T ——*159159* 1 *@00002* TITLE OF THE | NVENTI ON METHCOD OF

U HEAD, HEAD, AND DI SK DRI VI NG DEVI CE
Wm.}mm m’ HE | NVENTI ON 5 The present invention
rel thod of manufacturing a head used in a
di sk drisugsng device such as a magnetic di sk driving

Aﬁ—{kau4%;—~a~headgﬁnanufactured by this manufacturing
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di sk driving devjce conprising this
mmm M@Ek driving device, for exanple, a
na netic drive, conprises a magnetic disk

dlSpOé@@% n a case,TgﬁﬁglBgI@HgoﬁggEﬁgﬁszupports and

rotationally drive e magnet a magnetic

headvuttiabp readgan@ntc Wkt €8 H.ﬁi\@f nREABN )&N@'Tb@@ﬁ bﬁIVING
the magnetic disk, 15 and a carrlage assenbl y t

suppoE¥YBCEt he magnetic head so that the nagnetlc head
is novable with respect to the magnetic disk. The
carri age assenbl y BAOHGFHEBRD GF giHOtABIENBL@ported arm
and a suspension extending fromthe arm The magnetic
head is sippopredeat anveoteéesnendiageentoos mhghod of

suspensi on. The magneti ¢ head has a slider attached
to tPSIRPEREI BA andeadnea@d HBrei 8hSpr oviHendi Aev hee

?LL?ggﬁc:$%nh:$%%€ﬁ{t%nﬁlﬁkmﬁf¥?ﬁ§gsg%§?g?ng aePeagnt .
manufactured by this manufacturing method, and a disk
driving device comprising this head.

A disk driving device, for example, a magnetic
disk drive, comprises a magnetic disk disposed in a
case, a spindle motor that supports and rotationally
drives the magnetic disk, a magnetic head that reads
and writes information from and to the magnetic disk,
and a carriage assembly that supports the magnetic
head so that the magnetic head is movable with respect
to the magnetic disk. The carriage assembly comprises
a pivotably supported arm and a suspension extending
from the arm. The magnetic head is supported at an
extending end of the suspension. The magnetic head
has a slider attached to the suspension and a head
portion provided in the slider. The head portion
includes a reading reproduction éiément and a writing
recording element.

The slider has a surface lying opposite a
recording surface of the magnetic head, that is, ABS

(Air Bearing Surface). A negative pressure cavity is
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25 The slider has a surface lying opposite a

recordi ng surface of the magnetic head, that is, ABS
(Air Bearing Surface). A negative pressure cavity is 2
formed in the opposite surface of the slider as a
negative pressure generating section that generates a
negati ve pressure. A predeterm ned head | oad acting
toward a magnetic recordi ng layﬁr of the magnetic disk
5 is inposed on the slider by the suspension. Wiile
the magnetic disk drive is in operation, air currents

R RE R RS S R R R
subJﬁggsgl%gesree§h£gvseng§§%958 gener ke@BE¥ t%%ee%%es a

10 and”tot negati ve préessure-genera

negaﬁéa§t19ée sHESucaViI tX. g%d@%%@&%h@a BQ%deE%% acting
applied by the air currents with the head I oad, the

sl i deswhl@absmaghetecneieBbanhgg 1ayarre@et e hei ﬂﬁ@n@%ﬁe disk

fromthe magnetic disk recording surface. This gap

needsst bmpes&8 subshantilabky bguaheatuepenyibadi aiWhile the

position on the nmgnetic disk. Exerting a negative

pres@@@@ebhctﬁésklddeve iepioveperhéiohar adtreciustrienss are

of the slider. The ngroved characteristics allow a

r eduBEPBR2FRIaPRANEER BDS( FPSaLiAG RACHER)CE 64 SkedbCedhe

press rr sensi tivit shock, d the |ike.

Thi sSbndbFes APenBPREP | g RBEFECEpat hGot 6 bEFediced

to ipproue. Leeqrding ggg§|t e _ne aklv re

i gene?ateg mgen aprs ¥re£gure %e er%t%d %y t%e pad
and to the negative pressure generated by the negative
pressure cavity. By balancing the force applied by
the air currents with the head load, the slider fldats
while maintaining a predetermined gap from the
magnetic disk recording surface. This gap needs to be
substantially equal at every radial position on the
magnetic disk.

Exerting a negative pressure on the slider
improves the characteristics of the slider. The
improved characteristics allow a reduction in a margin
(floating margin) for reduced pressure, error
sensitivity, shock, and the like. This enables a
normal magnetic spacing to be reduced to improve
recording density.

The negative pressure 1is generated when air
having passed through a thin air channel flows into a

wider air channel. To achieve this, a protrusion is

formed upstream of the vicinity of center of ABS of
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25 having passed through a thin air channel flows into

a wder air channel. To achieve this, a protrusion is

formed upstreamof the vicinity of center of ABS of -

3 the slider so as to forma recessed portion that

generates a negative pressure in the vicinity of

center of ABS, that is, a negative pressure cavity.

The slider that generates a Qeggtiye pressure is 5

formed by such a renoval procesS as |eaves a

protrusion on ABS. Such a slider has a conplicated

shap nd-t nnQt .be produced sinply by . nornal

nach?ﬁ?nglgggﬁ %g %%|F?h§%€%‘§rf%&%ﬁ§%d¥& ﬁﬁﬁﬂdﬁ%@ft

desi pedc$AaRS, ot RRgeltider Jr2 Rneduged by ramval. 10,

processing such as’ion mlling or reactive ion etching

(R EreusergoZ mask ebbai ned Ry neafaitarl RG-RAQLQ cavity.

resist, as a protective film As disclosed in, for

exanpl e, Jpe. sRdtderApplat gdt@AtFUR irefdt0dNQSressure is

10- 177947, 2003-188088, and 15 2001-325707, a

pr ot fasimen by prctueedeowvABS chyca s spraecdssvefs @hot o

resi st patterning, renoval processing, and photo

r esi BECLERNSHEN. OABSEST. t Feichdésislddieshdpe ias qompduiced ed

by reEeating thE%e processes of producing _a

pr ot PUEPEN 2R INGANST SGRNOTMPS REORUrssk SEoRdyapy awgmal

renmoyal . processi ng depth.varied. In.recent years, the

inpr%%gggpéggrgﬁﬁ% denditey 1 Hadtr FdCET "Ehe ﬁF&@ﬁﬂ”lde a

slid : d .produc S ; [ | 1 ed pico
PSR P eRe c T sore il (BBl et

slide . o sliders have eve
redugedceiszengf stk slsi demn milling or reactive ion etching

(RIE) using a mask obtained by patterning photo

resist, as a protective film.

As disclosed in,.for example, Jpn. Pat. Appln.
KOKAI Publication Nos. 10-177947, 2003-188088, and
2001-325707, a protrusion is produced on ABS by a
process of photo resist patterning, removal
processing, and photo resist removal. ABS of the
desired shape is produced by repeating these processes
of producing a protrusion a number of times with mask
shape and removal processing depth varied.

In recent years, the improved recording density
has reduced the size of sliders, and products such as
what is called pico sliders and femto sliders have
been developed. The reduced size of the slider
reduces the width of the protrusion formed on ABS.
However, an attempt to form a thin protruding pattern

results in a thin mask pattern, which makes processing
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25 reduces the wdth of the protrusion formed on ABS.
However, an attenpt to forma thin protruding pattern
results in a thin nmask pattern, which nakes processing
4 of the thin protruding pattern difficult. This is
because the thin nmask pattern nmakes the mask likely to
be peeled off. If the mask is peeled off before or
during renoval processing, parts to be protected are 5
exposed during the renoval procéssing, preventing the
desi red shape from bei ng obtai ned. The peel ed-of f

mask e: e he machi_ ned surface.,.In i.Ss .
case. t%ggngg HngPé%Pélﬁﬁdgngg NaPedE HE Prevent & e

desi bseaﬁgap%hyQmﬁeinggkoeta%:t!a% ?n%tkgﬁ dttt e ramvali 8, o

processing. The mask size is limte e m ni num

W dt Bei pee3@dmorWien1sueReamaBK iisS pbeedd e HeHore or
opposite surface of the slider has a mninmum pattern

wi dt Huofing3@enpvihepreqgeissemgnt phat st ke dlei @eotpaltieey Rire
to have 15 a width of at |east 30 m has reduced the

degr esrefedf desdom thedesingmatlo pdegeade nbhe preventing the
characteristics of the slider. The absol ute val ue of

a nef8fitv8dpresRar érofeReiape @by inkd -s| iTHer Pesdesasds
consistently with the area of the negative pressure
genelafinfa¥etEranles6 ?ﬁu§betﬂécpépﬁgrﬁﬁréﬁﬁeof In this

protrusion_on ABS. reduces,  the area of the negative
presgg;g’géﬁgrgﬁﬁﬁgpgggFFgﬁ.un?ﬁﬁ§rﬁgg?§&é§ E e PR&Y§NE the

Charéggg&gétgﬁégeBﬁkgﬁ §QWN§§§b@EiF@E 5¥¥E¥Tkg% F%%oval
present |1 nvention has been elnviewao
processing.
The mask size is limited and the minimum width is
30 pm. When such a mask is used, the disk opposite
surface of the slider has a minimum pattern width of
30 pm. _The requirement for the slider pattern to have
a width of at least 30 pum has reduced the degree of
freedom of design to degrade the characteristics of
the slider. The absolute value of a negative pressure
generated by the slider increases consistently with
the area of the negative pressure generating section.
Thus, the larger width of protrusion on ABS reduces
the area of the negative pressure generating section.
This degrades the head characteristics.
BRIEF SUMMARY OF THE INVENTiON
The present invention has been made in view of
the above problems. An object of the present

invention is to provide a method of manufacturing a

head which method offers a high degree of freedom of
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25 the above problens. An object of the present
invention is to provide a nethod of manufacturing a
head whi ch nethod offers a high degree of freedomof 5
desi gn and enables a slider of a desired shape to be
manuf act ured, a head manufactured by this

manuf acturing nmet hod, and a di sk driving device :
conprising this head. 5 Acco;digg to an aspect of the
invention, there is provided a nethod of

manuf acturing a head conprising a slider including an

opposite su c hch IS _oppasit a surface of a
rota?géﬁggréggrgpgglégdﬁuﬁﬁéﬁgrwﬁ%cﬁ dﬁ§§5§ﬂﬂﬁﬁa %tﬁ? be
Of . PhahfaLe02 8Nda2nB2AANLYE AALESSUL L0 fa LY, the
slider being conf!gure to maintain a fixed gap _

bet waeAuthetapRAg hetsukl ageqand qtilkg dve¢and R yTed um
surface by air currents generated between the
recocdmpgigedgunhsegr haae.and the opposite surface by
rotation of the recording nmedium and a 15 head

porti on pRegicdddngn tthenslaisperctt @fr eder dramthtion, there is
reproduce information on and fromthe recording o

medi BEPVEHEnBt Me§heRapacaniuiad tivy ioenpr ihsiaggcomprising a
proviSL g.a, m k having a Eredeternined shape on the _
oppo§'ﬁg ZurPacB9sPot RE SPPASH tand UEhéses Wbiiedt ilfg opposite
t he opposi.te surface to.r val processing.to forma,
prot?ugﬁgﬁaFﬁcPEanéogaﬁﬁggguaﬁﬁﬁr &P@i@ﬁ%ﬁggﬁﬁﬁdt ich
opposLte._.sj : oy di h S t.h
OPPOBLEEaSkehss 1300 BYOKLALIGANALNLATEh LR pressure
covegphpgronetat M8 bWOLRRRYSILA rigdesaRd &Rtk i¢f &

fixed gap between the opposite surface and the
recording medium surface by air currents generated
between the recording medium surface and the opposite
surface by rotation of the recording medium, and a
head portion provided on the slider to record and
reproduce information on and from the recording
medium, the method characterized by comprising:
providing a mask having a predetermined shape on
the opposite surface of the slider and then subjecting
the opposite surface to removal processing to form a
protrusion including a protruding portion having two
opposite sides; and providing another mask on the
opposite surface of the slider, the another mask
covering one of the two opposite sides and a part of
the protruding portion, and then subjecting the
opposite surface to removal processing to form a

protruding portion in which the two opposite sides are
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25 the protruding portion, and then subjecting the
opposite surface to renoval processing to forma
protrudi ng portion in which the two opposite sides are
6 adjacent to respective grooves of different depths
and which is narrower than the narrowest part of the
masks used. According to another aspect of the
invention, 5 there is provided.a head manufactured by
the manufacturing nethod, the ﬁead characteri zed by
conprising: a slider having the opposite surface; a

Ieadga cgkgptgn?egg@%# %fg§ig§e%t%%sdﬁ%%%%% gﬁp%hs and

opp05| sur éachcons
the %%W%oaar@e%@ REJA! k¥e Pk 2% We%tcg\é'rtty o%eft'h%e%asks
by | eadi ng step and pair of e ste end

porthg@dof each of the side steps mhlch is positioned
downstreamwith respect to the air currents 15

consti t ut Rrgotride nor ator weiot@hefolatsiveitt oACatrediingdrx ion,
still another aspect of the invention, there is
provitdedeaidi pkodrideidng deeidc mancifacactred bad thy
conprising: a disk-shaped recording medium a driving
sect MGAVMRCERTSBFPBEESCand thet ras ZharRetesdaed iy
medi um_the head according to claim2 conprising a

sl i dEP™PREFEARAg an opposite surface which is
opposite r.face of .t he recordln nedlu and
mai nt ai ns%assftil i% 50 WEEn FRS o&ﬁossl 2SSUr fPa

and %Q%pr%%%r%'%glqe%kugh%%r %%%SVT%rm 'Y on the opposite

surface of the slider, each constituting the

eghlng

protrusion; and a negative pressure cavity defined by

the leading step and pair of side steps, an end
portion of each of the side steps which is positioned
downstream with respect to the air currents
constituting the protruding portion.

