&@»ﬂéhéét?r@é 05t§ ke Saﬁl%@l‘t!v as _II}E@.SJ.dHIe M@Duar?ﬁhacqreﬁdlﬂemﬁé@?néé
given to readin i |n of data. is .S hecause the nutua ne

acti on 5% ﬁ%e’é’ﬁe Ji% ehyi REHMY tHE hdbef frusit ’E%l%ECure%ore%f) fy’
CbnseqwmmqumessltMQr boad fhhds kbw shduﬁdrbeamﬁﬂ(A&RDQHmzédgher deasity
magnet ieL [ REF G o A Gxcesiseyel y 1ow flying height will cause the head to
cone in contact with fine projections forned on the surface of the nmagnetic
di sk, however. It is therefore indispensably inportant to snooth the
surfac_@vmén tdechragnbead diesksgerasesodatal ifzenfiogh ademsingt imghistk c the
recordi L1 rge_r?déf aﬁa@gerstaoqr@'tnﬂé %Ka&'ﬁét‘!fc“ﬁ&%k‘ ratwha C;Eréc‘i‘@téﬂr?ﬁéd' s

enablt e re reat area gnetic ile

magnet itekgl%- doé?#ﬁn ﬂéﬁQFeQﬁmtpﬁehﬁQQKﬁb?V?e§WQIﬁW9ﬂ%tr%tH&ika}%a
when t kemusgrheby c thieska reghasring atindgeed as ndve fisgrk}lito ddasdatlsy reber ded
area ofy &é}&f@gngks' Eh@' % Eml%% ¢ 3 drwﬁlynrg wﬁxr ey rsepkfa%@so@ €Rat act

start and stop ( rive yni ontrar here 1s also a
2 ‘N@b Wl?b‘é F%ﬁ@?n@bﬁnf“@&d?ﬁdct Gﬂékdr sH? dfﬁfwﬁemiﬁ'?i/tt? Pt the
sl i der bearrmgeaueﬂate dhearpnbdteed oot bedeexcoradpeet ias dilsk A#E | € tThee
nagnetl é#é%t?oeéf”OEHﬂgfﬂﬁhs1TEEf@E{bte€HQ'C%hlbﬁ%ue%fﬁ e HODjace
npr ov of " the recording capacity per magnetic di sk and faster
reamruﬁ%ﬁ?¥fhﬁaﬂﬁ}& from on the magnetic disk. Faster reading/witing data
froma magnetic disk can be realized by reducing the seek tinme with which

the magped | @19%@ rmé%aﬁ 0o £ mregetlltdreackffmnthﬁerrﬁrg@%@tchl&llek Begausg the
head is_driv

f descri bed a erfor nce .S |nFroved
so as t‘bh‘?rn% 868 t*%ee 88ek PV me® ARGE S ‘Pe?o“i“ﬁr‘ﬂfo%“ﬁ‘r SUeRT-Ont
just regiverdtoo waas oy Avipidrimehent dragﬁet dfh ishel¥/Ciechasiengthe smvbngér

”agnEtHﬁa@ﬁ@@fétﬁc@ﬁothkﬁﬁﬁéﬁJﬁHE5ﬁéﬁﬂé@ﬁ@sdﬂiktBﬁdpQM@BﬂﬁﬂkiWﬁﬂ@@tbéo as
to increase ta ield L9 Qf applr 48 tpﬁavor e coil_of CM

Readln %f??? a caﬁnaF% fadé f er by |ncF égﬁnd“P%e éo? ion
speed ofet hem gﬁeriu c fdisk. highemni sdea%bty homeqeﬁtlf:astr@fcqr@hatq -on of Alhe

rragnetl@xdé@lswam?eaomarfl ieg thelahit kg 1| ¢ dese (Read)hedd etef tymerhen the
nunber of %rclq&)rdln%e su beg% H;H%Q§ same as. th y@(@ %Qe the

rotatlono netic I Cl es nean er eX|st|ng|n
t he HDDMa@REELLS orrhcﬁkrt ho%@we‘ararrcl es Teilgal hSt ttﬁwerﬁﬁcr%e ondippenaghdyi c
di sk of mpo_eauﬁes tlargivedtch eth@r surfhat oF afHoOIpadmet eaddnghwisd i 4y €6

dat a, %izgg Iggﬁ hgl R%Q%Fl ke8$k8E5§ of the HDD. On the ot her

hand, Iylng (head) fromthe nagnetic disk
has been requrred to be reduced so as to cope with the higher capacities of

magnet i ghdirekss thecqerddt n£D! disk oar OFe evantf iine wpaAdH cligs dhadehaye

been negl selatl 6. a0pLDgt e, sLidgatheadla "33, AE8 44 S8 ARG AN HRLE -
while the magnetic disk does not rotate and the slider flies
from the retreat area when the magnetic disk begins rotating so
as move (seek) to a data recorded area of the magnetic 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



Thus, a need exists to provide a slider and a disk drive unit that
reduce read/wite errors caused by particles, as well as assure 314&6Q12004
reliability. [Sumrary] The present inventor observed actions of particles
against a slider. As a result, the inventor recogni zed that the nunber of
read/wite errors was vari ed anong the shapes of the ABS on a kind of a
slider .t her rred,a differenge.anong.the pariicles.deposjtion,

st at es g@g%ﬁgﬁégnﬁ§3?ﬁggA§§Hﬁui%ﬁkcgﬁ&ygtg| t nwﬁﬁgknaﬁﬁﬂsihéﬁﬁp&§ited
particl getrsatedudad, ai ramp afesongsbssitbbadeo ar evhgret he duislervinflelatae
read/ whhgnether 8isMougesoneiel-ek¥ret he present invention provides a slider
di sposed 50 as to face a disklike recordi ng nedium and enabl ed to support a
head for reading/witing data fronfon the disk. The slider conprises a
slider body provided with an air |eading edge, an air trailing edge, and an
air bearing surface forned between the | eading edge and the trailing edge;

arail formed on the air bearing surface along the |eading edge; and a pair
of |andThg pRiEn f SerBaiBalweksFidfe Pfp tdfe t HBDr dine anWiprAEeneat| ol slge.
01_eI of f i:beoadlihg_Ofca|pa_I¢thl?g_M%a@@ﬁ&&fjﬁﬂ@rﬁfrﬁh | f’a@ﬁettﬁeﬁﬂﬁﬁgf/@‘éiggnbpe
rail o andi [ Is lsposed at the outer periphery side 0O

t he disﬂgﬁgkg“?géggdgﬁg ﬁggﬁ%%ﬁ%hgﬁgﬁfhe slider is disposed so as to face
the nedium The slider of the present invention has the |anding pads. And,

the prepapteinVeriadingl/wdli thieeogriazed tfiauoh t hey@raidatdpae asafesgri bed

above t rticle re apt_.to deposit at .one side of a | andi ng pad,

whi ch fggééggﬁ‘é‘ r%é’i %e\%scplé’ao éﬂey,sepegﬁt W q‘rqb @b{&? o”a%p%?’t‘%gcoﬁsaéf

t he pai RO¥PLS| &edind qrey, W dis Wis gk tite tdisslout eBepaus@hthy biedd of
the di sksl ided veacosgli agvamdidsm adddeinde shode] thedhgnR £fOrRsnke hace

t he -medi s,.the_i nt; al, .cha t.he shape -4 . S, NOv, 200
of the k’gﬁgf%%ﬁpasd& a%g %O:W&?‘hggbfhethfmgggﬁoftl&‘éap'osi ?g)di'paf‘{li Qrley o
vari ed ARBR§VEhetRPapEdlof ithelg adBFhg fRsthinashctet eyplathen t herspdensf a
| andi ngmpgdetwhoth theevdihe maiting SaCutieshgany axlghetiite Bepsirtiyonopf
parti ¢l efccanshng edieednifigeds WY e ShLARL,OL: U e r&sen, | nkention
has been proposed. I'n the case of the prese L nventi on, ?%eileadlﬁg 89e
is disprEHe%Fqiﬁ?q”ﬂﬁQQQQﬁQﬁf%?kﬂt?%jP?n@PEég@diﬁOtW@QwXQﬁQQn@@il of

