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MANUFACTURI NG MAGNETI C HEAD ' TECHNI CAL FIELD
i nvention rekates to a nmagnetic head, a nagnBisShedt BaBel HWIaSe%
apparatus and a met hod for manufacturing the magnetic head
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BACKGROUND !ﬂtf
‘In a rotary actuator — type magnetic read ,/ write

apparatus, the technology that reduces the dgpandency of the_

magnetic head on the skew angle in order to emsure that the
flying height is comstant from the internal circumference of the
magnetic disk through to the external circumference, and to
ensure a stable flight attituds, is of extreme importance. This
technology improves reliability for high density recording, which
requires that spacing loss be minimized by reducing the flying
height. This is because at very small flying heights, even if the
flying height of the magnetic head changes only very slightly
during a read or*wrheﬁnxzaﬁon.thexnagneﬁc head is likely to
come into umm&ui with the magmetic disk, causing a head crash,
which in turn, causes problems such as ddﬂrucﬁan_of«kma on
the magnetic disk.

The technology to ensure that the flying height is
constant from the internal circumference of the magnetic disk
thmough.to the. exuntmd circamference, and to ensure a stable
flight axbmude is - ahm: ‘essential for the zome bit recording

technology required by high capacity magnetic disk drives. The
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Unexammined ‘Pat ent Publicati on (Kokal) hb 30328/1992 Pat-

4,894,734 and U.S. Pat. No. 5,087, 992. As a neans for re
the requirenents described above, various types of nagnet
whi ch features air bearing surfaces with & specific and unlﬂ

di scl osed. Wite, for instance, discloses TPC
Pressurization Contour) type sliders in U S. Pat No 4,673,996 and U S.

have been

Pat. No. 4,
portions running the
TPC sl i der

apparat us,

870, 519.

when f|t
gener at es

Roos

éo%;l re I%dﬁﬁ%p%w portlon al glr)\% t he S|dfa]|:~i,r1

tsenam c lFaéﬁﬁmﬁessurelp(!;ilhh%. Neo. 80328 /1982,t e

t the |ndented portlon due to

the air current whichygfPawesN6N4,B00T84 hend 1 BIS: Puts Nodi5,08719820 when the skew

angle is large, to

stabilized.

prevent any reduction of the flying. height at positions
where the skew angle is | aigga Michhs foir Tesponding itet thet rdduirenents cderctibed

ensured fromthe internal circunference through the external circunference
of the magneti G di sk abote, waribie types oft magnpetit chéddsgeachntafi which i features

Al so, Japanese Unexanm ned Patent Publication_(Kokai)

No. 101781/1985 di sainbesring surfases fwith 2 spegific aodamiquecontour
dependency on the skew angl e, achieved by nmaking the rail wdth of the

slider rail

at the c

wi dth at both ends.

a magnetic

head in

disclesedn (White r fort | Bistance, halisqleses: HIBGm| ((drapgyersene

BrPesciARHionLRRGE f7Ps A 30 B PRF VP TR 88800

US. Pat. No. 4,870,519. A TPC slider is provided with very small
indented portions running the entire length of the rail portion
along the sides. A TPC slider, when fitted in a rotary actuator
— type magnetic read / write apparatus, generates dynmamic lift
pressure at the indented portion due to the air current which
flows in from the transverse direction when the skew angle is
large, to prevent any reduction of the flying height at positions
where the skew angle is large. With this, a cousistent flying
height is ensured from the internal circumference through the
external circumference of the magnetic disk and, at the same
time, the flight attitude is stabilized.

Also, Japanese Unexamined Patent Publication (Kokai) No.
10178171985 discloses a slider for a magnetic head with a
reduced dependency on the skew angls, achieved by making the
rail width of the slider rail at the center in the direction of the
length smaller than the width at both ends.

, Ftrﬂunnune ILS~E%I.Nb.5062017 discloses a magnetic

"headmwhmhairbeanngsuﬂmpromdedmthanmmdeedge

and an outside edge are formed on the surfaces of the rail
; ted
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and an ,out si de edge are forned on the sur

3 portions. The inside edge and the outside edge are erge
fromthe | eading end edge of the slider toward an |nflec on poi nt, and
are made to diverge fromthe inflection point to the tra ety thmiemaﬂa
the slider, thereby inhibiting any chang& in the flying c

relative to the skew angl e. Mor eover, Japanese Une

Publication (Kokai) No. 246067/1990 dlscloses a slider for a nagnetlc I sk

apparatus, which is fo gg?’g Eﬁﬁn qguced
starting fromthe eﬂﬁn@ﬁﬁg #hﬁe f |n toma ?ﬁe dqaﬁere t e air
flows out. twggqgé ol %gdgg of'thed BRRka?gOWE N
the TPC slider disclose ﬁ&t tﬂgt e sired cont our of the air bearing
surfaces is i nparteqmwﬂqnav% fnh8e ¢5tdi . i

thé '
portions. The contour tTornmation in this case nmust be perfornmed through

fine machining such s tis yerailidi nend tedgBnof by, slidker, thiersby dnhitiitingngny

Because of this, in the prior art technology, which requires machining

over the entirg | engiinnge id therflying chararteristics oglativagto dhe t skewrearigle.

which is necessary for dry etching, nust be Ionger than the entire | ength
of the rail portion and, bl apaneset e Usaxaminess Batemt h

generated in the dry etchl ng process, adhere to the two_side surfaces, of
the slider. The strcGigalkal)Na 24606741990 (i sdlosegaa tslidessfon 8 magneticqdisk s
not great, and when the nmagnetic head is_heing, operatedn magne r ead
/ write apparatus, tmﬂﬁﬁ fus; which is formed in such a mapner ?hergﬁwn&

is reduced starting from the end where the air flows in toward
1 the end where the air flows out.

Of the technologies in the kmown art described above, in
the TPC slider disclosed by White, the desired contour of the air
bearing surfaces is imparted by machining over the entire lepgth
of the reil portions. The contour formation in this case must be

5 performed through fine machining such as dry etching
technology, including jon milling. Because of this, in the prior art
technol_ogy.whichrequiresmachiningovertheenﬁrelengthof
.therailporﬁon.theopeningsofthemask.whichisneoessary
for dry etching, must be longer than the entire length of the

% rail portion apd, inevitably, minute particles from the slider,
_gmeratedinthedryeﬁchingpmcm.adhmtothetwoside
surfaces of the slider. The strength of adhesion of these particles
tothesliderisnotgreat.andwhenthemagmﬁcheadisbeing
-operatedmamagnehcread/wﬂteapparatusthep@es
as. adhenngmthesxdesmfacesofthemagnetmheadentermto
the.na:mwspadngsapbetweenthemagnencdlskand.the
magneﬁcheaiThismaydamagethemagnW
I —
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spaci ng gap between the magnetic disk and t he rragnetlc hﬁm
darmage the magnetic disk irreparably

In addition, at one end of the slide'r in the direction SetH Bee ac ond
pads (bunp) for the magnetic transducers are provided.

unli ke the slider, which is constituted of a hard ceram
constituted of a soft netal material, such as gold. This causes the bond

Tl I AR B S
i T

Zi :‘f?E:_uI t. | 'Sl'hel Razynet |1%£§ﬁggxgﬂn%e I'n Pgie t‘ﬁ%&&g Wseqw res
gnzpteﬁ;f gﬁ?é!éecg%%aw to conver%r%e%a%en%e of the

slider to an infl egistitutddbfla cferfiic! firietiré,Odfe! BShtitital of o safi nt

toward the trailing end edge of the slider.

5 3 D'WH&'W@WO‘TM causes thei borkh midsetd o t he
present invention to provide a magnetic head with air bearing surfaces
that feature a newdry etched excessively in comparison with the slider and it may
result in the surfaces of the bond pads falling off the surface
" of the slider. This, in turn, males connecting lead wires to the
bond pads difficult. The magnetic head disclosed in US. Pat. No.
10 5,062,017 requires a specifically contoured air bearing surfaces,
in which the inside edge and the outside edge are made to
converge from the leading end edge of the slider to an inflection
point, and to diverge from the inflection point toward the trailing

end edge of the slider.
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head. It is a further object of the present invention to provide a
new magnetic head with which the flying height can be g eheeGROBLARIRRD,

at the sane tinme, the flight attitude can be stabilize kew
angl e range and a magnetic read / witfe apparatus whi ca wymH“HMnetlc
head. It is a still further object of the present

provi de a magnetic head and a nmagnetic read / wite apparatus w th which
subst ances adhering to the MHSCEDSUREDF CPHROINVENTION t he magnetic di sk
or the magnetic head. I't 1s a still further object of the present

invention to provide alagnaiisbib@ndfatise prepgite ihventint Yo Wrovideagpar at us

wi th which the surface of the bond pads for the nagnetic transducers do

not fall off the maghetie héad hwithl iaierbearing surfdcesi that featuref ar mewr

obj ect of the present invention to provide a nmagnetic head and a_magnetic

read / wite appacodtour, awd ch magreticeseado” wirjitec spparatus iwhichagaplovehi | e

maintaining a relatively sinple contour for the air bearing surfaces.

