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prior Japanese -Patect Application No.2004-097023,

FLYI NG HEAD SLI DER AND MAGNETI C DI SK APPARATUS A
CROSS- REFERENCE "TO THE I NVENTI ON *-Thi's application is
based upon -and:c¢lai ns the benefit of priority fromthe.

filled on March 29, 2004, the entirre contents of which
are incorporated herein by reference. . f%@ﬁéﬁﬁgUND'
present invention relates to a flying head slider =~
having - a read-wite head that reads or wites data
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- s1npl 0 as t and ~a disk’is

£ iﬁ%ﬁrcﬁm&fz 929602l kneRhtie domentlo RN dre #corporated
el'ement ~ flyinhg anbunt 1 ndicating the space between a
hevRad- Woi terdeathand 20 the disk surface and a nininmum
flying” anmount indicating a mninmum .space between the
slider and the disk, and the two types of anbunts are
appropriately used for indicating a nagnetic property

. BA@RGROUNDESH AIHE alNvieNepent y, respectively. Note that

the slider commonly flies with respect to the disk in

~1.tlreEsbade THE hawEng1eNpi tch angle

The present invention relates to a flying head slider having

a read-write head that reads or writes data from/into a rotating

recordingmedia such as amagnetic disk, and amagnetic disk apparatus

equipped with the flying head slider.

‘2. DESCRIPTION OF THE RELATED ART

.Inmagnetic disk apparaﬁises’ ,a pI-IYSi(’._!.al épace between a f1ying
head slider (hereinaftet simply referred to as the “slider”) and
a disk is représented generally by two types of amounts: an element
flying amount indicating thé space between a read-write head and
the disk surface and a minimum flyihg ‘amount indicating a mini.mum
space between the slider and the disk, and the two types of amounts
are appropriately .used for indicating a magnetic property and a
mechanical property, respecfively. Note that the slider commonly
flies with respect to the disk in the si;ai:e of having a pitch angle.

and a roll angle, thereby the element flyirig amount and the minimum

flying amount are different in general.

In order to assure mechanical reliability (that is mainly

 to avoid a problem caused by a contact of a head with the disk) in




" 25.and a rol I’ angl e, thereby the el ement f1ying amunt

wahd'the- m ni mum flying anbunt are. dlfferent in
' general I n.order.-to assure nechanlcal rellab|I|ty

| " (that is mai nly to avoid a pPobl em caused by -a cont act

“of a head with the .disk) in the nagnetlc disk
it shoul d be. ensured
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e consi st- extent 1 n designing

tPRd tﬁemgﬂsts%e%dmnbfa{aﬂal&%emaa&e RE&HE Whe reduction’
i ngenui ties to suppress the flying. amount reducti on.

inTBBe 31 By daRGitPe6 shadlQrihd Prbssereicedhbend ldkiaf@icteristic
amount = are all inportant for ensuring the reliability

 iPindRENAEd EoHRCGESH UtheEMbE ehesb GRSl s SIRAAMA b considered

magneti ¢ di Sk apparatuses are 15 increasi ngly nounted

tooBhawillesdeyitat andesdohdhgandnanudadghying Nso that there
consideration of such a circunstance under which the

o 'ham@glneém mangt Higeapiaies usesuppresy ithiez€ldy iny amment reduction.

.15

20

. 25

ingresmpad

various environments nore than before, the inprovenent
‘i n t heherassw-desedibed gf attanrac ttérits reduce vithiec H liydngnamount
eval uation indicator of reliability, can be said to be
arz0a} hémpostanortemsurfiagtide rahiahprlddy e magietinyecording
characteristic, that is, the reduction in the mininum
defiigeng hﬁﬁaﬁerun@%}eﬂw | BROpeLLs sl ANPAFARERES are
caused by a reduction in_the flying power generation '
Xﬁdnoweal %a@@tlulerfie‘fﬂ-%%%w@r éogehsi ﬁycordlnglyr
under .the | ow pressure

" in consideration of such a circumstance under wh:.ch the magnetlc

disk apparatuses are utilized inmore various environments more than

before, the improvement in the pressure reducing characteristic,

which is an evaluation indicator of reliability, can be said to be

the most important factor.

. The pressure reducing-characteristic, that is; the reduction
in the minimum flying'amount under the low prees_ure enviroement_, |
is caused by a r_eductidn in the fiying power generation accompanied
by a reductj.on in atmoephere deﬁsity ‘under ‘the low preesufe -

environment. Under the low pressure environment, the air density

is redﬁced, so that the pfes_sur_e allowing'_the slider to fly is reduced

in the case of the same flying posture and space as of the normal

'pressure. : Acco_rdingly ,'_'in_ '6_]_:der to balance a load and the flying
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25 envi ronnent . Under the Iomzpressure enV|ronnent

‘the air denS|ty is' reduced, so that the pressure: _
'aIIOMAng the slider to fly is reduced in the case of -
~the sane flylng post ure .and. Space as of the normal . °

.. pressure.. Accordlngly, in order to bal ance a |oad and f

the flé power., . -the. flylng post.ure and the fl
H%EOFBUJ?%W tge
ing power as of ‘the normpl pressure - cap
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reduct.jon,of thHe pressure redug act ri-stic_is
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I 'V€ pressure a trarfing
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the trail pad is [imted in view of e pad area

réd%@%ﬁbh@ A RN ¢ NIRF Siddrtt 2nek pOSitiva pAdd e DOLAE @railing

| oad reduction for nalnta|n|ng a shock resistance.

pdedanhbkesaby € arRley swBlAahaRTdi hdieeddal NGop@rdt)r et the same
pitch angle and roll angle) and the flying space of

tines Shedelzdlrdduetibiiof @hd BEigees sHidvs adpeodadss | o that
is possible to inprove the pressure reducing

thEhavadterespresrgpdsckreuseyataliengrad@ing padiis limited in

~fluctuations. . The reason will be described bel ow. 20
vilew of , thes daat arbe reddictaog elohyetheerdthi andlthsd ilderitation
~equi pped with the read-wite elenent at the |latera

. orc éfee L obleredfic stmwsiaxo mafinget o ang on strpqlhe:e@neﬁtence-

flying anount when the roll angle becones | arge,
whi eMe«h@ﬂhn]rﬁrnthCﬂJOﬁﬁﬂ;g vaarmmngshmlmn@mmwﬁ (the pltch_

angle and roll angle) and the flying space of the sllder at the time

of the pressure reduction, it is possible to improve the pressure

| reducing characteristic by positively making use of their

fluctuations. The reason will be described below.

First, as for the roll angle, the conventional slider equipped

with the read-write element at the lateral center thereof shows no
| "_fluctliation in the element flying amount when the roll angle becomes

'large, while the minimum flying amount shows a reduction.

o Accordingly, it is required for improving the pressure reducing

25

" Next, as for the pitch angle, generally, a leading pad and

Ij:hé trailing'pad have different flying amounts from each other, and

. the leading pad has a larger flying amount reduction at the time

of the pressure reduction, in other words, a reduction in the pitch

thy iag grce ide £a cgfgﬁ:@ lower .
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”jAccordithy, it is‘reqUiréd'fbr |nprOV|ng ‘the pressure;
‘reduci ng Next, .as for the pitch angle, generally, a = : . -
-l eadi ng- pad . and the trailing pad have di fferent flying. -~

" amounts from each ot her, and4the |eadi hg-pad has a .
- -larger flying anount - reductlon at the tine of the -

pressure reduction, in other. words, a reductionin.the’

- angilechs abRRetiablindhi 1ol O thEFat on HOWENET o when the Pltch__

- However, ‘when the pitch angle is reduced,. then thé.

such.that t

ackinarse %gfe?%ﬁa;sih%%%%E%%ﬁ%ﬁ%%E‘%en%erié’vgﬁ?e{%aémg pad and
_'thfer'Qﬁmﬁnﬂgpg‘%&?%8@%”62%?99?%%“582.f?é}'%‘gﬁp#elé?%?e s around
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d- open |cat|on No. 02- 163815 (Paragrap
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pressure reducing characteristic, it is inportant to
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the pressure reduction, and it is therefore necessary
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pressure between the |eading pad and .the trailing
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pads preferably have | arger areas and are arranged
angt sbh€oath) putfl ow edge side, the design constraints
as wll be described bel ow shoul d be considered to
“t he A8 Hestrihednbove rmtqr@mqumpﬂ:p@ﬁaihmpgawmee reducmg
pressure sl ider has a negative -

-characteristic, it is important to make use of the pltch angle

reduction at the time of the pressure reduction, and it is therefore
neceSsarytoarrangethesidepadsgeneratinglargerpositivepressure
between the leading pad and the trailing pad. It should be note
that, although the side pads preferably have la.rger: areas and aré
arranged at the air outflow edge side, the design constraints és
will be described below should be cons idered to the fullest éxtent.
First, a conventional negative pres_sure_siider has a negative
pressure cavity surrounded.by'thé 1eading'pad.and'the side pads for
the purpose of .effectively generating negative bressure, and the
total amount of the negative'pressure genei‘ated hei‘e' is determi_ned '
substantiallybythecavitydépthandtheareaofthénégatiﬁepreséﬁre

cavity. Accordingly, in order to generate larger negative pressure




.pressure caV|ty surrounded by the Ieadlng pad and’ the

7 side pads for 25 the purpose of - effectively generatl ng
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:_negatlve pressure, and the. total ~amount of the
‘negative -pressure generated Here is: deternined -

B substantlally by the. cavity depth and the area. of the

ative pressure:cavi té ‘Accor di n in order.to
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reduci.n

it red t
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positive pre

S IHDOSSI to i ease e si'de pads

i r
th@l Eot Add d: ege?or %&@F}Q@Sgﬁﬁé 68 J?Q%@Erécptgrﬁé' q%n@rated at

necessa eadl ng pad urt hernore,” when

thehesd g PAHS  HR KA BPAt At ithes ain Fo@HEBiQ‘%&Qﬂ@rease the
si de exceSsively, the space ‘between the air outfl ow

Slaeq]e.dy‘ towd¥ shé@ iRath Al & NGe Aok 15814é AeGrEBGEHBS to ensure
- so that the side pad contacts with the disk

a peEbBsEry nafdie feasenef 18adasgisent al fluctuation in

the flying anmount or the flylng posture of the slider,
| eading-thermove) whea thel s iald padyaoé akbeangepat ahesair outflow
Accordingly, the arrangenent of the side pads at the

edaer s bt fd:amesadgelgi, delse | spades belivaeh ethe Annngutithewsedge of
since the si.de pads are arranged at both the |atera

‘thendidefpachand| thlerdiskheusidee jamtomesndmadl cont abat £De side

with the disk surface when the roll angle is

" radncppbsets wishidder dihsl sbvlace tine thiedeapadet an acc1dental, .

preferably generate larger positive pressure .as much

.‘flaetp@‘ssmb e GhevfExnotg apeupt essicet ke pagture of the sllder.

characteristic, however, in viewof the .

