, ;.€3¢8)8""#, &d&. )6d) T)o  TITLE OF THE | NVENTI ON | N- CONTACT MAGNETI C HEAD
SLI DER, MAGNETI C HEAD ASSEMBLY, AND MAGNETI C RECORDI NG APPAE%ﬂMﬁm*hwnf
OF THE I NVENTION 5 The present invention relates to an in-con e (It
head slider configured to performrecording data to and readi ng dak@sf rom a
magnetic recordi ng nedium a magnetic head assenbly having the magnetic
head slider, and a magnetic recordi ng appariatus having 10 theWMﬂmmmmmﬂmmFd
assenbly. In magnetic recordi ng apparatuses (hard disc drives n
recording density is constantly required, and various techni ques &Lpye-been
devel oped for this purpose. One exampl erofruguechvtgehanques 15 is an
i n-contact magnetic head slider. For the in contact nagnetic head slider,
recordi ng and readiOQNBAET PeAGNETED WhRDesaDDERY WAGNREIS|I HHRD in the disc
traveling direction is kept in contact with the magnetic di sc by applying
an air |ayer preBSSEMBLY, t ABD2MAGNEThDE€aREAQRBINGaBBPRABATUBr surface) of the
slider. According to this slider contact schene, the nagnetic spacing
bet ween the magneti c head and BAMeKGRMER i @F it PamENel@ecr eased, which
contributes to increase in recording density. 25 A basic concept of an
i n-cont act®magneti ¢ héha ?F?ééﬁthé@WﬁQtéﬁnaFﬁlﬁééﬁiﬁ@ §Hrﬂ§c§0pﬁéptrealizes
forward flying and backward contact is known (see, for exanple,
Jpn. Pat. ApplnmkmFlPuBPPQaFFéﬁeﬂoco?fég‘?%é)t°|Hefﬁpé‘mPEBFPEQE-PSn t he

t f t h t d t t ant [
Tt L GBS0 8 o BIRAR
br at f -at | h t
v brati g o oo geSeTREn BSHLRCA! LoD oL g 0l oR Ot pLuAEl petiee

by air layer rigidihys$9488, "ghat 9 £8HAE:ENEE82030Y LBEG®atus having

10 the magnetic head assembly.

In magnetic recording apparatuses (hard disc
drives), increase in recording density is constantly
required, and various techniques have been developed
for this purpose. One example of such techniques

15 is an in-contact magnetic head slider. For the in-
cdntact magnetic head slider, recording and reading
are'performéd while'qn end of the slider in the disc
traveling direction is kept in contact with the
magnetic disc by applying an air layer pressure to the

20 air-bearing surface (slider surface) of the slider.
According to this slider contact scheme, the magnetic
spacing between the magnetic head and the magnetic
disc can be decreased, which contributes to increase
in recording density.

25 A basic concept of an in-contact magnetic head
slider having an air-bearing surface that realizes

forward flying and backward contact is known (see,



. 10 Anot her arrangenent of an in-contact nmagnetic head slider is also known.
In this slider, pad surfaces (squeeze pads) exhibiting a squeeze effect are
arranged on the side of the air outlet edge, which ensure the reliability
during | oading and 15 unl oading (see Jpn. Pat. Appln. KOKAI Publication No.
2002-92836). In Jpn) Pat. Appln. KOKAI Publication Nos. 7-307069 and
2002- 92836, however; the point of action-of2the suspension load is set on
the side of 20. the air inlet edge of the slider, unlike in a flying
slider, which poses issues in manufacturing costs and devel opnment
efficiency. In ogder ekamgewel gpnanphi- capbast sbkder pig1WBhehohhe same
suspension as in the flying slider can be applied, the slider nust 25 be
able to realize Hol.ow-gonovaey .f oraetavenrwhenchheopi Aheoteatkironrof the
suspension load is located at the center in the |ongitudinal direction
thereof, in - gravhéysaffeanmhradr saspenstibe Elyygiten iki ddaptE€d &ohi eve t he
above design, the followi ng configuration may be conceivable. That is, a
posi tive pressureupenen&tieddyr egiionideppdrthi theaprhiph sdspefisivonclfoad is
arranged 5 at the central portion in the |ongitudinal direction of the
slider anda negdtine fpessusdchefbpdyi Whenegi gabratangadgade medi atel y
after a pad fornmed closer to the inlet edge than the positive
pressuregener at | AGCPBYPEN18Gc N iPRat ioRe oSubSEarisg opoitAPast 0 &E€i on of
t he | oad woul d be shif%ed t onar d thﬁ air..inlet edge gf he shig%{. I f the
negative pressur8PBATEHE BFTEhET hfEt SddGE T sTPREr 84s EF W ER T D 9schene,
however, proble ceur, _t hat differen i_n_contact f.ar.ce, dependi on a
radial position, tPECencPRacsd EPSIEROUSY I CaNRct IPArEsY CRarr 1ot

decreased and th 8@%&E$%%FE$EE%Ph%EE$fr Q?%g under a condition of a reduced

pressure. BRI EF | _ t is an object of enbodinments of
the presepp 20 invent lA%tth%rpra%a%erﬁ%@&etdg: Head-assanly X&A@{ee@@s the

same suspension as that for a flying assenbly. A further object o

enbodi nents of tRhealdn¥eAtie®n iisS all@oPRVWAE amn ANGRNAGHaTBIRRId ¢ head
slider that uses the same suspension as that for a flying slider 25 and has

a high inpact resusifanes, (3athcerat paalses exhipdsing @ tsousdpRy eFert
difference in contact force depending on a disc radial position while
realizing are arranged on the side of the air outlet edge,
which ensure the reliability during loading and
15 unloading (see Jpn. Pat. Appln. KOKAI Publication
No. 2002-92836) . |
In Jpn. Pat. Appln. KOKAI Publication
Nos. 7-307069 and 2002-92836, however, the point of
action of the suspension load is set on the side of
20 . the air inlet edge of the slider, unlike in a flying
slider, which poses issues in manufacturing costs
and development efficiency. 1In order to develop
an in-contact slider to which the same suspension as
in the flying slider can be applied, the slider must
25 be able to realize a low contact force even when the

point of action of the suspension load is located at

the center in the longitudinal direction thereof, in




. - .4, alower contact force, and suppress an increase in contact force under
a condition of a reduced pressure. According to an enbodi nent of the
invention, there is provided a nagnetic head structure having 5 a nagnetic
head operable to at | east one of (1) read fromand (2) wite onto a
magneti c recordi ng medi um upon rotation of the magnetic recordi ng nedi um
relative to the magnetic head. There is further provided a support nenber
supporting the magnetic head 10 and having an air bearing surface
positi oned adjacent the magnetic recordi ng nmedium when operating the
magneti c head. ThgeSHBRREr hafBERERsi REl WHRS raRialyr siAkel . edioRchakval I
outlet region, a first pad nenber and a second pad nenber. The air bearing
surface has 15 fikhst aBBéesaesngnsuthacesliienind eanfieirasuchaeey ok the
first and second pad nenbers respectively and a third surface. The first,
second and thirdcsuctaveblare [Theiteéd,i o ascdndiveg pards rier gankeiaghing
direction froma | evel closest to the nmagnetic recording nmedium?20 to a
| evel furthest fremgibtheshrgretivgr ecbidhnguspengionTleald st agwdngecond pad
menbers, and the third surface forma first positive pressuregenerating
regi on forfed byaposhei sanhgatheorition aad thenmdendituddastl gdmeicdiiion
overlying the secaond 25 suyrface of the second pad nenber and positioning
same at a centraPfp&bei §A16eTt BB @ppEoe LAVRL OF SSSHKE 8 SNERGItLRd nal
direction thereof. A first negative, -..5 ressyre-generatjng region is
formed by the thFPATSHr fEcE BOSPErorBHHRAREEY EHESH A FRCETscbn and ¢ he
first positive péﬁs%ureige% ratiﬁ%gre ion.t A_second ne aR}ve ren
pressure-generat|n8 Fggi n's forwed© g@y Pﬁ@'t i &Sy aé%l%ﬁﬁﬁﬁﬁ ohed
between the firskcRashiing REEISUr Sugenerall Re.d ekl A HiNG A QUi | €t
region. The first positive pressure=generating region, the first negative
pressure- ggner at bpg 1 6agbeN £thaNd ohle WBRAANBNEFAlINER RIBRIY f1@ensnati ng
region 10 forma first positive pressure, a first negative pressure and a
second negative phessUkegeesFeehieV 1Y deRQN AGSithco Mt tafvd e cHERRW ton
menber adj acent the nagnetic recording nmediumand rotating the magnetic
recordi ng nmedi umsitie Adcahei Aglied pelgeanet Hercrersed wErdth afhitshesdherenti on,
there is provided a magnetic head structure having a magneti c head operable
to at | east one bbweler;eadobilemsandcii2) tiaitt @ ahitfif earamagnein cardrzartdi ng
medi um upon rotation of the magnetic recording nedium 20 relative to .the
magneti ¢ head andoxcsuppependdmgeonsappadiiadg posd tiemgnetlisc e asatl havi ng
an air bearing surface positioned, when operating the nmagnetic head,
adj acent tRe magRéftineugscdhei senvadituforafe idwsddr t CE an air
inlet region; an_air outlet 25 regi,on;, a first, pad nenber having a first
t hi ckness and a F%restcoélﬁrar:&c LOrges déotd Fad SRchiddstad i Jsr(-ftfjscgfhcf’g

t hi ckness and a seco%q surface; and a third
a reduce pressure.

BRIEF SUMMARY OF THE INVENTION
It is an object of embodiments of the present
20 invention to provide magnetic head assembly that uses
the same suspension as that for a flying assembly.

A further object of embodiments of the invention
is to provide an in-contact magnetic head slider that
uses the same suspension as that for a flying slider

25 and has a high impact resistance, and that makes it
prossible to suppress a difference in contact force

depending on a disc radial position while realizing




+ - 6, surface supporting the first and second pad nenbers. The first, second
and third surfaces are |located in ascending order in a height direction
froma level closest to the nagnetic recording nmediumto a level 5 furthest
fromthe magnetic recording nedium The second pad nenber has a first
central part, a first outlet side pad part and a first bridge part
connect ed t herebet ween. The second pad nenhber -has second central part, a
second outl et side pad part and a 10 second bridge part connected

t her ebetween. A first negative pressure-generating region is fornmed on the
third surface adjarenértBentiéti fbetef eh@NsuppfessStaPOoshii¥8se in
pressure-generating region is formed substantially on the first surfaced
and a second 15 ceysidyefpressuidegeactahdNgisRdbonai sed@taBdpe8stheet hird
surface between the first and second bridge parts and the first and second
outlet. side pad partBccdhdifgrsd pnsembydiperssufetfgenehathgonegi on, the
first negative pressure-generating region, and the 20 second negative
pressur e- gener at imere eff opré vided #imsynposetheadpsessoutereahdvisy negative
pressure and a second negative pressure respectively upon positioning of

t he suppor? nenberiaghaktathead eRgheble Fecatdiegstedhensindll otasiing the
magneti c 25 recordi ng dium According to yet other enbodi ments of the

i nvention there %oﬁi%ggoé%H WEHES hoRitof @ shppet Ei agrecoralpgghedi ethead for
at | east one of reading from an iting onto a nagnetic dium The et hod
conpri si ng secur??@Ptﬂ%t%Ebﬂ%t?g ﬁ%%dm?%n%t%%pﬁ%??gg%?%CW% tUland for i ng

on a surface of o ucture,.first .5 d second_.di s]j oi nt negative
pressure-generat%ggafgggo%é g%%ﬁm%g%%g%?ig%a%res ?Eggéﬁergffhﬁrregion

t her ebet ween. 1T§%5$I§éda§ds opd ﬂgﬂ@é'v§%§§$??§%gg§%grgg%ﬁgt%gghOQa and

positive pressure-generating region produci sec gartve

pressure 19 1 0l g¢ R AgPRRT 41 EoBELOSH Sat PLONLEESPESHLY LY DY fEANS Of

air flow between the nmagnetic nmedi um and™t surface o e suppor

structure upon rtﬁéum@@hé&i@hge@@g@gﬁgqm@@$@Mp1@ﬁgnpg?éfgggh@gtﬁge support
structure adjacent the magnetic nedium 15 According to an enbodi nent of

