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W TH READ TRACK W DTH DEFI‘M“‘BMW'M HAT PLANARI ZES THE WRI TE FJ

A VWRI TE HE@B /}'gbq present nrelates to a read headpihaigdassa read
track 5 w efining layer t'#8planarizes the wite gap layer of a wite
head. The heart of a conputer is an assenbly that is referred to as a
magnetic disk drive. The disk drive includes a rotating magnetic di sk,

wite and read heads that are suspended bz a suspensi on arm above the 10
rotating di sk and an HePuHESY WITAHRERR TRGSK P HETE TN EYSD HAZEM BB Tpl ace t he
read and wite heads overrNS8FZRSt GUE GRITEIGAP LAYERKSF gn WRRTE m@pati ng di sk.

The read and wite heads are directly nounted on a slider that has an air

-bearing surface (r %)resme 1%9&&%8&':%%@&4%9' ésxf‘e%dtﬁ&dskbg@r a'sné Ore%“{zaah
with the surfgé\e sch rota e 15

di sk rdotate¥’ émé‘\%n ra\ygd %‘\h t’ﬁlan%% a‘?l nged’rél%ea‘%fp E’[g[ Ke ABS* Fohec?é?use
.the slider to ride on an air bearl ng a slight distance fromthe surface of
the rotating di skheTirarwrdft e corgdurendshandssendvenpitoyedrdierred it py a
magneti c i MpagSsUiensidkodaind . r eadi agskragnet ioclugeses doaasidy aayidwcr aisd,i ng
di sk. The r%@&@qqavwéahen&%@d&aar £r£Q0BRGIRE &P apg@&%agx&g a%Q &scrv@umgy
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bei ng 25 saffdwi xsieddadre et heddsseramdreecontowoied ¢ @écelidgrethat Aagr it @igap
| ayer bet weenatiigy burSiceamrdssecand pebengicacerd ajesss ftbe NE ideBgNet contGap
at, an air bgati nG.Skiface JrABR) @bk Lpen Wit @1 hiead. nJéw@oegmgpb@@ewh@ye&

ark cqpnect & gt 3,back gan. o 1g@tbgcegedtew&&godmeanggée AYel badyces a
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i nf or mat i on skrfaqeaek sthentoteing dielli aTheuritasandheezd heafararer eakoved fdye
af or enent i oredtimet atdgmegidiSreorioas | donead Irpaiing ngomagheingresapend fran ttype
drive. 35 The.sead head ingd wdes ahireticand.aecond shiekdal @yeksceddingt and
second,gap '&gg&ﬁry HF20AR080a BRM LT o ADEhAREON A ERL U }gsgéen}gﬁettﬁr e

connectled t or .conduCting a sense current rou
read sensor Y*The¥ PP ’eéﬂﬂmkéﬁﬁﬁﬂ B3p layers are | ocated betmeen the first
and second shield layers and the read sensor and the first and a 40 second

| ead | ayers are |Theaveidebetadedncliudes fa cetl dndes egbaddagapn| Girets. s€Hopd and
di stance betungea inserf{dibatiaeds seaearhtsbh dtdckpyaens dauesmidestide vkingar
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turntabl e whj tes. Wit |nt chanbe e unction as an
anode.  One. - habd anes Eaeil it TR e S MhpniTIE a5 35 £kepe

deposi ted orfK&- waf er substr at es) may also be located in 10 the chanber.
The target functions as a cathode and a DC or RF bias nay be applied to the
cat hodss and/ or t heheamede heddhanehaddser irsandad recendabjelidypageadd,y £ arggoand Ar ) ,
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’ read sensor The firs¥ and second gap layers are located between the
first and second shield layers and the read sensor and the first and

40 gecond lead layers are located between the first and second gap layers.
The distance between the first and second shield layers determines the
linear read density of the read head. The read sensor has first and
second side edges that define a track width of the read head. The product
of the linear density and the track density equals the areal density of
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15 deposition wherein an ion beamgun directs ionized atons (i_o SQ@W&@
. target which causes the target to sputter material on the wafer

A subtractive process may enploy a gas in the chanber, such as ar g
under pres¥®WARPch causes sputtering of the material fromTdr¢s% f?%” f the
waf er substrate not covered by a mask. Altérnatively, the subtractive 20
process may enpl oy an ion beam gun that discharges high velocity ions, such
as argon (Ar) ions, which inpact and renove portions of the wafer substrat e
that are notnhe@ues atalywri cHBSK.thEi 554 randinmyeeasubinadydobi s asgh head deayer s

are typical Ly -0 ped a8t 3R hhdsk.antkssgcond side edges of the read sensor
in what is known in the art as a contiguous junction. Afirst step in

making this junction is formng a read sensor naterial |ayer over the
entire wafer. ThBPWS PBE CAERNfréfnetTEnReatr2d B afkte pRetorEsi™dei ¥ for med
over the desifreedsuisadasensorts tie vatilua ¢opbémyehepoityvers thatdehas: tebr sid
and second geidie getlges bHer saetﬂaea‘timé ngocbesdd.r st panghisesosd «shele 26083 0%

the read Sexﬁapﬁoeamca%etioc&t QM| ﬁtt%lp%tbmoftu@sctvtmntwechtﬁ@ét %ﬁ&l%}ﬂlch
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bias and le er n entilre wafer trate
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N 200303 t heﬁocteeﬁ?o%u gpiey ig 9T Pese %tﬂaéh%tnéltfé*aag%%ﬁh rete¢ityl ions,
deposi ted t beceas. addmn tasiulibns s whhal iapker sindheardvdimstaord: béachel ayfer
makes good ahwidrdaRg elgagedent addebed N bimsdk.si de edge of the read sensor,
however, the second hard bias and | ead | ayer nay make only parti al abutting

5 engagenent with.the nagtched  secan e read sensor
occurs because t%e &n e‘In(a of de ha% 91 queﬁe% Pryﬁr% ars SRl Omed 2t

mat er 2al i sEdFPE é’l"én‘fect"ﬁﬁns‘tdl’?ee%?fj’ 8f e, Bﬁaq’nsF‘l‘?Ot‘Tg“bf‘”hFﬁe ssé’fﬁ%‘ﬁ’d i3 ge oFt
the read sem§ot .COMETYWSUIYNGtdoRhatt FHEhARRP BP SpkARd dhilal Jvagreeens feraing
not ched si de eelge seayomobtemlee saferi creenthabmntireigateant atherdf,0€0d Gach

magnet i cal | yaghatiicl haacﬂg b e RROiRfcbEe 40ABE 1 Fobhied BReF @A SRNEOY -.redli sonsor

woul d degra%ﬁ&hﬁi ’Iﬁe£er & BbrdiRE &f‘aacdné‘?%qrsﬁ%flﬁhﬁcoﬂﬁoﬁdﬁ'@&g%sté‘c?:n the

undercut of

ot oresi st
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of the readl8¥#s@CrEiOT GAFeRTIYpPRIHIENTSAc EERSATt FrtieRd2 hdaVer phat eiss TReeasedt
upon deposi tfron e tbe Yaged tuirasormsd dead beovede manéeraitst frer ehe uspowe of
overlap of thechsy dfbi amsapekntny| ®@pdsiegeunw@icedi Rlyeprpo il SUtfaGRier is
portion_of 2Qehh& e84 ﬁﬁ@ﬁ@rtuegtéﬁ%ntn@%cBupcfratbfte fééesencgu%ﬁcwqoﬁl de

edges Th| S G cauge an.exchange cou lin be ha as, eri
and the read‘ugghs AnT P OR ey af 9 S e It‘geat cf]‘éﬁe renetseélgoﬁfmattﬁ qa;ﬁyer

sensor and FEFeRY tréte t"i’taé3 é%’tﬁﬁft éﬂdet 5B% %16?(?1" 8?°"t°ﬁés+%tad RApEspnatedy S i
anot her prolyeed se#nskhrs o sho\atgidre @fsthe wahent ardeubi ectiedanel ssdcbirdeharibn
bi as and | ead1lbayeraaghawman Wifgherompehéiimgitdbad theweeat res@eAsPrin Wen
the second g@gnetttehs.swra&habIn%béléﬂfteater&ol:ﬁaﬂ'cegﬁswgr ﬂnﬂés'aesrwe' t&gefa@
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side edge is not notched is is due to the fact that the turntable is
rotated about an axis that is at an angle to the milling direction for the
purpose of minimizing redeposition of the milled material. Wwhile the
bilayer photoresist is still in place a hard bias and lead layer material