 1eaBd0e- BedeTiBehPhFebLafsl (Y Of the apparatus. Accordingly,

the arrangement of the side pads at the air outflow edge s:l_des is

also limited. Among others, since the side pads are arranged at

- both the lateral ends of the slider, the side pads tend to contact

with the disk surface when the roll angle is increased.
As described above, the side pads preferably generate larger

positive pressure as much as possible inviewof the pressure reducing

 characteristic, however, in viewof the above-described three design

constraints, it is impossible to increase the positive pressure

generation by the increase of the area. Accordingly, the positive

pressure generation increase per unit area (hereinafter referred

to as the “positive pressure generation efficiency”) is necessary.

' Thus, with the introduction of the side pad exhibiting higher

pﬁérpﬁiﬁeB%%%tas well_ |
'ast Fgeh%ei’%g?g{:ﬁ%%%' tll"%egggé}%% ﬁtge%%glitfe}fl\gugessure cav:Lty_:_...
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constraints, it is |np053|ble to increase the p05|t|ve B

' pressure 25 generatl on. by the increase: of the .area.

Accordingly, the positive pressure generation increase o

'-,per unit ‘area (hereinafter réferred to as the

p03|t|ve pressure generation eff|C|ency")
necessary, Thus;: W th the i .ntroduction:of the si de

: efég%ﬁlﬁinfzynjgn HPBREATERY |Pﬂséﬁéyelﬁ¥%§ﬁé'ﬁatfrl?f°grﬁéélrl‘c? t caused
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a i, U.n;qaﬁg 21 60 0 pb0E1 6} TN Ll 00 ARG ion of

["fea foverren i-abi

t e rgg&aeﬁsyslw SfBhe, M ALcle chgde faflde RS anount,

pressure even I n sma area, so.t

St 4t 4 1y A 00 e g,
- x 0. 8fopededd $uoH k- s RMVARE (A J4 15 4N %Mglged'ﬁkessure even

consideration of such cifcunstances, an object of t he

inla %&fﬁ@réawﬁattm it tQ fo’é!d:tjﬁr@iyf h¥eRdrbead siider of a
- slider capable of inproving a pressure reducing

snal362Cs £ Shulch Q5 aSlf'eQ\%stP:Ydéf'REﬁ‘d‘tﬁgx 1“@°nfc_;‘t‘l"1' Qr}?é’ldki’t =0.7
posi tive pressure generation of -a side pad,” and :

'xrmagge;(lg #8 SfpApRar at us. 1 n order to bring a sol utlon

to the above- descrlbed problems, 20 a flying head
sli.der according to one enbodi ment of the present
_invention conprises a pair of positive pressure

SWaOF MR AFNVENTTON

.In consideration of such c1rcumstances, an object of the

'p:resent J_nventlon_ is to 'prQVJ_de a flylng head sllderjcapable of

improving a pressure reducing characteristic of sliders rby hﬁproviﬁg
efficiency in positive pressure generation of a side pad, and a
magnetic disk apparatus.

In order to bring a solution to the above-described problems,

a flying head slider according to one embodiment of the present

~ invention comprises a pair of positive pressure generating parts

each having three or more types of surfaces thet are substantially
in parallel with a surface facing a disk and have different heights /
the pair of positive preesure generating parts being_arranged s_o_.
as to s.andwich- a deep portion of a negative pressure generating part

in the direction orthogonal to an airflow direction.

BRIEF DESCRIPTION OF THE DRAWINGS
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each havr ng three of.-nor e types of surfaces that are
“substantially. in parallel with a surface facing a -

Cdisk and have different heights, ‘the pair of posit ive- o
‘pressure -generating parts bei’ng arranged so 25 .as to:
~sandwi ch. a deep portion of a negatlve pressure

: -generatl ng:part ‘in the. direction grthogonal to an'” - | L
-~ al rfl%_W"d fécd PSHSPe‘B'F?}‘EFVBE‘SeRPF’WW WWW@N ﬂ@aratus\_; -

i a perspective. view show ng.a magnetic: '
2 p 5 § o Cﬁgidﬂ‘gs 8&%‘?98 odJ_ment of‘_-,-

accordlng t 0 one, enbodi nent. of the present i nvention.
A"PPETRew showing a head g| nmbal “assenbl y

R zalspar@arrst eSS BB YR gy proviaea
sI Ay e{“ﬁﬁ‘é Jﬁk(a er_ﬂ%%%l vle MEW ¢ shovm ng the flying '

'S a p an V|ewof an Air Bearing

Surf%ﬁ%l of3 tllge fbék%&eﬁﬂe i e%th{:ﬂlﬂg% tA]Iy n:ng%EﬁgASllder. |

and re views ng a ca ron“res

e ez Ctb Hortdh BIERERFAORStBEekEY .

res Ul p1®f 4195 th ﬁe&@?é@tﬂ@é‘ Qarl%hegh&hx? 48 ePRPSi SR HRad slider

conposed of three steps . 8A and 8B are€e views

 actBeWing fo (N WndAReh@SHE tRé pAdiRrfto rl%%eﬁﬁ ﬂSﬁ at ed

at side pads each conposed of four steps. 9A
and 9Br@r e M V1 SRt £ a6l St Bahi- Py @ﬁlﬂatceoéfttme flying
~force generated when a second-step side pad region is
he@dr 6laliéy iROrm3ur rqunded by a region of a surface
~being not subject to a mlling. A FIGS. 10A and 10B are
vi ewsF sdmwicag aadCcab cattatv ievs ehokingfa calculation result of

- the force ge‘nerated at side pads each c'omposed of two steps.

FIGs. 7A and 7B are views showing a calculation result of
the -f:_o"ree gen_e'ra't_:.'ec_l'; at rsi'de' pads: each' -ccmpqse"ci of three ‘step's.'
" FIGs. “8A- and éB_:are views Showing a calculation result of
the force generated' at eide pads each composed of four steps.
 FIGs. 9A and 9t3 are views sht)wing a calculation result of

the force generated when a second-step side pad region is partially

-.surrounded by a rng.on of a surface being not subject to amilling.

FIGs. 10A and 10B are views showing a calculation result of

| the force generated when the s'econd-step side pad region is partially

surrounded by the regionof the surfacebeingnot subject toamilling,

~and also a third-step side pad region is partially surrounded by

the second-step side pad region.
FIG. 11 is a plan view showing an example in which skirts

are-provided at air outflow edges of the side pads as extensions

- as an ap_pl—ication of ‘a cavity composed of plural steps.
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the force generated mhen the second step si de pad

. region-i's partially surrounded by the region of. the_
“surface bei ng not - subj:ect to a mlling, and al so a

“third- step side pad- region i8 partially surrounded by -
25 the second-step side. pad region. FIG 11 is .a plan-
vicew showi ng an exanple in which skirts:are- provi ded

atai FISut £ 6w’ JFingan et%plgfaaewaécléﬁoeﬁetéﬁePgessure' S

I"i-cati on osed of I ur al.

T v
| a§ Rk 2 Paowgafiatg%vha FEeh Zauisyi 3 iR éh aprlication of

ative ress re_d |s prowded at a negative
Cﬁﬂﬂf §2 BeS ?l[: e"?ucr " a cavity conposed of .

plur ef f ect. of

P’ nEtdt e %raeg%u%%ﬂOEeiiav'%neﬁEff*“ﬁ%t SLiEe S bressure

agROSEALE, BTBUN 5 Ol PRSIJE RESSSHNG: BiShod e Brecoure.

ew show ng an e € negati ve pr sure

Z0ne g F'lg* El% gﬁe&r@%&ﬁ Q{%%%f%ré%“é‘f ect&?ﬁixy{gressure

pressure IS a vie oW ng an €

- dR08bh¥ e PFEES U £ e 2R ratell! Sodik % 1&% %%Jéxlre; \J/:gssur.e.

respective center positions of generating _
- and nﬁf@.t,'l‘ﬁelﬁ’_rae%§éﬁesﬁmwmg an effect of the negative pressure

dead zone in FIG; 12 on the respective center positions of gerterating
positive atld negative pressures. |

FIG. 16 is a view showing a relation between the cavity depth
of the negative pressure dead zone and the pressure reducing
charactéristic. | |

FIG. 17 isa plan view showing an example in Wl_tioh_tail cavities
at"e prov-i.ded ‘at air outflow ed_ge sides of t:-h_efs‘ide.' pads 32 as an
app'lication 'of. a cavit:y. cotnposed of plural steps. | o

FIG. 18 is a sectional" view of a part of the tail cavity.

FIG. 19 is a view showing an effect of the tail cavity on
the generated force of the side pads and a trailing pad.

| FIG. 20 is a view showing the mask region of a first milling

process for providing a millincj surfaoe  which is to be :subjec_t to
a mllllng, with plural steps.

FIG. 21 is a view ShOWlng the mask region of a second milling
process for providing the mJ.ll:Lng surface with plural steps.

FIG. 22 is a view showing the mask region of a third milling
process for prOVJ_dlng the milling surface Wlth plural. steps.

FIG. 23 shows a view show.t.ng the cavity depths obta:.nable

through the three milling steps.




10

20

.25

FIG 16|saV|ewshovv|ngareIat|on betweenthe .
caV|ty depth. of the negative pressure dead zone and
~the pressure. reducing - characteristic. FIG 17 is a-
‘pl an vi ew showi ng an exanpledin which tail cavities
15 are- provided at _air outflow edge SI des of .the si.de"
pads 32 as an ‘application of a cavit onposed of

plur AIGR-epSA ARG 248 axe yicwst fonal MSéwa&flna aam@S%frule- -

the tail cavity. FIG.19.i's a view show ng an effect _
of tHEIGai2P dBva tWiesh i1l pniaisa the ﬂa%@ dripgdpdegef the
pads andatrapllng pad. 20 FIG" 20 is a view show ng - -

'flﬁ’ﬁégnﬁ§ﬂ r%]glrQﬁF'of a first mlling process for.

provideing a nmilling surface, which is to be subj.'éct
toamlling, with plural steps. FIG 21 is a view

e RRER RN ot 'ﬁ»ﬁ%ﬁ@ﬁﬁﬁﬁ?‘aii‘:&“?hmpl ool Stepe

nlﬁ.fﬁzréplﬁleifcé'g?#‘i e dortte o aehtf) il PrgPehic vention

withlhe Bt {LH edf Gthé AR, RN Srinciple

cavi alnalet roug rée ni

ofsaeff%:t.n% E#ééEgnhgllzﬁ BeAl8sul-e¥sa fi ¥t H lﬂe'fé?cfﬁﬁcéneo FIG.

s a vi eW| ustr at
fl
25 SR o%%ﬁi%ilé‘*w%%ﬂﬁé* %2??2?19%%8%35 flying
hedBdg1 §@e£nbody the present |nvent| on w || be described
based on the drawi ngs. First, a flying principle of a
flyi ng BRaEn Shiges. w5l la Py 1k ﬁéh@@#il‘&ekh(tﬂéifeﬁh%&%%rt@mply
FIG 25. FIG 25 is a viewillustrating the flying
refieirped i aef thde shliveng) 1) beag rlgn@@lic disk apparatus flies

constantly and stably with the help of a surface that faces a disk

: and has ‘patterns of different depths formed thereon (hereinafter

referred to as the ”ABS”) by Wthh a flylng force generated between

a disk surface D and the surface of the slider S1 facing the disk,

and a 1oad W that a suspen51on applles to the slider S1 is balanced.

