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- 1 *159159* TITLE OF THE | NVENTI ON HEAD, HEAD
SUSPENSI ON ASSEMBLY, AND DI SK DEVI CE PRCNIDED W TH
THE SAVE BACKGROUND OF THE | NVENTI ON 5 Thi

relates to a head used in a disk device suc

magneti c di sk device, a head suspension ass Mﬁwmm”m,”!’m”m
provided with the head, and a di sk device provi deaso
with the head suspensi on assenbl y- A di sk devi ce,
e.g., a magnetic disk device, 10 conprises a magnetic
disk in a case, a spindle notor that supports and
rotates the disk, aTTAgEtGR THEAdNVENRIGK ites and
reads information to and fromthe disk, and a

car HEage &ESENISIUp PENS Odlu SSENMB Livh e ANga d I SKo DEYOdent
with respect to the disk. The carriage 15 assenbly
CONBROYEHEY WaddkiaBIHE §@Hﬁorted arnmand a suspen5|on
extending fromthe_ar

supported on an e?ﬁ%ﬁ@%@ugﬁdogfTﬁﬁeIgvgﬁgﬁgNon I t

port 1 on OR e FSTArG R Al At Sort T i e & 26
repﬁ%@‘i%‘ ng ghement, fm%gl; adi ng %J‘%e% c%cord'r{é%

el efent for Wi ti i'ng |der as a adlng surtface

t hatsus%‘é%%l%n aes%%ﬁr@l@/g p%‘érvfl%ﬁé‘?i ofi drheHmaneld ¢ bk disk

The facing surface of the slider is forned haV|ng a
negakhkM@e provided with the head suspension assembly.

A disk device, e.g., a magnetic disk device,
comprises a magnetic disk in a case, a spindle motor
that supports and rotates the disk, a magnetic head
that writes and reads information to and from the
‘disk, and a carriage assembly that supports the head
for movement with respect to the disk. The carriage
assembly comprises a rockably supported arm and a
suspension extending from the arm. The magnetic head
is supported on an extended end of the suspension. It
has a slider mounted on the suspension and a head
portion on-the slider. The head portion includes\a
reproducing element for reading and a recording |
element for writing.

The slider has a facing surface that faces a
recording surface of the magnetic disk. The facing
surface of the slider is formed having a negative-
pressure chamber as a negative-pressure generating
section for generating a negative pressure. The

suspension applies to the slider a given head load
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25 pressure chanber as a negative-pressure generating
section for generating a negative pressure. The
suspensi on applies to the slider a given head | oad

*j 00002* that is directed toward a magneti c recordi ng
| ayer of the magnetic disk. As the magnetic disk
device is operated, an air current is produced
between the rotating nagneti c2di sk and the slider.
Thereupon, the 5 facing surface of the slider is
subjected to a positive pressure that is opposite to.

t he thegatiisv @ i neoesslewpanrte raatedinat itchececording layer of
negati ve- pressure chanber, that is, a force to fly

t he tdie degnglidve ditsk -r eder dihey magineftdce difsk e wiask is
The slider is flown wth a fixed 10 gap kept above the

di sIPPREESEG NG s Griffa G IRE alldn A 5R§ UQask e tnasy e

and the head | oad. .The flyin i ght. of the slider is
xpECtet g BESAEIHN SHASITY (RS Shiai ampesmngn, the

posiltiqn on t magheti c di.sk.  The rot.ation
facgnﬁ gfurr%%ce eche Sq'lé(%rsl(lsl Ssu%)(;ﬁascttaen ’t%ﬁ | e

frequenc t'he 15 magnetT¢

its I r ' [ the i.al
posPrranl 1 RESTRREE Bl 3% SRR B e e

t he phQls@iif eC {3 e ATV HNSY n JHHEOMET r dd38: AW ARH -,
(angl e between the direction (track direction) of the

cur ket ard thexecent ey ivhe oflidwe sddes )t $ecording

vari es depending on the radial position on the disk.

I n desifgmieng ft he dliisder, TheersAfiatey; ichdigevrofwitthe a fixed

flying height attributable to the radial position on

t he gdics kemlistabove the disk recording surface by balancing
the flying force and the head load.

The flying height of the slider is expected to be
substantially the same in any radial position on the
magnetic disk. The rotational frequency of the
magnetic disk is constant, while its peripheral speed
varies depending on the radial position. Since the
magnetic head is positioned by the rotary carriage
assembly, moreover, the yaw angle (angle between the
direction (track direction) of the current and the
center line of the slider) also.varies depending on
the radial position on the disk. 1In designing the
slider, therefore, change of the flying height
attributable to the radial position.on the disk must
be restrained by suitably utilizing the aforesaid two
parameters that vary depending on the radial position.

With the recent improvement in the recording

density, miniaturization of sliders has been promoted,
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be restrained by suitably utilizing the aforesaid two

25 paraneters that vary depending on the radia

position. Wth the recent inprovenent in the

recording density, mniaturization of sliders has

been pronoted, 3 and so-called pico-sliders,
fento-sliders, etc. have been investigated. If a

slider is mniaturized so ¢thaB its transverse

di mension is reduced, the roll or sw ng of the slider
around its longitudinal axis is 5 caused easily. The

r ol knanghbe cafl lichie pdldoder] iclange fenmtepaididey son dtdre. have
radi al. position on the disk. If the roll angle of the

sl i deenvanivest ighdéedr.ec drfdiang/ligi@roducimigriaturized so
characteristics fluctuate. In order to prevent the

var tagtoAtsf trrasysirse fimgmgiion d sngpsluassyndtie trdad or
slider, is proposed.in Jpn. Pat. pl n., KOKAI o
PUDFHGRET 6 KBS @%@@a&r%ﬁ a1 G4 iR ls atday 1s
slider, negati ve- pressur ener ati ng sect.ion of a

o1 Gehsel GRdlaen’ AhE §°l§1 g ffoft%&a i q¥F Chahges
di s ; incli.nati f .5 .negat i (- pr re

di sepRRAaS SR e et it I I SR e £ che

fromynol bihpg eewen the K8 eaw.angleg | $hd ncreased. |f
t he negative-pressure generating section is thus

di virded rbahqfirepeosiuednh eavelct e thlexididdtduat 20
of its design lowers and its area is reduced, so that
there isIa paskinidd predfertheestdtiatgidgregat ittee roll

pressure lowering. In this case, it is hard to

angle, a novel magnetic.head slider is proposed in
Jpn. Pat. Appln. KOKAI Publication No. 9-330510, for
example. In this head slider, a negative-pressure
generating section of a slider is divided into a
plurality of parts to disperse the inclination of a
negative-pressure distribution, so that the slider can
be restrained from rolling even if the yaw angle is
increased. |

If the negative-pressure generating section is
thus divided for dispersion, however, the flexibility
of its design lowers and its area is reduced, so that
there is a possibility of the resulting negative
pressure lowering. In this case, it is hard to
maintain a stable flying posture of the slider, so
that the reliability of the recording/reproducing
characteristics may possibly be spoiled.

BRIEF SUMMARY OF THE INVENTION

This invention has been made in consideration of
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maintain a stable flying posture of the slider, so

that the reliability of the recordi ng/reproducing 25
characteristics nmay possibly be spoiled. BRIEF