According to still another aspect of the
invention, there is provided a disk driving device
characterized by comprising: a disk-shaped recording
medium; a driving section which supports and rotates
the recording medium; the head according to claim 2
comprising a slider including an opposite surface
which 1s opposite a surface of the recording medium
and which maintains a fixed gap betWeen the opposite
surface and the recording medium surface via air
currents generated between the recording medium
surface and the opposite surface by rotation of the

recording medium, and a head portion provided in the
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25 currents generated between the recordi ng nmedi um
surface and the opposite surface by rotation of the
recordi ng medium and a head portion provided in the -
7 slider to record and reproduce information on and
from the recording nmedium and a head suspension

whi ch supports the head so that the head is novable
with respect to the recording gedlun1and whi ch

i nposes a 5 head | oad acting toward the surface of the
recording nmedium on the head. Wth the aspect of t he

res Lovent | h can rovi de met ho
ﬁanu DE %?igg 58 g wﬁlcﬁep hod cano§gﬁ&ﬁ§%iﬁFba§d from

Sl'd@ﬁeogeEegdgﬁé'ﬁ@glﬁﬁapgnﬁo b%e%@agb'%%nEQ%n whlch

formation of a protruding portion that narro

thanstpgonakr eneshepar koot nklite thRSkecdsieds moRHAW wth
the degree of freedom of design of the opposite

surf aespettt he shedeecofhenagspect uaf ahlie whpl@s@mposes a
i nvention can al so provide a head manufactured 15 by

t hi sheaAutagturrhgnoethedrdantiea sdirdkcer iofi nge devicgeling
conprising this head. Advantages of the invention wll

be sBEALBRy hopnthehBeddscription which follows, and in
part will _he obvious fromthe description, or may be

| ear ned by/13H ySP&ctals@@CGf otth & Nien PERSIEAHT. Wdﬂ%’rﬁlﬁbs tgrere

h d bt ai ned
of 18P ERel PiRoR! BRENP S0 oln A BORBAAr Lol = Pead which

DB Pe e B B S, Bnee e Bk share

by enabling the formation of a protruding portion that

is narrower than the narrowest part of the mask used,

improving the degree of freedom of design of the
oppésite surface of the slider. The aspéct of the
present invention can also provide a head manufactured
by this manufacturing method, and a disk driving
device comprising this head.

Advantages of the invention will be set forth in
the description which follows, and in part will be
obvious from the description, or may be learned by
practice of the invention. Advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,

illustrate embodiments of the invention, and together
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25 The acconpanyi ng draw ngs, which are incorporated
in and constitute a part of the specification,
illustrate enbodi nents of the invention, and together
- 8 with the general description given above and the
detail ed description of the enbodi nents gi ven bel ow,
serve to explain the principles of the invention. FIG
1 is a plan view showing a hard,di sk drive 5
(hereinafter referred to as an %II» according to a
first enbodi ment of the present invention; FIG 2 is

h h d
of LhsChere e deT s 0t B8aBe: E¥0RcrPangnrng Goe
d'SkdeéQlPQ&OééEEr%§£§Bﬁeo§'@ﬁeoémﬁoéth%Es Blbg% below,

magnet 1 c 4B are a plan vre

ShOM@@Qvéh@odéﬁhlaﬂﬁpeﬁét§r§HEE§@§sSb@etﬂE &hee§kh@%r
and a diagram showi ng patterns corresponding to

respecti velfiei ghts; alp1EhGvibwi $hawsegt kohalravideWk drive
showi ng the slider and taken along line V-Vin FIG

4; Fli@&réingfheperspectiedetvi ew shoWDdy acrecedsagand a
protrusion structure manufactured by a basic

manuf AE€ tr PRAGOARTADE a€cohdi Rgesenthéntenstiono

enbodi ment ; FIG. 7 is a plan view showi ng a

manuf act uF g sﬂépanePﬁérﬁﬁglélﬁﬁtﬁééw Fhaviggi & a

P an 4L 8L 0ONLG B TROYRAgtULL 0, o8t ep of the basic

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

FIGS. 4A and 4B are a plan view showing the disk
opposite surface side of the slider and a diagram
showing patterns corresponding to respective heights;

FIG. 5 is a sectional view showing the slider and
taken along line V-V in FIG. 4;

FIG. 6 is a perspective view showing a recess and
protrusion structure manufactured by a basic
manufacturing method according to the first
embodiment;

FIG. 7 is a plan view showing a manufacturing
step of the basic method;

FIG. 8 is a plan view showing a manufacturing
step of the basic method;

FIGS. 9A, 9B, 9C, 89D, 9E, and 9F are sectional
views showing respective manufacturing steps of the

basic method;
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25 FIGS. 9A, 9B, 9C, 9D, 9E, and 9F are sectiona

vi ews showi ng respective manufacturing steps of the
basic method; - 9 FIG 10 is a plan view of a slider
showing a first renoval step of the manufacturing

met hod according to the first enbodinent; FIG 11 is
a plan view of the slider showwng a 5 second renoval
step of the manufacturing nmethod according to the
first enmbodinment; FIG 12 is a plan view of the slider
showing a third renoval step of the manufacturing

hod di : fi di ; .
ToA 138, 150, 130c Anf T3E AR pran ViaRsT SRAliRg °

pl ural pe || S a :
nanufag%ﬁriﬁgegg§h%gggc82?3#%9&%g5?%8Q¥fF5 gﬁﬁggﬁnent

and ptubatiihypes eheskhderseAcearifAg;t0 conparative
exanples; 15 FIG 14 is a diagram show ng the

rel ati onship. bhetweea phenwvdelk off phet sudideg REIEIiGRy a
of each of the plural types of sliders and a negative
pr ess@rendgeamputedst FpCGof15hiesmanpérspectinge meitewd
showi ng a magnetic 20 head according to a second
enbodFARRE1BE FRetpredénst PmbeALMBAL FI GS. 16A, 16B,
and 16C a%s plig Vi ews ihomﬁn% respecti ve steps of
manuf act ufitfig a‘magnét Pc2Reddevallofdeng isethshosdand a

enbo@h??Qtfemoval step of the manufacturing method

according to the first embodiment;

FIGS. 13A, 13B, 13C, 13D, and 13E are plan views
showing plural types of sliders manufactured by the
manufacturing method according to the first embodiment
and plural types of sliders according to comparative
examples; |

FIG. 14 is a diagram showing the relationship
between the width of protruding portion of each of the
plural types of sliders and a negative pressure
generated;

FIG. 15 is a perspective view showing a magnetic
head according to a second embodiment of the present
invention;

FIGS. 16A, 16B, and 16C are plan views showing
respective steps of manufactﬁring a magnétic head
according to the second embodiment;

FIG. 17 is a perspective view showing a magnetic
head according to a third embodiment of the present

invention:
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25 FIG 17 is a perspective view showi ng a magnetic
head according to a third enbodi nent of the present
invention; 10 FIGS. 18A, 18B, and 18C are plan views
showi ng respective steps of manufacturing a nmagnetic
head according to the third enbodinent; FIG 19 is a
perspective view show ng a nmagnetic 5 head accordi ng
to a fourth enbodi ment of the gresgnt i nvention; and
FI GS. 20A, 20B, and 20C are pl Q vi ews show ng
respective steps of manufacturing a magnetic head

di th nmbodi t. 10 .DETAI.LED .
DESCRI PTVERCEF TEE'| RUEKTROR Wi R*PoParindd 16 (he"ing
DESO o T N it A "Fefercnc
ot hod BF ARl SECCri g 8 RagRGrE e ReAd Ry pED =

servipgoagiAskodeh¥i Rl rdexheesiaadcconprising the
magneti ¢ head manufactured 15 by the manufacturing

nmet hod, aecqgrdiivgikoaaperepbediir@ntriel hewimesentmagnetic
invention. First, HDD wll be described. FIG 1 is a
pl anhegfeacobrébDbDgf comawlicchta eopoddwmenthas héenpresent
renoved to showits internal structure. FIG 2 shows
a fl bAvYeR§L20/ magAeti c head. As shown in FIG 1, HDD
has a case_12 shaped |ike a rectangul ar box and .
havi ng anFéfened 2t o Ban@"ché OCo rEoPdrn( HoEvish&Rey ing
threadgblg fittgg oy he ca%e gﬁth a plurality o% 3
scref8 PBCEL 88eSERBS GppBP EAECEPENPAg 2 ReBRETEgsBe2

according to the fourth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

With reference to the drawings, a detailed
description will be given of a method of manufacturing
a magnetic head, and HDD serving as disk driving
devices and comprising the magnetic head manufactured
by the manufacturing method, according to an
embodiment of the present invention.

First, HDD will be described. FIG. 1 is a plan
view of HDD from which a top cover has been removed to
show its internal structure. FIG. 2 shows a floating
magnetic head. As shown in FIG. 1, HDD has a case 12
shaped like a rectangular box and having an opened
top, and the top cover (not shown) threadably fitted
on the case with a plurality of screws to close the
upper end opening in the case.

The case 12 contains a magnetic disk 16 serving

as a recording medium, a spindle motor 18 serving as a

driving section that supports and rotates the magnetic
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25 The case 12 contains a magnetic disk 16 serving as
a recording nedium a spindle notor 18 serving as a
driving section that supports and rotates the magnetic
- 11 disk, a plurality of nmagnetic heads that wite
and read information to and fromthe nagnetic disk, a
carriage assenbly 22 that supports these magnetic
heads so that the magnetic heads are novable with 5
respect to the magnetic disk 16, and a voice coi

notor (hereinafter referred to as VCM 24 that rotates

Pt . [ mhl y. _Th 12 al
and B?ékﬁ'8”%&%9§é%39r5§9%a%%%%é§ %ﬁg Sﬁ&l% egggﬁ% %%d

contains a | mechani’sm

magnetihg mﬁ@eragtaoheteeghadfagﬁiEhgnmgg%%kq% %ﬁg&, 10

fromthe magnetic disk after the magneti’c héad

”UvedakﬁiaﬁeoﬁbgémﬁﬁyiEbe%ManshB%OQQ@n%%%%edh%gnEQic
and a circuit board unit 21 having a head I C and the

| i keheAdpr Ebt edati kbui haboardci sesckewed hRvalb1@ULARKH
15 surface of a bottomwall of the case 12 via the
ci rcuesprboar iouhht Régnetdontisk flile eper at iven cef ctha
spindle notor 18, VCM 24, and nagnetic head. The
magn@PFerdil(8RrE6NRAS e wagrered tecesdVRY) Rdyehagnratates
top surface.and on % bottom surface. The 20 magnetic
di sk®18 PSSEFiPBE 5PGuRATan286t 8FSEBPLFher Fhef chal 12 also
(not '.% of the_s in%le tor 18 ng fixed. on the
hub By 2o ePang SRTPng o1y, TEFRAG™ A SprRdre L Roeaty
18 rﬁ%ghgﬁiEh engQ%tSCrgﬁggaiggaéogit@%%d%%%gqgge%way
rotati on speed, for exanple, 4,200 rpm
from the magnetic disk after the magnetic head has
moved to an outer periphery of the magnetic disk 16,
and a circuit board unit 21 having a head IC and the
like.