Currently, the minimum space between the disk and the slider is a
very small amount being ten and several nm.
Generally;. the ABS of the sliders includes four positive

pressure generating parts, namely a leading pad, two side pads, and

"atrailingpad, and inorder to generate positive pressure effectively -

_:there , a positive pressure step having a cavity depth different from

those of the positive presSure generating parts is arranged at each

- of the air inflow edge sides of the respective pads. Further, for

the purpose of nnprov:.ng a flying amount ‘reduction at a pressure

| reductlon, dependency of the flylng -amount on perlpheral velocity

and radlal p051t10n, and shock reSJ.stance, the slider of this type
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e As shown in FIG 25, a' ‘flying head sl i der- (hereinafter

sinply “referied to as the "slider") Sl of a magnetic
di sk’ apparatus flies constantly and stably with the
hel.p' of & surface that faceslt disk  and has patterns
7_of dlfferent depths fornmed thereon (hereinafter 15
‘referred to as the "ABS") l§%wahlch a flyi force

the slider S1 facging the dis and- a J.oad Wt hat
g Pti?é? gol% ﬁErE‘P?ﬁ%P %ﬁg?%lvc?ap’éﬁ%%‘are 9eneratln9 o
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pad,. ﬁl‘{‘&tférdetﬂé‘%%es%% A]S)Stlrsaﬁf{p*‘rﬁg? q.lnga%]ﬁyho@.o?ﬂgﬁggraphy

to generate pOSItIVG pressure e

| @O%hg' UE PLP RGeS %ﬁﬂl@ﬁvisp%l%oc@giEde‘erﬂﬂl ngd%;)%HL.n) of

ositive pressure generatin

| tHeSr A espegatﬁr@sPe Fraghof Beraitie 10440t BA9E thederie pads,

ive pads for the purpose of

arfd'@{é%’i‘éﬂﬁlg ad bR 'é@.%lcbtd Bﬁn]afoﬁtﬂé $§§ﬂ'f:§ve pressure

reduction ependency of the flying "anount

st Bhar app¥&t Ofddan QB@OT?%?| FPOSiHd %ga%a@esaaekty
reS|stance t he sllgér his type is comonly a
negatsmssdfiRHTUNG &l malpietdict iMelky apbhthzh Rqiagdeidveith the
pressure, 1n which there is arranged a negative

fi1priagsHead geNidat iatgorgdhly cal brd embwriiaidnte ofavhéypresent
having a cavity depth deeper than those of the

ingeareonnii Dhebgad i ba ¥ by phe Shgor ibkedpwi tFurd fvrenceheo FIGs.

. present ABS is forned using a photolithography and the

1 cavidty EiEht s ibwhi perspect soe cdleweghowiihgi tige deggresd i disk
of the respective parts are 0 (zero) for the leading -

appagdattheegutppgrhasith ahe Chyingahddchglyalgr according to one
appr.ooxi mately 100 [nn] . for the positive pressure step,

' ‘.en@@dmpptcmf rReepYessT0 1pﬁﬁ]1tmn, tHHE - nég?eﬁ avelamwiiey, Showmg |

a head gimbal assembly prOVJ.ded in the magnetlc disk apparatus, and
FIG. 3 is a perspective view shOWJ_ng the flying head slider supported
on the tip portion of the head gimbal assembly.

As shown in FIG. 1, in a magnetic disk apparatus 1 includes
a case 2 of a rectahgular-box shape with an opened upper surface
and a top cover (not shown) which is, as an example, screwed shut
to the case 2 s0 as to cover the. case 2. In the ca'se 2, for example,
there are disPOSéd two pieces of disks (platters) 3 being storage
media of a disk shape, a spindle motor 4 as a disk drive mechanism
supporting and rotating the disks 3, and a head actﬁator 25. Here,

as the disk 3, a platter of a diameter of 65 mm (2.5 inch) having

magnetic recording layers onboththesidethereof is employed. These -

disks 3 are fitted to the outer periphery of a hub (not shown) of _

ises @%%Yh%%sm%nsﬁame |




10'Su'_bsequen'tl'y, a magnetl C- d| sk apparat us equi pped s
- with-the flying head slider accordlngto one '
enbodi:nent. of 't he ‘present - i-nvention vv| I'l. speci fi cal I y

- be described with reference tho FIGS. 1'to 3. FIG 1

i s-a perspective view show ng the. magnetic di sk
appar at us equi pped with the flying head slider

E theceRtri iRymetob e ars! R FISReTRCWIEG ﬁ%eliﬁtég@h’gh a clamp sprlng
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|nvent|on FIG 2 s a plan view.show.n

'Ugu ERICISTSHBTYS prid B68 PIFdGR Oﬁaﬁh@ﬁ% Hpgﬂte %n a unified

par a er spectjve vjew showi ng

I“at”"l’i‘@rf l"’%’?ﬁg h%a%P%I}%]tﬁ-’ei‘“°§8§pgr terebatsd -ti p portl on
of the h

nagnefF?%‘iﬁ%gE' %}3@}%& f?gﬂinheﬁaaeas WAl Codicilyta by a

 mOTRORL O gt 2RSS AR AL R Bupeorting

thlse(r:]cra%e:}é%dagzesr:g;}.%atr%t&@&bf@ﬁl?ngef‘ 0 ﬁﬁﬁ at\Po ey 1ltntl10etaﬁ$§ gcguat ing

re are di-spose

ol 858500 S ol alh o). 1301308, TEAA R 1y

a spin as a drive

sﬂé%%ﬁégbﬁ@o I%R*ﬁl 54 A i Extea d‘flgg. ghféa@' SKSieb 5 é?gipped -

actuator 25, Here, as 't a platter o

" wikndhaABL 1 nfafgn@%lg;gc(l% 51eheht ) Vi Ger FBIRETA Srite/read of

recordi ng | ayers both the S|de théreof iIs enployed.

sﬂj‘iﬁ%&@ dhekfout #emfild edska §heuRiUhetawers pbefne Qf:l.paportlon |
hub (not shown) of the splndle notor 4, and are al so

thegeuie hidgh er MWehpperel hémus@en&lonlzm &t k@e tip portion
words, the two pieces of disks 3 rotate in a unified
cheaaner, when the spindl e notor 4 is activated. The head
actuator 25 includes a carriage 6 configured by a
mul t i Tleybeaindwait B sugssetdilg eise dbrai duped imgludéstaﬂzéaring
"supporting the carriage 6 in a rotatable nmanner, and a -
shaditce3 coirftimalldy Stactineg ongthddotdon wykl ©f. tleae:dmd, and
- ginbal assenbly 15 is configured by a suspensi on 20

a habi hyj o aatydindeinslosddpel yuppotient byl therbeuring shaft 13

equi pped with a head (nagnetic pole elenment) that
inpanfofiahabiepanngs ¥ad apaly ef Heardnoat o/The: veiemaotid motor
di sks 3, and a tab 23 at the tip portion thereof, and
8 aRchndey asﬁrebgetcrcwgl lesecFrhdicon SUPRArting tfr@me 16 of the

ortion
ba%e end portlon of the head actuator 25, a pair of yokes 18 secured

on the case 2 so as to sandwich the voice coil 17, and a magnet 19
secured to one of the pair of yokes 18.

Further, in the case 2, there are accommodated a ramp 9 to

hold a head at a predetermined retreat position being distant from

-~ the disks 3 by sliding across the tab 23 when the flying head slider

5 ismoved tothe outer periphery pe_rt ionof thedisks3 , and a substrate

‘unit 10 onwhich a head driver IC or the like ismounted. Furthermore,

on the rear _side__ of the parts accommodating portion of the case 2,
a printed circuit board (not shown), on which the spindle motor 4,

the voice coil motor '8_, and a CPU for controlling the head, a memory,




'.théréof"‘The'béériﬁg'unif'12'Suppoftihg the carriage 6

~ includes a bearing ~shaft 13 vertlcally standing on -

‘the bottomwal | of the case 2, -and 15 a hub. 14 of a :
cylirndrical shape support.ed hy the: bearlng shaft 13in
~-a rotatable manner -via a pair of bearlngs The voice

' _ ,:'COIl nmotor 8 includes a voice coil 17 secured to a :
e BQBp%ﬂftﬁrﬁélﬁrar@dletbﬁr t%cuﬁé@ea@é}mﬁ@‘r:?@orisoﬁl‘tiﬁ%d V?a the_ o

head actuator 25, a pair:-of. yokes 18 secured . on the

| subsEEaresENAS b BARIACER" FEaUB] 8% fézfm liqe and a
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15

magnet 19 20 secured to one of the of yokes 1 |
Furt HRYRS §aIGYd Ve ok e Hlesqrdpd Igpcvi éa%ag?Edf%r rtéw—psllder

|d a head,at t erni ned retreat. positi

5 Dehy B0 hAead P%fep%ﬁed @rﬁ§er§f R aePosF ire & 18
: d
pesRRer e i s BOrE o1 e ey Prhufaid & b view

str 25 unit 10 on whi ch a ‘head driver 1C or the
Oﬁﬂﬁ%. gﬁ bunt ed. FurthernDre on the rear side of the .
parts f S ' .
ot A A LBt S o 24 s

s'iJE éi%tqglg]r QPEQ r meigt rgcl et lBg n%&g?t%go{:évé 3 de pads

Sof
20' @@u' 5ﬁda£el g%%ad' 3f Itﬁa%cil wrathBge ug&;?ﬂﬁ}& #J:’Bésure

10 by a screw cl or the I'ike. Subseq ly,

| geR3akERG I parvd s b.‘%n%b%%a arbgi pout{1e Ry I3 rB8LoRA having

of the present I nven FIG 4 is a "perspecCtive

dl\f‘f@\ﬁeﬁﬁ QM Gy Bépﬁﬂxé R Bhe PUIpPokE o impravRhgrei J.QS/’.Zency in

of the sanme.  As shown in these draw ngs, the ABS
pdsﬁﬁhuaeprégguréxgﬁdéfae1§hessure generating parts,
nanely a trailing pad 31, tw side pads 32, 32, and a
| eadi merpasedE idaacly, ahetihresa ipgyiad Meipeagsoyei dfatrailing
generating parts is conposed of a plurality of regions '

padaveqigprd 81 & erfeatf icati 4tyeplephhishfier fotmedbyposardhce to which

i mprovi ng efficiency in positive pressure generation.

- 'no milli 1ng is perfomed throughout the sllder manufacturing process

S (non—mllllng surface) orthe lJ_ke andatralllng pad region (positive
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'pressure step) 31b of a second step, which is arranged on the air

inflow edge side of the trailing pad region 3la of the first step

with its surface being situated at a position lower than the trailing

pad region 3la of the first step.

The side pad 32 is composed of a side pad region 32a of the

first step formed by a non-milling surface or the like, a side pad

region (first positive pressure step) 32b of the second step arranged

on the air inflow edge side of the side pad region 32a of the first
step with its surface being situated at a position lowér than the
side pad region 32a of the first step, and a side pad region (second
positiire preséure step) 32c of a third stép arranged oh the further

air inflow edge side of the side pad region 32b of the second step




Mor e speC|f|caIIy, the tralllng pad 31 i s conposed of

“a trailing 'pad-region’ 3la of a flrst step, which i's
formed by a surface to which 15 no milling is " @ =
performed throughout the slitfer manufacturing process
(non-mlling surf ace) or the like, and a trailing: pad
region (positive. pressure step) 31lb of a second ste

kg e %maﬁqfaen&@ananswe%ﬁdr at| 4R e0deS 5L ib Jcﬂweﬁqémth a
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A AR 8218, AR LISl SLER PR Lhona step.

