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-1 TI TLE OF THE | NVENTI ON HEAD, HEAD SUSPENSI ON
ASSEMBLY, AND DI SC DEVI CE PROVI DED W TH THE SAME
BACKGROUND OF THE INVENTION 5 This invention rel ates

to a head used in a disk device, such as a mmmmmmmwmlmm
di sk device, a head suspension assenbly pro

the head, and the disk device provided wth the+haad
suspensi on assenbly. 10 A nmagnetic di sk device as a
typi cal disk device conprises magnetic disks |ocated
in a case, a spindle notor that supports and rotates

the di sks, magnetic Tepgs dorriEap VNS Wi ting
information fromand to the disks, and a carriage

asserduAp,t A S W|UBFENS I tAsstheads, fzorp monvemeHy Mid h
respect to the disks. The carriage assenbly is

pr oviRREY MiRh WISRFatTH3 SAMEupported arns and

suspensi ons that extend fromthe arns. The magnetic
heads are support e@ACKERPUHRaPFy THEN INNENTEOPect i ve
extended ends of the suspensions. 20 Each magnetic ,
head has a1 detVsRiuied DR TeS TR G ragfbritiey in a disk

por { CY ket W8 4% PRy M Tmaiv it # nead o

{ﬁ?gﬁsgfa ! &%i%%enésgel%%lyarpero%sie ec} Cx)/srirt%adthear}ldeavg,i tzzl(z"nd the
disk device provided with the head suspension
assembly.

A magnetic disk device as a typical disk device
comprises magnetic disks located in a case, a spindle
motor that supports and rotates the disks, magnetic
heads for reading and writing information from and
to the disks, and a carriage assembly that supports
the heads for movement with respect to the disks.
The carriage assembly is provided with rotatably
supported arms and suspensions that extend from the
arms. The magnetic heads are supported individually
on the respective extended ends of the suspensions.
Each magnetic head has a slider mounted on its
corresponding suspension and a head portion on the
slider. The head portion includes a reproducing
element and a recording element that are used to read
and write information.

The slider has a facing surface that faces
a recording surface of the magnetic disk. The slider

is subjected by the suspension to a given head load

IR
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25 The slider has a facing surface that faces a
recordi ng surface of the magnetic disk. The slider is
subj ected by the suspension to a given head |oad that

is directed toward a magnetic recording | ayer of the
magneti c di sk. Wien the magnetic disk device is

actuated, an air current is produced between the
rotating disk and the slider.- Based on the principle

5 of air fluid lubrication, a force to fly the slider
above the recording surface of the disk acts on the

f aci nhaurifsach mfctidie tdvael .a Badrad@nei fged M sng layer of
flying force and the head | oad, the slider can fly

Wi t h thegimcemeagar abicie t harecoraineprser face of ddeice is
10 magnetic disk. The fly of the slider is found to be
uni f dFhuagiachodn redigaraiteenthel v quiedupaditétorean the
magnetic disk. The rotational frequency of the disk

i s fistd@tinghdiisk 3¢t itdiferslidgieed Ragsdonidgendi gnciple

on the 15 radi al position., Since the magnetic head jis

posi 3 ofed %aualq gt%%%qnagé d<TEibIY, or doverslider

L1 BN (08 B LDS S per o o 1S e

yor} BSISREULIR 0 ) e 4 PTG

fly sihathgdepgnds L the nadial disk d@%siélii%d{%%n be,

restrained by suitably utilizing the aforesaid two

par amettér & ighatervayay depsndindg arddimadialr &K of the
magnetic disk.

The fly of the slider is found to be uniform
without regard to the radial position on the magnetic
disk. The rotational frequency of the disk is fixed,
and its peripheral speed varies depending on the
radial position. Since the magnetic head is
positioned by a rotary carriage assembly, moreover,
the skew angle (angle between the direction of the
air current and the center line of the slider) also
varies depending on the radial position on the disk.
In designing the slider, therefore, change of the fly
that depends on the radial disk position must be
restrained by suitably utilizing the aforesaid two
parameters that vary depending on the radial disk
position.

In consideration of the change of the working
environment, the disk device is expected to operate

smoothly in a low-pressure highland environment.
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position. 25 In consideration of the change of the
wor ki ng environnment, the disk device is expected to
operate snoothly in a | ow pressure highland
environnment. If the nmagnetic head is constructed in
consi deration of only the bal ance between the head

| oad and a positive pressure that acts on the facing
surface of the slider based-on3the air fluid

| ubrication, 5 the positive pressure that is generated
by the air fluid lubrication is lowered in the

| ow gifesdgr eagemriroivesnt .1sl mevisttatior.ed Her efcrsd,detreec ion
slider is_ balanced in a position where the fly is
redu®édosdy the Hailgece dechesn hdenbigrest iloadi sind a
surface., 10 Described in Jpn. Pat. Appln. KOKAI

Publ PEFLTANE RESSFHFE. 388548 Ctforrexdfplfdcing $udiface
devi ¢ i.ch _a _negative- ressurg cav'Hiﬁis f or.ned

nearothg%ecg f&e o3 2 W &M susdcd toE Brygatien,
or de lrI:hreo po@riet\i%t p%grs%%lf%t %@1 tog. es¥ E}% n]c lr%:l;/: e-crnh g) ryo the air

[
T
negati ve-pressure cavity 1s ne a ove

t hat £1$ iguniewnded ;RY, R gt e &%'ﬁ%é'i&%ﬂ§§§§§ﬂ§§

directions than an air outlet direction.

i's cenliigdnedntQ flnnedn talhe balhanee BRI VWeeR &1ider is
negative pressure generated by the negative-pressure

cavi byladckeadnl eagosardon 2BepeSithieV e 197 8%S WeRiuddd dr

| ow pressure environnment, according to this

conf ither afliider thechegatihee mpoassurce diisk alusd arceduced

as the generated positive pressure is reduced. Thus,

t he slidelPesgr iped dal iTped Paki-ndordss KOKAI Publication

No. 2001-283549, for example, is a disk device in
which a negative-pressure cavity is formed near the
center of a facing surface of a slider in order to
prevent a reduction of the fly. The negative-pressure
cavity is defined by a groove that is surrounded by
projected rails in three other directions than an air
outlet direction. The slider is configured to fly on
the balance between a negative pressure generated by
the negative-pressure cavity, a head load, and a
positive pressure. In a low-pressure environment,
according to this configuration, the negative pressure
is also reduced as the generated positive pressure is
reduced. Thus, the slider can be realized having less
reduction in fly. A head portion is formed on a
center pad that is formed on the facing surface of the
slider.

