1 Specification 1. Title of the Invention: Slider, head assenblz, @nd
~disk drive unit 2. Detailed Description of the Invention: [Field fl NARe2006

i nvention] 21 ﬂ iThe present invention relates to a slider provided
w th a head {,Mlﬂﬁﬂ’wm\mtl ng data from on a magnetic disk, nore
particularly to a,teghnique that can reduce deposition of particles on the
"slider. [Background art] A hard disk drive (HDD), which is the nost popul ar
recording means of conputers, is structured so as to drive a single or a
plurality of magnetic disks di spdRafiki¢elemne rotation axis wth use of
a spindle notor. A head disposed so as to face a magnetic disk is used to
read/ wite data on/fromthe magnetic disk. This head isﬂﬂWMﬂﬁmwmmmmm
actuatoy, T ally referred to as a voice coil notor ( be
descri bed g§5§Q%425@$§2~&$%§a5gaafic di sk, the head, and the*a®mbmator are
all housed in an enclosure referred to as a disk enclosure. Such a disk
encl osure icy ; [ LN I ke. hbase, for exanple, an al um num
~all oy base s%nlg@g't gﬁgﬁvﬁsﬁéi@eﬁrﬁg&%ﬁg Qﬁb}éﬁi HB1bf the base. Sone of
such heads used to read/wite data have a transducer for witing data and
magneti zi ng neans for reading data separately. The magnetizing neans for

readin@_iSﬁ';.ingjDégg ',éib?y for exa 3'%# the magneto resistive (MR
ef fect or 0 K @ct. The magneti zi ng

[Field of the invention]

_ The present invention relates to a slider provided with a head

. for reading/writing data from/on a magnetic 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 disposed so as to face a
magnetic 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 daté

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, is affected
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nmeans for reading, which enploys the MRor GWR is affected 1 2 1 MAR 2006
-l ess by noise, thereby it can inprove the recording density of dISkS

head is di sposed at a predeterm ned position of a nmenber referred] tM%RdB%a
slider. A slider includes a head sonetines. Sonetines the slider neans the
head sinply. Concretely, sonetinmes the head and the slider are recognized
to be equivalent to each other. Wen such a head reads/wites data fronifon
a nagnetlc g t he head éslldef) flies above the magnetic disk at a
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causeddhgkshe air bearing induced on the nagnetic disk by the rotation of
the magnetic disk. This is why the surface of the slider, which faces the
magnetic disk, is referred to as. an air bearing surface (hereinafter, to
be desdrihrad ads héiAaBSFedThet B opeedgteormined ARS k@t Lt he fﬂleﬂ@?ﬂl of
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secur ed@R9dakRntCRRS AN dtherd slider that flies |ow should be enployed
for hlgher density magnetic recording. An excessively low flying height

will cause the head to come in contact with fine projections fornmed on the
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di sk caused by the air bearing induced on the magnetic disk by the

T rotation of the magnetic disk. This is why 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 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 magnetic disk and the head must be
secured enough. Consequently, a slider that flies low should
be employed for higher density magnefic 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 indispensably
important to smooth the surface of the magnetic disk so as to
realize high density magnetic 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 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



whi | e tthe magnetic di sk does not rotate and the slider flies fromthe

retreat area when the magnetic di sk begins rotating so

data recorded area of the magnetic disk. This disk drive unit is refer
to as a contact start and stop (CSS) type disk drive unit. On the
contrary, there is also a 2 2 1 MAR 2006 | oadi ng/ unl oadi ng type disk dr
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reading/ witing data froma magnetic disk can be realized by reducing
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ime with which the magnetic head noves to a target track on the
i ¢ disk. Because the head is driven by a VCM as descri bed above,

VCM per f or mance is inproved so as to inprove the seek tine. And, in or
to |nprove the VCM IS just required to enploy a permanent magnet of
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improved so as to improve the seek time. And, in order to
improve the VCM, it is just required to employ a permanent

- magnet of the VCM, having a stronger magnetic property or

increasing the thickness of the permanent magnet so as to
increase the magnetic field to be applied to the voice coil of
the vCM.

Réading/writing 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 disk causes particles

to hit the slider (head) more often when the number of -

particles in  the subject HDD is the same as that when the

. rotation of the magnetic disk is slow. Particles mean powder

existing in the HDD. ' Collision of those particles against the
sqrface 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, because the
flying height of the slider (head) from the magnetic disk has
been required to be reduced so as to cope with the higher
capacities of magnetic disks, the peril of collision of even
fine particles that have been neglectable against the slider
(head) has also risen more and more.




the. reliability of the HDD. on the other hand, because the flying height
of the slider .(head) fromthe nmagnetic disk has been required to Qq% 2006
reduced so as to cope with the higher capacities of nagnetic diskg, ﬁ$
peril of collision of even fine particles that have been negl ectabl e
against the slider (head) has also risen nore and nore. 3 21 MAR 2006
Thus, a need exists to provide a slider and a di sk drive unit that can
reduce read e r
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agai nst a Séﬂrd@ﬁ:ausﬁﬂb&ﬁaﬁﬁﬂﬁst as whleas aswvrenhorelinkitiogni zed that the nunber 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 acco the ABS shape. Concretely, when the nunber of

deposited p rtlcl s is reduced, it is also possible to reduce the nunber of
dat a r ead/ wlhe @resemtr mwsntomb@rmdn@qt@nelogf pattipdespagasshia slidenntAscon rprublyithtes a
slider dispgs 0 C to
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edge, and an air, bearing surface for t ween,t he | eadi.n

trailing ed@%"’s‘élopa?t?tef FACREEn 1 gﬁsjs b*g?}?‘-i nd-QieFel¥e v%heg g‘et Wém ﬂﬁh
edge; and aj@stted Prtit18irBdhdeads 1sfé?§dTﬁFi51|BR:tt\6@@dthﬁl‘ib hiRb&@fofldhe réaﬁi/{vrlﬁznd
the trailing edge.  One of the pair | andi ng pads is curved convexly at