SUMVARY OF THE | NVENTI ON Thi s invention has been nade

I n consideration of these circunstances, and its

object is to provide a head configured to be

restrained fromrolling without eausing a |oss of
negati ve pressure, thereby enjoying inproved

stability and reliability, a head suspension 5

asseimelsye pErioviuted anides ,t Revchdad, oo diskdedodade a
According to an aspect of the invention, there is

pr ovieged canfdgd reshhid dengresd raliinget findoinc irdddsirgy without
facing surface opposed to a surface of a rotatable

r ecGRdiShGImedilepsand ineFAtdWe Hressudiar dhverehy Enjoying
produced between the recordi ng nedi.um surface and the

f acitARTrOVPrasE 3R Ity PECor@ilng ddditum Poth@ask ;suaRrension
head [ whi ch, i i.ded h i der, d .
T s D B R TSRS

di ' t ' ' L. f aci )
R ) ST
ext QG N ot I o TR, 0fg -t he AlTyaurent, and a,

transverse direction perpendi‘cular to the |ongitudina

di r geldion, sheage dpdid R & ReGHIEdH eSHHitable
cavity which is formed in the facing surface and 20

genergives iagnegatiiue aprcessurid.owan ldadimag ist e xarttd on

whi ch protrudes fromthe facing surface and is

si t pashiced e twestr ddhm et mofi ncheneaiiunc laurfatcanard the
facing surface as the recording medium rotates; and a
head portion which is provided on the slider and
records and reproduces information to and from the
recording medium; characterized in that: the facing
surface of the slider has a longitudinal direction
extending in the direction of the air current and a
transverse direction perpendicular to the longitudinal
direction, the slider having a negative-pressure
cavity which is formed in the facing surface and
generates a negative pressure, a leading step portion
which protrudes from the facing surface and is
situated on an upstream side of the air current with
respect to the negative-pressure cavity and a leading
pad which is provided on the leading step portion and
faces the recording medium; and the leading pad has an

inlet end edge which is situated on the upstream side

of the air current and extends throughout a length of
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respect to the negative-pressure cavity and a | eading
pad which is provided on the | eading step portion and
25 faces the recording nedium and the |eading pad has
an inlet end edge which is situated on the upstream
side of the air current and extends throughout a

| ength of the |leading step portion in the transverse
direction and a plurality ef Becesses which
individually open in the inlet end edge and extend in
the longitudinal direction fromthe inlet end edge. 5
BRI ElReDESCGHIIFE @Y e@r pbit iSVERAIt N BEWa (dveltde [RAWNG on
The acconpanyi ng draw ngs, which are incorporated in
and aoghst iptlutre 18 tyaraf ofe adss espediifdtcdtridinyidually open in
illTustrate enbodi nents of the invention, and together

wi t Fhehd ndefercald gslae ignd G tgindeirabidve lang it irm 1
det aj.l ed descr&ption of, the enbodi ments gi ven bel ow,

ser rte_Gté)?ﬁ‘l &P ﬁé‘epﬂi%tple&g cﬁ‘dglehe_ i nvgn_ti on.
1S ahad, BEEHABPACBY,SIOMES g BBt apmenvc
e vi eshan g SfFarfheia b & et S ESee ced

of tihe = e ' i\ ' ; i:ng, the
i by aﬁ@DQ&QS?lfﬁﬂésaa %&SQﬂFé%h{i%ﬁéﬁ%ﬁﬂgﬁ%%%ﬁi

side of a -facing surface . .
magnetiue t eademddidentd ick a&rd amhodew showmg ddiether

di sk-facing surface side of the slider; FIG 5 is a

Si deithewheheuwineg dlheleddrdgrtion given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a plan view showing a hard disk drive
(hereinafter, referred to as an HDD) according to an
embodiment of the invention;

FIG. 2 is an enlarged side view showing a portion
including a magnetic head of the HDD;

FIG. 3 is a perspective view showing the side of
a disk-facing surface of a slider of the magnetic
head;

FIG. 4 is a plan view showing the disk—facing
surface side of the slider;

FIG. 5 is a side view showing the slider;

FIGS. 6A, 6B and 6C are plan views schematically
showing sliders of Examples A and B and a slider of a
comparative example, respectively;

FIG. 7 is a diagram showing averages of absolute

values of flying roll angles of the sliders of the
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FIGS. 6A, 6B and 6C are plan views schematically
showi ng sliders of Exanples A and B and a slider of a
25 conparative exanple, respectively; FIG 7 is a
di agram showi ng averages of absolute values of flying
roll angles of the sliders of the enbodi nrent and the
conparative exanple, in various peripheral positions
on a nmagnetic disk; FIG 8 +s & diagram show ng
variations of the flying roll angles of the sliders
of the enbodinent 5 and the conparative exanpl e,
accenpanly meg tC hange hef compa rperivehexampdepged;n Ma@Ei@is
is a diagram showi ng variations of the flying rol
angbes iphetrhd gploisdérionsf orhe ewgoditientdisdkid t he
conpar ati ve exanpl e, acconpanying change of 10 the
yaw angl €IGr @ 1F0 & $liofiadyraavsineni iy iafel gng/iqly the
roll__ angles qof the sliders of _the enbodinent and, the
conﬁéﬁ’&(‘gvéoé%aﬁﬁlgéesl r‘Pft ﬁ@epér%lﬁﬁ%rsaIOfchshet iR bment
E‘tlc di sk; ]lA 11B and 11C are Ianf
w e $Offe MEFPEAR W‘@h&iﬁ%‘ﬂﬁ’ SO Phr ek G ot

the Is a recesses of different |engths
tP%g?%q g%%Eﬁg é %%d 'FIG 12 is an enlarged plan

vi eW showirieg rﬁﬁ%s%eﬁlaa(}alnﬂ hdBafl N Pak i B od I hs

a diagram showi ng the relationship ™ between the ratio

bet waen nighe J1aNgRS «@f e HeLGASSRS s of the embodiment
and the comparative example, accompanying change of
the yaw angle;

FIG. 10 is a diagram showing the flying roll
angles of the sliders of the embodiment and the
comparative example, in the peripheral positions on
the magnetic disk;

FIGS. 11A, 11B and 11C are plan views
schematically showing sliders of three types of the
embodiment having recesses of different lengths in
their leading pads;

FIG. 12 is an enlarged plan view showing recesses
in a leading pad;

FIG. 13 is a diagram showing the relationship
between the ratio between the lengths of the recesses
in the leading pad and the absolute value averages of
the flying roll angles in various peripheral positions
on the magnetic disk;

FIGS. 14A and 14B are plan views schematically

showing a pico-slider and a pemto-slider in comparison
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in the | eading pad and the absol ute val ue averages of
the flying roll angles in various peripheral positions
25 on the magnetic disk; FIGS. 14A and 14B are pl an
views schematically showi ng a pico-slider and a
pento-slider in conparison with each other; FIG 15 is
a di agram conparatively show ng respective flying
roll angles of the pico- and pegnte- sliders in various
positions on the magnetic disk; .5 FIG 16 is a

di agram showi ng absol ute val ue averages of the flying
rol wiahgkeghobthlee ;pi co- and pento-sliders in various
positions on the magnetic disk; and FIG 17 is a plan
vi ew showiltg tlve isi de difagrab0 atimgpefeddiveg s wafacanof a
slider of an HDD according to_ another enbodi ment of

t he TeRPestige. THFTACLEDIDESCRIIRE Of GheTHE daNVENH @emto-
An enhodi ment in which a disk device according to
thi§lPH§éﬁtPBnVP§l€E§H9&§%F59%§ 90D BhiS MawB\G e £5ski

descri bedq,.i ail with reference to the acco nyi ng
dr awi ngs%IEFGq%tl 1% % 1o At S LHSE r?é’star}é&l%{‘r’p v

t f ih th LS ot i FLG 2
hondea=edof ShEead i iy AR oL Aot qn

neti state.

20 Bbfarols1tie (EDPC QaRtises g%sc.l.%%.g)n%z dr He nTaQ;’F"Stlec
an open-topped rectangular box and a top cover *(not
showlksk ;Waineh is screwed to the case with screws and

FIG. 17 is a plan view showing the side of a
disk-facing surface of a slider of an HDD according to
another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment in which a disk device according to
this invention is applied to an HDD will now be
described in detail with reference to the accompanying
drawings.

FIG. 1 is a plan view showing the internal
structure of the HDD with its top cover off. FIG. 2
shows a magnetic head in a flying state. As shown in
FIG. 1, the HDD comprises a case 12 in the form of an
open-topped rectangular box and a top cover (not
shown), which is screwed to the case with screws and
closes a top opening of the case.

