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‘MANUFACT URI NG I\/ETH(I) O: I\/AGNETI C HEAD SLI DER MAGNETI C

_HEAD SL1 DER. This applicationis. based. upon-and:cl ains
~the benefit of The present invention relates to: a

manufacturing nethod of - a mpgnetic head slider

'-lncludlng a head elenent perform.ng a read/wwlte

fronml'to a rragnetlc di sk, and .to the nmagneti.c.head

s .mmemﬁmmaﬁﬁmem@rwmmmmcmmm SLIDER

~on. March 30, 2004; the entire.contents of which are .
n ncorporated pr|0ANDyMAGmEm1dunnsK ®EV1€Eanese Patent N
Application No. 2004-098526, herein by reference. 10
BACKGROUND 1. FIELD OF THE I'NVENTION 15 and a magnetic
di sk device. Recently, in a magnetic disk device, it

. CROSSS REABRENCE €T RRIATED: BEBURCAIT@R OF THE RELATED ART

"to have a mass storage capacity. To satisfy this
r equi Pt rapplicationeis ceased ynathandocaphe e benefit of
recording density of a magnetic disk, 20 and to_red

- pmommwrfgroawamprmr dapapeee PatAebAPBLiaaki9n Y ngoaso9 %3526 '

spring | oad added to the magnetic_ head slider
fnfheslrﬁrr A6C1H A8 m2 ORG b, er&%@rq%w of Whish A lncorporated
magneti c dISk This flying amount is deternmined by a
hQ§%%§nP¥ 5eLgreRSAng force generated at the magnetic
~ head slider by an air viscous flow flow ng between
t he rragnetl c di sk and the magnetic head slider, and

' I g force of the magnetic head slider is
Bpt‘g’ﬁ 8%?@

by the above-stated air viscous flow, and

RRY h&&ﬁ%%-%%&ﬁ%@ der (f56i ng Surf ace with the

magn:fd e%lé)nt Eﬁ&er?&oqp QE?Q{:EQE‘%& E‘hg@ﬁr{lﬁacturl eq method of

Cons Yy, a manufacturing ne € magn

a X g%etil:' ﬂsa?: éouwmxc HnR18H8Rg3E Ra®WidnieS bgefe{«mim a

Vi Scous
read/wrlte from/to a magnetic disk, and to the magnetic head slider

fand a magnetlc disk device.

2. DESCRIPTION OF THE RELATED ART .

Recently, in a magnetic disk device, it is s_teadily' required
to have a mass storage capacity. To satisfy this requirement, it
is effective means to improve a recording density of a magnetic disk,
and to reduce a flying amount of a Ihagnetic head slidef flying' above
é surface of a driving magnetic_disk}

This flying amount is ‘determined by a balance of a flying

force generated at the magnetic head slider by an air viscous flow

flowing bétween the maghetic disk and .the'magnetic head slider, and
a spring load added to the magneta.c head slider from load beam. 'Namely .

the flying force of the magnetlc head sllder is controlled by the

above-stated air viscous 'flow,-. and therefore, it 1s-_requ1red t_o

process a flying surface of the maghetj.c heé;d slider (facing surface
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‘on the flylng surface of the nagnetlc head sllder can 'h"'

. “be formedwi th a high degree of - accuracy 1S suggested
© o (for. exanple, refer to Japanese - Patent: Lald open
r}-Appllcatlon No. ~2003- 323707) 2" By the way; in recent
-~ years, alarge nunber “of magnetic ‘di.sk -devi ces are
‘mount ed-on. nobi I'e devi ces, and so on,and _they are . -

’ ”?f-c{-wtﬁhthQumﬁgpeVAFl@&EﬁXﬂ#ﬂﬁﬂh@ﬁaﬁﬁﬁ§oﬁﬁkﬁﬁerﬁBQQGVarlous

C|rcunstances t han. 10 -before. In -considering this
sit uaffpaﬁeqwntéarn BelRBY 8¢ Hag InchAethed otrtgtﬁrweetlc head

: m S t nprove a ressure redUC C raCterISt
Jaéte% SR LER B BEERy Byl PRCESABHdG BfaAEE. St Vlrs&ﬁus flow

Orﬁrﬁaﬁﬁr%”%%rr%ﬂ R 0 R e SRR H ke wien

Ure en\ |f0nnEnt d S CaUS a decr ase 0,
= Bl R BB R ARG e S L SR i s Ded Bapanese

'.P%J@T_t ﬁg@ﬁ'}a AT S ol 0%o RS € %929%‘7’0‘% jgnvi ronment .

W pr sure ™ environnment he ‘dir density

- becong tL ]E\;y daﬁd LOShET LG, §‘1%E§8 ?thn?elpE)fqﬁ#ﬂrFetlc disk

fIylng t heconed smal'l yi ng anhou

ARECUE S rmtdntwat(rh tnesliaree‘tla@sn 9afd tot aﬂ'e A BOF e used

wth those 20 of at the tine an at nospheric

ui&s SHESouPlc i@ hipadandes andéeﬁ iﬁgré Y8 oushel AdBihard®® than
requirenents to realize Consequently, the flying

betddd.Uden 2odst 86r { Ay itREs $aGRLAbn, tihecsh ideEa AT €hat the most

| owered until the sane flying force at the tine of
ingta-tintoRield €o PhEE6Hs & piasshecqilacnfg chagadtet Osticbeing
take a bal ance 25 a process formng of the flying .
a seifiabel ity @valluappsw perdbemshapatchdiacheesSir< environment
become hi gh for the nmagnetic head slider. at |ow cost,
swarid aso ai hpgbl@nd heAabower tegarfi hhe piessgranceducifng slider
-SUMMARY  The present invention is made to solve the
unwbﬂveﬂna:ADﬁdpressure environment is caused by a decrease of a

generated f lyJ_ng force in accordance witha decrease of an a:Lr density

_under the low pressure environment. Under the low pressure

environment, the air density becomes lower, and therefore, because
the pressure flying'the slider becomes small, the flying amount

becomes small with the same flying attitude and space with those

~of at the time of an atmospheric pressut:e.

Consequently, the flying attitude and the flying space of

the slider are lowered until the same flying force at the time of

. the atmospheric pressure can be obtained, so as to take a balance

_cf aloadandthe £ lying force. Therefore , therequirements torealize

a prdcess forming of the flying surface into an appropriate shape
~at low cost, and to improve the above-described pressure reducing

- characteristic become high for the magnetic head slider.




To achl eve the above st at ed object, t he rranuf acturl ng

- “method  FI.G "3 is a perspect|ve vi ew showi:ng a

. ?magnetl ¢ head. sl ider pr obl ens, and the obj ect - t'hereof
i's to provi de a manufacturing method of a magnetl Cc
head slider, . a magneti ¢ ‘head slider and ‘a magnetic .

E - gUlBKREEVI ce, in-which an |rrprovement of the pressure. o
- reducing char acteristicc can be realized at-|ow cost.

~of * t heherpgreatent: tiaaenskodexsamind:mgoﬂ%onbeaﬂwm aﬁated
t he. present invention including: mlling: processes for:

'. pratb lemas tanidhtleeob j eets théﬁecpﬁ iEdroprbwitiena shndfactor ing method.

a flying surface, providing variety. of depths nore

- oft lramatyhet e esd ol ider i agnaynEss deatlos baden 1andhg maghetlc -

processed. Here, for .exanple, these mlling processes

Aifslr deNrice, iRrEidmcndePTrogenertofithe RFegegEesseducing.

formng -a first mask -on the slider to formthe flying

| chapecaesiaRic AR A 2681 RENOWCRT 15t 15 dept h;

10

- 15

20

25

a second ml1ing process changing the first mask t

secont’ AEBEEVH kPﬁ‘f?g'%tI@éteﬁil CPIH a5 ratheymagy gﬁtg{tla@d}q]method -

- after the first mlling process; and a third

Ol FSE RSyl e oK o O%empe&tn%t he Bresent

%&Sréwpggﬁxt‘é‘im%l %,g%%g&%%%‘if after Wﬁf%e times
p%lg\%r@é dl 93% alj_=h t%ﬁﬁégea Y éf\E/r\l gw how n%agﬁggggﬁob%ﬁgqgovarletyl_
% BT S LS e sl B AL B e nnans

AP T i ke
tléqel% dgn@ﬁiéé%e:cg' Yt ﬁﬁﬁﬂ?@f‘"p‘i%cﬁegg G & 1834 mask on the

slider to form the flying surface and performing amillingat a first‘

depth; a second mJ.J.lJ.ng process changlng the first mask to a second: .

mask perfomlng the mJ.lllng at a second depth, after the firstmilling -

process; and a third milling process changlng the second mask to
a third mask, performlng the milling at a thixd depth after the

second process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a magnetic disk device

mounting a magnetic head slider according to an embodiment of the

present invention.