its side fa®¥ei§ the rail of the Iandl ng pad which is disposed at the outer
peri phery side of the disk-like recording mediumwhile the slider is

di sposed so as to face the nedium The slider of the present invention has
the | andi nngadsonmteﬂ,y tHeeprpseaséwtemimn/pmmies atslider dispesed isb ze do fimecudiskt he

exam nations, as desc parti t to... deposit at one
side of a | Drarse e Sl B phgef » RRad BirefPhe Bl BRE ko o5t
to deposi ttherdiskneTld slidw cbﬁhlphs@fa slaredibody padidedwhitle bn iafr 1dading sage, ah aihe

outer periphery S|de of the disk-1ike recordjng nedlun1 1Ie he s|lider is
di sposed solrailing gdgacand ag avcheaimg surfage fo Wéf B‘?W’éﬁ‘! dhe &g bng efaen At thehe

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

is disposed so as to face the medium.

The slider of the present 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, the inventor et al changed the shape



4 2 1 MAR 2006 of the |anding pad and knew that the anmount of deposited
-parthles was varied among the shapes of -the |anding pad. Concret2lWAR 2008
when the side of a landing pad, which faces the rail, is curved convexly,
the deposition of particles can be reduced. This is mhy 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

rotational direction of the disk-Iike recording medi um Each | andi ng pad of
the sl Plerthbe thangirgdemad nadifti dedanthét ctRfed@BBRREXI 9L | rienRs Eeeder
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disk at a slower rotation spee e slider suppress the
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Furthermore, 1in the <case of +the slider of the present
invention, a pad for applying a positive pressure to the slider
can be formed on the rail, at the leading edge side, and
between the pair of landing pads. When a surface that
generates a negative pressure is formed in an area enclosed by
the rail, the slider of the present invention functions as a
negative pressure slider and it flies above the magnetic disk
at a slower 1rotation speed. In addition, the slider can
suppress the variation of the flying height in the radial
direction of the disk-like recording medium.

Furthermore, the present invention provides a head assembly
configured by a slider disposed 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
support and move the slider above the disk-like recording
medium. The slider comprises a slider body provided with a
leading. edge and a trailing edge disposed at a predetermined
interval therebetween in the rotational direction of the
disk~-like recording medium, an inner edge and an outer edge
disposed at a predetermined interval therebetween in the radial
direction of the disk-like recording medium, and an air bearing
surface formed among the leading edge, the trailing edge, the



interval therebetween in the rotational direction of the disk-Iike
recordi ng nmedium an inner edge and an outer edge disposed at a
predeterm ned interval therebetween in the radial direction of t &d MAR 2006
di sk-1i ke recording nmedium and an air bearing surface fornmed anong the

| eadi ng edge, the trailing edge, the 5 2 1 MAR 2006 inner edge, and the
outer edge respectively; a cross rail forned along the | eading edge; a

pair of side rails extgnded from bhot nd f tk [ aj.l the, .
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positive pressure_to the slider; a pair of streapmined, |anding pads fqrned
bet ween t he®d8fd 2ofirse et fymedrretwretethe £ross g gégiﬁ%avnqaﬁégfww ithfgPaieQge

side and theqergiid hilP eRAIGS toamtaeﬁosg@iel rEQUEE RELHESD athE PRlifeaRlined
| andi ng pads; and a second p orne oé)the center rall "and enable8 to
apply a posidnding padsfoumed beswee thes¢riddesr cacBod des side ailshdisposad sib this) tyailifg t he

present inventiaon has streamined |andin ads .as, desgcri bed .aboye )
epost ti on. SREnafs Aaf 0B GiRFH 5067 o, Gt RAERATR uERCRE pRE e ARG pacsy e
head assenbhyd afseédid pudefoanéd bmvienddnen raibasd ehabidietopaiply afpokitineiprgsyrads,
which is disposed at the outer edge side, should preferably be streanlined
to the air fIoWdfFom the outer edge when the disk-1ike recording nedi um
rotates. As to be described later, this is because particles are apt to
deposit on one of the pair of |anding pads, which is disposed at the outer
edge side. Becawse thebeadossemblypokterpresany éniention han streamiinedddeding pedhes an

edge di spos ; j.n peri v1.0f [.Sk= ) i di um
wnite the Srrabed P 88osREhoE RS op ke et S chEECR RS 1T i
-Fhe outer edge neans an edge di sposed at the outer periphery of the

di sk-1i ke recording, nedi jle the sli.der is_.di spos sp as (o face the
G ol 11 ke 1 ERMainagd FEamAIK olfthe Srestrh dmantiel s g tisoiagn lnpbadiads whifids on.
each | andi ngispagtdcathdaer aded §16¢,ih6ad RERABIY Be shcandlided§ toaht AF Aiw Eohd ON.
It is a concrete exanple of the streaniined | andin pad described above.

When the | aHii %erpﬁﬁgéi‘_@hmd{iﬁééﬁks%rfeemi,ngtIﬁ%diamrro esw 2% Enhg deseeibed kgari ned
Tore. et f oot THLfy Rt RERIE, a3t I aRaE By e o HHAS pP RdARTNEE, pheRiessed
i nvention, dispesgdtatithe pnies sdge sidocKatthe case of the present invention, the inner edge
means an edge disposed at the inner periphery of the disk-like recording medium while
the slider is disposed so as to face the disk-like recording medium. The outer edge
means an edge disposed at the outer periphery of the disk-like recording medium while

the slider is disposed so as to face the disk-like recording medium.

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

more effectively.