Thus, the flying posture, and decompressed fly
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reduction in fly. A head portion is fornmed on a 25

center pad that is forned on the facing surface of the
slider. Thus, the flying posture, and deconpressed fly
reduction of the slider can be adjusted by suitably
arrangi ng an irregul ar shape of the facing surface of

the slider. The irregular shape of the facing surface

is formed of a groove of a singke er several depths in

5 consideration of the manufacturing cost. Usually, a

| ubricant for lubrication is spread on the surface of

t he megmettiiondiodk .thébwslnglepardas den aal jegrest ikey diwsikcably
device are supplied with an oil constituent of, for.
exanplt& anglags @ nf drrnege lay tHapr0 diuldiecdmcing suwface of
magneti c di sk rotates at high speed during the

oper &foflédfethe dilsk ideAatedan mhanfpaicdite fGeigly surface

consti tyent adheres to the facing surface of the ,
e e a G o S o e SR AL dggths in
and 0 %‘?‘ere?c%%elo%f twech%e% ruf‘oaq:' rl'n I hi Stis Case,

t he fa'uqt}ricant or oi constit uent” stidks Y6 “read/wite

parts of t[fé%a'ﬁgfelgtai Cldlﬁ%%aﬁ@%&%’yl%ﬂeﬂvﬁéir@} .tf‘sehse%rdg.ad

i nformation pro sing capacity of t magneti c

At the $aRE sirfRcd kg adRenNhilc LS MR BYart s
possi bly change the flying béehavior of 20 the neEgnetic

headint bemaky ehiirdetiigkg ehvaady dreCH NG e th an oil

reproduction. Thus, the device somewhat | acks

reli abnlsitiyuel BF , SUMYARY a@ip THHE drNENTIFAY use as the
lubricant. If the magnetic disk rotates at high speed
during the operation of the disk device, the lubricant
or oil constituent adheres to the facing surface of
the slider, and collects and gradually grows on the
rails and a rear edge of the center pad. In this
case, the lubricant or oil constituent sticks to
read/write parts of the magnetic head, thereby
lowering the information processing capacity of the
magnetic head. At the same time, the adhering oil
constituent may possibly change the flying behavior of
the magnetic head, thereby hindering steady recording
and reproduction. .Thus, the device somewhat lacks
reliability.

BRIEF SUMMARY OF THE INVENTION
According to an aspect of the invention, there is

provided a head comprising: a slider having a facing
surface opposed to a surface of a rotatable recording

medium and configured to fly by an air current
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According to an aspect of the invention, there is 25
provi ded a head conprising: a slider having a facing
surface opposed to a surface of a rotatable recording
medi um and configured to fly by an air current

produced between the surface of the recording nmedi um

and the facing surface as the recordi ng nedi um

rotates; and a head portion whi&h +s provided on the
slider and records and reproduces information on and 5
fromthe recording nedium The slider has a negative-

pr espurducad byt waleinc it hies steffiamed dfy the ecessrdimg medium
facing surface and generates a negative pressure, and

a pa@nhpothieodacimioc s uird asiet @t &dheor egdoWmst meghust de

of the negative-pressure cavity with respect to the 10
air EQFPERS; PFRGt PUdES Sk PORtIRE WRAICRY 1sumratd deshen the
has a.projected surface facing the recardin di um

The RABHS50R oSS CRo A RDE U5 & Orirer AL b On and
pr oj d rf . or t4.0n, t d o
port?%%ﬁhg@%négggggéﬁgggfgﬁgﬁpwhﬁg% F&éggﬁbpggg%%ﬁu?%ﬁflve

15 d m.si,de ,of r gad/ s Wi t
e ?ﬁ’g%h‘%@ cSide ,ahu(ﬁ;'l oA d\Mf'ltn%éilg%gﬁian rta&erﬁlfﬁ? the

air curren ornmed exten

pl ur &hict ¥ g0k urlfia@es shtoBehRe R eCtRE FUMAGR- ddtdMe and
direction’of the air current. Accordi'ng to another

aspeat patl phetivnenwharh 120 stift@lad dds By QViddathsx head side
suspensi on assenbly having a disk-shaped recording
medi om ahe aedritieedpirte s switiec lvasuipyomtis hane spetcat e the
the recording nediumand used in a disk device, the
headaggsggﬁ§5@ﬁ,apg@ﬁ@mﬁes from the facing surface, and

has a projected surface facing the recording medium.
The head portion has read/write gaps formed in the
projected surface of the pad portion, and the pad
portion having a step portion which is provided on the
downstream side of the read/write gaps with respect to
the air current and formed extending in a plurality of
tiers from the projected surface in the directién of
the air current.