A printed circuit board is screwed to an outer
surface of a bottom wall of the case 12 via the
circuit board unit 21 to control the operation of the
spindle motor 18, VCM 24, and magnetic head.

The magnetic disk 16 has a magnetic recording
layer on a top surface and on a bottom surface. The
magnetic disk 16 is fitted around an outer periphery
of hub (not shown) of the spindle motor 18 and fixed
on the hub by a clamp spring 17. Driving the spindle
motor 18 rotates the magnetic head 16 at a
predetermined rotation speed, for example, 4,200 rpm
in the direction of arrow B.

The carriage assembly 22 comprises a bearing

portion 26 fixed on the bottom wall of the case 12,
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25 in the direction of arrow B. The carriage assenbly
22 conprises a bearing portion 26 fixed on the bottom
wal | of the case 12, - 12 and a plurality of arns 32
extending fromthe bearing portion. These arns 32 are
positioned parallel to the surface of the magnetic
disk 16 at predeterm ned intervals and extend from
the bearing portion 26 in 5 th same direction. The
carriage assenbly 22 i ncl udes @Iastlcally def or mabl e
suspensi ons 38 shaped |ike an elongate plate Each

[ LS. d_of e
suspens! gngRehty 0 Iy 191 AL, AL The bparins

spri hg. SUspen

|eadb89t§8ﬁ OfTBE@eaéghgz ya%QOES%?tW%%%Hn aralle to the

adhesi on, or caul ki ng, exten romthe ach

SUSpQﬁﬁf@Be38f”€MebﬁabHEQgEaHQ§k“h%haEh%redetermlned
corresponding arm 32. The arm 32 and suspensi on 38

consinteteaashead suspensifenm the beadisdspersiion amdin

t he magnetic head constitute a head suspension 15
assehbeysans dhowatinnFl GTh2, ceachagegpetieabigad24@ncludes
has a slider 42 forned in a substantially rectangul ar

par aflePEpFpedyanatarmebérdisigrand irapr sdushagekedd ke an
porti n 44 rOV|ded in the slider. The magnetic head

20 49 PEQPF eBlebea gﬁﬁﬁgls§ﬁpﬁﬁ§l@ﬂ B@o@ﬁdé@r@@daOf for

| ead; d of th 8. The el ast
the. SOUBENSY of 3857 mABRREca ndRd FUARSToderi if Pavarabase

a sugﬁgcmédt bg gRgpehiagdial 3¢ B2 &3gh 353%r§]/etslp%t

welding, adhesion, or caulking, and extends from the

arm. Each suspension 38 may be integrated with the

correspdnding arm 32. The arm 32 and suspension 38
constitute a head suspension. The head suspension and
the magnetic head constitute a head suspension
assembly.

As shown in FIG. 2, each magnetic head 40 has a
slider 42 formed in a substantially rectangular
parallelepiped and a recording and reproducing head
portion 44 provided in the slider. The magnetic head
40 is fixed to a gimbal spring 41 provided at a
leading end of the suspension 38. The elasticity of
the suspension 38 imposes a head load L acting toward
a surface of the magnetic disk 16, on each magnetic
head 40.

As shown in FIG. 1, the carriage assembly 22
includes a support frame 45 extending from the bearing

portion 26 in a direction opposite to that of the arm
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25 As shown in FIG 1, the carriage assenbly 22

i ncl udes a support frane 45 extending fromthe bearing
portion 26 in a direction opposite to that of the arm
13 32. The support franme 45 supports a voice coil 47
partly constituting VCM 24. The support frame 45 is
formed of a synthetic resin around an outer periphery
of the voice coil 47 integrallywith the voice coil 5
47. The voice coil 47 is positioned between a pair of
yokes 49 fixed to the case 12. The voice coil 47

consij tutes. VW24, | ogeLher ol LheLbe, Yokes 49,2002

magnet " (not s i Xe oneé yok8s:

carr S : abed b n 1.Zl.ng 1 :
ol i TOSRLIRELS LOKSH R Praglegberiaci Bttt 1

desi f@eméd asksa OfyhhrefRgNEEECndhskuA8 aRdodtEr periphery
positioned on the tracks. The lanp | oad nechani sm 25

conpst selse avdbaop Sdilpaovidedgeallhewboht onewablcef coil
the case 12 and placed 15 outside the magnetic disk
16, 4hd aThabvsBcextendi Ag fesoprsheibradi hgteadnodé pair of
each suspension 38. Wien the carriage assenbly 22
rot aY@set o? ¥ hbiredreat e pesrei bA- olibsi HeipRecoil 47
eonetL g, i ok 10ucieh, Lap. 28 cndages LD 2L amp
2 SEal REahnEhLIRE B0, KheoharBesuiLace e, mye
Lhe EROELLs Dea0udly ! cercc D990 L che
headyo Ft& c4A11 872 PhaNthe magnetic heads 40 move to
desired tracks of the magnetic disk 16 and are
positioned on the tracks.

The lamp load mechanism 25 comprises a lamp 51
provided on the bottom wall of the case 12 and placed
outside the magnetic disk 16, and a tab 53 extending
from the leading end of each suspension 38. When the
carriage assembly 22 rotates to the retreated position
outside the magnetic disk 16, each tab 53 engages with
a lamp surface formed on the lamp 51. The tab 53 is
then raised by the inclination of the lamp surface to
unload the magnetic head 40.

Now, the configuration of the magnetic head 40
will be described in detail. FIG. 3 is a perspective
view showing the magnetic head. FIG. 4A is a plan
view of the slider. 1In FIG. 4A, various hatchings

indicate different depths in order to clarify areas of

these depths in the disk opposite surface of the
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25 view of the slider. In FIG 4A various hatchings
indicate different depths in order to clarify areas of
these depths in the disk opposite surface of the 14
slider. For exanple, as shown in FIG 4B, a hatching
(1) indicates a non-machi ned surface and hatchi ngs
(2), (3), (4), and (5) indicate areas of depth 120 nm
320 nm 1.32 m and 1520 m respectively, fromthe 5
non- machi ned surface. As shownlifn FIGS. 2 to 4A the
magnetic head 40 has a slider 42 forned in a shape of

a substanti al | rect angul ar parallelegiged. The .
ind%flg r hast rr%é?%ﬂbﬁtaﬁsdﬁgR?prﬁs%@ Hsé?ﬁaéehétChlng
ABS i ng. it 10 the.surface_of the neti,c
i ok 1) % SREFE L e marRAEEF oR LG PR Aok ohifigs

| f 43 ] I ned. a_first dir e}
P B YLl L8 2ah8 4ELL DR cREe bR o BEELEO%20 o,

di regtponnj s1depiped asqalssecend 9é£5&&¥90ei§,1§rgﬂethe
magneti c head 40 is configured to be a [ oating type
headnodheashides 4drfhées owng to air currents C

gener ated between the disk surface and the disk
opposi te Barfhoend3nbyIG6t aki on 6R,t heemagnakitdc dieald 40
16. Wiile HDD is in operation, the disk opposite 20
surflage a3sbidehedd| fdemed2inl aagbabeesfoppesbseanhéally
di sk surface.with a ?gglnalntained bet ween t he

sur f BEEsa"TRE3H| PRER BP1PRE- ai FREuPLéAes &2 has a

coincides wth th irection B of _rotation pﬁ t he ,

nagnﬁ??gaﬁgg&aEG. %ﬁeogP?ﬁéFe4§uF§aB?aéégs%ﬁ j1ng opposite
the surface of the magnetic disk 16. A longitudinal
direction of the disk opposite surface 43 is defined
as a first direction X. A width direction
perpendicular to the first direction is defined as a
second direction Y.

The magnetic head 40 is configured to be a
floating type head. The slider 42 flies owing to air
currents C generated between the disk surface and the
disk opposite surface 43 by rotation of the magnetic
disk 16. While HDD is in operation, the disk opposite
surface 43 of the slider 42 always lies opposite the
disk surface with a gap maintained between the
surfaces. The direction of the air currents C
coincides with the direction B of rotation of the
magnetic disk 16. The slider 42 is placed with
respect to the surface of the magnetic disk 16 so that

the first direction X of the disk opposite surface 43

substantially coincides with the direction of the air
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25 respect to the surface of the magnetic disk 16 so
that the first direction X of the di sk opposite
surface 43 substantially coincides with the direction
of the air - 15 - currents C. A substantially
rectangul ar | eading step portion 50 is protrusively
provi ded on the di sk opposite surface 43 opposite the
magneti c di sk surface. The 5 Iggdiqg step portion 50
is formed over an upstream ar of the disk opposite
surface 43 with respect to the direction of the air
currents pair of elongate side step portions 46

i's p?% Fustve y formed on the disk opposite surface

e T R

downstream en e si

port$@n§s4§r§¥£§§gv@h?nﬁrébﬁdeae§ﬁeﬁﬁévﬁiEQngﬁbg§§e°f
the di sk opposite surface 43 and |lie opposite each

ot hesuatfa@eCeBt @bpoknter vak. mdhget €adiNgkSkEQRLRGEL I OMhe
50 and the pair of side step 15 portions 46
consieadiegasygepepaktyot) Shapedfprotdusiven anhupbtirsam
cl osed on the upstream side and is open toward the
downdieeapf skte. d¥eknapnpainet Rerprcehdanglichoteshect to
magnetic head 40, a |leading pad 52 is protrusively
provigeddvheEhecn 20| EAfi AT sEBBELBBEEI 6n 58 P8iZupport
t he S%ider 42 vi,a ap air fLLnl TQg Leading ﬁad 5&
ext entS"€BhE i ALBtsP P oP8F Tt RBSwi' At hSdPFREEREAVE Yt harmed
| eadj ng d [ .. Se Lrecti Y..The l.eadin

ég tR& d?gk §8£§?1t§ gggg?ge g5 agﬁtFxte gfggamoEge

pad 52 I's provi de a positron sli y's
the dougstreamsi g6rtion 50 to a downstream end of the

slider 42. The side step portions 46 extend along the

respective long sides of the disk opposite surface 43
and lie opposite each other at a certain interval.
The leading step portion 50 and the pair of side step
portions 46 constitute a generally U-shaped protrusion
which is closed on the upstream side and is open
toward the downstream side.

To maintain the pitch angle of the magnetic head
40, a leading pad 52 is protrusively provided on the
leading step portion 50 to support the slider 42 via
an air film. The leading pad 52 extends continuously
over the width direction of the leading pad 52 in the
second direction Y. The leading pad 52 is provided at
a position slightly shifted on the downstream side
from the upstream side end, i.e., a flow-in side end
of the slider 42 with respect to the air currents C.

A side pad 48 is protrusively provided on a central



25 fromthe upstreamside end, i.e., a flowin side
end of the slider 42 with respect to the air currents
C. A side pad 48 is protrusively provided on a
central - 16 part of each side step 46 in the

| ongi tudinal direction. The | eading pad 52 and side
pads 48 are forned substantially flat and opposite
the magnetic disk surface. 5 A negative pressure
cavity 54 is fornmed in a sUbst: ntially central part
of the disk opposite surface 43. The negative

ity.54.i,s f f .defined by
Phe BAFF GF e Sill OPPT s TnaBringornd Tekdng
t ' 50. ' Ocpr r avi.t i_S
For napPELL Aot TP 1B2ehL Ban) sB! BRR) BEGENERHE 8 e

por t Egpm&4 ghbgtéﬁﬁ@gﬁqytglgheaneingbggeeOEhghﬁa$h%tic
currents C and open toward the downstream side. e

negatii¥e puessdee cavity 54 allows a negative

pressure to be generated in the 15 central part of the

di sk oppo8&i hegstiifraceré3satreakhviskewdangl €oraald 2ed a

in HDD. An end of each side step 46 | ocated downstream

wi t hsekespertiablyheeatracuprent sfCther dés& ppobsudieng
portion _46a nore elongate than the other portions of

20 tRBTSPAE 4Pep. TA8 BREAAIVA PFEssuzet gaBityabh is formed

PrOLLYILReREL! an eaes L sl des extend ng inthe, .

e R ek LTSS L8, ShUER BE =R TR D e
pressure cavity 54 is formed on the downstream side of
the leading step portion 50 with respect to the
direction of the air currents C and open toward the
downstream side. The negative pressure cavity 54
allows a negative pressure to be generated in the
central part of the disk opposite surface 43 at all
skew angle realized in HDD.