Furthermore, in the head assembly of the present invention, a negative pressure pocket

can be formed in an area enclosed by



can be forned in an area enclosed by 6 21 MAR 2006 the cross rail and the
pair of side rails. The pocket applies a negative pressure to the 72s] MARI00B
when the disk-1ike recording mediumrotates. Because of the conbination of
the first and second pads that 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 (f above. f he. di at a  slower rot.ation speed. It
s thus postiiiess Bcight o8 A aidriaitsy T6n Porc AEPISHY] ReEHEs BIFESHR 1 e
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trailing edge; a rail forned alnost like a U-letter on the air bearing
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of the trai kj,Agef{lge BivEntfin p30fH09 Raderil O AR IY%ethi Slitd P of
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provi ded i.th an inclined.surface inglined in.thewdth.direction at its
i o g e L S b i o
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i nvention, havin
tip is extended to the direction of the trailing edge; and a pair of landing pads formed

between the tip of the rail and the trailing edge. One of the pair of landing 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 with a pair of landing pads that
configures the slider and one of the landing pads, which is disposed at the outer
periphery side of the disk-like recording medium, is provided with an inclined plane
inclined in the width direction at its side facing the leading edge. The air flow against
the landing pad does not stagnate so much on such an inclined plane. In the case where

the air flow stagnates, it causes particles to deposit more



an inclined plane will therefore be effective for preventing the air flow
-from stagnation, thereby suppressing deposition of particles. Aft r1 ﬂhﬂi%ﬁ
t'he present invention can reduce the nunber of hardware-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
formed so as to suppress deposition of particles on the |anding pad, the
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partly in the widé% direction of the landing pad. The inclined -
plane may be formed not only in a direction, but also in a
plurality of directions. For example, the slider 3b shown in
Figure 3 (to be described 1later) has landing pads, each of
which has an inclined plane inclined in one direction. The
slider 3a shown in Figure 1, however, has landing pads, each of
which is inclined in a plurality of directions (actually, two
directions).

[Preferred embodiment]

Hereunder, the preferred embodiment of the present invention
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. 1In 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



action is done by a voice coil notor 5 configured by a coil 5a - 8 21 MAR
- 2006 for a voice coil notor and a magnet 5b for the voice coil rr;)q MAR 2006
provided at an end of the actuator 4 respectively. The parts fof conposing
the HDD 1 such as the magnetic disk 2, the actuator 4, etc. are housed in
a base 6, which is an enclosure nmade wth an alum numalloy, etc. The
opening portion of the base 6 is sealed by a plate-like nenber referred to
as a top cover. Usually, the gnetlc di.sk 2 has a magnetic recordi ng
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pressure sl |€er 3 |s dedC| ded of anc tive ressure

posi t i 5?@ S&r sdfe S lﬁyef“aﬁlrabt? @% ?Bag 36 %@ ofOt 8 fctﬁ%’?or
4, Thecmmrt.l veUpuaiiyr,e t(id ynzng;néblce)hsk t?hehdar gesagnmidet fecordingdi ng
the fly ebﬂhtb&éhtg%gslmgr rholfPBekakl Yrel bect [9SLF! 1 EALE! I B

speed ofa t he nmagnetic econes, g er_the poSitive pressure

beconeS1iBFEF whdn @FE ar@’cﬁ%‘?se@peéﬂ’ W"i‘ﬁ tFl neGTR | cCYFRKk PhHhexr i x¥h,
t he ci tourespenidialg spee:duo\ée stopr iaad deaok dshdeso ashesposnt iion Fl@tﬁrehe
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.circunférent] spee atisfies the relationshi urt
the outdr e&é%h FHerdeTof "f}HéﬂhHB?’Fé?? ctqyi Ehe ?@%%tl‘tg)h%lska%t er the

circunferential speed V becones. Consequently, the flying height decided

by theﬁ%'éi)ﬁ&ePr@S%‘Het s | BRbBATREnt ML 41 nBJalibe’ RYJRNLL al1 pEER,
which is furt separ ate
hat causes the ABS to generate a negative pressure. The

flylng 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 o of the magnetic disk 2 is fixed, the circumferential
speed V is 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 separatéd
from the center of the magnetic disk 2. The negative pressure
slider 3 is mdinly 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. 1In
addition, the flying height of the slider 3 can be reduced. In
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fromthe center of the magnetic disk 2. The negative pressure slider 3 is
"mainly intended to suppress the variation of the flying height aQqqanm
to the position of the slider above the nagnetic 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

conventi onal one In addi tion, the flying height of the slider 3 can be

reduced, ,In - 1 MAR 2006 thls nmeani n th tive pres ure slider 3
W11 bEhAA | DERBARSVe (heMARATIE | Y SRS ocoh ey dbndTiyl neimetit

di sk 2effecthieenotechhiqupr efent thwemtiah creabedlagsldd3518ypmm@mbmhcmnth
sone dhﬁf rgnt ABSs and neasured hardware errors to occur when particles

were applied’in the HDD 1 intentionally. At the sane tine, the inventor
observed how particles deposited on each ABS. Figures 1, 3, and 5 show

vari ouguiBhelrtiee enphey @‘efserntt thew@xtwtercaeiaaeahe a@pmeexgerp}mt@ed

Her ei naf.ter, the Figure 3...an I dt
as 3a, " %% lfﬁ% egt §§3§ éﬁa é% % ha;%wa?e eg% %lca ?ﬁﬁézgpe 0
exceptWM@m mmatmuﬁaﬁ(wen¢mﬁp9¢mﬁﬁglpadbe ADBoAt iadentdwalalily . Fisfureke1,

3, andgapdenpigs, a thed IhthvdtedaskgstvdgNoi&s Hagt kiigheslepestiten and the

white denotes the | owest portion. In Figure 1, the slider 3a has a | eading
edge 1632 #B%1ing edge 11, an inner edge 12, and an outer edge 13. The
| eadi ng edge 10 is an edge to which the air f1 ows mhen the slider 3a flies

above tpftg Wr@dsati ng 3@9@5&' g déﬁ&w%%trl@usprﬁget RN M2 SeaWiche the ABS

. faces magnet I, c

? I d d 10 t
[oces RILAET b6 D35S dhovar SrPERLRERES s et o f@ Bot Khenfdidta 3
out er em@mn:EheﬂmgwﬁEEhh,gbesamdtwammithe refenived e@g@slﬁa, 3b, and