The case 12 contains a magnetic disk 16 for use
as a recording medium, a spindle motor 18, magnetic
heads, and a carriage assembly 22. The spindle motor

18 serves as a drive section that supports and rotates
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cl oses a top opening of the case. The case 12 contains
a magnetic disk 16 for use 25 as a recordi ng nedi um

a spindle notor 18, magnetic heads, and a carri age
assenbly 22. The spindle notor 18 serves as a drive
section that supports and rotates the disk. The
magneti ¢ heads are used to wite and read information
to and fromthe disk. The carrBage assenbly 22
supports the magneti c heads for novenent wth respect
to the magnetic disk 16. The case 12 5 further
contaiensliakuoi C@eCMmalgnmatier heddY =224 wagdmy Wratk and
nmechani sm 25, a board unit 21, etc. The VCM 24 rocks
and rpasi tindiogmahé oparto agel dswantilhe. difsk.r affine |laadriage
mechani sm 25 hol ds the magnetic heads in a retreated
posPESEAPalf 22heupRgadts ¢hei slromednd a feadr) fegadw veament
noved to the outernost periphery of the disk. The
boald tinFESPECHas Ca theadacneddd ek itée. Ahw iGhssd 12
Ci rcui hboard not shown), is sGrewe to \ﬁﬂﬁ ggger
sur FREENGE §OBSEEOM RaliPisF e Lo fSdom. ( i &% redidmP

boa&%a&"ﬁ‘e"c%'a%f%?@@?ﬁ %e%toia\fgi %ngLrtatZilon%tics Ofy té']g/’ucgb% 24

spi ndl'e notor 4,”and magnetid heads thr

the -Beaid supi Hodle 1 The MRGNeL G 1Qi égééﬁ§¥ﬂagW%é‘%amp

recording layers on its upper and | ower surfaces,

i ndilvadualklhanikhe 281 $lo 146 ithd nfled tar theRutiel a
peri phery of a hub 20 (not shown) ‘of the spindle notor
18 aedrkiaxed @ostihdonhwIfbytha alaame tSy idigkl whes dihe

nmotor 18 is driven, the disk 16 is rotated at a given
spebéadf, asegmoved to the outermost periphery of the
disk. The board unit 21 has a head IC and the like.

A printed circuit board (not shown) is screwed to
the outer surface of a bottom wall of the case 12.
This circuit board controls the respective operations
of the spindle motor 18, VCM 24, and magnetic heads
through the board unit 21.

The magnetic disk 16 has magnetic recording
layers on its upper and lower surfaces, individually.
The disk 16 is fitted on the outer periphery of a hub
(not shown) of the spindle motor 18 and fixed on the
hub by a clamp spring 17. As the motor 18 is driven,
the disk 16 is rotated at a given speed of, e.g.,
4,200 rpm, in the direction of arrow B.

The carriage assembly 22 comprises a bearing
portion 26 fixed on the bottom wall of the case 12 and
arms 32 that extend from the bearing portion. These

arms 32 are situated parallel to the surface of the



10

15

20

25

4,200 rpm in the direction of arrow B. The carri age
assenbly 22 conprises a bearing 25 portion 26 fixed on
the bottomwall of the case 12 and arns 32 that

extend fromthe bearing portion. These arns 32 are
situated parallel to the surface of the magnetic disk
16 and spaced from one another. They extend in the
same direction fromthe bearing pertion 26. The
carriage assenbly 22 is provided with suspensions 38
that are formed of an elastically 5 defornable

el omganhe tplcade sdprlicngnelacipacEae f rous perrs iaores H3d,. WThay
are fornmed of a plate spring each, have their

r espEtenge ipr ghiemslemends reictdédnt ¢ rome theedpeatiinge portion
distal ends of the arnms 32 by spot welding or
adhé&i-ve ThendeAg 1886 eveen® i @m tife Paave.dedhati tho
suspensi on ;38 be formed integrally with its

Cor FESBERGIAG Sarth 352 CTRE CatRE e Aid Ane LERdidilohs

38 tit head i . ., The head i
ond SERE RS FLORGRGE PIReE BIIENY FALd s udtBe; on
h Ny El t
has ShopkneyBe 3 MECh BHE P o o atses, WAL
rectapgul ﬁ%vep%ﬁ%lilrelr%%;p@;‘cq 13#d pefo@ei‘?r%lp%rntds?'fiié{de(:{ Ocrod the

recording and reproduction on the slider. | fixe
to @e@plelive SALHRAY ¢hdshalf ithddla@visder Q{}z tpR tdivid1dd ing
a

end portion 20 of the suspension 38. A he | oad L

t habri adiiesdcteethonddwar éniche xtwricadeoaf thke aragnet ikach

disk 16 is applied to each nagnetic head 40 by the

el astispenpionh tBemay be formed integrally with its
corresponding arm 32. The arms 32 and the suspensions
38 constitute a head suspension. The head suspension
and the magnetic heads constitute a head suspension
assembly.

As shown in FIG. 2, each magnetic head 40 has a
slider 42 substantially in the form of a rectangular
parallelepiped and a head portion 44 for recording and
reproduction on the slider. It is fixed to a gimbals
spring 41 that is provided on the distal end portion
of the suspension 38. A head load L that is directed
toward the surface of the magnetic disk 16 is applied
to each magnetic head 40 by the elasticity of the
suspension 38.

As shown in FIG. 1, the carriage assembly 22 has
a support frame 45 that extends from the bearing

portion 26 in a direction opposite from the arms 32.

This support frame supports a voice coil 47 that
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suspension 38. As shown in FIG 1, the carriage
assenbly 22 has 25 a support frame 45 that extends
fromthe bearing portion 26 in a direction opposite
fromthe arns 32. This support franme supports a voice
coil 47 that 10 constitutes a part of the VCM 24. The
support franme 45 is nolded integrally fromsynthetic
resin on the outer periphery 1§ the coil 47. The

voice coil 47 is situated between a pair of yokes 49
that are fixed on 5 the case 12. The coil 47, along

W t kohise iyokes angaat rEgndte (UM ShowDhd iggbdrt dframe
of the yokes, constitutes the VCM 24. |f the voice

coi B¥541si molelest dintediralley daram agetadssenbine 2 rackshe
around the bearing portion 26, and the nmagnetic head
40 Pstesyvegriohesvand pési iadded Ton Fhdesiciae taxidk OF is

t he na netic  disk 16. The ranp | oad nmechani sm 25
conpr-58$es PatyesST 2amdid odb YokesTHe s 5?11]?61 fixed on

ded bat t . f th
PRSI T Y o S 4&&@1&@%& %ﬁbe tgikas; and a
eXt ﬁggieﬁ:r Wotth%h(yw%t alf ‘?Jé% %fo o%aeC ”s, 38. As
rri age assenbl rocks to a re re e

pos'cb'n%‘ﬁl‘%lthtt%' d%hteh@'dﬂp@nlet' G digle %1c§mlt ab; 5%

engages a ranp surface forned on the ranp

Theéﬁé&b@&edﬁh%h%aQé§%ﬂé§d“§§§§%HM§l%QtﬂBéﬁg)around the

inclination of the ranp surface, whereby the magnetic

heabbed@ing polredded26, and the magnetic head 40 is moved
to and positioned on a desired track of the magnetic
disk 16.

The ramp load mechanism 25 comprises a ramp 51
and a tab 53. The ramp 51 is provided on the bottom
wall of the case 12 and located outside the magnetic
disk 16. The tab 53 extends from the distal end of
each suspension 38. As the carriage assembly 22 rocks
to a retreated position outside the magnetic disk 16,
each tab 53 engages a ramp surface formed on the ramp
51. Thereafter, the tab 53 is pulled up by the
inclination of the ramp surface, whereby the magnetic
head 40 is unloaded.

The following is a detailed description of the
construction of the magnetic head 40. FIG. 3 is a
perspective view showing the slider of the magnetic
head, FIG. 4 is a plan view of the slider, and FIG. 5

1s a side view of the slider.

As shown in FIGS. 3 to 5, the magnetic head 40
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The followng is a detail ed description of the
construction of the magnetic head 40. FIG 3 is a

per spective view showi ng the slider of the magnetic 25
head, FIG 4 is a plan view of the slider, and FIG 5
is a side view of the slider. As shown in FIGS. 3 to
5, the magnetic head 40 - 11 has the slider 42
substantially in the shape -of 1a r-ectangul ar
paral | el epi ped. The slider has a rectangul ar

di sk-facing surface or air-bearing surface (ABS

sur hace) 43 stliate rf dResubstumftaed 16f irhehmagiteidgec & a
di sk 16. The longitudinal direction of the disk-

f aciregtemoidee #3 rwilllle lvgrigiedaf t §ihebes lrisfear rexh tap as a
first direction X, and the transverse direction

per peRdRAGIVAR I Glijstk 48 od nee e d adier &t i e aimaesurface
t he surface 43 has .a ifntral axis D that extends in 10

t he ﬁBrSstsudﬁfF&@t é‘@ khafhdapesnét iV Hése AF e magnetic
I Th d 4
B O, AR A H:Llsaf
f 4 t
et g v B e
t he rdirSh- LAGina 154 KACE A8 1Y (hhe,Sdder A2 ey

fail's to face the disk surface wth a gap betmeen

t heperteddidiactd @ afc tae adisecddldl BMedEiich Y. Further,
coincident with the rotation direction B of the

magnelel cudifslicel@.3 Hag @ idert rdd iaxkilomateth2@drids in
respect to the surface of the nmagnetic disk 16 so
the first direction X.