45 is deposited on the entire wafer substrate. The bilayer photoresist is



30 si‘gnificantly degrade the performance of the wite head. Wth a curved
Wwite gapgt. Wite head wites curved magnetic inpregsjens..intg a.rofating
di sk whi c% %%é then read by a linearly extending read sens(?)er, The rheéd
sensor will only read the center portion of the curved inpressief Wijth2003
reduces read signal performance. 35 European Patent Application 690439,
publ i shed 3 January 1996, discloses a magnetoresistive sensor including a
magnet oresi stive material, formed on a substrate, and having a first edge
and a secgnd edge. first | ti | ayered conductive l.ead structure is

el ectrical'ly 5%%6’5’8?%#%26‘3 tf%g o] f’lyar?stan% geg,g %ﬁ&ramaggcr:ﬁanld 5 ?S{ll'legyer ed
conduct i vE'9rean- sTpaictasiet ils Bradcer ik | BArdobifec £ 1e8d t e es 4ha ¥¥de. 1
SAQ98i 04 NewtPapenggenivht olitE0dik fifst)sibe 263 3d US PatentensSor,256yev249

i ssued Octybgbc£f 1998 pdksGhasassa1 dRENRd, qbkdRAwd aGt-urd ngsa-filhanari zed
TRgNet or egl SLLYE, SERSOr, . The sensar dnel ddeg 2 br agk Mt ol deglayer

whi ch ovef13ds"a magnet or esi stiveé &1 enen ch's op_Fayers i'e On opposite
si des of FIFEFAERfATELDT drstnNe @ SARPHILATT alettte 825 PHFHAGr EASLRAVE

el enent . degpanesesPaiEierefy thal 839 digde| osesn aiflhiny PE| themaesrerd eidread and
its produgld @Bad AeABGNEt Ond @8kSItALs GRalf fiRChaR eMBNmat MR el edRRb): s a
three-| ayered STLUCTUE A oL JOLTRE.0 Al QUEL: GARKAYAT cofn Tnsul aling
10 | ayer on the el ement” and an insulating layer  on the [ower gap | ayer
ar® si mul PEREOLEAY Y f et and @eeﬁ??rﬁﬂécld&?gjrr? 8f e S HMEFi9"m tTf’olc?kness
as 1 SA998 #0dedNevie Pdgere 2 rPocenperrhg0g@d-hdadd U N 2003 4 the film

t hi ckness of the insulating |layers 21 a, 21b are fornmed fromthe upper

surface at both ends of the R eleprnt J2-L0 dhend rant surface.0f 5 the

| ower gap | ayer., L , _
permits ion milling to mill, to some extent, under the undercut. This

15 results in an unpredictable track width of the read sensor.

A further problem noted with the above process is that upon
deposition of the hard bias and lead layer material there is some overlap
of the hard bias and/or lead layer material on a top surface porxrtion of

20 the read sensor adjacent each of the first and second side edges. This
can cause an exchange coupling between the hard bias material and the read
sensor which adversely affects the magnetics of the read sensor and may

alter the expected track width of the read sensor.

25 Still another problem with the above process is that the first and
second hard bias and lead layers have a higher profile than the read

N . sensor. When the second gap, the second shield/first pole piece layer and

e

the write gap layer of the write head are deposited there is a dip in the
gap layer. This dip is known in the art as write gap curvature and can

30 significantly degrade the performance of the write head. With a curved
write gap the write head writes curved magnetic impressions into a
rotating disk which are then read by a linearly extending read sensor.
The read sensor will only read the center portion of the curved impression

which reduces read signal performance.

35
European Patent Application 690433, published 3 January 1996,
discloses a magnetoresistive sensor including a magnetoresistive material,
formed on a substrate, and having a first edge and a second edge. A first
multilayered conductive lead structure is electrically connected to the
40 first edge, and a second multilayered conductive lead structure is

electrically connected to the second edge.



In accordance with the present invention, there is now provided a nmethod of
nmaki ng a J;|gpeli ¢ head that has an air bearing surfaq&ﬂﬁ@@%@,qn%ﬂ%hrgﬂg
head with a track wi dth, conprising: depositing a nonnaghetfc'I__S . ,
electrically insulative first gap |ayer; depositing a read sensOrrnﬁUﬁﬁB@Oj
| ayer on the first gap layer; depositingaa read track wi dth defining
material |ayer on the read sensor material l|layer; formng a bi-I|ayer

phot oresi st mask on the read track width defining material |ayer that nmasks
a read track viduh defining | aver_portion.of thesread track wdth s,
defining material Tayer: Titst selectively tenoving the Tead frack w dth
def i ni ng "MREEFGHF 1R yeP 3 Er 45 BRI LRSS ISROTD9E8F S nHsk SSATP: hactylsg a
sensor natreck alidkayeride olayer mitihe aveatlids ackagniedbdiesdetive agemmter iElchl ayer

with expased fdkst BRA.$epens S (81800 nthdondkerSRacer aPaidntaadistance
equal to said trackxxﬁgggﬁesqund selectively renoving the read sensor 20

e eriaIaI3§ 1 EPET AT Ve Lo The phot oresi st mask and the read track wi dth
defining layer portion to formthe read sensor |ayer portion with exposed
first and secondasésderedgesot hatstebing wak th tthackfiwndtdynedeposkdiang hard
]?i ast and ;keaghJmteldral Aln@ﬁgé‘%—ggsiﬁ%n?&@ﬁ@éc@@ieﬁt&mms oast lrelemtacg?wat ht 3625
irst an . dges_of each o e read_sensor_lay par n_an
Lhe T ead 17 SR N A T RO arer o0 Pt 24t PRt (e AFOL S8 o
nesk, t héf&By Fi Fi5 4G DFeat poft oA or AHBY Har8® fitas P and re£3Pnbi & are
| ayer | eavinlfaheestlyahekmsdcord ehertdobe dsvand dfetek Isayers looriveshed 8o t he
first and second side edges of each of the read sensor |ayer portion and
the read track width defining |ayer portion. 30 View ng the present
i nvention from anot her aspect, there is now provided a nmagneti c head nade
by the nethod descri bed above. In a preferred enbodi nent of the present
invention, there is 35 provided a read head and net hod of naki ng wherein a
read track width defining |ayer is |ocated between the read sensor of the
read head and the wite gap |layer of the wite head and has a thickness
whi ch substantially planarizes the read head at the level of first and
second hard bias and |l ead | ayers which, by replication of subsequent
| ayers, planarizes the 40 wite gap |layer. An exanple of the present
i nvention provides a read and wite head conbi nati on wherein the read head
is planarized so as to overcone wite gap curvature. Another exanple of the
present invention provides a nethod 45 of making where a read track width
defining layer is enployed for defining the track width of the read sensor
with inproved aide edges. In a preferred enbodinent the read track width
defining layer remains in the SA998104 Ne~a Page: 12 Decenber 2000 - 5 J
U N 20C~~ 4a head for planrizing the read head and overconm ng the wite gap
curvature problem 5 WO 001 36594
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5 -5JU@ ~,~, ., PCT/G B99/03917 In a preferred enbodi nent of the
‘invention, sasyead track width defining material |ay¥8¥ Pa3§:orfdtfcsnber 12844
sensor material l|ayer. The bilayer photoresist nask is then forzﬁ fﬂr
maski ng the aforementioned read track width defining |ayer. A fir tJ N2003
sel ective renoving process is 5 then enpl gyed for renoving the read track
width defining material |ayer) except for the read track w dth defining
layer that is masked by the photoresist mask. The first selective renpving
forms the F%%&LBWaWC%FEﬁ% cfetien iR irhyed LAY T ég fiséd” flrFstoré{‘né SEB R