T 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
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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 crosszsfﬁiAk 108
respectively into a rail that l|ooks light a U-letter. Each of the side
rails 20 and 21 receives a positive pressure so as to keep the right-1left
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 t hposissyer pirlesanrg ¢ o figrarestl MBS pirisredpedti vely The ABS pads 51 and
52 apply a - 10 21 MAR 2006 positive pressure to the slider 3a

tively. Bet the_ti f h of t, id ills 20 21 th
rar || RELHERR 1009r ELPortedoRaD IdrPg. FHAE S5 Hhd 201 4nney ATKe She der
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e t th h e’ o
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11. |3t$1kbchna9gr§]@§:@c HQ\MRVEZ%whEEef :t)Hdﬂgliilﬂd'ighg phdt el a Siéd@is(?dsl:‘(ed/aétecjh
accordi to.the position of. the L, der e gnetic disk 2 in the
radi al tgll%l’ gélttiegn'poe\m@p%% SJréaen |€gtlg%dg§%§gg%dd%€§ %?e formed while the
side rails 20 and 21 are fornmed within a predeterm ned | ength respectively

als_ ijn m@S%m%t &aialg,! ld_m d%@adi miginSyETHéf)d@eﬁEBhdeBh_Qlﬁ|¥¢'>n&l'1ﬁ.eiﬂbé_i@ingthe
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;Lhe laﬂ%%%gn%a%iuﬁQQB@Qdag&a31§_ngnggr%e e %ﬁer%%E side rails 20 and
21 are formed within a predetermined length respectively as in
case of the slider 3a in this embodimént, 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 31a, 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-2A
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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40. And, above the center rail 40 is fornmed an ABS pad 53. The ABS qg@w5§
-as well as ABS pads 51 and 52 applies a positive pressure to the sbi %
respectively. 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 ghest and equal to each other in height. The side rails 20 and 21, the
cross rail 22, the |I|anding pads 30.a and 3l1la, and the center rail 40
foIIompmhhewﬁﬁnkgad305$stQOSQGMﬁrH§ﬁ@h@ INEgA tsiviee DEASSITED and 21, the
cross rail 22, the |anding pads 30a and 3la, and the. center ra|I 40 are
all equal in helght O her rts are owest portions tha% are.d noted

in whithe #r& ABS bing & tth(9%531%1r§m§38¥8 G S Bg AL 3hi RRCTREC B a
recognfaﬁd ahen seepped6BSThos -thEl s2id®AR R006 Sorketetellye r@@@ssoao
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process pre e step the slid 3 Concretely,

t he i opredeterngnadt hoam s thea®hort Qﬁ(ﬁﬁ%ga%fSPﬂ%“sFPdgﬂggéenésﬁéﬂ P a
pr edet gpehNREQT OF NBetheE @bt Hhes ABSens 3shoim shebbedr einl thnebe 1e®_«bﬂm ned.

Becausght he sI i.der g}:;t |s stsggfgnbnﬂmr eeb‘JeE\é%lcrf% id h@wg G

millin annng t hose
ski | | emethoﬂhelsarweléo lmféﬂn détnaplgedﬂtfé%%r rsbtlr'léﬁdoflrt hEhﬁ'et‘iH-’Jd WPl the

oni ttedebgheedThesslriigeliond dfs tidametfhod ariloxanplonit e igles m xed
conpound (Al 2C3-TiC or. Al Tic) of titanium carbonate (TiC) and al um na
(A1203) . However, a predetermned width started at the training edge 11
is mad®@hef alidena BAL208).madet oSk, al L0 n€LXIMLDB) DHorAT N iFe FEHAH a

conver ESﬁlgBthWruiL@g—'ﬂﬁta andalragnetd i sgtarann frbaadiag(Uatp, dddnt

s, a headspBeGaUsE,) N RoBAUELON i HedlEd S HER wihen I8RaLERET AT Ihe
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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Thi s conpl etes the description of the slider 3a showmn in Figure 1.
Basi cal Iy, the shapes of the sliders 3b and 3c shown in Figures 3 ANGAR 2006
I

are the sane as that of the slider 3a. The sane reference nunerals wil
therefore be given to the sane itenms in Figures 3 and 5 as those shown in
Figure 1, avoiding redundant description. The shapes of the |anding pads
30a to 30c, as well as 3la to 31c are only a difference anong the sliders
3a to 3c shown in Figures 1, 3, and 5. Concretely, the slider 3a shown in
" Fi gur efIoRaeack omidie s uiPackhat di*}besict?é‘vefxacﬁﬁéf?ﬁﬁssi%er a’i’rqlgn Akd 21.
This cenyesrentf gsesicides ed Thist heiteerencef nide Wedt hedardedi ars a
(right-lLeft directiaqn in lLgur of ch.of e LN . 30a d
3la. Tﬂé‘%?FﬁEFe %be%s Towh ?thidglulﬂe)ec%l%gsg gfcgrﬁé;xp%%?g%qgmgf‘gﬁ%ggoﬁ%%si de
f aci ngcoheesi gainfaides 20randormedust Coperenelylsi ddre 3614A6%n 33 nhEFgdre 1.
The sl Egﬁ(ze%g s'ifpﬁ/!bhé n skl Q&H@daeﬂit%gosc%ﬁ Ftlhi%_ [poduex di&?%%qearm oser the the
i nner ¢ ) and the .outer .edge, .13. e.sliders 3a a S n
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dlffergnt positions. This difference y be regarded as a di.fference
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f or redth€osddet ely 1st 20 sindderl .3a has a convex surface in the center of
the width direction, so the inclined plane is inclined in two directions.
On the contrary, the slider_ 3b has a convex, surface at an end, so the