di recti bheoVChhe di sk-1ike recording nedium Each |anding pad of the slider
of the present invention can be curved convexly in the center of the wdth
directign. \As to he descrjbed later, this is because deposition of

parti cl BE2GAPEHE T8I P hadP tanChR Ad@Gc kf nBRES s ERtEIC 4t | ynAKeASiRe
center bbeti vptetibhe apded dof ecthen nisynairiced diskvwex| yIauchhway. case,
Furt her ABY@weh!) tht@serdfat {h Sbf deheOhalhRetREeaRK |G Oﬁare_igﬁgs{ or

applying _a positiye pressure to t slider "¢ be formed on the rail, . at
the I eadPn Béggetéfdefiéﬁﬁrbeﬁﬁgaﬁﬁth@oﬁﬁirogPePanﬂbﬂﬁ pble. WwBRen sffface
that geRarafiedes negattihee prbjsate HID f dsnethé n samear 8a erivdtosedieny the

Fai |, thetakiider of the ReagheRici AYSR! il LRE!i Oﬁ’%r%%c@e%egx?édﬁ/eg%éé§“re

sl i der it fli.es abov, he etic disk at a slower rotation eed. In
additio%ggﬁﬁéqﬁi%ﬁnéhﬁnﬁgépprggggfﬁéOUaP?aF$8ﬁeo@%ﬂﬁ%?%%ﬁrﬁﬂ?&ﬁ@ tth& the
radi al @nréeceo® foft hehanayrneddid kil ske coitdimgamstiurhardwdiherenrers | hehat
present ignwaitd & PhOYedasng /ReadiAgs bl ga Nl - gk £e Hg anSidlsd i Bl spesed
SO0 as tg Eagaﬁf.q%gfrllkg rqﬁfrdﬁﬁﬁ med un%ﬁnd ableh sypport a head
for rea Png/- b b aOFr SO e nedt ulPan® P cRaRd or 5% EBBport
and novE&lyhads|hefethtabofethhe sdiisler] | Keadec of dimgthedmagmeTie siislerhas
compri SBeed Stedairbadidr gl dechidd 8ol eauli #9 cdgpeantiah t kil | RIgRAPS
di sposed _at a_ predeterm ned, interval therebetween 1h the rotationa
directiSﬁPSFHﬁﬁ?%ﬁgﬁ-WPﬁBeFéEO 'é¥fwmiﬁ%nPe§H1iﬁﬂércgﬁbésbﬁﬂ &f ofiver
3dge difﬁneedpattﬁqbe&?¢hatn1h&mbibéenvmbguhﬁﬂﬁ%ﬂkmeegai%stth@ﬁdéE%der
irecti t ISkl e [ m and an air bearing surface
f or med gﬁgﬁg)tﬁ§slgg%?négggéeﬁgggeHgggﬁgkﬁg edge, the - 5 5 NOvV 200g
i nner edge, and the outer edge respectively; a cross rail formed al ong the
| eadi ng edge; a pair of side rails extended fromboth ends of the cross
rail to the direction of the trailing edge; a first pad fornmed between the
cross rail and the boundary between the pair of side rails and enabled to
apply a positive pressure to the slidery a pair of streanlined | anding pads
formed between the end of each of the side rails disposed at the trailing
edge side and the trailing edge; a center rail fornmed between the pair of
| andi ng pads; and a second pad fornmed on the center rail and enabled to
apply a positive pressure to the slider. Because the head assenbly of the
present invention has streanlined | andi ng pads as



descri bed above, deposition of particles on those |anding pads
suppressed. For the head assenbly of the present invention, onegg$ @ﬁgvpggq4

of -l andi ng pads, which is disposed at the outer edge side, should
preferably be streamined to the air flow fromthe outer edge when the

di sk-1i ke recording mediumrotates. As to be described later, this is
because particles are apt to deposit on one of the pair of |anding pads,
which s di spgsefladly Lhds AhARLI A8 953 il i SR ERR! AR ABLCRE wrice

i nvention, the™innéer édge ans an edge di sposed a e 1nner per1phery of
t he di sk-1i kerorecmsel Boparcles)ms welllag assuee: tht kelibilitg. di sposed so as to face
the disk-1ike recording nmedium The outer edge neans an edge di sposed at
the outer periphery of the disk-like recording nmediumwhile the slider is
di sposed so §§m&9%§ace the disk-1ike recording nmedium In the head assenbly
of the presént In éntion. each | andi ng pad can have an inclined plane in
the air fl| ovihegprd$enednvientor dbiserived actoanscofepatidgnngdinstof slidee. sAs eartuilhatie

| andi ng pad.described ah . en the danding pad is fornmed suc t he
it o o) SRR SRR Ry f BllabOToLAREL A BAGS Fas AP DR Dapet e
| andi ng pad of ale BBSsopparidss e ambider afd detel velipred BuliffirenoOaong thd patiblead
assenbly of the.present inveption,_ a ative pressure pocket can be farned
in an area élﬁB?Sé@é’d Ses. gecording ty thg gggsshaﬁ% céﬁ%cgetfeg’i’ | Wht then guher of¢
side rails. JEpssiRapkeiclARPl8SdRitILHRS bYRIHK RSRMI® thO nfilBerSdfl S redoRité he
di sk-1i ke recording mediumrotafes. Because of the conbination of the first
and second pgu@ss-t hat apply a positive pressure to the slider respectively
and the negative pressure pocket as described above, the slider of the
present invention functions as a negative pressure slider, so that the
slider can Myreabovetdhehdpskeratinensibn\pesvidaatatliden dspeed. sol ds toSfatchaiglisk-

possi ble to suppress the.vari ati f the flying height of .the, sli.der, to
bocur in t hARF RHoRng T grd spald o s upponadea duorediling Vi dta fomon
Fur t her nor e thd figk Prideefitler dovgitiseOR s Hode prévidddSwitlainver 1ealing GARBI dnSding a
di sk-1i ke recording nmediumdriven rotationally around a rotatign axis and
enabl ed to WAHNE eddca apReedh bearing sudaceplogped datwiien Hhe Ipasieg redge and the
readi ng/ wri t t i ﬂﬁﬁqﬂ ek he
sl i der abovtga{1 ﬁleg églﬁgﬁﬁa?lk%ﬁﬁgegc%?gfe % %ﬂ?%?nhrf%ﬁc? a e%gagisf%:eedﬁg ’oérﬂd%ﬂil?ng
t he di sk-1i kélandigrmidadormedibatweentike tip pfithe raibh et thadradotgradgor Onehd thd paer

conprises a ider bad rovi ded with.an air.leadin n ai rai.ling
cdge, and st W leR Y R GRSt WS g i B P EGE o Bl whisRihe
trailing eddéposedraithe baenpeipenpsitle bf ke dsklikeiccerdignmtdianaivhild s dlidgr
surface al ong,.t he Ieadin%.ed e s%.that atipis extended to the direction
of the trai I HPEEHE 2410 a%”58FF 8¥™ andi ng pads formed between the tip of
the rail and the trailing edge. One of the pair of |anding pads, which is
di sposed at _the outer periphery side of the disk-like recording nmediumis
provi ded wi tife sHd¢rd theyrgseail prrvgnieon basi the bbading nade Andtthe areseritinpmteetat

si de facing ] i ) i [ATRVA=IRTT | d i i on
IS provi dedr%/é6 rﬁlzg@gg{&?ggﬁ Hfz%dylh ﬁsﬁ%z%géjtdﬁég lbggr?f%f)gé;rtﬁea's@e%aﬁgﬁgﬁe?ﬁg %gﬁﬁﬁ one
of the | andideppspadsne side oha ladiiggpdsetichifadeh theoatl e Espretallyhparyicles dee apt td he

di sk-1ike regcordi ng nedi ds,provided wi,th an.inclined plane inclined in
the i dt h gt BFomeibChat G PhGbE g M Ading Sl e S b e

algai nst theof &mdﬂiﬂg&ﬁa&wﬁdﬁ@ rﬂ@diu?]][\ﬂmhﬂﬂ‘le sBderiyIdispsxad solahitcaface ﬂﬁlﬂ?ﬂﬁﬁlm.