the present invemdgmatidhesedi s THoVigesbah hamseont agt1nagseshcabead slider
conprising a magnetic head held on a magnetic recording mediumduring wite
and read, in whithlst epsobor, fam nelr oouheti repeanj ng SiraceadOneibeeof
including first, second and third surfaces located in this order in a
hei ght directi or2i¢ gdnsecond pad member. The air bearing surface has
15 - first and second surfaces formed on outer surfaces of
the first and second pad members respectively and a
third surface. The first, second and third surfaces
are located in ascending order in a height direction
from a level closest to the magnetic recdrding medium
20 to a level furthest from the magnetic recording
medium. The first ahd second pad members, and
the third surface form a first positive pressure-
generating region formed by positioning the first
pad member at least partially overlying the second
25 surface of the second pad member and positioning

same at a central portion of the support member along

a longitudinal direction thereof. A first negative




., a level closest to the nmagnetic recording mediumso as to form negative and
positive pressure-generating regions, with which wite and read are
performed under 25 a condition in contact with the nagnetic recording
mediumutilizing a pressure of air flowng in fromone end and fl ow ng out
to the other end along the B air-bearing surface as the magnetic
recordi ng mediumrotates, conprising: adfirst positive pressuregenerating
regi on having the second and first surfaces formed at a central portion
along a longitudinal 5 direction thereof; a first negative pressure
generating regi olsrégyuﬁg-geﬁewtiﬂgsyéiﬁsﬁ for mBdmen BystHe ehigh air inlet
edge with respect to the first positive pressure-generating region; a
second negative puessoeepgeneiahéagbeegeon bawi agrt halehi rdgsonf ase 10
formed on a side of an air outlet edge with respect to the first positive
pressur e- gener atthg fegsbnpoantdiwecpntastirpadehavabdntheefioat surface
formed at an air outlet edge. According to another enbodi nent of the
present 15 invenki sacontienegasipeopkdeduaenggneriatihgadegssnnbbyfoompdi si ng
the above in-contact nmagnetic head slider. According to still another
enbodi ment> of theYptksehbirdvenrfane pReiEipsegr bekcdeanathaghiersé recording
apparatus conprising a magnetic recordi ng 20 nmedium nounted rotatably, and
t he above nagnetP%shééﬂeaEé@ﬁﬁP?eagﬁaﬁﬁég1?6 be9#BRaBne thea2iddprElet
direction of the magnetic_rec rdigg medi um BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWS OFF E)RAV\T#{% fESC1PPELEIKEr BpEEFIVE"IFBGRFBFLRA i n- cont act
25 magnetic head gl ider gﬁcording 1o aE.%nbodinent of the &ﬁesent i.nvention

viewed fromthe &FP-Béari 8 ng? ceF9g é.eZRrFESErﬁlgﬁn$F8 Qﬁoﬁfﬁéophe

ai r-bearing - S a t Lh=can net.| slider_of FIG

1, FIG 2Bis a %?%nyé%eg??gﬁdeﬁgﬁg?ﬁ?%ng%§FpEg g%bgfg?gqgh#Fgﬁgarfaces of

the head shider apenSai pdi-gat gdsiFlGe BPekgueVl swffi%geﬁe gk ag the

hei ghts of the first to third surfaces of the head siider froma magnetic
head; FIG 3 is gr¥kswrshawing tBeosidacgheYabi pre@kuil thepkhtgoRlgCt
magneti c head slider of FIG 1 along the |ongitudinal direction of the

slider; upon positioning of the support member adjacent the

magnetic recording medium and rotating the magnetic
recording medium.

15 According to yet another embodiment of the
invention, there is provided a magnetic head structure
having a magnetic head operable to at least one of (1)
read from and (2) ‘write onto a magnetic recording
medium upon rotation of the magnetic recording medium

20 relative to the magnetic head‘and a support member
supporting the magnetic head and having an air bearing
surface positioned, when operating the magnetic head,
adjacent the magnetic recording medium. The support
mémber includes an air inlet region; an air outlet

25 region; a first pad member having a first thickness
and a first surface; a second pad member having a

second thickness and a second surface; and a third



. FIG, 4 is an end view showing the air inlet edge of the in-contact magnetic

head slider of FIG 1; FIG 5 is a view showing forces acting on the 15
in-contact nmagnetic head slider; FIGS. 6A to 6C are plan views showi ng the
air-bearing surfaces of three types of head sliders in which the respective
first negative pressuregenerating regions have different areas; 20 FIG 7A
is a graph showing the results obtained- hky calculating contact forces Fc
of the head sliders of FIGS. 6A to 6C on the inner periphery (1D),

i nternedi ate position (MD), and outer periphery (OD) of the magnetic disc;

25 FIG 7B is a ghapAcehouppsrtiggr eyl t5robt ahaedeByngabsy! Athpgrsont act
force increase anobunts dFc of the head sliders of FIG. 6A to 6C under a

reduced - 10 Tips eB5HEE, OBetbRdi ANEr tREFEPBErYattd) arkniecaedial g
position (MD), and outer periphery (OD) of the magnetic disc; FIGS. 8A to
8C are plan vi ensseaxtishovrdgrt he & héighetadingcsuohaceonfaalbead slider
in which the second surfaces of the central pads and the outlet side pads
are connected; HGSse9n to bizanagpebhcviensrdany mhdiiimgtohe aevebeari ng
surface of a head slider in which the 10 second surfaces of the central
pads and the outferthegt pnem Hhe meonabitecHecnrdlpl Befldges; Fhe 10A is a
graph showi ng the results obtajned by calculating the contact forces Fc of
the head slidersSefFORtdRRAgACTBRYBR EhEiFRRefePEFRphBRYL(I ) f145L
i nternedi ate positjion_ (M), and outer ri phery (OD) ,of the nagneti i SC;
FG 108 (s a oraphieRoRty PRG PabEI FESoBr AFREH by -eaPcHRSE BGRPRECEONT act
force increase nt Fc of t head sl.iders of. FIGS. 9A to 9C under a
frere egﬁge?hne?ﬁﬁeFFBﬂQGypfgtﬂ?mPﬁFe AEdPSE&™Bosi ti on

reduced 20 pressure on
(MD), and outer periphery (00 ,06cL88d outlet side pad part and a

10 second bridge part connected therebetween. A first
negative pressure-generating region is formed on the
third surface adjacent the air inlet region. A first
positive pressure-generating region is formed
substantially on the first surface; and a second

15 negative pressure-generating region is formed on the
third surface between the first and second bridge
parts and the first and second outlet side pad pafts.
The first positive pressure-generating region, the
first negative pressure-generating region, and the

20 second negative pressure-generating region form
a first positive pressure, a first negative pressure
and a second negative pressure respectively upon
positioning of the support member adjacent thé
magnetic recording medium and rotating the magnetic

25 recording medium.

According to yet other embodiments of the

invention there is disclosed a method of supporting



« magnetic disc; FIG 11 is a perspective view of a magnetic head assenbly
havi ng an in-contact nagnetic head slider 25 according to an enbodi nent of
‘the present invention viewed fromthe disc; and FIG 12 is a perspective

vi ew showi ng the - 11 internal structure of a magnetic recording
apparatus in which the nmagnetic head assenbly shown in FIG 11 is nounted.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 -Entodi-rent s of the present
invention will be described with reference to the acconpanyi ng draw ngs.
FIG 1 is a perspective view of an in-contact nagnetic head slider
according to an grmoghaent Wéad htopresentastventi On véoaetly f £ esmt Hed
air-bearing surface 10 (i.e., fromthe magnetic disc). FIG 2A is a plan

vi ew showi ng t hewaitibhgashbyg sundgueetbé hbééilmead Bhé destheddebhiSi s 2 and
2C are views for explaining the first to third surfaces of the head slider.
FIG 3 is a viewstioning the sideceievhcadntofat srepisdrhesidrsttdee, abodg t he
| ongitudinal direction of the slider. FIG 4 is an end view showng the air
inl et edge of th50$%%@gs¢md@rsuﬂﬁécal@fb§b¢|ﬁ@pB@rtaéér@¢bub@/réiéﬁted to
as the slider ABS hereinafter) of the in-contact magnetic 20 head slider 10
according to t hePRAboRFeRAt dbsIeHet pregehi Ve nRERE FORe hESNeRR BENGUr f aces
different in height. forned by ion- n%llln the slider ABS from a,slider
substrate. As sh %ﬁl?%sFWﬁfh 2T, Pehe fﬁ?egrgﬁ??ﬁﬁege%?ﬁaﬁé??nEﬁgb%nthe

first, second, h% 25 sur@gc hgt ar,e oca% this order fro

the | evel closer o the-egheti T girs h&" e ngrer R a?e%?BTEEtPBﬁS?Hﬁ? forns
the first

dlgcr:afna?; fﬁg ?ﬁ?€%££u§fa¥%l$n%sa%éza%9§t£§%2§£§% ﬁ?ﬁi&?ﬁ?gggaﬁg second

surfaces are hatf@gpoﬁnppbauemgtfﬁtge%har@e ﬁ Eb{réd suskace 1s not

hatched. 5 The steps forned he first to t aces onstltute

negative PUeSSUFﬁe@ﬁ@ﬁéaéhagar@@s9ﬂ§v§nﬂr8§§h£éV§e8£8§59é§p9§6§9@§yn9y
regi ons. A negative pressure-generating region is a portion where an air

channel changes h&ams w fleai Agf Ubw elbétwBeAr théohadfex8mpé@iva shepprd
portion where a cavity is fornmed downstream of a projecting pad.
Conversely, -a posutfaeepofssthie esgeperat shgucegrenupsnarpbation wlhietkean air
channel changes in a narrowing direction or, for exanple, a stepped portion
where a pad is froagmegtic medium and positioning the support structure
adjacent the magnetic medium.
15 According to an embodiment of the present
invention, there is provided an in-contact magnetic
head slider comprising a magnetic head held on a
magnetic recording medium during write and read, in
which steps are formed on an air-bearing surface
20 thereof including first, second and third surfaces
located in this order in a height direction from
a level closest to the magnetic recording medium so
as to form negative and positive pressure-generating
regions, with which write and read are performed under
25 a condition in contact with the magnetic recording

medium utilizing a pressure of air flowing in from

one end and flowing out to the other end along the



+ 15 downstream of a cavity. The exenplified negative and positive
pressure-generating regions are based on the steps between the nmagnetic
disc and slider. In the widthwi se direction of the slider ABS, when the air
channel w dens, a negative pressure is generated, and 20 when the air
channel narrows, a positive pressure is generated. The arrangenment of the
slider ABS wll be described with referencegsto FIGS. 1, 2A, 3, and 4. The
head slider is held by a suspension (not shown) to 25 oppose the magnetic
disc with its slider ABS. When the magnetic disc rotates, air flows in from
the air inlet edgerfbeadiiylb@nbaodt abr oRLtREgREEI QULLEL 8988 nedidr EO. -
In the in-contact nmagnetic head slider according to the enbodi nent of the
present inventiorpotdbes) oacmprosihe suspessiposisisubstastiakly applied to
the center of gravity of the slider (geonetrically, 5 substantially the
central positioncehengtihe reqgon udanahgdthectéoondf ahliefststdeshrfAsesuch a
suspension, one applied to the conventional flying head slider can be
utilized. The infefnedget padcantral feenbiontatdmay potdngbhudfnal the head
slider closest to the air inlet edge. The inlet edge pad 11 has a second
surface ext endi Mgt ERCEHRN sthemeeo v de hivi set dnegetivh Rresstrentirely. A

regi on | ocated innedia%el downstreamof the inlet edge pad 11 is the third
surface which fofTReE? t5e91en ThaVi g r Bhe ubrhEd SeFfageakormedrgp

ti i i 1 the,sid f t i n|l et d
e o Borted § SEA8 L 49 400,00 38 et Vi h e Spetloror it FifEra ™ '
fi t ti i | i | ud the inlet ed d 11 20.
havi ng a thi okneRe abous THecT i pob SUrFaEE ot $HEeRA o BpCamAnTSPRRE are i s
formed between tﬁ@eé&leé-%&gﬁrmirlrgggoﬁhﬁamgggﬁgg&ﬁ% dpeciolet edge

pad 11 is not connected t0 the out S, I.e rmed separaté from

the otheri®5 padserhdd téie &a§§da\h8feaﬁh§,i£i61§E1@@9%&¥GWPE§S§%§%§§GE§i ng

region 12 |located i mediately after the inlet edge pad 11 desir

generates a conpatativedty posidive | PMeHSQRs+¥EnBFLESHECrefliohd AHMaNt ageous
to formthe inlet edge pad 11 separate fromthe other pads because an

appropri ate nega icentaesspae kanibe gesef ated. shnfabé srerhedi gent,

al t hough one inlet edge pad 11 is 5 fornmed, two or nore inlet edge pads may
be formed. Convealseddr aistlee ¢dee. a negative pressure on the side of the
inlet edge nust be increased. In this case, the inlet edge pad 11 having

t he second surface andcepediegohe suethesseobogbdmentvefptbespresgat
generatinq%regions (central pads 15a and 15b to be described |ater) nmay be

connectedt o surrBRREYMR FRete nkyRTelgedsa raonehieabeag regrohly2.