i ncl i nBdthppgse afs three ehidess 3% bRe3Qrr REi JRVEREETsEIE! REAHRRT in
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20 andp2d. W4 438 HeltdOs6n SLALERS13Ral Py3anat BEskRVEA! Blovelp Al iasur ed
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
3¢ (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 is
less in the sliders 3a and 3b provided with landing pads 30a to
30b, as well as 3la to 31b 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 31lc are formed
linearly at its side facing the side rails 20 and 21 is formed
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hardware errors to occur while particles were applied in the HDD 1 during
operation intentionally and observed how particles deposited on eqq $QQ®5
The above experiences were done on the presunption that the HDD 1 had four
3.5 inch (foamfactor) nmagnetic disks .2 to be rotated at a rated rotation
speed of 10,000 rpm Because four nagnetic di sks 2 were enployed for the
HDD 1, the- nunber of sliders 3a to 3c (heads) was 8. Particles applied to
each ABS were. alumna (A1203) particles whose dianeter was 1.0 _tun. The
parti cléBeasly BESRACTAVE1¥he HOD FLdWRt herawFHRERe dgNPLeR 2 Stid Ak

tlhrre fahe vas, res\ad rleteidd ngpgeakiface skf?2 ﬁier&mﬂﬁmticﬁr d3@kni put es aand
the nu

t
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the nugher hof &ﬁa@reraraors%ovnﬁwl% feﬁ&@%b%bh}ﬂeu”w&%ﬂehsﬁf otfh%@lder
3a shown .in qg{e he sl i der shown i n € S|Id

a
shown PRiESgGfe éﬂﬂ%r kbt el yP& MEARPREBIES F%ﬁéﬁ%ﬁr%#s B? Hé§§ Pn
sl i der anda 3endhdlwrpriovi Eibgunes h3l andi 13g wears 3faa twed 30bthasseelolf aﬁuﬁia to
31b prgyidgdpwith a convex surface at its side facing the side rails 20
and 21 respectlvely than the slider 3c provided with | andi ng pads 30c and
3lc are formed Ilinearly at its side facing the side rails 20 and 21 is
for mednext3 e MARv2AB6r| igteanlly abespracdd vhby. darttigies depasstedr en

denot e%e§h5|dfj:{h? hyf;gﬁk% 2 r&g%g' ugeaurf‘cﬁceﬁﬂé gagv@amts'ucfeq{em; As

descri abov measurlnq:r e read errors is prOV|ded
with fBdgukesnet i c 4 sRBI sQ) ﬁl“i‘é’wne%lg%ur Rsitl Gesul tFighre nd sPhews 3% hown
i n Fi gheashrenenebtraisiaet v f htheesdfidewo 3auriicwof it heigiPe 11 . Th&iqure

ﬁe?surﬁ”%%%wEe§%é”%é§stEhéﬂﬂQPééufP of the slider 3b shown in Figure
3. Figure 6 shows the measurement result of the slider 3c
shown in Figure 5. In Figures 2, 4, and 6, numbers given to
(B) to (C) denote the number of read errors described above
respectively. 1In Figures 2, 4, and 6, spots on which particles
deposit are all péinted.

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 31la -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 31c 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 31lc 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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and 3c shown in Figures 3 and 5 were obtained with use of just one HDD 1.

- Next, the inventor et al observed how particles deposited on eagl MR 200t
slidefrs 3a to 3c used for the above neasurenents. Figures 2, 4, and 6 show
the results. Figure 2 shows the neasurenent result of the slider 3a shown
in Figure 1. Figure 4 shows the neasurenent result of the slider 3b shown
in Figure 3. Figure 6 shows the neasurement result of the slider 3¢ shown
in Figure 5. In Fiqures 2, 4, and 6, nunbers given to (A to (C) denote
the nURBELPBRIYe&do8r rdids thes chalubiNatpads 8 baptet Bel yeren Hisposesi At 4,

and. 6, thpotsuberWhpehipRety cleide depoisid ame akh ipairat eda AgoShawn yjdy-e
rticles_deposited on_the | andin

Fi 2 d 3
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i s al stheemagnetkicgdriesk 2.and 6. Concretely, particles deposited on the

| andi ng pads 30b to 30c, as well as on 31b to 31c and the deposit -anount
was pr&gortlonal to,the nunber of detected read errors. It was al so

r ecognit 26d BYSSIRTH gtiPBENSOL 4 Megfred ke padti ey Bepddie kBRask| yhen a
speci f stidpot 30fby heimadditignpadsildVathe m3gaetds weidk a3 3ia ddratlihg.
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the | an ¢ ONor € ‘than the andlnglﬁhdé 3 t hat
ti e, FH@“EQE&PHQ r@&d@tso%f theactlifere W spoewy ir FReurgnér - Figurzl IAR
: 2006 pshopbethesisdemdantt idie deanditngp Paeise 3dpider336 wabGndiispPese@rat 5.

Figure 8(A) and Figure 9(A) show simulation results when the
sliders 3b and 3c are positioned at the outermost periphery of
the magnetic disk 2 respectively and Fiqure 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 Figure 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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the outer periphery side while the sliders 3a to 3c were disposed so as to
-face the magnetic disks 2 respectively as described above. Cbnseq%anAwﬂmB
i'n the case of the sliders 3a to 3c in this enbodinent, particles
deposited nore on the |anding pads 31la to 31c provided at the outer

peri phery side of the magnetic disk 2. The present inventor neasured the
air flowon the ABS of the slider 3 by sinulation while the magnetic di sk
2 is rotating. Figures 8 and_9 show the results. Figure 8 shows the

si mul atnehinedul planet heas| i 8dFO3bbehokRIMedri GBtEIRLYF dur e the shuwkit he

sn nul agipactesHl.t @fn Et'h@ Hdriaa 3, SﬂQWEhé nca;seg%,e; 8he E'lﬁ'd'é% %(:A)s}@ilﬁl
I gur e, 9(@9 show gtlon resul'ts n t.he | der s 3b ?}}
p05|t|bﬂe %ﬁ“?%e dut nosf pet %ﬁ%??o f thafe ﬁﬁﬁheﬁﬂf df RWZ %E%eé@F%ely
and Fi banéif¢Bpasisd Higuard 9(1B) showst heestiuhalyowhreasuths whéderhes
st dersoghe Eﬂséca@r%hep%%'ttéx%%dc ggefi&%fwe%fuéﬁepﬁspﬂa%&x 835 k"9 as