An end of each side step 46 located downstream
with respect to the air currents C forms a protruding
portion 46a more elongate than the other portions of
the side step. As shown in FIGS. 3 to 5, each
protruding portion 46a has two sides extending in the
longitudinal direction X and opposite each other. As
described below,.these two sides are.formed by.
subjecting the disk opposite surface 43 to removal
processing and are adjacent to grooves of different
depths. For example, one of sides of the protruding

portion 46a is adjacent to the negative pressure
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25 processing and are adjacent to grooves of different
dept hs. For exanple, one of sides of the protruding
portion 46a is adjacent to the negative pressure 17
cavity 54. The other side is adjacent to the groove
shal  ower than the negative pressure cavity. The

w dth Wof each protruding portion 46a is forned in,
for exanple, 30 mor |ess, whi is smaller than the 5
m ni mum wi dt h of a mask used for' a renoval step. The
slider 42 has a substantially rectangular trailing

ste ortiop,60 ot rusi vel rovi ded at the

downSTP b 8Ad of “enBCAFSK SofRosrt 899aFFRLe 183 Hhet Aroove
respgﬁéligyépetgéregkéogeggtgg .?&%s%ﬁ&%e@%%'g'.Thﬁh%O
traiTing step portion 60, constituting a protrdsi on,

i's P@§a£howegfde§gﬁtggegkpgipﬁepe%gabhvaeefg%fgg%gfgkin,

cavity 54 and substanti he center o

opposbteegbinpacs 48 pmressitbe, WdtBn Astkakhheg RAdn the
66 is protrusively provided over the trailing step 15

por thbniGimanddopposi hembbe mwghetbe di skmsuaflageepA

head portion 44 of the magnetic head 40 has a

recor di ngTekemdateand 2ahreprocudbisngnéliedBnt refvitemgular
record and reproduce information on and fromthe
magneffeldngksiep YRstiepr 6dupra§reséiealy angviged at the

recordi ng el enent are buried in the downstream end of
t he QPWBgFrﬁémmﬁPﬁ P sBE@t di§ki REPEEr-Eet YA LEFet He Aitth

currents C  The reproducing el t and recording

el enbhitPRgVetS Fégdﬁﬁfﬁfglggpogz%ESrﬁéa CHTERRLs C. The

tra'££9919§8 g@ep portion 60, constituting a protrusion,
is positioned downstream of the negative pressure

cavity 54 and substantially in the center of the disk
opposite surface 43 across the width. A trailing pad
66 1s protrusively provided over the trailing step
portion 60 and opposite the magnetic disk surface.

A head portion 44 of the magnetic head 40 has a
recording element and a reproducing element which
record and reproduce information con and from the
magnetic disk 16. The reproducing element and
recording element are buried in the downstream end of
the slider 42 with respect to the direction of the air
currents C. The reproducing element and recording
element have a read/writé gap 64 formed in the
trailing pad 66.

As shown in FIG. 2, the magnetic head 40
configured as described above flies in an inclined

state such that the read/write gap 64 in the head
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25 As shown in FIG 2, the magnetic head 40
configured as descri bed above flies in an inclined
state such that the read/wite gap 64 in the head 18
portion 44 is closest to the magnetic di sk surface.
Now, description will be given of a nmethod of
manuf acturing the nmagnetic head in HDD configured as
descri bed above. Here, description will be given of a
5 met hod of forming the di sk opposite surface 43 of
the slider 42 into a desired recessed and protruding
sha t, ,a.basic_nmeth be descrihed in
pﬁoranoglgégéﬁeC%PgFde% Srpﬁgﬁegéch§&|% SWrdefre -
of 10 30 rol n.,Qn I f f
rectangulg‘roglpard%ﬁ%gIl plped &q 2 §h§§h ?ﬁe %%E%?&aOf

and fAnuphetarieg shel hagpated Q@aﬁh%nsﬂﬁba%%n%qguggd as
the rectangul ar parall el epi ped 80 and exposed

devetiepedibedf abawva.f i HetrenuslkesB4apdfion pHiedetRr FHiRRG of a
15 shape, for exanple, a rectangle. The diagonally
shadedtapdasfi icEMG8g Thandi8kr eppesent tshe fhickstd 3mask the
84a and a second nmask 84b. The width of the first

mask S848eirs 4okt Bodes it ireicensiey kadger otthran 13Q

m Under these conditions, as shown in FIGS. 7 20 and

OB, SR%RFea B of the surface 80a which i s not

A R AT R s

o poall, SIE SHUTERLERLTUE, LU AIERRA Loy o
30 pm or less is formed on one surface 80a of a
rectangular parallelepiped 80. As shown in FIGS. 7
and 9A, photo resist is coated on the surface 80a of
the rectangular parallelepiped 80 and exposed and
developed to form a first mask 84a of a predetermined
shape, for example, a rectangle. The diagonally
shaded areas in FIGS. 7 and 8 represent the first mask
84a and a second mask 84b. The width of the first
mask 84a is formed to be sufficiently larger than
30 pm. Under these conditions, as shown in FIGS. 7
and 9B, an area B of the surface 80a which is not
protected by the first mask 84a is removed by ion
milling or reactive ion etching (RIE) to form a groove
of a predetermined depth. The first mask 84a is
subsequently removed. Thus, as shown in FIG. 9C, a
rectangular protrusion corresponding to the first mask
84a, that is, the protrusion 87 having two opposite

sides 83a and 83b, is formed on the surface 80a.
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25 rectangul ar protrusion corresponding to the first
mask 84a, that is, the protrusion 87 having two
opposite sides 83a and 83b, is fornmed on the surface
80a. - 19 Subsequently, as shown in FIGS. 8 and 9D, a
second mask 84b is fornmed on the surface 80a of the
rectangul ar parall el epi ped 80. The width of the

second mask 84b is sufficientlﬁ_larger than 30 m 5
The second mask 84b covers a p &det’er ni ned-wi dth ar ea
of a protrusion 87 which includes one side 83a of the
protrusiogpé? and a redetern1ned area of the surface

80a. The §egrephéd pr@?rﬁ§P&ﬁ 87 WHich % 26l éifed 2

To nabCEndTaang HUR SRRt ot The SLriRsl 854 Gigsne
thes?e@Qngﬁ Q?Spa§§l§gggg g@degS §9gn%ﬁd%ﬁ Jorih %rea

of the surface 80a an trusi on not

covegssowutMaghesssCQBdsnﬁ§Kc§éHtu§ 15%6E¥e@h%% b@”gg.
mlling or RRE to forma groove of "a 15 predetermn

depthhasssbomwt mBskl &b9Eovéhe sepepdetBREKNB4awiSith area
subsequently renoved. Thus, as shown in FIGS. 9F and

6, thé deppettugionve’i shiichnédcilndtbBeonar eade 8f3at b€ the
surface 80a which has been subjected to the second

r enoRBPL prdtessPfhganthae pretfetiskoangd hsea0opathkysurface

remoyed to _forma thin protruding portion 82 of wdth
snalg@?'thEReBGrﬁ?mﬁfcﬁEEOPF€§68ﬁa§nt§7tH€lC§eé§nGOV6red

82 h t
o det 83T A5 o Ba5kndaradsntby ggf»osvai‘%s# S5 SPoR@npE Less
deptgﬁd gB?réEBSnﬁgatbstﬂgJggg@&uggng portion 82.

Under these conditions, as shown in FIGS. 8 and

9D, an area C of the surface 80a and protrusion 87
which is not covered with the second mask 84b is
removed by ion milling or RIE to form a groove of a
predetermined depth as shown in FIG. 9E. The second
mask 84a is subsequently removed. Thus, as shown in
FIGS. 9F and 6, the deepest groove is formed in the
area C of the surface 80a which has been subjected to
the second removal processing. The protrusion 87 is
partly removed to form a thin protruding portion 82 of
width smaller than 30 um which corresponds to the
second mask_84. The protruding portion 82 has two
opposite sides 83a and 83c adjacent to grooveé-of
different depths. The side 83a is adjacent to the
groove formed by the first removal processing, and the
other side 83c is adjacent to the shallower groove

formed by the second removal processing.
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25 groove forned by the first renoval processing, and
the other side 83c is adjacent to the shall ower
groove formed by the second renoval processing. 20
The above nethod enabl es a protruding portion 82
having a width of 30 mor less to be fornmed using a
mask with a wwdth of 30 gmor nore in the small est
part. 5 Now, description wl]| g% gi ven of a method of
form ng the di sk opposite surface 43 of the slider 42
into the desired recessed and protrudi ng shape using

t he above Si t First, -as shown,in FIG 10, .a
EREaate T W hni 2 a BB iag ebreitn 02

first mas 4a°T's S

surfageiAg of wihenshirdsp pﬁzoraggs%h% fb%s%ogﬁ§§ %éﬁag a

has a shape corresponding to t eadi ng pa

padsmd8x anght kawibieg pad306fm Fhemwidt Anothemahheskst
part of the first mask 84a 1s sufficiently |arger

t hanpd6tm Under these 15 conditions, an area B of the
di sk opposite surface 43 which is not protected by

the firstNpaskdgsariptivanoied by igdwvem ldfi rgmethRIE o f
to forma groove of a predeterm ned depth, for
exanmpPENiRGotAth dTRE PPPesitrmskrdagei ¢ 3salisshgentliger 42
renoyed. This fornms a 20 | eading pad 52, side pads 48,
and a"tPaFfngephdcB6rBReSERE ARSk PERBESFLEIs §PRREe USiNg
43.'Tﬁg sgrggc ssof thgh |.eadi ng pad 52, side pads 48,
and tFai FPRYSpRa°66 ZFE"°Ron- machi ned surfaces t hat

are not sgbjegt edst QpLAMKAlE TR 0G8SSING: 1ot mask 84a is

formed on the disk opposite surface 43 of the slider

42, and the first mask 84a has a shape corresponding

to the leading pad 52, side pads 48, and trailing pad
66. The width of smallest part of the first mask 84a
is sufficiently larger than 30 um. Under these
conditions, an area B of the disk opposite surface 43
which is not protected by the first mask 84a is
removed by ion milling or RIE to form a groove of a
predetermined depth, for example, 120 nm. The first
mask 84a is subsequently removed. This forms a
leading pad 52, side pads 48, and a trailing pad 66 on
the disk opposite surface 43. The surfaces of the
leading pad 52, side pads 48, and trailing pad 66 are
non-machined surfaces that are not subjected to
removal processing.

Subsequently, as shown in FIG. 11, a second mask
84b is formed on the disk opposite surface 43 of the

slider 42, the second mask 84b has a shape
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25 Subsequently, as shown in FIG 11, a second nask
84b is fornmed on the disk opposite surface 43 of the
slider 42, the second mask 84b has a shape - 21
corresponding to the | eading step 50, pair of side
steps 46, and trailing step 60. The width of small est
part of the second mask 84b is forned to be
sufficiently larger than 30 _m Under these 5
conditions, the area C of the gisk opposite surface 43
whi ch is not protected by the second mask 84b is

renngggrgép E g? nghgiﬁsgg §h%t%re%oc %%%&l%&531de

the area Roval rocessi ng

Cbrrgﬁeggdu@glxndatgéngﬁgOEt@pp%@det%ﬁ%'@gét%e%%hsm%qlest
for exanple, 200 nmis fornmed. The second mask

subspguentlty themeeedndThias kf gups i@ E%%%b@gt%t%% 50, a
pair of side steps 46, a trailing step 60, and a

negasiuf€ipiesslye leagiety thdn Bbepm.t hUndetrembeak

processing is executed to 15 form el ongate protruding

port Fendiiéanat the adeanSt pdatrhends séf oppessitde ssirdfpse 43

46. In this case, as shown in FIG 12, a third mask

84c WBiFBrmBdNBR PHETSELSR Byposet sesortapask3bdpb tise

slider 42 e third sk 84c _covers the | eading step

50, pEPVER EWdéoﬁomééga§g48r BF&uluﬁ&esﬁéﬁaaé O&ﬁélaps
third nmask

For met 82E8uEr Ak 158F B 5B ablingirakme NG V6t Eaphessing-
S'deC§E§@sé@nW@h%ﬁy cgrpgéegedgftg g@%dékg%m&%e%h%epgg,

downst ream end f aci n tive pressure cavl
and E@rséhﬁhéméhabbb nm is formed. The second mask 84b is

subsequently removed. This forms a leading step 50, a
pair of side steps 46, a trailing step 60, and a
negative pressure cavity 54.