The magnetic head 40 is constructed as a flying
head. The slider 42 is flown by an air current C that
is produced between the disk surface and the disk-
facing surface 43 as the magnetic disk 16 rotates.
While the HDD is running, the disk-facing surface 43
of the slider 42 never fails to face the disk surface
with a gap between them. The direction of the air
current C is coincident with the rotation direction B
of the magnetic disk 16. The slider 42 is located
with respect to the surface of the magnetic disk 16 so
that the first direction X of the disk-facing surface
43 is substantially coincident with the direction of
the air current C.

A substantially rectangular leading step portion
50 that faces the magnetic disk surface protrudes from
the disk-facing surface 43. It is formed covering

about 2/5 of an upstream area of the disk-facing
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that the first direction X of the disk-facing surface
43 is substantially coincident wwth the direction of
the air current C. A substantially rectangul ar |eadi ng
step portion 25 50 that faces the magnetic disk
surface protrudes from the disk-facing surface 43. It
is formed covering about 2/5 of an upstream area of

the disk-facing 12 surface 432v t-h respect to the
direction of the air current C. A pair of side step
portions 46 protrude fromthe disk-facing surface 43.
Thepuexieerd 48 orgh tdesdeang i dése afi ddwe idirsboff aHengair
surface 43 and face 5 each other with a space between

t hewurTigatsiCde &t @pirpodt isdiee 46 eaxtremt farem4therotrude
| eadi ng step portion 50 to the downstream end of the

sl i d&PMyzherrld sdrdgcipgr t5ueHaaso hd Mrear @@ long
b ially.inth h f aU whol e, cl osed
on THE 0506 SARES 68 T3 Sant Updr Tovar I S dvh b i oo
i de. f, intain the pit le of th
TmoSaert RS A6 Bt HH RS HiBR0 L s (g e

sli g%rrt&%n@y 43N Ritlerld lFPI %tr{el“‘i%%iigm dssté(;é V'g?:ﬁ:ﬁééi%éo to

step portion 50. It continuously ex

15 eRkl HRwhisRRSWRl Rl tofe td18 dBading pad 52 & ong
the second direction Y and is fornmed in a position

deviatredoos tlte adewast meaMrEdR d IPAANdtilgtl et ahe

the slider 42. The |l eading pad 52 is situated on the

i nl ehagpkedefol Uhassla dérol4? willdsecespeathd agdtreaint side
and open toward the downstream side.

In order to maintain the pitch angle of the
magnetic head 40, a leading pad 52 that supports the
slider 42 by an air film protrudes from the leading
step portion 50. It continuously extends covering the
entire transverse area of the leading pad 52 along the
second direction Y and is formed in a position
deviated on the downstream side from an inlet end of
the slider 42. The leading pad 52 is situated on the
inlet side of the slider 42 with respect to the air
current C. A side pad 48 is formed on each side step
portion 46 and connected to the leading pad 52. The
leading pad 52 and the side pads 48 are formed
substantially flush with one another and face the
magnetic disk surface.

As shown in FIGS. 3 and 4, the leading pad 52 is

formed with a plurality of or, for example, three

recesses 70a, 70b and 70c for generating positive
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20 current C. A side pad 48 is forned on each side

step portion 46 and connected to the | eading pad 52.

The | eading pad 52 and the side pads 48 are forned
substantially flush with one another and face the
magnetic di sk surface. 25 As shown in FIGS. 3 and 4,

the leading pad 52 is forned with a plurality of or,

for exanple, three recesses 7, 70b and 70c for
generating positive 13 pressure. The recesses 70a,

70b and 70c open toward the nmagnetic disk surface and

i n areissung .palheofreides selseddiang 7Wdd &5 i d hpdmlteiward
side of the air current C, that is, an inlet end edge
52athenmeleeitilcediskd ssirdec® eha He leeadisigigpath32,0f the
the inlet end edge 52a defines an end edge that

ext ef@sindopasneZend &het Halledadildy qfadhe aite Binrant C,
inits transverse direction. The three recesses 70a,

70bt&RE 76c AFe &l Fin§ad SSPRmeA-caldry thie Hiedp&rd side
tot l,.axi f t he .di_ sk-f aci f

43. PP g Botels HaPegnort [Pes B et Hoihs S i Ja e
9engﬁa%n@XEﬁgQ'th@g'%%t%%%sr%%%ﬁ§%§qugxﬁQ% %.% leading

i ndividual 'y “constitute sidé recesses, which are

arr gaaed cORneN®thieanvente! ¥ r QRRATIEL AN Jardd ons of
the | eading pad 52 on either 15 side of the centra

axi s D. Tihe necesse®c¥zaaand &) 70 eurid tR etk d ldisfanged
with each other with respect to the first direction X

andsgmeestraggéled wiahawe splee toutid ethe erthtxiade amid D of
respect to the recess 70a.
the disk-facing surface 43. The recess 70a
- constitutes a center recess on the central axis D,
while the recesses 70b and 70c¢ individually constitute
side recesses, which are arranged on the transversely
opposite end portions of the leading pad 52 on either
side of the central axis D. The recesses 70b and 70c
are situated flush with each other with respect to the
first direction X and are staggered toward the outlet
end side with respect to the recess 70a.

In the present embodiment, each of the recesses
70a, 70b and 70c has a rectangular shape. The recess
70a in the center is defined by a pair of side edges
7la and a bottom edge 71b. The side edges 71la
individually extend substantially parallel to the
first direction X from the inlet end edge 52a of the
leading pad 52. The bottom edge 7lb.extends

substantially parallel to the second direction Y and

connects the respective extended ends of the side
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In the present enbodi nent, each of the recesses 20
70a, 70b and 70c has a rectangul ar shape. The recess
70a in the center is defined by a pair of side edges
7la and a bottom edge 71b. The side edges 71la

i ndividually extend substantially parallel to the
first direction X fromthe inlet end edge 52a of the
25 | eadi ng pad 52. The bott-omledge 71b extends
substantially parallel to the second direction Y and
connects the respective extended ends of the side 14
edgesigeEhus Thilze rtéeesecéla Nda has apen oprth edgekdges
71c that connect with the inlet end edge 52a. The
recéds Tbatseovescto widhe tatee ipdsitt ievel @dgss hZ2a .whéine
the air current C runs against the side edges 7la and
5 t KECBEEt dtedGE VEED LoLideaRirgde PaeH téfve e asstiss adien

70b _and 70c is defined by a pair of side edges and a
bot Fgﬁﬁ 8dge CUTFRE s Cd & WeFg 89 ARGy itdhFalS e fgsF 712 and

b i al | Llel to the first direction X f
Chotrl e Gt £605addsoa of the | eading pad 52, The
bot t om eqge . gxfends, subst antd @é%%s%%rsal409t! & T 1s

second direction and connect's € respective
ext gaded ends af Lhe o d E f RRRES
70b and %gb %és %b Sgggﬁéﬁhgggﬁﬁéégﬁbg'ggﬁﬁé%vaﬁth

t heThel et dendsrdae 119 i%ddualach &kt <rRs ReHdt tienaths

L2, L3 and L4 of the recesses 70a, 70b and 70c in the

firsbrdililedt itontel $irst direction X from the inlet end
edge 52a of the leading pad 52. The bottom edge
extends substantially parallel to the second direction
Y and connects the respective extended ends of the
side edges. Each of the recesses 70b and 70c has two
open end edges that connect with the inlet end edge
52a.

Each of respective lengths L2, L3 and L4 of the
recesses 70a, 70b and 70c in the first direction X is
about 5% or more of a length L1 of the disk-facing
surface 43 in the first direction X. The respective
lengths L3 and L4 of the recesses 70b and 70c are set
to be équal to each other, and the length L2 of the
recess 70a to be a little greater than the lengths L3
and L4.