FIG. 2 is a plan view showing a head_.gimbalrassembly included

in the magnetic disk device in FIG. 1.

FIG. 3 is a perspective view showing a magnetic head slider

supported at a tip portion of the head gimbal assembly shown in FIG.
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'-shovvn in FIG 3 seen froma flyl ng surface (ABS A|r -
~Bearing Surface) a generat ed force of a side pad: -
_corrposed of .two. steps. - FI'G 13A and FIG 13B are

vi ews showi ng the characterlatlc 10 15 FIG 10 is a
~view to explain a pressure: reduci ng char act eristic of -
the magnetic head sli-der shown in FIG 4. FIG 11A and

2.FIG - 11B are views to -explain points when masks 20 -

‘are formed on the slider main. body. FIG: 12A and FIG

12B aPES v eesa geawpeg tave vireacs kowiong themasings ictead sllder-:' o

~is a plan-.view-of the nagnetic head slider shown in. :
showg, i FIEE @ seen Sramd By ivg 6RpEach (ABFF sk Eﬁiﬂﬁf@snrface)_ -
process given to. a-flying surface of a slider main. o

~ sigledy of the magnetic head slider shown in FIG 5.

FIG 7 is aviewto explaln a second mllin

o roce
giverr [§o X HE RIDIERY VaGHt Gl W%ﬁ?dﬁ?a‘gré{)ﬂd&}'dﬁhown in |

|n FIG 6. FIG" 8 i's aviewto explain a third mlling
toless performed to. the flying surface of the sli der

.: ?EI__Qt ‘%ykéeﬁﬁglésvﬁﬂ"ﬁ%ge’ﬁ’m 2 Y ew*ksf}lﬂglvilg& BREoegRILven

oo A8 R P O R Pl B penc s

‘Sh%%quﬁeﬁlgf Et)hree st eps. 25 FIG 14A and FIG 14B are

VI éws 'show ng the characteristic of the generated

forceral, &\Iggsaciaeqﬁ%ceﬂpféﬁg ofset:te § #i 2P RFLAELED iven

est node to ment e prese

Ctd %‘ﬁ%nﬁﬂl?ﬂng surface of the sllder main body in FIG. 6.

FIG. 8 is a view to expla:l.n a third mllllng process performed
to the flylng surface of the sllder main body in FIG. 7.

FIG. 9 is a view showing a relation between milling depths,

‘masking regions, and milling 'reéions_' in the first to third milling

proc:esses'.
FIG. l0 isaview to explaina pressure reducing characteristic
of the magnetic head slider shown in FIG. 4.
o FIG. llA and FIG. 11B are views to explain points when masks
are formed on the slider main body.

FIG. 12A and FIG. 12B are views showing a characteristic of

a generated force’ of a side pad. composed of two steps.

- FIG. 13A and FIG. 13B are views showing the characteristic

-of the generated force of the side pad composed of three steps.

FIG 14a and FIG. 14B are views show:Lng the characterlstlc

: __-of the generated force of the side pad composed of four steps.

- DETAILED DESCRIPTION




1S, descrl bed based on the dr awi ngs FIG 1 is a'

per spective view ~showi ng- a magnetic di sk device

- mounting-.a magnetic head slider accordi ng to one

enbodi ment of ‘the present ingention, FIG 2 is a pl ah
View shovv| ng a head gi nbal assenbly.included in the

magnetic di'sk device, ‘and FIG 3 is a perspectlve Vi ew K
‘ :..shovw ngamm@n&t ia bésﬁ:adodéltdeu.mgmement ethedpreséntp invention

portion of the head ginbal assenbly. =~ As shown.in FIG

Cid; d@cmgaéth}a}s@ﬂ S dhelatmmra;scorm@g It dst-higerspective: v:Lew _ |

enbodi ment i nckudes a case 2 in a rectangl e box shape -

’ : s Heawiingg aamagpehmgilﬁjpeievm@ sorhbiey ambgnatis beadr slider
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(not shown), for exanple, screwed to this case 2 so as )
aqapusiingr te mmpp@pdsmen‘a@f dhet pregerte inventiphs YHe. 2 18 a
case 2, for exanple, two pieces of disks (platter) 3 ‘

Pl N ewerhmeing anberd g il ldRsRempbp e ncd usiednan iimpggnetic

4 as a _disk driving nmechanismto support and rotate. .
disledevarsksand By 4 AEad ParsReatiatorisy %P%Wlng a magnetlc

di sposed. Here, as the disk 3, for exanple, a,platter
h%?ﬁbd%r &P&R@FEF’d&f’C Bst%ﬁrPPﬁtSO? Rn bR haRe B HPRgemely-

ces

adBgRe! Lo d oPOLALIG. | BySs, gn, DOLD SUILACES 8181 o cnbodinent

h f h b h dl
1R :ry e 2 eg{a?ﬁl%ﬁ #f kb SRR Encidtlisia, upper
20 di s

siksebe 4an‘5<f'h§°ﬁm PGt IS b e FriBhidld enis

o2 et e 19 “&’?‘3 FrEEle o (i RREe oo
carr i gge f, tAILALS) %sr%&e}mpfietégﬁ%@ pEk K i (patten)

carriage he "head gi

eﬁlﬁ o901 BY Redilts RRNS EBk Zhate | Q%?icﬁcﬁ% flotor 4 as a disk

ate escr i bed magneti ¢ head sl I de nounting a head

'd&%&@ehé@hm&n &l BRPhIr PP Bt Afle 2 KA MsKkEE3 Pfand a head

- signals fromto the disk 3 and a tab 23 at a tip

: adt@a&b@@fﬁé@ a@fspo@éﬂj aReEMab SHPPDSE BUG‘Eor example, aplatter

hav1ng a dlameter of 65 mm (2.5 1nches) and providing magnetlc
recording layérs on both surfaces are adopted. These disks 3 are.
engaged at an outer periphery of a hub (not shown) of the spindle

motor 4 and fixed by a clamp spring 11. Namely, the two pieces of

disks 3 integrally rotate by driving the spindle'motor 4.

The head actuator 25 includes a carriage 6 constituted by
multiply layered head arm assemblies 15, a bearing unit 12 pivotably
supportingthecarriage6, andavoicecoilmotor 8 drivingthecarriage.

6. The head gimbal assembly 15 is constituted by a suspension 20

' including_ a later-described magnetic head slider 5 mounting a head

(magnetic pele element) performing a read/write of s'j'_gnals .from/ to

“thedisk3 and atab 23 at a tip portion thereof, and anarm 7 supporting - |

this suspension 20 at-a tip portion.
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In the above stated bearlng unit 12 supportlng the t :

.. carri.age.a bearlng shaft .13 provi ded. perpendlcular to
-~ta bottomwall .of  the case 2, and a hub 14 in '

cylindrical shape pi votabl y éupported by the beétlng
shaft 13 via a pair. of ‘bearings, are provided. The