Sl de PA8 ]@ia%l@%ﬂfséaﬁ%% i 3%8385%% cﬁ%a Teafe ffaci“e;@gwn 3a

of B L3 BN P! PR B AP BB 08, ana
32 '

i neﬁlr\}\? gadoxfeglg)% 3 C dthc'é e %%%%Egg W%eaﬂ)%%ssure step)

.a]_Ifa %‘}Teld 4R e eglyh%r{r;f]tcho: y%]?ﬁfe Bel fige S.L'e%%ﬂ'i‘xgdpéc% rRgion 3la

on' | ower e pad-region

of fﬁétflﬁs%%teg’ﬂ]s ?esﬁff%, Q1Y & PEEAh aE%Sbééi’telon lower .

pressure ste step arranged on"the

| tHadl REM 1088 nd “ﬁécp"fé‘éﬂ% 3 decpf tidier Sigde spag.region

32b of the second step with its surface being situated

at a pEstHdONthbl Fégl O urtduhled 2Yk:)t"i:\l'llet ¥rdePifg pad 31, the
deeper) than the side pad region 3 of the second =~ -

i 8Rde Thaid eadig pad @& 1826009 esRU38fiAal peghnreppdessure
region 31la of the first step formed by a non-mlling
getidrbaGagopatieallika, a aRgataveeadiing padvitdgies siitfarfe being
~the second step (positive pressure step) arranged on .
atl e pakhtisi | owildddewardehah (wicH eadangtpadepidyideep@tathan)
-of the first step with its surface being situated at a
tiposiurifanes onerthdabdves-rleadbngd peespeagiiore pbd vkgioes.
first step. Further, the region surrounded by the
trai | Swigsquaoerdly ,t Itiescmptm stidd pedgisen gor whel the
| eadi ng pad 33 i's a negative pressure. generating part

chaglacserashsgatal sheasidy mulawsh 32 Saghy péc@hbehﬂ@ composed_ S

of a plurality of steps as described above.

FIGs. 6A and 6B, 7A ‘and 7B, and 8A and 8B show calculatiqn
results of the generated forc:es by various types of side pads ,' in.
whi'ch the side pad regions 32b, 32C,....- of the second step -and
thereafter are changed in view of-th-e eavity depth and the position.
of step, respectively. | |

The side pads used in the calculation have a size of 120 [um]
x 400 [um] (120 [pm] x400 [pm})m.th its air inflow edge being s:.tuated

at 265 [um] (265 [um]) from a leadlng edge of a sllder of a femto

size with a negatlve pressure c_avz.ty having a cav:Lty. depth of_ i. _5

[um] (1;5 [pm] or 1.5 X 1.0'5, the same is applicable hereinbelow) |

from the non-miliing s_ﬁ'rface.' Note that peripheral velocity and

skew angle are defined to"_be 8.8 [m/s] and 0 (zero) ['deg_], being




"at a p03|t|on stlll Iomer than (mnth a caV|ty depth

deeper than) the- surfaces of the above-nentioned c
respective pad regions. Subsequently, description wil I

|  be gi.ven. for the 15 charactetdstics of the side’ pads

32, 32 each of - whi ch i's conposed of ‘a’ pIuraI|ty of -
steps as descri bed above. FlGs. 6A and. 6B, 7A and 7B

. -'tfsﬁ]aeanlaﬁtaerg@ SiesuABal BRI A ter BekiRhewst poRBion of the HDD .-

. d%%chg/ tgebe iark ptlft@hpeeghe ot

:aﬁnerated forces by wvarious types of sjde pads, in - L
200 FrR afidye - Baﬁn%g:r&#@eg%veém and tBP #hﬁél%%@é’ﬁaure is
step and 20 thereafter are chan]g_:fed i'n view of the

0 dpgpd]r e5poliv vady) and a

R h Hgﬁﬂf'ﬁﬁ ggds Ufid %ﬁﬁfFal U|?%%%$:have a s%§$Fo% the

- 100

20

.25

'lttﬁ%ﬂ%?ﬁsh%r%gabﬁte%é Bt o5 Gi9 2P B 120 aiphasd 225 non.

et P TSR LM S R B e

..alles Eﬂlehcc%g'[f ﬂ&ﬁrat ' nﬂgﬁ lf s'iﬁ%aggg dxllé @learr?tﬁd force

sur ace perip era el ocrty an
‘ﬁg;a q§f| ,to be 8.8 [ms] and O (zero) [deg], belng
e req ments for an internediate periphery portion

Of thﬁté@%‘ﬁ afid08s rsﬂmwaﬁdcglétiaﬂﬂlbn eSAeELS¥ &Nk g@Rdrated
the flying posture is defined. to be at a pitch ang

'fdtfcelég Pt kRO kRdel pads ANdadhl byhposaditeyf siB8ps by

[nm Dbeing also the requirenents for the internediate = -
cHeigipget Ne ReRitgNdebt hd esrtdDbhefl pd2D0i diMogngt 2pd dMehde pad
When cal cul ation is nmade for the case where the side
refdasanebl of neatk ealapnaystee. Nwithi keipacsuid ages pokheion of
generated force was 7.23 mm

- the border lines between first side pad reglons 42a of the first

step being non—mill_ing surfaces and the side pad regions 42b of the

-'eecend'-e't'ep , the distance from the'air'_'_'infl_ow edge of the side pads '.
_ 32 is chartged. in the range of 50 [um] though 250 [um], an.d' the cavify
.depths of the side pad regions 42b from the surfaces of the side
. pad regions 42a of the first step being the‘tlon—milling surfaces
'_a_re changed from 100 [nm] though 200 [nm]. As a result, when the
side pad regions 42b of the second step have a length of 50 [um]
- and a cavity depth of 150 fnm], the maximum generated force was 15.9

[mN].

FIGs. 7A and 7B show a calculation result of the generated

- force by side pads 52 each composed of three steps as in FIG. 4 by

changing the cavity depths of side pad reqions 52b of the second

: 'st;ep and side pad regions 52c of the third steps, respectively, from |
. the non-milling surfaces (the surfaces of the side pad regions 52a

of the first step). Note that, however, the side pad regions 52c
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FIGs 6A and GB shom1a calculatlon result “of the .
generated 10. force by conventional side pads 42 each:
~ conposed of two steps by . changing the. cavity: depths

~and the positions of steps ol5side pad regions 42b of
~the. second step. Wth respect to the position of . the .

border |ines between first side.pad regions 42a of the

of ithet thisp Peem@neoRiked|imgegionsces tm&0 hamyi @e)npé;@e'airf

regi.ons 42b of the second step, the distance fromthe

. infloy s @Ed@%ﬁl@ﬁepﬁd%es%aégdﬂh@ S idimBgddreHian 52b of

range of 50 [uni. though 250 [uni, and the cavity
_ lb%ﬁlel%’néf Stee %ﬁ%é‘eﬁéﬂe@e‘@? A% J--1-1-12'51‘-‘Ig r%ﬂﬁ%@fs@?fld%‘b]s through
of the side ﬁad regjons 42a of the first step being

IQ%he_[anfgigF‘I +hG St PO aRaCenangble 7k R nar |
T ogi oS %25 Sty hé‘ses&?E}ﬁ %?@pgm%r%eggg%ﬁ@ e
anTbeia i d o Ll 2588 0 Uty Aty RSN gparated
qg@ SyLathen. Jesuld Fﬁ{e 405 9GR8 75 P B RpYe] SF B8 Seeps,

%ach conpos hree teps as’ 1n

@Hg'nﬁgugiﬁﬁ &}/ért dée pa si'ﬁ% Exﬁlg]zg:ﬁg#:q{e% ?%(Eorocided when.

e secon reg;-on_ :
Rk ik ek e Bty S08D () sron

tﬂé h%h ﬁ&ﬁ?mn '\Md&ab'éasnd W@\e%gn_—dt beasigler pa léﬁgl_ms have a

2c of the't Step are fixed in regions u

czi\#ilﬁy fd(e%ﬁ!ht be 806 [dAdf Iﬁame@aesneﬁ hiEl S RFdee22,

the side pad regi'ons 52b of the second step are .
def | NBEGE O 626 anfl 8BSHANAS 8kaRP1 ¢ WHerd taEhur): [t steps
fromthe air inflow edges of the side pads 52. As a
of sl $idd padgeneraced7s eireeinesuisel bynohdestepnge foansteps
approximately 16.-[n\N] to 19.3 [nmN], l|argely exceedi ng _
fdiheagiestdaped, ifrowicict the leuctlseidé padersy idmspEribad@defined
each conposed of two steps, . and the nax1nun1generated

efxf&mnenmﬁhe]ﬁaﬁgq|ﬂﬂpmtmaa mﬂﬁlﬂﬂﬂdﬁ@e@um@eﬁrom the air inflow =

edges of the side pads 52, resPectJ.vely. In this ca_se, th_e maximum
generated force was 19.9 [mN] whee the side pad regions 52b of the
second step have a cavity dep’th of 100 [nm]} from the non-milling
surface; the side pad regions 52c of the third step have a cavity
depth of 300 [nm] from the non-milling surface, and the side ?ad.
regions 52d of the fourth step have a cavity depth of 600 [nm]. from
the non-milling surface, resPectively.

Based on the above analyses, it is found that the side pad.
havingthree steps exhibits amaximum genei:ated forceextremely larger
than that generated by the side pad having two steps and further

that the cav1ty depth desz.gned to be gradually deeper as it becomes

" closer to the air-inflow edge by adding the number of -steps, can

 generate still larger force. .
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.the second S|de pad reglons 52b have a caV|ty depth of -

. 100 [-nn] from 10 the non- mlllng surface" and the thlrd

side pad regions 52c have a cavity dept_h of 300 [nn} -

fromthe non-mlling surfacel6 Fl Gs. 8A and 8B show an
~exanpl.e.where -t he nunber the steps of. the. side pads -

in FIG 7B are increased by one step to four steps -

for eBWpSequRNtINd, ai FEXWTTre A8 Vhish tHhs gédpaepd regions of__'; L

regions 52d are defined 15 to be in.the ranggqlf]:ogw ]1:98 d dj_
Yheu une_.

si.de pads 52, respectlvel%{ In this case, the maxinmu

b disr FEGAOROPE ct i NORy TS iR aheﬁa%é@rldeepgsscrlbed-'_:

regi ons.52h of the -seco step hav avi ty dept
100 [REG- (FoRIOHS AcRarrt "’Pﬁg?rp St soof i Yaeneta &3 force
nsSco the third st

AR o] o e SRR §ﬁr]?%°"el&%1n t?fe dfhgoriow
: ecgﬁed Etgl% Ség% If zcg,icgf Jr'&?n%z of’l{:{lg %ﬁﬁ:gg s*%%"%&q@%bé Yon-milli ing

m 7l

rﬁf%[%%cﬁb\@ ﬁ:léﬁageglﬁav' l . B Bg%ﬁ% %%%' ySg %sk:)l_dte béd fr%‘é‘l%n 62b
g@g@ﬁ@t%gf gffc‘i’:h% [ §HE é(dlé‘igfé sHown! gﬂnFH?at%
ge erate

y the e pa aving two steps, an
furthee 4 halsdihe equhtys dgpt @ldesggaegegfmpesﬁ %‘%U%hleythlrd

deeper as it becomes closer to thé air-inflow edge

st Rg dikesNBRRG PbgSbE Db SANLHICBREBHE s%téﬁ hab@ragﬁ;r cav:.ty

force. Subsequently, "a structure in which the side pad
deiRd Ot Bhé RenSAEONIhqBdrEALed tﬁbﬁﬁarﬂafratt@a e @;@éieeds that

are partially surrounded by the region of the

geiiratietl b o modceurrblinded deisty iaedrefién (%fko?vli@\éstﬁat in

.cal culation result of the generated force in the case

- theheage arlieaceshed e phdradfions6pe @f dhd wtirdhetapris defined

i nfl ow edge of the side pad region 62 of the first

- teshepebei cavitye dephhnof |30y [nsyn £ adkertce patt islfgund that the

surround, on the ABS, the side pad region 62b. L
generated force :anreases when the s:l.de pad region 62b be:Lng the-

second step of the SJ.d_e pad. 62 is partially surrounded by the region
of the -non—milling ‘surface of the side pad 62.