nmagnet respectivel ure nvent or
attent ?Bﬂwf‘o 1oh & igyre | Jip) aPBGnd’}EGthtB‘F Fpiédleﬁnmsrlgp‘h%ﬁ%l%@%dt at3ddie as

wel | asnﬁébmbst Pka.i pheiryt rmfsthdennaajmahmvruim Feowe Showmeini rifgudw hits

the lagdibng p b | I ev, t

Concret ﬁ'(gqé% Bﬁd 13?1 Hgsggﬁ;ﬁglg%eh q:\c,iMatq-' f%réi@ﬂgéll %%ve a n % he
sl i derdSBoﬁétpdéIPt |tt§‘r?ed1§{‘df-ﬂé dRA¢F nodC pahflphtly &fhen héhﬁagﬁfﬂelh & lgivsk 2
as showAcladesgpaet@cMes.it is understood that the air flow comng from
the outer edge 13 flows along the inclined plane of the |anding pad 31b.
Even when the slider 3b is positioned at the innernost periphery of the
magnet TBedRBRVE Mg3syKeMRNnTREYdtE S¢B) sumHardized |agwsfalllows +t he inclined

pl ane (of tbesl mldngelpﬁdrs"llbrbuiiedédﬂﬁed h@i_tﬁh@é@ple@tlzlﬂb” ehé(é)llders
Lanseq gngkﬁ éb 5%?@ gs% (ﬁfrE%“ he alr ..eyen é i ncl ud
ean %dpp % an

partlc e 1Tnc ane, th%sp Ies

di d no?sdébb%lﬁ“§b éébllBIQﬁ#4¢ﬂ9IW%ﬁﬂ ng 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 1landing 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 31lc.
(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 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 31a 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 3la

- 16 -



pads 30b and 31b. In this case, the slider 3b enables the incli Eﬁd @ﬁme
.to be fornmed so as to exclude part of each |anding pad 30b/31b M
width«direction. However, the - 15 21 MAR 2006 inclined plane can al so be
fornmed entirely in the width direction. On the contrary, in the case of
the slider 3c shown in Figure 9, it is understood that the air flow hits
the | anding pads 30c and 31c al nbst vertically when the slider is
positioned at the outernpst periphery of the magnetic disk 2 as_ shown in
Fi gur ead AB lEndtohénet melis| ifgew S G ¢ FhARd s a1 iy r RSt lﬁé\qlﬁ’r‘ﬂery
of thepgggnebhcadiaskoB.as shown in Figure 9(B). Consequently, it is
estimated that particles are apt to deposit on the | anding pads 30c and
31c when the air flow includes particles. The above measurement results
are suRimhsi retpdeties | o, desyripsioneadanty otkeardiderecti andh3beffect

to the gli detege ér? ARGl 301 BF OVi GRAieWd 1N, T ERe! @i@s%tpa%éoﬁlﬁﬁdlgob)otas
well as 3la _an 3bprOV|ded W th convex .surfac Its. side faC|eqthe
si de rhinited Y21t eSBECSHARS) © f(aZ)" ?h@iﬁﬂﬁ?@r cg?s‘r"éh}&e%rf"‘ PYejig th
proporghapel mag the vabled dfeepprti Floes alemysid edwibinl €hehkasdildgrisads 30a
to 30C,ngs 3\M8'én§é1e3i> £ho s (52 @Wt'ﬂm fePBsl e Shat Bepl andi ng

pads S?La to 31cC rovi e outer % t he netl c disk
2 thavethe alsan%ljrfhgaﬁér t3|1c9 s 3Baveo aﬁ’()cln | S§E QES & 1VEWY The
air flow (i@eSPdagslslagrtai efarm deashnaein siaghahedssunfate omnlyefbandﬂr&g

gads BQQnQQQg gagdsas;hlvge ndi"‘SB ral%}ax%%‘fgh?’ﬂagrtm:ﬂé‘sdggewa&ﬂ q £ YR BWr face

its respectively,_ This_I's because
t he | ah8i Rgddddon rSOYi %n&lagébnga§a\ﬂé’l 130% aRd 30§ 3AF a‘?’%“st?ﬁaﬁliane&b“q 0

t'he ai B1bfhay. 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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From the above results, the present inventor et al have concluded that
-l andi ng pads should be forned |ike the | anding pads 30a and 30b, Qa M@%@
as 31a and 31b provided with a convex surface at its side facing e i
rails 20 and 21, that is, streamined to the air flow respectively so as
to reduce hardware errors of the HDD 1. In addition, because particles
deposit nore on the | anding pads 3la to 31b forned at the outer periphery
side of the magnetic disk 2, it is_nore effective.t g éf uce the gq%d
“error FGNLR r bafhPHE AR | RHEPSY BAdLesfh er QY S 299TRERSI0AE AHY 0 the
air flpven atdepedharo séacandf nthg shideasdBagtopads 30a and. 30b. This

conpl etes the description about the sliders 3a and 3b of the present

i nvention. However, the present inventionis not Ilimted on to the shape
of thFijuckers abowsi Saaudisdien teRsulimpet na) BéIvAlay » e“e‘lx . BRgr 0
exanpligye WY { et hepsl i ders 3a and 3b enable both types of the | andi ng pads
30a and 30b, as well as 31a and 31b to have an inclined surface
respectively, it is possible to formsuch an inclined surface onl for t he
| andi rRigacs Blahewd 31bivnlatiion pesuildl ef @re abt fbodepbsthe AP

addi tioh, & ?fdégngbng pads, 30a and 30b, as well as 3la and 31b may be
shaped "as, for exanp a colum, a triangle, etc. [Advantages of the
|nvent|on] As descri bed above, according to the present invention, it is
possibngﬁneaSSushoWbearebhabgurayioh phietbebf@dt 1di $ddrive wunit by
reduci ng the deposition of particles on the sliders. 3 Brief Descri ption
of the Drawin ure 1 shows an, f _a sli.der ep in an

enbodi FesEreo ?1th rB§EﬁPeFF&¥ﬁtV&ﬁW etyRPE1510R éyticles are
deposited on the slider 3a; Figure 3 shows an ABS of a slrder 3b enpl oyed