si de edgesupFEreRunfarecandost| ersisi o€ Hhenfy ichgngRtotes? e énptloyed Iy of
renovs ng t tiee rleadr spsdayek0 material | ayer) except for a read sensor | ayer
portion masked by the read track width defining | ayer. The second sel ective

r egow ng pr OCﬁS§nf£_rc%§d£mreea£iu§%ﬂéq;reg@ayte&nwx;tlfﬂo@xmé@g iki A&t pé&dld%ecgnd
si de edges. as_an r a Lieds

phot or esi st=% -r%agkbf d“agungﬁt AT ch}ead Seié%snanayl ege%r (%a%:h ng
read sensot JeAfefead Witk ag R Eiqtdh d S PTREC R dETPF&F 1 n‘?”ﬁ‘?%?e i nal I Y,
t he phot oresisrippsly insulenbvedirttesabylAVETt 995D rg apc?F-f“F FHRBPT MREFA
bi as and | zacrrat etheakitaygdp |leget ndepovistingrd reat onackhardthidasimimd | ead

| ayers conpaci-edl tiaykheod ikhetredRdsen@eonthesiila eagas odmeagh ef-1derr ead
sensor | aygﬁfot%QQsHEem&S&@@nt Lack Y QEQCQ‘%{EHEH R 1 AVE! mard@i1dNGalERGHKaW dt h
felinng Lt LS el Al a0 G hots pdShed DR L AL o T AG U D e L BLD

| ayer is carsbon the LBt Ve FRrov; h erab % reactive ion
etch*?ith 18%9?;&?“(3@1 E)%l%eer ﬁzﬁsér sﬁ]ﬁtcéﬂ' ysr? Vl?fhethf"e Y FERK Wk dth
defi ni ng |4gfépingyrasersiy Lavrt ¢SHtive & Fhe aRossregiokimaek (3Jdope *PAén t he
read tracksamisdr mdefial ngyéayer fomn she irped {x8rF wAtkidefévinadinesddel (BivE2)
the first weheetpasadr £imvi Hgl PEOSES SidMAEddes andcacti dcedrupetch Wiktargre
freon (CFAQqubases dalathacRieflRhl ed-eAbedismntlelNecheatigt faCked dehsshef i Ni ng

| ayey, has nadttgmgm Sr \Mghg&ae ta h&e tho%m@emmtwreha meeahhiféeﬂem&f t he

hard bi as r}_ m ayer 3 A( ess oflathe grtlglmse@ Wth

this arrangénente the 1 é’oﬁgjton ¢R fm&t'ﬁ de?l hing. 1a harrzes 1t T ead
head at t rﬁér?f‘%|55§°’éindl‘llee§8g?sa)}‘€?t |9evEte 61‘% I?éff‘c’édgg BYuERP°T Ay BT £376r ned
on the reddaserxbrleaddatheld]i Aayergnen ddeorptheesd-sbi eskaiitl deekrry Hjer $£hdo
not repl i datret aarglupeadndr eide etifnes Wi éahgap tbé tdad wanisbe tryad.pdrtidesinded,
howeaser, tdhe t€afd chhaekivtiltdasBoindef dyarngodrayer abByrdaeviReNe GHdYotsisag i n
the pr esemﬁskofug&xgml@%g Wk N Bofe CRagbeE. harahﬁagrgls@%aa MaeRLiAn

provi des co d an wite hea mherel th h pl anari zed
DONLTS GaoRlb ety A% LR, 30 08 BLD ALDE agBd Nsad-saPlana

PR RO I N A LR LWL N g
bet ween fiF§t T&iTd tE8rPoiddHhcatias Hygr I REGiP=yers and first and second

si dé8%dges of a read sensor respectively wherein the first and second hard
bi as and | ead |vpeisy dbe Ndieseneringgntfion stroanghctbeon@dpect ,f aberegpdst nadns

ad] acent tpheviddash micheses ®REa 4BasiKle tREGRENGS dbberibeachssersor . WO
00/36594 6 - 5 JU~~ ~ , PCT/G S99/03917 The present invention al so provides

a read and vvrlt ?e d vvherdgl n eéach of férst and S{erg,%ng harf:inbl asg, and | ead
0

refe ment egent
| ayers nake a con uous a gg] USGt TonT W TR preci sel cat ed first and

sec8Rd si Bﬁo‘éjﬁgsaolfeafih%earde&ﬂdﬁ? et of gnaking where:.n a read track width

defining layer is located between the read sensor of the read head and the
write gap layer of the write head and has a thickness which substantially
pPlanarizes the read head at the level of first and second hard bias and
lead layers which, by replication of subsequent layers, planarizes the

40 write gap layer.

An example of the present invention provides a read and write head
combination wherein the read head is planarized so as to overcome write
gap curvature. Another example of the present invention provides a method

45 of making where a read track width defining layer is employed for defining
the track width of the read sensor with improved side edges. In a
preferred embodiment the read track width defining layer remains in the



: The present invention also provides a nethod of making a read and wite
‘magnet i ¢ hereabewberei n a bil ayer photoresi st mask i eergsgey et PBF”@@Fih¢mg a
read track width defining layer which, in turn, is enployed for g. U%ﬂ%h
the read track width of a read sensor. 10 The present inventi ol 0J
provi des a nmethod of making a read and wgite nmagnetic head which
substantially elimnates any portion of first and second hard bias and | ead
| ayers coverlng a top surface of the read sensor qu ement s &

abutting WGy ?r’ér&laBTr*tzﬁﬁgf‘i"Fs’f%z?nae%de&B?ﬁ"fgc?{déﬁpa I*ag™and gf%aéf IT’% VErs
with firsteze®desecond si de edges of the read sensor and planarizes the read
head s0 that no curvature is replicated to the wite gap |ayer of the wite
head. Preferred enbodi nents of the present invention will now be 20

descri bed, by way of exanple only, with reference to the acconpanying

drawi ngs, in which: Fig. 1 is a planar view of an exenplary magnetic disk
drive; 25 Fig. 2 is an end view of a slider with a magneti c head of the
disk drive as seen in plane 2-2; Fig. 3 is an elevation view of the
magneti c disk drive wherein nultiple disks and nmagnetic heads are enpl oyed;
30 Fig. 4 is an isonetric illustration of an exenplary suspensi on system
for supporting the slider and magnetic head. Fig. 5 is an ABS view of the
magneti ¢ head taken along plane 5-5 of 35 Fig. 2. Fig. 6 is a partial view
of the slider and a prior art magnetic head as seen in plane 6-6 of Fig. 2;
40 Fig. 7 is a partial ABS view of the slider taken along plane 7-7 of Fig.
6 to show the read and wite elenents of the prior art nagnetic head; Fig.
8 is a view taken along plane 8-8 of Fig. 6 with the insulation stack
renoved; 45 WD 00/36S94 7 - 5 J U N 2003 PCT/ GB99/ 03917

~—



Figs: 9A and 9B are bl ock diagrans of various nethods of depositing and
'mlling layers within a chanber; Fig. 10 is a side el evation vi-efyvg{pé\a”n' .