Further, FIG. 10A shows a calculation result in the case where
tﬁe recessed portion 35 is. provided at the air inflow edge of the
.side pad region 62a of the first step being the non-milling surface

to partially surround the side pad region 62b being the second step

of the side pad 62 on the ABS, and also a recessed portion 36 is

provided at the air inflow edge of the side pad region 62b being

the second step of the side pad region 62 to partially surround the

~ side pad region 62c being the third step of the side pad 62 on the

~ABS as shown in FIG. 10B.

'_"Based'on: this, it is found that an appropriate choice of the

- cavity depth _from the non-milling surface of the side pad region




'bel ng the second step of the SI de pad 62 as’ shown-in

 FIG ‘9B. As aresult, even if the side: pad region 62c:
-~ .of the third-10 step and the side pad regi on 62b of:

the second step. ‘have any cavity depth fromthe

~non-mlling surface, the generated force exceeds that '

enefated by the not-surrounded side pad region
btheeernnd stap allewsdde wm@teﬁef@ﬁc@etq)adcre@ﬁ%@ﬁurther
620 of the third step is defined to have a cavity. . -
‘dept th'b‘?edsGG ‘[hﬁr??ov‘?—leﬁé’eorﬁi?r it® ;Ws[%hetﬂ@celgenerated
generated force, increases when the side pad region 62b -

o beé?lhﬁgstlﬁ@ B3 onkF dfefoundt ke b REGREFIES i s partially
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- surrounded by the region of, the non-mlling surface of
the sitk tpa&r@fld?u?t%‘ﬂraﬂtd *foA"8RBws a cal cul ation

! wh d_port
 provi bkt BEREES R Fonh e SRae R 35548 Sh 5B second

. ' 2 f, the_f
stelt PRoEhe e g %ﬁéinf?%-e %ﬂ@gg}laia%efﬁar}@e&lgﬁ Bsprially

al SO a rec SSG

iptlo he side pad reglon 62b bei ng the o
Ofseiglgn\gesgg& sggeE% ‘he side pad region 62 to partially _

Sl MGG GE A  h i

sug%lgﬂgfi trhe 588 ngds gﬁlg?{l th'erchge %ggt e ?%t'i %d reglon

'st%ggtmg@s@fi e Shhe: phd, vﬁ%éﬂéa%d sheﬁta"’}ﬁh]?\nﬁ}gt%? k3t Bcture is

. choice of the caV|ty dept

fromthe non

al%'ebr Bﬁﬁfu@abié‘%os ke peder g0y 62btRE AR ﬁ?%@lEIQtﬁ.bﬁpto the
| ows the generated force to increase further. Based

| mae pha. ald ahnagpipat fod RoGaRIe NP1 FI08 CReiangseal edlow.

by the side pad, 1t is found to be effective: (1) to

proviges.alpl shald byiedin $heph; a (@ept poPdidd 3l Yaving the same
surround the side pad region of the second step by

~ hetigatr agi of tfe shdenpad ntediog 32ar batrg arke alldad step of the .

partially surround the side pad region of the third

-sa.slteepadi);BZ he mrcda.dmﬁase@n @xtension at the air outflow edge of
' the side pad 32. Hereinafter, the step port:.on 37 is refe;red to

" as a “skirt”. By such a provision' of the skirt 37 at the outflow

edge of the side pad 32 as an extension, a region 38 between the
skirt 37 and the trailing pad 31 is added as a region of tﬁe negative
cavity 34 to thereby increase the area of the negative cavity 34.
Backed by this, thelnegative pressureappliedtotheslider5 increases,
so thaf the improvement in the pressure reduCing chaiacteristic and
the shock resistance can be expected..' L

| Further, the cavity depth of the region of the skirt 37 from.

the non-milling surface is defined to be the same value as that of

‘the side pad region 32c being the third step of the side pad 32.

Briefly, when the side pad region 32c being the third step is obtained

" through plural miiling processes, it is possible to obtainthe region :




of- the second st ep. Ih t he above, the descrl pt| on has |
“been given to the milti'step 10:structure-of the side

- pad,- ‘whereas  such a nultistep structure is ‘also ..
' appllcable to the other parts8of the ABS:in addition =~
- to the  side pad Suchan appllcatlon exanple will be

‘described below. FIG .11 shows one in which: a step -

opohs GHkiZE Bavangd tthiamsane  hei ght 'as . of the side pad |

S _region 32¢ being the third. st e&of the 15 side pad 32
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is pr@b?tﬁé‘dr&f‘; H-SeRTEARYSH 18t
the side pad 32. Hereinafter, the step portion 37

of &herskifiarns, daalélwarqonceeyl IR §hsr<&m'sqcan0§ftlt%eutflow o

skirt_ 37 at. the outflow edge of the S|de ad 32 as .an
edg Ofs FHR. ShiFbgl biv s GEEVRLHK (HETagE (NG 5 tARdIng the

%?%253%%%5’%#%%359&&? ERSLLNY SN tbto?ﬁ?%%l'"evngc there
aré %?fteaé S%tt of F Cs?fﬁtae Ve 4t bR RS Bl dd Faa 320 of

mant

ey EAcRrFER dnﬁc EBFE TSI gy pac 220 of the

tlf:%&gie%ttkéféjt awﬁlmgghéggpﬁgg h%ﬁ/n o ?n %ﬂ%@ kqfx‘%:hsjsifcééﬁfé"of fensur ing
a qgtt,@fgggeeggtyte?%ehyg P getfhe : WEEnShe SgPtionatly
&{dﬁfln 2 a4 g%epﬁbgésﬁaﬂ)f %thﬂnﬁ?& ik Egvﬂag déﬂt{l‘p of the

ep | obtai'n rough plural” m ng proces

s]kfrtpgslsbfhﬁayt @£0BERE Mnd R d 88V 9Py Uepdthe o¥KthE @lzlﬁ 367 to be
time. The sKirt 37 is arranged in the vicinity of the

tuishhevaedae tab &hee SadHegion’ 36 IdT0 tAcCOREE Rk Having a

the contact of the outflow edge of the skirt 37 with

sti1g dbsidersasfaceronNoi avh b hsh 1M igs i cea by ehat Bhé Beduction
case of this slider 5 of the present enbodi nent, there

- ofartdepf Dyintetiedpht NS thile shéden\d tyrdedttis thk phesaideof the

pad 32b of the second step and the caV|ty dept hs of

_ sth;e: SSl?d&spadoi’d?abm ‘the

FIG. 12 is the other one in which the multistep structure
is applied to the negative cavity 34 being the negative pressure
generating part. Generally, it is known that, by obtaininga desired
flying force of an air film based on a larger difference between

positive pressure and negative pressure, it is possible to suppress

“the dependence of the flying amount on the air pressure, peripheral

velocity, and radial position. -  On the basis of this, an attempt

- . of generating larger negativepressure inthevicinityof theposition

of'th'e side pad that generates positive pressure leads to support

the 51de pad by large pos:Ltlve and negatlve pressures, so that the

N _flylng amount of the s1de pad can be suppressed and thereby an

J_mprovement of the pressure reducing characterlstlc can be expected.

- As -one concrete approach thereof, as shown in FIG. 12, it

Q@ igipibnG] ehﬁedﬁefw edge
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| Pr%swamtm dedyy EhEni

third step, allowing. the'provrsron'of ‘the skirt 37
capabl e of  ensuring a‘’l arger space. with- respect to .
t he:di sk-surface w thout- additi onally 10 requiring a
mlling process for obtainintPthe cavrty dept h. of the N

- “skirt 37 by way. of setting the cavity depth of the -
. .skirt 37 to be- the same as of the side pad region 32¢c_ -
-._'ls)fcqnveelwabila te eBr(h\aLdEhgi &hadi pw| caebipe rr R ( (hegginafter

the non-nilling surface,” so that the reduction of the:

- refginegl Hegnther neuetdvpaRTess U dearl pprefid 4 e8cHie leading .

of the FIG :12-is the other one“in which the nultistep

 side @f Ghe NeFLLER CATIEY fhe Wéiﬁﬁ the GRUPFtIon (R ﬁ&gatlve'

't he negatrve ressure %ener gp$art nera

r y lPﬁ@“‘ eavity ﬁnahrsﬁenﬁﬂatl"é
ff b - '
e Eref 23%?%0@”ﬁwirﬁéégwgf’%%iéﬁagﬁﬁé-Vﬁ:b Be?%00 (nm],
f1yi | :
2B S B on A4RPh S £ut e TR Eikate YBRg A4S 99 fpom the

| n&?%ﬁ'h%ﬁ%fﬁ%&::eofst efll?l%%l $00he (965 [@@e.atterpt of

enerati negati ve pressure In vicinity of

the ppsig th] agofg {:Hg d?a%?ngsq% téﬁ?%?%%bgggénl art:ltré Yl%gatlve

pressure 0 ‘suppor

p]ﬂ%séutr] dzcﬂ’?eggto' 8 HER[W FRF15P éc{b% Stlﬁg &Eytfﬂég negative o

anount of e pad can be suppressed an ereb

c ALty OEESEBthE I PREGS e PRSI P gERBEREL S b§ﬁ ifGrther |
can “be expected As one concrete approach t hereof, as

b hwed BoRKe thilitng §i88NCRANR/ Qoh@rBTEMedﬁiéhnlty of the
shal |l ow cavity region (herer naftér referred to as the

sidegrldsvezpressure dead zone") 40 on the |eading side
of the negative cavity 34, where the generation of -
negat Ay EopeAsSUtite 53 iiens weédh and Wit uxePhegathee pressure
cavity depth of the negative cavity 34 fromthe

dewmhzone K0P Isurfashows aded iowda ttionbeesiAG0o f eherabed amounts
the cavity depth of the negative pressure dead zone 40 '

- of pomithee po#ssridd ram:gtherr]fmb.mgspdéfiihed:tteosbdezp)ﬁ):is 32, and L

[nni.