Then, a high negative pressure ﬁgn be, generated efficiently. At _the central
portion along tH Om. %Qﬁﬁ#ﬁﬁ above 1n-contact magnetic héad slider.

According to still another embodiment of the
present invention, there is provided a magnetic
recording apparatus comprising a magnetic recording

20 medium mounted rotatably, and the above magnetic head
assembly arranged to be movable in a radial direction
of the magnetic recording medium.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a perspective view of an in-contact

25 magnetic head slider according to an embodiment of the
present invention viewed from the air-bearing surface;

FIG. 2A is a plan view showing the air-bearing



.15 direction of the slider, the two central pads 15a and 15b are fornmed on
the two side portions along the widthw se direction of the slider, so as to
sandwi ch the third surface. The central pad 15a has a second surface 13a
and first surface 14a. The central pad 20 15b has a second surface 13b and
first surface 14b. The central pads 15a and 15b serve as the first positive
pressure-generating regions. The first posidiwe pressure-generating region
is formed substantially over the entire surface of the first 25 surface 14a
and second surface 14b of the central pads 15a and 15b respectively. This
region extends skighhty dewpstr eAm-Shthbe ﬁagﬁét§érﬁé§§ df#aqapdogecond
surface - 15 14b over the third surface 12 until it abuts the second
negati ve pressurgigengfating region 18 as expl ai ned bel ow and shown in
dotted line contour in FIG 2A. Thus, the structure for formng the first 5
positive pressure regFag.i 8Bthe atppaupviewucbur explavhded hywt hesurfaces
12, 13a and 14a and the step up structure provided by the surfaces 12, 13b
and 14b. The upsfiezam porthdnd stirfheesecbnthanbeédrsiidarfates that form
the central pads 15a and 15b are machi ned 10 obliquely. Thus, air flow ng
inthe vicbnity dhdiphetedlird surface can readily flow to the central
portion of the slider. On the side of the outlet edge along the

| ongi tudi nal directi oRL6f £Rel§| pd¥Lievt WBToBKPeR18IAE thephgd 9nbs &4d 16b
are formed on the twy,.side portions alaong the_w dthw se directign of the
slider so as to Egﬁggﬁﬁﬁ tﬁg FHFFa §HF$388§ ?ﬁetgﬁt%%ngFhé fhdst?8a and
16b have second surfaceg rﬁsgggtively. The downstream portions of the

outl et side padsaigﬁgﬁﬁ 5ﬁd $86’ are machi ned obliquely. Thus, air flow ng
inthe vicinity of th hi kd.surf Cg i fl oyt h ir
outl et edge. Wth the%fgé gnégl b?ggwsggggﬁﬁgdkégugggg é&eggggkﬁegﬁaZS On
the two sjge porthans,akoReadt fgbhaeiglnkha shider okhergecondibal of the
central pads 15a and 15b outlet side pads Eect can be the w dt hwi se
surfaces 13a andtpadibhgieubighl diredfiofi d¢ Padssifacand 16b are
connected to each other through bridges 17a and 17b, respectively. The

w dth of each of the lpricdgeés ik7anaeédl{heivs shisgdingr thizar itrhd ndedt Redrfe t hat
one having a snmall width on the 5 connecting surface anong the second
surfaces 13a andoi3bhef ihheonéattahapadsitSheaddslibeandft REGoutll;et si de
pads 16a and 16b (in this case, the width of the outlet side pad). The
downst ream regi on | oc&L&éd heas| ¢ Fdeaceshowitdadsrdesnstatdag oh tthe centra
pads 15a and 15b on the third surface 12 forns a cavity. This region serves
as a secohfd negaihPveoptassumagpetiéFrahrag Fedd6K/18 (shown in dotted |ines
in FIG 2A) on the side of the outlet edge and is forned adjacent the first
‘positive 15 pressure- §eferatfndOr 8§i 68 PAENs (HESUSE MRS ¢ ng t he

ti ¥ ti [ is_the stepd t t f, d by th
thicker (in a di FEETPOATABOVEERECER: P ShFPRCEyPEenPral oS i8Sy

fol | oued downst r ¢aMEeLeal by Lheckaver Ad 2daa4uagge AP ona

generating regions have different areas;

20 FIG. 7A is a graph showing the results obtained
by calculating contact forces Fc of the head sliders
of FIGS. 6A to 6C on the inner periphery (ID),
intermediate position (MD), and outér periphery (OD)
of the magnetic disc;

25 FIG. 7B is a graph showing the results obtained

by calculating contact force increase amounts dFc of

the head sliders of FIGS. 6A to 6C under a reduced



+ menbers 17a, 17b and the outlet side pads both of which are positioned
above and surrounding a portion of the third surface to thus forma cavity
regi on designated by 18. When the negative pressure on the 25 side of the
inlet edge is conparatively |low, the negative pressure on the side of the
outl et edge to balance it nust also be low. To generate a |ow - 17
negati ve pressure on the side of the outletfpedge in this manner, it is
appropriate to utilize changes in step inmediately after the central pads
15a and 15b serving as the first positive pressure-generating 5 region. As
described above,ptdiessecand suk f acesr 13ari d3br of (1P, Cont& AhePBLS. 15a and
15b and the outlet side pads 16a and 16b are connected to each other
t hrough the bri dgesi tdilen andDd)l,/band espest | y&t yphéhyt (0S) 19f arkangenent, the
bridges 17a and 17b and outl et side pads 16a and 16b are present on the two
si des of the secmghaetegatdiecpressure-generating region 18 along the
w dt hwi se direction of the slider. Accordingly, since air does not leak to
the outside at the 15FP@Sit8Bntoo8Ct Arebpldgeviéda aadhlFbpwangobparati vely
hi gh negative pressure can be generated efficiently. A contact pad 19
havi ng the firstakirhereing swriece a0t acheadt shidporinovhbthtbeeair outl et
edge Eo. A magnetic head 20 is fornmed in contact wwth the 20. contact pad
19. The i n- cont aRICRGNBLT E2FRAPC S| Fluer carkbr Hi Pyds cahfet e egehietnventi on
suffices as far as,it satisfies the follow ng conditions. Nanely, the first
negative pressur&:YerRidt i He reporchedt be formed on the side 25 of the

i inlet d ith 1 the fi 1 it - i
Fegi on. The Second nebabrveoBr E8sar e2banelati Ry SFagPannior BE0t bPRed on
- 18 the side Ogifrﬁéﬁ¥{n8u%%ffagggg§métHeggsgﬁf&e Oi%hﬁPgéﬁSEhQOS't!ve
pressure- gen_eratl n_g regl on._ e | ncon a_ct magneti C ea sl'ider "accor di n_g to
the presepd invesdiony desesibed @Povﬁe%éﬁtfgi%sageﬁﬁ& Hx@souﬂ‘lée S 41is

formed to obtain the best effect. Next, paraneters that were studied by the

inventor in reacdidd pd@s abpyecahnesgeaenhryhbh Beidgssti bed on the basis
of the function and effect of the in-contact nagnetiC head slider with

reference to 10 nodi fFtati 0oa Otshergthph EhewangangeneasudtsFbGBaiheto 4 as
well. FIG 5 shows forces acting on the slider when
' by calculating the contact forces Fc of the head
sliders of FIGS. 9A to 9C on the inner periphery (ID), -
15 intermediate position (MD), and outer periphery (OD)
of the magnetic disc;

FIG. 10B is a graph showing the results obtained
by calculating the contact force increase amounts dFc
of the head sliders of FIGS. 9A to 9C under a reduced

20 pressure on the inner periphery (ID), intermediate
position (MD), and outer periphery (OD) of the
magnetic disc;

FIG. 11 is a perspective view of a magnetic head
assembly having an in-contact magnetic head slider .

25 according to an embodiment of the present invention

viewed from the disc; and

FIG. 12 is a perspective view showing the




‘the slider is viewed fromside surface thereof. The forces acting on the
slider include a load F, 15 positive pressures Fp and Fpc, a contact force
FC, and negative pressures Fnl and Fn2. The load F is applied by the
suspensi on (not shown). The positive pressure Fp acts on the central pads
15a and 15b. The contact force Fc is applied fromthe magnetic di sc when
the 20 contact pad 19 cones into contact-with the nagnetic disc. The
positive pressure Fpc is generated only slightly in the contact pad 19. The
negative pressura Fnl acts on the first negative pressure-generating region
12 | ocated i mediiatteinnadf tstrrudmddlet edgayad 2% ddor digy YR M8 s
pressure Fn2 acts on the second negative pressure-generati’ng region 18

| ocat ed i nedi at €iny wifitcdr thee meentertdlc fadsl s @i L s¥hown -inl¥rdnl and Fn2
wll be referred to as the negative pressures on the side of the inlet and
out | et edges, resFedoupdled. Wien the negative pressure acting on the entire
slider is defined as Fn, Fn is expressed by 5 the follow ng equation (1):
Fn - Fnl + Fn2 . . . ( 1 PETATREDpRESABEETAADNGFt RHEadNVBYTIONCes and
monents shawn in FIG 5 are expressed as in the follow ng equations (2) and
(3). Min &quation (3EMROYIMENS (Qft fthoPIRAfeH Hpmnteibbywile srspensi on
(not shown). 1 i%e% %%%jon gg%lin j cates the di stance between the point of
action (substantially ‘€§ra” 176 EENS T [ ASPR A & IdTdern g

whi ch the load F fromEtf%e ﬁusj%erési on act% and t.he po]%' nts of action for the
15 respective forces. The suffix of tHE distancet G &poLa-atat of the

force. -F - Fnl p 60265 FReEdFRG 1HKC .= . 2 - Fnl | nl 3H£ 1n2 +
Fplp - Fpclpc - Fg:agl + l\(il :egd_ %S'l_defS)aCC%féillnrgt(oeai _emr&i}&e% ti'c head
slider, wear of pheseamt agkepad ok vidhQel ¥R lencas - 6lJ ahild 1y, of
the apparatus. To decrease the \?/ear ,l t he cor??{ag?leef c%ﬁ‘c%etblr—é;%rggﬁ %gld:ftaoc}/e[ he
contact pad 19 franmet he frBgnehiC ndigsie tT¥sty ke jdecraased, The desi
approach 25 to decrease the contacg force Fc By changi ng }%iéhgﬁf?guration
of the ABS incl useswt Baolvdhgowheg atili-ee asGheMmsirface 3¢ thHeo nhEaENl arge the
central pads 15a and 15b. This schene ains at applying a high positive
pressure Fp to | aldderentnd FE&ds, 2Boatelcreaseet be chentract xpleanireg = F
-f- Fn - Fp - FpC. 5 (ii) To shift the positions of the central pads

the first to third surfaces of the head slider.