It is a stibl furthisrmegnede kgad he present invention to provide a

magnetic head and a nagnetic read / wite a aratus .that, are optipgzed for
p@, M

achieving a large - caplcia ¢ hughe pbiegt of t he

zone bit recordi ng technol o [ S a il urther ect,of the
present invention?tRFW MAgH &Y" bead with imh %f O&

cmstant and, at the same time, the flight atntude can be
stabilized over a wide skew angle range and a magnetic read

10 / write apparatus which uses this magnetic head.

It is a still further object of the present invention to
provide 8 magnetic head and a magnetic read / write apparatus
with which substances adhering to the magnetic head do not
damage the magnetic disk or the magnetic head.

5 It is a still further object of the present invemtion to
provide a magnetic head and a magnetic read / write apparatus
with which the surface of the bond pads for the magnetic
transducers do not fall off the surface of the slider.

| -Itisastillfm'thérobjectofthapreaentinventionm

20 provide a magnetic head and a magnetic read / write apparatus
which achieves the objects described above while maintaining a
relatively simple contour for the air bearing surfaces.

It is a still further object of the present invention to
pmwdeamagmtlcheadandamagnencread/miteapparatus_

forachlemsalarge capecity magaetic disk

drive through adoption of the zone bit recording technology.
% is a still further object of the present invention to

_—

—_——
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provi de ;a magnetic head an rea Write apparatus

very ef f éctiive in i mprovi ng rellablllty in high - densn—t—y——r—eeox_d,L_ng,_JML_h
requires that spacing |oss be reduced by mnim zing the fI he| ght

It is a still further object of the present invention t oth aqadict
rotary actuator type nmagnetic read / wsite apparat us-whl

const ant fIying helght and a stable flight attitute even
angl e. |s a still further object of the present |nvent|on to

E%Séi Sisgr”. 82&' ot b ohishdeh) vEE4 158 5 aBENE T e%%“’avaéﬁ%?%'eﬁ
2I ?\é:r taﬁd g?gnsg%i?'hone an%ﬁ% anée@#‘eﬁ&%bgweﬁ corrprl Ses a :

slider body whi chabsrding, (Whith RleqiirdedNat Nspaciighi losBY beNGredtédd OBy and a
| eading end portion. The slider i also provided With at |east one ra|I

portion which exipidmifiageen fiyiagt heightng end portion and the |eading end
portion, on one surface of the slider body. At |east one magnetic
transducer gs provided Tonigt e stillnéurther tdbjectaiof ther piresent cinventioh ttowar d
the trailing end of the slider body. The rail portion is provided with

i ndent ed porti ongprovideed comnpact mmmmmmmwsm| udi ng

the indented portions, formthe air bearing surfaces. The indented
portions are forapparatvs: sehich hean tachievs 2 constants fiying nheighkcandr abear i ng

surfaces will continue_all the way to, at Ieast the trailing end portion
of the slider bodjable,Elightaktitte; geeniat a laree, @6& whi ch are cut

into by the indented poftlonssﬁhs% |ne&%&mmt invention to

10 movideanopﬁmalmanufactmingmethodformmufacuﬁngthe
magnetic head described above.

In order to achieve the objects described above, the

ma@eﬁcheadamordingtothepmentinvenﬁonincludﬁaslider

and at least ane magnetic transducer . The slider comprises a

15 slider body which is, in turn, provided with a trailing end portion

| and a leading end portion. The slider is also provided with at

Ieast one rail portion which extends between the trailing end

porﬁonandthelea&inzmdporﬁon.ononesm'faceoftheslider

body. At least one magmetic transducer is provided an the line

»  of the rail portions extended toward the irailing end of the slider

body. The rail portion is provided with indented partions formed

portions, form the air bearing surfaces. The indented portions are

, fmmedshorberthantheraﬂpouﬁonssothatthemrbeanng

] smfaoe&wﬂlmnﬁmeanthewayto.atleastthetraﬂingeud

pornonoftheshdarbodv Themdthcftheau'bearmgsurfams,

which are cut into by the indented portions, is maintained at
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7 appraxi metely the sanme di nmension over t ent

I ndent ed portions. As expl ai ned above, since the—stder—s-provided
with at |east one rail portion which extends between the ralllng end -
portion and the |eading end portion on one surface of the epltdada
rail surfaces constitute the air bearind surfaces and at

magneti c transducer is provided on the line of the rail por

toward the traili ng end of the sI i der body. When used in a magnetlc read /

write apparatus, l@ﬁm%maﬂa 8ithé Ui BRlRY 6oer 150 it efgth of
characteristics w Its I’aIY pOI’tIOﬂS an at the sane tine, generates

dynam c |ift pressgidant&E he magnetic disk and the air bearing
surfaces. Thus, a magnetlc head that performs magnetic wite or read

operati ons bet ween at | Asséxplamedn abev, Giriden thel lider 48 dpigvidehavithi at di sk
I s achi eved. - The rail portions have indented portions provided

along the two si dpast rodehirailsportivn rehichndxtendsi betwsenc ahe trhilidge end”
magneti c head disclosed by Wite, dynamic |ift pressure is generated at

t he i ndent edsporti paucmmnﬂothmlaﬂmgmdemmm oh orié susface dfr the slider
transverse direction when the skew angle is large, to prevent |oss of
flying hei ght at pbedy. the rallesurfaces chostitudethe aw beatiog surfacesiand a
consistent flying height is ensured from the infernal CI rcunf erence
through the = ext edthdeastone sagsmebisctrapsduoes s gwevided jom ithgntine of the sane

e 1O ] i bt e the traiind ok P Whalbe B

When used in a magnetic read / write apparatus, the present
10 invention achieves stable flying characteristics with its rail
portions and, at the same time, generates dynamic lift pressure
between the magnetic disk and the air bearing surfaces. Thus,
a magnetic head that performs magunetic write or read operations
between at least one magnetic transducer and the magnetic disk

5 s achieved. |
The rail portions have indented portions provided along
the two sides in this structure, and, as in the case of the TPC
magoetic head disclosed by White, dynamic lift pressure is
gemratedat.theindentedportionsduetoanaircmentwhich
» flows in from the transverse direction when the skew angle is
large, to prevent loss of flying height at positions where the skew
angle is large. With this, a consistent flying height is ensured
from the internal circumference through the external
mrcumfamceofthemagnehcd:skandatthesametlme.the

2 ﬂxzhtathtute:sstabﬂmd.
An nn.portant :Eeature Of the present invention, which
difﬁerenﬁatesitﬁ-omtheTPCmagnehcheaddisclosedbyWhate,

—_—
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differentiates it fromthe TPC magnetic head C?I scPosed by Wi t 0. 4743 P 13/44
8 Is that the indented portions are fornmed shorter than the rail portions
so that the air bearing surfaces continue all the way to; ’Hilsslhaaaﬂis,ae&h&placed

trailing end portion of the slider body. gn the magnetic _he mwlg

new structure, when formng indented portions by positionin
is provided with the opening portions necessary for formngt

Egréle(r)?gr%nn;hgrysg[fﬁ e of the sI er tgat facegpopggo ite the net(ﬂql;g]_éﬂlagg
ﬁg(rjgl gr?ggzl;hghg?tski ihe o%]e&hgﬁ I’tJ OWUII‘ d for %ﬁaﬁ%g can be
he dry ot ching prodBedt 1o8sh B Mﬁfﬁ%ﬂs&ﬁea@# d :
Behi eved i n' vhi ch nobaaetlS Hesk it mgne?‘!@pﬁﬁ% %%e#%%%ﬁ«éiﬂ%ﬂaﬁ

the bond padss are et iy e phifoB 8 indek ve|y e pepided 4B M kg "°
Slider, This makes POrOSESCaBRstury T0f Mapllk e to“*ﬂ?‘%’ﬁﬁ&@ﬁé ( thh"®
The wi dth of the ai Wlwmrmﬁswlﬁ&QrWW eaﬁg t ed

portion, is maintained at approximately the same di nmension over tire

| ength of the indentperforming cdry: etohing asuchnas ymilling tdre tha e tﬁrdi@ﬂthe |

according to the present invention, the nmajor portlon of the edges of the

air bearing surfacespanmdpnﬂamnsnﬁlﬂh niakk cthen bpeting  bietionse peiired \fept i on
fromthat disclosed in U S. Pat. No. 5,062, 017. I\/breover since it
10 drvetchngmnbemadeslighﬂyshmterthantheentxrelength
of the rail portions. This eliminates the likelihond of minute
parﬂdesﬁ-omtheshdergeneratedmthedryetchmgprocess
adhering to the two side surfaces of the slider. As a result, a
magneﬁcheadandamagneﬁcread/writeapparaﬁsare
16 achieved in which no damage to the magnetic disk or magnetic
head occurs due to substances adhering to the magnetic head.