#1 the, sa0odi fRAbn of symbols]

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
Sb ... 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, 31c ... Landing Pad
40 ... Center Rail

51, 52, 53 ... ABS Pad
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of the present invention; Figure 4 shows how particles deposit On#‘FMARZUB
slider 3b; Figure 5 shows an ABS of a slider 3c enployed in the enbodi mennt
of the present invention; Figure 6 shows how particles deposit on the
slider 3c; - 17 21 MAR 2006 Figure 7 shows the nunber of read errors
detected in an HDD 1 w th respect to eagh of the sliders 3a to 3c; Figure
8 shows sinulation 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; Fi gWWeCa\diows a configuration of the HDD 1, and Figure 11 is a
perspective view of positioned sliders 3. [Description of synbols] 1 ...

HDD (Hard Disk Drive) 2 ... Magnetic Disk 3, 3a, 3b, 3c ... Slider 4 ...
Actuator 5 ... Voice Coil Mtor 5a ... Coil for Voice Coil Mtor 5b ...
Magnet flor Vej grlefaisposed to facBasdisklike recolddgtingdiuimigrl enbbled to sippait 4 RadHdge
12 ... Inner Edge 13 ... CQuter Edge 20, 21 ... Side Rail 22 ... Cross

Rai | 30?ead§1%até)’§8m aﬁ&%ritﬁ&%at%qm medif)¢bRAGrifag: 40 ... Center Rail

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. The slider of claim 1, wherein the convex surface of the landing pad is formed at a center
of the landing pad.
3. 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:



51, 52, 53 ... ABS Pad 21 MAR 2006 - 19 WVE CLAIM 1. A slider dispogadMARD006
face a disk-1ike recording nmedium and enabled to support a head for

reading data fromand witing data to the nedium conprising: a slider body
provided with a | eading edge, a trailing edge, and an air bearing surface
formed between the | eading and trailingygdges; a rail forned on the air
bearing surface along the | eading edge; a plurality of |anding pads forned

anaing pads e ob ARl RP Sedd ok i o fbigy WSO R 2 BEnclon'vhfbipg

out er eriphery. side qf the djsk-like recordi.ng medium and the slider is
di spose a‘lacfpol‘%@ VHENg dat tp ﬁl?élla?'glé%‘feﬂ?r%“grfﬁ lﬁ%é 2. The slider of claim1,

wherein the convex surface of the landing pad is forned at a center of the
| andi ng pad. a8.actaéorsfar dwipperting | andnmpyinghiheeslider helapud to ghe shiskelikeorecording
rail at the | eading edge, and between two of the |anding pads, the pad

gi vi ng amgdashiwheeiptssideeidctudeste slider. 4. The slider of claim1, wherein
a surface for generating a negative pressure is fornmed on the air bearing

surface in an i4epp6dFhasiag L¥ealiidg dddb!and® tﬁilﬂ%@éﬁg@scﬁ SRLY at GOPRRAdtSIMIAEd 21
MAR 2006 -20- a slider facrng a drsk-1ike recordi ng medi um and enabled to

suppor t ng he@‘%ﬁ{ﬁ%&tg{'ileeeggli? gg?% 151?a1 fd'ir%cc'nlﬁoanngfi TS id‘isikq edr%g&d§n()gt thg 11311911:, gxg'illaﬂelé Gdge

recor di or supporting and novi ng r relabt ve
to the disk-like recordin medi um wherein e slider .includes. a slider
body hadfhgn auﬁeéaéﬂ%giswag abA reserraies ﬁge@&f;ﬂwaq%g%‘se@dn&tra laﬁﬁléafélpaﬂ%th%d
interval therebetween in a rotational direction of the disk-Iike recording
medi um disk-likeniseordingemedinen, and ca 2ir bearine suréasesiotmed amopecthietleadingmedee, the
Interval therebetween in a radial direction of the disk-like recording
medi um trailhg@dgaithe inaer ¢dgg, audrthaoetef edgepd anong t he | eadi ng 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.



a cross rail fornmed along the | eading edge; side rails extended f gghﬁgﬂﬁe
of the cross rail to the direction of the trailing edge; a first % d
between the cross rail and a boundary between the side rails and enabled
to give a positive pressure to the slider; |anding pads forned between the
side rails at the trailing edge; a cender rail forned between the [anding
pads; and a second pad fornmed on the center 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
streamined to an air flow fromthe outer edge when the disk-Iike recording
medi um Bot at €b¢ hgad Fsemhlyaaf daimepbivherein anegahve praghiee dopkette forsediingnpaer i s
provided with an inclined surface along one way of an air flow 2 1 MAR
2006 - 2@ndosed ity thearbsasaibadd theaideciaids so Bs torbiee @i megati vieprebsuve topthe stiderewhen
pocket is formed in an area enclosed by the cross rail and the side rails
SO as t fheHidelikk REGAlHMBeRnBTMAIR. L0 the slider when the disk-like
recording mediumrotates. 9. A disk drive unit, conprising: a disk-1ike
recordi ng nmedi um being driven rotationally around a rotary axis and enabl ed
to record data thereon; a slider provided wwth a head for witing data to
and reaging da;a fromthe disk-l1ike recording nmedium an actuator for
seeki ng”t he & digkedrivepnit COBPEYShe di sk-1 i ke recordi ng medi um an encl osure
for housing the disk-1ike recording nmedium the slider, and the actuator;
wherein the 8disidikei raeordingsmedium] teiheg dubesayropstionallieerownd h rataneas aad eerpled a
trailing edge, and an air bearing surface fornmed between the |eading and
trail i ng redgdsiatagthétesinaped rail fornmed on the air bearing surface along the
{eading edge so that atip is extended to the direction of the trailing
edge; a pair,afjdérpdviid RAds af adTer Refingedutd &e ahd Reind Q8tal Rbh @O didkbifke

trailing edge; wherein one of the |anding pads, which 1s disposed at an

out er pFerc&%lﬁ?gr%e&ith of the disk-1like

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.