FIG. 3 is a view showing the side elevation of the
15 head slider along the longitudinal direction of the

slider. FIG. 4 is an end view showing the air inlet

edge of the head slider.

The air-bearing surface (to be referred to as the

slider ABS hereinafter) of the in-contact magnetic
20 head slider 10 according to the embodiment of the

present invention has three surfaces different in

height formed by ion-milling the slider ABS from

a slider substrate. As shown in FIG. 2C, the three

éurfaces are defined as the first, second, and third
25 surfaces that are located in this order from the

level closer to the magnetic disc. The individual

projection that forms the first or second surface will



« 15a :and 15b toward the outlet edge. This schene ains at decreasing the
spaci ng between the central pads 15a and 15b and the nagnetic disc. Then, a
hi gh positive pressure Fp is applied to the central pads 15a and 10 15b, to
decrease the contact force Fc in the same manner as in (i ) . (iii) To
decrease the length of the inlet edge pad 11 along the |ongitudinal
direction of the slider. This schene aifAs ag iAcreasing the area of the
first 15 negative pressure-generating region 12 between the inlet edge pad
11 and the central pads 15a and 15b. Then, the negative pressure Fnl on the
side of the inl ele efgteibed nes eases padd arsOIRHEriRiAdtS tRHETEREEE iN a
direction (tending to cause 20 counter-clockwi se rotation as seen in FIG
5) to partially santetes heas osldbwoninonee! 2Bpl tied dyribeafiarsesofp and Fn2
tending to cause clockw se rotation. Accordingly, the contact force may be
decreased. To chamgbatée shapestofiedhiencénffateptddiidat boms 25ai8bthe
limted by the follow ng two reasons. First, the downstream ends of the
first surfaces othihé senfact padsolSaabededsb cannot be shifted toward the
- 21 outlet edge over a certain tolerance value. This is to prevent a
| ubricant applied to The stePacéovredhbynbhfefiesti e FhénfatthéRFAG to the
first surfaces of the central pads 15a and 15b. Second, the wi dths of 5 the
central pads 15a-mSCHERCR PSR tHES| REFRELEY PENAFAt{RE E_HteRSafBAg t he
wi dt hwi se direction, of the slider. The bet ween the central ., pads 15a and
15b. orves. as arPSPtECRANRERSSRERGICRErFhERE SERTaRS: Ik PREZGAEE <
excessively narr he pressure. 10 generated on the.side of the air outlet
cdge. decrcases. Hhecubscreaptetind PEUTRE' BF cdonratidl Fndtei 87 i ne

side of the outl : reas agt ce Fc..un t hese

limtations, as g%%%??ﬁeaﬁgﬁggﬁegﬁt%n%??????&i?EFseﬁgsﬁngf'pgg?erable to
increase fhe areax&hpibe £'é@épﬁ@&aﬁb¥€18ﬁe§ﬁéké'Qeeﬁﬁﬁkyngsrﬁgkﬂ@dlz

bet ween the inlet ed%e pad 11 and the central pads 15a and 15b so as to

generate the negadwietpeaRsSYreaoprbhecsiflg phdl hecbaletsedge as nuch as

possi ble. 20 . Wen the negative pressure generated on the side of the

inlet edge i s mepetytinerpaseduréhgefiobbonhggrpyobheirs arpsetibar waxaepl e,

when the pressure is reduced or the rotating velocity is changed, the

negati ve pressur&noaithehsndel ofhéhgesuihet mdgeoRSnghdngestaonopdi ngly.

Then, a change in nonent that acts in a direction to push the contact pad

19 agai nst the n&ghetrendiec absterphd pentépnovhgravet padf ishformed

15 downstream of a cavity. The exemplified negative and
positive pressure-generating regions are based on the
steps between the magnetic disc and slider. In the
widthwise direction of the slider ABS, when the éir
channel widens, a negative pressure is generated, and

20 when the air channel narrows, a positive pressure is
generated.

The arrangement of the slider ABS will be
described with reference to FIGS. 1, ZA, 3, and 4.
The head slider is held by a suspension (not shown) to

25 oppose the magnetic disc with its slider ABS. When
the magnetic disc rotates, air flows in from the air

inlet edge Ei, and flows out from the air outlet edge




.- 22 slider increases. This leads to a change in contact force Fc. In
particular, if the contact force Fc is increased under a reduced pressure
(0.7 atn) at the maxi mum usage altitude (about 3,000 m required for 5 the
magneti c di sc apparatus, the wear reliability degrades, that is, the
apparatus reliability degrades. Also, if the contact force Fc varies at the
respective radial. positions on the nagnetig disc, the range of the upper
and lower limts of the contact force Fc may 10 be wi dened, which is not
preferable. In view of this, only the area of the first negative

pressur e- gener atgag rﬁﬂl@Welgnm@énﬁgéﬁgﬁggn@ﬁﬂclBéaanélﬂ§@§6aM@§r§iﬂéled
FIGS. 6A to 6C are plan views show ng the air-bearing surfaces of three 15

different types @b tigadembodensnt | ofeahd ptebfS. iftehtibf, the Leagth of
the inlet edge pad 11 along the | ongitudinal direction of the slider is
adj usted to chanfieothheharsaspénshenf isssubsgahtvel pyesppl tedeher aheng
region 12. In FIG 6A the inlet edge pad 20 11 has a nornmal |ength
(Normal). In Fl GegBerthe geagihyobithkei alédeeddgepmdtiicaslyecr eased
toward the inlet edge by 30 ~cm (Lpad-1). In FIG 6C, the |ength of the
inl et edged pad 1§Ub§t$®é¥@h%édthémﬁﬁattﬁé BQ@F@#OédgéOB9 8be~ m (Lpad-t).
In each of the 25 head sliders of FIGS. 6A to 6C, the second surfaces of
the central padstaBalbrdinsgh %hHeFFéOBquth§laélﬁ§H§ 1645af8C26B are not
connected to each other, through E gﬁ g ﬁ ossi bl e that
air flows out thtoOtHRREHRsiQ eﬂ@@%lSF Re 8a80§VFH FOng prg t he

negative pressure oa/tﬂed5|de ofbthe Etlgt edge may be rather small. 5
FIGS. 7A and 7B %ﬁ% The T estft's 8bF5ﬁ éa y cal cul ating the contact forces

Fc and contact force Lpgr a F u duce ne
respectively, of the ﬁ%egﬁggnggg Bﬁe gl ?gnggmgﬁ E%eqﬁﬁge% pé?lon ery
(1D, integnediate pRsihLon éh@%erlglégésﬁuksftH%rh@BeEM1€€DEd%E the

magnetic disc. Here, dFc is mean to represent a change (,or."délta") in
contact force SOThéainIQE_é&?éabaéomlaﬁbsfQrQécﬂﬁde%u&ﬁﬁc@aéﬁtéhdﬁnQEdUCEd
pressure (such as in an airplane, etc) would be the sum of the value shown
15 in FIG 7A andoFtke ¢Biddbewiathuwepeedopetheononlacktf ente redyshown

A region located immediately downstream of the inlet
edge pad 11 is the third surface which forms a cavity.
15 The third surface serves as a first negative pressure-
generating region 12 on the side of the inlet edge
and is shown in dotted line contour in FIG. 2A.
The structure for forming the first negative pressure-
generating region includes the inlet edge pad 11
.20 havingva thickness above the third surface so that
a step down structure is formed between the inlet edge
pad 11 and the third surface.
The inlet edge pad 11 is not connected to the
outer pads, i.e., 1s formed separate from the other
25 pads. In the case where the first negative pressure-
generating region 12 located immediately after the

inlet edge pad 11 desirably generates a comparatively




.in RIG 7Ais as follows. In the case of Normal, the contact force does not
change regardl ess of the position on the magnetic disc. In the case of
Lpad-1 20 in which the.length of the inlet edge pad 11 is decreased to

i ncrease the negative pressure, the contact force decreases by about 50 ngf
on the inner periphery and about 110 ngf on the outer periphery conpared to
Norrmal . The difference in contact force-251between the outer and inner

peri pheries of the magnetic disc is about -60 ngf. In the case of Lpad-t in
which the length of the inlet edge pad 11 is - 24 increased to decrease
the negative pressurgegatieOdeReys @PPOSit eis OadPatt 8fedhe €aSEoph tRad-1 is
shown. The influence on the contact force increase 5 anounts dFc under the
reduced pressureishowedde b4 B sspasatel foms. thibhdethéhepsdgduscedause
pressure, the contact force increases in all the three cases, but the

i nfluence is | ovamnapheopniete peegpbevy Y&y swhereah hisergtmeragedel ocity of
the magnetic disc is 10 low, and high on the outer periphery (OD) where the
rotating vel oci tinofthishecmogmbnént di attheuphgbne | inbeheedgerpsd Lh the case
of Lpad-1 in which the length of the inlet edge pad 11 is decreased to

i ncrease the negi@¥fedpredseurle nohe tohehcedgereedsnergake Aabuats 15

i ncrease by about 10 ngf conpared to Nornal. As described above, where only
the negative pressureCORVERECLVde28F U PRetPAFeR BAGRLLIYS| REPESHER BY
decreasing the | i nl et. edge a dlfferencg oc urgﬁln t he

th, of t d 11
contact force FCibotnsan b CRe bRLEr Shdei RSt BeripFEraesdal t RBubR the

contact force Fc_decreases nd al.so th ntact _force increase nts
under the reduce a%?és u?ei?g%ge%%%? R%§3?9a56863grésﬁ|Fe88ﬁ§oFu§E§§§s be

obtai ned. To ?0'Xﬁdt€§é6s8égﬁégggrf£98 p6§S§BEiEE¥8”%9ésQG§e25 arrived at

an idea that it 1s effectrv enerat e negative pressures on the side of

Lhe outlefqedge genuphliag PBqibRsSidenetatgahsl ebacddn sushcbhat the -

25 two negative pressureS balance. Hence, the present inventor has

studied, in ordegetOrgBagr aheetNemapopti ¥6nREESEHS €oeElikebantl yhen the side
of the outlet edge, to connect the second surfaces of the 5 central pads

15a and 15b and thesouhéghtsirdeppadsutbagandribhntorkgionalpnegatrhnes,
pressure-generating region surrounded by the pads (the steps of the second
surfaces) on theashilghohegheiveatpbeéssdge. cBEh@e gAntvaB8€daré fpkarntilews
each showi ng the 10 air-bearing surface of a head slider in which the
second surfaces of th&tctheragknpads psatand 23bnandhehdoogtitadisiade pads
16a and 16b are connected to each other through connection regions 21la and
21b. Thesk®head Siraetson Pf beedesidebedthestipt RerhEaar PaAgededt 38M FI G
8A, a negative pressure- enerating egion 18 surrounded b{ gad can be