Each of respective widths W2, W3 and W4 of the
recesses 70a, 70b and 70c along the second direction Y

is about 5% or more of a width W1l of the disk-facing

surface 43 along the second direction Y. The
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about 5% or nore of a length L1 of the disk-facing
surface 43 in the first direction X. The respective 20

| engths L3 and L4 of the recesses 70b and 70c are set

to be equal to each other, and the length L2 of the
recess 70a to be a little greater than the | engths L3
and L4. Each of respective widths W2, WB and W} of the
25 recesses 70a, 70b and 70¢ al®ng-the second

direction Y is about 5%or nore of a wdth WL of the

di sk-facing surface 43 along the second direction Y.
The réSperedyec v ha dthandB i WEhef ddue ganeSERS and
70b and 70c are set to be equal to each other, and

t he TRicdielre AR tofta e reepeds t0@aah ke hrmatagrd tten wikch
widths VB and W4, e.qg., about 2.5 times greater. 5 A

r eclgs o6 the FOGRsE W aedch ks W st UghaThehe aticlishs W3

56 o n% to the m netlc g%sk surface and the inlet
end26f e &G-Skt atéé“ecﬁ% gqetatrﬁfs a

Coea g TR $ ﬁ%&gsesf%%fé' B Bids Fad P T
SUb%‘e@%‘s‘ alslgy ' e R tn{él feIHSCI ﬂ%}f%d%’t’h{% am the

botton1e ge ex s substa para
secopd @i Logct qun t%ea'aﬁs%’-%‘?ﬁtn% tsleprga%%oqu ' V‘:'ItGShas3 a

ext ended ends of the side edges. As shown In
to Peckang@dbir &HRIRS SHE i slAFaVHdY A d o1 B side

substantially in the central part of the dISk faci ng

sur tadges4and b i®taoreeede .defledide edges extend
substantially parallel to the first direction X. The
bottom edge extends substantially parallel to the
second direction Y and connects the respective
extended ends of the side edges.

As shown in FIGS. 3 to 5, a negative-pressure
cavity 54 is formed substantially in the central part
of the disk-facing surface 43. It is a recess defined
by the pair of side step portions 46 and the leading
step portion 50. The negative-pressure cavity 54 is
formed on the downstream side of the leading step
portion 50 with respect to the direction of the air
current C and opens toward the downstream side. The
cavity 54 is configured to generate negative pressure
in the central part of the disk-facing surface 43 at
every yaw angle that can be realized in the HDD.

The slider 42 has a substantially rectangular
trailing step portion 60 that protrudes on that end

portion of the disk-facing surface 43 on the
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by the pair of side step portions 46 and the |eading
step portion 50. The negative-pressure cavity 54 is
fornmed on the downstream side of the |eading step 20
portion 50 with respect to the direction of the air 25
current C and opens toward the downstream side. The
cavity 54 is configured to generate negative pressure
in the central part of the dislkefacing surface 43 at
every yaw angl e that can be realized in the HDD. The
slider 42 has a substantially rectangular trailing

st epopasttiremnd @ itdeaty iphotrestes ton d ate elid-eqiordr @¥ afhe
the di sk-facing surface 43 on the - 16 downstream

si deiw chinresedt. t dtt He dilrteettiesh cof tthee daiwnsturgaentside
C. It is situated on the downstream side of the

neg&fi F&epnegafiaecpriespBe sy idubStlamnicaldupstantivel ly
center of the disk-facing surface 43 with 5 respect to

i ts1fr &Sy ERSESE Pdcttingn 1& K E&aingg spadass ot dtirddes

f t h i1, t ti .60 d f t he ,

mORECREH 0 U TCAN VR Sodd FESTIh 44 gFaneng pad
t | 0 di. t

rone Skt ong ettt Tnd BRI S AR ap

i nf grpml %e%atglal%tmr&eﬂsikc sudisslcel6. The recording

and reproducing ‘el ements are enbedded in the
downst r eameeMb RPIJIraN o 4@ sldiemadtetid hd£LSPESthas a

to the direction of the air current C~ These el enents

hav e eg olreld tgwei llete@ap ol hatepravdurimed element for
recording and reproducing information on the magnetic
disk 16. The recording and reproducing elements are
embedded in the downstream.end portion of the slider
42 with respect to the direction of the air current C.
These elements have a read/write gap 64 that is formed
in the trailing pad 66.

As shown in FIG. 2, the magnetic head 40
constructed in this manner flies in a tilted posture
such that the read/write gap 64 of the head portion 44
is situated closest to the magnetic disk surface.

According to the HDD and the head suspension
assembly constructed in this manner, the magnetic head
40 is flown by the air current C that is produced
between the disk surface and the disk-facing surface
43 as the magnetic disk 16 rotates. While the HDD 1is
running, the disk-facing surface 43 of the slider 42
never fails to face the disk surface with a gap

between them. According to the magnetic head 40



10

15

20

25

15 in the trailing pad 66. As shown in FIG 2, the
magneti ¢ head 40 constructed in this manner flies in
atilted posture such that the read/ wite gap 64 of

the head portion 44 is situated closest to the

magnetic di sk surface. 20 According to the HDD and the
head suspension assenbly constructed in this manner,

the magnetic head 40 is fl-owldby -the air current C

that is produced between the disk surface and the

di sk-facing surface 43 as the magnetic di sk 16

r ot abastr\dbicke tihe tHEDaif® r2%s aridnmamge rt, hee heti Sledfaardiveg
surface 43 of the slider 42 never fails to face the

di skrsesfizee caivtiltya Sgapgn Hétewsem tiiedmpasdc evfditig tdg sk-
the magnetic head 40 17 constructed in the aforesaid
manAeFinNBhE UFEGRE V8- Gene SISIe atgy i@ atd vien pugssure with
central part of the disk- facing surface 43 can

genétabd Ladyat i V& SprESSFSESW OF H%biang yOcrpg the
recesses 70a, .7 and 70c in the 5 .l eadin ad 52 n
geni?&génﬁogiatdi \?’2 PO STHET attﬁerpé)oqy}tlrvéestp%ae%rﬁ%ge "t %}ereby
sl : %r&}t%%lﬁ'lrl?l rt“PlleI 1S 'de@vqlrﬁ 'ffrotnhq: lﬁ%\é{ .”Q'E%eQI ité']ethe
slider conmpared wth the magnetic di's aries,

t heéz%@a%%gl\é%ifattih%n_sqfiéé}e ddpated Qileh a3 efnddie

slider can be restrained to inprove 10 stability and

r el gakiyl khyi e traireddr@) 6fartike ifdryio™ vra If1angE roll
was sinulated for three sliders (Exanples A and B and
a eorpar alfi teee)xdnaled) camhineh mysr rsiimddrtd dntgmeove
Sllii;bility and reliability.

The variation of the flying roll angle was
simulated for three sliders (Examples A and B énd a
comparative example), which are similar to the slider
according to the present embodiment. In Example A,
the leading pad 52 is provided with the recesses 70a,
70b and 70c, as showﬁ in FIG. 6A. In Example B, the
leading pad 52 is provided with only the two recesses
70b and 70c, as shown in FIG. 6B. In the comparative
example, the leading pad is provided with no recesses,
as shown in FIG. 6C. These three sliders share the
area of their leading pads in common and are different
only in the presence of recesses.

The respective flying roll angles of the sliders
of Examples A and B and the comparative example were
simulated covering the entire region of the magnetic

disk from the inner periphery to the outer periphery

thereof. As shown in FIG. 7, the result of the
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according to the present enbodinent. In Exanple A 15
the leading pad 52 is provided with the recesses 70a,
70b and 70c, as shown in FIG 6A. In Exanple B, the

| eading pad 52 is provided with only the two recesses
70b and 70c, as shown in FIG 6B. In the conparative
exanple, the leading pad is provided with no recesses,
20 as shown in FIG 6C. Theselthree sliders share the
area of their |eading pads in comon and are different
only in the presence of recesses. The respective

fl yehguilekhioandglseshet the slliders odf EReamiless AAzart BBare
and the conparative exanple were 25 simulated
coverihglohe retthne thegicompetrathy emegaarile dinskhfer om
the i nner periphery to the outer perlphery t her eof..