.According to another aspect of the invention,
there is provided a head suspension assembly having
a disk-shaped recording medium and a drive unit
which supports and rotates the recording medium and
used in a disk device, the head suspension assembly
comprising: a head including a slider, having a facing
surface opposed to a surface of the recording medium
and configured to fly by an air current produced

between the surface of the recording medium and the
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conprising: a head including a slider, having a facing
25 surface opposed to a surface of the recording

medi um and configured to fly by an air current
produced between the surface of the recordi ng nmedi um
and the facing surface as the recordi ng nmedi um
rotates, and a head portion which is provided on the
slider and records and reproduées=—information on and
fromthe recording nmedium and a head suspension

whi ch supports 5 the head for novenent with respect to
t he £acondi rgrimed @m dM¢ agorss ng head uroad taitesot edid
toward the recording nmediumsurface to the head. The
sl i dér Pras PQrﬁé@@tW%é£%¥é§SGW@Vé§ﬁdtPP wiiec 1§ liigler and
defined by a recess in the facing surface and

geneF§f8§dé REGatieweE Oy FisedSihrE™ .@naoﬁa&nﬁoﬁFPShFhe
MhlC?eb%r%ﬁhéagg%i%%;aa%%W%S%%%%ﬁE%E%%n%&o%ﬂ@h%qp supports

negatrve-pressure-cavity wth Tespé

Curr%ﬂk’h@%@t?quﬁd@%ﬂghkh%i%%FE%%Fg%%rE%p hel f%%%f%g

proj ected surface facing the recordi ng nedi um

headmpafk iin0Bnlas phaads Wl the a5 19aRS fid®ed WA d the
proj ected surface of the pad portion, and the pad

port regoltdsng skep upOIsiird@ cehiteh thieS hezeVi detheo 1tikRr has
downstream side of the read/wite gaps with respect

t 0 t henapgatdwerert sand of aavad yexwendihng. si Ried ipledr &y tay

of tiers fromthe projected 20 surface in the

di r eceicensofint b eaiflacdmor emtr.fackc eoddigeg etra tas aspegtative

of the invention, there is provided a disk device

conpPrSPaYrea anskasRage®oritd®dr diving Cite disumyl taladeidy en

unit whi ch supports and , , ,
a downstream side of the negative-pressure cavity with
respect to the air current, protrudes from the facing
surface, and has a projected surface facing the
recording medium. The head portion has read/write
gaps formed in the projected surface of the pad
portion, and the pad portion has a step portion which
is provided on the downstream side of the read/write
gaps with respect to the air current and formed
extending in a plurality of tiers from the projected
surface in the direction of the air current.

According to an aspect of the invention, there

is provided a disk device comprising: a disk-shaped
recording medium; a drive unit which supports and
rotates the recording medium; a head including a
slider, having a facing surface opposed to a surface

of the recording medium and configured to fly by

an air current produced between the surface of the
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rotates the recording nmedium a head including a 25
slider, having a facing surface opposed to a surface
of the recording medi um and configured to fly by an
air current produced between the surface of the
recordi ng medi um and the facing surface as the
recording nediumrotates, and a head portion which is
provi ded on the slider and recofds~and reproduces

i nformati on on and fromthe recording nedium and a 5
head suspensi on whi ch supports the head for novenent
wi t hTREQpEdNTt BiecHey edsh diny fsdingmsarid agspldseshe
head | oad directed toward the recordi ng nedi um

sur f EECEGIPRe MREGEM FRE adiSsde@Kh& yead portion which is
negati ve-pressure. cavity, whic 10 i s defjned by a
rege§§°Wﬁ Heopagpﬁgséﬁﬁﬁébé §e%ﬁ£4%1ﬂQésﬁfﬁf 8%
res d rtd ich is,.situated. on a
ovnatirBenaidoR BATRAY el et Bhd 23 WA e =

respgebqt Qy B%n%ﬁ%n G RN sy gQ%EPQ%%'fé%&t%§%{ﬁ§UéMbnt

surface, and has 15 a projec surface facin

recondicRg rEBPedm toThechead RefitOmasid ea WodB es
gaps fornmed in the projected surface of the pa

por t koheaandokhbe diaeéctper ttiovd diag e SHerfd g ededhineh

is provided on the downstreamside of the read/wite

gaps surrfhceespechet de2@.the air current and forned
extending in a plurality of tiers fromthe projected

sur face i Ahehé ldidegcthiagn cofnegatd v P s .CaBRIER which

DESCRI PTI ON OF THE SEVERAL VI EW6 OF THE DRAW NG
is defined by a recess in the facing surface and

generates a negative pressure, and a pad portion,
which is situated on a downstream side of the
negative-pressure cavity with respect to the air
current, protrudes from the facing surface, and has
a projected surface facing the recording medium.
The head portion has read/write gaps formed in the
projected surface of the pad portion, and the pad
portion has a step portion which is provided on the
downstream side of the read/write gaps with respect to
the "air current and formed extending in a plurality of
tiers from the projected surface in the direction of
the air current.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constituze a part of the specification,
illustrate embodiments of the invention, and together

with the general description given above and the
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The acconpanyi ng draw ngs, which are incorporated 25
in and constitute a part of the specification,
illustrate enbodi nents of the invention, and together
with the general description given above and the
detail ed description of the enbodi nents gi ven bel ow,
serve to explain the principles of the invention. FIG
1 is a plan view show ng a hard8di sk drive (HDD)
according to an enbodi ment of the invention; 5 FIG 2
is an enlarged side view show ng a magnetic head

por t F6Radflecheemppiptian 25 $he pabosedEents @isgn below,
showi ng t he di sk- facin% surface side of a slider of

the REGIEL L RERAIVFIFES RHISARIER &lgdd perspadtive
e R T TR el g
tat 6,6yt i ¢ _head. | PTI .
e OB RIS RO PSR e fion
accordi ng prkd 1O jiiss IV di%ARRIE S HR, 13y HPD

will now be described in detail wth reference to the

accoapaayined i cdhawdNgSr tASnS ReWt Hen HooG 1, the HDD
conprises a case 12 in the formof an open-topped

rect angul &1 o3 drd a2@ea sy teiore v i(@ots ihwawy .thEhelisk-
top cover is screwed to the case wth screws and
cl oséscangopuspediengicfe tifea cddelerThd chsenbnetic head;
contains a magnetic disk 16 for use
FIG. 4 is an enlarged perspective view showing
a center pad portion of the slider; and
FIG. 5 is an enlarged side view showing a flying
state of the magnetic head.
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.
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). The top cover 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 unit that supports and rotates

the disk. The magnetic heads are used to write and
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as a recording nmedium a spindle notor 18, magnetic 25
heads, and a carriage assenbly 22. The spindl e notor