& §

formed, and a co 3r aFfvEPYTA gf™n &t Fye EF@?SBPE%&SHSbQ gefle Qﬁéd even on
and 21b 20 al ong L RERUE B H5E R PBCPToRnGr SLhECEr | 8 “ar £°1 GERERI Bh the
outside to the iEngtﬁan gﬁr%Q8e§eceﬂg central pad 15a has a second
surface 13a and first surface 14a. The central pad
20 15b has a second surface 13b and first surface 14b.
The central pads 15a and 15b serve as the first
positive pressure-generating regions. The first
positive pressure-generating region is formed
substantially over the entire surface of the first
25 surface l4a and second surface 1l4b of the central pads
15a and 15b respectively. This region extends slightly

downstream of the first Surface l4a and second surface



. surfaces of the central pads 15a and 15b. When air flows fromthe gap

bet ween the second surfaces of the central pads 15a and 15b to the gap

bet ween 25 the connection regions 2la and 21b, the air channel w dens. This
al so beconmes a cause to generate a negative pressure. If the areas of the
connection - 26 regions 2l1a and 21b are | arge, however, the
pressurereduci ng characteristics (a changelsn €ontact force under a reduced
pressure) tend to degrade. It has been found that this tendency can be
prevented-by 5 the designs shown in FIGS. 8B and 8C. In FIG 8B, portions
22a and 22b positdonskmneaie the & denesges of ddei puid eln st sderipads 16a and
16b and the connecting regions are renoved. In FIG 8C, portions 23a and
23b positioned neatortdienanttite gsiges Qird-hpemettdeingi degiléh pegisad6a and 16b
are renoved. |If the renoving areas of the portions 22a and 22b positioned
near the side edgsgslashowh baldd GndBlasen | herdaisesd ol indecqotdwnonisn 23a and
23b positioned near the outlet edge shown in FIG 8C are renoved, problens
may occur. Mre HE: spéki filuld y, thedes tueezee efdeciormmingetheatersor the
roll rigidity may decrease. The present inventor has found that, in order
to sol ve these JUbliehEe RressigRsiedrte 19 Fherveer e otfercedee porti ons
in the wwdthwi se direction of the 20 slider at_positions away as nuch as

possi bl e from t RFJHIE Ragere Mitefaprei o cal 35, 288 Stovdnd nthke c&EeRA to
9C, th d f f th I 15 d 15 th t sid
AR I 2 T e I b S ST
25 cal | ed br'dgﬁﬁy%ﬁﬁx§ﬁ9wn |Q)E%E§E 9Af&€%9Cé tge%mgd hfofS ac@ gf t he
bri dges 17a and RSt T 0 e T he T h°Bf°& y e"bf St he"5e25ha

f f th = 27 ]p@¢§ 5h f id
;;;saggz gnd lgb. gﬁ%ﬂ é?“%ﬁ:s 0 %ﬁ%gﬁng%%sgqgggggda% gmgg%%gé?ﬁé ©

wi dt hwi s @i r ectdion gleipe stider Ale FosAiRd on the Lpsigdertoothenguter
ends of the second surfaces of 5 the central "pads 15a and 15b and outl et

side pads 16a anthil&h @aherg-d heawi didwd B¢ diswctsdophef cbhersligertidhe
positions of the bridges 17a and 17b of FIG 9A are defined as nornal
positions (Nornedf .tid Gl&deshows a case in which the positions of the 10
bridges 17a and 17b al ong the wi dthw se direction of the slider are shifted
to the outside to theOmothal spdsi¢fobke(Buttlge- afigeFaGong@Cthhows a case in
whi ch the positions of the bridges 17a and 17b al ong the wi dt hwi se
direction of thelendderdimal shifection oheths $hider, t twoheuhbetaside
positions (Bridge-n). Although not shown, a case in which no bridge is
formed isal so &dmetty Brrdgeehonye FousedioA Bhe 108 aidegPaphsoBRowi ng

the results obtained bg calculating the contact forces.Fc and the 20
contact force i rtr¥ad ettt SRS UAtEFCRIPRABEERBr BSLURE FBr2Fhe above

head slid he_ i i ph 1D, i ' iti MD), and
outor per  phory (OB LHe WHONEEVE T8 he. | AP UERERSONStRE cont act
outer peri phery _ (i AFPUBER"Bn"thE contact |
the contact Tor P ac Sacead Y08 Bva GraPeRa Mok BaBasn QMR LFERERT: cul by

periphery - [ nnof pesdiphee vdahMoort1dhs SENLAE! ohPAEE Gehwepgthsauter and

i nner peripheries is about -40 this 1's conbine an arrangenent
in whichfdie negaid VEGIHT £58 UhEcRnbBeosi dguel yt hethiket sedge1bgihacraased

as described 5 above, the contact force is excessively low, which'is
the vicinity of the third surface can readily flow out
from the air outlet edge. With the outlet side pads
l6a and 16b, a so-called squeeze effect can be
obtained.
25 On the two side portioﬁs along the widthwise

direction of the slider, the second surfaces 13a and

13b of the central pads 15a and 15b and the outlet




- inconveni ent. When the bridges are shifted to the outside along the

w dt hwi se direction of the slider (Bridge-w), the contact force increases
by about 40 ngf conpared to that of the normal positions 10 (Nornmal). The
di fference (outer periphery - inner periphery) in contact force between the
outer and inner peripheries is about 25 ngf. In this manner, a change in
contact force shown in FIG 7A, which occurs when only-the negative
pressure on the side of 15 inlet edge is increased, can be cancel ed. The

i nfluence on the contact force increase ambunts dFc under the reduced
pressure shown igydd GaddB 65 A5 f0bh oxee MikedOedrisloe. f1Brédgernon), the
contact force increases at any radial position. 20 In particular,. on the
outer periphery thenegt her idged | 1T0a VAADCL 1YY, ofedec PBEOE) | C ThSCwigthi gh,
the contact force increases as nuch as by about 20 ngf conpared to that of
t he normal positéDrsadiNosfrathe Whisdyddnel Td i gigesl 2 ei shéhd Blet othde out si de
along the 25 widthwi se direction of the slider (Bridge-w), the contact
force slightly dguw esisdsh aof ttieat espechaving agli sthabbswidiomson the29 As
descri bed above, to suppress a difference in contact force depending on the
radi al position G#inecCiery et Face neont Bee $orerd swdfacesubpressdan
increase in contact force under a reduced pressure, it 5 is significant to

i ncrease the negat® wf prhe iRt eml tPRAS| Hea odnd hbSh nied Baigecwslakl | as on
the side of the outlet edge, so as_{o timze the contact, force_on the
magneti c head 20°* rpat‘ﬁ? glﬁjr?fbielékf hgﬂ%e Hal SAFFackRe oftdHe 2Enth8l pads
and the outl et siqﬁg$ads. preferably connected to each other. A

e

I (%9 aQﬁ
magneti ¢ head ass 15 Hn H%@ etic recording/ readi ng apparatus each

havi ng an i n-cont act net | \d sl ] a [Nels) e_gr [.pent of
t he present inventionﬁﬁglﬁéﬁésgggg?i%%gsg%Sfégé?éﬁln%grgppggggggb?$e Vi ew
of a mag ich assendt Vi i C t{ e head i der
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di sc. The actuatifiad R Pdrd@s 2 nod e & hepi €9, 1 tTh s "BUGLSH 98r@eRi VO in
20 a magnetic disc. apparatus. The actuator arm 51 al so has a bobbin

section for hol difgs as&ktdvd NGe €0t 1 vé NSt e SHOW) gedBELa BUSHPENSEOBNS28iI s i xed
to one end of the actuator arm 51. The in-contact magnetic head slider 10
descri bed above (shatn alohedbtioed heimestizh BhE. 02APSoh hehsuspéasodntha. The
suspensi on 52 has signal wite/read |ead wires 53. One end of each | ead
wire 53 i s connexitieket ccdde aod rtspbhodihed afitecentetibé Girst BOsibdyretic
head built in the head slider 10, The other end of each lead wire 53 is
connectedX 0 a RFTTIPRITISHRYL 2 Hed roeiei pad SAherstrugbure fopefspréngve

view showing the 5 internal structure of a nagnetic recording appar at us
‘ he negative pressure-generating region is the step-

dqwn structure formed by the thicker (in a direction
above the third surface) central pads 155, 15b
followed downstream thereof by the lower third

20 surface. Additional structure includes the bridge
members 17a, 17b and the outlet side pads both of
which are positioned above and surrounding a portion
of the third surface to thus form a cavity region
designated by 18. When the negative pressure on the

25 side of the inlet edge is comparatively low, the
negative pressure on the side of the outlet edge to

balance it must also be low. To generate a low



. (hard disc drive) in which the magnetic head assenbly shown in FIG 11 is
nmount ed. The magnetic disc 101 is nounted on the spindle 102, and rotates
in response to control signals froma driving unit controller (not 10
shown). The actuator arm 51 as shown in FIG 11 is nounted on the pivot
103. The actuator arm51 is held by ball bearings (not shown) arranged at
the upper and | ower portions of the pivot 193.-The actuator arm 51 supports
t he suspension 52 and the head slider 10 at 15 the distal end of the
suspensi on 52. The voice coil notor 104, which is a type of a linear notor,

is arranged at the,proxi gt eng-Of ot hendcs 1aé 05 £ arma Bdut The v@seigoil
notor 104 is constituted by a driving coil (not shown) wound around the

bobbi n section ofnh29 hivn&e} upt of s PP Bdpangdra PEOMElliLz€i dlgathgesd nChudi ng.
a permanent nagnet and a counter yoke sandw ching the driving coil. The

actuator arm 51 swesp bensddtabeyy rofeéedtiusi agnthel vioade tHi | amdt DSb 104.
When the magnetic disc |01 rotates, the contact pad of the head 25 slider
10 is held in covecingiddh the Sirstceositine pugsstie-déseradingThus, data
can be recorded on or read out fromthe magnetic disc 101 with the nagnetic
31 head. The coveegi@3.is attached to the housing that accommodat es these
menbers. - 32 WHAT IS CLAIMED IS: 1. A magnetic head structure
conprising: (a) a maghtfespeabedpababre theaserendt SBREAERS(1P2r eddPfrom

ang (2) wite onig s Tmgnelic, ecording ¢ fegtum ygopolation of ssaid
TEher SuRPor LS foImaneti Buhted andhhari 1o an glr BERLINgBLLECE,
oI ng el Ubnd by 2885 SPROLRTERET -LOELUELOGL (D TANCALE N1 et
10 arrangement, the bridges 17a and 17b and outlet side
pads 16a and 16b are present on the two sides of the
second negative pressure-generating region 18 along
the widthwise direction of the slider. Accordingly,
since air does not leak to the outside at the
15 positions of the bridges 17a and 17b, a comparatively
high negative pressure can be generated efficiently.

A contact pad 19 having the first surface is.
formed at the central portion of the air outlet edge
Eo. A magnetic head 20 is formed in contact with the

20 . contact pad 19.

The in-contact magnetic head slider according to
the present invention suffices as far as it satisfies
the following conditions. Namely, the first negative
pressure-generating region must be formed on the side

25 of the air inlet edge with respect to the first
positive pressure-generating region. The second

negative pressure-generating region must be formed on




«(3) a first pad nenber; and 15 (4) a second pad nenber; (d) said air
bearing surface including: (5 first and second surfaces formed on outer
surfaces of said first and second pad nenbers respectively; 20 (6) a third
surface, (7) said first, second and third surfaces | ocated in ascendi ng
order in a height direction froma |evel closest to the magnetic recording
mediumto a | evel furthest fromthe nagnetig recording nedium 25 (e) said
first and second pad nenbers, and said third surface formng: (8) a first
positive pressure-generating - 33 region forned by positioning said

first pad menbertid dedstopafid dly Qverdyi 8dgsakdrisecond-strfacensf said
second pad nenber and positioning sane at a central portion of said support

menber al ong a |digst ushabtive dbresshoa-doeeeot ingeqidhl st TREgRAFVE |
pressure-generating region fornmed by the third surface positioned between
the air inlet regprmmandrideeticstespdssiider piessndegenes athagpregent; 10
(10) a second negative pressure-generating region fornmed by the third
surface positi onewwdret iwendederibedtalpose t with prefsuercgeher BIGhg tegoon
and the air outlet region; (f) said first positive pressure-generating 15
region, sad firktis ng@ B edtpin geherbeshgefégrbn, and said second
negative pressure-generating region formng a first positive pressure, a
first negative pressu¥@XhndParadebRusnefati verpr esudiedr B¥pEbei vel y upon

itioni f id t 20, adj t id iC. di n
Todi um and r ot at HPSTE TGRETTELPECERTl 50 HEc GRFRSSTTRE WHhbhebPc |
t t i t ' laim.,l, wh i id Li . pad nb ipclud
iret part and SeHiedaft s eElE Scbht pubchiRBerTneroass 95 a
first part and Qﬂﬁgcfﬁgc@ﬁféc@qgaﬁgg§f&n?égg éiiaérpﬁ§£ﬂ'¥gFereace to.
pressure-generating regron 1 ncludes first and second central pads, said

first centgal paghd PFMBS Pons ot3dr ONEH! ¥HhBUaSALAgERESE Barbrgh. sl dofirst
pad nmenber on
4 as well.
FIG. 5 shows forces acting on the slider when
the slider is viewed from side surface thereof.
The forces acting on the slider include a load F,

15 positive pressures Fp and ch, a contact force Fo, and
negative pressures Fpj and Fpo. The load F is applied
by the suspension (not shown). The positive pressure
Fp acts on the central pads 15a and 15b. The contact
force Fo is applied from the magnetic disc when the

20 contact pad 192 comes into contact with the magﬁetic
disc. . The positive pressure Fpc is generated only
slightly in the contact pad 19. The negative pressure
Fn1 acts on the first negative pressure-generating
region 12 located immediately after the inlet edge pad

25 11. The negative pressure Fpo acts on the second
negative pressure-generating region 18 located

immediately after the central pads 15a and 15b.