Then, third removal processing is executed to
form elongate protruding portions 46a at the
downstream ends of the side steps 46. 1In this case,
as shown in FIG. 12, a third mask 84c is formed on the
disk opposite surface 43 of the slider 42, the third
mask 84c covers the leading step 50, pair of side
steps 46, trailing step 60, and negative pressure
cavity 54. The third mask 84c is formed to cover an
area of downstream end of each side step 46 which
corresponds to one side of the downstream end facing
the negative pressure cavity 54 and to substantially
half of the downstream end in the width direction,
that is, the area having a width of 30 um or less.

The width of smallest part of the third mask 84c is



10

15

20

25

25 half of the downstreamend in the wdth direction,
that is, the area having a width of 30 mor less. The
wi dth of smallest part of the third mask 84c is 22
formed to be sufficiently larger than 30 m Under
these conditions, an area D of the disk opposite
surface 43 and downstream end of each side step 46
whi ch is not protected by the'%girq mask 84c 5 is
renoved by ion mlling or RIE forma groove of a
predeterm ned depth. The third mask 84c is

subsgquen

Th h .3 d
4, tHETHRY p%%rggf%ﬁg@q%ﬁ%xah%r%g@ BrBosd BF- dopt h
1200 nm aLpr PRA-bn-argas Doal aRpasilepside,alogs i

10 of the OppoSi fe''surfaces cted to th

thre@ppé§ﬂ@¥a£quQ§§S§§SanJhQOQH§@§E£ﬁagh@ngfOEa@ﬁCQ1de
side step 46 is partly renoved to forma th

pr ot &tk Nge @ﬁithoms45@toﬁrwta&heangylehetbamraomabk 84c
whi ch corresponds to the third mask 84c. Each

protisidiaigovdd porioonmiibai hgsorwlIBpposEfbemsadgsoove of a
adj acent to the respective grooves of different
deptised€nerninefiedeptdes Theadhacdnmask BHe megati ve

pressure cavit and the other side is adjacent to
t he %%%P?%%%?téYOBQQOV?6rne@hb§ t A& EhPEBR iBBYEF- 3 and
processes. 50 The net hod of _nmanuf act rlng t he head

conffyurda d88PERECPFBRYCanb9E EHQBP §r a2pPEPPYai R depth
port§ 99 hayi ng. . ?ﬁ%ﬁg&hlgfa§gasd?h e8§80g1?e sgggegdges

using a mas sk mnimm w

Thi s f”Eﬁ@aé§§k sssogfeéesuQ%aégeggoghesegﬁaageooﬁhgh%hree

recess and
removal processes. The downstream end of each side

step 46 is partly removed to form a thin protruding
portion 46a of width smaller than 30 pm which
corresponds to the third mask 84c. Each protruding
portion 46a has two opposite sides adjacent to the
respective grooves of different depﬁhs. One of the
sides is adjacent to the negative pressure cavity 54,
and the other side is adjacent to the shallower groove
formed by the three removal processes.

The method of manufacturing the head configured
as described above enables a protruding portion having
a width of 30 pm or less to be formed using a mask
with a minimum width of 30 um or ﬁore. This increases
the degree of freedom of design of the recess and
protrusion shape of the disk opposite surface
regardless of minimum width of the protruding portion.

A high-performance magnetic head can thus be produced.
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25 protrusion shape of the di sk opposite surface
regardl ess of m nimumw dth of the protrudi ng portion.
A hi gh-performance nagneti c head can thus be produced.
- 23 Further, the width of the side step can be set
at a small value of 30 mor less, allowing the area
of the negative pressure cavity to be increased. This
enables a slider with an incre %ed_negative pressure 5
to be inplemented. That is, thé7slider has inproved
characteristics. The above manufacturing nethod al so

enables, fLbe (RLoLtuding pajLecns ta be formd ona .

di sk™ opposife surface I's~smal a.

effeQﬁEY? g?}ég g@”%gﬁg%ugknge§g35%1§5§§ggzkbgﬁé§e§u8@ the

as fento ers. ructing HDD usI N

ConfhGQéﬁgve”99@§Eb§6h§36iﬁpaﬁbe§etﬁﬁc&@ggﬁggnt@BH%n
of HOD with 1 nproved stability and reliability. As

showsnab1EEGS. s13AerlaBrhldh, 123Peaded h3Gatlfet BRessure
present inventor prepared five types of sliders 42
forned be thafemhetpdot r Tdengiper thensdbdeaf hbke ispdeved
step 46 had a wwdth Wof 40 pm 30 m 20 m 10 pm or

0 pnfh¥Kecpessent-CPavent or thus anal yzed the

rel ati onship between the width of the protruding 20 _
portion an@SgéREN&t MER VSR CEFégst Meéhoregdsce enpipdss fine
how sl iders _manuf.acture

13C, _13 1d 13E b the

PGP RN onBeh o AP g SPe EHaoRpGv a1k obposite

erbodl,0pite 1HG:a0 Akt $n90948 1 N3l 81630t TV 4n
manufacturing small-sized sliders such as femto

sliders. Constructing HDD using a thus configured

magnetic head enables the implementation of HDD with
improved stability and reliability.

As shown in FIGS. 13A, 13B, 13C, 13D, and 13E,
the present iﬁventor prepared five types of sliders 42
formed so that the protruding portion 46a of the side
step 46 had a width W of 40 pm, 30 pm, 20 pm, 10 um,
or O pum. The present inventor thus analyzed the
relationship between the width of the protruding
portion and generation of a negative pressure.
FIGS. 13C, 13D, and 13E show sliders manufactured by
the manufacturing method according to the above
embodiment. The analysis is shown in Table 1 and

FIG. 14.
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24 - [Table 1] Wdth [pn] of protruding portion on
si de pad downstream si de Conparative exanple Present
enbodi ment 40 30 20 10 O Negative pressure -1.28
-1.30 -1.33 -1.34 -1.34 generated [gf] Analysis
conditions were as follows. 5 Disk rotation speed:
4,200 rpm Di sk radius: 25 nm Skew angle: 0 deg Head
load: 2 gf Pitch nmonment: 0.57 %fm“n 10 The table and
FIG 14 show that as the width<df the pr ot r udi ng
portion 46a decreases to 20 mand then to 10 m a
negative R%E gurgL generated increases conpared to

t hat generate én the width is 30 mor nore. That
I's, a hgher—negative pressure s 15 generated by the

T

sli der |havi ng a narrower phidth ugimfigof pabt hedinghpett iean
be produced according to th%npgfg, E;tad §<§W{%@E ntSlde

o | + alh ||r|
t he ot het rane,—thRe—appve+Hertohed e tH

met hod |executes two reﬁ?ﬁ@lﬁr@‘m@e%@@he&rmmtoemcaiment
protruding portion and|thugrequireg two mpsk 9 0

al i gnmgnts, —_Mask—al rgnment—totgrance +staboutt5—m
Two renrH@%?tlﬁleoE’é%%ségemy_lr sgullt Lp g maximum_, 5,0 5,0
generated [gf] ' ) ) ) ’

Analysis conditions were as follows.
Disk rotation speed: 4,200 rpm

Disk radius: 25 mm

Skew angle: 0 deg

Head load: 2 gf

Pitch moment: 0.57 gfmm

The table and FIG. 14 show that as the width of

the protruding portion 46a decreases to 20 um and then

to 10 um, a negative pressure generated increases
compared to that generated when the width is 30 um or
more. That is, a higher negative pressure is

generated by the slider having a narrower protruding

portion which can be produced according to the present

embodiment.

On the other hand, the above mentioned

manufacturing method executes two removal processes to

form a protruding portion and thus requires two mask
alignments. Mask alignment tolerance is about 5 um.

Two removal processes may result in a maximum

misalignment of 10 um. Thus, the minimum width of the

protruding portion formed is determined by the
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m sal i gnment of 10 m Thus, the m ninmumw dth of the
protruding portion forned is determ ned by the 25
al i gnnent precision of the nask. The minimumw dth is
doubl e a single alignnent tolerance. The m ni num
width is estimated to be 10 mwith a normal alignnent

-techni que. However, as shown in the table and 5 FI G

14, the analysis indicates that the effect of an
i ncrease in negative pressure ies insignificantly
regardl ess of mhether the wi dt h of the protruding

5 d K
b 2= TAGREETE REST 4G of HsH adesta ng oo ™ WauBha atn is
nmb f ti E
oo eTEn, 2 OB AT e DM b

Stepw@@thp@bre@El%bQ%dSE%P%e 49, %ﬂ@l&%ablh%&n%ﬁe%ﬂyﬁnment
are fornmed on the disk 15 opp05|te surface 43 of th

sl i deecABiqube | gadicrerSt ep sPQwnpain tofe StladﬁeStaﬁﬂ:S

46, and trailing step 60 each constitute a

prot FlUsi.ond, Theel eadilyy ipad nod cagiede thad t4S efifbct of an
trailing pad 66 are fornmed on the |eading step 50,

si deiscegass, laln@etglaéllIV|en@r§tS@plr@o Vardssedinisiging iz@ntly
In each side step the protruding portion 46a nore
elonﬁﬁﬂérgﬂﬁﬁstﬁé &Pﬁépeﬁoﬁpﬁoﬁ§d6@ e tdied @ retterdiing
forned_bet ween g e Ieadl RFd 52 and the side pad

48. ERCh*protru |n§mp8Ft #H46a has two sides
ext endi ng N%l ongitehs%%llp%r]l%nt %lrialbedlg;l gtr Iecg%rk X %nndgonezuc head

opposite each ese tWo or he
cf HDD according to a second embodiment of the present
invention.

As shown in FIG. 15, according to the second
embodiment, the leading step 50, pair of side steps
46, and trailing step 60 are formed on the disk
opposite surface 43 of the slider 42; the leading step
50, pair of side steps 46, and trailing step 60 each
constitute a protrusion. The leading pad 52, side pad
48, and trailing pad 66 are formed on the leading step
50, side step 46, and trailing step 60, respectively.

In each side step 46, the protruding portion 46a
more elongate than the other portions of the side step
is formed between the leading pad 52 and the side pad
48. Each pr$£ruding portion 46a has two sides
extending along the longitudinal direction X and
opposite each other. These two sides are formed by
subjecting the disk opposite surface 43 to removal

processing and are adjacent to grooves of different
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subj ecting the disk opposite surface 43 to renova
processi ng and are adjacent to grooves of different -
26 depths. The width Wof each protruding portion 46a
is fornmed to be 30 gmor less, for exanple, which is
smaller than the m ninumw dth of a nmask used for a
renmoval step. 5 In the second enbodi nent, the other
arrangenents of the magneti_c Q%ad_are t he same as
those in the first enbodi nent. The sane parts are
denoted by the sane reference nunerals and their

d?tah%ggag?sc&hgtMQBthi% 8?‘%5%@- }gtyﬁﬁingegg&kﬁ%hoﬁga is

Wil | ven of a method of nufacturin magnet i

head rgeRthoubedeasodachirbedssabeye, chamnpiea whtkbkad;af
formng the di sk opposite surface 43 of the slider 42

i Nt osAadesir edahee@ssmandmupr @iBEsi 8 shapek LSeAs fios a
the case with the first enbodi nent, as shown in FIG

16A, rehevhilr stepask 84a is forned on the disk

opposite surface 43 of the slider 42; the first mask

84a has alshipe secoespendiosdmesty héheegdiey padang@ments
side pad 48, and trailing pad 66. The area B of 20 the

di skPbppHsi Fedsarfisceeasd ahechhes SABE proltdesed ipy the

the first mask 84a is r ved by ion mlling or RIE t

f or mEA T 0 BUBSBR TRy cd Db 8 APREYPAgHEh S o CaRk &Y The
120 nm__The first mask 84a_i u ently.r ved. . ..
Thi s SPBPre S o ERFeng i 2es SETAL  Bade Cr 2 a Ry §¥sription
trailigng, pad 66 on the di sk opposite surface 43.