bi l ayer ph res) on a read 5 sensor material |ayer; Fig. ' ' $ame
as Fig. 10%@8@%{5{'% mlling has been inpl enented for rermvh}y‘ O:?%Zd
sensor material |ayer except a read sensor under the bilayer photoresist;
10 Fig. 12 is the sane as Fig. 11 except first and second hard bias and

| ead | ayers have been fornmed; Fig. 13 is the same as Fig. 12 except a
second gap | ayedr a mefended embddnghi elfdrfe risveppdle. pi cexd |tayer widthwite
gap | ayer, def saegncayzaliel t igyerayerfoand an overnséoshsdbayetediaveldyeen foremred
22 the reagiﬁﬁiﬁoﬁhwegbgt fn{a]':sﬁtis?!aﬁlertﬁQQtPﬂgi af %@Qkﬁ-ﬁg and Afgagnén?ysﬁédﬁ f Fig.
. is a si [ [ .Of. in e . .

ki ng a1 600 heag B Qb end daVee A Ea el SR RIR) JR-PEE

Xce

wi dt h>def i AR$TY ef?ﬁﬂ‘é‘f‘?dagoFaVé‘}ovb’Pg &hP b‘ifﬁdh"a%acﬁe‘éﬁitf‘o‘gerféﬂi)% "R R Pealit¥Ensor

.material | &yespt 26r Aihg redd tyachevidbisledsnFiogglaved Ehadeps mashpd dyerhe

phot or esi shnéagcbeen rfagkredrientife bélackive dehodehi furmg tmt eeidlcrhayerigth

EI 9. 17 :Saw%ig@r@a}%% Flu9en %Qp@%%eﬁirsrcea&& 's‘é_@oxﬁcp@é&i chyad (B%e%) _ahlaéclcm
een inple o e . r | eri ayer

except at ggg?(&vﬁvétﬂermg’g’? %{%ipﬁr]o%ﬁ%% el%i %Tptlf)ggéérf%g}reﬁooﬁ{g,? frlggrl?g?m Scftnﬁgﬁef I ni_ng

| ayerf bel BAFHE bl 1¥iFer SHHR of it TSP F eOr8 1 P t RF Land agseEiRy. 1y &rbept

ion mllingracs wBédeh dafpnrdyedass f ofhe éreYihget ¢t ire d@meeingoprongser fems a

| ayer excepetad ;renaocr dagesewmsor ekpses Lirsecdrddy sbaingws tdeecedgesck Teglt hhard

defining | 8ygs ank Peadl Raksrifie1sam as Begosit8aanced phbtstesasd nsggond hard

bi as and Iggg?ge@oee{:_g}w@tbﬁﬁans%%qggﬁde@d@,@of2%&% offhehé%@%assen'égg-lajy%r

except the ayer ot oresi st .been rem)vegi F& . ’ﬁl .S the sane as .
P g, 150 exBptTNnEeH | TaCKeMP AN ARG LBKET - 45 1yEr SPBPRE T EAA RRak Ar o
shown:; removRAUtRETRRY3 1 WD B9/ 365 94PPETPEBTO B3 de7d Pipp pndpdeid materipd
vi ew of theafeéer stcaaimy Seconcardasecdiadsarddehikd ayéri®addnwerd ednhectedetd i uhst
and second rsigle @dosscia khee 186k SeNsh bayele WsChedssrt W esaim asethala
shown in Fitgac}gQJ'idth defining layer.
20
The track width defining layer is preferably carbon. When the read
track width defining layer is carbon the first selective removing is
preferably a reactive ion etch with an oxygen (0;) base. Other materials
for the read track width defining layer may be silicon (Si) or silicon
25 dioxide (SiO;). When the read track width defining layer is silicon (Si)
or silicon dioxide (5i0,) the first selective removing process may be a
reactive ion etch with a freon (CF4) base. In the preferred embodiment
the read track width defining laver has a thickness which is the
¢ | difference between the thickness of the hard bias and lead layer and the
30 thickness of the read sensor. With this arrangement the read track width
defining layer planarizes the read head at the hard bias and lead layer
level so that subseqguent layers formed on the read sensor and the first
and second hard bias and lead layers do not replicate a curvature to the
write gap of the write head. 1If desired, however, the read track width
35 defining layer may be removed by ashing in the presence of oxygen (O,)
within a chamber.

The present invention provides a combined read and write head
wherein the read head is planarized so as to obviate write gap curvature
40 of the write head. The present invention also provides a read head
wherein contiguous junctions are made between first and second hard bias
and lead layers and first and second side edges of a read sensor
respectively wherein the first and second hard bias and lead layers do not
overlap first and second surface portions adjacent the first and second
45 side edges of the read sensor.



5 Fig. 23 is the sane as Fig. 22 except the track width defining faygr, has
been renoved; Fig. 24 is the sane as Fig. 23 except the second ga LQJ@ ¥
t he second i jrst pole piece |layer, the wite gap |ayer he second
pole 10 ti p%Y}%de’#/Sand an overcoat |ayer have been fornmed; 15 Pﬁ’ggB%O}Pythe
same as Fig. 17 except silicon (Si) or silicon dioxide (Si02) is enployed
for the track width defining |ayer and RIE is enployed wwth a fluorine base
as a renoval process; and . ' , Fig. 26 is the sane as Fig. 27 except ion
mlling i s enpl oyed dreserdefinvangorn Résh i grolvidend asechndndivde tedgest ehetdien

r ead anSOI’eJac&yelE. Refserddangedaw ﬁa?}dt beadrawi nga Wereifel keccrrﬁfilaﬁme
nuneral s 20 Is i ke Lo f; t sever i

there s i 1Toor el o B et Pri RlubRcerel Hepi iP5 RE St ™0

i ncl udes a 5PF AGPe $2°Phat supports and rotates a magnetic disk 34. The
spindle 32 is rotated by a notor 36 that is controlled by a notor

controll er 38. AToordyienett newahtaon ausptrravadeeta vetiwddodaksngroumeed oni a
slider 42 thaitd fadberiuppaat @trbyn & SUSHASHIIto44s Htdnast Ual efip1dBuifor A
plurality ofirSks a HehfScRNA aSHSREDILONS 2 PBY wREETRL OXEY, | [k @rnl 3696 for
capacity di Legl .accgss storage deé(éhc%f(é:)r%%)%a sgesnsspom in Fig. 3. The
suspensi on 35" A% actuAE ST “AF T 45 position the §PTder 42 so that the
magneftPc head 40 is in a transducing relationship with a surface of the
magneti c di sk 34 Thetmeselte i8erdiigk @40i gravafies edmpyhadhef mgtkdng 36 rehé xid der
i S support edrote aagiédic(tagal ewldhysubd@andA a1y Cersihii fax eaf ady fpof@idn REAE i 1))

bet ween t he garddesa HarkhBadi sle 3daNdyine caldrifgal iveg sid.aceod ABS) &8s

The magneti ¢ d 4 t I f iP5l . iQn to
mult i ple ci PTGy Lruens BBt E RLE |hadtiroh) 0 LAY ¥R 8 Reons
readi Ag i nf BRRAGIEH 8 LR PYTH Y Brodssi /G cI5°CHT tTye stk chariges Tea

si gnal s, repereseEnePAPlenezeafdenitdbheadisehtidie therdvaRrpLeVEeRas CAbedIto
drive signaksefvariteofaat Laygprt be wmaguettechelidsk 34, and provi des contr ol
signals for noving the slider to various tracks. In Fig. 4 the slider 42 is
shown mounted t 0 gt he. SUSPERSEANEE ofT RRe GATROACLSASS6 | 80 eneI nabove
may b% m)untded I_p,ne? %0 fgargiE 54 0o eanﬁous‘bir%g 535fera§cesrgov%| n 5I’1(‘)9 3.inF| g. 5
i s an“Ass viEW o the™ sl T Z7™8nd The’ nHgnet T ¢ ReAd “40: " rRE“STHFE "has a
center rail 3%a"¥9&r FuPPOtt's the magnetic head 40, and side rails 58 and
60. The rails 56, 58 and 60 extend froma cross rail 45 62. with respect to
rotation of the magnetii¢ &lip3knadd viéhfCEOSSefmpldrybdagnet WO H@k36084;9 5 J U
N 20G3 PCT/ G B99/03917 is at a | eading edge 64 of the slider and the

magnelic head 40 Jig o @ LI 8hbi1g,c805 86, AL LG sl ity e WiELaSH Haogel) C
Head Fig. 6 is a’side cToSsS-sectional “el‘evation vi of° the nmer gé 1T or

spi n val ve R84 46 SRTLA® S 8 3irite head portion 70 and a read head
portion 72, the read head portion enploying an MR or spin val ve sensor 74.
Fig. 7 is an ASSRigews gk & glettidhevizgnsbhrehédniamel dratiekl detveeeefdinst

multiple disks and magnetic heads are employed;