In addition, since the bond pads are mot dry etched
excessively in comparison with the slider, the surface of the bond
padsdonotfalloffthesmfaoeoftheshder'rbmmakes:teama-

] tooonnectleadwxrestothebondpads.

The width of the air bearing surfaces, which are cut into
by the indented portian, is maintained at approximately the ssme
dimension over the entire length of the indented portions.

- Comsequently, in the magnetic head according to the present
=  invention, the major portion of the edges of the air bearing
surfaces are linear, which differentiates the preseat invention
from that disclosed in US. Pat, No. 5,062,017. Moreover, since it
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magnet i c head di scl osed by Wite, it dlffers fromthe invention

in US. Pat. No. 5,062.017 in effect as well. In addition, WQ%QHQQB

the present invention, the mask pattern for formng the air ckRe \aced
surfaces can be sinplified. The ma8netic read / write ﬂum m
according to the present invention includes a magnetic disk,

head, a suspension and a p05|t|on| ng apparatus. The magnetic di sk
mentioned earlier i s ‘%ﬁaﬁ% badiEAR | sithilaP brichatiok docthat g&:;gmbg ethe
magneti c head accordi'ng e present 1 nvention, as has een desc‘;?bed
earlier. The suspensippcsipmistit HaadBeRisd 192 Whith, G8° defighen Foi the
positioning apparatus supports the other end of the suspension and causes
the magnetic head to jnveiHon HiSdosed & TRECPRD No.[5,06201% in effeeti 44 weahdne

to the circunference of the nagnetic disk. The magnetic head and

the magnetic read / vaddidoncapordingsiontios priésegt tinverition, the emask patternoforar e
driven by a rotary actuator type positioning apparatus, According to the
present inventi®n, eenming {heaaiye besring supfecesacan e wiophiedi ent 1 yi ng
hei ght and a stabl e flight attitute are achieved. Therefore, the skew

angl e range can be i ncr easecbhe Tnagnetic gead 1/ pWEle pRpparatus 0

need for smaller magnetic read / _wite _apparatuses by allow ng for a

| ar ger naxi num skew Jwgsent invention ineludes @ feagnatic, disk @ Jaagnels ead. &
the present suspension and a positioning apparatus. The magmtm disk

mentioned earlier is driven rotationally and the magnetic head
10 isthe'magnetichead'amordingtothepr&sentinvention.ashas
been described earlier. The suspension supports the magnetic head
ot one end and the positioning apparatus supparts the cther end
of the suspension and causes the magnetic head to swing through
an arc on & plane at a specific angle to the circumference of
15 the magnetic disk
" The magnmetic head and the magnetic resd / write
apparaﬁxsamordingtothepresentinventionaredrivenbya
rotary actuator type positioning apparatus. According to the
present invention, even at a large skew angle, a nearly consistent
20 flying height and a stable flight attitute are achieved. Therefore,
the skew angle range can be increased. This makes it possible
to respond to the need for smaller magnetic read / write.
apparatusesbyallowmgforalargermmmnnskewangle.
The manufacturing method according to the present
%  iovention includes a plurality of processes, as explained below,,
in menufacturing the magnetic head described shove, The first
m'ocessisashepinwhichamasneﬁcheadmteis

-
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i nventian includes a plura rocesse expl ai ned bel'o
nanufacturlng the magnetic head descrlbed above. The first process is a
step in which a nmagnetic head aggregate is

10 positioned on a support nenber. The magnetic head aggre ﬂﬁﬁt’ﬁ&fﬂk"ﬁa“’d

structured by arraying a plurality of nmagteti c head el errents
direction while it is positioned on the support member wth
el enents |l eading to the surface that will face opposite the nmedium - Each

magneti c head el emag%:s'! e ﬁae@nl{@ ﬁﬁ?eﬁ

af orenenti oned dire ﬁoﬂédtacﬁ:% I's set as the |rect|on 0 te

| engt h, the nagnet | #rﬁEﬁﬂ'H& mgg ctgh{.d]ﬁg ﬁﬂad eléiBnts
direction of the qsyIn a con process, a nask 'S p05|§?oned

on the surface of t@ béitfort eHile Pbﬁtiohéﬂ 6 StHeC SlpPeY imeRilbgr i N
the first process. The nask 'S prOV|de openi ng portions at

positipns which corrgRRoHAk txﬁhgﬂic'ﬂﬂﬁienﬁi ldadinggé tonER batad® thiad will fisken
second i ndented portion of the aforenentioned indented portions. The size

of the openi ngspor t | gppsitenthep asaditnn Each winaghetic fhead peloment [dsr arrayed cimen
only within the aforenentioned surface of the nagnetic head aggregate, are
pr e- det er ni ned. such lan manmerr thak; mmmmmmm@rﬁmss,
dry etching for formng the indented portions is perforned on the surface
maguetic

of the magnetic headamxgyr dgaset tas otheh directiope rofh dhepdengdns the
fourth process, which follows the third process, includes

transducer will be positioned at one end in the direction of the
. width,
10 In a second process, a mask is positioned on the surface

of the magnetic head aggrepate that has been positioned in the
first process. The mask is provided with opening portions at
positions which correspond to, at least. a first indented portion
and a second indented portion of the aforementioned indented
15 portions. The size of the opening portions, and position at which
the opening portions open only within the aforementioned surface
of the magnetic head aggregate, are pre — determined, |
In a third process that follows the second process, dry
etching for forming the indented portions is performed on the
20 surface of the magnetic head ageregate through the opening
portions.

Afoqrthmmess.whichfoﬂowsthetbirdprocess,inch:das
4 step in which the machining required for the magnetic head
""ispexformed.leavmgthemaswherethemdentedpomonswm

= -Beformeduntovchad. -
- Preferably. the first process described earlier should
include a step in which a plurality of magnetic head aggregates
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a step in V\hl ch the machi ning required for the maghetic head |§om430rpteqlb\/44
| eaving the areas where the indented portions will be fornem

Preferably, the first process described earlier should inclungSeshs
which a plurality of magnetic head aggregat gs are po Q,HE ’)T,I,Ted

parall el and the second process described earlier should |ncI
whi ch a common nmask is positioned for the aforementloned pl ur

magneti ¢ head aggregates. . I n the cturing net hod accordl n
the present inventio tﬁﬂé"@?ﬂ%

O CLEMng ProceRs. Satad ln%ﬁriee”tisﬁqx{”’m ?waéﬁm ad“ere" 3 t“mgtme@e
magnet i ¢ hoad due o e i ASeN ek phRit iR Fiserety b SxtFoates

The prosent i nvention, si noctl obLmRBAuREH, ﬁf?%#%x%@@% 98‘ @f%,%?%w&
OO e P aon oot crieiiod kA6 sl 1108 i e ek P dilc,
Goscri bed oarior as Stasl Riesttalf By iiewited "SoRf babnfig WA 0 die

bearing surfaces is meofmesm_Asamtameﬁcmm
a magnetic read / write apparatus that do not damage the
magnetic disk or the magnetic head due to substances adhered
18 to the magnetic head, can be manufactured. o
Moreover, with the maoufacturing method according to
the present invention, since the bond pads are not excessively
dry stched compared to the slider, the surfaces of the bond pads
‘do not fall off the slider surface. thereby making it easier to
w  connect lead wires to the bond pads. The present invention can
be applied to the prior art technologies described earlier as a
technology in which fine machining of the air bearing surfaces

is peformed.