Now, description will be given of a method of

manufacturing a magnetic head configured as described

above, here, a method of forming the disk opposite
surface 43 of the slider 42 into a desired recess and
protrusion shape.

As is the case with the first embodiment, as
shown in FIG. 16A, the first mask 84a is formed on the
disk opposite surface 43 of the slider 42; the first
mask 84a has a shape corresponding to the leading pad
52, side pad 48, and trailing pad 66. The area B of
the disk opposite surface 43 which is not protected by
the first mask 84a is removed by ion milling or RIE to
form a groove of a predetermined depth, for example,
120 nm. The first mask 84a is subsequently removed.
This forms a leading pad 52, side pads 48, and a
trailing pad 66 on the disk opposite surface 43.

Subsequently, as shown in FIG. 16B, the second

mask 84b is formed on the disk opposite surface 43 of
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Subsequently, as shown in FIG 16B, the second mask
84b is fornmed on the disk opposite surface 43 of - 27
the slider 42; the second mask 84b has a shape
corresponding to the | eading step 50, pair of side
steps 46, and trailing step 60. The width of small est
part of the second mask 84b is forned to be 5
sufficiently larger than 30_m nder t hese

conditions, the area C of the 5|sk opposite surface 43
which is not protected by the second mask 84b is

remoyed by kop ghliLng SL.RE 108 sEcond.mask,adn i

subsequentTy rendle eadi ng steée

10 p@b£r9£p55g§n§t€85tﬁg l@a&iﬁgngggﬁsggp aQr @@dsﬁde

negative pressuré cavity 54 ird renoval

processhBgsbs gxgcHteditiag Eeep gbongahe prathudirN@mallest
portions 46a in internmediate portions of the side

st epsadb. ocEnthbi secasd, maskshowni $5fbAmEHGL016E, t he

third mask 84c is fornmed to cover the entire disk
opposuféisuefhttg 43rgért hbas| Bdepm42. UAdepaiheek
rectangul ar openings 85 is fornmed in the third mask

84c. CEﬁ@htbﬁéﬁrn@hSSargal6c9fe§h@péé§ktépéﬁélt§lééréﬁce 43

the internediate portion aof the side step 2 acin
t he HE@S Hn‘“é BPESEEPEGE}S’(@gt §?Y5Eh8naeSP§8 méﬁﬂiog‘lg )

part _of th nternedl

G 1 EPTBKCaThs SORRG-EhTPH. Résh Bac @oveﬁscgngpgﬁﬁk peb is
the geggggﬁghe&g Pgﬁgbga.thﬁgSCQBEﬁ§p8nQ§aEQngO§Eep 50, a

si de yi'ng opposite the negative pressur
cavi pyip4oandife 8BepE€a60f aWk@hh18hgMskp3@0M and a
negative pressure cavity 54.

Then, third removal processing is executed to
form elongate protruding portions 46a ih.intermediate
portions of the side steps 46. 1In this case, as shown
in FIG. 16C, the third mask 84c is formed to cover the
entire disk opposite surface 43 of the slider 42. A
pair of rectangular openings 85 is formed in the third
mask 84c. Each opening 85 is located opposite one
side of the intermediate portion of the side step 46
facing the negative pressure cavity 54 and also
opposite a part of the intermediate portion in the
width direction. Thus, the third mask 84c covers a
part of the intermediate portion which corresponds to
one side of it lying opposite the negative pressure
cavity 54 and to an area of width at most 30 pm.

Under these conditions, an area of the disk

opposite surface 43 which is not protected by the
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Under these conditions, an area of the disk opposite
surface 43 which is not protected by the 28 third
mask 84c, that is, the area opposite the opening 85
in the third mask 84c, is renoved by ion mlling or
RIE to forma groove of a predeterm ned depth. The
third mask 84c is subsequently renoved. Thus, as 5
shown in FIG 15, the internedigte portion of the side
step 46 is partly renoved to forma thin protruding
portion 46a having a width of 30 mor |ess. The
protrudi ng_portign 4 has _t QpRosi.te _sides adjacent .
o r ELBEarTE8 o Pa5ues ot aPr 1 SPane a8 EREC 1o ThAS obening
met hed of FRAULAGLUN j[\agxt Bachead capbigured 3% mi1li
descr?beh gEove ang tﬁ%s naghetic heag-nakg ﬁt mating or
posskbketborgxgr b ekbeeks o%i Al bakde® cirh@s@0let®. The
above first enbodi nent. Now, description will be given
of athagdembekhead i}5subsHDeactgr denmgvied.a trhiusd as
enbodi nent of the present invention. As shown in FIG
17, abosndingFf6.t Aé,t lihed inérivodidiente, paritéadi o $hepside
50, pair of side steps 46, and trailing step 60 are
f or nédeBn46hésdirgk téppasimed ego toukase a43hdn pretruding
slider 42; the leading step 50, pair. of side steps
46, RRITEPR I4i6ﬁgh§tvé|5‘%69 &a@ﬁ%ceﬁséiotwneora‘{es& The
protrusion.,.The | eadi ng ,pad. 52, .side_pad.48, and .
Cr i PPRG 2 BHa" G0 Par S 1P0r A28 G5t hE9) SRBNG 4t &g, adiacent
side, _ste railing st €S iwely. 25
The tPailPRGCSEa 86 CPY TS Gad e ep et

The method of manufacturing the head configured

as described above and this magnetic head make it

possible to exert effects similar to those of the
above first embodiment.

Now, description will be given of a magnetic head
in HDD according to a third embodiment of the present
invention.

As shown in FIG. 17, according to the third
embodiment, a leading step 50, pair of side steps 46,
and trailing step 60 are formed on the disk opposite
surface 43 of the slider 42; the leading step 50, pair
of side steps 46, and trailing step 60 each constitute
a protrusion. The leading pad 52, side pad 48, and
trailing pad 66 are formed on the leading step 50,
side step 46, and trailing step 60, respectively.

The trailing step 60 is provided with a
rectangular recessed portion 60b that is open toward

the negative pressure cavity 54 and a pair of elongate
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rectangul ar recessed portion 60b that is open toward
the negative pressure cavity 54 and a pair of elongate
29 protruding portions 60a positioned on the opposite
sides of the recessed portion 60b al ong the second
direction Y. Each protruding portion 60a has two

sides extending in the first direction X and opposite
5 each other. These two sides 2re formed by subjecting
t he di sk opposite surface 43 t&renoval processing and
are adjacent to respective grooves of different

depths. . The.w dt h _of. each.protru ortl 60a is

fof mbgors e g0 iy e ofige o8 e R
Snalggﬁegh%@ EF% QE@EQEQH %5 %Ogagﬁo %th %e%ond

renmoval step iment, the-o

arra@gggggggn of, tE%cﬂaﬂQ%Ek%dﬁﬁgdp%&%lee6%%”%a%3two
those in the first enbodi nent he sane parts are

denoisedely ekientiIngane rekerenee Qurekzlisnamd ahleicpposite
detail ed description is omtted. Now, description

wi | | ebehgioveerof ahesehadoot idesnafrac tforimeg &ynmagivgteioring
head configured as descri bed above, here, a nmethod of

f or nithg ﬁhékdp@poépﬁ@sﬁpéf2©esﬁﬁfé@er¢®O@ﬁltmgoﬂﬁ&ﬁﬁﬂg and
42 into .a desired recessed and protrudi ng shape.

is tﬁéecégé&ﬂepﬁ Re rESPECtéSodirRenes &f déﬁé@ﬁﬁﬁ?
FI G 18A,h t he Elrst sk 84a |s formed .on t he dls% .
oppo§itPe §urf§ & ¥395P e SGGNIBL CkZ VRS POTEioss 00a 1s

mask (843.02% 2 pEhaRe oL e5eadi 1Y, 1 9, LAG  leading pad
smaller than the minimum width of a mask used for a
removal step.

In the third embodiment, the other arrangements
of the magnetic head are the same as those in the
first embodiment. The same parts are denoted by the
same reference numerals and their detailed description
is omitted.

Now, descfiption will be given of a method of
manufacturing a magnetic head configured as described
above, here, a method of forming the disk opposite
surface 43 of the slider 42 into a desired recessed
and protruding shape.

As is the case with the first embodiment, as
shown in FIG. 18A, the first mésk 84a is formed on the
disk opposite surface 43 of the slider 42; the first
mask 84a has a shape corresponding to the leading pad
52, side pad 48, and trailing pad 66. The area B of

the disk opposite surface 43 which is not protected by
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52, side pad 48, and trailing pad 66. The area B of

t he di sk opposite surface 43 which is not protected by
- 30 the first nask 84a is renmoved by ion mlling or
RIE. The first mask 84a is subsequently renoved. This
forms a | eading pad 52, side pads 48, and a trailing
pad 66 on the disk opposite surface 43. 5
Subsequently, as shown in FIL.G ,18B,_ the second nask
84b is fornmed on the disk opposite surface 43 of the
slider 42; the second mask 84b has a shape

°°rr§§§89922 %gs&h§4ge§di§%g§%%$h§9w3§$L%g Eiﬁéd%r RIE.

st eps an rai’lrng step Snel |'est

10 papt @gfgbemagﬁoaqanaéksﬁﬁge'aekeﬁgﬁqeh%v@%. This

sufficiently larger than 30 m Under ese

condkbi-RB8Sa  t BEJahgap&dob 2t heideskaarpasi,t @nsuikf 2¢@i43ng
which is not protected by the second mask 84b is

renmoged by banthel Hisg eppBsEteTharsacend3mask 84b is

15 subsequently renoved. This forns a | eading step 50,

a pair ofubisegushnépy,46,s showai liinng Ist.ed 860, tdred second
negative pressure cavity 54. Then, third renoval
procB3skngips iexéenned ro ther figkr eppssddepsitifasesds of
and an elonaate grotrudin% 20 portion 60a in %Pe

trai FPRgSSLEFT64271 HhenPEcoReMagk SABWA2Sn AFISGAPESC,

the third mask.84c_ is _faorned which, covers _the entir.e

i Sk EOBBUSPPEoTFr hEa 43 OFTEHE® Sitegar appops B Wifte
rect arn, -openiyn ;S f Qrned dan t 4 1
84C.§$EEEpégﬁi%gdS%rgglﬁggagg oggdsi?§62%qgﬁg g?ﬁ?“?ﬁ est
the phakl bRg+skeREBNLAGRK B82S NRIFINRA to be

sufficiently larger than 30 pm. Under these
conditions, the area C of the disk opposite surface 43
which is not protected by the second mask 84b is
removed by ion milling or RIE. The second mask 84b is
subsequently removed. This forms a leading step 50, a
pair of side steps 46, a trailing step 60, and a
negative pressure cavity 54.

Then, third removal processing is executed to
form a recessed portion 60b and an elongate protruding
portion 60a in the trailing step 60. In this case, as
shown in FIG. 18C, the third mask 84c is formed which
covers the entire disk opposite surface 43 of the
slider 42. A rectangular opening 85 is formed in the
third mask 84c. The opening 85 is located opposite
one side of the trailing step 60 facing the negative
pressure cavity 54 and also opposite a part of the

trailing step 60 in the width direction. Thus, the
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pressure cavity 54 and al so opposite a part of the
trailing step 60 in the width direction. Thus, the 31
third nmask 84c covers a part of the trailing step 60
whi ch corresponds to two sides of it extending in the
first direction X and to its area of wdth of 30 mor

| ess. 5 Under these conditions, an area of the disk
opposite surface 43 which is nsg protected by the
third mask 84c, that is, the area opposite the opening
85 in the third mask 84c, is renoved by ion mlling or

RIE Lo.torma,oFeove ol 2 predeletpi ped depihy The 1 o

thlrd RSk I's sequent y rembve

Shom@hi@hF&§%réZgoBQ§ £5a£&Fngléégpoﬁoltseﬁgéhhing in the

renoved to alr of ongate protrudi ng portions

60a hﬁyéﬁgdﬁrétgibnoﬁ 8lameritessrefash Qfigtheof 30 um or
protrudi ng portions 60a has two opposite sides 15

adj atess.t o respective grooves of different depths.
The net hod of manufacturing the head configured as
descri bedUabdevetardet hbsdatgnesi c aheademakd ithe disk
possible to exert effects simlar to those of the
aboverpppiteechbblpaent 3 Fhicheis DRE Pﬁpﬁécéﬁﬁoéwnéﬁ?