18 serves as a drive unit that supports and rotates

the di sk. The magnetic heads are used to wite and

read information on and fromthe disk. The carri age.
assenbly 22 supports the nmagnetic heads for novenent
with respect to the magnetic-di 8k 16. The case 12
further contains a voice coil notor (VCM 24, a ranp 5

| oad nmechani sm 25, a board unit 21, etc. The VCM 24
rockseaddipésirmhonsnt be eadr ifage dssedilsk. THoe amyriage
| oad mechani sm 25 hol ds the magnetic heads in a shunt
posi BF6AMBLY ERe SHRERELSC tdies RaghEd ich&eaggads ramevement
noved to the outernost periphery of the 10 disk. The
boar WiGRi teSPeRAs T8 KE&dMPEN&ENdCt K Sk Ké.- EW&WQ%%%le

' it d t sh A , d t t
Clreyl bR d (poy show, L seroved. L0 WAROUET o ans
b . [ .at i ft
boar dogankEehs LR, pespeetie opral ans ol s von

thr ogghreéﬁsbggadpgeiitti%%-s The magrstie %i%%ln&ﬁﬁas

magnetic recording layers on its upper and | ower

sur f @ﬁ@srainﬁdil%iaauﬁ‘\'ebﬁani-ghle 26 %0186 ithef nfal@@ar theds
outer periphery of a hub (not shown) of the spindle

mot 0inl8 ahdnti yedi®nohhe 20 thib mMayna tdlaml skoibag khe
As the notor 18 is driven, the disk 16 is rotated at
a gi ieadspeaed obyeel. go, thé, 20@ermmsti pediphdimectfi ame .
of arrow B. The carriage assenbly 22 conprises a
bear dhagk. 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
assembly 26 fixed on the bottom wall of the case 12
and arms 32 that extend from the bearing assembly.

These arms 32 are situated parallel to the surface of

the magnetic disk 16 and spaced from one another.
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assenbly 26 fixed on the bottomwall of the case 12
25 and arns 32 that extend fromthe bearing assenbly.
These arns 32 are situated parallel to the surface of
the magnetic disk 16 and spaced from one another. 10
They extend in the sanme direction fromthe bearing
assenbly 26. The carriage assenbly 22 is provided
wi th suspensions 38 that are fdfned of an elastically
def ormabl e el ongated plate spring each. The suspen 5
sions 38 have their respective proximal ends fixed to
t he Teepeekterddist aheendmeofiithetaprns £82mbyhepbearing
wel di ng or adhesive bonding and extend fromthe arns.
Eachas&spehyi 86.38Thﬁycaérgégﬁeasmmééwaﬁﬁy i®i PHovisied
corresponding arm 32. _The arns 32 and the suspensions
10 38iEBngupPaneianBedd §h8beAsFPoACITRE REagn elastically
suspgngion ind the magnetic heads,constihute a head
suspeRSPERAPAESENBNYAtRE BABKA PRTENE €3CDeacfne suspen
magneti c_head, 40 h .a substantially rectangular ..
STTGero43 andna ReaR= s SOPECon a4 F8F Fedortig ARGY t°
repr c .t he r e g
O e S v R e e e
of theigysgensi 8Ahe38veAvbaadnyoaddl ekhahd $rdif @Glkedrms.
toward the surface of the magnetic disk 16 is applied
to egebhnmegBptheidd BeafaqObby rolaeal astiegirhy 19f wiith@ its
suspension 38. As shown in FIG 1, the carriage
asseabkye8fonHasgaasnppért ThamersS BSRatnextérdsulspemsions
t he beari ng

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 substantially rectangular slider 42 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
assembly 26 in a direction opposite from the arms 32.
This support frame supports a voice coil 47 that
constitutes a part of the VCM 24. The support frame
45 is molded integrally from synthetic resin on the

outer periphery of the coil 47. The voice coil 47 is
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assenbly 26 in a direction opposite fromthe arns 32.
This support frame supports a voice coil 47 that 25
constitutes a part of the VCM 24. The support frane

45 is nolded integrally fromsynthetic resin on the
outer periphery of the coil 47. The voice coil 47 is -
11 situated between a pair of yokes 49 that are fixed
on the case 12. The coil 47 allong with the yokes and
a magnet (not shown) fixed to one of the yokes,
constitutes the VCM 24. |If the voice coil 47 is 5

ener git zedtedhbetaeenagerassents| yokesr doks hatoane tted on
beari ng assenbly 26, and the nagnetic head 40 is noved
to aﬁHep6§ﬁ?|éﬁed Ebércﬁlée§ﬂneélpﬂﬁcwléh the yedest iaad

di sk_16. The h m 25 conpr S ra
01" 30RanReE (BRRssRoTRe  Farmas o ona. O dbe a&hq%?’

b f d
magnaoreEGieRs, ERE FER 287 00Y, L RRAVB BB o i
end QBerS?Qstuﬁ gnébgglgé ASskhB1 a@@'?%%kgsﬁ%%%%% the

22 rocks unt osi 1 on out Si e thé magneti

dlskbéérlﬁacaséémbay 5% eaaag%ﬁeamaeﬂetg%r%%%@ Mgrq%dmoved
on the ranp 51. héreafter, the tab 53 7is pul

by tbe knel pBé&tQBne@f ot/he éaet@swéaa%@ac\kh%rfewet lﬁ@gnetlc
magnetic head is unloaded. The following is a

det adli ekl déscription of the 20 construction of the
magneti ¢ head 40. As shown in FIGS. 2 to 5, the
slider 42Tbe trhepmagact mechead s#0 2i5s 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 shunt 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 is
unloaded.