As $pb@Alukerrelug) ﬁW@rlaQ%IOtf SLving rollsianglas om

is that the sliders of Exanples A and B _are
| oWSRLERMER Pﬁéleaﬁﬁa#aPP\?été%w e e &é/ln(gab?&quta&gle
alue%gavera in. vari

per PPREREF 8 oﬁs}%d?%e I )];_JIXI’?&] rlgl Prangl équr écheurlaagrd is
70@£E8u§| %erlg@egxﬁ tﬁat‘%fp%%%lgg aré lﬁ%?mple

ower than that o the comparati ve exanp e

reducti onnf Addvidig Jrolds %‘IQ,JJ.%gVarrdl&lt 'aq'gﬁ@fvatfh.%tlons of
sliders of Exanples A and was anal yze First t he

flyiRg &alidezRgle \m%rr@)ll@éﬂ at ethd & wihe aarsiey wher e Fildst,
t he peripheral speed and the yaw angl e changed

i ndependanting eblaachgiiehers lsimariytefd ther dhaerssofwhere

Exanpl es A and B and the conparative exanple, as shown
the peripheral speed and the yaw angle changed
independently of each other. 1In any of the sliders of
Examples A and B and the comparative example, as shown
in FIG. 8, the flying roll angle that depends on the
change of the peripheral speed negatively inclines as
the peripheral speed lowers from 3.5 m/s at the outer
periphery of the disk to 1.9 m/s at the inner
periphery.

As shown in FIG. 9, however, the roll angle

inclines negatively if the yaw angle changes from -
4 deg. at the outer periphery of the disk to 18 deg.
at the inner periphery in the comparative example. In
the Examples A and B, on the other hand, the roll
angle inclines positively or in a direction to cancel
the negative inclination, in contrast with the case
where it varies with the chénge of the peripheral

speed. Thus, in the sliders of Examples A and B,

compared with the slider of comparative example, the
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in FIG 8, the flying roll angle that depends on the
change . of the peripheral speed negatively inclines as
15 the peripheral speed lowers from3.5 nis at the
outer periphery of the disk to 1.9 nis at the inner
peri phery. As shown in FIG 9, however, the roll angle
inclines negatively if the yaw angl e changes from- 20
4 deg. at the outer peripheryl&f the disk to 18 deg. '
at the inner periphery in the conparative exanple. In
the Exanples A and B, on the other hand, the rol
anglféyiingl roéd posgile welniadionn thadi rectimprsntie sc dheel
the negative inclination, in contrast with the case 25
whercbangey gfi &dewpelr ithe relapgs 16 onhd Reariiphieasd] speed
speed. Thus, in the sliders of Exanples A and B
conparBgewArR YRE SNddér CHRNGSnp&Rat Pfe &SI, dchehown
19 flyi rqoll angle variation that acconpani es the
chaﬁ&eFE%'tﬁQ'peripheral posi tion (peripheral speed
change a ngl.e_change),. can .he .red ) ;

in FIG %%@yg%#ﬂé 19 owi %b‘%%?%%l egég}g%f%%léﬁciggygh for
mec ' f.0 r [ Ty !

Var Eaing the B0 lE g R e A on
changeomban ik@Sthdl Hdid grite ! Woid thield ARl . 1n
variation of the slider, the l'onger that side (inlet
end red@eh 10fi nighe hk0 fdigadigngdiad aagainstadike idin of the
current C, the higher the flexibility of adjustnent

of tshedklryi ngrer dldngangltéhats.side (inlet end edge) of the

leading pad against the air current C, the higher the
flexibility of adjustment of the flying roll angle is.
In the sliders of Examples A and B, therefore, the
length and number of sides that receive the air
current C are increased by providing the leading pad

with the recesses 70a, 70b and 70c, as shown in

Table 1.
Table 1
ABS | Slider Side Ratic to | Number
length | prior art |of
(mm) (%) sides
L28 | Example A 1337 203% 15
1L29 | Example B 1287 195% 9
Comparative
1,30 P 660 100% 1
example

The greater the depth of the recesses in the
leading pad or the lengths L, moreover, the longer the
side (inlet end edge) of the leading pad is, anc the
more effectively the flying roll angle variation can

be restrained. Sliders of three types that share the
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In the sliders of Exanples A and B, therefore, the

| ength and nunber of sides that receive the air

current C are increased by providing the |eading pad

15 with the recesses 70a, 70b and 70c, as shown in

Table 1. Table 1 ABSSIi der Si deRati o t oNunber

| engthprior artof (nmm (9% si des L28Exanpl e A1337203%5
L29Exanpl e B1287195%® Conpar atdtve 1.30660100% exanpl e

The greater the depth of the recesses in the |eading

pad or the lengths L, noreover, the |longer the 20 side

(i nbetaend etga) Qladied eadisnd rpadniron andl there MEF@esses
effectively the flying roll angle variation can be

r esfifai,n@d@p 8hidddi0s off tthifde teyyred anigith ss Hame neheprepgaxed,
area of their |eading pads in common and have recesses :

70aas7ebhoand Ir0& 166 -dilflfer diB leagtliS L Widree Prepr épll

as shown in FIGS. 11A, 11B and 11C. The flying rol

angPBIY&r VATTIGS o8 (Heddesis ddrislant vt i% s

per LBSLAL 205908 T Sl ol 0 LOBSK e ! 14 e

Sho% ltﬂeFlcgﬁpa%]a'%’ivJel%x%%%l]e]:c’ ItnhQ:hleencq{rréSé le%.fdéfke
shown in FIGS. 11A, 11B and 11C, the lengths L of the
recesses individually account for 5%, 13% and 15% of
the length L of the disk-facing surface (slider). 1In
the first direction X of the disk-facing surface, as
shown in FIG. 12, the length L of each recess is the
shortest length from the inlet end edge 52a of the
leading pad 52 to the bottom edge of the recess, and
-the width W of each recess is a width along a
direction parallel to the second direction Y of the
disk-facing surface.

As the ratio of the length L of each recess to
the length L1 of the disk-facing surface increases, as
seen from FIG. 13, the average of the absolute values
of the flying roll angles of the slider in the
individual peripheral positions is reduced. It can be
seen, in particular, that the average is greatly
lowered if the length ratio exceeds 5%. If the ratio
exceeds 13%, in contrast with this, the average of the
absolute values of the flying roll angles tends to

increase. Therefore, the length of each recess of the

leading pad should preferably be 5% or more of that of
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recesses individually account for 5% 13% and 15% of
the length L of the disk-facing surface (slider). In
10 the first direction X of the disk-facing surface,
as shown in FIG 12, the length L of each recess is
the shortest length fromthe inlet end edge 52a of
the leading pad 52 to the bottom edge of the recess,
and the width Wof each recegd iss a width along a 15
direction parallel to the second direction Y of the

di sk-facing surface. As the ratio of the length L of
eachheegesk-racihbe suefath, Linaf nolte direlteratilyg 5% to
surface increases, as seen fromFI G 13, the average
of tBe,abspkutiéngabuesh20 safzet g tthei Agadding @agl.es of
the slider in the individual peripheral positions is
reduced. Piressairebeissadiputilensara diiearslidests tHe Example
average is greatly Ilowered if the Iength ratio
excBed8d5GNe| FOPRATAALVS CEREPIFs VEFS FRMGRI-astiD the
with this, the average of the 25 absol.ute val ues  of
thesﬂﬁgﬁﬁgoﬁoﬁﬁagﬁépeg'téﬁ@sdﬁé IP%&%&5§ePﬁ%%8%ﬁ%ﬁ%§
the |l ength of each.recess of t | eadi .shoul d
or oPEFARY b e <BRTGF o PY 5P, HaBayr Py e

di sk- [ .SHYRT , I I r ; Y
depeniing oi iy B 0P BREBDy o s ra e

di styhichllsl @Re efi Ahe ¥ idflarPftHxamier: Aandidde
conmparative exanple were examned. In the 5 slider of
Exapplré phertike difsthdiutiisan ofTaesi tihee Jwabisy epad can
generated by the | eading pad portion
receive the yawed air current with a good balance,
thereby restraining the flying roll angle variation.
The effect of reducing flying roll angle,
described above, is valid for smaller sliders.
FIGS. 14A and 14B show a pico-slider and a pemto-
slider for comparison in size. Table 2 shows the

respective lengths and widths of the pico-slider, the

pemto-slider, and a femto-slider.

Table 2
Slider name | Length (mm) [Width (mm)
Pico- 1.250 1.000
Pemto- 1.250 0.700
Femto- 0.850 0.700

FIG. 15 shows flying roll angles of the pico- and
pemto-sliders at the inner periphery, intermediate
region, and outer periphery of the disk. FIG. 16
shows averages of absolute values of the flying roll
angles of the pico- and pemto-sliders. As seen from

these drawings, the pemto-slider, which is narrower
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substantially has the shape of a triangle of which

sl opes are directed toward the inner and outer

peri pheries of the disk. Thus, the | eading pad can 10
receive the yawed air current with a good bal ance,

thereby restraining the flying roll angle variation.