‘the trailing pad 31 respectlvely, FIG. 14 shows a calculatlon result

of the generated amounts of negative pressure at the leading side
portion and the trailing side portion bcth of the negative cavity

34; and FIG. 15 shows'the distances from the leading edge of the |
centers that generate positive and negative pressufes ’ respect_ivély .

It is assumed here that the negative pressure dead zone 40 is arranged -

on the leading side portion of the negative cavity 34.

Based on the results, it is found that, in the slider without
the negative pressure dead zone 40, which therefore exhibits poor
pressurereducingcharacteristic, thegenerated forceat the trail ing

pad 31 is larger than that generated at the side pad 32, while in

- the slider with the negative pressure dead zone 40, which therefore

exhibits favorable pressure reducing ch_aracteristic, contrary to




negati ve pressure dead zone 40 on the-air. inflow edge =~

S side of the negative 10 cavity 34, the center of the
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* thitegenpEated e thedd;

- the a%qqaﬁgwe BESPBRES SIFAhATIGT 4P hEORRYER

negative pressure generation2tan further be noved to
~the trailing side, nanely toward the vicinity of the
si de pads 32. As for both the sliders with and without

thendomagay i Viee m@@g@rc@ddé%pez @rie the, s Kies par3 33 hbswlarger t_han_ .

- calcul-ation result.o enerat ed amourits 15 of osi tive . '
i PSS heFarehenads e canparison
the trailing pad 31 respectively; FIG 14 shovvs

ok hhepositdanp éé‘{ﬂtt geACHHE BRIRt BieRr aRBure s 1pfthe “slider with

negati ve pressure at _the | eadi ng si de (?\%l Qn ag&tgaut the
~and .FI G 15 sho he di es fromthe |eadin
AEafaneyther ve

PEHE BT S P a%ﬂm Pgessure
| ITERGO8 BPEERL i*%%ﬂﬁ@"foﬂf 057§ BHIEH Uy [bstito tne
Pt '0219%’%2& Bt B P S e R Rt i o 8 e (ror

SIS o BT EARLAS PR i o0,

T i 5 SR B A g

e e A DS Spcteriscic.

IrP t@eSUA e IR YRbNSo AP AR SlibCst &P, ! 9t 1 impossible
former, the generated force at the side pad 32 is

“td @Jx@%dbhannﬁ vl @preEshed @ad Mnle aifl hnNGawagy Iepth other

Further, in e conparison of the positions that

 tigenehat €avibgAtdepR hBr 68 Sthe secbntihetsps dar thkt Dedding pad and

negati ve pressure dead zone 40 conpared to that

the thatil indepabgaki Yengras aur addeaibranmidld ingheraenieis not

of the negative pressure generation noves toward the
pﬂdvaJdIeldng staberd imayig|, ytldos ds ho dotaonpbst tihencatitnelepth of
si de pad. 32 that generates positive pressure (for

the negative pressure dead zone 40 except 100 [um], which is the

cavity depth of the second steps of the leading pad region and the
trailing pad region from the non-milling surface, so that favorable

pressure reducing characteristic cannot be expected. Meanwhile,

~ in the case of the multistep slider adopting the present invention,

as options for the cavity-depth of the negative pi:essure dead zone,
there are provided the cavity depth (for example, 326 [um]) of the
side pad region 32c being the third step of the side pad 32 and the
milling _émount (for exam?le, 200 fum]) for obtaining the side pad
region 32¢ being the t'hi_rd step from the side pad region 32b being

the second 's'tep of the side pad 32, enabling to realize a slider

.. with excellent preésure reducing characteristic.

FIG. 17 is the other one in which deep cavity portions
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exanple in the VICInIty of - 0. 790 [nnj) FIG 16 shoms
a-relation between the" caV|ty depth of the 10
~ negative pressure dead- zone. and the -pressure redu0|ng
‘characteristic. In the case 2f the conventiona
two-step slider, ‘it is inpossible to provide a
“negative pressure dead zone of a caV|ty depth ot her

 (horginpEeE AATerredpinasoine héaéém@tsltee 4 b1 degeex than the

I eadi ng- pad--and - the-trailing as Ion

- negadilveoRar Lk 134 @geppge‘éégeqi SOIhd:thelS‘:’-Er nggﬁcau edge s:.des of |
R e
| tab;f%weg% ISR T S0 SRS oF £ gsimers
OIS Eg}“ﬁgtaa%a‘?ag‘%{%fe £ Bob U BkEapeg reaucing

chga:% }Qihe SFfﬁ'e ]_pSr é_lél h$v| nvg’n?é 1t11h%hglga¥§esg%pth§% %fﬂﬂlﬁr with the |

I on as options

At T P R g3 o o

of Pme%sﬁ’)f:e eucgagg ghé%ls% 3#cciheisn 15?%rﬂd?irftda§taeﬂomal

e side pa the mlling a

prIRTRLe sAGM g Ré 9411918 8b BbRg 48R tAkLE %h@%%e%%ure reducing

regi on'32c being the third step fromthe si

cHa‘?cQﬂc‘i‘:@r§391@ QaObd hﬁp§§§@& ¢utictlerdhy bReafh ity I{t@;@z €2i1 cavity
enabling to realize a slider wth excellent pressure -

39 edUehBlachab@et R Hdge offl Gheldids pdre 3®.her one in
whi ch deep cavity portions (hereinafter referred to as

the "thé |rea@ont tBerdoBYidaeper déderihde bedgat.i VIEIG. 19 shows
cavity 34 are provided on the air outfl ow edge sides

tief cotpbeer Riatergsalbt 32.tHe gendbhtshbisree sadtnbat bbn tallrethe side

portion of the tail cavities 39 in terns of the .
pdd $2nndahentraidduct pad Xt folethe wd iderh varith andhoithout the
the tail cavities 39 show that the pressure reducing '

. tadHarawieiestit proivapedvdhithgheoflninhancass and tife - POSture'

'slider with the tail cavity 39 The cal cul ations of the -
off [thiengeapechie (ﬁl‘@é‘ssw;‘l’@lérr@d without the tail cavities are

fixed. Based on this, it is found that, regardless of presence or
absénce of the tail cavities 39 as well as the cavity depth, th'e.
generated force aﬁ the side pad 32 shows no change, while the generated
force at the trailing pad 31 showed an increase in the case of the
slider with the tail cavities 39 having a deeper cavity depth of
4,0 [um] or more. |

As ment ioned above, in order to improve the pressure reducing
characteristic, there are two approaches: (1) to generate _1arge.r.

positive pressure at the trailing pad 31, and (2) to use the change

in pitching by generating larger pressure at the side pad 32. The

present case is applicable to (1) and thereby the pressure r_educing

characteristic is improved.




of - pressure reductlon on the ba3|s of the flylng
anmount “at’ a nornal pressure, so- that i s possible to - _
consi.der. that the pressure reducing 10 characteristic
can be inproved further by. aZJanglng the tail cavity
-39 at the air. outflow edge of the side pad 32. The
*-reason t her eof wi | | “be described bel ow. FIG 19 shows

7 the chapkhe sompagdspe of e RRSIEHAEc BT £BF RS dlstrlbutlons

G Ao e ooy e 18,2 positive
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‘calcul ati'on at the side pad 32 and:the tra|I|n

cavities 39, provided that the flyi

" in pount a o
PUSSSMEReINGEeY Wﬁ@s‘iféb‘?%%dsﬁo"é}estwg%ﬁl%&% $hoth Ene case o

he- tail 1 fixed. B
of dhreSHate wiegarhr éﬁ@%@%ﬁé&%ﬁc or ALERS it &5y cppgarison
avities 39 as. well t

ot B bt brERailtsr TnEe sf.oagd Q@%gﬁehﬁﬁﬁﬁpge&éﬁwe amount

shcﬁvsl § d:elgi%c%_elngrfnt gge qI Se O#‘lgefh]!;al ng déac? %‘i %’ﬁlttﬁle case

an 1 ncrease 1 n

o_i‘[ 2his Qﬁdéf %ﬁtﬁgtﬁ@\é'aﬁﬁ é‘ax?frgfeesr 393Vidpe ?8&{;811 afs 4kh‘élt there
u

nenti oned above, "i n order

id A& Qggﬁé}gf%ff%glegngg Ie 2 ﬂa tl\tr@?fes%ru%et WQVlty in

appro to g ar ger 5 positive

,acﬂf’o%%l%ﬂl::@ witH PRe ts"éﬂlcle' e 2 tﬁ%d;fo?slltl@?ldwﬁ@ﬁe ttﬁe%?@géﬁl%e cavity

change I'n pitching by generating I arger pressure at

1st Q?réﬁé’é‘d ,paﬁe,%@as FBOE AHRREh 6R%CaéSp ARPLES Bk 46 the tail
and thereby the pressure reducing characteristic:

cdvitllearw eddubss hBgat PP Pricsenrafgdiia-apashtds/6ompared to the
pressure distributions between the sliders wth and

cadel itHodthend age eavfgy £803NatPLpOpbéitibve pPESSSLE €ncreases
i ncrease was confirmed at the trailing pad 31 in the

icage vabihbey sdf dare wirblilthg padl cavities 39. Al so,

in the conparison of negative pressure, it is found
t hat $Sihissepgattilye pressiwd cmpovidihgws surfisehect tonwhich a
in the vicinity of the trailing pad 31 in the case

milling is performed (mllllng surface), with a plurallty of steps -

Cowill be descr:.bed. By perfomlng a cycle of masklng, mllllng,' and

removing the mask three times, theslider5s having the miliing.surface |
withfoﬁrornmfetypesbfstepsofdifferentheightscanbeobtained.