~voice coil notor 8 ncludes.a voice: coil 17 t'xgﬂﬁagafrlage.
e

~su |topoifit- m@gsﬁlia%‘ﬁ%'%%@ BedRNg BRET bt SHBROGELRG
-'ac uat of a_ pal 18 f d h S
6% beeshmadnart i vepeliehmerpenaini 1ol b0 ERtEpR, A0 of

ok f th B
A2 £ e 0% L LD 080 Pepfooreen

by} 2he Ak a@ﬁggnggg{gg-ge%ggég%%gefﬁ@p blbrdfied, e

...chlll#é%f)éier ItgthterBiBn é)% Qr J_E:Eeacgilslﬁ.ﬁf:&F% #ha supportlng . |

|ngd driver and so
re cC | f
Sl BT SRS o S oE 35, f e o

‘iceeisf'tht £ iRe élbkff:tg?tc?a é‘?}h sSNQUN)o NDURI18G BnERIS I coil 17,

ormTg con spindl e notor 4, the voice

a cP' | mgghgfc F&%d% Rgad oy ahétf%e _ostg ate unit 10,

controller, and ther circuits,

are ﬁ?e&fed PANSG eHeCEADS, aNd: OnhoMNgxhig @& head at a
structure of the magnetic head S|I§§? 5 accord?ng 20

pr&idtenihed &t reak gl bni depdeted hesh thieddskB & iding w:.th
IS a perspective view showi ng the magnetic head slider

i @fadt be, PERSENthee MRGdEEst hes®arl iideanbais | mowgl to an outer
surface side, and FIG 5 is a pl an view thereof. As

pSHipMErian bEESEoloAW NGsliskn3 | hendf hyswigs tsuatfenueit ABBmOUNting
Air Bearing Surface) of the magnetic head slider 5,

a heud qdsie e, pnésswre, e gecemabdanepor Besadess ag a reverse
trailing pad 31, two side pads 32, and a | eading pad

- s afe papus ctentomiﬁbée‘elwgotrltwenmfe‘eba@S@eﬁe@aﬂ Bt circuit

portions are respectively constituted by plural
sulsgfimrte havt sgown) frauaitingos CPUoFRr BETEOFNARS CAEbrASS of the
~to.inprove generation

- spindlemotor 4, the voice coil motor 8, and the head via the substrate

unit 10, a memory, an HDD contfollet:, and the other circuits, are
attached by screw cramps, and so on. |

Next, a structure of the magnetic head slider 5 accordlng
to the present embodiment is described. Here, FIG.4isa perspectlve

view showing the magnet:.c head le_der 5 of the present embodiment

seen from a flylng surface side, and FIG. 5 is a plan view thereof. . |
As shown in these drawings, on'the_flying eurface (ABS: Air Bearing
| ‘Stlrface)- of the magnetic head slicter 5, four pesitive pressure
'generatlon portlons of a tralllng pad 31 two side pads 32, and a
_:- leadlng pad _33 are provided. These pos:.tlve pressure generatlon :
.portions_are respecfively'constltuted byeplural regions having

;edifferent-positions of'surface'depths,'to'improve.generation




eff|C|ency of p03|t|ve pressure hbnely, the trailing
pad 31'i.s constitutéd by, for exanple, = a first step
_trailing pad region 33a composed of a surface. never .
subjected to a. nllllng (non-m | 1ing surface), and so -
~on.wi-thin-a- slider manufacturing process, and a -
second . step -trailing pad regi on The side pads 32 are

e£ONSidicit o bysiticé mtamuiade pad regions the fi rst

~step trailing pad region 33a. region 33a and.the:

~hei. ghNaméljrha:l'&thatElrhﬁlpﬂﬂ 3 ovier cohati tiisdd ‘b7, Sﬂdnr example, o

di sposed at: an:infl ow end side of the first step: :
atfiatdd mgepadrd Ol Afn reonpegédn ol 3a mposedi bFi a}gsurface never
surfaces, and so on, second step -side pad.regions 36b '

smh}aqm:mfd tat ai mil}:n/mgar(ahonl-meélmngtmeﬁaq@s)t, shdpsgiate within - a'

pad regi ons 32a and the hei ght of the surfaces being _
s1oder mahafiactwatnppro¢rss, asd & 5epoBd ddepaer aiddingnead region
32a, and third step side pad regions 41d di sposed

- 3Tprdisposednabrn dnddevt erdth side obcbhel Bisy step sfrléPelllng pad
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- pad regions 36b and the height of the surfaces bei

regi@n 3BRaandt e h@ﬂgbﬁeogé’ékﬁ]éuﬁféﬁesli’%’él%&&‘”ﬁggF that of

~ 36b. Further, at the trajling pad 31 side of the side '
thadsiest E5ePr E5AL1LHE Atk T910Re 33Rde pad), skirt

portlons 42d forned at the sane th the. third

Dep TR a5.RRI004 SRS ARG CAPRCRR BV HhET SRS Ll Ppd Tegions
ortion 4 2d can increase.20 a negative pressure and

3B B SErle Of R - ii&PﬂgS%ﬁ%a%%reﬁ 53°4G E¥dna step

s} %Oaf%fjt{l art ggbf J?s%%es'.gfllzgi? i %hlggmgasgd%g c':f th first step.

region 514
f h | | f
s:scg%gvﬁge S c_a(em:Lon|t Pngldp@ah hggcﬁﬁf’r ggﬁ% s?&ggég J_n%nfo‘.@er than
I d h I
L S, e RGP 8 sgp0 wi

" péﬁ@eb%nge@ﬂi a@sp@@'eéﬁoh:% Pnf R QAT dCEnAR W é@@éhd step

' s:Lde pad reglons 36b and the hez.ght of the surfaces belng lower than

" that of the second step side pad reglons 36b. Further, at the tralllng

pad 31 side of the side pads 32 (outflow end side of the side pad),
skirt'portions 42d formed at the same height with the third step
sidepadregions4ldareprovided. Thisskirtportion42dcanincrease

a negative pressure and enhance the pressure reducing characteristic

- and an shock impact resistance.

‘The leading pad' 33 is constituted by a first step leading
pad region 3la composed of the non-milling surface, and so on, and
a second step leading pad region 35b disposed at an inflow end side

of the first step leading pad region 31a and the height of the surface

' being lower than that of the first step leading pad region 3la.

Besides, a region surrounded by the trailing pad 31, the two

side pads 32, and the leading pad 33 is a region further lower than
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belng Iomer than that- of the flrst step Ieadlng pad
regi on 3la. - Besides, a regi on surrounded by the
trailing pad 31, the two the height of the surface of
t he above-stated. respectlve Bad regions, and it is a

. negative pressure generation portion 46e called a

‘negative pressure cavity. Further,.at the Ieadlng

© tizsheight of tﬁlﬁemré@ssﬂQfeth%abggeret@@cbrespmtm P@gﬁeglon.s > .

46e, ‘a negative pressure dead zone regqion 40cfornmed as

- ang FedFarnegl Ve RTe SR qwnﬁg&numtapeglsﬁﬁealled anegative

generation porti.on 46e to inhibit generation o

- Pﬁ%’trle\féa‘ﬁrté'ss uFecther ;A% hBsdeacing nasydt pide ;S’rfe%% pggat l‘fe_

- dead zone r%%IOH 40c ,is provided at the.inflow end :
dGRPOFE PP 48 raen%ﬁm‘gﬁ PYeRsingfead zone region

R e

o RS AR T R aonen
TH n(ejeét e éé‘gu'ﬁe Sz[osnteafn_ﬁ?%.oarg ¥ { Splgc[)_.séecggg the inflow

mal n

i g.fﬁe*@sﬁ% Rdpet %ﬁ%%s?gl@?h*@%ﬁ tl’%p{ié?é%&?gemer

o2t Hb QR 1%5;%]%%1&51 %IIQ ?% HbHadi 13vRraCtre trg !LE.’LE? éﬁi& and

a viewtl10 ex I Ng pProcess,

tHe?:e%ly‘r’]' EWe SHEME N2 eahéﬁhgncﬂsﬁe@éugﬂla agndpat Qﬁhanced

maski ng. regl ons, an g regions 1n the first

thi rdNéﬁ@P%Chhi{@féEédfﬁQ; RE@RBESEF th!é“mb fletic head sl:.der 5
manuf act uri ng net hod the magnetic head slider of

st%@cﬁ:'ﬁ%eﬁr%%ﬁatéﬂbgﬂ(bf@rﬂs deseyebed qﬁaﬁl@ag&s@a,o@ FIG. 6 to

mlling, and a renoval of a mask is perforned fo

- FIGr 9¢ @elegsriand tibes ahiaw tbeexpuiat |aCflh§ﬂdnlS.Ll|1dl@f pbocess

having m | 1ling surfaces(surfaces -which are mlling
peifocesded) thd [Ellydnghsésrodcatod easl iflenr myhd iteidygs FAG. 7 is
nore on the flying surfaces, can be formed. Nanely,

a view he expdsatinm secoryl pibliss proéésa,s F3@0WNis a vEle® tdexplain -

and FIG 9, first masks are forned in the above stated
a rtbgirdnsiBBa)g 32@ceSta, anddF UBCc I nenahaiehisipwiagt ronelation

in FIG :
between milling depths, masking regions, and milling regions in the

first to third respective milling processes.