BRIEF DESCRIPTION OF THE DRAWINGS |
2 These and other advantages, features and objects of the
present invention will be understood by those of ordinary skill
in the art referring to the apnexed drawings, given purely by
wayofnon-—limitatxve example, in which ;
’ FIGI aperspechveofthemagnehcheadacmrdmg
' tothepresentmventwn.
FIG.Zisasideelavationofthemagneﬁcheadshown

\M___l
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features and" objects of the present invention wll be understood by t hose
of ordinary skill in the art referring to the annexed dr QVVﬂlgb given

purely by way of non - limtative exanple, in which; R?aced
perspective of the magnetic head accordig to the preseFﬂ“ ep .
FIG 2.is a side elevation of the magnetic head shown

12 in FIG 1; FIG 3 is a perspective shovmnga
of the magnetic hqﬁd ﬁgr,di ng to the present invention; FI G 4 |s
a side elevation of 't dnetic head shown in FIG 3 FIG 51is a

perspective show ng yet 5y ol 2 ei’gﬂﬁlkﬁ%‘?ﬁre Eﬁﬂﬁﬁﬁuﬂﬁ I ng
to the present i nventlon s IS a perspectlve show ng y"'e:'fHfd

anot her enbodi nent ghef ORédd acBerEing CioP thé NSrebéht! ReveditieNt

invention; FIG 7 is a plan view of the nagnetic read / wite
apparatus according to t HEIGhr dsizn sidecelevation of the thbgnetic iHdadsshowas t he
operation of the magnetic read / wite apparatus showmn in FIG 7;

FIG 9 is a s§de elinvBiGo8 ;of the magnetic head apparatus which
constitutes the magnetic read / wite apparatus according to the present

i nvention; FIG 10FIG Sip@ merspective sthowing ryefnanothen cemibodiment: us
whi ch constitutes the magnetic read / wite apparatus accordin
of the magnetic head according to the present inven

FIG. 6 is a perspective showing yet another embodiment
of the magnetic head according to the present invention ;

10 FIG. 7 is a plan view of the magnetic read / write

| apparatys according to the present invention ;

FIG. 8 illustrates the operation of the magnetic read ./
write apparatus shown in FIG. 7
FIG. 9 is a side elevation of the magnetic head apparatus

15 which constitutes the magnetic read / write apparatus according

to the present invention : |

FIG. 10 is a bottom view of the magnetic head apparatus
which constitutes the magnetic read / write apparatus according
mthemsentinvenﬁm;

20 ~ FIG11 a plan view of the first process included in the
method for manufacturing a' magnetic head according to the
present invention ; _ _

FIG. 12 is a cross section of FIG. 11 through line Al2
-A12 '

=5 -FIG13isap1anv1ewoftheseoondprocessinch1dedm
the method for manufacturing a magnetic head according to the
present invention ; | ' '
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a plan view of the first process

i ncl uded i'n the net hod for manuf acturing a nmagnetic Mg to th
present invention; FIG 12 is a cross section of_ F G a}Béenk ga
line A12 - Al2; FIGlBlsapIanwewofthese

i ncluded in- the method for manuf actur|IBIg a magnetlc he the
present invention; s a

partial enl argenment of FIG 13 FIG 15 is a cross sectlon of FI G

13 through line AI5 - ?aﬁam %fmf%'ﬂ%f&c c ded in the
met hod for rmanufacturi ng a rragnet ead actor |ng t'o hiestresent

I nventi on; FI G g6 Eﬁ%ssé'&ﬁoﬁn qﬁ,é!?%hqﬁe egat e
obt ai ned through t he second an t hi processes FIG. "R iI'sTan
enl arged partial o QFFG,Sitiwitp the ithérd FROSAS Sdlehs 36 0E18) ThethHA0HEr | N

FIG 16; FIG 18 is a plan view of the fourth process i1 ncluded in
the nmethod for mam#rdbeturing aanagaghetic hhead aeconding o (e . ft

i nventi on; FIG 19'is a cross section of FIG 18 through |ine Al19
- A19; 8 Flinvention pl an view of the fourth process included in the

met hod for manufacturing a magnetic head according to the
. 16 18 a cross section of a magnetic head aggregate

obtained through the second and third processes ;
- FIG. 17lsanenlargedpartxalcromsecuonofthe
magneucheadaggregateshowanIG 16;

10 FIG. 18 is a2 plan view of the fourth process included in
the method for manufacturing a magnetic head according to the
present invention ;

FIG, 19 is a cross section of FIG. 18 through line Al9
— Al9; _ .

5 FIG. 20 a plan view of the fourth process included in
themethodformanufacturihgamagneﬁcheadaecordingtothe
present invention, and

FIG. 21 is a cross section of FIG. 20 through line A2l
— A2].

20 BEST MODE FOR CARRYING OUT THE INVENTION
FIG. 1 is a perspective of the magnetic head according
to the present invention and FIG. 2 is a side elevation of the
magneucheadshowanIGIIntheseﬁgm'essomedmensmns
mexaggeratedTheﬁguresshowthatthemagneﬁchead
2 acoordmg_totheprmtmvenhonmcludesashdmlandatleast

one magnetic transducer zmesﬁderlisprovidw

_/_,,‘,;M.AA__—
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present inventibn, and IS lg gsﬁr("gllssst,3 section of FN"G“@O P. 19/44
through line A21 - A21. BEST NCDE FOR CARRYI NG OUJTF—TFHEHNVENFHON——
FIG 1 is a perspective of the nagnetic head according t?

t he present
invention and FIG 2 is a side elevation of the nagnetic H °t """ 'aced _
FIG 1. In these figures, sonme dinmensions 4are exaggerated. Co
show that the magnetic head according to the present inv
slider 1 and at |east one nagnetic transducer 2. The slider 1 |s prOV| ded

with a slider bodvIOOwhichEint\misprdu‘ided al%uhgcéhdl'mtwdﬂ

Is provided with a trailing end TE and a |eading end LE

slider 1 has at |eastgoegding end8OLE| on 101 or 102 which ext ends betvveen
the trailing end TE and the | eading end LE on one surface of the slider
body 100. Cenerally, the stThetslider &f hasnmyledstcobeamibfportion 10beor 102

I ncludes two rail portions 101 and 102, which are prOV|ded paraIIeI to
each other over an mhmh/atteddsbﬁtwaenbthtmmng\ﬁndrﬂ@ﬁ ther leading emsd 2

are provided on the line of the rail portions 101 or 102, extended tomard
the trailing end TE ofEton oneisuwfaceoef, the glidembodwy J0B:

Bnd 102" ar 6 sach. pr ovediadREIRLC, heRth GE b P8 nclules o0 ol PoBHAR éﬁong
ag;two sides. The rai f&'fa(ﬁ‘é‘excl Udmrnlﬁeahre: |arﬁeen€°edw%grtotgm‘s 104 and
| interval, In the embodiment two magnetic transducers 2 are
provided on the line of the rail portions 101 or 102, extended
©  toward the trailing end TE of the slider body 100. The magnetic
transducers 2 are normally constituted of thin film elements.
 The rail portions 101 and 102 are each provided with.
indented portions 104 and 105, formed along the two sides. The
| rail surfaces excluding the intended portions 104 and 105,
s  comstitute air bearing surfaces 103. The indemted portions 104
and 105 are each formed shorter than the length LO of the reil
poruons101and102sothatthemrbearingsuxfacesm&the
length of which is L2, continues all the way to, at lsast, the
trailing end TE of the slider body 100. In this embodiment, the
x»  indented portions 104 and 105 are farmed in such a manner that
the air bearing surfeces 103, the length of which is L1, also
continue all the way to the leading end of the slider body 100.
The indented portions 104 and 105 are each formed with an
indented portion d which drops off from the air bearing surfaces
% . -108. The lengths L1 and L2 of the air bearing surfaces 103 which
" continue all the way to the lesding end and the trailing end
are sufficiently short compared to the length 10 of the rail
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constltute ai r ‘Beari ng surfaces 103. The m%lezrs\%mgs portions 104 No.a47d3 10R 2044
each formed shorter than the length LO of the rail portions 101 and 102 so
that the air bearing surfaces 103, the Ilength of which™s

all the way to, at least, the trailing end TE of the sl "Iﬂﬁﬁhe tqfilsloo.ll.gd

thi s enbodi nent, the |ndented portions ®04 and 105 are f1
manner that the air bearing surfaces 103, the | ength of

continue all the way to the | eading end of the slider bod
i ndent ed portions i 1015 snge1osich formed with an indented portion d
which drops off fromthe air bearing surfaces 103. The lengths LI and L2

of the air bearing surfacPie YAGHMWO of 89 hirnbearitg suPBCSE0BOwWHiEH H8di ng

end and the trailing end are suff|C|entIy short conpared to the ength LO

of the rail cut into by the indented portionkS104 p@d! 106)Ss
The width WO of the air bearing surfaces 103, which are cut into by the

i ndent ed portions 1ba same 006 the eafive dengtht of ghe thdentedwportions ti{d andir e

| ength of the indented portions 104 and 105. In the slider 1 in

the figures, &he gdﬁscreated between rail portion 101 and rail portion 102

constitutes another indented portion 106 which drops down fromthe air
thetween

bearing surfaces 103 an@fﬁhﬁn*ﬁ@rlh@nt@mm gep eneatech

sl der L 1s dse QLA AD LAIS SRt g Ll 20 Dot Sisch (e
the indented portigns,. 1041ﬁndhtc%drops ddlth%gd&ge albearmg&:rfacsl()?» ‘