pl ane. Int case. where the air oy stagnates, it causes particles to
deposi t nnrgﬁu&%@emvav°&®6%°%%§$¢9ﬁ A% | andi ng pad of the present

i nvention having such an inclined plane will therefore be effective for
preventing the air flow from stagnation, thereby suppressing deposition of
particles. After all, the present invention can reduce the nunber of

har dwar e- caused errors, thereby inproving the reliability of the disk drive
unit. In the disk drive unit of the present invention, the inclined plane
may be varied freely in shape. Because the inclined plane of the present
invention is forned so as to suppress deposition of particles on the

| andi ng pad, the inclined plane is fornmed just at a predeterm ned pl ace of
the subject |anding pad at which such deposition of particles can be
suppressed. Consequently, the inclined plane nay be formed entirely or
partly in the width direction of the |anding pad. The inclined plane may be
formed not only in a direction, but also in a plurality of directions. For
exanpl e, the slider 3b shown in Figure 3 (to be described |ater) has

| andi ng pads, each of which has an inclined plane inclined in one
direction. The slider 3a shown in Figure 1, however, has |anding pads, each
of which is inclined in a plurality of directions (actually, two

-~ . r



Her eunder, the preferred enbodi mrent of the present invention “jlh‘ﬁﬁ
.described with reference to the acconpanying drawi ngs. Figure 10 3004
schematic configuration of an HDD (hard disk drive) 1 in the enbodi ment of
the present invention. In Figure 10, a magnetic disk 2, which is a

di sk-1i ke recording medium is driven rotationally by a spindle notor (not
shown) in the direction denoted by a white arrow. The magnetic disk 2 has a
magnetic thin filmforned as a nagnetic recording |ayer on a glass or

al um norfi stibst r deading Fpgdr eand, kmewcttibettor thepr appyad wwEh @eres yeeds

osci |l Y65 i{dieed aRGR doaelied b¥mdngo! the! iNtaged OWrar eued 2aphval spadt P
This oscillati action is done by-a v0|g§ ggil nntgr 5 configured %ha
coi | s&onggetely, swped \tBeosifs Af vai kARG mBebr MR §&&S sb™For
t he voireailcoi snutwrveat ovbdedxay , artlenddepos heiant wet opadtiespectaarel e The
parts f 0Si t.he; h as g i I z’dﬁnﬁa a 4,
et c. ar%%‘lg(ﬁééaéd i%glétsb:lsggt@,&vw%]?{%h s?i?%%e eér;%I ggérgr%%étwlt anécfﬁlyumhﬁém
al | oy, haan TPEeORSFEH-ng pbRt iGIe ofasife Bhsctlse i Presandd BYVENSHaNe- | FRe
nmenmber _1re%fceirr§gea@e?isa dp@mﬁr at Ui |ql;psﬁﬂ‘@mm@ﬂetih@ dix§d<i12ir’ftﬁseagﬁ
magneti.c recordin n h top.a S L yve ; t hat

t wo sH%ﬁﬁéb% %ﬁ%ggfg%%%eglggggéoﬁogFaggeegggko%ggé %%égggééépgﬁgﬁﬁg'to

t hose top and back sides as shown in Figure 11. And, an ABS (air bearing
SUVfaCQ:')ad;jﬁS i@gaﬁﬁ O@alehabfsuié}féiCﬁlﬁcﬂeﬂa@b ghbd@)&es\éﬁﬁkcmﬁv@ﬁidrﬁ ¢ be
magnetic dis ... The.slider i_n IS I Meng, J Sy atjve pressu
SliderQQﬁﬂe%a%%%gefﬁg AESFPS_Sgﬁéthgﬁgqﬁgbgﬁizg[ﬂé§é§ﬁ§§?1hé£ I?/;gnEg
hei ght dfsehitbedgadtet, ptbdsuie deacderses depogddiigad fy Rt al encen atiBBg a
negati VEa M B8§UPRd & A1PShéi YRdRCeSS iidre adganf etastig (aese e ackpddr

spring of the actugtor 4. The.positive.pressur flying force) is the

| ar gestPTphet fBrgéchﬁPRB Sﬁge?%§Pﬂgl eFﬁﬁYegfé?ﬂéeégyngcg.W&EheralIy,
the faster the rotation speed of the magnetic disk 2 becones, the higher
the posﬁiaweiagegév;_eilngcw%s. @/@@m\/\@@n the aBgliHéerS_mﬁE‘d the oprébent
magnet1 £ dlSK.2 1S_T1xed, M renty.al. varl a ng
to the P ‘é???(l)?\nf 5t P eféjltri %@%lggg\?eea[ f?e%g&lq!slk‘ﬁﬁoﬁ)%seﬁrlzedi% gl_?egglgég%r
Concr et@?¥y, héhe foimmaght enenthal Bpeled Wtsathsfikd2dHg r &dgg ofidhiep ofnd

V=r ~c~,bébtReér t BRE tpaioUt 8F PBAhANRGY phdibhe neghneiri cadi skr2ageesthhle
faster dé%ﬁef#ggma?rn a{tai'vesgﬁéjsé{ubee%ﬁ%or@&%ﬂ“%’ﬁt | Yed NEnE1¥L 09 B?' ght
deci de y € positive pressure 1S increased nore at an outer perrpheral
area, viBRehTadlf.urther sddpgrattll Fhempasseddnt VIt AHERELPESIZK &

The negaégyeipeepiwsstld delider Sandi ity fniendebote shppmesgndtiac vaiskti on
of the {{YINg Sl achandidle Lpckhe Postdl audfe {1 Sihder sahoe {Ben
magneti c di sk In the radial direction bgé&enerﬁilqﬂlthe negative teisure
corr espORBPRESEo PR i FRTEHSKPD TIRE stPGer T8YE3% MISAHIt a 1) oBe r 5REERSN
speed tdanecohmwvenbvifonhle disk-Likaddetbodinghmefiiyinng hei ght of the slider 3

can be reduced. In _ g _ -5 Nov ~~~, this neaning, the negative pressure
slider 3 will be an effective technique for the high recor di ng densitx
magnet i EYHFBRIBOLEYr t ARE mdteeSqHe prY&BAEOPnVRRRBIIRS et efe3Ss| PREFMBLY

provi dedoniftibugede dyf fer edtidaBSsd asdo seds ured alsar dwarfaes r ar sdiisketdie

when palL] re ied inyth in ntigﬂ@g At th me e,

t he inv%%%g%agg env3§8Eg§/pé???c|§§E%§%%Eit§§ on eaé%%hBSfiFigﬁ%gg %?b%?

and 5 sheAdHaAYYEdtABY Cpfés Tl Ged Tomadidins | 3eras FRtneCEpBYEd €O

exper i nenpporider endaf meve ttiee slsldisdier3 sthome | nhEi gdiek-11k8, ardobdumlgl be

referre s 3a b, C sLi.d b, d I 1,,4,dent,i cal
flehQuAS 3arnd sf‘:[s'(ﬂef’ coﬁBﬁ%'eF & Ss33de bc/ﬁ&:ﬂ}goéfo@iﬂea wfrig? |2