30
Fig. 4 is an isometric illustration of an exemplary suspension
system for supporting the slider and magnetic head;
Fig. 5 is an ABS view of the magnetic head taken along plane 5-5 of
35 Fig. 2;
Fig. 6 is a partial view of the slider and a prior art magnetic head
as seen in plane 6-6 of Fig. 2;
40 Fig. 7 is a partial ABS view of the slider taken along plane 7-7 of

Fig. 6 to show the read and write elements of the prior art magnetic head;

Fig. 8 is a view taken along plane 8-8 of Fig. 6 with the insulation
stack removed:
45
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first, second apg;thpr knsideatbi Oy 6FiSwase af 8 fledot Rt cirBs 1 e ars

10 and second gap layers 76 and 78 and the gap | ayers are | ocated between

first and second shield layers 80 and 82. In response to ext en‘@lJm@Q@(ja:

fields, th (55\053'6§§4ance of the sensor 74 changes. A sense curi;?p/;: bodozsr7

conducted through the sensor causes these;resistance changes T0 B2

mani f ested as potential changes. These potential changes are then 15

processed as readback signals by the processing circuitry 50 shown in Fig.

3. The wite head portion of the merged head includes a coil |ayer 84

| ocat ed bet weenF$9-sP2 A RAFAPIFTEULLAFTENS |4y BrSL86 BTdOds. OfAERPYid ipg

i nsul ati onandaypeil 9@ hemerigewenmphoy ediafiper:pl nari zing the head to elimnate

ripples in the second insulation |ayer caused by the coil |ayer 84. The
an

" nsuéati on nsstogcrga'. Iatgg %oieg_ | ayer 84 and the first, second and thi rcfggd

i nsul ati on®Tayer's t§6, g8Rd 90 are located between first and second pol e

-25 piece layers 92 and 94. The first and second pole piece |ayers 92 and 94

are nmagneti cal | igodpledthe sanbazk Fdgap 96 eagrbthave Milt tg akd se®eond pol e

ti ps 98 anghh@fentidchoarensepar aicdehy @nabt ratgainll aydr bR2emd ot h&adABS. As
shown in FigsiorZuddd fhe biislerapth e ;connections 104 and 106 connect

| eads,fromthe sensor 74 to |leads 112 and 114 on the suspension 44 E 30 and
third and fourth connections 116 and 118 connect |eads_ 120 and 122 fromthe
coi| 84 (see Fifl98)y2ty FBACE™E2% drd- 196 *BTFAhE Siks pRASISGARY IRarEhtAsd 2B
not ed t hat 1edfe lprergetetroidemFoshpdioys a single layer 82/92 to serve a

doubl e function as a second shield |ayer for the read head and as a first
‘pOI e piece for the Wsiie cheathneAaPirdgyback b8adaesmlca Sqdp\apdr, SePasahe

| ayens o LNasg: [HACIANG el Lebel! CUNGA N EL. SUBSLIALG LA Chalber
150, "as shaven in Fig. ,_various osi tTon pr ocesses 27and various
subtracti véncbra(?c%’é%régai%&yﬁ’é)}laﬁi@ RGB! gg‘é't?di P TP BN ERIRY Tt ARY frEsbhEs T

i nvent i on. apeEesPrd dardripp oresiead dayerisicl ude sputter deposition 156.
magnetron sputter deposition 158 or ion beam sputter deposition 160. The
subtractive progessas 154 BBk ienelatdenSpidt 6f LECIiNGdS2n kBAGId¥End ON

et chi,ng (Rln@dbe%%'f niaggnﬁgagggg Ihggg%;ul% or reactive ion beammlling 168.

The sputter osition 156 nmay include providing argon (Ar) gas and a

target of material to be 45 deposited in the chanber 170, providing radio
frequency (rf) &f9dilPett hesiFssinf o WnSHARRF PafRrd Ioafhecdfbedesdnaw
J~~'"VE 4~mateuiedekavefde) corkan bes \ween fdrmefogrgdhe arpddt hensgaf vrtegubstrat e
172 and spudafyet;i ng the target to deposit material fromthe target on the
waf erpgssubstrate 174. The nmagnetron sputter deposition 158 may incl ude
providing a tar f. oateri t de I i_n h_g(gq et

magnetron 5 andg'?%éqv?/a ert%gu%mgr g? bEeif??%ﬁ%ig%h anbisﬂglfa'%erl ngg?%@t}t’\gggé)t%e?n
the field &P 9% “Ragifet T o e%%gﬂmﬂa‘?aetref‘ﬁl ﬁlaﬁ ‘the target on the wafer
substrate 178. The ion beam sputter deposition 160 may include providing an
inert gas, suchFag. ai7lgos thArjamekpypiign {Krekcert xeaoriveXedn eandimy t(argethaef

t he mat eri akei dmbeent®posidcedendvet ARl cliatietri@Dwaath tdee in i nbeadtiangrdyiee 10
taggtet Eo %aeégt_e}@ d&@@swia&h@em&ﬁalnaalteémm}bgf‘r gaf&% ?\é‘;‘gé}ewwrleﬁ?%n)ing
substrate , [ . i ncl ude providing argon ry gas
in the cha#gg‘?r)lgg}&'gg%%%lﬁg% pggt%%%ﬁigg’)s/ to the wafer substrate 186 and
then sputter etching the wafer substrate 188. The reactive ion etching 164
i ncl udes pl aci ndigr gdnif AP aFee PEATHY-vE7 Fasert itan nihdinhdrscpedrs emginyed
appl yisng afde mEmorinditas readt smmswafmacesibistingére ek86pnEdrt Haatesnisby €ldyen
et ching t he;yedak saMdst £d @rd&e widhe de@nfgamydd;! i ng 166 incl udes

groundi ng the wafer substrate 193 and then ion beammlling the wafer

. substrate 194. The rea¢tive i on beam ml!ﬁq&%— 168 may i ncl ude placing an

inert gas, suchFag-argoh & $2r 2ReTiunt ePYy fdTF B 406 92FP4sBRTG Rizh a8n
20 beam guieidciavgrehade mperhtomgler substrate 197 and then reactive ion