and from the indented portions 104 and 106. The slider 1 is also

0 provided with indented portions 107 on both sides of the slider

body 100, which drop down from the air bearing surfaces 103

and the indented portions 104 and 105. In addition, the air

bearing surfaces 103 are provided with tapered surfaces 108 at

 the opposite end from the end where at least one magnetic

15 transducer 2 is located. The number of rail portions 101 and

102 may be just one or three or more. Reference mumbers 21

As explained above, since the slider 1 is provided with

at least one rail portion 101 or 102 which extends between the

x  trailing end TE and the lsading end LE on ane surface of the

slider body 100, the rail surfaces comstitute the air bearing

surfaces 103 and at least one magnetic transducer 2 is provided

on an extended line of the rail portions 101 or 102 toward the

_ltﬁﬁngdeEofthédidwbodylm.Whenitisusedina

% magneﬁc read / write apparatus, it achieves stabilization of the

ﬂymgcharacteristxmmthxtsmﬂporhmsmlorlm;tndat,

the same tims, it generates dynsmic lift pressure between the

‘SO
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bear 1319951189561013%15_03 aﬁ@uﬁp}g\&iyﬂws\% tﬁrllz tzg%)%?%d surf aces—108—at-—-the -— —-

opposite.end fromthe end where at | east one nagnetic transducer 2 is

| ocat ed. The nunber of rail portions 101 and 102 rmay Bais H: nReplaced o0
or nore. Reference nunbers 21 and 22 indicate bond pads] l

expl ai ned above, since the slider 1 i%8 provided with at I
portion 101 or 102 which extends between the .trailing end TE and the

| eadi ng end LE on one surface of the slider body 100, the rail surfaces

constitute the r thaGas &@ﬁn?nﬁnﬁcée theRhyR safizing
transducer 2 is provided on an extended [ine of tﬁ%&ral I b‘&rtlons 101 or
102 toward the atindighbtie Iead thatqlerfdienss magaitibopvitd O redlieoperatiosused in

a nmagnetic read / wite apparatus, it achieves stabilization of the

flying charact ebebireers ati ldast tomer midgnetior transdude®] 2 ranfiothemagnetict he sane
time, it generates dynamc lift pressure between the

16 magnetic ddisk.and the air bearing surfaces 103, thereby realizing a
magneti c head that performs magnetic wite_or read operatlons bet ween at

| east one Smagneti ¢ t r dAwdraib portieps) 10k and 402 thaye imdented portions 104 aj |
F%%."SZJ%&‘R%&? . ravie calong e tencides Vith this SIS 18 hoad
\(/jvirisfleosggpg?/am 1 e, vvhen% &Jgﬁﬁj in a roilaergé act léat gaﬁ%/ﬂ@nggnﬁgc read /

mounted in a rotary actuator type magnetic read ./ write

apparatus, dynamic._iiftwessureisgenaatedattheindented

0 portions due to the air current which flows in from the

transverse direction when the skew angle is large, to prevent loss

of flylng height at positions where the skew angle is large. With

this, a consistent flying height is ensured from the internal

circumference through the external circumference of the magnetic

5 disk and, at the same time, the flight attitude is stabilized,

An important featurs of the present invention which

differentiates it from the TPC magnetic head disclosed by White

is that the indented portions 104 and 105 are formed shorter

than the rail portions so that the air bearing surfaces 103 will

20  continue all the way to. the trailing end TE of the slider body

100. With this structure, when forming the indented portions 104

and 105 by positioning a mask that is provided with the required

opening portions for forming the indented partions on the surface

of the slider 1 that faces opposite the medium, and by performing

25 dryetchngbymﬂhgorthehkethmughtheopemnspmhms

theopemngportlonsofthemaskfordryetchmgcanbemade

sﬁghﬂyshoﬂerthmtheenﬁrehngthofthe%
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portions- due. to the air current which 6122?%4¥§0n1the tran P. ZLM

direction when the skew angle is Iarge to prevent Ioss of flylng helght

at positions where the skew angle is |arge. Wth this,

height is ensured fromthe internal ci rcumc erence throug
circunference of the magnetic disk and, ¥at the same tine,

attitude is stabilized. An inportant feature of the present

i nvention which differentiates it fromthe TPC nmagnetic head di scl osed by

Wiite i.s that the 1020@His deliminates thd Gikelibdod 04 minute particlesofroen thiehan
the rail portions so that the air bearing surfaces 103 will continue all

the way to the traislidey hngenerated thethe depretobihg process)\adheringsto the
structure, when form ng the indented portlons 104 and_105 by positioning a
mask that is provi d®e wide, surfaces @fi they slidere di s goresult: 2 maagneticihegdt he

i ndented portions on the surface ofp}he sllder 1 that faces Qpposite._the
medi um and by perf é&‘WEgtH} he

mede oI Lot I%”ihosﬁc@%a%?&? 38 ot e "f ”awéwk nptic Bagdl oPEHE e
grl derloi -glg-glrt:r:t e%natwlﬁm;"pr@g w‘ﬁ i c![ gst Leomt f/vg.ési de
Tt e apparatus are aciltpdRIAT, uee” ¢ 8@%@%@% Bt Py JBhie (oo
e ¢ e occgedintoss Wpafane MECUUR: [1RATARLLG -
bondpadszlandzzdonotfalloffthesurfaceof_theslidar
10 1. which in turn, makes it easier to comnect lead wires to the
bond pads 21 and 22
~ The width WO of the air bearing surfaces 103, which are
cut into by the indented portions 104 and 105, is maintained at
approximately the same dimension over the entire length of the
15 indented portions 104 and 105. Consequently, in the magnetic
hea:daceordingtothepresentinvenﬁon.themajorporﬁonofthe
edges of the air bearing surfaces 103 are lincar, and the magmetic
"head according to the present invention does not have air bearing
surfaces as disclosed in US. Pat. No, 5,062,017, in which the inside
x  edges and outside edges are made to converge fram the leading
end of the slider toward an inflection point and then diverge
from the inflection point toward the trailing end of the slider
1. Moreover, since the magnetic head according to the present
mventmnzssubjecttothealrbea:mgeffectcausedbvthe
25 mdentedporuons.whmhlsbasmauysxmﬂarmopﬁ'ahmtothat
of the TPC magnetic heads disclosed by White, the effect

differentiates it from the invention disclosed in U.S. Pat. No. §,
SRSt
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excessively .i-n com3)a1r6| so'na'svl:nRItlsoNt&thRgPsog hiz 261?%18«9 surfaces of D["h«43743b0r2d zﬁéﬁ%ﬂ

21 and 22 do not fall off the surface of the slider 1, \/\h““ﬁ“rn—'h:rﬁﬁ\
makes it easier to connect lead wires to the bond pads 21 ﬁt}" '
u
e

The width WO of the air bearing surfaces 103, which are 1aced

I ndented portions 104 and 105, is maintai ned at approxi mat
di nensi on over the entire lLength of the indented portions 1
Consequently, in the magnetic head according to the present |nvent|on the

maj or portion of theggs dgﬁ %‘d&%w 6;‘%13 GR4sk and
the magnetic head according e present I nvention does not have alr

bearing surfaces as?g’ﬁﬁi ofQd fdrnling tha! -aiNObedriR®?2 aitfaces N108 Can! Nbe

inside edges and outside edges are made to converge fromthe leading end
of the slider towards,‘@umd_ectlon poi nt and then diverge fromthe
inflection point toward the trailing end of the slider 1. Mreover, since

the magnetic head accordi nTheodegth p(dlseof theniradented portionsj 304 imdtm air

beari ng effect caused by the indented portions, which is basically simlar

in operation te thatshmfldtpreferdblynfalh svithinhthedsangesal a:ma@ammm
effect differentiates it fromthe invention disclosed in US. Pat. No, 5,
This i s the repl acensmply eosures that an effect similar to that of a TPC slider pwill:

18 062.017. In additiaqn,_ according to the present invention, the mask
pattern for formng PReORtRINGdeari ng surfaces 103 can be sinplified.

At least one magnetic transducer 2 is an induction type

element, MR (magnetic resistance ) type eclemwent or a

10 comhination of these. These elements can be constituted of thin

film elements formed through processes similar to those in IC

Also, the recording method is not limited to the in— plane

recordingmethod.buttheverﬁcalreeordingmethodmaybe

15 adopted. | '

FIG. 8 is a perspective showing another embodiment of

the magnetic head according to the present inveotion snd FIG.