S
i n shape except for the ape of _t andigg}£ads. ontrast level \in
Fi gur es122ddngaRdge gendt &5 Arfelgng; edwe Riedenbt & PREIAREGRBARE
porti onjamértvhea WiiHer«deneieezm t hien | osvest pordtonal n dFlgeteidn tbe skhder

3a has g.leadi.ng e raj.ling g ap,l nner. ed ..and

outer e égﬁig}k$he9$§%%$%ngehﬁgf ’isggn%é%%%~t%dggigﬁ“fh%ﬁa%%“fﬁgmgaaﬁbn
the slidesp®sed iads @ etrrmigied | Wyt emignlet Feeplaktween in pkbhderaddpped
lhel g_ht mtgb%ttlﬂg@l &Sﬁlﬁfﬁiélhﬁliﬂwpﬁééfxﬂrﬁdﬁedﬂhﬁ, ?ﬂicliféxﬁ\t/\éﬂ_ﬂ b@latrtm |

eadi ng_edge oes ou romthe trajling e 11. sl.i air als ows
to bothSPﬁ%@F%Mé%¥mﬁ ragaagst%f éﬁﬁ“ﬁ ghdagﬁ%ES%éﬁttFﬁ&% ?é%?hi%&eedge
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 | ooks ITg%t'a.LLIetter. Each of the side
rails 20 and 21 receives a positive pressure so as to keep the right-Ieft
bal ance 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 rails 20 and 21 and the cross

~ o r Y Y. Y — - — —— Y. Y — o 1 o~ o



- 10 5 Nov 200 positive pressure to the slider 3a respectivel . Between
the tip of each of the side rails 20 and 21 and the trailing eddééle}VbZUUQ
formed two | andi ng pads 30a and 31a. Wen the slider 3a is disposed so as

to face the magnetic disk 2 , the landing pad 30a is disposed at the inner
peri phery side of the magnetic disk 2 while the |landing pad 31a is disposed
at the outer periphery side of the magnetic disk 2. The side rails 20 and

21 may be extended up,to the training. edge 11. ILn.such a cgs owever, the
Flying hei orngreagsaRd i e des -iarrnHag ctburiored nBng BRTerdR BYEE: ne
slider 3 abgug dthaievagnettehded fidin Bothrenkibef hadi@k rall foet diectionWfahe trhiéing

| andi ng pads 30a and 3l1a are fornmed while the side rails 20 and 21 are

. 21 a
formed wi t hisdes; pledaed iarmedbeaiser the @eperall apd) the doungpry. belwesp thgaig of ger
3ainthis qgﬁp j: , £lyi ol Sihk A8 He3a PerShatieli zed
regardl ess of 1 %Qélg%’ggietn%ggd itérll)éklﬂg %ﬁ%?tgklte l%ifesrsggbte}oon of %ﬁe &rr%g(r)let irc dﬁgk 2.
The | andi ng lpadisg pads fomahed batwashehe thd of biclkeof tBe sivhewsils disposetl st ttheniraitinghe
magneti c disk 2,.functions..as an auxiliar eel, for gt ect | .he head
(to be. descriiggsideutidh® Sl hEen ittt PG e ShaP IR P50 VadiPg S
center rail Q.2 Adad phdienici®naotaiter Ailland@nilsied ar amdy armobiBSe pasksid.to The
ABS pad 53 as well as ABS pads 51 and 52 applies a positive pressure to the
slider 3a rd8peddstvely. As described above, in Figure 1, a contrast |evel
denotes a flying height of the slider. Figure 1 also shows both A-A cross

sectional view and the B-B cross sectional view The ABS pads 51, 52, and
53 are hi ghd3tcansedthedieat! assenddy lof dhdoresemt inesnglon ha¥isereanbieed knfingamdand 21,

ol 1 ow the Aseieblfe BRIt SRR ARG Pun PR TEB TISREE, 1" s

rail 22, the landing pads 30a and 31a, and the center rail 40 are all equal
i n hei ght. he arts are all |owest. portions that are.denoted.in ite.
The ABS pads B1n @éaéﬁswﬁgpsﬂaﬂwgn&a FHE i ﬁ?ﬁf BT B 'aRne 239% SO Sed
as a recess fiposdhthe okder edge sideNAGULDPreRAEH @ the! stk @mIiREL®HShE QIR ITAIRS a
negative pressure. The ion mlling nethod is enployed as a process
preferred tdhegpier efge whep fegdigpBke fecoring mediym miatescoe tebe(dpscribed laten
mlling met i J e i 1 b

or edet or m nad rores e n B REleE At Aepd b R P BalFRT R s which s
Because t he difpoded aGthei sutet ejgoetidd. nlit theeas¢ of dlespresdng imtentipmgthbyinnayredge
mlling nmust_be done in.two,s s. This neth i | _known amgng t hgse
Ski | 1ed in vRes AR cagh Gish a3 BRSacelalT O e GrtThe <HaRIB, AR hafe

om tted her ahe Flidersisidgpos@&hsé 9s i@dgeohe didrlilexaoplding medi@braNiThS otitetedige
conpound (A1203-Ti C or Al Tic) of titani.um carbon te.&T[C) nd al um na,
(A1203) . HIMERRSAD Sdge HIBaRsOcH MeBtericiPRory A M diStike FeoT g A 45 1 1
is made of ahuglided i AdEf8d so & totfhiéeStha iisRilka rédtBA8 meBRit.i on are formed a
converter for witing data and magnetizing neans for reading data, that is,
a_head. Because this portionis a mcro area, the descriptionis omtted
here. This e i.0L.] d : i i )
Basi cal Iy, (haneReneatsaRblaF et aR Brehilf, Su{Rha? R rble ShaIRed- | ¢
t he sanme as pliat inohe aheflevindelired@on. Thas s avecreef eampieonthastradrslindd landing

t herefore be giyven.t he s i,tens..in Fi es d 5 as those sho in
Flgure 1. avidengited dhitant rae G Pt roRsd Hie it ey R ot e fe ihas
30a to 30c, iaslingdl plags tBdraby depdbitiotr 6f partivied odi thé edrRige paTong bt Rapsicssder s
3a to 3c shown in Flg%res 1, 3, and 5. Concretely, the slider 3a shown in
Figure 1 hasn@recsiked¥eléurface at one side facing the side rails 20 and 21.
This convex surface is forned in the center of the wdth direction
(right-left direction in Figure 1) of each of the |landing pads 30a and 31la.
The slider 3tortisonerei m the guadagembly of thepressntsovdnsion, anegatise prasswe peckeici ng
t he side rai 2 21 just |k he slider 3a shown in Figure 1. The
slider 3b sﬁ%%#egﬁ%%%dﬁkg4%%ﬁ“§%8§%§ythe 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 facing the
side rails 20 and 2I. as described above, but they differ - 12
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5 NOV 200g from each other in that the convex surfaces are for rré'd5aNOV 2004
different positions. This difference nay be regarded as a difference
between the directions of the planes on which the convex surfaces are
formed. Concretely, the slider 3a has a convex surface in the center of the
width direction, so the inclined plane is inclined in tw directions. On
the contrary, the sli der 3b has a convex surface at an end, so the inclined

| ane is inglined one ctlon The £ .3C

Eas a linea W’%ﬂ tBSr?aHt |Stl(§ CRHE dhqdOF aC|aﬁ§h€tS néé}d\ggpg‘“{lflﬁhg(gﬂgend
21. Wth US@h@efr vt'm&ﬁe alskdikeSechrding ni’&hurh hé&taieBv Bl@éamrse of thel combasation df the
hardware errors to occur while particles were ap h éj‘g t he HDIP &UIEB
operation |ﬁ@@r@ﬁoﬁ‘?ﬁ%dypf?ﬂﬁdh@}bwbt/éwoﬁwrf’é‘i"sﬂ‘réltéé alidrsiresngeyele g S.
The above CXBEIAENGRSMEHHANS: Msddig PRSI O NSt ol BB inidhd Our