- beamatg to mll the wafer substrate 198. The chanbers are placed under

various presel eaigd 7 @5SiHeCad) a@r Y. 19 dxEBhE BRI vi NG Al HABEH i2NBLk
processes. blggklre%‘lol,gg;depo& tion is nade without a mask, however, when
features are to be rmed a mask i s provided with openings where the 2S
features are to be fornmed. A nask is al so enployed fox covering areas to be
retai ned when t Hd9sublt dacHiey8ans d6eBkbs 29 sarcape thiepioitedhesdd gad ddgiitgonal
i1l usks at e layprs @f ehd rpadcess £rer shaki;ng conti guous junctions between
first and second hard bias and lead | ayers and first and 30 second side
edges of a read sensor, respectively. In Fig. 10 a read sensor material.
| ayer 220 may be forned on a nonconductive electrically insulative first
gap layer (Gl) 222 by depositions Z56) 158 or 16D in Fig. 9A. A bilayer
photoresist 224 is then fornmed on the read sensor material |ayer 220 that

o " 4 o o - NN L NSNS —— r " g



35 lcayer portion 226 has a width that is I ess than the second | ayer portion
. 228 so as to provide the bilayer photoresist with first and seegn;]UN 2003

undercuts. This bilayer photoresist may be formed by formng the first and
second | ayeWQ¥R65¥ns 226 and 228, |ight exposing the second RGHEBIWHPLT on
and devel opi ng the second | ayer 278 with a8 devel oper that also 40 etches
the first layer 226.,~T~he second | ayer portion 228 has first and secoad
si de edges 230 and,,Zi ~l that define a desired track width of a

subsequently forpgd pead §eNHSRI vid ofi ghe Flrihanvedion8 URSHIS® 1&d 1ayers

subj ected t e il i BN =T ] 2)) h u ate is
r ot at ed, \Ahc?)(':"hg)%ee%osgsmgl IL'lLlnEgc t(al %gﬁSE%%A%&Sfle d%n%ggh%a%eawggsﬁzc%ér 2000

of the

5 a UN 20081 il stiéors nafsr ™ &Y ere: €ept for the read sensor 232
between the first and second side edges 234 and 236. Wen a head is | ocated
near tshe outer perd.net ers ohe tsw@ewsd dngsliseratres the tgiade vEdygesie2 Bairgndda P36
are signifimantdon asysvyet;rical. Thl9 1. S because of an angle of incidence O
5 with respect to a nornal to the read sensor surface and t'he di vergence of
the beamfrom a s,our;iig above the cent.er é)jf eth t\/\/{quler sub trate Thet resul t
is that the secoftf sfte®edde 4% §% 5P| %d W 3°7 4&1°Ge°T Sp&r WhT 1 & Fhe
first side afged 286 eld/Figisk|BrifePietfeflPhEd WWRE WTALS FRPl 13¥85er theTRREPH0BP EiN
is noto as bheid feayerheadsameaerd¢dae tarrehawd behe fgehed:. In Fig. 12 10 first
and second hard bias and | ead | ayers 238 and 240 are fornmed by depositions

136, t1ﬁ8t or 11550 i-?ﬂg.Fi2g;i§'%h%mﬂm%i 5s eagh {}ﬂregcpgitaéi@%nl ead kQYﬁ_ﬁiB@& a side
edge that is, formed, . adjacen respec i.de .edge. of, e.re r.
Unf or t unat eT3P* A% V%F, ]tshgm?%ylegt%rctﬁhéelgtsrggg tlﬁegsdee%éﬁ%‘b%é? grbiaggrk:{%dlf ead
| ayer 238 o¥¥RdOHBY “haRe? SOMPF Bt%ePAbUIEi Ag-TORERAFCRFTH 2% t he "second si de
edge 234 of the read sensor due to a notching or depression of each of the
hard bi as ~H. B. ) rand 2kesd thayeme 238 igs $hewheptlibs mislahsdsdeelbped (for

angl e of ingidenge Qeandrdthendisvergeniaeodadebeod@am raaRdsdrsowoiskrf or heads
near the outer perineter of the wafer substrate. This reduced abutting

contact can seri ousl%ﬁdegr ade the 20 magnetostati ¢ _cou Iin% bet ween t he

hard bias |ayer BRTFTABY MEYd S ESof™WHPER ‘BEAS™T A FariT e 5FFect 1*ha  fagnet i ¢
st abi PP zat | depighat e ifagrretSiRl BEMARTSS GRIEYPECPe 4R sBHESR! aHGWP eHEER 15he
read head i nopertadtese.in|lnidsi.gi-13 niwnashotdisgsdsivehd®. b@ka dréve\édirarichdas
second gap LhayRha2d R42had sspeONE shd elodhtdd st nppleipicer juayern24dinde 32
\(]V;Lteebggﬁ }gg%éagéa b4 §§£&th prgletﬁg% g lcﬁaé&{olgéﬁ bgnsio@aop\é&{n@@heka%@.r 250
Because of fﬂ@ﬁfg%‘é&rﬁg?’b‘; iwlrég%fm Phe" cagaa%i‘%si%# §]Pte{add%%aayes{i ég%gézaﬁxc? ©240
rel at Phe t oSPRROTEBAPVESBHESHS 2R ¢¢ e S GEBFOgatF™ Afer A2BYTLARY SécOItFs:
shiel d/ firssliisire phbsespersfonaysy Ddenpheyachan i iLREIYHIPLENRT d A6t nataess
di p which restdalos 8évinel (EAIPAPas Bhead WreFOF. Bhe el besgapidmyeranddbetubitios
ist nf_t desi paplsg §5§&E.ohh§1er gadadiead seadst GheVRdndRI aleb 4orr@561t51seons in a
rotating magn I s S, I . s
al so begnot gfdg'H?glf: g{’%er © |%lsc{}’sg§% wgggo?]ds‘%%g&rl%! %?a’lshegﬁé&%gggnﬁ%keiﬁs' ngr glﬁe
first 3nd sAiBhd 135° AHEPHES BHoFTT ARESHI % AE® Padit s aRsBIPREF H0BAS CREA i & ot
and second $ryRiceddyes -H3umnEuiBiEr Pf 3ife (Hdf §epiiag) | Bgreren e apFfacnete
portions thitserdskl 34 and ehre edichanrgéng cawkacs) (WhSIcH8carthgegaaneeid head 40
nmagneti ¢ pemnbPrifACEe Ginpl Bfed €3l WaRASAY ihdyaiatidhecoMETdigPe Calcal 230 tededge
cdges 254 ach DR 50 T PR Rmt at7hd weBlHTEEE BEAEThSrmR Bt 12 0! ¢
Gos 3530 ARieTIPR, hFTRRIRTS, Sy RP b Y tﬁegﬁ']w%ég%% b2 obiigestaling Ao

edges “230 ar ) , ayer : i .
results in dPFeEptdeRsorithi the ARdidlel PEAYLESE MRERT WEAYH . S1TRRLY A0 dPraEiYS

5 J U P~ 2003e\AR D@L 36534k 31/ eB) Frosddes tontrol signals for moving the slider
to various tracks. In Fig. 4 the slider 42 is shown mounted to the

suspension 44. The components described hereinabove may be mounted on a
40 frame 54 of a housing 55, as shown in Fig. 3.

Fig. 5 is an ABS view of the slider 42 and the magnetic head 460.
The slider has a center rail 56 that supports the magnetic head 40, and
side rails 58 and 60. The rails 56, 58 and 60 extend from a cross rail
45 62. With respect to rotation of the magnetic disk 34, the cross rail 62