4 is a side elevation of the magnetic head shown in FIG. 3. In

this embodiment, the bottom surfaces of the indented portions

2 104 and 105 are continuous to the tapered surfaces 108 at the
. leading end LE of the slider body 100.

| Other embodiments with differing contours of the air

bearing surfaces 103 are shown in FIGS. 5 and 6. The basis of

the embodiment shown in FIG. 5 is the magnetic head shown

%5 in FIGS. 1 and 2. In this embodiment, the edges 109 located at

' the two ends in the direction of the length of the indented

partions 104 and 105 are formed diagomally. The basis of the
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The depth+(d)’ef the indented gosr’tFE%Gggo}IlBlzg BI85 shoul d pr@‘f é?@oly"f%é/r“
within the range of 1 [err] m[err] d [err] 07[err] m° Thi s anmpty———

ensures that an effect simlar to that of a TPC slider V\n}rj,,ss gtfgpgal ‘j&l'

At |east one magnetic transducer 2 is an induction type eI

(magnetic resistance ) type elenment or¥a conbination. of

el enents can be constituted of thin filmelenments forned t

simlar to those in IC nanufacturlng technol ogy. Al so, the :
Figs, the

recordi ng net hod |m§$’%‘%rﬁgﬁ 619 %ﬂm ;‘Hé?
vertical recording nethod nmay adopt ed t6e IS a perspectlve
showi ng anot her em®digenf, Bi thid ceriibsdifient, haadeﬁ,%oudsnaftmt isdestegent

invention and FIG 4 is a side elevation of the nmagnetic head shown in

FIG 3. In this ergortionsnl(4 and 205tare formietd diagunallye | ndent ed portions
104 and 105 are continuous to the tapered surfaces 108 at the |eading end

LE of the slider body 10FlG. 7 is a Qilimrviewbcafi thet magneticdiéddr/nyrite
contours of the air bearing surfaces 103 are shown in FIGS. 5 and 6. The

basi s of thes enbodippanatughacoordingriccths presartcinvegtioni Thiecndgniaticrreadn
FIGS. 1 and 2 . In this enbodiment, the edges 109 | ocated at the two ends
in the direction of/tWoiteckpparatys tasconding foc dhe pmesmmzmnmdnsmre
formed diagonally. The basis gf the '
enbodi ment shown i i@ AReENes disk o4ag suspansicm P swothei knpwasart, and a
| magnetic head 6 according w0 the present invention. The magnetic
disk 4 is driven rotationally in the direction indicated with the
10 arrow (a) by a rotary drive mechanism (oot shown). A
positioning apparatus 3, which employs a rotary actuator system,
supports one end of the suspension 5 end is driven in the
direction indicated with the arrow (bl) or (b2) at a specific
angle to the circumference of the magnetic disk 4. With this,
16 write and read operations to and from the magnetic disk 4 are
performedonaspeciﬁct'ack.
FIG. 8 illustrates the read / write operation of the
magnetic read / write apparatus shown in FIG. 7. The suspension
5, which supports the magnetic head 6, is driven in the direction
x  indicated with the arrows (b1) and (b2) to swing from the
pivot cemter O1 by the rotary actuator system positioning
apparatus 3. The position of the magnetic head 6 on the magnetic
disk 4 is normally expressed with the skew angle.
FIGS. 9 and 10 are a side elevation and a botlom view
% respectively of the magnetic head apparatus. The snspeﬁsion 5
is constituted by mounting 4 flexure 52, which is constituted of
a thin metal plate, to the free end at one end of the support




hi' s “enbodi ment, the I ndent ed o, & 43
and 105 aré forned dlagonally FIG 7 is a plangy ﬁi t he

magnetic read / wite apparatus according to the present e
magnetic read / wite apparatus accorging to the presentm’ mu
includes a magnetic disk 4, a suspension 5 of the known

magneti c head 6 according to the present invention. The magnetic disk 4 is
driven rotationally in the direction indicated with the arrow (a) by a
rotary drive nechmeinber (§lotwhichnis alsv cpostitutedi of) aathin anetal Jplatd;iivh

enpl oys a rotary actuator system_ supports one end of the suspension 5 and
is driven in the thei divectiom ofnits dength. Bx tmbmﬂbwmemmg)sa a

specific angle to the C|rcum‘erence of t he etic disk,. 4. Wth this,
wite and read opdealowsss med on

The magnet i o T o Pregs: fhe st ".%ﬁiﬁwﬁ?&eawd Ao e 5,
w![ﬁht ﬁgpgf;é%tlﬁ%ﬂ% head, 6gbﬁ srf@éjqr%en in. tge di rglé_mbgg i ndi C?Lgd
mmanet i ¢ hoad 6 ﬁ@%%&”@ﬁ%fwess%%% skew
?gg:ogctlvely of t ma tic hea appa?gttlﬁs e suspen&%?t?g

constituted by oy ﬂw 821 idnet 8922 oit tgetéﬂd'n met al
plate, to the free eszc?at one enth% t he support 21
20 that is away from the support member 51, and a center tongue

© 524, which extends from approximately the center of the cross
leg 523 approximately parallel to the flexible fingers 521 and
522 with its leading end left free. One of its ends that is opposite
from the direction in which the cross leg 523 is located, is
attached to the vicinity of the free end of the support member
15 51 by such means as welding.

On the upper surface of the center tongus 524 of the
flexure 52, a dimple 525 is provided, which may be farmed, for
instance, hemispherically, and with this dimple 525, a force is
commumicated from the free end of the support member 51 to

eo the center tongue 524. The magnetic head 6 is attached to the
lower surface of the center tongue 524 by such means as
bonding. The magnetic head 6 is mounted on the suspension §
in such a marmer that the direction of its length aligns with
the direction of the length of the suspension 5. The suspension
. 25 5tawhchthepresentmvenhoncanbeapphed.15nothmted
tofheembodmentdeecriBedearnerAmderangeofsuspmslnns

which have been disclosed previously and also a wide range of
: Dt

and 43 ﬁpr 1t995 13:17 B spnuson FEeRggseorJ 1942810488
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menber 51, V\/nlch is also constituted of a6t1%12615r%%§ al pI ate, inNotdiel P 25/44
direction of its length. By attaching the magnetic head 6 to__the |ower

surface of the flexure 52, a force is applied that tends to press the
magnetic. head 6 toward the magnetic disk 4., The flexure 52 ghioSMRetiHas BRE Repla

figures conprises two flexible fingers 521 Znd 522, which Ethmu&"" wm",

approximately parallel to the axis of the support nenber 51 i
direction of the Ilength, a cross leg 523 which Iinks the fle
521 and 522 at the endsugpeasions matyetr diaclased scampdet appletbr 51, and a
center tongue 524, which extends from approximately the center of the

cross |leg 523 approxi nat el y Nextarthe gfor| mr% magnekig
with its leading end left free. e of its ends tha pp05|te fromthe
direction in which the2F¢¥ding 49 presqnd - mvegtions mnot

f&%fh?k;.y X ”‘: féﬁet ﬁ@‘fqﬁpa% %ja%etm%é%mifeﬁé&%&?a”s magritic
52, 5
e Spher cal |y, ana WACTOUERIG  H e, Bblsis, "TyenBion et 1, PRl ﬁ%
he f d of th
mgnet Lo hoad 6 i att REREERy O Sapas belokf sufféwﬁﬁéﬁnﬁ%%&e%

by such neans as bondgpgtribeae m%&&@@?r&febi Sﬂﬁ{l i9oN
5 in such a manner that tf;t;e&dlarectlon of I engt hgﬂ?l gns W t nl 5120
direction of the |engtjs @f prbss UnP ¥hitlP the mibAetsd Heag Ereétéd)ﬂ'hbﬁa 1e

present invention can be applied, is not limted to the enbodl ment

described earlier. A V\aﬁ@mf ofi Uthee BB ppert mamh&s 81V €0 8% Thé SRhehisHc
previously and al so a wi de range of
10 headaggregatas?landﬂarecmshtubedbymmsaplurahw
of magnetic head elements (Ml to Mln), (M2l to M2n) in
one direction and, at the same time, the aggregates are positioned
on the suppart members 81 to 83 with the surfaces of the
magnetic head elements (M1l to Min), (M21 to M2n) leading
15 on to the surface that faces opposite the medium. The magnetic
head elements (Mll to Mln), (M21 to M2n) are arrayed in
such a mapner that each magnetic transducer will be positioned
at one end in the direction of the width when the direction of
the aforementioned array is set as the direction of the length.
»  Unlike the illustrations in the figures, the magnetic head
aggregates?landﬁ_maybearrayedonthesuppminembers
81 to 83 in such s manner that they are in contact with each
other. Also, note that it is desirable to perform a process in which
theairbeaﬁngsinfamsarepoﬁshedandaprocasstomake
s tapered surfaces (refer to FIG.1) in the air bearing surfaces, prior
| tothe:ﬁrstproca&.
I the second process that follows the first process, a
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for .manuf act uring a magnetic head .according to the pr esent |nvent|o
explained in reference to FIGS. 11 to 21. The method for nosSRG
magnetic head according to the present invention includes a ‘aced .
processes, as explained below, in manufactiring the magnetic ’ m