The following is a detailed description of the
construction of the magnetic head 40. As shown in
FIGS. 2 to 5, the slider 42 of the magnetic head 40 is
substantially in the shape of a rectangular parallele-
piped. The slider has a rectangular disk-facing
surface 43 that faces a surface of the magnetic disk
16. The magnetic head 40 is constructed as a flying
head. The slider 42 flies by an air current C that is

produced between the disk surface and the disk-facing
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substantially in the shape of a rectangul ar parallele-

pi ped. The slider has a rectangul ar di sk-facing

surface 43 that faces a surface of the magnetic disk

25 16. The magnetic head 40 is constructed as a flying
head. The slider 42 flies by an air current Cthat is
produced between the di sk surface and the di sk-facing

12 surface 43 as the magnetdi c 1 sk 16 rotates. During

t he operation of the HDD, the disk-facing surface 43

of the slider 42 never fails to face the disk surface

wi t hsarfapebéfweenthhemagtied idi déstki A aoteltesai r Diring
current Cis coincident wwth the rotation direction B

of t hBenagaeatéodi Sk tbe TRE,sithgedisk-ifadiggatsed fmaeh 43
respect to the surface of the nmagnetic disk 16 so

t hat °fh&he| shdreddisanederedeildn &P EtRESdtER: Padiurtace
surface 10 43 is substantially_coingcident with the |

di r et FBn2ofaPy Stgie?ncﬁﬁ‘reg‘nt E%eAdéﬁﬁﬁt&m éﬂ@l yhe air
U- shaped r ai .porti.on .46 protrud from.the . .

di SkEREEFRE Ui Pae 931 08RG Mo el Sher PR agn Siginsiden ®
S0 ag«t p he 4. tream side of the air
curréﬁteeg ﬁ?gﬂggﬁg géggw?é'of straight portions 46a
that extendel RdijWedualyl ¥ s alRng & iltondigles afo the

di sk-facing surface 43 and a junction 46b that

connegks suit€ akes pecthee mapslreamdisikde cends tofatt Rgie

straight portions. The rail portion 46 has a

subsfangiialiby nkllat ikettdmns wtf ate thatk-ffacds 2@ udface

surface of the magnetic disk 16. The rail portion
43 is substantially coincident with the direction of
the air current C. A substantially U-shaped rail
portion 46 protrudes from the disk-facing surface 43.
The rail portion 46 is shaped so as to open on the
downstream side of the air current C. It has a pair
of straight portions 46a that extend individually
along the long sides of the disk-facing surface 43 and
a junction 46b that connects the respective upstream-
side ends of the straight portions. The rail portion
46 has a substantially flat bottom surface that faces
the surface of the magnetic disk 16. The rail portion
46 has a height of about 0.5 mm, and its peripheral
surface is raised substantially upright on the disk-
facing surface 43 without having any intermediate
level difference.

A negative-pressure cavity 44 is formed in a

substantially central part of the disk-facing surface

43. It is formed of a recess that is defined by
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46 has a height of about 0.5 nm and its periphera
surface is raised substantially upright on the disk-
facing surface 43 wi thout having any internediate

| evel difference. 25 A negative-pressure cavity 44 is
formed in a substantially central part of the

di sk-facing surface 43. It is forned of a recess that
is defined by - 13 the rail- pddion 46. The cavity 44
opens on the downstreamside with respect to the
direction of the air current C. The negative-pressure
cavi theb4aid pecéssn é&n g&her ebeid ynddabipee spoes $inee
inthe 5 central part of the disk-facing surface 43
for dbPWnskspcanglds whah &8RPEETr &8l ithed diliechd orpP.L
Further,  a negative pressure ceases to be %enerated
in thee @éRt EHIGRNLNE -s| fder NedEpeNaT PG SSF I Re PditAl 24+
position_ on the magnetic disk 16, .and the roIIi.ngth
hngl & GFCERE” 16°0) DABF A3 & Wedehede BASSIUGR e the
r adi 'en?kéﬁ‘:%b?.@- othtE?\eS'd'i@%r—rf%%iH S oA ¢anken 3pad 5Q 3
substanti all i'n"the shape of a réctangular

par ablel,eBhgeds! Rakc PLA! Udeeshiomaa 1 dounsl HERT Sl ther,

end portion of the dis acing surface 43 wit

respgchetattife @irbachiranctasel thepd Getldhrzerly En e
center pad 50, which serves as a pad portion, is

Si t uakade@noffhehdownstdeeamdeipdadioly bhe the radial position

negative-pressure cavity 44 with respect to the

di r eotii bheofnaghetaicr désikr 16t E@nandhsubrstldritigalaing lien of the

the center of the disk-facing surface 43 with respect
slider 42 is widened, based on the radial direction.

The slider 42 has a center pad 50 substantially

in the shape of a rectangular parallelepiped that
protrudes from a downstream-side end portion of the
disk-facing surface 43 with respect to the direction
of the air current C. The center pad 50, which serves
as a pad portion, is situated on the downstream side
of the negative-pressure cavity 44 with respect to the
direction of the air current C and substantially in
the center of the disk-facing surface 43 with respect
to the transverse direction. The height H of the
center pad 50 is about 0.5 mm. The center pad 50 has
a substantially rectangular projected surface 50a.
The projected surface 50a faces the surface of the
magnetic disk 16 and is situated substantially flush
with the bottom surface of the rail portion 46.

A head portion 52 of the magnetic head 40 has

a recording element and a reproducing element, which
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20 to the transverse direction. The height H of the

center pad 50 is about 0.5 mm The center pad 50 has

a substantially rectangul ar projected surface 50a.