+said first part of said second pad nenber, and said second central pad
formed by overlying said second part of said first pad nenber on said
second part of 5 said second pad nenber, said first and second central pads
arranged, at opposite side central portions of said support nenber al ong
the longitudinal direction thereof, to sandwich the third surface

t herebetween. 3. The magnetic structure-asigecited in claiml1, 10 wherein

t he second negative pressure-generating region includes the third surface

| ocated i mrediately after the first and second central pads. 4. The
magnetic struct UE}?J_ adnd erl ) efiin 16 abdF Qe rdEESi ds SEhE SEPROL § menmber
further includes first and 15 second outl et side pads each having the
second surface gsresderesust aties $ihds esf ,tisai thiét sinancusesonddges) et side
pads fornmed on opposite sides of the support nenber along the w dthw se
direction theredfespctenely he W@hen otitd etegagi o poesandai ebtihe ¢hird 20
surface therebetween. 5. The nmagnetic structure as recited in claim4,
wherein sai d suppe? temehpers}dendes defined dsibge Fenberekpwéngedaby
second surface and connecting said first outlet side pad with said first
part of said 25 SRofil badinend@tatiemn &lsecond bridge nmember having said
second surface and connecting said second outlet side pad with said second
part of said second pid = ¥n35" FmRber. 6. The nagnetic structure-as)

recited in claimb5, erein.a width of each of the first and second bridge
nmenbers is smaller tngﬁegbﬁ}ﬂ?ﬁe%fa%ﬂ§go © ofCthBISTREEBRJ2RY PAREREST t he

first and seconqﬂ%§mﬁrEA Pfgs §n£r%ié%$%§§9 %?%929%3 t%et%gigg%gads. 7. The

magnhetic structure as recited in crlal Phe first

and second bri dge, S @ipng?&h%)wj dt@miéeegébggg&ﬁog%} hgge%eare 10

closer to a central longitudinal axis of said pport nmber an outer
ends of the SeC%@té@icﬂx@Cﬁ&né’rﬁtté}@%iiéétbﬁnghée§99€eﬁ§ﬂéﬁa|(n8§d§ho\§n)The
c

magneti c structure as recited in aim4,” wherein the first negative

pressure- gener ati ngh reghonidd (3) ali@Eete ONcide SHUSt @heei PLeheedoenef said
air inlet region and includes the third surface |ocated i mediately after.

an inlet end paddiavi ngf tdet seconshissidrcea By éguardtsepreatentepnprhe
first and second central pad nmenbers and the first and second outlet 20
si de pads. 9. Theravwpretof she ustiderhsomechield theclaadh I, fnber eha sai d
magnetic head structure is a in-contact magnetic head slider in which said
magneti c head suspension acts and the points of action for the
15 respective forces. The suffix of the distance
corresponds to that of the force.
“Fn1lnl + Fnoln2 + Fplp = Fpelpe = Fele + M =0
. (3).
20 In the in-contact magnetic head slider, wear of
the contact pad 19 largely influences the reliability
of the apparatus. To decrease the wear, the contact
force F. applied to the contact pad 19 from the
magnetic disc must be decreased. The design approach
25 to decrease the contact force F. by changing the

configuration of the ABS includes the following three

schemes.




. contacts said magnetic recording nediumduring 25 operation thereof. 10. A
magneti ¢ head assenbly conprising the in-contact magnetic head slider as
recited in claim9. - 36 11. A nmgnetic recordi ng apparatus conprising:
a magnetic recording nedium nmounted rotatably; and the magnetic head
assenbly as recited in claim10 5 arranged to be novable in a radial
direction of the magnetic recordi ng nmed+un20l12- A magnetic head structure
conprising: (a) a magnetic head operable to at |east one of (D read from
and (2)wite onto a magnetic recording 10 medi um upon rotation of said

magnetic recordi ng mediunrseéalhvget Bhsatentrgnephashead; af1@) 18osupport
menber supporting said magneti c head and having an air bearing surface

posi tioned, wherToperadhdge salts nagnedp Ly heqda hidghceosisavrd dbesmgnetic
recording nmedium (c) said support menber including: (1) an air inlet
region; (2) an aiy outlatgeegewnrd{B)padsirsd gedressbethbavomgaatfirst 20

t hi ckness and a first surface; and (4) a second pad nenber having a second
t hi ckness and a Beromd Byrfaket By -a Ephit dFsaw face supporting said first
and second pad nmenbers; 25 (6) said first, second and third surfaces

| ocat ed i rP ascendi ng 6tderTenshiREi Ghe BPFEELPBA Pfofha FepEraél B3dst to
the magnetic recording nediumto - 37 a_ level furthest fromthe, nagnetic
recordi ng medi um >3 731 at o skedRbd phlie netberthadFRg aTRiFsBCRERErafmpart, a

first outlet Slqgtqggc ggéiggdtﬁeféégéing between the central pads 15a

and 15b and the magnetic disc. Then, a high positive
pressure Fp is applied to the central pads 15a and
10 15b, to decrease the contact force F. in the same.
manner.as in (i).
(iii) To decrease the length of the inlet edge
pad 11 along the longitudinal direction of the slider.
This scheme aims at increasing the area of the first
15 negative pressure-generating region 12 between the
inlet edge pad 11 and the central pads 15a and 15b.
Then, the nééative pfeSsure Fn1 on the side of the
inlet edge is increased, and a moment is thus
increased in a direction (tending to cause
20 . counter-clockwise rotation as seen in FIG. 5) to
partially cancel the rotation moment applied by the
forces Fp and Fppy tending to cause clockwise rotation.
Accordingly, the contact force may be decreased.
To change the shapes of the central pads 15a and
25 15b is limited by the following two reasons. First,
the downstream ends of the first surfaces of the

central pads 15a and 15b cannot be shifted toward the



. bridge part connected therebetween; 5 (8) said second pad nenber further
havi ng a second central part, a second outlet side pad part and a second
bri dge part connected therebetween; (9) a first negative
pressure-generating region formed on said third surface adjacent said air
10 inlet region; (10) a first positive pressure-generating region forned
substantially on said first surface; and (41) a second negative
pressure-generating region formed on said third surface between said first
15 and second bridge parts and said first and second outlet side pad parts;

(12) said first posidt Vei@E eSSelF €a JeaLt aih Ngo I €Ga00e Baldeli rshinegative
pressure-generating region, and said second negative pressure-generating 20
region formng ad ipsdveosi i ebrpressuaeplbedi tstthegatr fecpreSsthe and a
second negative pressure respectively upon positioning of said support
menber adj acent msajmeibgnétsc feconrai bgchidg ube abder 6L astnguséadesmghietic
recording nedium 25 13. The magnetic head structure as recited in claim
12, wherein sai dtlii¢ regnpaal neaderl hasandfidlt papeondd bhsevbAbhpaft, said
first part_ being - 38 positioned at |l east partially overlaying said
first centtal paFleoferbralskedndl padendnbe?, Canaotabd $BEBRASHErt bei ng

positioned at least partially overlaying, said, second central .part _.of said
second pad 5 neﬁB@V?rQ4Fh?h%gﬁE%ﬁe?f%n%egﬁesW%%E?UFEea lF@E%%BB Ph claim

13, urther comLiglng Bk chuE GaeBbEheoRORhL 205081 33k 1Bl draerf oo
15b serves as an air channel along the third surface.
If the gap is excessively narrow, the pressure

10 generated on the side of the air outlet edge
decreases. This adversely affects the pressure
distribution on the side of the outlet edge.

To decrease the contact force Fp under these
limitations, as described in the item (iii), it is

15 most preferable to increase the area of the first
negative pressure-generating region 12 between the
inlet edge pad 11 and the central pads 15a and 15b éo'
as to generate the negative pressure on the side of
the inlet edge as much as possible.

20 . When the negative pressure generated on the side
of the inlet edge is merely increased, the following
problems arise. For example, when the pressure is
reduced or the rotating velocity is changed, the
negative pressure on the side of the outlet edge

25 changes accordingly. Then, a change in moment that
acts in a direction to push the contact pad 19 against

the magnetic disc about the center of gravity of the



<10 15. The magnetic head structure as recited in claim14, wherein a

surface of said inlet pad nenber is not connected to said second surface of
said second pad nenber. 16. The nmagnetic head structure as recited in 15
claim15, wherein a width of each of the first and second bridge parts is
smaller than a width of any one of the second surfaces of the first and
second central parts and first and second pptlet side pad parts. 17. The
magneti c head structure as recited in 20 claim15, wherein outer ends of
the first and second bridge nenbers al ong the wi dthw se direction thereof

are closer to a gendéal ihOnghsygdl nath axi se8ls SBb da StRPREE IENBERtiban outer
ends of the second surfaces of the first and second central pads. 25 18.

The magnetic heafoste UEL Ur eIaspaecitetatrn £f athe 1oonvhet eforoat BL £ads of
the first and second bridge parts along the wi dthw se direction thereof are
- 39 closer to incesdsed Lndgrtadredlcadi srefssaed(8uppath) nebobehet han
outer ends of the second surfaces of the first and second central parts.

19. The nmgneti cigebmustiseyer @l bstueei (adoih 3, 60aim 1Peqwheedi fiosai d
magneti c head structure is an _in-contact magnetic head s|ider_ in which said
nmagneti c head coff@cha9Rafdcndypet reRPrB2BRE nEheedearm BatiaglbbkYati on

t hereof. 20. A netic head assenbly conprising the,in 10 contact nagnetic
head slider as reePredesn thafniso, the o ﬁﬁ@ﬁ%gi EetbebiHihy dpparaess

conpri si ng: Also, if the contact force F, varies at the respective
radial positions on the magnetic disc, the range of
the upper and lower limits of the contact force F. may
10 be widened, which is not preferable.