In the manufacturin'g method of the magnetic head slider of

- the present embod iment r acycleof amasking, amilling, anda removal

of a mask is performed for three cycles, and thereby, the magnetic

‘head slider 5 having milling surfaces(surfaces which are milling

processed) with heights of at least four varieties or more on the
flying surfaces, canbe formed. Namely, inthe firstmillingprocess,

as 'shdwn in FIG. 6 and FIG. 9, first masks are formed in the above

stated regidns 33a, 32a, 3la, and 40c (non-hatching portions in FIG.

6) onthe surface of the sllder maln body 50 to fom the flylng surface.

Further, 1n the reglons 35b, 41d, 36b 424, 46e, and 37b (hatchlng
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6) on the surface of the sllder mai n body 50to form

the flying surface: “Further, ‘in the regi-ons 35b, 41d

36b, 42d, 46e, and 37b’ (hatchl ng portions in FI.G 6) -
'exp03|ng (opening) fromthe ‘portions covered 10 Next,
in-the second mlling. process as shown in FLG 7 and

with the first masks of the slider main body -
”-eepdﬁtndmsnnthIﬁglﬁs pspﬁeln@d(ogﬁnann fsomdemerpoﬁumons coveredee

exanpl e, of 126 nm FI'G 9, after a renoval of the

witihrste Fasitgasieafithensbkdennein bedied0 i BhenEl 179 b5 peeﬁéormedﬁf e

slider main body 50. Further, in the regions 40c, in

- at e TAEgtoAePEED, TR £xaBpAE, 396, 128amand 36b

(non- hat chi ng portions and 33a (non-hatching portions .

in Fll@}dsv) 1or thaeeqondei i khiRd RIQFeSSo. aFHIOMEy 10 G- 7 and -

t he regi.on 46e (hatchln portion in FIG 8) exposin

I@ld ' eraﬁd:egfga 1P Ryt Homepsiis %T}Fqﬂl:d“a ks are formed '_ |
ebREoafortaohy fhar M i Muck Soand hR (PPr RAGSHLhd portions

. d depth, d h h,

”ﬁgﬁ{? ﬂeﬁ %is% ShIT BRiS e o pg(f&%&ﬁ%&%ﬂe‘b%ﬁﬁwm 10c,
it hfa{ nod R iRhind edlEhthe ducefS, g Biaels ctom che
pe}ohf @%@ Wi, om 4, 385a el e, sflpr digtn poay 50,
tﬂehin ertf% %@ r@écﬂ)n agﬁtﬁod é}?é?r 'EHalrf RBe first

ept £e ¥

I's per at “a eper

'd %ﬁngoggg%gﬁ?l feéﬁﬁphﬁ.,Of 1174 nm 20 hbnely,

pattern (a) in FIG 9, the non-nilling

sur f %éédfl%l%l y0 Mhlestﬁﬂrd"ﬁﬁllﬁﬁbe@éesW td% 8hown in FIG.

maski ng pattern in FIG 9, themlling surface at

8 ha@ pPRtdepf kifterf Qh&eﬂemékfwl o tReas BBSHKA hadt,t @hArd masks
(c) in FIG 9, the mlling surface at 200 nn1depth i's

- adeoERfled AU ther reg éis B5BSBILAY PR f and,(8gb) BF ,G4235 37b,

-9, the mlling surface at 326 (126 + 200) nm depth is

'-andeBHEdcncandlatchlng portions in FIG. 8) of the slider main body

| 50. Further, in the region i6e (hatchlng portion in FIG. 8) expos ing

from the portions covered with the third masks of the slider main
body 50, the milling is performed at a depth deeper than the first
and second depths, for example, of 1174 nm.

Namely, with a masking pattern (a) in FIG. 9, the non-milling
surface (depth: 0 nm) is formed. Besides, with a masking pattern
(b) in FIG. 9, the milling surface at 126 nm depth is formed, and

with a masking pattern (¢) in FIG. 9, the milling surface at 200

‘nm depth is formed. Further, with a masking pattern (d) in FIG.

-9, the milling surface at 326 (126 + 200) nm depth is formed, and

further, with a masking pattern (e) in FIG. 9, the milling surface

‘(cavity surface) at 1500 (126 + 200 + 1174) nm depth is formed.

'Here_with, the cycle of the masking, the milling, and the removal




(cavity surface) at 1500 (126 + 200+ 1174) ‘nm depth "

is formed.- Herewith, ‘the cycle of :the masking, -the "

mlling, - and the renoval further, with a masking

~_ pattern (e) in FIG -9, the. (yllng 'surface’ surfaces

‘wi th heights of at |east. four varieties or . nore are.
formed. Further; by appl ying a nasking pattern ot her

o of hae hduk’ %@dﬁgo@ﬁé& doiStBe tzyci@é, landRierdby ,t tiee mllllng .
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- m1ling surfaces (cavity surface) at the depths-of

 sdidcanyi AB081GARS of A8 1ensbnowandat B 4260 morbldd formed. o

nm are -formed. -Namel y, by perforning the: m.lling" -
procefaeshépy byhapgd y inignesas kimg pattace S)t\lmet:rthatmthe mas kJ.ng
hei ghts of eight (third power of two) ways can be = -
phoremth (&prie, (ahén FIG.a8} chefmileing suifaraejcavoty surface)-'
for exanple, 1: 2: 4, and so aon, (Nth power of two)
'a’sedh@cd%mtlﬁomllt"/l%mm IL3i0Ag( Wfod:e]els?‘l)l tlmr st bt ét260 + 1174)
formthe plural mlling surfaces havi ng depths

nyptedosnedey diamplyatbyt brr feimigiadrhe el Hitg Bsoeesgerfor three

depth 1, the depth 2, the depth 4 formed by the first

tHmed e %lhrefa‘wpwte the hepyhts 1of géght (g:l‘{ljpd.l.pgyer of two)

the depth 6 (2 + 4) formed by the second ml|jin gn acl
wa¥e WhR fomed oHergy Vheherl HAFicnal ¥BStIHT 9 epth of,
[ t Besi d wh
£h PRBREr B g i 5080 i (VTSR ks SHY AR ted a8
f th lid
R R TP e ators PRSS LR TRES 3Rl EhERT WALA Y igogurtaces

nat ur abl.e.to set. the

hﬁw%?eef@ﬁ?ﬁ%{#fe%ﬁf&tf YERLY s e ERee I ThetdPe, of the
d%é‘{}g‘il,f R cfe:i)t% 9 Xl d ?ytlli £ f’éx%l'éd rgfe@rl% B9,k Lp %Jo})mg the

mI17°ng proces efrance 0

. hy
SOV T 2707 R0 JARITATRET ) M BRpBSOESTES ) o

ing is
%hﬁ\é l5le End mEr , W Qheod%ﬂx 7”“}‘1 t,.hg shaj |ﬁﬁtﬂd by the

avity. epth I'S set’” as one IS possible to . select

tﬁﬂﬁi 'ﬂllll'lﬁg d?@éﬁe@@l‘}@?y raﬁéé’uﬂés t RS taBoye n%ﬁﬁaéfdzhe

2, an SO on:

'sﬁ@ﬂdv\%tpmﬂﬁﬁ@sgurﬁu;@ﬂmaﬁlingﬂp&dess%dz framéstm@ s41143ace of

and so on.
the slider main body 50 from the non-milling surface, is set as

one, andwhenN is a natural number, it is deSJ.rable to set themilling

depﬁhs of the respective milling processes within the'rang.e from
0.9 x 2¥ to 1.1 x 2V. Speaking in detail, in the milling process,
atoleranceof 10% isrequired , andwhen the number of milling processes
is N, in which the milling is performed at the depths of the first,
second, third to Nth, a'n_ci the shallowest cavity'depth is set as one,
it is possible to select the_.millirig depth at the ratio of the

above-stated 0.9 x .ZN to 1-.1 X 2.N_.(N =1, 2, and so on: number of
mllllng processes),_such as 1: 1 8 to 2.2: 3.6 to 4 4, ‘and so on.