The projected surface 50a faces the surface of the
magnetic disk 16 and is situated substantially flush

25 with the bottomsurface of the rail portion 46. A

head portion 52 of the magneti d4head 40 has a

recording el ement and a reproduci ng el enent, which 14
serve to record and reproduce information on and from

t he sagmet tc deskrd6andespecbiduekey inTlhemagdondiong agyed from
reproduci ng el ements are provided in_a downstreamsijde

end pbetmagnetichdiski dér &2smechivedpect The tgeozding and
direction of the air current C. The reproducjng and ,
recoFaPﬁ@déFéﬁﬁnﬁéeW§0ésréé&/WFPWéd§§p§n5@ AoMRsE repm-side

h ' d surf 50a . of d 50.
ShouR™noRt BEoR3oFo TBe Phdaeenter pad SOURGS ta s the
0 oy S ToRe T 5P ECELs SOFFahs B0a (4% RePToRRE and

di sky£a6LAInGUET BRENE3 nATRNG LGSR 1$1edQfACES, @ 3l in
face that 15 directed toward the negati've-pressure

cavi tMedfrafdctadPaul ratesisda bacenet Rath et ¢d 50.
parallel to the long sides of the slider 42 are

rai sed subst anbival liyy Faaspr izghilo @ te diskednmgay 50 has a

surface 43 without having any level difference. A

si depfaceldotyt bé seneerfapad thatt lkattens! Sirtomateegearipheral

the downstream side of the read/wite gaps 54 with

resp@dgetgfthéeaprodgpmgdtsurface 50a to the disk-facing
surface 43. Among these side faces, a side face that
is directed toward the negative-pressure cavity 44 and
a pailr of side faces that extend parallel to the long
sides of the slider 42 are raised substantially
upright on the disk-facing surface 43 without having
any level difference. A side face of the center pad
50 that is situated on the downstream side of the
read/write gaps 54 with respect to the air current
constitutes a step portion 56. The step portion 56 is
formed extending in a plurality of tiers, e.g., two
tiers, from the projected surface 50a to the disk-
facing surface 43 in the direction of the air current
C so that its height is reduced stepwise. Each level
difference h of the step portion 56 ranges from 0.03
to 0.3 mm.

As shown in FIG. 5, the magnetic head 40 having

the above-~described construction flies in an inclined
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constitutes a step portion 56. The step portion 56 is

20 fornmed extending in a plurality of tiers, e.g., two
tiers, fromthe projected surface 50a to the disk-

facing surface 43 in the direction of the air current
Cso that its height is reduced stepw se. Each |evel
difference h of the step portion 56 ranges from 0. 03

25 to 0.3 mm As shown in FIG 1 the magnetic head 40
having the above-described construction flies in an
inclined 15 posture such that the read/wite gaps 54

of tRRESKE&E SP6ht ithAt5Ehgr &esid/yaide dapsest? F tthe head
di sk surface. According to the HDD and the head
suspBREEGAN 3<s@fl v 1 Fuclessst o $hearrhierk suetace.
magneti ¢ head 40 flies the air currepnt Cthat,is
produced HEWRE ntghézoditzif %Df a?@éjam t | HERHET Y
surf S ti, [ rotates. Thus, ..

dur i agcehE o ePasr st Y i B PRI s iget o nead

Surf@@ef§§e@fb&h%h%lEQ%rcu%%e%%y%ft%%klﬁénﬁﬂgﬁq%ééu%etween
In this

di sk surface with the gap 10 between them

caseththeipkessuiracef ahlbe talel diGW—rRrting thatrdde 43 as the
produced between the di sk surface and the disk-facing

surf megné8igr adual 1y irecreases Thuem tdhe iny ethsSidedarion

the outlet side of the slider 42, that is, toward the

downefr &am §Pde. tAs the kaiflecifoc wurdnptceC 4Rassieshe slider

through a downstream side end of the rail portion 46,

it i§ SBGHéﬁlﬁa#éﬁe§§eéa§F tthe Idéwd sudiffefcgr eniddy gthe gap

t he Eail portion so_that its pressure ,

etween them. In this case, the pressure of the air
current C that is produced between the disk surface
and the disk-facing surface 43 gradually increases
from the inlet side to the outlet side of the slider
42, that is, toward the downstream side. As the air
current C passes through a downstream side end of the
rail portion 46, it is suddenly released by the level
difference of the rail portion so that its pressure
lowers. Therefore, an oil constituent in the air
current C suddenly changes from a gas phase into
a liquid phase at the step portion of the rail portion
46 and adheres to and accumulates on the step portion.
On the other hand, the step portion 56 is

provided on a downstream side end of the center pad 50
with respect to the direction of the air current C.
As the air current C passes through the step portion

56, it is gradually released so that its pressure

lowers gradually. Therefore, the oil constituent in
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| owers. Therefore, an oil constituent in the air

current C suddenly changes froma gas phase into 20 a
l'iquid phase at the step portion of the rail portion

46 and adheres to and accunul ates on the step portion.
On the other hand, the step portion 56 is provided on

a downstream side end of the center pad 50 wth

respect to the direction of thel@ir current C. 25 As
the air current C passes through the step portion 56,
it is gradually released so that its pressure |owers

gr addael pirTiveraleorte C @ doial loowdEnggentinte 26 Litdve d
air current C gradual |\ chan es into a liquid phase

Wi t hBBE SSuddEROR eI n@lgl@s f3eds e iGfto Ph@se into
l'i qui d_phase hus, adhe3|on nd .accunul ati on of the
oi I GordANGeR 8L t hd Ndttep R S8 FFPEs-ation of
reduced cQ S|der onseguence, adhesi and
ecutiatian Grsne st ESnaTey done R ety Tan be

port&%@u@%d@ %nEQd% gﬁ?tne%n éﬂd@%déjtggﬁe51on and

magnet i ¢ hea ri bed ove the st

por t eRua® l%%rl‘b%s otfo thRstJial %otn@% iQ@identlQC %%t iRt
from adhering to or accunul ating on the center pad 50

t hat postpeVistedan e tretread/ed.ite gaps 54 of the
head portion 52, and positively to cause the oi

const i t uemcdor cHdherte ttheamthaeatirlladaed 40, ay dddheribed
portion, e.g., the step portion of 15 the rail portion
46. Theye adhesisgreprofodrid coi [56 cerstas dentress nahien Héed o1l

portion 52 can be controlled
constituent from adhering to or accumulating on the

center pad 50 that is provided with the read/write
gaps 54 of the head portion 52, and positively to
cause the oil constituent to adhere to and accumulate
on any other portion, e.g., the step portion of

the rail portion 46. Thus, adhesion of the oil
constituent to the head portion 52 can be controlled
effectively, and change of the flying behavior of

the magnetic head and lowering of the information
processing capacity can be prevented. In consequence,
there may be provided the head, which ensures a steady
fly and improved reliability, the head suspension
assembly provided with the head, and the HDD.