3.5 inch (fo ghetic e rotated at a rated rotation
speed of 10fi@fionpas aBmgahmplfeswre whdmmesa chadlitlek slider wen dlyealsiveytbel dissrattahe

HDD 1, the number of s eas s 8.. Part to
cach ABS wer BV Chifien TRE20R) Pt Brarlt LR T et gluht AgnBRlepBr
particl es wekeslidepitibdett i@ théeddDRirdcticngdtedisiMikdirdcbeligd medidin. t he sane
time, data was read froma magnetic disk 2 at randomfor 30 m nutes and the
nunber of read errors (hardware errors) was counted. Figure 7 shows the
results, r 4 B videe Durberivefudieashsidigy 8 dalBkd ed
from each ofﬁhhgﬁg)r?d%regﬁ%%ﬁt gﬂf%gf?(d gaVs) Fi 1guré1 7 ushows Itgﬁlélggt he nunber
of read err m¢®ereg@m§1$ulh dsiyen e@;amnaallalalrwndna oriatian afis enbergbiadeto watesdidin i n
Figure 1, sllde Fl r i

Fgure 5 et anyeechBTiR Db TS g ARG AR TronfpE igRedithn: o,
and 3b proviadesttidtdh fdransbkitg adsliddaatiooe 38b, disslikerécoading rmediom3 Hod an
provided with a convex surface, its side facing, the sid ails 20 nd21
respect i vel yo¢l H%H‘YetrIl ehoé‘tst‘]&éﬁ g’éﬁd‘rkﬁ\??cd’é NG lqn%t?tﬁ‘? Hbdeﬁ’aad]gt DACHHE" 310 are
formed I'inegrilfist @mprises aist@er’ Bdyngrotviaed S&hﬁ'tearf aik |l&td3@ @pd, &l air Sraildig®@dbe; 13
- 5NOV 2003 linearly respectively. In ?ure ,. a square denotes a
slider, thatndsn ay heatipg &Frf@e§m@c@t‘dﬁeft¢ié Grscdee apd dhe tailingeqpesa rathed
above, the 'f@gle]d 588 Q7 TS dIn'We Ef?%eélﬁ%ds& aE@ﬁﬁ%n%%heol'éQd’lh%Q@gé"éottlﬂatf pur

magneti c di sO the measurenment result ownh I n Figure
1 was obt ai nipdiswixtenders® i dizeotiempf thedfailikgeedgoDand a Phis ofdeslime padst forreedi| t s

Pust one. HoBeaveSRaf to SRR B e et iR 30 ol HERTR AP LAUREDBL yhit E,

on each of ﬁ@ﬁtsﬁbée‘d&l’t&h@@uﬁe@ paiphesedide th&lalsahﬂdéereémaﬁtlghﬁﬁdmm&s Ih_‘b'gtlédes 2
4, and 6 show the results {‘ﬁdé shows thﬁ nmeasur emen resulltf]l‘ecif%ilt1
slider 3a sRYihay Anghingdsgrface 'FBFB ingthe eidih Hikertion £ it facgs N he

slider 3b shgyn in Figure 3. Figure 6 shows the nmeasurenent result of the
slider 3c shown in Figure 5. In Figures 2, 4, and 6, nunbers given to (A
to (C) denote the nunber of read errors described above respectively. In
Figures 2, 41'headn%< (@PWCSLH&I e mbrﬁhn&gﬁhh% Ex%v Q%ﬁtht 1P0§ialndfﬁ§'lﬁﬁ§§rat
shown in Figure 2, particles ep05|te on the landi ng pads 30a and 3la.
was confir mednfipats inr eligrar ariccbes ofapodindiul @eds, hehinluribatisposed e“adleebut@r s

i ncreased. It th t that,.the parti.cles ted ]

| andi ng padé’eﬂ*m@ rﬁﬁbéje?ﬁéﬁ‘fieﬂ F E%Fﬁcf’ﬁjéng luﬁlb 'Ba?d%vlgﬁgwé aan?,Tﬁ p ]ﬁmt t he
data writingndeyen tiey withh thectlaad igntllctfasing diclcadiagctg. Mg sit Iﬂbmn@anﬁans

t her eby cau5| ng hardware errors to occur. The trengpr ecogni zed in Figure 2

i s al so seerhs Rngingyiad glogs net$tagnatesp apushemysuck an e %Epla'éﬁ)o@lt %dasﬁﬁ’”lﬁ‘ﬁe

| andi ng pads Spabg FfaicaS WRkke ARIAR BURpbt b and the deposit amount
was proportional to the nu er of detected read errors. It was al so

recogni zed fromFigures 2 , 4, and 6 that particles deposited easily on a
specific spot of the | anding pads 30a to 30c, as well as 3la to 3lc
respectively. Concretely, in Figures 2, 4, and 6, particles deposited on
the | andi ng pads 31la to 31c nore than the |anding pads 30a to 30c. At that
time, the landing pads 30a to 30c were disposed at the inner - 14 - 5N
0 V 200g periphery side and the | anding pads 31la to 31c were di sposed at
the outer periphery side while the sliders 3a to 3c were disposed so as to
face the magnetic disks 2 respectively as described above. Consequently, in
the case of the sliders 3a to 3c in this_enbodinent, particles deposited
nore on the |landing pads 3la to 31c provided at the outer periphery side of
the magnetic disk 2. The present inventor neasured the air flow on the ABS
of the slider 3 by sinmulation while the magnetic disk 2 is rotating.
Figures 8 and 9 show the results. Figure 8 shows the sinulation result of
the sllder 3b shomn |n Flgure 3 Flgure 9 shoms the S|nulat|on result of

o ~7 AN\ o ~7 AN\



5 N O V 200 inclined plane can al so be fornmed entirely in the i way 2904
~direction. On the contrary, in the case of the slider 3c shown |n e
i't-is understood that the air flow hits the | anding pads 30c and 31c al nost
vertically when the slider is positioned at the outernost periphery of the
magnetic disk 2 as shown in Figure 9(A) and when the slider is positioned
at the innernost periphery of the magnetic disk 2 as shown in Figure 9(B).
Consequently, it is estimated that particles are apt to deposit on the

| andi ng@pads - 308 hend- B1dinthepadhefaithef RARSH vbBEeHakR c| BAViNHeSHBBVe
(rjreasur@ﬁeritndr']leiswd Sp@éﬁeswﬂﬂﬁll tg@r@iofc@' Iuyxg effértiess f@adpeerens iage
etected with respect to the s ers e ndi-ng
pads 36& aﬁ&lrS(ﬁO% gft s al{n’d %i%fa d%v?%@%ggégﬁg% Eeég%éa;ﬁf glge at
its sipertaclag- theAirtdze ralls meanurgaenbs@emam:euqn Gaa )retheceuitber . of

read efpRbéri S dﬁfop%w%% bgufslaa anoulr Of  pankicehes \¢ B¢y onthie
| andi ngﬁgads .as 313 to 31c. (3) Particles deposit nore