' Here p the mllllng process of the two cycles and the mllllng

process of the threecycles are compar_ed shortly. When what iscalled




ekbte the. ntlllng process of the tmo cycles and the
-m LD ng process of the three cycles are corrpared

- short'ly. Wen what is called the negative pressure

cavity is formed on the surfgice of the slider, the
-mII|ng surface at the depth of at |east 1 mto 2 p|n
i s required. Besides, t he case when the mtling

| trmmé@a:mm préesuepthvety 86 mnrmect)oaoﬂmﬁur:éampﬁéal%ﬁllder, -

a-step surface is considered. As an exanple, to forma

'ttﬁat BT impgunfacaaitt yhaldpphl off at leasexappite, 2 1@0105 nﬂqu1red- L

~and 150 nm the mlling to dig out 150 nmand th
Besildesngthe chse olten1 386 mid bitg segifiacedat Thize rﬁqntthngf 80. nm
surface of 150 nmis formed by the first mlling

RO ausis Hedeg OB RaREfR SULFACE AR EYNAIdeFRd -deﬁ? D %Fampler '
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| tofeEmsy sligen haRing cANE LY

1500 (150 + 1350), nmis forped the second Il
FRted oty G0 SRRy Cdcpf o and

are; as a whole, the .non-mlljn urf e zer
1500, £56 Tohk Li7ig 6 On i Taiat 150 P Ay tr&a‘;’l 4 fb aig out

- can be selected aonly from ng_t four ieti.es
--__lfh?enat. AP TEA  ( nae%ttﬁ‘ga%%t%iﬁf’l%ols fprmed by

AT R AT e
faZ@?t‘f 855 LB 15 P R LS e

ACALACLELLSt e G0 D Sl Salbek Mpiss
ce

a whole, the
errstirc to absorb Bras

as
rfent S suc

' _noqptﬁ'ﬁ_ L ngrf?@éj (fd%’i %9]926&{1 ne syt A EBBb%Ofand 1500 nm,

pressure-reducti on |on o)

. _aéi?%hbg?%lﬁ& ELYI 9 SRTRHBEa 18 $06k dndty tRetfSPekareBties.

cause manuf acturing error, and a margin,

'T]:i’eﬂ:’lh.fféi:é‘tgcé‘ oehens elvaaly deadhd b&tﬁée@q@%@t niefa@¥d 1500 nm can

exanple, 11 nm, and so on. Wen the magneti c head

- prddidRy a'ﬁltﬂwlifngﬁbﬁéﬁéntbﬁd hRedid tdir qrrieeasses e slider.

three cycles as the present enbodinent, a ot of

cavity depths. Nanely, a‘'recess of 1 pmto 2 mis

" héRUS1Idsk 18 desomibba. negathowe i ISUrd colvé pyesssre seduc;Lng '

the same as the case
characteristic can be said that it is the characteristic to absorb

‘disturbance elements such as an amount of head flying decline at

the time of pressure reduction, a deformation of a disk, a declined

flying amount at a seek time, a dispersion caused by a manufacturing

error, and a margin, reflecting a theoretical head flying amount
. (for example, 11 nm), and so on. When the magnetic head slider is

| mahufactured by the milling processes of three cycles as the present

embodiment, a lot of alternatives as described below are provided

as the cavity depths. Namely, a recess of 1 pm to 2 pm is required

to form the negative pressure cavity, as is the same as the case

" described above. Besides, the case when the milling surface at the

depth of 200 nm to 400 nm is formed on the step s'urface is considered.

al 't er nate yeheapreeserée &@auhehgwmmqﬂawmft ab e tnlagnetlc .
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descrl bed above Besides; the case vvhen the m I 1 ng
surface at the depth of 200 :-nmto 400 nm-i's- formed on
the step ‘surface is considered. 12 For exarrpl e, -when
the three varieties of m-|lipg; processes of 150 rlm
11000 nm and 350 nmare prepared, the desi red he| ght
" can be selected fromanong the follow ng eight: "

Fomkixampte, Wher ahe) three ¥ isties360 mmln@O@rmssIdlimf 150 e L

nm 1150 nm . 1350 nm and 1500 nm- Herew th;

1 | 260 Gih - aydéﬁommewetd,@@deﬂneedhmgig:csanbaeelected__ _—

'to be forrmed on the slider is inproved, and a flying -
frshmemonerthe ifoldbwihe eidhtevarieiciesl ig(zéee pnassig@ nm, 350
reduci ng characteristic, and so on, can be inproved. ,
niNe>8t00 pai ni 80 Gy {IHE OBk s 135 @ mor rand dﬁoﬂhmsuﬂeae&flth, a
of the 10 sli-der main body 50 is described based on e

EIRxdbiliAyapEl Fheloht mettingsabiira &Ly hBS SWiaRenEa be formed

when a nmask deviance is occurred, it " is required not
on phe srligrt s AMREPYeB028H aafﬁg;ug\ﬁh@g@pperggt:% of e slider
fIy| n% surface of- the%gllder as much as possi hl e.
SsPRARMPSSUECFF YUY CRATRRESE 7RO ARG 7P RJ can be
. m I I| g surfaces 56, 57 adjacent 15 with each ot her
ormng the mllings of the non-mlling surface

onev“ é‘}&fé%&‘iéﬁ‘:e@ies K gERRoAE °§fo&fﬁc€§5‘a{1%2?5ﬁ£§ie'of the
oFATEATH 00 5 00, SeBPundd SR 1" VDN B 222
ASV\@J wﬁolnlthéﬁ cffgtwgtg@%m?l@&l | nfag,ﬁﬁﬁgvléﬁé dai'[ c%Wrz'gd it

I OwW over ace 1S damed

1§ Ee ﬁ§rﬁlk}ﬂﬁc ebt £Gkm ANy 'vﬁéiflﬁgﬁ@% %r% ggk}%‘cgeél’ on the

espéci a when a verfex ones
fltyll%gngﬁrféée'cﬂg t38r § Pb&er lds GRABNDEs Podehhie. ! q{éﬁ akghshown

di'sk because the non-mlling surface is near th

_1d@ﬁ@et1'1ﬁ 8k hel e of forming mllllng surfaces 56, 57 adjacent
| with each other by performlng the mllllngs of the non—-mllllng surface :
55 with two processes,' when an oPenJ.ng port:.on 58 of one mask and '
‘an opening portion 59 of the other mask are misaligned, and a gap
- is made, thfs gap portion is not milling processed, and femains to

‘be the thin wall 60. If the thin wall 60 is formed, the airflow

to flow over the step surface is dainmed, and thereby, it has a bad

effect on a flying performance. Further, especially, when a vertex
of the thin wall 60 becomes the 'noanilling surface, it can be a

_'cau_se to scratch a disk because the non-milling surface is near the .

magnetic disk side.
Meanwhile, as shown in FIG. 11B, at the time of forming the

milling surfaces 56, 57 adjacent w'ith each other by perferming the-

| millings of the non—mllllng surface 55 with two processes when an

: openmg portion 63 of one mask and an openlng port:l.on 64 of the other




25 Meanwhile, as shown in FI'G 11B, at the time of

‘formng the mlllng surfaces 56, 57 adjacent: vvlth

-~ each ot her by -performng the nillings of the

non-mi Il ing surface 55 with {3 processes, when an
- openi ng ‘portion. 63 of one mask and-an opening portlon
.64 of the other mask aré misaligned, and they are

"":-__'maweahcammmgdedeaahd atteyr arehevewmﬁmwedtnmacm@ther, the_._ o

m 1 I'ing processed deeply. (the.mllings on both  sides-

" oxmrda@@eﬁqrdmﬂoal itsheibhi mnprecessed Hbep@yl $hemm1§]1ngs on both -

‘normal ly),- and thereby, the narrow cavity 61 .is

| ) "sxfdasrrede perrfbhmedaa]rtdamumvong sx@umiklimdstmmegh norinally) ‘-
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accunul ated because it is hidden behindin the mlling

B arm thessbundhe naigiow eaviin@ lpiodegmedBesinigbe narrow cavity, |

- causes a deterioration of reliability of the device

© dusfsttrndiiebe agsinyl seehbecas a i bd sdvistieathaindin shemil_ling‘ |

attached to the magnetic di sk device main body. 10 -
prosessqaaft ﬁymaﬁlﬁerWlaw ﬁgOPaﬁes Feeigpdyi HeFAWP e
patterns, of the _masks. i,.s described with