The effect of reducing flying roll angle, described

above, is valid for snmaller sldzders. FIGS. 14A and

14B show a pico-slider and a pento- 15 slider for
conparison in size. Table 2 shows the respective

| enghhs &heé wildbhslofderhe isi sobgleicderto threater flying
pento-slider, and a fento-slider. Table 2 Slider
nansRéAgeRILenywrdel iomy. PiTdosy. 2561 copdiguration of the
Pent 0- 1. 2500. 700 Fent 0- 0. 8500. 700 FIG 15 shows fly

rol PlafAgres ofhen@Tsiscat SAOLGpEm CoRRdEs Wdttht ﬁ'éle

i nner interme |ategr gi.on

h .
per Pf WES;I%P %@mﬁlsﬁl Hbﬁ31353P§P$ ajs is 30%
absgl, %&% n? ot th%d&’%@%ﬁg&%%ﬁv§y¥¥ QQijgilders,

pICO- SI5°Gers rom rawi ng
thelge tﬁbhq%rl f%%dﬁiv@@ﬁ&@@ﬁﬁi &Iyﬂétﬁfiln roll
pi co- s IS subject to greater y|ng roll q

var 'aﬁb'l@n%ar-[ﬁl%iontshe aoRf 'pﬁ:lérs%trito%n@odﬂi‘r%nts lIﬂd:iﬁrbé)f

the present enbodi nent, conpared with the pento- and

f emappslieders @bm&dlﬂﬁﬁdmﬁﬁﬂtd4§ﬂlderéﬂw%th lengths of
1.250 mm or less and widths_of 0.7 mm or less, for
example,

According to the present embodiment, as described
above, a plurality of recesses are provided on the
inlet end side of the leading pad of the slider, so
that no negative-pressure area can be lost.

Therefore, the flying roll angle variation can be
reduced if the slider is moved from the inner
periphery of a rotating disk to the outer periphery.
Thus, the resulting head, head suspension assembly,
and HDD can enjoy improved stability and reliability.
While certain embodiments of the inventions have been
described, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel methods and
systems described herein may be embodied in a variety
of other forms; furthermore, various omissions,

substitutions and changes in the form of the methods

and systems described herein may be made without
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5 narrower than the currently prevailing pico-sliders,
is particularly effective in reducing the flying rol
angl e variations. The present enbodi nent may be
applied to pento- and fenmto-sliders with | engths of
1.250 mmor less and widths of 0.7 nmor less, for 10
exanpl e. According to the present enbodi nent, as
descri bed above, a plurality 2% recesses are provided
on the inlet end side of the |eading pad of the
slider, so that no negative-pressure area can be

| ostlepartTher €frome thehepfilniitng fr alhle dmglembiamisat i dihe
can be reduced if the slider is nmoved fromthe inner
per ephempaoty iagr eflatimsg agids khied 1t Ifgudedenper igsterijntended
Thus, the resulting head, head suspensi on assenb|y

and tADBCYSH SHICY LOFHE0PEd MoCatiticaty offd asemoaid ifatl

20 Wiile certai n enbodi nent,s ,of t i nventi h

e o PR PR eR o B b e i ST T Eeent ed
b wa f ampl e only, .and a i,nt.end t By
The “atode A Ruholinkn s e AR, AN hd Fed e

et 'B‘Bd%h%”‘iea%%gf'ﬁ'%tdﬂ%ﬁ:%r igb:%%i%raeb% Ty R egdied i ge

in a variety er forms; fturthernore, various

om g3 @RS, ceflShi Lulisons and handssdihd heidfrdB of As in
the nmethods and systens descri bed herein may be nmade

W t Baui hd3 cdeRrAiend fohemint Ne sia.i t1of Hhever, the

i nventions. The acconpanying clainms and their

equirealeent snartdd nicended axd scosgr eucmiftdrars. orIn this

nodi fications as would fal
case, a plurality of or, for example, two recesses 70a
and 70b may be arranged on one side of the central
axlis, and another two recesses 70c and 70d on the
other side. In the embodiment shown in FIG. 17, other
configurations are the same as those of the foregoing
embodiment. Therefore, like reference numerals are
used to designate like portions of the two
embodiments, and a detailed description of those
portions is omitted. After all, the second embodiment
can provide the same functions and effects of the
first embodiment.

Further, the recesses are not limited to
rectangular shapes, but may alternatively be of
various other shapes, such as triangular, polygonal,
circular, and elliptic shapes. Preferably, in this
case, the open end of each recess should have two open

end edge that connects with the inlet end edge of the

leading pad. Furthermore, this invention is not



within the scope and spirit of the inventions. 5 In

t he enbodi nent descri bed above, the recesses of the

| eadi ng pad are provided on and on either side of the
central axis of the disk-facing surface. As in

anot her enbodi nent shown in FIG 17, however, the
recess on the central axis may be omtted. In this 10
case, a plurality of or, for é&danple, two recesses 70a
and 70b may be arranged on one side of the centra
axi s, and another two recesses 70c and 70d on the

ot hédmsitee. tion thlee perdoedi mentoshowmnd femt@-sld degtsherbut
configurations are the sane as those of the foregoing
15 énbedismearpliisedfoite, anivk e thefresdricke nsuedr dlag aare
used to designate |ike portions of the two
enb8di#feént s, and a detail ed description of those
portions is omtted. After all, the second enbodi nent
can provide the sane functions and effects of the 20
first enbodi nent. Further, the recesses are not
limted to rectangul ar shapes, but nmay alternatively
be of various other shapes, such as triangul ar,

pol ygonal, <circular, and elliptic shapes. Preferably,
in this 25 case, the open end of each recess shoul d
have two open end edge that connects with the inlet
end edge of the |eading pad. Furthernore, this
invention is not 24 limted to the pico-, pento-, and
fento-sliders, but 1is also applicable to any other
sliders of |arger
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sizes. 25 WHAT IS CLAIMED IS: 1. A head conpri sing:
a slider which has a facing surface opposed to a
surface of a rotatable recording mediumand is flown

5 by an air current produced between the recording
medi um surface and the facing surface as the recording
mediumrotates; and a head portion which is provided
on the slider and records -and®%eptoduces infornation
to and fromthe 10 recording nmedium the facing
surface of the slider has a |ongitudinal direction
extendi ng in the dire@tABnISf CLARMERI EZScurrent and a
transverse direction perpendicular to the

| ongi t udilnal Adihvesst icompriiss i sl i der has a
negative-pressure cavity which is forned in the

faci ng s@ fAddemdysiees f 2hdyhtswel FresrRpeseq to a

| eadi ng step portion which protrudes fromthe fac

sur PACE 25 its 2 (HANREP 16n LHFARSSCI ARG 1 the Ghoun
current wi_t.h respect ta 0t egati ve- pressure

o ESy arhad T TR Fes e P R (e i Fine

| ead; t ri [ ' -
and e SR, el e B S e A P L Brding
Si t yRl@enOR Jthe dpstagam si de of the air current and

25 extends throughout a length of the |eading step

a head portion which is provided on the slider
and records and reproduces information to and from the
recording medium,

the facing surface of the slider has a
longitudinal direction extending in the direction of
the air current and a transverse direction
perpendicular to the longitudinal direction,

the slider has a negative-pressure cavity which
is formed in the facing surface and generates a
negative pressure, a leading step portion which
protrudes from the facing surface and is situated on
an upstream side of the air current with respect to
the negative-pressure cavity, and a leading pad which
is provided on the leading step portion and faces the
recording medium, and

the leading pad has an inlet end edge which is
situated on the upstream side of the air current and
extends throughout a length of the leading step

portion in the transverse direction and a plurality of

recesses which individually open in the inlet end edge
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portion in the transverse direction and a plurality of
recesses which individually open in the inlet end edge
26 and extend in the |longitudinal direction fromthe
inlet end edge. 2. A head according to claim1,
wherein the disk-facing surface has a central axis
extending in 5 the longitudinal direction, and the
recesses include a center vecdss on the central axis
and side recesses, at |east one on each side of the
central axis. 3. A head according to claim2, wherein
t he asiddexteacedsnes har & osigtidtatdachafll wkihr ewittito re dotorottey
with 10 respect to the longitudinal direction and are
st aggeedd enehwadget-he downstream si de of the air
current with respect to the center, recess. 4. A head
accor di ng - topclhﬁarﬁ Ao rginghdreidialm v&rdt"fh%eltrhethe

center cess I n e transverse directiaon
gr e8t &< Erenng va ﬁ‘C&f oF Godd TRcas s Fibssding in

tran verse diregct A head a rdln to claim-.l
V\her & nltoﬁlgltalldc 8lﬁ”§ctd. fnaceanthCC% &S raslesaxj.lnclude a

ext endi-ag. 'rréc %'%e 0%91' f udinngl, di rxq_%t 'a] k3 Ak tﬂ%"cﬂesses,

recesses inclu e recesses, st one
eachsijde s@f ohe onc%'&tJha|51% ®f Q;heo‘d@?cqraqc%{lcg ng to

claim2 or 3, wherein the recesses are arranged

symret ri cal |y Wddy respacidg td helpents alwvidsin the side
recesses are situated flush with each other with
respect to the longitudinal direction and are
staggered toward the downstream side of the air
current with respect to the center recess.