Figs. 14-21 illustrate various steps of the present nmethod of naking the
read head. In Fig. 14 a ferromagnetic first shield | ayer (S1) -3§CU fmﬂﬂad
on the waf g{osbhedsate (not shown), a nonmagnetic electrical pyricResihRYs ve
first gap layer (Gl) 302 is formed on thegfirst shield |layer 5 and a read
sensor material layer 3D4 is forned on the first gap |ayer 302 by any of
the depositions 156, 158 or 160 in Fig. 9A The read sensor material |ayer
304 may conprise nmultiple layers such_as an antiferromagnetic pinning

| ayer, a f&¥ Pénaghfediens rﬁdﬁﬁeé“ PAyERe sAnIF) ARt riCaPrdpetndaet iYe s Facer

| ayer, a feridmegredppctd rdethayeidemd a 10 capping |ayer, which | ayers
constitute a spin valve sensor. The ferromagnetic pinned | ayer may be an
-anti paral | gl-;eARlagpieBDEdidagyer as described in U S Patent 5,018,037,
which_.is incorporated by reference herein, or a pinned | ayer consisting of
a single thin film The layers can differ dependi n]? ypon di fferent thpes of
.spi n val ve sensbtr% §rtig éﬁF%octrrodf)lsc?cﬁaﬂf‘?eltS BEGELPT VY AR BREGS

enpl oyed. $minFrglvelbeadt4larkich dep deTive MG2eacstien 7P apdr a-3@8doteadar bon is
formed on pdreipeat?,sehsarcadaberd abriiayeen30#indllhe MR ackspindtdlveeddnsiong74 .
material |@ayer 7has 4 RESdakarsd ned. ti clnessnyy eh W hbcheadasqeibedrin

mor e &'et ai i@%&g{.fg&?g&gﬂy&g waﬁh%a 1843 Rl %egy 8hy @%Olspg %al:?ged?’gézde% formed

on the trag inng matertal |a J % S e sane as the

bi | ayer phbtiredP$i5e592° sﬂ‘g\‘?\h d i RYEFY %“ BA- Filg. T95P°85% d8cE1FE T on et ch
(RIE) wit Hnaeﬁﬁleenggfeﬁlé@Z)thBaé%f;lsaén%mé\ﬁmtﬁ% SeBWrof ¢ [MhgnoegB, 4 $erFpICYYEE S n
a chanber f{faionabcddonnyofghorhe esmpyomgaadsls ohedehees ysaaakcanictidyedetas mieng
material | auale8XeeRE bend 1bi atlanyédlt hriglafe Bbmthayena&bg beal ewed he

bi [ ayer phgioogeﬁggétaSBanabLfa@ ggmgfbmxe GROLAI 105 ugzsye?rls&%%mqq §9%e

argon” (Ar)_ W ressure of lTtorr. An rf Dias of 150 watts may

appl i ed to’t he vvafer substrate. we have found that the first and second

si de edges 312 and 314 30 of the track width defining | ayer portion 310 are
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.35 substantially no wite gap curvature of the wite gap |ayer 344 since
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be noted that the first and second hard bias and | ead | ayers 326 32\8-@10
not overlap any portion of the top surfagg 334 of the read sensor adjacent
40 its first and second side edges 312 and 314. Accordingly, the magnetic
properties of the read sensor 310 are preserved as well as the desired
track width. Fi 22-24 illustrate various steps in an alternate
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ilayer photoresist 224 is then formed on the read sensor materlal
layer 220 that has first and second layer portions 226 and 228. The first
35 layer portion 226 has a width that is less than the second layer portion
228 so ag to provide the bilayer photoresist with first and second
undercuts. This bilayer photoresist may be formed by forming the first
and second layer portions 226 and 228, light exposing the second layer
portion and developing the second layer 228 with a developer that also
40 etches the first layer 226‘zé?he second layer portion 228 has first and
second side edges 230 and 23% that define a desired track width of a
subsequently formed read sensor.

In Fig. 11 the wafer substrate is subjected to ion beam milling (166
45 in Fig. 9B) as the wafer substrate is rotated, which removes all of the
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substrate. This reduced agutting contact can seriously degrade the

20 magnetostatic coupling between the hard bias layer and the read sensor
which can, in turn, affect the magnetic stabilization of the magnetic
domains of the read sensor and render the read head inoperative.

In Fig. 13 the photoresist has been removed and a second gap layer

25 242, a second shield/first pole piece layer 244, a write gap layer 246, a
second pole tip layer 248 and an overcoat layer 250 have been formed by
any of the depositions 156, 158 or 160 in Fig. 9A. Because of the higher
profile of the hard bias and lead layers 238 and 240 relative to the read
sensor 232 the second gap layer 242, the second shield/first pole piece

30 layer 244 and the write gap layer 246 make a dip which results in write
gap curvature of the write gap layer 246. This is not desirable since the
read head reads curved magnetic impressions in a rotating magnetic disk
which degrades read signal performance. It should also be noted that the
first and second hard bias and lead layers overlap first and second

35 surface portions of the read sensor adjacent the first and second side
edges 234 and 236. If the hard bias layer overlaps these portions this
results in an exchange coupling which can degrade the magnetic performance
of the read sensor layer. The overlap can also change the track width of
the read sensor. Still another problem is that the side edges 234 and 236

40 of the read sensor are not directly under the side edges 230 and 3EPf
the second layer of the bilayer photoresist. This results in a read
sensor with an unreliable track width.

N e

The Ianvention
45



3. Anmethod as clained in claim11l conprising: 10 the read track%/igfblﬂ
~defining portion (360) being silicon (Si) or silicon dioxide (\Si 2{393
first selective renoving being a reactive ion etch with a chlorine base;
and 15 sai dWO08AP4sel ective renpving being ion mlling. 4. APGEGCRWPNIAY
claimed in claiml1, 2 or claim3, conprises 20 before formng the first
gap layer (302) formng a ferromagnetic first shield | ayer (300) and said
formng of the first gap layer formng the first gap layer (302) cn the
first dshl el |d layefqd, 3@@)221 flﬁzm@ht@gta mnmr&tebg & %ﬁ% ra:@@éﬁe/mba%al 8t Im\éekm
second gap [ 0 | ayer r
(310) and tHD Fepd {0, ° 20Bd e SXEbREE O ELAHE e BN sl e
form ng a f&M8 ﬁa‘@fhé‘f‘?cwasfee(?oﬁb*’%ﬁﬁé? an&y%}i*o“’(‘éﬂfZ") nﬁﬂmﬁt%été%@&ﬁﬂt’@}&ﬁqyayer
30 5. A netirodlasivd diined dap daverpf@dedPagicifaimgd congvel Siray: shfqldr laver
renovi fig t hengphotedE settormakefi308) aye2m@Vi Ny Ebmmdsead dheacke i ¢id 1dedd niopg
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wherein the osjtin fi.nLn yer portion (310)
forms the reac‘f r%clkay%rd{% Qﬁg 1 E‘lwaq er S‘f‘%‘ gltahl ckness that is

the differ eftie EBETMAIRE G Wléﬁ‘rf@s% ¥ 't Re® ‘?Fafroﬂa ea‘éca‘?fd‘nfa%a]c?yﬁéye@l“s (32.b,
328) and t heletoriedidys eARPICLi %y diPaper thagar ( 3269 romagpeyis] freadareaged &7

Mar ch12001 eadpidg W dye2003hikh%3 akerA omtshidtues ackpimwedlven sehsimm 6Twher ei n t he
magneti ¢ heagh HEERNS i d peAdidesa @ Whid %ehﬁﬁdantSQ&.dalriei ho) COIMmelSidA8r as
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the wite or m n nonnagnet i ¢, ‘el ect uct|ve wite
| ayer (344) %ﬁ?lf‘heo’f i SEO d2VTe£87Y é?gt‘hgata f Wottion e §é\9‘°tprBS;

10 form ng & id§Eeatdennn %"@ckp% tdlalf%ﬁrepéa%%pe@n@f CF@PP \ra&yersww@éd
t hereila on thisctiresic pebeetpirecbsdiygersMranNgensors employed. In Fig. 15 a track
width defining material layer 306 of carbon is formed on the read sensor
material laver 304. The track width defining material layer has a
predetermined thickness which will be described in more detail
hereinbelow.
20
In Fig. 16 a bilayer photoresist 308 is formed on the track width
defining material layer 306 which is the same as the bilayer photoresist
224 shown in Fig. 10. In Fig. 17 a reactive ion etch (RIE) with an oxygen
(0,) base, as shown in 164 of Fig. 9B, is employed in a chamber (not
25 shown) for removing all of the track width defining material layer except
for a track width defining layer 310 below the bilayer photoresist 308.
The chamber may contain 20% oxygen (O,) and 80% argon (Ar) with a pressure
of 5 millitorr. An rf bias of 150 watts may be applied to the wafer
substrate. We have found that the first and second side edges 312 and 314
30 of the track width defining layer portion 310 are substantially aligned
with first and second side edges 316 and 318 of the bilayer photoresist.
This is because the RIE process is selective by a ratio of 4 to 1 to the
track width defining material layer over the materials of the read sensor
material layer 304 and the bilayer photoresist 308. Accordingly, the read
35 track width defining material laver is quickly removed, except the read
track width defining layer 310, without any substantial removal of the
read sensor material layer 304 or the bilayer photoresist 308.