" dert@PféPéﬁEéOP PERELipPALLEY a‘Pf vm’e] ds‘{écr%] byithp dustagasily be

haV| different. ml]in processed fromt

1St e ol Pret t Ak S5 ReRea Y QSFRcBRenFEIR llSk device
chg ..the region to be the deeper mlling surface 57

m ﬂ815rrillingsurfacesistoberrilledbythe

21 ulr :c Ifgﬁgn%%]oce ﬁp{g%ﬁ{ Oﬁ (S’Wg-?}??frtél ggsaq:%mrcﬁg tl.cl %hggatterns
ofp t ven%&gls ¢ hﬁémér 3: \A@ejscgagbéfc? %W#Q%%rex?&?" %%‘IG. 1iA
T verStht e At o _

e abo Pl e-T S o

| tha% Ezhgh %%% mf%@%é?fgﬁgsfﬁafﬁgq S&fﬁé@eu&“ﬁ@??%ﬁ@eﬁh‘s

porti ons € masks T espectivel y

prRcbBear faned ieVﬁufg%ar& eﬁemaﬁ&exea% 16pbdMh adjacent to

ace a | ower I Ng sur
each other, the reg:Lon to be the deeper milling surface 57 of the

: mJ.ll.Lng surfaces is to be milled by the milling- process performed

 for the shallower mllllng surface 56 of the milling surfaces.

Herewith, it is 'prevented that the thin wall 60 is remained.

Besides, when the above-stated rule is not satisfied, as shown

~in FIG. 11B, the masks are formed so that the opening portions 64,
63 of the masks respectively formed on the respective regions of

the deeper milling surface 57 and the shallower milling surface 56

are dare to be overlapped. Herewith, it is at least prevented to.

~ form the thin wall 60 at a sacrifice of forming the narrow cavity

61.

Next;, a characteristic of the multi-stepped side pad 32 as
stated above is descrlbed. FIG. 12 to FIG. 14 are showing results

of calculatlons of generated forces of the various side pads with

‘varying the depths of the side pad regions on and after the second




Care; dare to be overlapped Herevvlth it is at | east
" prevented to formthe thin wall 60 at a sacrifice of

. forming the narrow. caV|ty Next, a characteristi:c of
~'the nultl-stepped side pad 33 as ‘stat ed-above is -

described. FIG 12 to FIG 14 are show ng- results of

cal cul ations of ‘generated forces of the various side _
t@@@saﬂﬁthhewsitﬁ@ntshefdeﬁéhet@ésthe side pad regions -
on and after: the second:-and the positions of the - ..

" st epsthe Fhe phdaspadtais elle ban culiat tah dsl i one thathm J.nflow |

one that an inflow. end thereof is 265 um froma-

,- enldeadengoﬁdgae 2@Bdulhfran ze leadidd edyz 400 te isize is 120 an

- slider of a Fento size having the negative pressure
x @80ty ial at BEidieptdT af Fémbo wzAel havingrtie megatGvé pressure
- and the sane. in the following) fromthe non-mlling

‘cavitiase thendegentad [1y5 am (erd pheonll Speetodmi, amskéhe same

angle are 8.8 nmls and O (zero) deg being a condition
inothe APHlpeimghdram poe tnahrwilldnggoripae. 2 Igciideptally, a
HDD, FIG 12A and FIG  12B show a result '

of
o pexdbberal ispeegfanthe skey gRALP ATRICS BV elﬁdt%ézemb d&sobemg

71 conposed of two steps with varying the depth_an

- -a eprd Holan pHR IB%dTEP%“sHh@EaéfPQ%@%@S@‘IQPQ&]@@% ?,&alch HDD,
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"calculated to find the positive pressure of 7.

angrighe féyingiphglavde iedehats aimbiichhapele Hsahyfl erﬁé 1153@ slrad_) ;
150 d 10 fl 10
= Phited amadiclgino, %r3b5é¥g TRl iSe oh F MigoBeBgeneral

'P°5§a°r‘sé§o%ﬁ S eeBtmeetiiin BB SRRy BferdEe wnen

thlteS§§~$| rpsa} &F e%om%@e e%%a%oﬁgog aoﬁ%ﬂ%dﬂéﬁuré%fﬁ&e%‘ﬁ%gce is
d
cal8h gLty f9 flg{%gcﬁ?egggrl%?n‘?%g‘?‘ﬁ%bﬁ‘a‘es??&fnb?ﬁmﬁa
di St 3RG€ 12a and FIG. 12B show a result of calculation of the

g .gener’ated force of the side pad 71 composed of two steps With_'varyling S

the depth and the position of the step of the second step side pad
region 71b. The position of a boundary line between the first step
side pad region 71a being 'the non—milling eurface and the second
step side pad region 72b, is varied from 50 um to 250 um in a dlstance ‘
L from the inflow end of the side pad 71, and the depth from the |
surface of the first step side pad region 72a being the non-milling
surface of the second step side pad region 72b ie varied from 10 |
nm to 200 nm. As a result, it beeomes the maximum positive pressure
of 15.9 mN when the length (L) is 50 um and the depth is 150 nm of
the second step side pad i‘egion 72b. | |

" FIG. 13A and FIG. 13B show a result of calculation of the -

generated forceof the side pad 72 composed of three steps with varYing

the respec’tive depths of the second step' side pad region 77-215 and




' :;20 L fromthe |nflow end of the. si de pad 71 and the
L depth fromthe surface of the first step si de pad

‘regi‘on. 72a being the non-nilling surface of the ..
- 'second step side -pad- regi on 1&2b is varied from10 run:
~to 200 nm As. a result, it becorresthe mexi mum
positive pressure -of . 15.9 nN when the l'ength (L) -

| -th@tﬂﬂrar&éﬂﬂeldepphdlﬁeglf&a MPcofr&h Ghel Hdnand 1Elfg éla&aces_fﬂ
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show a result of calculation of the generated force.of

| (sult€asbdE PR fl2sewTEpssidebatinresioit Bps) Wi Howeeey) the third L

the respective: depths of the second step side pad: ;
stepUs De PAH paglio252this fdxeddstthp Jsegjmzpadomelgl@nnflow end _
72b. third step side pad region 72c fromthe :
ofnthensidd pgdsi2 ftacs9 murdrst ehefrarye bifr he stesonsi dbep side -
“pad region 72a) . However, the third step side pad g
padegegioy Z@h $sfs«edoabet fﬂeom &§i om 9 &H0t he 9hfthewinfigow end
of the side pad 72 to 50 um and the range of the -

- ofsébendideapndi’®e pad region 72b is set to be from 50

umto 100 um of the inflow end of the side pad 72. As

a r e a refnkt geheganeta et ERrTal YIS YSHIRRAS tipgeneration -

generation pressure of the side pad 71 conposed of
PIEREUSE RS, the sideoRadt e COmRRFEIaphr o ey FPoheqete the
N to 19.3 nl\, _and the nmaxi num enera d 10 faorce is
rafgearrmqmaﬁt?% THop 1o BN t‘tfhé%g enerated

] P R TR o 0 e Bl s

| 72%4§r”°” %ﬁ?ﬁ”ﬁ@hﬁﬁ‘%—t acfﬁ?ﬁa 18 agp@%&?a@”g@gkﬁﬁ the

72.in.El G _13A and [
o33 Hep BaoSoad 2ogBH el aopRRRFn s 1 300
fourth step - side pad region 73d is set as 100. umto
50 umfromthe inflow end of the side pad 73 . In

~this pcaf'emh&mwma% 2k &fp & GRRCEREBRumber of steps

: ofrthe SldE'pad 72 J__n_FIG. 138 and FIG. 13B is 1ncreased one more
iy etep to be a 'f-our—'step structure, and the range of the fourth step .

' side pad region 73d is set as 100 um to 150 um from the inflow end

of the side pad 73 . In th:i.s case, the maximum gene'rated force becomes
19.9 mN when the depth of the second step side pad region 73b from

the non—mllllng surface is 100 nm, the depth of the third step side

: 'pad region 73c from the non-milling surface is 300 nm, and the depth

. of the fourth step side pad region 73d from the non-milling surface

25

‘is 600 nm.