on the haphélﬁﬁdgfiﬁget gl§¥f\§ LY@ #8dtat the outer periphery side of the
magneti c disk 2 than the |andi ng particles 30a to 30c, as well as 3la to
3lc. ( I e agpat e £agn S n the
| andi ng)]pagl g% Slz g}é%g% §1zilrsloctwe # ggéo r%fe‘?x‘% Zu{yéb 1'S:"r(%g 3%5 vmqn?ig%cginvex '
sur f acBlapej {Bay; éP@ f 5aF hgdt HeregHe AR | 2h3pe and Q?LCF‘B§EeC"t}i‘%/eIl§‘C Liped s
becausplthe |afdithg ppdesdfa antvadbioms iwel foase@lacands31to as@ppress

t h i F t h t t
ot o REDE8iton D! falted ts TRRTEGS 120EHRY B rehd " FoRLEARE" pIBYEN O
pads 308 £RdMssh, J‘h%t V\éFI aa§r§fl§%¢%¥a‘l@fﬁ ARG RE whie 8UB3RGEX l§l9ldfli§.’@e at
its sigeaedf aci nghtiba sduwteh r depdsifiiand oXl, pahaticles stancave i segpprestsld .ai r

flowr EEB@%@%%YL V0 @ﬁet Olﬁc‘?ﬁEﬁSdhaﬁlde}'}?é em%{y[]gfa?aofofx{ﬁéd Hg%%’l él’}; ?fb

addi tion | es deposit dlng pads
f or medPAL tiie %Utfé}e ﬁé?qﬁhe‘i’&r%‘i:%lbo%foi h’éh?rabﬂé‘fi%g drad-2, The |1§1C
ef f ect planko megube therhaddwarte enipr Snt oa sdieacttiion , thleut ardisreg padsa 3la

th at r g ;!
Iandl ng pag(?\{tgg andaggg’é%?&lg E}F(fléet?a)gét eédelggrgl ts'ltlﬁoiar?%t %ﬁﬁ?ﬁgﬂsl :ngers
3a and¥dguge t fe Presbft ‘il‘ﬁ%ﬁ%]i’%ﬁlu Ladw&verh a?helaﬁ\'dz‘s'%t PPATent 3 i ot
i mtedhdahy hast s shaptinédt hpd aglg densldesdr iilme domdova xr eictid. aghape Tiegy be

vari ed ghriely .3 Fam fxanph em%@féelthﬁo@ébgfrsh% @aﬂd%geg@ege Ralh, torpes
of thelanln pads_30a .and 30

an inclined
surfac¥ |%BF}1HFF H§‘ﬁ%s§#5F€Y§%Yf6ﬂhfi I%ﬂ??%c%?ﬁga Vfaé@’ onl y
for thdimediimpsgads 31a and 31b on which particles are apt to deposit. In
addition, the Ianding pads 30a and 30b, as well as 3l1la and 31b may be

shaped %‘?ﬁeff ’rr;ﬁl ei a coL a triangle, etc. [Advantages of the

i nvent i MHGve, according to the present invention, it is
possible to assure the reliability of the subject disk drive unit by

reduci @&ﬂéﬁd@?osthbo%ﬁéf@@féd cle%oarimbhe sdf dehe. PrefEhef 1%%%1@;11 on
of the Dralvm ng sllder 3a enpl o

erbodt M. O1° (IR Preehi T eng THRET R g &P gy Bt 1 e e

deposi t ed on_the slider 3a; Figure 3 sh_ovvs an ABS of a slider 3b errpl oyed
in the FiRpdd NEOt sRbwENE IRt iR iQtiration 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 recording medium,
is driven rotationally by a spindle motor (not shown) in the
direction denoted by a white arrow. The magnetic disk 2 has a
magnetic thin film formed as a magnetic recording layer on a
glass or aluminum substrate. In Figure 10, an actuator 4
provided 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 coil 5a



Fi gure

4 shows how particles deposit on the slider 3b; Figure 5 shows an
"ABS of, a slider 3c enployed in the enbodi ment of the present |nveg}hgg ggg4
Figure 6 shows how particles deposit on the slider 3c; -
Figure 7 shows the nunber of read errors detected in an HDD 1 with respect

to each of the sliders 3a to 3c; Figure 8 shows simulation results of an
air flow on the ABS of the slider 3b; Figure 9 shows a sinmulation result of
an air flow on the AB%_of t he slider 3c; gure 10 shows aa configuration of

the HDBOF, P HQureth Mekon %%ﬁis@eeewetv Bwigt pési vodeed cliildarat
[Descngmnwmdmﬂ stynbol g€ndl of . th@DatwaedoB:ﬂ<ixepéﬁtihely Nh@wﬁl sk 3,

3a, 3b, r t uat Y/ thor i1 for
Voi ce |I ﬁgpgggég% éhﬁh lﬁ? ﬁbrg®b|cea§b fﬁ% n\gn§ §e 181S% EEagah
Edge 1RCtuatpai4i n@tEdgér§2h0useldnrié¥ Fdersa 36, . whibghedsEdge eer:ld_Bjure.
Side Raidde?Zvith &hO0%3ulfdinum alloy, etc. The opening portion of the

base 6 is sealed by a plate-like member referred to as a top
cover. Usually, the magnetic disk 2 has a magnetic recording
layer on both top and back sides respectively, so that two
sliders 3 are disposed so as to face each other in
corresponding to those top and back sides as shown in Figure
11. And, an ABS (air bearing surface) is formed on the surface
of each slider, which faces to the magnetic disk 2.

The slider 3 in this embodiment is a negative pressure slider
that causes the ABS to generate a negative pressure. The
flying height of the negative pressure slider 3 is decided by
the balance among a negative pressure, a positive pressure, and
an elastic force of a load spring of the actuator 4.

The positive pressure (flying force) is the largest impact for

deciding the flying height of the slider 3. Generally, the.
faster the rotation speed of the magnetic disk 2 becomes, the
higher the positive pressure becomes. Even when the angular

speed w of the magnetic disk 2 is fixed, the circumferential
speed V 1is varied according to the position r of the slider

‘. above the disk in the radial direction. Concretely, the
circumferential speed V satisfies the relationship of V=r-w, the
further the outer periphery of the magnetic disk 2 goes, the
faster the circumferential speed V becomes. Consequently, the
flying height decided by the positive pressure is increased
more at an outer peripheral area, which is further separated
from the 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
magnetic disk 2 in the radial direction by generating the
negative pressure corresponding to the increase. The slider 3
can fly at a slower rotation speed than conventional one. In
addition, the flying height of the slider 3 can be reduced. 1In



30a, 30b, 30c, 31a, 31b, 31c ... Landing Pad 40 ... Center Rail él\ﬁi 2@
. ABS Pad - 18 5 NOv 2004 - 19 WE CLAIM 1. A slider dISpOS d Vﬁ
a disk-1ike recording nmedi um and enabl ed to support a head for reading data
fromand witing data to the nmedium conprising: a slider body provided
with a |l eading edge, a trailing edge, and an air bearing surface forned
between the leading and trailing edges; a rail forned on the air bearing

surface. along the | eadi edge; a_p luralit f ndj ads_.f.qrmed bet ween
t he tlgh6F tﬂ@ apgPe . an&ﬂghen%ﬁgﬁﬂi g &3§E; qﬂ‘%ﬂg % &qln%ﬁanérbads
has a ecﬁrﬁeexmerf’aeehﬁaquag fde rtatid WwWhighh recdrépnseddmswya owgtggretic
periphaé PS hde of the disk-like recording medium and the slider is

e

di spos o face the disk-like recording nedium 2. The slider of claiml,
wherein the convex surface of the landing pad is forned at a center of the

| andi ngupaderdiorthe ©Hé dpresbnel aimzehtovheceeatebe apasi idef 08 mpd-coni dee
rail a&i%%egéﬁ%“é%kf@ﬁ%ntaﬂgSs and measured hardware errors to occur
when particles were applied in the HDD 1 intentionally. At the
same time, the inventor observed how particles deposited on

each ABS.