In view of this, only the area of the first
negative pressure-generating region 12 was changed,
and its influence was studied. FIGS. 6A to 6C are
plan views showing the air-bearing surfaces of three

15° different types of head sliders. 1In each of FIGS. 6A
to 6C, the length of the inlet eddge pad 11 along the
longitudinal direction of the slider is adjusted to
change the area of the first negative pressure-
generating region 12. In FIG. 6A, the inlet edge pad

20 11 has a normal length (Normal). In FIG. 6B, the
length of the inlet edge pad 11 is decreased toward
the inlet edge by 30 um (Lpad-l). 1In FIG. 6C, the
length of the inlet edge pad 11 is increased toward
the outlef edge by 30 um (Lpad-t). In each of the

25 head sliders of FIGS. 6A to 6C, the second surfaces of
the central pads 15a and 15b and the outlet side pads

l6a and 16b are not connected to each other through



<a magnetic recordi ng nedi um nounted rotatably; and the nmagnetic head
assenbly as recited in claim?20 15 arranged to be novable in a radial
direction of the magnetic recording nedium 22. A nethod of supporting a
magnetic head for at |east one of reading fromand witing onto a magnetic
medi um conprising the steps of: 20 securing the nmagnetic head to a support
structure, and formng on a surface of saig3support structure, first and
second di sjoint negative pressure-generating regions with a positive
pressure-generating region 25 therebetween, said first and second negative
pressure generathPgdgeg) onisi ANGnpREEt by Es PhEESUhet gener albwg begi on .
producing first and second negative pressure - 40 regions and a.positive
pressure region tiespeghi vieeys byle redgssobfathef hondbelvden.salfderadoet)c
medi um and said surface of said support structure upon rotation of said
magneti ¢ medi um tinel pegativai pgesaudesappbhe Sideraft bhe adfae&nedgeid
magneti c nedium 23. The nethod as recited in claim?22, wherein said
form ng step inchadese feokheni dupbsiti ve pressure-generating region formng
a first nenber having a first surface, said first nenber having 10 a first
t hi ckness,5and for saF@Gﬁegaﬁl9€dgéﬁe§§PWn§hﬁe§?6H§tﬁopﬁﬁﬁdnéﬁopﬁér surface
fronlmhlch said first_thickness is deternmned, said first surf%ce closer to
sai d magnetic neﬁ?hﬁ?%ﬂﬁhngaFBeaHBPﬁéFts PrSES. FpaandhgChtPh&d TRE Peci t ed

in claim?23, further 15 incl udt er _on _sai d anot her

surface, said setBnicAERbHBEFOHRYP Egggﬁd sﬁ?gﬁgggegﬁ FG58&€6nd nenber
having a smal | er EQ$§59?§3lghang§hg EhE?E EQE%%QSE% ﬁ%a@?%ﬁ%r%% gﬂ‘sa'd

anot her surface, secon ositroned on an upstream

sald Tirst membe,uhenpby @V@kggﬁsegnq'zﬁ %eéa@dialtg Eabrsslttl%wf@@@ forma

step for receiving alr as recited in cl a|n124 wher ei n
said form@g of §§Hdo§369n§e9§9ﬁbk‘_{/e @b?sélﬂr €hd5SmgeRerali kg skedi erRrd)cl udes

form ng said second nmenber having a central part, an outlet pad part and a
bri dge part conngstedst hengbebweepresand ecthaabepdbl, “s@ilda”) in
contact force So that the actual contact force
under the case of a reduced pressure (such as in
an airplane, étc) would be the sum of the value shown
15 in FIG. 7A and FIG. 7B.
The influence on the contact force Fc shown
in FIG. 7A is as follows. In the case of Normal,
the contact force does not change regardless of the
position on the magnetic disc. In the case of Lpad-l
20 . in which the length of the inlet edge pad 11 is
decreased to increase the negative pressure, the
contact force decreases by about 50 mgf on the inner
periphery and about 110 mgf on the outer periphery
compared to Normal. The difference in contact force
25 between the outer and inner peripheries of the
magnetic disc is about -60 mgf. In the case of Lpad-t

in which the length of the inlet edge pad 11 is




.- 41, outlet pad part and said bridge part formng a cavity area. 26. A
magneti ¢ head support structured for positioning a nagnetic head for at

| east one of 5 reading fromand witing onto a magnetic nmediumutilizing
air pressure with air flow ng across the support structure between the
support structure and the magnetic nmedi um upon rotation of said magnetic
medi um conpri sing: 10 neans for produci ng adj acent a surface of said
support structure, a first negative pressure region neans for producing

adj acent the surface of said support structure, a second negative pressure
region; and 15 neafse9edPtOdYEtPBa3d] BREMhehRE1oHr fRESsALepakd support
structure, a positive pressure region positioned between the first and
second negative perasHEg 6pPbONBe td thét. oAItRelUchseloh Bpad-A AL . A

{.AY. A9. A9. AL. A3L. A3A. A3U. A9. A L. A9. A&. A9. A9. AL. AL. AL. A. 9. A{L. A L.AL.A

&5. AA9. A& AL9. A9sKskB. A. 9. AY. AL. AL. Al I ItK| m ()/Or; :

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] caTbe] ¢r&logareabst thgx6ontact force increase

FH~TO xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca ca]ca]ca]ca]ca]ca]caLca]ca}ca]ca]ca]ca]
ca]ca]ca]c%]ca]cé?@é?éﬁ]@EFcéPéQFcﬁ%@aF@?uﬁedmpresSure shown in
!!d""""#$$$@@®8(:£<(82%xsniCAY£caLcaU]ca ca]ca¥ca]ca]ca]ca]ca]ca}ca]ca]ca]c
a] ca] ca] ca] ca] caF ¢4} cABcafcafcapPLaPral calVedftafbg] €8fEgrg) Proessurey - ... 1

... 6/111%29%2,2 2222333L.3{33 id,.Z
a]ca]ca]ca]ca]caféﬁ]E%Ttﬁ%ga%éggéafﬁg}gg¥gg}gg}%Z#gg¥%g¥gg%ggkég£g?]Ca]ca]c
4>404444%[ 5555656| 66666678: @ <<=>?D?$@ AcA id_Z
a¥c§LEgLEEiEéJf?ggglggfcéT%%%%%fEaféa?g%]53%ﬁ%?Léng%gg%gg¥§§%§g%g§}gg}gg}g
alc ; : . . . .

V(P PChQ QpGRSa T} SRR XER O 428 oM FE S ST c B 8aP2dPE L CafdaFedfeal cal ca
3 s ekl ke tsnl et e eqsnien sl e e L)
a]ca]ca]ca]caTCEféghg@hﬁ@&é@b@@tyabﬁakﬁalﬁéEﬁéL@@]aak@ah%ahﬁabga]qa]ca!+f2f
_ffgg#h8hghhhi =i pi i iiljhjjjk2kkkrkpp
rDryrrjsAtqt}xsnotdhél] walkdsa] cahcaheateakcafcapad}l-taliaajnaktalkbha] cahgahcal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! qt t uuuvOrVWwewj wwxy

yLyzz{ N{{{Q V}\ ~b¥} kBai iinZ¢fcatiga] pafica]lcapcdfcakaafpdakoalicafrealealtha] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #. ] DKNO=t @N$: d} xsnid_Z

]]1ca] ca] ca] ca] cajieaptayeapcapentrea] thpcapoipcs] fafca] darcapsa] eapraktsa) cal c
a] ca] ca] ca%ca] ca]ca] ca]ca! Q

WB63l <_xM<®} xsni @ngFpaapchycabPedfcaPcupéaFenpaspdateaNeaped)-ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal.ca]ca cg]ca ca!"zefnO(/ 7h/ 2@ xsni d_Z] ] ca] ca]
ca]ca]ca]ca]ca]ca]ca]éé]@&FEéF@&Fcé%@ Fca%@&F@hf%%Pbé?EhFEéFﬁéfﬁh]ca]ca]ca]

! . . C
rmuy5) 467 FC) xS RFASSPFEaPRafbs] APEapEaths) 1B1ek SaF8arcalasFaases cal cal o
. | F}+ Q) > i.d_Z
] on] oh] ch] o] oBf cAFCEF a1 R8) EAFCATRAT RLPLarLs) AL et SRPa PR ddrch] cal cal
ca] ca] ca] ca] ca] cg! ?9% @ =nEbX 'o?é%?%és LINEEAY %%}n%%]k%alf%&}k%alﬁ%a%@ﬁkfe@n@] caj ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] calca cafca]ca]ca cal ca] ca] ca] ca] cal ca! X;

?ELFHYXBX&asnid_€hbcah%akcahaahﬁﬁbﬁa%géhgﬁkqak%ahQ%h ad] cAalaal ca) ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cajca]caltfH:10% & () - 1094 & () -
@O% & ()- ~10% &ofre FcloUtt8abks, SHOU &16h- thR% & nbady iftcrce
increase amounts under the reduced pressure increase.
Thus, a good result cannot always be obtained.
To solve these problems, the present inventor has
25 érrived at an idea that it is effective to generate

negative pressures on the side of the outlet edge as

well as on the side of the inlet edge such that the
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inventor has studied, in order to generate the
negative pressure efficiently on the side of the
outlet edge, to connect the second surfaces of the

5 central pads 15a and 15b and the outlet side pads l6a
and 16b to form a negative pressure-generating region
surrounded by the pads (the steps of the second
surfaces) on the side of the outlet edge.

FIGS. 8A to 8C are plan views each showing the

10 alr-bearing surface of a head slider in which the
second surfaces of the central pads 15a and 15b and
the outlet side pads 16a and 16b are connected to
each other through connection regions 21a and 21b.
These head sliders will be described.

15 With the arrangement of FIG. 8A, a negative
pressure—~generating region 18 surrounded by pads can
be formed, and a comparatively high negative pressure
can be generated even on the side of the outlet edge.
The inner ends of the connection regions 2la and 21b

20 along the widthwise direction of the slider are
located on the outside to the inner ends of the second
surfaces of the central pads 15a and 15b. When air
flows from the gap between the seéond surfaces of
the central pads 15a and 15b to the gap between

25 the connection regions 2la and 21b, the air channel
widens. This also becomes a cause to generate a

negative pressure. If the areas of the connection
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reducing characteristics (a change in contact force

under a reduced pressure) tend to degrade. It has
been found that this tendency can be prevented by
5 the designs shown in FIGS. 8B and 8C. 1In FIG. 8B,

portions 22a and 22b positioned near the side edges of
the putlet side pads 16a and 16b and the connecting
regions are removed. In FIG. 8C, portions 23a and 23b
positioned near the outlet edge of the outlet side

10 pads 1l6a and 16b are removed. If the removing areas
of the portions 22a and 22b positioned near the side
edges shown in FIG. 8B are increased or the portions
23a and 23b positioned near the outlet edge shown
in FIG. 8C are removed, problems may occur. More

15 specifically, the squeeze effect may decrease, or the
roll rigidity may decrease.

The present inventor has found that, in order to
solve these problems, it is desirable to remove thg
outer end portions in the widthwise direction of the

20 slider at positions away as much as possible from the
outlet edge. More specifically, as shown in FIGS. 9A
to 9C, the second surfaces of the central pads 15a
and 15b and the outlet side pads 16a and 16b may be
bridged to each other. Portions 17a and 17b will be

25 called bridges. As shown in FIGS. 9A to 9C, the width
of each of the bridges 17a and 17b is smaller than the

width of any one of the second surfaces of the central
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5 the central pads 15a and 15b and outlet side pads 1l6a

and 16b along the widthwise direction of the slider.
The positions of the bridges 17a and 17b of
FIG. 9A are defined as normal positions (Normal).
FIG. 9B shows a case in which the positions of the
10 bridges 17a and 17b along the widthwise direction of
the slider are shifted to the outside to the normal
positions‘(Bridge—w). FIG. 9C shows a case in which
the positions of the bridges 1l7a and 17b along the
widthwise direction of the slider are shifted to the
15 inside to the normal positions (Bridge-n). Although
not shown, a case in which no bridge is formed is also
assumed (Bridge-non).
FIGS. 10A and 10B are graphs showing the results
obtained by calculating the contact forces Fc and the
20 contact force increése amounts dFc under a reduced
pressure for the above head sliders on the inner
periphery (ID), intermediate position (MD), and outer
periphery (OD) of the magnetic disc.
The influence on the contact force Fc shown in
25 FIG. 10A is as follows. With no bridge (Bridge-non),
the contact force decreases at any radial position.

The difference (outer periphery - inner periphery) in
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contact force between the outer and inner peripheries
is about -40 mgf. If this is éombined with an
arrangement in which the negative pressure on the
side of the inlet edge 1s increased as described
5 above, the contact force is excessively low, which is
inconvenient. When the bridges are shifted to the
outside along the widthwise direction of the slider
(Bridge-w), the contact force increases by about
40 mgf compared to that of the normal positions
10 (Normal). The difference (outer periphery - inner
periphery) in contact force between the outer and
inner peripheries is about 25 mgf. In this manner,
a change in contact force shown in FIG. 7A, which
occurs when only the negative pressure on the side of
15 inlet edge is increased, can be canceled.
The influence on the contact force increase
amounts dFc under the reduced pressure shown in
FIG. 10B is as follows. With no bridge (Bridge-non),
the contact force increases at any radial position.
20 In particular, on the outer periphery where the
rotating velocity of the magnetic disc is high, the
contact force increases as much as by about 20 mgf
compared to that of the normal positions (Normal).
When the bridges are shifted to the outside along the
25 widthwise direction of the slider (Bridge-w), the
contact force slightly decreases at the respective

radial positions.
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is significant to increase the negative pressure on
the side of the inlet edge as well as on the side of
the outlet edge, so as to optimize the contact force
on the magnetic head 20. For this purpose, the second

surfaces of the central pads and the outlet side pads

are preferably connected to each other.