From an analysis of the above, it can be confirmed that the

maximum generation pressure of three-steps side pad is increased

dramatically éompared to that of the two~steps side pad, and further

' large generated force can be obtained when steps are added so that

the step becomes deeper as it comes nearer to the inflowside. Namely,




19.9 ™ mhen the depth of the second step siide pad'

E region 73b from-20 the non-nilling surface is 100 nm

the depth of the.third step side. pad region 73c from

.-‘the non-nil'ling surface is 3Q0 nmand the depth of

‘the fourth step side pad r-egion 73d fromthe
non-m ling surface  is 600 nm Froman anaIyS|s of.

© it he Rhayeblbt tiean the sRalisouest Wiall ihhesRer o betny m:u.li:.ng |

generation pressure of three-steps si-de pad is

o prbﬁeg ead ¢d fdraplibteid Jepinpasecnt o Rhanmafrdnehe hon-mllllng
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“two-steps side. pad,  and further large generated force

suedacke andt findtemhehesteps shndladded med ltihgt sut feces fepn the

becones deeper as it cones nearer to the inflow side.

* noblamblyind Gurtface iesfomird ddepert teashaild ledfomestimylling

~surface being mlling processed is forned at the

sugépte arid B0 hhecia@h edt 100 om ttee 788 nami frdm gheurerorilling

and further, the next shallowest milling surface from .
Suﬁﬁecﬁon-nilling- surface and surface. surface is
-formed deeper than the shal | owest n1II|n% at the :
dept m%ﬁtaged ROVE » 7RCCHE ERD ¥Or Bl MSN@TLE; cAellder 5 of
._stated above,  according to the magnetic head slider 5
thSPrﬁﬁénE F@?@ﬁi’-‘“@%o 4 ﬁgﬁtlt 1PH tSdFéi’letllﬂti’dC ovgmeRE of thepressure
nprovenent of the+€ressure redu0|ﬂchharacter|st|c

feﬁu%%é’thﬁé@gt%i‘*%ﬂf e 3 BORRS NS TRAATLYE tRoRRdHEAL &R roll
noh St LB e o T e e A e LA L o gnet ic
hedff et esh tHP BEGhR eﬂu%s SREEF ¢ R peSSp e R can pe
ocfs PR 4 ooty oG o, BFLABREIE) 3RSET rusener,
fo?ﬁ%x%‘réfge,rafaema&ﬁeélg r(ﬁ‘_jsﬂl %&‘I'x,%te{hYé 3 Rf %%%Hbﬁe%gl speed,

mounted on a power-saving type mobile PC, and so on, can generate

a p‘f_edetermined ‘flying p'”ressure to the slider.

As described above, according to the embodiment of thepres ent
in.vention, the cycle of the masking, the milling, the removal of_
the mask is performed for at least three cycles, and thereby, the
milling surfaces with heights of at least four varieties or more -

exceeding the number of milling processes can be formed easily.

' Therefore, according to the embodiment of the present invention,

25

it is possible to select desired heights of the milliriq surfaces
from a plurality of varieties by a combination of the mask pattern
and the depth of the milling, and therefore, the flexibility of the.
height setting of the flying surfaces to be formed on the slider
is improved, and the flying characteristic of fhe slider including-

the pressure reducing characteristic, and so on, can be improved.

Further, according to the embodiment of the present invention, the




"~ As deScrlbedfabove accordlng to the enbodlnent of the
present _inventfon ‘the cycle of the nmasking, the
ml'ling, the renoval~of the mask i's performed for at
| east three cycles, -and therepy, the milling surfaces

- Wwith heights of at-least four varieties or nore 20

exceedi-ng the number of milling processes can: be

- pidRIcsasig/or thernedigne ofenediyidgtsnrttie eerﬁmﬂbmpekfomed
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- Tof the. present- i nvention, it is posSible to select o
 edieisliy @lLyey ghhﬁg@ﬁg the dﬂiﬂbllnag iswofatesmadiiony end themilling

plurality of varieties by a combination of the mask
aqnﬁﬂdmmglyanﬂuiﬁhenhﬂmﬁecﬂhdimprnﬁdmemgaxanﬂepheseﬁneeeduc1ng

the flexibility of the 25 height setting of the flying
chandctesd st bcbeah dreraceadri Zielde at| Laercosts. | nproved, and

the fIylng characteristic of the slider including the - _

pr essBesidesluthagashdnaturingnethodnd W nagnetis head slider

improved. Further, according to the enbodi ment of the
agsragsking tavidint emhodmen‘pm‘cege PerIanig lovephdoneingdudes the -

of the fl surfaces can be perforned -easily only by
PXIRSGi h@ag %ean%mﬁatllléﬁnefsw%qe&sm%ew fkem the surface
- niIIin%_ accordingly, and therefore, the inprovenent
obfthen&lpfessyne W%ﬁﬁﬂﬂ|ﬂjf@ﬁ§PBEt@¥1%&4Q:4ﬁ£¥h§eare disposed

“realized at | ow cost Besi des, the nanufacturi

WleW%%e%HEP?Ef F‘F@&o‘-‘eﬁﬁ"&é}o bgéc ?%ﬁ’%m%gg%%“r face

it GOUBIRHE, R IR A M S e e Bdddederrersss ing
| he .sl d di ff
'P%ﬁrﬁ%ll?“ﬁ& s hélsﬁre%uggbgge%gnaa& !@ﬁ?'ﬁ 't f, gpeace when

getedthg %g%&gg to be a deeper n1II|ng surface 10

n co subject to mlling by the mlling
proce p.
shal I%?/\]'L/e{r}ger'l Fﬂ%glggﬁrg?ace ﬁe{lg(gdrr% et e(f&?%&ftlc h%ad slider

ad:ébrr'ccjﬂ‘ﬁfg td Rfe 'B?:@Hd%&%ﬂ%‘&@tﬂ@tﬂ}%@eﬂft iffedBget o ieddnat,

when the mllllng surfaces processed from the surface of the sl:Lder_ :

and hav1ng dlfferent mllllng depths are dlsposed ad]acently w1_th'

" each other, the masks are formed so that the operiing portions of

the masks respectively formed in the respective regions of the deep
milling surface and the shallowmilling surface, are overlapped with
each other.

'Besides, themanufacturingmethodofthenmgneticheadslider

' acccrdlng to the embodiment of the present invention J.ncludes that,

the sallowest milling surface milling processed from the surface

of the slider is formed at the depth of 50 nm to 200 nm from the

‘non-milling surface and further, thenext Shallowestmilling surface
'Lfrom.the ﬁOn—milling surface is fcrmed deeper than the shallowest
' ‘millingsurfaceandat thedepthof 100 nmto 700 nmfromthe non-milling

surface.




”faccordlng to the enbodlnent of ‘the present |nvent|on

incl udes ‘that, 15 when the mlling surfaces processed . _ .

B ~fromthe surface of the slider and having different

mlling depths are dlsposed ﬁﬁjacently wi-t h each
~other, the masks are fornmed so that the opening

3 -.port|ons of ~'the masks respecti.vely fornmed in the

- - Tes penirttﬁeﬂ,egh@manﬂfaCEMﬁﬁﬁpetmd bE nmeswg‘xmﬂcamhd sllder
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the shallow miling surface, are overlapped with 20

.aaﬂ@mﬂlngherthBe&tﬂd&menheﬁhﬁhetae%entngnnaﬂimmiIﬂcldﬂesthat,‘

nmagnetic head slider: according to the enbodinent of

- witelne the edapith pfiveine isdralilogkatesilhiatg sutﬁeceahﬂnuésns formed

ml1ing surface. mlling processed fromthe surface of

| byl Isingdetodes sfimamethegun firs edeptive ol ider nfromtheoopimilling

~fromthe 25 non-mlling surface, and further, the next
swfaceol SethB| 9y sndf whek Nrilbl 2 ﬁgitsmafla@@nh% &het ‘ﬂelllﬂg_ '

depth. of 100 nmtqg .7 0.0 nmfrom the non- n1II|n%.f23P1'.
gn the range

shal | onest surface. Further, the. nanufacturing nethod

"ofofJ 9 2 nbgetli ¥ Readeslifgss S BranfEle diepHeslider according

coTREC LA B B e BB AL AR B magnevic

hep et et agnrta By ”Oqfr%)%ﬁ%ﬁsm‘fﬁ-ﬁceﬁadglapﬁge%tumg

- magheffh g esRe | e Rt ol BV P Aot prasketd So.ppe

é@gfgl e{nt.] ? hlgeﬁpalreaﬂ% engzl% X %ﬁ!utg%csc]}:r% g&r{\%tolctc}]}ésk device

:iﬂ%ﬁﬁaﬁbgeﬂﬂ% cﬁd%% gg%%ggt tion includes the

magne nanu ac ured by any one of the

abovesated i HEAURGIAI hBoldi AT the FHEAORE idBrion, it

magnet | c devi ce dccor di ng o the nment of

it B8s SHATERS phrBYSAE 1t rhAYel #:E8% i RG MBRARRE b€ t¥eSMagnetic head

evice including the magnetic head slider. _
slider, the magnetic head slider and the magnetic disk device, in

which the pressure reducing characteristic can be improved at low
cost.