descri bed above. The first process, as shown in FIGS. 11 and
process in which the nagnetlc head aggregates 71 and 72 are pos|t|oned on

t he support nenbers Fgﬁg{l r S 7 e
constituted by arrayji %5 a pI uré{;a of ewgdggﬁg%ew‘f ﬁ%ﬁ
Mn), (M1 to M2n) i rvga%cﬁt @ﬁeph%e?h : %es
are positioned on the support %ers 81 tohgg W t e surfaces of The
magneti c head el emenprocedd,ad ehbin) fo (FIGS. 18 ¥AA) 14, ©Ph tHaslo™d 9

surface that faces opposite the nedium The magnetic head elenments (M1 to

Mm), (M1 to M2n) awithgrataedst) opesiogh partions 91 taEnd' 92aab pegtiens cwhich
transducer will be positioned at one end in the direction of the width

when t he direcsi on oéorrespondd doeaefirsto inderted apartiors eindaa tsecond r dended of
the length. Unlike the illustrations in the figures, the netic head
aggregates 71 and 72pemtiorbclhe: sizgeaf ﬂlenpmlsgppmtlonseQﬂaamd ﬁm&mﬁﬁm
such a manner that they are in contact with each ot her. Al so note that it

i s desirable to perf®&k whichr ﬂve@mmﬁpmmms aand 12 obery only wWithing the

polished and a process to ma aEereg rfaces grefer to FIS{}I ; n the
air bearing surfaces M
process that foll ovvsdélgg | hst process, a

10 'hthethkdpmessthatfoﬂowsthesemndproces&as
shown in FIG. 15, dry etching for forming the first indented
portion snd the second indented portion is performed om the
surfaces of the magnetic head aggregates 71 and 72 through the
opening portions 91 and 92. Milling is a typical example of dry

15 .etching. Since the mask 9 is provided with, at least, the opening
portions O1 and 92 at positions which correspond to the first
indented portion and the second indented partion, end since the
size of the opening portions 91 and 92, and since the size of the
openingporhonsQlandQZandthepositmDSWharatheopemng

20  portions 9] and 92 open only within the surfaces of the magnetic
head aggregates 71 and 72 are pre — determined, the minute
particles from the slider genersted in the dry etching process
during the third process can be prevented from becoming adhared
to the two side surfaces of the magnetic head aggregates 71 and

5 - 72,whlchmmshttrtetheshderAsaresult.aTPCmagneuchead
andamagnetxcread/wﬂteapparatus.whmhdonotdamage
themagneﬁcdiskorthemagneﬁchmdduetosubstances

T
T
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22 mask Sg 1S poléii t1|80mgioSOP]rZ]USt0§1é I|s‘[ﬂzr(; %)geﬁslzo%m?%éb magneti c hedl: 4@@9@98&%454‘
71 and 72 which have been positioned in the first process, as—she%nﬁLn_____‘h

FIGS. 13 and 14. The mask 9 is provided wth, at |east, op ng ortions
91 and 92 at positions which correspond to a first indente mahﬁh&m
second indented portion. The size of the8opening portions 9

position at which the opening portions 91 and 92 open onIy

surfaces of the nagnetic head aggregates 71 and 72 are pre - detern1ned

In the third pr ocesi! iﬁgg@%q W?nﬁ#%ﬂ:% ?fﬁ‘ﬁm in FIG 15,
dry etching for formng e fIrs e tegﬂgportlon an e second |ndented
portion is perfornmed on ”More% %&WFE W?s

and 72 through the opening portlons 91 an I'ng I's a typlca

exanpl e of dry et Clth8OpreSkfic Snvifticia Sdinde ithe Phand (nelisWaid not! ekessaivelihe
opening portions 91 and 92 at positions which correspond to the first

i ndent ed portion andryheiched eorhpanett o ethepsliderpthe surfaseshof thiecbomd padsf
t he opening portions 91 and 92, and since the size of the openlng portlons

91 and 92 and & he pdsi nobrfallwetirthe surfagesnof ¢he ppagnetic Teadageregatesciflonl y
Wi thin the surfaces of the magneti ¢ head aggregates 71 and 72 are pre -
wbg:bescmsﬁmltmm suaer

det ermi ned, the ni nand 7% g therehy c gontribuldng o

etching process during the third process can_be_ prevented from becom ng
adhered to the tmms!ﬁmfefma’gﬁ@tMe%tbgg tRadsy1 and

72, which constitute the %yder a resu a TPC netic, hea(i
undergomg th'd % 10 and

120 for the formation of the first indented portion end the second
o indented portion are formed as shown in FIGS. 16 and 17.
The fourth process that follows the third process includes
steps in which the machining required for the magnetic head
is performed while leaving the portions necessary for forming
the first indented portion and the second indented portion
i  untouched The main steps included in the fourth process are a
step in which a third indented portion and a fourth indented
portion (refer to FIG. 1) are formed through machining, and a
step in which individual magnetic head elements are scparately
taken out by cutting. FIGS. 18 and 19 show the step in which
20 a third indented portion 106 emd a fourth indented portion 107
are formed by machining during the fourth process. Through this
machining, the first indented portion 104 and the second indented
partion 105 are also formed. FIGS, 20 and 2] show the step in
- which individual magnetic head clements are separately taken
%  out by cutting. Individual magaetic head elements are obtained
bymtbngthemagnencheadaggregates'llandnattha
pmnﬁnms indicated with the cutting lines X1 in FIG. 19.
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and a magheti-¢ »rézad /I wite appar&aﬁt‘Etquso\b/I\th?:h26&5048p110ty damage t & Hddneli 29/
//.

di sk or the magnetic head due to substances

23 adhered to the magnetic head can be manufactured. ) I\/br&o&ggn,m,ﬁced
wi th the manufacturing nmethod according to the present inve ' XU
t he bond pads are not excessively dry etchd conpared to tﬁ‘gl“ - \m%“\ _
surfaces of the bond pads do not fall off the surfaces of th Il YRR INEE

head aggregates 71 and 72, which constitute the slider, thereby

contributing to making it PasfePAblyO (BENMRSE pr@REssVishBild Gnkhfled AN GeBddfn
By undergoing the third process, the portions 110 and 120 for the '

formation of the firswhiggent iogNhagtetib cheadc ' MTIeGNIO 72 afe
are formed as shown in FIGS. 16 and 17. The fourth process that
follows the third propesitioned pataliel t @ach iotheniThid willie improventiy efficiancyd

for the magnetic head is performed while |eaving the portions necessary
for forming the firswitinodhickdhpowotlnis pecformed.slacsugh anchse: Bdisppreferable

unt ouched. The main steps included in the fourth process are a_  step in
which a third i @dent e#t#om(ﬂMmomerdmﬁ@e a8ep ign which & mask
a ste

et Rl 0 S it o i,
“ndented portion 107 SEERAY By ritie Mk, D, iy coRLRGe af Hige sesit
;I'E(rjce)ﬁggdt hi s mac.-_hi ni ggthtehﬁké."i'ﬁé oiprég&ngt%&&rlst igi“;&&%f‘%? &e&%ﬁ?gdm
be formed through high precision patterning technology such as
»  photo lithography. |
While the invention has been particularly shown and
described with reference to preferred embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing from
16 'thespixit.soopeandmachingoftheinvenﬁon.
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portion. 105 .are also forne ow the step in
I ndi vi dual nagnetlc head el enents are separately taken out—by-eutting:
I ndi vi dual nagne e obtained by cutting th

head aggregates 71 and 72 at the positions indicated mnth t he.
lines XI in FlIG 1%his Sheet Has Been Reﬂlaced