20 fornms a recessed gortlon 60b and a pair
prot FREFAgmepér EF6nsCBBE A~ tﬁ@efﬁéﬁélﬁpQPSét8ftPﬁe°penlng

L1 519,51 2R, 807 Mo B4 00, BErAan cobl gt a3its o
PosSkPherbages BB ETEP T bt LBelhERRrRpensLhed e
the @E??doﬁagn684c is subsequently removed. Thus, as
shown in FIG. 17, the trailing step 60 is partly
removed to form a pair of elongate protruding portions
60a having a width of 30 pm or less. Each of the
" protruding portions 60a has two opposite sides
adjacent to respective grooves of different depths.
The method of manufacturing the head configured
as described above and this magnetic head make it
possible to exert effects similar to those of the
above first embodiment. Further, the third embodiment
forms a recessed portion 60b and a pair of protruding
portions 60a on the flow-in side of the trailing step
60; the protruding portions collect air currents in
the trailing pad portion. This makes it possible to
increase a positive pressure generated by the trailing
step. It is also possible to increase the area of the
negative pressure cavity 54, which generates a

negative pressure. Therefore, a magnetic head with
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negative pressure cavity 54, which generates a
negati ve pressure. Therefore, a magnetic head with 32
- excellent characteristics can be provi ded. Now,
description will be given of a magnetic head in HDD
according to a fourth enbodi nent of the present
invention. 5 As shown in FIG 19, according to the
fourth enbodiment, a |eading éEep_SO, pair of side
steps 46, and trailing step 60“are forned on the disk
opposite surface 43 of the slider 42; the |eading
step 50 ai f side steps 46, and trailing step 60
cach=EontfPnhe P 1635F B oEFReronanTHE PERUFAG pad 52

si de pad a -alling r; or :

| eadi ng sﬁgg’Sggscgﬁgglgﬁeggig,ggngl?FéiF?ﬁ% @Egbgng head

respegtiiMgl ¥ocdbgihgathi B9¢sLePnOOmbSdRReKdEE WhENp@esent
plurality of, for éxanple, three rectangul ar recessed

portieneADi6Ab that are open toward the negative

pressure cavity 54 and a plurality of, for exanple,

four el ongat ehopnotthudiIicg port kors raGagexioe niiend ofurdmh

the trailing pad 66 to the negative pressure cavity

54. embhdipentyudi hgagonui ehepbalhapatwoosi gésle steps 46,
extending in the 20 first direction X and opposite ,
eachaBfheéraifhegest®p ©8i des Ap&meer pEdthg SiBjkeePPRgLTE
the di sk opposit surface 43 to renoyal processin _
and SPBIAREagant Tt boSr SoRet: 86 oF BBveeseh gl PrePage. PaiT
depths. _The width ach. protrudin ort\i gn 66a i .
forngh 7o Be 300 o 28R FeslaTrar0.R8sRr 60 fclhBekBeicuce
SnalgeﬁngﬁﬂsEBﬁ.”‘@hguﬁbading pad 52, side pad 48, and

trailing pad 66 are formed on the ieading step 50,
side step 46, and trailing step 60, respectively.

The trailing step 60 is provided with a plurality
of, for example, three rectangular recessed portion
60b that are open toward the negative pressure cavity
54 and a plurality of, for example, four elongate
protruding portions 66a extending from the trailing
pad 66 to the negative pressure cavity 54. Each
protruding portion 66a has two sides extending in the
first direction X and opposite each other. These two
sides are formed by subjecting the disk opposite
surface 43 to removal processing and are adjacent to
respective grooves of different depths. The width of
each protruding portion 66a is formed to be 30 pm or
less, for example, which is smaller than the minimum
width of a mask used for a removal step.

In the fourth embodiment, the other arrangements
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wi dth of a mask used for a renoval step. In the fourth
enbodi nent, the other arrangenents - 33 of the
magneti ¢ head are the sane as those in the first
enbodi nent. The sane parts are denoted by the sane
reference nunerals and their detailed description 1is
omtted. 5 Now, description will be given of a nethod
of manufacturing a nmagnetic hﬁgd configured as

descri bed. above, here, a nethod of form ng the disk
opposite surface 43 of the slider 42 into a desired

recess and protruding shap 10 _As |s a th

t he ?lr F en%gg g%ﬁtgeag 25 oﬁﬁeln %&osghe fﬁ%st
mask [ n t [ S 43 .0

t he g?%%t éﬁégagﬁgn?|rs?ﬁe gbﬁg ggﬁgsggesﬁgggegd %y fhe
corrgegpandRr@rkActhguheadiBapadthedr 8%@%19@@ #8scaidtion
trailing pad 66. The area B of 15 the di sk opposite

surf agecddtwBdch is not protected by the first mask

84a is renoved by ion mlling or RIE. The first mask

84a i s subsequeetky ipenovnedilThibe dfigrems cd laeaditigdpad
52, side pads 48, and a trailing pad 66 on the disk
oppo@ﬁﬂéf§9ﬁﬂaeég4§ magn8ibsedgent cpnfagugkowasi feprgibed.
20B, the second mask 84b is fornmed on the disk
oppoéPPgesuPﬁéée a3mgfhodhets ﬁP&@ﬂn@Zth€h€l§508ﬁ@°ﬁ&§ﬁ

84b h di he | eadi
pai 1 SBF TeFd0 1 BaPEpe Ho S IaNA L P4 RIG &t 6 G0 TRECeSoed

rgdhgagf8§g@&hg§kg2§hggrt of the second mask 84b is

As 1is the case with the first embodiment, as

shown in FIG. 20A, the first mask 84a is formed on the

disk opposite surface 43 of the slider 42; the first
mask 84a has a shape corresponding to the leading pad
52, side pad 48, and trailing pad 66. The area B of
the disk opposite surface 43 which is not protected by
the first mask 84a is removed by ion milling or RIE.
The first mask 84a is subsequently removed. This
forms a leading pad 52, side pads 48, and a trailing
pad 66 on the disk opposite surface 43.

Subsequently, as shown in FIG. 20B, the second
mask 84b is formed on the disk opposite surface 43 of
the slider 42; the second mask 84b has a shape
corresponding to the leading step 50, pair of side
steps 46, and trailing step 60. The width of smallest
part of the second mask 84b is formed to be
sufficiently larger than 30 pm. Under these

conditions, the area C of the disk opposite surface 43
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sufficiently larger than 30 m Under these

conditions, the area C of the disk opposite surface 43
34 which is not protected by the second mask 84b is
removed by ion milling or RIE. The second nmask 84b is
subsequently renoved. This forns a | eading step 50, a
pair of side steps 46, a trailing step 60, and a 5
negative pressure cavity 54. Thegn, third renoval
processing is executed to formthree recessed
portions 60b and an el ongate protruding portion 60a

In tt}géépaiti'ﬁi ﬂ%t?%%%t%%te'gz‘lby.t o, O%%Zér%nda%assﬂo‘%é Ns

FI G e thi mask c’is med WHi ch ‘Coveérs

the eabbkeqdibsk i1@RPRSILE ngULLaRe R 43 10k LheSld defsidBap is
Three rectangul ar openings 85 are forned in the third

mask s@#e cigliepangl rehmoivedt.he Thsecaren@ kedldaen ny skagh 50, a
opening 85 is | ocated opposite one side of the

trai beng stfepiGe baepsgitthea tranédabi wecpr &9sURd a
cavity 54 and al so opposite a part of the trailing

st epnéQaita vehpreisgulrediceedttivo4 .-The opening 85 is

al so | ocated opposite one side of the trailing pad 66

faci ng t héedgattihie hresnyed EAAGRPSNT difd syjespited to
oppo%ite a part of the traiILn% steg 66 in 20 _the

wi dt ROATY ESEEEN TEFRESE RETERONG Sk 284 3odragate

part _of thg.trailiﬁg 60_a

i PERG 53 Bo Potnder Ehesercong: CIand: n arga B 17

the QEig c%%%?skges%% &aQ% %%Gth%%,i%h%o%hﬁ&%t%%%%QB4c is

by the 25 third mask c, that is, the area opposite

the @p@RRIwhich covers the entire disk opposite surface
43 of the slider 42. Three rectangular openings 85
are formed in the third mask 84c in parallel in the
second direction Y. Each opening 85 is located
opposite one side of the trailing step 60 facing the
negative pressure cavity 54 and also opposite a part
of the trailing step 60 in the width direction. The
opening 85 is also located opposite one side of the
trailing pad 66 facing the negative pressure cavity 54
and also opposite a part of the trailing step 66 in
the width direction. Thus, the third mask 84c covers
a part of the trailing step 60 and a part bf the
trailing pad 66.

Under these conditions, an area of the disk

opposite surface 43 which is not protected by the
third mask 84c, that is, the area opposite the opening

85 in the third mask 84c, is removed by ion milling or

RIE to form a groove of a predetermined depth. The
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85 in the third mask 84c, is renoved by ion mlling or
RIE to forma groove of a predeterm ned depth. The 35
third nmask 84c is subsequently renoved. Thus, as
shown in FIG 19, the trailing step 60 is partly
renoved to formthree recessed portions 60b. At the
sane time, the trailing pad 66 is partly renoved to 5
form four el ongate protruding pgitLpns 66a having a
width of 30 mor |ess. Each of e protruding

portions 66a has two opposite sides adjacent to

respesliue diaoues. ot ditlerent dopths,o e T of;

manuf-acturing t he "héad “con ure as descri

abovgh@% thi grEagnet| %h@eaﬁ‘}aﬁlﬁ?gj edPsy Al dade1y

exert effects simlar to those of the "above first

enbodeRBREed kYr tthem thieel duidedy scmrditiRiMs fQUTE &t the
plurality of recessed portion 60b and a plurality of

pr ot sudieng iper,t itdRs taGd 1amgt hadls o liewdar tSiyde eddfovtdie to
trailing step 60; the protruding portions collect air
curr éetrs ifputrhe longialtieng redd udiort icor.t ithiss afekésiviing a
possible to increase a_positive pressure generated by
t he Wﬁgﬁpiﬁé §peﬂm P lﬁ§sa|S@aﬁﬁs§ﬁbﬁéet@HQQﬁQ§kﬂ9
the area of the negative 20 pressure cavity 54, which
genePREEL CR SN &G D7 tﬁPeQﬁ&@ilt?héPékﬁ%éﬁ%é édc
head Vé/i th )i%el I'er(1}tovecsh%rfacti(.=frfiesteirl S d[cear{[ kée provi ded.
The BrESSRTVSvEROCSS € ndt 15 Ed 8 ¥ive above
embodi mentrg, ”Pr%h'ﬁ%d’%sf ndhd IR GIEH AL QN déalbe %51 i
€ . 'h figured
conponents of the enbodi nents may éﬁvarle W thout?
as described above and this magnetic head make it
possible to exert effects similar to those of the
above first embodiment. Further, the fourth
embodiment forms a plurality of recessed portion 60b
and a plurality of protruding portions 66a on the
flow-in side of the trailing step 60; the protruding
portions collect air currents in the trailing pad
portion. This makes it possible to increase a
positive pressure generated by the trailing step. It
is also possible to increase the area of the negative
pressure cavity 54, which generates a negative
pressure. Therefore, a magnetic head with excellent
characteristics can be provided.
The present invention is not limited to the above
embodiments themselves. In implementation, the
components of the embodiments may be varied without

departing from the spirit of the present invention.

Further, various inventions can be formed by
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departing fromthe spirit of the present invention.
Further, various inventions can be forned by - 36
appropriately conbining a plurality of the conponents

di scl osed in the enbodi nents. For exanple, sone of

t he components shown in the enbodi mrents may be

del et ed. Moreover, conponents fromdifferent 5

enbodi ments may be appropriqte@% conbi ned toget her.