In the first.milling proeess,.as_shoﬁn in FIG. 20, on the
surface of a slider body-SO to'form the ABS thereon, a first mask
is arranged at those pesitions {portions without hatchings in FIG.
20)tolxaatréilingpadregion31aofthefirststep,sidepadregions
32a of the-first step, e_leading pad region 33a of the first step,
end a negative pressure dead'zone:40; and a milling is performed
up_ toa first depth for example of 126 [nm] to the respective regions
( pdrti_ons With hetchings in FIG. 20) that are _expoeed (opened) from
the -firs't. mask, namely a trailing pad regi.o'n 31b of lthe. second step,

side pad regions 32b of the second step, side pad regions 32c of




of the slider with the tail cavities 39. The reason is
that -there is-an approprlate cavity depth for a
negative. pressure cavity in accordance w th the space

of the position where the negmtive cavity 10 is

~arranged, whereas. the formation of a deep cavity such -
as the tail cavities 39 reduces: negative pressure.-

thyerdiadi stems acoapar bve anvity 34sea wiesiddoy pae Ja@pm 33b Of. '

- cavity, so that the p03|t|ve pressure i ncreases i-. n

thehsegoadnptgrof. the trailing pad. Subsequently, -

nmet hod: of prowdlngasurface to which a 15 mlllcﬁ‘gl _
i s peNewkmina saeend iy 1ddngaerocessit #s Shewnri FLG- after
steps: will: be descri bed By perform ng cl e of

o rmnﬁgth%w%glas&mﬁ SPeRBY MAg K T aREERIEH OBCt s Fggpect ive
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| réﬁf}'%élssl ?;g Zhe f}g{eg;}gog‘%aﬁ‘ft'f}{?'rg 1?%58%&11%\% lillﬁgcﬂlng in FIG.

as. shown ,i.n

213 BB 5 e haldald b b GF SHRi8eFR1 3088 e 1eacing

Petoﬁ%?g‘igﬁs?“fso?%b hrdhe e nble SRR ESTRsT q2a of the
fi%:(%: é@ tfe i %‘ ! ' g? zﬁ%%bgl : S%ﬁ‘e? CBHS %ﬂ tl‘?‘é %Bgiling

re IOﬂS

paréig 8Eo§391 ol Qgeféé&hcf%%@ EHE a'].?.g.ﬁgsﬁf&d F}_fé;g%%ff S1a of

zone I Ng

tkfé Eﬁ:sg espctegao,f £4d %XﬁﬂPi flslﬁérf&fﬁeé gpt{@ al ?é@@ﬁé idth for

regi ons rtions vv|t atc Ings In G 20) that are

;@a?ﬁ@)‘i%egf (arepad) , oot he £ 'de%ﬁ:h”@é@eﬂ‘%ﬁ%hytﬁe first depth,
trailing pad reglon 31b of the second step, side pad

td efk Qﬂ@stp%@@wé ﬂé?ﬁo%%cﬁli&ﬁcﬁ% wit i @aReding8i 8NP132Q1) that
- of the rd step, a negative cavity 34, a |l eading pa

ariee @ix@Bs33D( ®fendd)e F38R0BHe Séfbnd\@kk, | Rafe BEad regions to
mlling process, as shown in FIG 21, after renoving

bd el hegt ivasreds e drad"BSKe 149 athangelk padthegions 32c of
respective regions of the slider body 50 (the _

lttmaltthlmdssmephoand haAtec nicyg tiiwe Fé&ritd1)34.0 be the"

| eadi ng ‘pad’ regi on 33b of the second step, the Ieadlng

“pad rEygadihiz8anidfl inkgprfagests ,s&%phownmn@l@e Iadafeer vamoving

32a of the first step, the side pad regions 32b of
theheegmsbnaski grj:hlmqlenas]ap_maq:ganged on the regions of the slider

body 50 (the portlons without hatching in FIG. 22) to be the leading
pad region 33a of the first step, the leading pad region 33b of the
second step, the negative cavity 34, the trailing pad region 3la
of the first step, the trailing pad regj_.on 31b of the second step,

and a milling is performed up to a depth for example of 1174 [nm],

-'Which is a depth deeper than the first and second depths, to the

region of the negative cavity 34 (portions with hatchings in FIG.

'22) exposed from the third mask.

FIG. 23 shows the cavity depths of the respective surface

._ " regions obtainable by the milling processes performed three times

as above. As shown in the drawing, here, the milling surfaces having




'pad,regi'on 31b of the second step, the traili ng pad SR
region 3la of 10 the first step, and a mllingis

- performed up to a second depth for: exanpl e of 200 -

[nn}, which is a depth deepez4 than-the first depth
to the respective regions (portions wth: hatchings: in.
FIG 21) that are exposed (.opened): fromthe second .

" foslor nene|typeseof ecaoiisy depthe imelutkige 196 bmek.s@p@ [nm}: N

dead zone 40, the side pad regions 32c. of the third:

' .-.3%& éplt] arnct h@Othdgm]. yee obrripedahnongh Ehresy tmmelslcrfgmlllmg |
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) pws«:asw@teattlﬁt:ruh%s%q §tBPFdhngéﬁth% Pak

'ltoeocdeal stEad e

process, as shown in FIG. 22, -after renovi ng ‘the -
ef:ggzp%§hown in
of the slider. body 50 (the portjons w thout hatchin %
F3Gr ﬁﬁearzztn@dlct%ht frde esheﬁgca‘astd’ FeBrbA 383t ;s did= [l
first step, .the | eadin ad_ region 33h of the 20
PoB BhIPiRe PPLAIREdr T 15g Ygad total

BIOBE (6 £BLoha v bostl svheR o havat ﬁ?%t%%ﬂﬁﬁudmg

'tfaeessé’ﬁ? et BB oot e suiapd)| faf HEBblainea

tﬁl&%”ﬁ%@ #Qf#@%‘%ﬁ%aeé'x%sﬁﬁ re f'tﬁ’%lstﬁ“. ?3 mask.
FI G ng& Iﬁé(éﬁ %E? ﬁ%fdet&%lbgﬁpe%é Mfown in FIGs.
eyl ons * db

surface'r m 1 Ting processes

tg;eﬁft&ri@d &Héﬁ%&#f&‘:ﬁﬁlﬁ% gm&q?’a@ésﬁﬂg%é&géﬁ not to form

raw ng, here ng sur avi ng fou or

'HNI_J[]?; EJXPESG (Pr_drc §V5é¥gi q‘?é&éé% ioACk YN 28 rENgE tt?@%llder as

and [nm are obtained through

midH @@ beEibPefe cmélﬁcngt afaeﬁeaisela&@t&lﬂ hat when the
ot her rasking pattern not  shown in FIG 23 are

i ncl udege dpwigtiban 193Vvhs ysKapt s such 2sa11i¢ dhniformation |

1300 [nn}, and 1374 [nn] can al so be obtained. - ,
- ofBalighdent aildial sofr facgbt5q,t B0 Hyopéheottingtpovetep millings

types of cavity depths including. the cavity depth =0

__‘td aesmﬁfa(m%m whiety st éRpe) i emred ecaht Bl ey thnoajgipace ig. "t o

the mlling processes of three tines. Subsequent ly, a -
famsid beteeen ldn Itn@eaiesgrt':&exf ohs mh@}a\mndt apl GBening 59 of- the

other mask due to a misalignment, the space portlon is not subject
to the milling to thereby remain as the thin wall 60. Once the thin
wall 60 is formed, the air flow expected to flow on the step surface

is dammed, so that the flying performance is adversely affected.

N Fut:ther, inparticular, whenthetopof the thin'wa_ll 60 isanon-milling
-surface, the non-milling slurfac‘e possibly becomes a cause to damage

the magnetic disk since it is near the disk side.

Further, as shown in FIG. 24B, when an bpening 64 of one mask’

and an opening 63 of the other mask are overlapped with each other,

| the overlapping portion is subject toa deep milling to t'hereb'y‘remain

as a narrow cavity 61 (the mllllng is baSLCally reun_red once, but -

is effected dou'bly here by both the openlngs) . The narrow recession




'10 24A and 24B vvhen perform ng a mlllng, I's
necessary not to forma thin wal'l 60 or a deep '
recession .61 on"the ABS of the: sli der much as
- possi bl e due to a mask displ2fcenent . I\/bre o
' specrflcally, as shown in FI'G 24A, . in the forrratlon '
~of “adj acent m I'li ng”surfaces 56, 57° by perforning

tans Spepetiadt AY§ S 150 fiheaceursacal giie mﬁ%hnmgocésses and
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experienced no mlling, when a space i's” formed _
a&é&r&eewerg Bﬁe‘ﬁ?ﬁﬁe%élef:eo‘ﬁerﬁ‘ﬁ%knsaﬁ& shRdasen M@r%@’%’fr e"eni :

' k | :
a3 Y @gﬁﬁrega% t6e %q%sf?ﬁé: ”ﬁ@:%ra@tf%dﬁ%% Sagprats, the
. On

FEL e B2, d O 0he ES, HACGhOh Tod el ey may be
o P40R80E o t?*ﬁele?ﬂjoab PhORer e pRp e ety | BalREG By this,

e el ORpaddngt LOVAL] 0.1 BHOl Thldl hilgy SWAAGEsca1y,

iy “strtace fos8IrbFY" becoitess

A RN R U2 Sty e

£ Bhe %‘&%fﬁ@é‘%@%h@%dl ﬁié@&nﬁ% ®6 é%lﬁ gther, MiKregion

are overlapped wth ea over | appi ng

£ dP8bth Whd ﬁlmhsféuxtf%c@ @é@;%f“thbhn@hé Qe 611 ¥&bibject

as a narrow cavity 61. ling 1s basically

td,eqHi I@éh@neemlbying %x@‘cfe%t €8 famply sH&iFowPXnﬂqtﬁhgt Berface
openi ngs).” The narrow recession tends to collect dusts

atl Bhehmneouine KErdMepaiLhyi b JcAcessemiandng PBskess to form

removi ng. processes since it remains in shadow.
a Mekgomelligyesuefd®s. it is mounted on the body of the
~magnetic di sk apparatus, the dusts tend to be

accunin atadrtierds nreserthed toUEDG a 2dayi ty theyrdégien to form

cause to lower the reliability of the apparatus. _
a @aepermbyl iy surfhee 87 deafiore pad crminigea mnldipgptrerassing,

- of the mask. Specifically, -in order -to arrange the

 atnilehFhg s uifaddey oilHing prvessdviot ghadptie fenfnmmed in the

surface of the slider adjacently to each other, 'the

- "sarlegp@@pesa) asoEhetheL hind prgces? foare fosmpag 2 halliew milling

ot her -shal | be subj ect ] )
surface 56. With this, at least, the formation of the thin wall

60 can be prevented.

. Further, when it is impossible to observe the above-mentioned

rule, as shown in FIG. 24B, the masks for forming the deep milling

surface 57 and the shallow milling surface 56, respectively, are

purposely formed such that the openings 64, 63 thereof overlap with

-+ each other.. With this, at least, the formation of the thin wall

60 can be prevented even if the narrow cavity 61 is formed in return.
As has been described above, the flying head slider according

to the embodiment of the present invention is characterized by being

" composed of a pair of positive pressure generating parts each having

three or more types of surfaces that are substantially in parallel
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L .10 to, at | east' a mi I ing process to form a shal ] ow. ;_ e

m ! l'ing surface = at the sane tine before being subj ect

“to.a mlling process ‘to form a .deep mlling surface.