This invention is not limited directly to the
embodiment described above, and its components may be
embodied in modified forms without departing from the
scope or spirit of the invention. Further, various

inventions may be made by suitably combining a




effectively, and change of the flying behavior of the
magneti ¢ head and | owering of the information

processi ng capacity can be prevented. In consequence,

20 there may be provided the head, which ensures a
steady fly and inproved reliability, the head
suspensi on assenbly provided with the head, and the

HDD. This invention is not IH mlt’ed-directly to the

enbodi nent descri bed above, and its conponents may be

25 enbodied in nodified forns wi thout departing from

t he ptopelatyspifricompbnehési deentriibed Eor tdoemeordronows. th
i nventions nay be nade by suitably conmbining a 17

pl ur &het foukgodngorabs inestri bédri ©xeowdect isomeniath the
t he foregoing enbodi nent. For exanple, some of the
conp6ABRPECREEORECRGLHTIt KO fHLeFOrRG CdmiSoMASimemE may
be og%tted. Furthernmore, c onents according to

onp 5
di f f BFeARLERBEdi mERES PRETOBE - c GAFPREETES PEGIIBEYI to

The sh and sizes of .the rail orti.on and the .
cont By ERER AR eRbEBT bk fiaAbe BRIRIBR L3S refmiged.

the enbod irﬂgmshg?)%%r hed sahe o, Dut, S8y, he \allcg:rﬂl igig'ln iOa{nd the

necessary. The step portion of the center

10 | kahted pagactwenki &f iShUGkdr @oRUl iIMRYRE B those of
structure of three or nore tiers. The nunber of

magnehkeCembbakfnghti dekle iHeR aporet, Wul ted te ene ik if

may be increased as required. 18 WHAT IS CLAIMED I S:
necessary. The step portion of the center pad is not
limited to a two-tier structure but may be a structure
of three or more tiers. The number of magnetic

disk(s) in the HDD is not limited to one but may be

increased as required.
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1. A head conprising: a slider having a facing surface
opposed to a surface of a rotatable recordi ng nmedi um
and configured 5 to fly by an air current produced
bet ween the surface of the recording nedium and the
facing surface as the recording nediumrotates; and a
head portion which is provided on the slider and
records and reproduces inforimatliSon-on and fromthe 10
recording nmedium the slider having a
negative-pressure cavity, which is defined by a
recess in the facing sUih@céS ah8IYyBhRefdtes a negative
pressure, and a pad portion, which is situated on a
downst r earh-si de heRct l§OmPS Isd@at:i ve- pressure cavity
with respect to the air current, protrudes fromthe
faci ng suff &tddedndavddd & feGiedt s rdadacPFRIhdo 2

the recardi ng _medi um t head por.tion hgvin ,
oadPAF LGS g e it GPREG e RGBT Eo e ik comEigured
t he d rtion, 20 the pad, paortion having a st

port?%nfR i%ﬁ Fg aﬁfo&#éé&“&npfﬁgu§gﬁhéFF%§ Site §erace

the B?agEEWEE%ogggﬁ W%EQEHS%H%CEh%of%@%dg'édyﬁgégﬁ iathe

and fornmed exten urality of ticers from

pr oj @ét:@@‘diﬁgf Aegif rbRatdisie@hiqon of the air _
current. 25 2. The head according to claim1l, wherein

each | evel heialkf @cefdenofvhiile Stsepearidean dranges Jrimar
0.03 to 0.3 mm 19

and records and reproduces information on and from the
recording medium,

the slider having a negative-pressure cavity,
which is defined by a recess in the facing surface
and generates a negative pressure, and a pad portion,
which is situated on a downstream side of the
negative-pressure cavity with respect to the air
current, protrudes from the facing surface, and has
a projected surface facing the recording medium,

the head portion having read/write gaps formed in
the projected surface of the pad portion,

the pad portion having a step portion which is
provided on the downstream side of the read/write gaps
with respect to the air current and formed extending
in a plurality of tiers from the projected surface in
the direction of the air current.

2. The head according to claim 1, wherein each
level difference of the step portion ranges from 0.03

to 0.3 mm.
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3. The head according to claim1, which further

conprises a rail portion protruding fromthe facing

surface so as to surround the negative-pressure

cavity, the rail portion having a bottom surface 5

opposed to the recordi ng nedi um surface and a

peri pheral surface raised fromthe bottom surface to

facing surface. 4. A head suspeltsi on assenbly having a

di sk- shaped recording nediumand a drive unit which

10 supports and rotates the recordi ng medi um and used

in a disk.devVilece heeghpdcintging treadldincl ydiwigigh further

slider, having a facing surface opposed to a surface

of tkempgdsed vg reddi ar tdmd eowtinpdied tfodn yhey facing

air current produced 15 between the surface of the

r ecoPHFEGCRedPuMSat® SHE TARG 11 es ietadd ves Ressure

recordin%gneghun1rotates,,and a .head portion which is
|

provi-@&d € $PitdePCdiid O &G AY dn C?%ﬁWb&ﬁEéfce
i nf [ d f di di 20
' N %gB‘o's%ﬁ en and fromthne ﬁr}%g@ﬂ:uﬁ\'e%%gggc'fegr@ndag

re
a head suspensi on whi ch "suppor

novepeRt SWeta 1 %%Qg% el (}atil'é%d' econding IRAIWD Al race to
appl ies a head | oa irected toward the recording