For exanple, the shapes of the protrudi ng and

recessed portions fornmed on the disk opposite surface
of the slider are naot l.imted to rect.angles. K The

or ot PRATRG &A% o dc 65LEd B8Rt FoRe Uy Navé v o gem Ry nent
shapas sc1Be <R 85eRhel RKBRL:ARA:S APRLICABLECNRL QU of
to pico sllgers, pento sliders, and fento sliders but

al sothe kargehedkisd@hswnMIhe@her enbe iRe®%8Nnay be
invention is applicable not only to the above floating
typedsleded.butMoaleseetr9 aompohact st Ypemhead fleadintg a

15 recording elenent that contacts the surface of a

r ecoetibrg imeditsnmad7 be WAMHAT obS iGtAILVEDoMSinkd Aogeithed .
of manufacturing a head conprising a slider including
an opposi tfers gfaed anhitdle isha@pssosift & heq pgtiraskinsgf and
rotatable recording nedium and which 5 has a pluralit

of pFSFPﬁ§ﬁ€n§°§ﬁd°§Sné@éﬂ@@eOﬁr§§§uPéSkc&ﬂ99f}t@héurface

bet weén Lo SaRR6S! L s dPtade ing ot RS FECr g modem

surf ace ey iy GYY 82 283 3489 ons may have various
shapes. The present invention is applicable not only
to pico sliders, pemto sliders, and femto sliders but
also to larger sliders. Méreover, the present
invention is applicable not only to the above floating
type slider but also to a contact type head having a
recording element that contacts the surface of a

recording medium.
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bet ween the recordi ng nedi um surface and the opposite
10 surface by rotation of the recordi ng nedium and a
head portion provided on the slider to record and
reproduce information on and fromthe recording

medi um the nmethod conprising: providing a mask havi ng
a predeterm ned shape on 15 the opposite surface of
the slider and then subjecting,-the opposite surface
to renoval processing to fOfﬁ]g protrusion including
a protruding portion having two opposite sides; and

provi di ng anot her nas%H&QFt€§ @ﬁfﬂ@éﬁe §urface of 20

the slider, the another covering one of the two

opposi te §'de§ ﬂgghédpé%tmQRu%Q%tBEQFEUg'ﬂ%aﬁo %ﬁ Q151ng a

and then subjecting the opposite surfdce to renov

processi8y {RciQaMa QBOBﬁﬁgéBGeDQGEEQBelQh%@hcﬁst65p0s1te
two opposite sides are adjacent to respective grooves

25 o4 ¢gutfecenbrdeptbsagndlvhirebordaingr medeumt Aad Whech
narrowest part of the masks used. 2. A head

manuhast aretlubylihg mdnptattusings- aB8 anekhedive pressure
according to claim1, the head conprising: a slider
haV|ﬁ@V%hErobbésE@édgﬁrbaéég gohéagingdstepmanataipair

of side steps formed on the opposite surface of the
sI|d€%xe%a6ﬁpc€ﬁ§V??UtFH@ OBPPﬁétﬁréPFééFSnangnéhQ

t Ly defined by th di
and BEHP7 B o4, a4 By 6 E A RN pBrF1 G eGP EcHUBF ZEhE

S'debé%%@énm@hghré§ordlng medium surface and the opposite
surface by rotation of the recording medium, and a
head portion provided on the slider to record and
reproduce information on and from the recording
medium, the method comprising:

providing a mask having a predetermined shape on
the opposite surface of the slider and then subjecting
the opposite surface to removal processing to form a
protrusion including a protruding portion having two
opposite sides; and

providing another mask on the opposite surface of
the slider, the another mask covering one of the two
opposite sides and a part of the protruding portion,
and then subjecting the opposite surface to removal
processing to form a protruding portion in which the.
two opposite sides are adjacent to respective grooves
of different depths and which is ﬁarroWer than the
narrowest part of the masks used.

2. A head manufactured by the manufacturing
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positi oned downstreamw th respect to the air currents
10 constituting the protruding portion. 3. A head
manuf actured by the nmanufacturing nethod according to
claim1, the head conprising: a slider having the
opposite surface; a leading step and a pair of side
steps formed on 15 the opposite surface of the
slider, each constituting the_protrusion, and side
pads protru5|vely formed on t respective side
steps; and a negative pressure cavity defined by the

!eadlﬁgalategc g Ralo Oflgl%e St %d %gmgrlslngh

I nt efn ate por eac 01;L the SI e st

IS positiagn a [ the side
pad const%t%?ﬁ%% t ggﬁbgt % ?%gﬁ%%ﬁﬁ%ﬁ%a A 'head

manuf act uped elyihie s%'@ufaal@t tar ag r B RadiaGad rfgartrrﬁsd on
claim1, the head conprising: 25 a slider having t

opposhteoppbkate; sarlfaadi g shepsladeai,r e@fchSIC@astltuting
steps, and a trailing step formed on the opposite

surf abe oftotlhes3®n;sknder and each constituting the
protrusion, a trailing pad protrusively fornmed on the
trailing st@ggatdng presgatriceyeapridssded iomd ty défs Aegding
by the leading 5 step.and pair of side steps, the

trai PFR§ §9Qppﬁﬁélﬁélﬁ@d§ FEéE8Ss ed portlon which is

toward th t th
o ot rUdi ng p6TE SRISS oaned i oparlid ik (i e vhich is

positioned downstream with respect to the air currents
constituting the protruding portion.

3. A head manufactured by the manufacturing

" method according to claim 1, the head comprising:

a slider having the opposite surface;

a leading step and a pair of side steps formed on
the opposite surface of the slider, each constituting:
the protrusion, and side pads protrusively formed on
the respective side steps; and

a negative pressure cavity defined by the leading
step and pair of side steps,

an intermediate portion of each of the side steps
which is positioned between the leading step and the
side pad constituting the protruding portion.

4. A head manufactured by the manufacturing
method according to claim 1, the head comprising:

a slider having the opposite surface;

a leading step, a pair of side steps, and a

trailing step formed on the opposite surface of the
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recessed portion and extending toward the negative 10

pressure cavity. 5. A head manufactured by the

manuf acturing method according to claim1, the head
conprising: a slider having the opposite surface; a
| eading step, a pair of side steps, and a 15 trailing
step forned on the opposite surface of the. slider
and each constituting the p[ptrg§iqn, a trailing pad
protrusively fornmed on the traﬁ ing step; and a
negati ve pressure cavity defined by the |eading 20

st ep-3adchaLr oL shde atens, Lhe Lial Ling steg hayi ng

protruding portions eac extendi Wal _

negawggmmsgaaep%wrmv@-lyAf@g&léddW!tm 4e4iiG8 ng step;

conprising: = a diSk-shaped récording nedium 25 a

drivgpg section which supports and rotates the

recordi ng medium the head according to claim?2

conpri si ng aeghitder 4Qesisteleudiald tan ceFiosd &yswWHeadading

which is opposite a surface of the recordi ng nmedi um

and ehephamdi pparnefasifiexedegap bet ween t he opposite

surface and the recording nediumsurface via air .

currents §efeltatéd 5ot iPed e HagordineFafsdicumortion

surfage nd the opgosit% Burface Ry rotation of the

fecol 0l F§ MEAPRAT ARHSEY FBS"BEREROR BrSvRdES FAVHRY, and

slid to record _and _reproduce.i.nformation_on.and .

fron?ﬁﬁeggggngﬁﬁa portion positioned 1n paraﬂleﬂ with the
recessed portion and extending toward the negative
pressure cavity.

5. A head manufactured by the manufacturing
method according to claim 1, the head comprising:

a slider having the opposite surface;

a leading step, a pair of side steps, and a
trailing step formed on the opposite surface of the
slider and each constituting the protrusion, a
trailing pad protrusively formed on the trailing step;
and

a negative pressure cavity defined by the leading
step and pair of side steps,

the trailing step having protruding portions each
extending toward the negative pressure cavity.

6. A disk driving device compriSing:

a disk-shaped recording medium;

a driving section which supports and rotates the

recording medium;

the head according to claim 2 comprising a slider
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medi um and 10 a head suspensi on which supports the
head so that the head is novable with respect to the
recordi ng nedium and which i nposes a head | oad acting
toward the surface of the recording nmedium on the
head. 7. A disk driving device conprising: 15 a

di sk-shaped recordi ng nedium a driving section which
supports and rotates the reconding medium the head
according to claim3 conprising a slider having an
opposite surface which is opposite a surface 20 of

the {ecording RdLym.and walchanai hains 3 CLyed gan,
eheid o8 g2 R oo

bet ween sur ace an recordi

Surf@ﬁ?be@ @frtﬁgrE@EB§d9ﬁgeﬁ@B§meghﬁe@H1Ehema1nta1ns a
recordi ng nmedi um surface and the opposite surface by

rot atigadofapheetfeendtng BpgbeAreaBdraabeadnpothieon
25 provided on the slider to record and reproduce

i nf oreabrahngnmadduir enrfheer edar dimgcoediennts getdexated
head suspensi on which supports the head so that - 41
t he hetdees nhbeabkeowithgr msgéon sorfheer eodr dhegopposite

medi um and whi ch inEoses a head | oad acting toward the
surf aeeferet ¥ Fees éPﬁgOﬁe@h@nfeéﬁrﬁﬁégh@ﬁélugr And a

di sk driving device conpr.isin di sk- shape
e oRaRf b REat G BEoRBh Shifhe; 213 afirat oo naRars 28Kk

oL FGPR e PR KERe LR BETRLOARCLHY 408,20

medium; and

a head suspension which supports the head so that
the head is movable with respect to the recording
medium and which imposes a head load acting toward.the
surface of the recording medium, on the head.

7. A disk driving device comprising:

a disk-shaped recording medium;

a driving section which supports and rotates the
recording medium;

the head according to claim 3 comprising a slider
having an opposite surface which is opposite a surface
of the recording medium and which maintains a fixed
gap between the opposite surface and the recording
medium surface via air currents generated between the
recording medium surface and the opposite surface by
rotation of the recording medium, and a head portion
provided on the slider to record and reproduce

information on and from the recording medium; and

a head suspension which supports the head so that
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havi ng an opposite surface which is opposite a surface
10 of the recording nmedi umand which maintains a fixed
gap between the opposite surface and the recording
medi um surface via air currents generated between the
recordi ng nmedi um surface and the opposite surface by
rotation of the recording nmedium and a head portion
15 provided on the slider tq reggord and reproduce

i nformati on on and fromthe recording nedium and a
head suspensi on whi ch supports the head so that the
head,i bl | hes recorgin I
and hech o aposet oy R o "asPray tondrd (e 301
surf aeeiofh the h%@@%dhﬁgog%glﬁwheﬁﬁ HB%dh%%anggto%ard the
di sk driving device conprising: a disk-shaped

I ecokdirfig caedifuithea réiciotidig gs eelii am, WainC i heuppet.s and
rotates the recording nmedium 25 the head accordi ng
to clai mB.cofprdisikngird vsingdelev ilvay icothpan sapygosi t e
surface which is opposite a surface of the recording
medi um an@ WhisdT sig@ipgcaines o dlingeshediam; gap bet ween

t he opp05|te surface and the recording nediumsurface

via air cr CEhvd gerkeckion pltiiders UPRS T e @Y inRF ationally

medi um, surface and the opposj.te surface by rotation

of tﬁélygéoFé §eﬁ€§P&ﬁP %ﬁ 14 ead portion 5

provi ded i ! el 18 f LG 4.y %rl‘?n 'R r%g%sm a slider
|nfornat|on on and rom recordi'ng medi f 4

head %%aa%n%hO%ﬁywques%@9&%&% e Jread %%pb%%%e ENeurface

head is novable with respect to the recording
of the recording medium and which maintains a fixed

gap between the opposite surface and the recording

medium surface via air currents generated between the
recording medium surface and the opposite surface by
rotation of the recording medium, and a head portion
provided on the slider to record and reproduce
information on and from the recording medium; and

a head suspension which supports the head so that
the head is movable with respect to the recording
medium and which imposes a head load acting toward the
surface of the recording medium, on the head.

9. A disk driving device comprising:

a disk-shaped recording medium;

a driving section which supports and rotates the
recording medium;

the head according to claim 5 comprising a slider
having an opposite surface which 1s opposite a surface

of the recording medium and which maintains a fixed
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medi um and whi ch i nposes a head | oad acting toward the -
10 surface of the recordi ng nedium on the head.

gap between

- 42 -

the opposite surface and the recording

medium surface via air currents generated between the

recording medium surface and the opposite surface by

rotation of
provided in
information

a head

the head 1is

the recording medium, and a head portion
the slider to record and reproduce

on and from the recording medium; and
suspension which supports the head so that

movable with respect to the recording

medium and which imposes a head load acting toward the

surface of the recording medium, on the head.