I'n other words, referring.to2fl G 24A,. to the regi on- -

to form a deeper mlling surface 57,. before - L

“performng a mlling cessing, .15 at |east,
eglsﬁlﬁ @nshh@‘re bielf;?@#ﬁ@rtnhelghit%éhe palr- 8

" sane, process as the mlling process for -form ng

- OLRAF HoW S TFI S © SRNIEat SRAnERe g asrraatgerdesas@s te ﬁéndWlCh o

formation of the thin wall - 60.can be .prevented

a g7R RRFE10MER 3 ‘Ee‘«?astjr"ﬁib”s%ﬁ%ré’ RIS NIP el | thedir ection

Oﬁgﬁ\@ ngng'f’gigﬁrd 2&@!5’&@ a%'rlfsigl(')\rlr\g Igulr:l‘ Sce%? atnget He
SE?L'O 4 'f%‘?ﬁ%liﬂ?fcsngfrri% FRE G '%ggi‘%%e%@ftm% ggpitive
o R G R R o ¥ S5 Uk 5B B03 et Bty pecome
eetr]fh’g)escrl UL ERHELIN O hR QRS0 4 U cB2r S5 BRSocure

rtatl’ﬁng:gﬁ g’%ﬁeﬁ‘ﬁeé&%ﬂr ﬂ ﬁgiﬂf}lév:fed e. Further ,

ract conpose a palr

| | orf?ar B SHED YN ¥ LHE RApES L 8RE I%ulﬂ'i‘é{bgg otfhﬁ?@pBE lHPf@Pres sure

types of surfaces that "are substantially I n para

geMeritang L{{éﬁc Rabac kAL tHh e Ka Bl shaweadidiRr 88ta non-milling
hei ghts, the pair of positive pressure generating

sWEske.bei ng arranged sous to sandwi ch a deep portion

~of a negative pressure generating part in the

di r eclid:68 spdiggendlly} otled sairfalcewl diveecthan theHﬁbﬁv-mJ_llJ_ng
the heights of the respective surfaces of the positive

- synfaselre ogenste mag Ppard andyptie iacths uahgehaf sohey 200 [nmi,:

gradul |y become closer to the cavity depth of the
andetpe portfieoe bfwdhéhaegdtd nenpnikkingsugéaee dtyl tgo [sreps may
as they becone closer to the air inflow edge. Further, -

_ hayeeaofeptie imeithht rage v ﬁ@gp‘ecctmne [er]fﬁx:@s tdfe ma—mllllng

positive pressure
surface respectively.

Moreover, it is possible to further improve the e_ffi'cie.ncy _
in positive pressure generat.i'on of the side pad by srlrrounding such
a region of the surface, out of at least a paiJs of adjacent surfaces
of the positive pressure generating part, that having a cavity depth
deeper than the other with the region of the other surface. -

According to the flying head slider and the magnetic disk

apparatus of the embodiment of the present invention, it is possible

to improve the efficiency in positive pressure generation of the
side pad, so that the preséure reducing characteristic of the slider
can- be improved.

It should be noted that the present invention is not :Lntended

'Vto be 1J.m:|.ted to the above- descr:r.bed embod:.ments, and various




_3‘510 generatlng part nay be substantla ty sanme as that
~ofta-non-mlling surface - More specrflcally the-

-~ surface'lower than the non-mlling " surface by one: -
'step.nmy have a depth in the%ange of 50 to 200 [nm
-_and ‘the. surface l'ower: than the non- ntlllng ‘surface by

two steps ‘may 15 have a depth jn the range.of 100t
moﬂ?(? 1FﬁﬁfL°FF JHAYE: h% “ﬁéﬁ%‘iﬁ

Mor-eover ‘ble to further inmprove: the
OQﬁqhebPéﬁﬁynFnl?%éhﬁaqﬂe pressure generation of the Slde'_"

o pad” by surroundlng such a regi on of" the surface, out -

of "at ‘I east a pair :of adjacent surfaces 20 of the =

positive pressure generating part, .that. having a

cavity depth_deeper than the other with the region of .

- _the other surface. According to:the flying head slider
~and the magnetic di sk apparatus.of the enbodi nent  of
‘the present invention, it is possible:to inprove the

- efficiency 1n’positive pressure generation of the 25

-~ 'side pad, so-that the pressure reducing characteristic
~of the sli-der can be i nproved. It shoul d be noted that
- the present invention is not intended to be lirmited to

t he above-described enbodi ments, and various
modi fi cati ons may be nmade thereln wi t hout- departi ng
fromthe spirit of the present invention.
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28 WHAT IS CLAIMED IS: 1. A flying head slider
conprising a pair of positive pressure generating
parts each having three or nore types of surfaces
that are substantially in parallel with a surface
facing a disk and have different heights, the pair of
positive pressure generating parts being arranged so
as to sandwi ch a deep portion of a negative pressure
WHAEABICIIAIMEPARt in the direction orthogonal to an

irfl direction. 2. The flying. head slider as .

i ai YIRS BT CORpRERieR RACOR RIS (e Bresfure ggherating parts each
haviAERPE&Sr Gk 0RE@Bactd thhf e ROt Ry Bl S38W1 Yith a surface facing

eneratlngbparts are set to gradually becone closer to

a disy apdhiatedidersnhhaghts,ltke privpl prsitivieguessire geheratirgparis\bging

ressur enerati ar.t s the. surfaces of the )
arresfgsd 33 A, {0 SRQRIH iR RETgR b ] neglivE Prsts denapinchert g the
direchidn dkthogdtfal MreEERwW dreclibg. f|ying head slider as
claimed in any one of clains 1 or 2, wherein one of

Zhe r EBplringsadglidepaeeaigfedtinglagsdi ti ve pressure
i . f ac i
BT Bt ERkeh o SUERRRR Ak ochEoPle BRIl

geneflitig Pharts hi@i seBtolgradhally b&omh@osr fo © cevitgfdepthefitieseptportéon of
surfaces of the positive pressure generating part is .
the nggal{yemaessurs engratipgpast, BF tiesurtaces %%rq ROSYjive pres§iyg generating
parts ool cloSado ShiASHNAS oghi Mmed Tn any one of it he
p al s, erein,

receding c as for at least a pair of
two atthaflgmng hsad §flaerpss dbinteden pog ohé efclgmedsanle
generatin ar a regi.on of th urface having a . )
cavi t NI Re QLIPS RERATF TRREST ThRoScEHpre Eedptipgpart is

a surfie PBT dol Rl suljeeiblaQhimeigd by a region of the adjacent
surface. 6. he 1 ing head slider as clainmed in any
4ne ofhe figingheakslideyasctlaimed in aphenedlglaims 1f diordt | east

a pair,of.two j acent .surfaces the.positive . .
or bostpein HR RIS MBS e OF AT sl Faepgrating part i

a surf¥ nBetodbeGabjetodepillhgdeeper than that of the adjacent
surface is partially surrounded by a region of the

adj acEhe flxigehgedslider asglainged i gy presef the Prweeding cleing, med
in an [ | ad j .
0 oo, 8L R G5 ey S 5 B i s
genefifp it La fpReONtie sugRbehalihhg cpatytdepth deepéraiarothat dfthe adjacent
surface having a cavity depth deeper than that of the
surfage| jspaeially syrrppngded bys rsgiepohtheadiasericyaesd by a regi on

B ol Al gy g ot i =
wherein, as for at least a pair of two adjacent surfaces of the positive pressure
generating part, a region of the surface having a cavity depth deeper than that of the adjacent
surface is partially surrounded by a region of the adjacent surface.
7. The flying head slider as claimed in any one of the preceding claims,
wherein, as for at least a pair of two adjacent surfaces of the positive pressure
generating part, a region of the surface having a cavity depth deeper than that of the adjacent
surface is partially surrounded by a region of the adjacent surface.
8. The flying head slider as claimed in any one of the preceding claims,

wherein, as for at lcast a pair of two adjacent surfaces of the positive pressure




wherein, as for at least a pair of two adjacent

surfaces of the positive pressure 29 generating part,

a region of the surface having a cavity depth deeper

than that of the adjacent surface is partially

surrounded by a region of the adjacent surface. 9. A

magneti ¢ di sk appar at us conE§ising a flying head

slider which has a pair of “positive pressure

generating parts each having three or nore types of

surfaces being  substantially in parallel with_ a X
genexaiing e, 3 B WPtahes caheiVIﬂgeiCﬁw@hgf?eﬁ)ﬁbﬁleéﬁ?r then gt of the adjacent

ji Ity i parts bei ng

S R B S ueme el B0

nggat Aueagnetis disk eppraraes avmpgsipge flying lehé slider edii¢homs a pair of

.orthogonal to,an airfl direction. 1Q. Th neti.c
vosi e earauT BBt cach bk e e Nprs A s s beine
subshatifihf & pafallehRith @3BEREd f6ing WIdikCAA habink REFfRESI Holghs, the pair of
pressure generating part are set to gradually becone
positeyepressuregcacisting pyrtschaingraroingedeo atesandyoick ndaepportipe of a
negaﬂﬁQSEe'sé{S penerating patt 1 ﬁ{e%%e@&rf@ﬁﬁa oft th Q@ 2GR
e p05|? Ve prg Sure  genera |nggbarts 8one Creser

t10. anTkd magnitic awkegpaatut ks clhligedmanein & di sk appar at us
as clained in_any one of the claims 9 or 10, wherein

one othensi thebpighisiof theggsreqtivasusfecesd theresitivre
prosfE B Apd PR AR PRI Foding URad I8 Bl oot ihe decp
portias of thainepativie praxsyre @ercrafingpaat, s the, shifacs of the poshipe rassure
one of tge reiifctive surfaces of the positive
geNeRALDE PAFE DRROMErMSEhYY 9Alt inflew edlegyr f ace not to be
bj Mgk | i j
SO, P MRk et os FMARGREY bfs OF i cRRSH K 16,
f or awhéreiasineaf fwirespettivamurfadgsadding pasitivegressuref genbrating part is
Eositive @ressgr% engrating part, a region of the
ﬁfﬁﬁ@@oﬁ el Céﬁ "ty ept h deeper than that of the
] aCERd maShbiic R dpﬁa@ﬁfs_tak Alaide il 39 wne 88 clan9,1 € 8F o1
of the surface of e adj acent surface. 14. The _ _
magnewhereti agie of theanespegtivaisuriiced ofghie positiyeyprogsurendenerating part is

| ai tQ .13, wherein, as for at |least a pair of
asu‘f% ngﬁﬁoi’gé;ﬁwegtl}f’ﬁﬂ@glgof the positive pressure
gener ghé Maeddicdiskaph@ahe s efaith&EinSal foas 6f HahiYtcAl2,
cavity depth deeper than that of the adjacent surface
i s paivhergin, gs By ey lsesi deginey two pdigeeh swiacehel g ppeitize pressure

| . i i .
oo, 550 Y e g D TR il i PRESEL Y B
surfagé id gadll yaupatndedbytavegiad jod denurfacy dfahe adjadent haface.

Positive pressure . . .
4, The magnetic disk apparatus as claimed in any one of claims 9 to 13,
wherein, as for at least a pair of two adjacent surfaces
of the positive pressure generating part, a region of the surface having a cavity depth deeper
than that of the adjacent surface is partially surrounded by a region of the surface of the
adjacent surface.
15. The magnetic disk apparatus as claimed in any one claims 9 to 14,
wherein, as for at least a pair of two adjacent surfaces of the positive pressure

generating part, a region of the surface having a cavity depth deeper than that of the adjacent




generating part, a region of the surface having a
cavity depth deeper than that of the adjacent 30
surface is partially surrounded by a region of the
surface of the adjacent surface. 16. The magnetic

di sk apparatus as clainmed in any one clains 9 to 15,
wherein, as for at least a pgir of two adjacent
surfaces of the positive pressure generating part, a
region of the surface having a cavity depth deeper

than that of th dj acent rface is artiall
surfagg, }SrH?E‘FPZ]é(c?uH?"‘%fﬁ’tdgt})i BN of fle Sifee RhEAdiaprat stifaeent

861" T @8ke magnetic disk apparatus as claimed in any one claims 9 to 15,
wherein, as for at least a pair of two adjacent surfaces of the positive pressure generating
part, a region of the surface having a cavity depth deeper than that of the adjacent surface is

partially surrounded by a region of the surface of the adjacent surface.