4, A head according to claim 2 or 3, wherein a
width of the center recess in the transverse direction
is greater than a width of each side recess in the
transverse direction.

5. A head according to claim 1, wherein the
disk-facing surface has a central axis extending in
the longitudinal direction, and the recesses include
side recesses, at least one on each side of the
central axis. |

6. A head according to claim 2 or 3, wherein the
recesses are arranged symmetrically with respect to
the central axis.

7. A head according to claim 1, wherein a length

of each of the recesses in the longitudinal direction

accounts for 5% or more of a length of the facing face
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25 7. A head according to claim1, wherein a |length

of each of the recesses in the |ongitudinal direction
accounts for 5% or nore of a length of the facing face
27 in the longitudinal direction. 8 A head according
toclaiml1 or 7, wherein a length of each of the
recesses in the transverse direction accounts for 5%
or nore of a length of the-5 fZting face in the
transverse direction. 9. A head according to any one

of clainmse 1 to 3, wherein each of the recesses is in

t he ihotimeofl cagirtectiavag! elidefdtnech.by a pair of side
edges which extend in the longitudinal direction from
the inlet8.end ddgel BEasfirding |teadii/ipadd @nd a Wrtem a
edge extending in the transverse direction. 10. A
head®RgEsr FinGacd &y thfe reCe@sEE M e tFangv&atsia

the slider, has a length of 1.25 mmor less_in the

| on§rEGGitHarn é‘icrc@élt“itg“ht%é’ﬁd 525 P Sor° .27 1FRIYS o the
Ies§ in th% transyv rsetdirection.i}l. A .head

susp@ﬁépgh &$Send! }ﬁ%e§%q$%§ﬁﬁ%s lﬁﬁﬁﬁ%&?bonprising

a di sk-shiapeq, acar 4o Rdldm AR ol 1982 SEELON co 3,

whi ch supports and rotates e rec Ing medium

heaghsyeReNSM JFSRHY ¥ LUBYISING 1 2 G i heath having
a slider which has a facing surface opposed to a

sur frace adfy lteheleraeadivig dedidmeanide dddqamn Whidh extend

air current produced between the recording nedium

sur fiac & hand onle thadinag lirfeacs cas firven rideoridi g end edge
of the leading pad and a bottom edge extending in the
transverse direction.

10. A head according to.any one of claims 1 to
3, wherein the slider has a iength of 1.25 mm or less
in the longitudinal direction and a length of 0.7 mm
or less in the transverse direction.

11. A head suspension assembly used in a disk
devicé comprising a disk-shaped recording medium and a
drive section which supports and rotates the recording
medium, the head suspension assembly comprising:

a head having a slider which has a facing surface
opposed to a surface of the recording medium and is
flown by an air current produced between the recording
medium surface and the facing surface as the recording
medium rotates and a head portion which is provided on
the slider and records and reproduces information to

and from the recording medium; and

a head suspension which supports the head for
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medi um rotates and a head portion which is provided on
25 the slider and records and reproduces infornmation
to and fromthe recordi ng medium and a head
suspensi on whi ch supports the head for 28 novenent
with respect to the recording nmediumand applies a
head | oad directed toward the recording nedi um
surface to the head, the facimp swface of the slider
has a 5 longitudinal direction extending in the
direction of the air current and a transverse

di r eevearntpeipendesipeart to the |lrergiddidigialedium and
direction, the slider having a negative-pressure
caviapplikisch hsadf domed direched doiweg s itfaacecamtiing
generates a negative 10 pressure, a |eading step

por Fieda uihisel fgcet tedédef he@d .t he faci ng surface and
is situated on an upstream side of the air current

}Ni th respé& V\fhta&lt% SedaGs &f g sirideanias,2 and a

' . ,Whi A ,0vi ded. he | eadi ,
oot 1 bt e o dedon T Lot S
| eading ,p3d Nas..an in %t%@gﬁ§¥¥%§@“4% %ﬁ%%éﬂtuated

[ e
on the upstream-side gf he "ai'r curre ext ends
thr gughauly; auh 230kl @het N HBadiG St R r RANION difk

the transverse direction and a plurality o

rec@sses r'ia&hnigndi vedalilve -@per durd ke il etwreinch edge
and extend in the longitudinal direction fromthe
I nl €orerd edgehe facing surface and generates a negative
pressure, a leading step portion which protrudes from
the facing surface and is situated on an upstream side
of the air current with respect to the negative-
pressure cavity, and a leading pad which is provided
on the leading step portion and faces the recording
medium, and
the leading pad has an inlet end edge which is
situated on the upstream side of the air current and
extends throughout a length of the leading step
portion in the transverse direction and a plurality of
recesses which individually open in the inlet end edge
and extend in the longitudinal direction from the
inlet end edge.
12. A disk device comprising:
a disk-shaped recording medium;
a drive section which supports and rotates the
recording medium;

a head having a slider which has a facing surface
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12.. A disk device conprising: a disk-shaped

recordi ng nediunm 25 a drive section which supports

and rotates the recording nedium a head having a

slider which has a facing surface - 29 opposed to a
surface of the recording nmediumand is flown by an

air current produced between the recording nedium
surface and the facing surf-ace%s 4 he recordi ng
medi um rotates and a head portion which is provided on

5 the slider and records and reproduces information to
and obpomedne o ec erndifiegamedi wie ardtoralimeathesiispersicdon s

whi ch supports the head for novenent with respect to

t he flevor divng medinumuangn tappddesed fedddesadhdi mestaatiing
toward the recording 10 medium surface to the head, ,

t he MRAdiUAY ssufRace 3o tthe dflacdars wasrfacq efgitthedinedording
directjon extending in the direction of ,  the air L

cur W@Hﬂ”ﬁh&oéat%%&@r&hﬁ%‘jlem%onp ilcuPReHigled on
t he bon htu inal direction, the 15 s]ider ”ﬂyhéﬁééi &
negdt v e prESs I FRHYY S With TN Red FF YRR tLon to
fackhg $4hAcRANLAAY 6o ipdaliye pressure, a

| ead [ es

Ing step portion protrud rom the facing
surface andd=3y It Rd D A% UPSIIHAHP S e Hedd SFor

air current wwth respect to the negative 20 pressure

cavidoyendhd ailteadidipaRad tehitele i qyraMindethedfunt hd

| eadi ng step portion and faces the recordi ng
applies a head load directed toward the recording
medium surface to the head,

the facing surface of the slider has a
longitudinal direction extending in the direction of
the air current and a transverse direction
perpendicular to the longitudinal direction, the
slider having a negative-pressure cavity which is
formed in the facing surface and generates a negative
pressure, a leading step portion which protrudes from
the facing surface and is situated on an upstream side
of the air current with respect to the negative-
pressure cavity, and a leading pad which is provided
on the leading step portion and faces the recording
medium, and
the leading pad has an inlet end edge which is

situated on the upstream side of the air current and
extends throughout a length of the leading step
portion in the transverse direction and a plurality of

recesses which individually open in the inlet end edge



medi um and the | eading pad has an inlet end edge
which is situated on the upstream side of the air
current and 25 extends throughout a |l ength of the

| eadi ng step portion in the transverse direction and a
plurality of recesses which individually open in the
inlet end edge - 30 and extend in the |ongitudina
direction fromthe inlet end etigge.-

and extend in the longitudinal direction from the

inlet end edge.