Hereinbefore, the present invention is described concretely

by the embodiment. However, the present invention is not limited

to the specific details and respective embodiments described here
withtheillustrations, but it is tobeunderstood that all the changes
and modifications without departing from the sprit or scope of the
general inventive concept as defined by ‘the following claims are
tobe included therein. For example, inthe above—-stated embodiment,
the processes performed within the processes digging out the surface

of the sl::.der are not described esp601ally, but the mllllng to dig

out the slider surface can be a dry etchlng including an ion etching

or an RIE (reactive ion etching), and so on, or a wet etching.




As descri bed above, according to the present

invention, it is possible to provide the

manuf acturi ng nmet hod of the magnetic head 15 slider,

t he magnetic head slider and the magnetic disk device,

in which the pressure reduciqng characteristic can be

i nproved at | ow cost. Hereinbefore, the present

invention is described concretely by the enbodi nent.
WHAT IS HIMEWED, IBke present invention is not limted 20 to

the specific details and respective enbodi nents

be. ubtier SUBI AP ARy Tk BoBhadk ober aidhy

the man%fé%gﬁgﬁngﬁg%ﬁ#dﬁvgo@gpgit sprit or scope of the

ncept’‘as defined by the foll ow ng

| aj.@ | el d.th [ ; , bt
CLobILES, PRI MR, TSRS, ke e
on a sUYAID Wenpioesasges B0 A EABED oflitht ore

than the! Gufbdr oFUthé he13ihel8irceuetasa £ 8B BEL 1A A Yrodidend
including an ion etching or an RIE (reactive ion

et chpng) a mmt@mngrm@tm o chienflagdQt MHARAGSs1ider
CLAIMED I'S: 1. A manufacturing nmethod of a magnetic

accordirfteae slaterl, the manufacturing method conprising
mlling processes for at |least three tines perforned

on whekéederthe fdrMmy fdndoeg ss dofrachrepr dvinds ngomprising:
variety of depths nore than the nunber of the mlling
a first middésgesrdardse formingng diesessetk @ tAenshideacttor fogn the
met hod of the magnetic head slider according to claim
flying syrfaber eparidwmimgl ki njlpinress § ofinstr depthnsom a surface
conprising: a first mlling process formng a first
never suhgskted theashildemaio formthe flying surface,
performing a mlling at a first depth froma_ surface
nev@rsglm?iem@dngop@qﬁssl chapgiag st Adrat Imaskgtoriosesand
changing the first mask to a second
mask and performing the milling at a second depth from the surface
never subjected to a milling, after the first milling process; and a
third milling process changing the second mask to a third mask and
performing the milling at a third depth from the surface never
subjected to a milling, after the second milling process.
3. A manufacturing method of the magnetic head slider
according to any one of claims 1 or 2,
wherein when milling surfaces which are milling processed
from a surface of the slider and having different milling depths
are disposed adjacently with each other, a region to be a deeper
milling surface of the milling surfaces is milled by the milling
processing used for a shallower milling surface.
4. A manufacturing method of the magnetic head slider

according to any one of'claims 1, 2 or 3,




mask and performng the mlling at a second depth from

the surface never subjected to a mlling, after the

first mlling process; and a third mlling process

changi ng the second mask to_a third mask and

performng the mlling at a?fhird depth fromthe

surface never subjected to a mlling, after the

sdvendini whiengmiddess . s@r faceanuwhdcturd gy mit hbdgof

the magnetic head slider according to any one of
processafinfromop sunfateidf wabs fillidaty and fheesnghféh farent

_ _n1lllng processed froma surface of the slider and

millingyvdagthef paicesisnosedgadopannt by e7iitBpsael other, the

adjacently with each_other, a region to be a_ deepe

masks aFe AETERG 4@ FFeFhaPnOPaHS UPPEESSISS Qfé HF%% pasks
respeglivRLY '%rﬁq&%&ﬁ?ié@%p%%&%?&e%@%%lk FnglfeEer %mmg
sur a8 et SV SR A s YRR f Sh LB R

| i 11 8r Zﬁ% fﬁﬁ%ﬁ%@%éﬁﬁﬁs ‘r’%ﬁ@“oﬁf% 2bbeEheaBRRBRY nred
s1i0e358eBL NG 1IE IBRse e LI d tuny| ag,oen o

rﬁﬁﬁ?‘é&h"%aiﬁﬁk&% &Efﬂl‘fﬁ%e%?{rfgdé o I urd 2&91&31% a

ower surtace each

procesd@uf ?E&ﬁ'é'gsﬁffﬁeg t Clge?fgrméld @& a depth

according to any one o e prece ng cl ai ns wherein
of 50 r?ﬁ" +tovesh [l kB SHES %ﬁ%f‘é@ec?xe'v%rmsbbj%%t%@%%ﬁ%e%lllng,

roma surface of the slider is formed at a depth of

and fur&@leﬁm A0 QM T s £ hguswacer gy eEheUBLeERE ifoder
Ii'ng,  and further, next shallowest surface from

subj ecﬁ@@ sar kaag 1nevey 1§U_fbﬁﬁé@ddé@Fér%hbhnﬁheS shenmesiest
deeper than the shall owest ing surface and at a :

millinglepitfafe 1004 it te GOt Er 000t hey teu7ldc eumefueom the
subjected to a mlling.
surface never subjected to a milling.
6. A manufacturing method of the magnetic head
slider according to any one of the preceding claims,
wherein when a depth of shallowest milling surface which is
milling processed from a surface of the slider, from the
surface never subjected to a milling is set as one, and when N is
a natural number, then milling depths in the respective milling
processes are set within a range of 0.9 x 2" to 1.1 x 2N,
7. A magnetic head slider manufactured by the
manufacturing method according to claim 2.
8. A magnetic disk device including the magnetic head
slider according to claim 7.
9. A magnetic head slider manufactured by the
manufacturing method according to claim 3.

10. A magnetic disk device including the magnetic head slider




6. A manufacturing nethod of the magnetic head slider
according to any one of the preceding clains, wherein
when a depth of shallowest mlling surface which is
mlling processed froma surface of the slider, from
the surface never subjected to a mlling is set as
one, and when N is a natural nunber, then mlling
depths in the respective mbhing processes are set
within a range of 0.9 x 2Nto 1.1 x 2N. 7. A magnetic
head slider manufactured by the manufacturing nethod

accordA¢§Otdi BYatigh d.aim 2. 8. A magnetic di sk device
I

i nCl udi ng the magnetic head slider according to claim
7. 911A naghRgbhetheatieal defdeenmbactaeedréyd bhethe
manuf act uri ng nethod according to claim3. 10. A
manufadegiel medirskd devtceding ud nglahe dagnetic head
slider 21 according to claim9. 11. A nmagnetic head
sl i dae.maufmaghetéd by sikheleviaeufiaciluding métchoatignetic
according to claim4. 12. A magnetic di sk device
head slimdmdicoptdengagoetdlaihedd.sli der according to claim
11. 13. A magnetic head slider nmanufactured by the
manufldct uRi mgonethodheadosdidgrt manuﬁaatsregmigyAthe
magneti c di sk device including the magnetic head
manufacfirded according to claim13. 15. A magnetic head
slider manufactured bg the manufacturing nethod
method jzeepfiagd FTIAai®. 916. A magnetic di sk device

i ncl udi ng_t he nmagnet.i head slider. according to claim
15. 14. gA magnetgc &isi device ?ncluding the maggetlc ead

slider
according to claim 13.

15. A magnetic head slider manufactured by the
manufacturing method according to claim 6.

16. A magnetic disk device including the magnetic

head slider according to claim 15.