Figures 1, 3, and 5 show various ABS types employed for the
slider 3 in the above experiments. Hereinafter, the slider 3
shown in Figures 1, 3, and 5 will be referred to as 3a, 3b, and
3c. The sliders 3a, 3b, and 3c are all identical in shape
except for the shape of the landing pads. A contrast level in
Figures 1, 3, and 5 denotes a height; the darkest denotes the
highest portion and the white denotes the lowest portion.

In Figure 1, the slider 3a has a leading edge 10, a trailing
edge 11, an inner edge 12, and an outer edge 13.

The leading edge 10 is an edge to which the air flows when the
slider 3a flies above the rotating magnetic disk 2 at a
predetermined height while the ABS faces the magnetic disk 2.
The air flowing to the leading edge 10 goes out from the
trailing 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 1light ‘a U-letter. Each of the side rails 20 and 21
receives a positive pressure so as to keep the right-left
balance of the slider 3a during flying. A predetermined
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
formed ABS pads 51 and 52. The ABS pads 51 and 52 apply a

- 10 -



bet wee
sl i der..

n two of the Ianding pads, the pad giving a positive pressure to t he

4. The slider' of claim1l1, wherein a surface for generar15

negative pressure is forned on the air bearing surface in an area enclo
rail. 5. A head assenbly, conprising: " S N OV ~00~ -20 a slider

by the
faci ng

a disk-like recording medi um and enabl ed to support a head for

V 2004

reading data fromand witing data to the disk-like recording nmedium an

act uat
record
| eadi n
t hereb
an inn

or for, supportlng and noving the slider relative to the disk-like

R9F Lredieu T /Aftks tQ Hehas |5 beder ntd udespeat sveter body having a

g edge and a trailing edge dlsposed at a predeterm ned hntervag
fueen I n t.atio aI d re of .the disk-like recording nedi um
%retw qqe a%@ Sut® fts dsehd a PRt éPmidlet ¢ ht éngh the

therebéﬂW@énn91Qﬁq%uﬂh]aneré@rmed bWotﬁendusb lpiakie B@@oracidn g Inedi umpe@nd

an air
the in
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The side rails 20 and 21 may be extended up to the training

edge 11. In such a case, however, the flying height of the
slider 3 is varied according to the position of the slider 3
above the magnetic disk 2 in the radial direction. When the

landing pads 30a and 3la are formed while the side rails 20 and
21 are formed within a predetermined length respectively as in
case of the slider 3a in this embodiment, the flying height of
the slider 3a can be stabilized regardless of its position in
the radial direction of the magnetic disk 2. The landing pads
30a and 3la, when the slider 3 comes in contact with the
magnetic disk 2, functions as an auxiliary wheel for protecting
the head (to be described later).

Between the landing pads 30a and 3la is formed a center rail
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 slider 3a respectively.

As described above, in Figure 1, a contrast level denotes a
flying height of the slider. Figure 1 also shows both A-A
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 landing pads 30a and 3la, and the center rail 40

are all equal in height. Other parts are all lowest portions
that are denoted in white. The ABS pads 51 to 53 are standards
against which the plane is recognized as a recess 60. This
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| andi ng pads fornmed between the side rails at the trailing edge; a Cﬁﬂj r
‘rail .formed between the |anding pads; and a second pad forned on tﬁe ﬁtggo4
rail and enabled to give a positive pressure to the slider. 6. The head
assenbly of claimb5, wherein one of the | anding pads, which is disposed at
the outer edge, is streamlined to an air flow fromthe outer edge when the

di sk-1i ke recording nediumrotates. 7. The head assenbly of claimb5,

wherein the |landing pad is provided with an inclined surface al ong one way
of an RAGkgYohike redess 00¢ PepeFatesia BeIFheVReRYCHSYERDIy of claim 5

wherein a negative pressure pocket is formed in an area enclosed by the
cross rail .and the side rails sq as t Lye_a negatiye pressure to, the
sl i derr WherCPh&dilsiid ilﬁggbg‘iorlﬁi n%}n?rg%fﬁ% A5t at eg_rog_es% di’s ecFrrie\Pe_g%i t,
conpr ifseny: thedisieppad ABSorall ngheediladdiei Ag-dri VencretaiyondliNey &@nund a
rotar Mnf‘ﬂ?nf‘ﬁﬁ'e@t’ﬂ@@' ed hgeheenrd Haha nheAite S BiddersPrayired wth a
head for witing d t% to and regdln dat% from.the disk-|ike rfcordlgg
rrediurﬁredetermlne o reby the AB gure can
obtained. Because the slider 3a is stepped in three levels,
the etching by ion milling must be done in two steps. This
method is well known among those skilled in the art, so the

detailed description of the method will be omitted here.

rm, the as shown in Fai

The slider 3a 1is made of, for example, a ceramics mixed
compound (Al,0;-TiC or AlTic) of titanium carbonate (TiC) and
alumina (Al,0,). However, a predetermined width started at the
training edge 11 is made of alumina (Al,0;). At this alumina
(Al,0;) portion are formed a converter for writing data and
magnetizing means for reading data, that is, a head. Because
this portion is a micro area, the description is omitted here.

This completes the description of the slider 3a shown in Figure
1. Basically, the shapes of the sliders 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 in Figure 1, avoiding
redundant description. The shapes of the landing pads 30a to
30c, as well as 3la to 3lc 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 facing
the side rails 20 and 21 as described above, but they differ
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slider, and the actuator; wherein the slider includes: a slider body
provided with a | eading edge, a trailing edge, and an air bearing surface
formed between the | eading and trailing edges; a U shaped rail fornmed on
the air bearing surface along the | eading edge so that a tip is extended to

the direction of the trailing edge;, a pair_of |andin ads fo et ween
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deposi ttihen sfiduer t bl dasorh t¢enYendsngLpad @3n4ﬁ3%®%pr§§sé§¢ inclined
plane is inclined just in one direction. The slider 3c shown

in Figure 5 has a linear (flat) portion at its one side facing
the side rails 20 and 21.

With use of those sliders 3a to 3c, the inventor et al measured
hardware errors to occur while particles were applied in the
HDPD 1 during operation intentionally and observed how particles
deposited on each ABS.

The above experiences were done on the presumption that the HDD
1 had four 3.5 inch (foam factor) magnetic 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. Particles applied to each ABS
were alumina (Al,0;) particles whose diameter was 1.0 um. The
particles were blown into the HDD 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 shows 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
shown in Figure 5. Concretely, the number of read errors 1is
less in the sliders 3a and 3b provided with landing pads 30a to
30b, as well as 3la to 31lb provided with a convex surface at
its side facing the side rails 20 and 21 respectively than the
slider 3c¢ provided with landing pads 30c and 3lc are formed
linearly at its side facing the side rails 20 and 21 is formed
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xmh@ $ /élc%liqj%@(f rﬁllqytsl e measurement result of the slidexr 3c

shown in Figqure 5. In Figures 2, 4, and 6, numbers given to
(A) to (C) denote the number of read errors described above
respectively. In Figures 2, 4, and 6, spots on which particles

deposit are all painted.

As shown in Figure 2, particles deposited on the landing pads
30a and 3la. 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 writing
converter of the head and the data reading magnetizing 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 landing pads 30b to 30c, as well as
on 31b to 3lc and the deposit amount was proportional to the
number of detected read errors.

It was also recognized from Figures 2, 4, and 6 that particles
deposited easily on a specific spot of the landing pads 30a to
30c, as well as 3la to 3lc respectively. Concretely, in
Figures 2, 4, and 6, particles deposited on the landing pads
3la to 31c more than the landing pads 30a to 30c. At that
time, the landing pads 30a to 30c were disposed at the inner
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described above. Consequently, in the case of the sliders 3a
to 3¢ in this embodiment, particles deposited more on the
landing pads 3la to 31c provided at the outer periphery side of
the magnetic disk 2.