Y]
AR | 1 1| SN sﬁea“pa“rmmﬂulﬂ !\!\““‘

other. This will inprove the efficiency ﬁwmc the wotk is perforned.
In such a case, it is preferable that the second process should I nclude a

step in which a mask 9 isp ﬂlbgﬂ@dh %‘iﬁflé %# f
magneti ¢ head aggregates 71 and 72 he na 'S constltuted of i

resist or the |ike. mMyendtietraitsdboes | Yherdin ;and 92 of the nmask 9 can be
formed through high precision patterning technology such as photo
| it hography. Whi | e galip dlider 15 ciinstiggteden ap alidé Body Iynﬁﬂew\aim

described with reference to preferred enbodi nents thereof, 1t wll
under st ood by those wkitrailing end heordicn, 2h dading i mﬁmbﬂaogeand mécwrrmé_

detail may be nade therein mnthout departing from the splrlt scope and
t eachi ng of the invemailoportions that extend between said trailing emgl Axwtion and
said leading end portion on one surface of said slider body,
said magnetic transducer is provided on the line of said
10 body, |
said rail portions are provided with indented portions
formed along their sides and the surfaces of said rail portions,
' excluding said indented portions, form air bearing surfaces,
said indented portions are formed shorter than said rail
15 portions so that said air bearing surfaces continue all the way
to, at least, said trailing end portion of said slider body, and the
width of said air bearing surfaces, which are cut into by said
mdented portxons is maintained at approximately the same
dunensuultnmx the enhre length of said indented pordnns.
20 2, A magnetic head according ‘to claim 1 wherein ;
said indented portions are shaped in a step.
8. A magnetic head accarding to claim 1 wherein ;
the depth (d) of said indented portions falls within the
| range of lpym=d=0.7Tum.
.;__:25 S &Amgneﬁcr&ed/wnte spparatus comprising :
.. c amasnehcd:sk.amasnehchead,asuspensmnanda
pommunnng appannn5‘wbennn
——

e
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1. A h?aé%tm% orrprsr@s%& FER?USQI&M%% 5486I east one magnetic transduperIa
wherei'nmy said slider is constituted of a slider=bedy—provided w t h
a tralw | eadi ng end portion and one or
portions that extend be ween said trailing end portron iﬂﬂgg“‘“‘““e““mm
end por{yis@hectitas ﬁ ce of said slider #ody magnet i €
transduc on the line of said ra|I portlons ext ended toward
sa|dtra (ﬁﬁﬁ hi d slider body, sald rail portions are

provi ded |ndent ed port w gdzé d the surfaces
of said rai I portions, excludi'ng said:l ndent port 'ons, 1drmair bearing
sur f aces, sai d i ”d%'%irfdmﬂﬂﬁéﬁ? s%qa@.e h il
portions so that said air bearing surfaces contl nue a and ﬁpléﬁtdo?ﬁ

least, said trailing RAEhdi®y trabddkesai d slider body, and the width of
sai d air beari ng surfaces, which are cut into by said indented portions,

i's maintained at approxi matsaid stider $8reonstitétedsoba slider bodyepidvided epizhh

of said indented portions. 2. A magnetic head according to claim1l
wher ei n; & sai @& itrailingedng opdritivns an leadihg pendt iportiont apd one or mdre A
rragnetrc head according to claim1 wherein; the depth (d) of said
“indented portions falred northons that emngbhetwee!{smd] trailingr ¢nd dpdréion] aﬁd?
[err] m 4. Arranetlc read wite apparatus corrprls

magneti c di sk, a magraeid mmnoancs sly?ﬂpbadm us
wher ei n; sard na netic disk is
driven rotationally, %mm&% ishprovided on|

| east one rail portions extended toward said trailing end of said slider

10 body,
 said rail portions are provided with indented portions
formed along their sides and the surfaces of said rail portions,
excluding seid indented portions, form air bearing surfaces,
said indented portions are formed shorter than said rail
5 portions so that said air bearing surfaces continue all the way
" to, at least, said trailing end portion of said slider body, and
the width of said air bearing surfaces, which is cut into
by said indented portions, is maintained at approximately the
seme dimension over the entire length of said indented portions,
20 and |
said suspension supports said magnetic head at one end
and said positioning apparatus supports said suspension and
causes said magnetic head to swing through a plane at a specific -
angle to the circumference of said magnetic disk.
%5 X Amagneuc read/write apparatus according to claim
' 4 wherein: - .
| smdmdentedportionsareshapedmastep
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magneti ¢’ tfansducer said slider i S0 e of a s Nackldbodl. 32/044
provided with a trailing-end portion, a |leading end porti-en-and one or more

rail portions that extend between said trailing end portt and said -
| eadi ng . eTHds rolhepbcﬁé surface of said g|ider body, lumu 'uu m”u",
magnetic t [

owded on the line“of said rail
toward sai of sai d slider body, ~said rail portlon% are
provi ded w ente portlons formed al ong their sides and the surfaces
of said rail portlons excl GdAnpagnetici read nt’ cwripe apperatus f ancording tre xlding s
surfaces, said indented portions are fornmed shorter than said rail
portions so that said éiWhMi-ng surfaces continue all the way to, at

| east, said trailing end ‘portion of s&ad sl i der body, and the width
of said air bearing surfacestha\depth ndepted, portioas: of said megnetic

I's mai ntained at appr te the,s di nrension over, _t entire length
of said indented port |€?£f§-hé tﬁmafg;ameﬁehwaﬁéﬁgﬁm Fusai d
magneti ¢ head at _.one end and,sagi onin ar at us suppor ai d
suspensi on and cluses sai d rrggﬁ ?‘Fﬁmﬁet‘ﬂ' Wgﬁﬁ’:ﬁ%’ﬁ H&F%&ﬁlﬁ’gs
specific angle to the "EPH mﬁﬁ sai d magnetic disk.

magnetic read/ wite apparatus ‘according to claim4 wherein; sai d

i ndented portions are shapedgy a?x%rt

6. A magnetic read / write appara gC:COI‘EdI ng %g cE|a:| '”5%%"&‘“ that ?57

the depth (d) of said ihgeried gﬁﬁﬁ% MW
t he ralr[:ge (()f)l [erri m.[err] d‘?fe)rr] ql{err] Weﬁ&d%ﬁ%for

nmanufacturing a nmagnetée h@irectisit OlsdipdgitidaedC lonl fHkW@'ﬁnmber with | Bafd
first process, a magnetic head aggregate that is structured by arraying a

plurality of maggetic iegtetit elemédisi kadivpe tolithe durfite thatofces
support nenber with said nmagnetic elenents |leading to the surface that
faces opposite the didisk, ssid magneticcheaddeletnemtst beihgi agrayedayiad sughsech
a ' : _
manner that each magnetic transducer is positioned at one end
in the direction of the width when the direction of the array
of seid magnetic head elements is set as the direction of the

18 length,

in a second process, a mask is positioned on a surface

of said magnetic head aggregate that has been positioned in said

first process, said mask being provided with opening portions at

positions which correspond to indented portions, with the size

@  of said opening portions and the position at which said opening

portions open only within said surface of said magnetic bead
aggregate being pre — determined,

in a third process that follows said second process, dry

etchingforformingsaidindenmdpmﬁmsisparformedonsaid

% ’_._surfaceofsmdmagnetxcheadaggregatethmughsazdopsmng

afowthprocessthatfollowssaidthirdprocasimluds
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manner that €ach magnetic transducer |SOSN ?)lc?s?qlls%)ar?ed at one end. M]“t heu 33/44
direction of the width when the direction of the array of said magnetic
head el enments is set as the direction of the |ength, il","’ H&lﬂﬂﬂ'ﬁﬂﬂ
process, a mask is positioned on a surface -28-said magn te
that has been positioned in said first process, said mask béi n'g gt ovi déd

1 B e el e

aggregate being pre - 8eter A mssthod for manufattaring ahsghetic besdsacconditly footlhim\d
sai d second procw etching for formng said indented portions is
performed on sai ’face of said magnetic head aggregate through sai d
opening portions, andsaid first progess cinehadespr stepsin Mmg mznmicr

process includes g aggregates are po positioned in paralle], and said second

proeesswludes #Pwhich a
a step in which t n sal ¢ magnheti c head igw%erformed,
| eavi ng t he ﬁﬂ?‘i‘i’@ﬁ%ﬂ@& hﬁ%mmmd portions

unt oug_hed.t I 98. Amgmtwdfmmyfmdmﬂm mmgvmtmbml Cbo
rdin

Step in which Z'Fﬁésmamé‘"ﬁreﬁﬁsgnem% ig. 3% gisef%’s%?éa@@ o °

in paral | el , @nd accompagyingduwingscess i ncl udes a step in which a mask is

posi ti oned for ‘said plmalltﬂﬂwg@pm Yo =Yy Ts |
reference to Figs. 7and80ftheaocompanymgdrawmgs
_ 11. - A magnetic read/write apparatus as claimed in claim 10 and incloding
the magnetic head as claimed in claim 9.
15 12. A method of mamufacturing a magnetic head, said method being
substantially as described herein with reference to Figs. 11 to 21 of the accompanying
drawings.
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