medi gacsugf age rheet.he head, the slider having a

negati ve-pressure cavity, 25 which is defined by a

recess ini4thezf agiary ssisdeans orant GeARAtRS; ihgnegati e

pressure, and a pad portion, which is situated on a

downstepan siederdfinghemedium and a drive unit which
supports and rotates the recording medium and used in
a disk device, comprising:

a head including a slider, having a facing
surface opposed to a surface of the recording medium
and configured to fly by an air current produced
between the surface of the recording medium and the
facing surface as the recording medium rotates, and
a head portion which is provided on the slider and
records and reproduces information on and from the
recording medium; and

a head suspension which supports the head for
movement with respect to the recording medium and
applies a head load directed toward the recording
medium surface to the head,

the slider having a negative-pressure cavity,
which is defined by a recess in the facing surface

and generates a negative pressure, and a pad portion,

which is situated on a downstream side of the
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- 20 negative-pressure cavity with respect to the air
current, protrudes fromthe facing surface, and has a
proj ected surface facing the recordi ng medi um the

head portion having read/wite gaps forned in 5 the
projected surface of the pad portion, the pad portion
having a step portion which is provided on the

downst ream si de of the read/-wi2® gaps wth respect

to the air current and forned extending in a

plurality of tiers fromthe projected surface in 10

t he depettivenpok stheecaicavdiyr eritth Festhethead the air
suspensi on assenbly according to claim4, wherein
eachcheventdi pPrertaide soff rohe téteed acioat isorr firargesarfd dras
0.03 to 0.3 mm_ 6. The head suspension assenbly
accofdPR§IEETteds sgirdipmes faghingh ther tieeo redmer imseskl v,
rail portion protruding fromthe facjing surface so as
to surrouﬁg‘e {RE I EALIIPE Pradder & sdsV/itsite apsiformed in
portipon havin bot t.om surface opposed to the
reco%gﬁnsrﬁéagﬁﬁg SUrface gﬁd%éepgﬁﬁpﬁgﬁﬁﬁo§urface
raised fr t 2 .t.am face tQ faci surface.

7. A diskgggv'gg %8%%&%&1#%&55%H%%§83 a%%%gfégbﬁHﬁﬁf s

medi gibvaddni ¥8 YRkt QWHhGR rSURPQL LS %@dtﬁgfggﬁﬁﬂdyite gaps

recording medium 25 a head including a s havi ng
a fapigy rewpbaeeteppaseditocarsentac@doffdi®d extending

recordi ng nmedi um
in a plurality of tiers from the projected surface in
the direction of the air current.

5. The head suspension assembly according to
claim 4, wherein each level difference of the step
portion ranges from 0.03 to 0.3 mm.

6. The head suspension assembly according to
claim 4, which further comprises a rail portion
protruding from the facing surface so as to surround
the negative-pressure cavity, the rail portion having
a bottom surface opposed to the recording medium
surface and a peripheral surface raised from the
bottom surface to facing surface.

7. A disk device comprising:

a disk-shaped recording medium;

a drive unit which supports and rotates the
recording medium;

a head including a slider, having a facing

surface opposed to a surface of the recording medium

and configured to fly by an air current produced
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and configured to fly by an air current produced 21

bet ween the surface of the recordi ng nedium and the
facing surface as the recording nmediumrotates, and a
head portion which is provided on the slider and
records and reproduces information on and fromthe 5
recordi ng nedi unmm and a head suspensi on which supports
the head for novenment with-—+resjdect-to the recording
medi um and applies a head |load directed toward the
recording nediumsurface to the head, 10 the slider
havi hgtaemsgahieveupfessurd caei trgcoraiinghmesidef iamed the
by a recess in the facing surface and generates a
negatr¢éngr 68sfipee andtaspagcpseiingnmedahimcifotates, and
situatgd on a downstream si de of 'the ,

negafi V&20r BSSGAENCHPIEY WSt RTPELFEEL Ofo thRe Sailders and
current rotrudes framthe .facing surface, and has_ . a
oo EBERABE L PREc SepAbRG St d N BRaTAg ABaRuR RS the
head ' havi,ng read/wite gaps formed in the
proj5§?éghgﬁpf§§glgp’t%gdpad portion, the pad portion

having a %t%EaBO%PEg%n@HB%hw%ic%os g%%hQ%?F%% EQ%E%FOr

downstream si de o he read/wite g res

to thevahen€Ulient rasgeter fed 8%t @BebRdinkNmddium and
plurality of tiers fromthe projected surface in the

di r eeppdtiesf at headi Loadr Hertct8d theadidskhdevieeording
according to claim7, wherein 25 each |evel
di f fmednoe efirfheesteptper hiean,r anges from
the slider having a negative-pressure cavity,
which is defined by a recess in the facing surface and
generates a negative pressure, and a pad portion,
which is situated on a downstream side of the
negative-pressure cavity with respect to the air
current, protrudes from the facing surface, and- has
a projected surface facing the recording medium,
the head portion having read/write gaps formed in
the projected surface of the pad portion,
the pad portion having a step portion which is
provided on the downstream side of the read/write gaps
with respect to the air current and formed extending
in a plurality of tiers from the projected surface in
the direction of the air current.
8. The disk device according to claim 7, wherein
each level difference of the step portion ranges from

0.03 to 0.3 mm.

9. The disk device according to claim 7, which



0.03 to 0.3 mm 9. The disk device according to claim
7, which 22 further conprises a rail portion
protruding fromthe facing surface so as to surround
t he negative-pressure cavity, the rail portion having
a bottom surface opposed to the recordi ng nmedi um
surface and a 5 peripheral surface raised fromthe
bottom surface to facing swfa®. -

further comprises a rail portion protruding from the
facing surface so as to surround the negative-pressure
cavity, the rail portion having a bottom surface
opposed to the recording medium surface and a
peripheral surface raised from the bottom surface to

facing surface.