A magnetic head assembly and magnetic recording/
reading apparatus each having an in-contact magnetic
head slider according to the embodiment of the present
invention will be described.

FIG. 11 is a perspective view of a magnetic head
assembly 50 having the in-contact magnetic head slider
10 according to the embodiment of the present
invention viewed from the disc. The actuator arm 51
has a hole with which it is mounted on a pivot in
a magnetic disc apparatus. The actuator arm 51 also
has a bobbin section for holding a driving coil (not
shown). The suspension 52 is fixed to one end of the
actuator arm 51. The in-contact magnetic head slider
10 described above is attached to the distal end of
the suspension 52. The suspension 52 has signal
write/read lead wires 53. One end of each lead wire

53 is connected to the corresponding electrode of a
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end of each lead wire 53 is connected to a correspond-

ing electrode pad 54.
FIG. 12 is a perspective view showing the
5 internal structure of a magnetic recording apparatus

fhard disc drive) in which the magnetic head assembly
shown in FIG. 11 is mounted. The magnetic disc 101 is.
mounted on the spindle 102, and rotates in response to
control signals from a driving unit controller (not

10 shown). The actuator arm 51 as shown in FIG. 11 is
mounted on the pivot 103. The actuator arm 51 is held
by ball bearings (not shown) arranged at the upper and
lower portions of the pivot 103. The actuator arm 51
supports the suspension 52 and the head slider 10 at

15 the distal end of the suspension 52. The voice coil
motor 104, which is a type of a linear motor, is
arranged at the proximal end of the actuator arm 51.
The voice coil motor 104 is constituted by a driving
coil (not shown) wound around the bobbin section of

20 the actuator arm 51 and a magnetic circuit including.
a permanent magnet and a counter yoke sandwiching the
driving coil. The actuator arm 51 can be slidably
rotated using the voice coil motor 104. When the
magnetic disc 101 rotates, the contact pad of the head

25 slider 10 is held in contact with the surface of the
magnetic disc 101. Thus, data can be recorded on or

read out from the magnetic disc 101 with the magnetic



. 109F&' () - F109F&' ()- 9109FD& ()-sOmlOova& ()-]1]]76~f AAdEVK@5u! 10 ! 109F&" () -

71098 ()- mlO%& ()- z109%& ()-,"109@& ()- L10%& ()-~ = E x aBVK@5ul
oNL0%T& ()- . 10%& ()-,1 109@& ()- ,)109@& ()-

L' 10057& ()-1#" 10%W& ()-x " aBaCaDaEalLaxnbCO5u!l Lnl0%& ()- 10T 10T 10T
9109& ()- ,8@0%& ()-L610%& ()-

Y41098°& () - La9bbcFdddwU3mb Q05! Lf #109008&~ () 31! LE#10%90& () -"! Lf #1090 ()-" !
Lf #10%92& ()-"1 Lf#10%RR& ()-"1nLf#10% ()-"de(f)f*f+f2f ffrS405! 10%G ()-
9s1O%G ()- ONLOUG ()- 10ee 10ee 10ee!, "10%e& ()- !, "TOURRE ()-

f f gg#h8hghaBr S4Gdad 10%@e (Qovd®OU®S ()s 1OUBKdd to the housing that

accommodates these members.
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1. A magnetic head structure comprising:

(a) a magnetic head operable to at least one of
(1) read from and (2) write onto a magnetic recording

5 medium upon rotation of said magnetic recording medium
relative to said magnetic head;

(b) a support member supporting said magnetic
head and having an air bearing surface positioned,
when operating said magnetic head, adjacent said

10 magnetic recording medium,

(c) said support member including:

(1) an air inlet region;

(2) an air outlet region

(3) a first pad member; and

15 . (4) a second pad member;

(d) said air bearing surface including:

(5) first and second surfaces formed on
outer surfaces of said first and second pad members
respectively;

20 (6) a third surface,
| (7} said first, second and third surfaces
located in ascending order in a height direction from
a level closest to the magnetic recording medium to
a level furthest from the magnetic recording medium;
25 (e) said first and second pad members, and said

third surface forming:

(8) a first positive pressure-generating
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second pad member and positioning same at a central
portion of said support member along a longitudinal

5 direction thereof;

(9) a first negative pressure-generating
region formed by the third surface positioned between
the air inlet region and the first positive pressure-
generating region;

10 (10) a second negative pressure-generating
region formed by the third surface positioned between
the first positive pressure-generating region and the
air outlet region;

(f) said first positive pressure-generating

15 region, said first negative pressure-generating
region, and said second negative pressure-generating
region forming a first positive pressure, a first
negative pressure and a second negative pressure
respectively upon positioning of said support member

20 adjacent said magnetic recording medium and rotating
said magnetic recording medium.

2. The magnetic structure as recited in claim 1,
wherein said first pad member includes a first part
and a second part, and said second pad member includes

25 a first part and a second part and wherein the first
positive pressure-generating region includes first and

second central pads, said first central pad formed by
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10+t part of said first pad member on said second part of
5 salid second pad member, said first and second central

pads arranged, at opposite side central portions of

sald support member along the longitudinal direction

thereof, to sandwich the third surface therebetween.

3. The magnetic structure as recited in claim 1,

10 wherein the second negative pressure-generating region
includes the third surface located immediately after
the first and second central pads.

4. The magnetic structure as recited in claim 2,
wherein said support member further includes first and

15 second outlet side pads each having the second surface
as outer surfaces thereof, said first and second
outlet side padé formed on opposite sides of the
support member along the widthwise direction thereof
adjacent the air outlet region to sandwich the third

20 surface therebetween.

5. The magnetic structure as recited in claim 4,
wherein said support member includes a first bridge
member having said second surface and connecting said
first outlet side pad with said first part of said

25 second pad member, and a second bridge member having
said second surface and connecting said second outlet

side pad with said second part of said second pad
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member.

6. The magnetic structure as recited in claim 5,
wherein a width of each of the first and second bridge
members is smaller than a width of any one of the

5 second surfaces of the first and second central pads
and first and second outlet side pads.

7. The magnetic structure as recited in claim 5,
wherein outer ends of the first and second bridge
members along the widthwise direction thereof are

10 closer to a central longitudinal axis of said support
member than outer ends of the second surfaces of the
first and second central pads.

8. The magnetic structure as recited in claim 4,
wherein the first'négative pressure-generating region

15 is arranged on a side air inlet edge of said air
inlet region and includes the third surface located
immediately after an inlet end pad having the second
surface and formed separate from the first and second
central pad members and the first and second outlet

- 20 side pads.

9. The magnetic structure as recited in claim 1,
wherein said magnetic head strgcture is a in-contact
magnetic head slider in which said magnetic head
contacts said magnetic recording medium during

25 operation thereof.

10. A magnetic head assembly comprising the

in-contact magnetic head slider as recited in cléim 9.
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and

the magnetic head assembly as recited in claim 10

5 arranged to be movable in a radial direction of the
magnetic recording medium.

12. A magnetic head structure comprising:

(a) a magnetic head operable to at least one of
(1) read from and (2)write onto a magnetic recording

10 medium upon rotation of said magnetic recording medium
relative to said magnetic head;

(b) a support member supporting said magnetic
head and having an air bearing surface positioned,
when operating said magnetic head, adjacent said

15 magnetic recording medium,
(c) said support member including:
. (1) an air inlet region;
(2) an air outlet region
(3) a first pad member having a first
20 thickness and a first surface; and
(4) a second pad member having a second
thickness and a second surface;
(5) a third surface supporting said first
and second pad members; |
25 (6) said first, second and third surfaces
located in ascending order in a height direction from

a'level closest to the magnetic recording medium to
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a level furthest from the magnetic recording medium;
(7) said second pad member having a first
central part, a first outlet side pad part and a first
bridge part connected therebetween;
5 (8) said second pad member further having
a second central part, a second outlet side pad part
and a second bridge part connected therebetween;
‘ (9) a first negative pressure-generating
region formed on said third surface adjacent said air
10 inlet région;
(10) a first positive pressure~generating
region formed substantially on said first surface; and
(11) a second negative pressure- generatlng
i : . region formed on said third surface between said first
i ‘ 15 and second bridge parts and said first and second
‘ outlet side ﬁad parts;
| (12) said first positive pressure-generating
region, said first‘negative pressure-generating
} region, and said second negative pressUre—generating
20 region forming a first positive.pressure, a first
negative pressure and a second negative pressure
respectively upon positioning of said support member
adjacent said magnetic recording medium and rotating
sald magnetic recording medium.

} 25 13. The magnetic head structure as recited in
\
i claim 12, wherein said first pad member has a first

part and a second part, said first part being
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central part of said second pad member, and said
second part being positibned at least partially
overlaying said second central part of said second pad
member.

14. The magnetic head structure as recited in
claim 13, further comprising a inlet pad member,
positioned on said third surface and having said
second thickness.

15. The magnetic head structure as recited in
claim 14, wherein a surface of said inlet pad member
is not connected to said second surface of said second
pad member.

16. The magnetic head structure as recited in
claim 15, wherein a width of each of the first and
second bridge parts is smaller than a width of any one
of the second surfaces of the first and second central
parts and first and second outlet side pad parts.

17. The magnetic head structure as recited in
claim 15, wherein outer ends of the first and second
bridge members along the widthwise direction thereof
are closer to a central longitudinal axis of said
support member than outer ends of the second surfaces
of the first and second central pads.

18. The magnetic head structure as recited in
claim 15, wherein outer ends of the first and second

bridge parts along the widthwise direction thereof are
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closer to a central longitudinal axis of said support

member than outer ends of the second surfaces of the

first and second central parts.

19. The magnetic head structure as recited in

5 claim 12, wherein said magnetic head structure is

an in-contact magnetic head slider in which said

magnetic head contacts said magnetic recording medium

during operation thereof.

20. A magnetic head assembly comprising the in-

10 contact magnetic head slider as recited in claim 19.

and

21. A magnetic recording apparatus comprising:

a magnetic recording medium mounted rotatably;

the magnetic head assembly as recited in claim 20

15 arranged to be movable in a radial direction of the

magnetic recording medium.

22. A method of supporting a magnetic head

for at least one of reading from and writing onto

a magnetic medium comprising the steps of:

20

securing the magnetic head to a support

structure, and

forming on a surface of said support structure,

first and second disjoint negative pressure-generating

regions with a positive pressure-generating region

25 therebetween, said first and second negative pressure-

generating regions and positive pressure-generating

region producing first and second negative pressure
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regions and a. positive pressure region respectively by

means of air flow between said magnetic medium and

said surface of said support structure upon rotation

of said magnetic medium and positioning said support
5 structure adjacent said magnetic medium.

23. The method as recited in claim 22, wherein
said forming step includes, for said positive
pressure-generating region forming a first member
having a first surface, said first member having

10 a first thickness, and for said negative generating
regions forming another surface from which said first
thickness is determined, said first surface closer to
said magnetic medium than said another surface.

24, The method as recited in claim 23, further

15 including forming a second member on said another
surface, said second member having a second surface,
said second member héving a smaller thickness that
said first thickness as measured from said another
surface, said second member positioned on an upstream

20 side of said first member whereby said second surface
and said first surface form a step for receiving air
flow.

25. The method as recited in claim 24, wherein
said forming of said second negative pressure-

25 generating region includes forming said second member
having a central part, an outlet pad part and a bridge

part connected therebetween, said central part, said
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26. A magnetic head support structured for
positioning a magnetic head for at least one of
5 reading from and writing onto a magneﬁic medium
utilizing air pressure with air flowing across the
support structure between the support structure and
the magnetic medium upon rotation of said magnetic
medium comprising:
10 means for producing adjacent a surface of said
support structure, a first negative pressure region;
means for producing adjacent the surface of said
support structure, a second negative pressure region;
and
15 means for producing adjacent the surface of said
support structure, a positive pressure region
positioned between the first and second negative

pressure regions.