The present inventor measured the air flow on the ABS of the
slider 3 by simulation while the magnetic disk 2 is rotating.
Figures 8 and 9 show the results. Figure 8 shows the
simulation result of the slider 3b shown in Figure 3. Figure 9
shows the simulation result of the slider 3c shown in Figure 5.
Figure 8(A) and Figqure 9(A) show simulation results when the
sliders 3b and 3c are positioned at the outermost periphery of
the magnetic disk 2 respectively and Figure 8(B) and Figure
9(B) show the simulation results when the sliders 3b and 3c are
positioned at the innermost periphery of the magnetic disk 2
respectively.

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 landing pads 30b and 31b, but the air flow never stagnates.
Concretely, the landing pad 31b is streamlined to the air flow.
When the slider 3b is positioned at the outermost periphery of
the magnetic disk 2 as shown in Figure 8(A), it is understood
that the air flow coming from the outer edge 13 flows along the
inclined plane of the landing pad 31b. Even when the slider 3b
is positioned at the innermost periphery of the magnetic disk 2
as shown in Fiqure 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 that the 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 landing

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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inclined plane can also be formed entirely in the width
direction. On the contrary, in the case of the slider 3c shown
in Figure 9, it is wunderstood that the air flow hits the
landing pads 30c and 31c almost vertically when the slider is
positioned at the outermost periphery of the maghetic disk 2 as
shown in Figure 9(A) and when the slider is positioned at the
innermost periphery of the magnetic disk 2 as shown in Figure
9(B). Consequently, it is estimated that particles are apt to
deposit on the landing pads 30c and 31c when the air flow
includes particles.

The above measurement results are summarized as follows.

(1) Less read errors are detected with respect to the sliders
3a and 3b provided with the landing pads 30a and 30b, as well
as 3la and 31b provided with a convex surface at its side
facing the side rails 20 and 21 respectively.

(2) The number of read errors is proportional to the amount of
particles deposited on the landing pads 30a to 30c, as well as
3la to 3lc.

(3) Particles deposit more on the landing pads 3la to 3lc
provided at the outer periphery side of the magnetic disk 2
than the landing particles 30a to 30c, as well as 3la to 31cC.
(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
provided 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 3la 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 3la and 31b provided with a convex
surface at its side facing the side rails 20 and 21, that is,
streamlined to the air flow respectively so as to reduce
hardware errors of the HDD 1. In addition, 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 31a
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and 31b to the air flow rather than streamlining the landing

pads 30a and 30b.

This completes the description about the sliders 3a and 3b of
the present invention. However, the present invention is not
limited only to the shape of the sliders described above; the
shape may be varied freely. For example, while the sliders 3a
and 3b enable both types of the landing pads 30a and 30b, as
well as 3la and 31b to have an inclined surface respectively,
it is possible to form such an inclined surface only for the
landing pads 3la and 31b on which particles are apt to deposit.
In addition, the landing pads 30a and 30b, as well as 3la and
31b may be shaped as, for example, a column, a triangle, etc.

[Advantages 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 particles on the sliders.

3. Brief Description of the Drawings:

Figure 1 shows an ABS of a slider 3a employed in an embodiment
of the present invention;

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

Figure 3 shows an ABS of a slider 3b employed in the embodiment
of the present invention;

Figure 4 shows how particles deposit on the slider 3b;

Figure 5 shows an ABS of a slider 3c employed in the embodiment
of the present invention;

Figure 6 shows how particles deposit on the slider 3c;
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Figure 7 shows the number of read errors detected in an HDD 1
with respect to each of the sliders 3a to 3c;

Figure 8 shows simulation results of an air flow on the ABS of
the slider 3b;

Figure 9 shows a simulation result of an air flow on the ABS of
the slider 3c;

Figure 10 shows a configuration of the HDD 1, and
Figure 11 is a perspective view 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 Motor

52 ... Coil for Voice Coil Motorx
5b ... Magnet for Voice Coil

6 ... Base

10 ... Leading Edge

11 ... Trailing Edge

12 ... Inner Edge

13 ... Outer Edge

20, 21 ... Side Rail

22 ... Cross Rail

30a, 30b, 30c, 3la, 31b, 31lc ... Landing Pad
40 ... Center Rail

51, 52, 53 ... ABS Pad
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A slider disposed to face a disk-like recording medium and enabled to support a head for

reading data from and writing data to the medium, comprising:

a slider body provided with a leading edge, a trailing edge, and an air bearing surface

formed between the leading and trailing edges;

a rail formed on the air bearing surface along the leading edge;

a plurality of landing pads formed between the tip of the rail and the trailing edge;

wherein

one of the landing pads has a convex surface facing the rail which is disposed at the outer

periphery side of the disk-like recording medium, and the slider is disposed to face the disk-like

recording medium.

2.

of

3.

The slider of claim 1, wherein the convex surface of the landing pad is formed at a center
the landing pad.
The slider of claim 1, wherein the pad is formed on the rail at the leading edge, and

between two of the landing pads, the pad giving a positive pressure to the slider.

4.

The slider of claim 1, wherein a surface for generating a negative pressure is formed on

the air bearing surface in an area enclosed by the rail.

5.

A head assembly, comprising:
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a slider facing a disk-like recording medium and enabled to support a head for reading
data from and writing data to the disk-like recording medium,;

an actuator for supporting and moving the slider relative to the disk-like recording
medium; wherein the slider includes:

a slider body having a leading edge and a trailing edge disposed at a predetermined
interval therebetween in a rotational direction of the disk-like recording medium, an inner edge
and an outer edge disposed at a predetermined interval therebetween in a radial direction of the
disk-like recording medium, and an air bearing surface formed among the leading edge, the
trailing edge, the inner edge, and the outer edge;

a cross rail formed along the leading edge;

side rails extended from ends of the cross rail to the direction of the trailing edge;

a first pad formed between the cross rail and a boundary between the side rails and
enabled to give a positive pressure to the slider;

landing pads formed between the side rails at the trailing edge;

a center rail formed between the landing pads; and

a second pad formed on the center rail and enabled to give a positive pressure to the

slider.

6. The head assembly of claim 5, wherein one of the landing pads, which is disposed at the
outer edge, is streamlined to an air flow from the outer edge when the disk-like recording

medium rotates.

7. The head assembly of claim 5, wherein the landing pad is provided with an inclined

surface along one way of an air flow.
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8. The head assembly of claim 5, wherein a negative pressure pocket is formed in an area
enclosed by the cross rail and the side rails so as to give a negative pressure to the slider when

the disk-like recording medium rotates.

0. A disk drive unit, comprising:

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

a slider provided with a head for writing data to and reading data from the disk-like
recording medium,;

an actuator for seeking the slider relative to the disk-like recording medium;

an enclosure for housing the disk-like recording medium, the slider, and the actuator;
wherein the slider includes:

a slider body provided with a leading edge, a trailing edge, and an air bearing surface
formed between the leading and trailing edges;

a U-shaped rail formed on the air bearing surface along the leading edge so that a tip is
extended to the direction of the trailing edge;

a pair of landing pads formed between the tip of the rail and the trailing edge; wherein

one of the landing pads, which is disposed at an outer periphery side of the disk-like
recording medium, is provided with an inclined plane inclined in a width direction, and faces the

leading edge.

10.  The disk drive unit of claim 9, wherein the inclined plane is formed on the landing pad in

a width direction.
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12.  The disk drive unit of claim 9, wherein the inclined plane is formed at a predetermined

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