recording nmedium is provided with an inclined plane inclined in a width
direction, and faces the |eading edge. 10. The disk drive unit lot M&R 2006n o,
wherein the inclined plane is forned on the landing pad in a width
direction. 2 1 MAR 2006 -22 11. The diskkXrive unit of claim9, wherein the
inclined plane is inclined in a plurality of directions. 12. The di sk
drive unit of claim9, wherein the inclined plane |s

' forned at .a. .
predet er mi ned pllacdhgtdighhdeKe wop i dpiBh oMhekein { ’é‘QhB‘?ﬁ{ Er’rﬁ@e ISineliRgd i@ can

be suppresgsdiitlot-dirdeiddsder di sposed to face a disk-like recording nmedi um
and enabl eiﬁtolg'tjfgpcl)rt g head for reading data fromand witing data to

the medium conprising: a slider body provided with a | eadi ng edge, a
trailing edge, .and.an aifr bearjng - e i nd
trailing edges;la}a r’%\el &F%rdﬁ’élgd E\i ?%glg{éﬁt' %S%lge%lﬁggggﬁﬁggrﬁé% onlé @ﬁ@b?gg i ng
edge such tphedetdrinisedoipldcbeat maiich @epasitibrt @fiepaititlbe dnr shd ilngliegigad ean be
plurality of |anding pads fornmed between the tips of the rail and the
trailing edYBPT®SSHer ei n one of the | anding pads has a convex surface facing
the rail which is disposed at the outer periphery side of the disk-Iike
recording nmedium and the slider is disposed to face the disk-1ike

recordi ng medi ud ahelider gisgosed tp draserdlighnlikereecemling madizmesnd angbled éo pupparing
edge, the p iV . il | . sl .14, The slider of
clarm 15, wted i RuRg B3 o)y REGRZ S e ity lifprish:  J1C 51 0%
center of the lasiilendodadrovifed With sllealing edge;laairailihg, edgbearsi an airsbedringe

for generati a.ne ive essure is . formed on the air bearing surface in
an area enct "eedtjoﬁ‘?g?h%t_‘"reﬁlgfheﬁ‘i"éi.ln and‘itﬁa&ﬁ'&ﬁ? Sunit, comprising: a
disk-1ike recorgiaflForRsl sHHeaINMGeatihf kaiTadeQilétig B8 atddyngédpendcia thaotips wf thei S
and enabled to record data thereon; a slider provided wth a head for
writing datrail extendtpvyasd dherdfkpiling edeei om t he di sk-1i ke

a plurality of landing pads formed between the tips 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; and

a pad is formed on the rail adjacent to the leading edge, the pad giving a positive

pressure to the slider.

14. The slider of claim 13, wherein the convex surface of the landing pad is

formed at a center of the landing pad.

15. The slider of claim 13, wherein a surface for generating a negative pressure is

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

16. 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:

[RALIBQ]2515.doc:MIC



recordi ng nmedium an actuator for seeking the slider relative to t(f?M
di sk-1i ke recordi ng nediunm an encl osure for housing the disk-lik AR 2006
recordi ng medium the slider, and the actuator; wherein the slider
includes: IR U 1BQ 2515.doc: MC 21 MAR 2DO6 -23 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 U shaped rail forngd on the air
beari ng surface rrhpdy Rrewidsd vwith aJeading edgh A Hallinggylgcaalf anf il PeRingsi de
rails extery%}ﬂge For® b 06y oh BsSleidhd alPH@Iife tdRst rai | ing edge, each of the
side rails having a tip that extends towar%l t e’trai.ling edge; a pad forned
on each of the sUshaped tadl fadpedemthe air be¢asingrsurface kaving @ criss ragibatdthp dgadings

pads; a center rail faor adj L1 i) f he
Cross rail GG o happirr aas s digin fyhitc bR fal R BERRE LR chtfbe
ti ps of thehskide raikiHavingtdp thanéaendsaowardaheltraitihgedgeni | i ng edge; wherein
one of the | andi ng, pads, which i.s di.sposed at a uter periphery side o
the disk-1ike %B%E’d?’ﬁ@ ORedFR Af %l?esﬂ%lro Bi's gdge ‘Bﬂ?%%°ﬁ°ﬁ£f‘ﬁ1%‘§oﬂ%8¥‘8ﬁé’a‘r &
inclined ip@aswidth direction, and faces the |eading edge. 17. The disk
drive unit ‘of claim16, wherein the inclined plane is forned on the,

| andi ng pad i n aceutert iildformed adjacent 8o thenwailing ledge separaieiffony thecrgssyaleand
wherein thehaivﬂlc a{ ead plane is inclined in a plurality of directions. 19.

The disk drive®nit’of claim16, wherein the inclined plane is forned at a
predet er mi ned p paieofitandinigqiadsl 6proeidthiebveenfthptipt ofthe sideratlfghé eerdémmgilpad can

be suppr estﬁg?rhiling:eg'gg wl?h(grezlr5115. doc: AJC
; 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.

17. The disk drive unit of claim 16, wherein the inclined plane is formed on the

landing pad in a width direction.

18. The disk drive unit of claim 16, wherein the inclined plane is inclined in a

plurality of directions.

19. The disk drive unit of claim 16, wherein the inclined plane is formed at a
\ predetermined place at which deposition of particles on the landing pad can be

suppressed.
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