In Fig. 18 ion beam milling, as shown in 166 of Fig. 9B, is employed
40 for removing all of the read sensor material layer except for a read
sensor layer 320 directly below the read track width defining layer 310.
This milling is selective by a ratio of 4 to 1 to the read sensor material
layer 304 (Fig. 17) over the carbon of the read track width defining layer
310. It should be noted from Fig. 17 that the first and second side edges
45 312 and 314 of the read track width defining layer are immediately



| form ng a second pole piece |ayer (346) on the wite gap layer (344) at

the ABS, cn the insulation stack in a yoke region and connectagl ﬁﬁ
first polevp(% 1"2 ‘ayer at a back gap region that is recessed %{/g 2 3

i nsul ati on in a direction away fro #he ABS. 8. A methb

inclaim7 wherein the read track width defining | ayer portion (310) |s
100-500 thick. 20 9. A nethod as clainmed in claim8 wherein the read track
wi dth defining |ayer (310) is 20G thick. 10. A method as clained in claim9
wher ei n t hadfdqest g reay aenéI0Mptpsiaslagghdnd so thay fipsyrenfictbcand ofigiened
in any of eb@as21 4@ 104 ofheneimatihsenseadit Fagk i dtd adefitatieng wBhesd aha
layer (310)efSecRONNBONGLLE G ek @hestiuceal de kNSWaRLEVER2 383 324 for heads

A5 Y. A Ao AR B2 AR Ll LA AR A LR A2, A 0

i V\ZJ%)F—’| wr htRsq G 3O ¥ eal i) GRT cHPCal DA EalPadl] CaP kel EaTReA] ¥Rl @a] ca]
-ca] ca] ca] che]sddp cedocs] Beltc B cORD t&8] BRHItFNX angagestent with respective

h" k""" F###4#a5Sede$)3cenknt 2R} cof aha] caldcadeafrcajcahealical cajacadeakcal@a] ca]
ca] ca] ca] cah eahcaledad cal ead cabaalcrkeai fal @@1@\@1}1@ alaySKILIZEHY, ‘Vi%t%&&&

'CF } tq er ﬁo -lx_.Je { @CIQS} Ylg 191 ] %@L C?S]()ngli%h? %%%%g

ca] cal.ca]calJcalca ca ca ca ca ca %

2K2X§§2222§ 5153§3H 32 6‘6"’§§ 9%91}953 9} eﬁ f ‘é‘]l é]‘ A ERPC AT ER] S ca]
ca] ca] ca] caP@aﬁUc—'aPé%l]%é] efa]twda] €xAcc £81%°4] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca]ca] ¢
al 99: <L<<<8>] >">j >| >y>>i ?k???0@ @GABC~CCCcDgDDDE/ EEE} xsni d_Z] ] ca] ca] ca] ca] ca
] i:a] i:a] i:a] f:a] ca]mgbﬁ&e]xce& Ca?ﬂc&ﬂ&ﬁ%}lcaﬂxfea]tﬁ?] rakead ¢ ( ai ctae]ecaaacaalﬁadkcalml ca} c
a] ga] ca] cal ceeceny; 3 aJ c
a] ga] a] ca rﬁ % g%éalj]:g fl ﬁl\ﬂc\/l%]lc;%rdc%]gc%jf%ﬁ&%i ajg \gt%%%g{ie% gl&a]
cal cd ca] c j: ‘°L‘°LL as-an

NNNT \/‘W\W\vaa)éhi?’)e% Aeh] WOR £ EAFHEREEF o @&aﬁ abjedPeaitH] ca]
ca] ca] ca] ca}xda]rw]eca:}ezfa]rslaljwa]leaa]h@a}céqwa]:tsaikc&alf@a]:baq)@a‘fsaqfcajm}rcalhca} XXXX
[ KI\\\\ \ A C¥tirs€ amaZbbddhlabefRiad pnoo ,aa801 fav qhgdrls X f oc ahe ag3e&ad cabeediaa] cal cal c
a] ca] ca] ca]tﬁs'ztbeaél Qﬁk&adh%abﬂl%gaéﬂo@al&@]r@ah caheal aabca cakeaherl Gal cal cal ca

'l p&pNuzzz
U (I?" ca] é ?‘?g{ ca% ca ca:] ca cas‘] Suitréafe caj]eca]} cs}fa]oca?ca] ca
] ca] ca] ca] @(faf%%aaaa] Rz d5rERIVEDY. L eV stj’t%]‘)(’j"cl]lcﬁ d%‘]ecaﬁsc"af%aﬂhcﬁﬂ%isca]
ca] ca] ca] c&FEcahe ajeefajregkcrtbadficajieg) J@aFéaP@a] ] 6hdwid] ba)woape ajhes] exdtcal
cali | Wb! $war{ vigg glirXt (drsab eadndahaa] bad< ahdal xd] tajera] kajeca] § cahealica] 6a] cal
ca] ca] ca] capgafcaheak€c(a3kcaleabea] ar] sad Gake&pGAd that this height is less

*a?! \gg) 10%%1(3% ydo\éf QIOWUE ok~ 2 AL P Ohafl QY& hd - ABYLOMUE 1) ¥4 L P
100/(yuyu& O

wWuslr* I(100}&“’?&¢ 1SR T RT0RRAT iR T8 AP B8 T RATIS IF S Lo EDbRTaRY (P as %810
3 R ) v

%k uku&' () yqecon m@mh@e(r) onn the read sénsor 310 and e first and secon
hard bias and lead layers 326 and 328, a second shield/first pole piece
} (s2/P1) layer 342 on the second gap layer 340, a write gap layer 344 on
’ 30 the second shield/first pole piece layer 342, a second pole tip laver 346
on the write gap layer 344 and an overcoat layer 348 on the second pole
tip layer 346 by any of the depositions 156, 158 or 160 in Fig. 9A.

It can be seen that with this method of construction there is

35 substantially no write gap curvature of the write gap layer 344 since the
read head is planarized at the first and second hard bias and lead layer
level by the read track width defining layer 310. Further, it should be
noted that the first and second hard bias and lead layers 326 and 328 do
not overlap any portion of the top surface 334 of the read sensor adjacent

40 its first and second gside edges 312 and 314. Accordingly, the magnetic
properties of the read sensor 310 are preserved as well as the desired
track width.

Figs. 22-24 illustrate various steps in an alternate construction of
45 the present read head. Fig, 22 is the same as Fig. 20. If desired, the
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embodiment is the method shown in Figs. 14-20 and the embodiment shown in
Fig. 21 since write gap curvature has been eliminated. However, the
embodiment shown in Figs. 22-24 has the advantage over the read head made
by the process in Figs. 10-13 since the read head in Fig. 24 does not have
15 an overlap of the first and second hard bias and lead layers on top
surface portions of the read sensor 320.

b

Figs. 25 and 26 illustrate alternate steps to the steps shown in

Figs. 17 and 18. In Fig. 25 a silicon (Si) or silicon dioxide (8i0,)

20 material is employed for the read track width defining layer portion 360
instead of carbon as shown in Fig. 17. The chamber may contain 20% freon
(CF,) and 80% helium (He) under a pressure of 5 millitorr. an rf bias of
150 watts may be applied to the wafer substrate. In this instance all of
the read track width defining material laver is removed by reactive ion

25 etching (RIE) with a fluorine base, such as freon (CFg), which is
selective by a ratio of § to 1 to the silicon (Si) or silicon dioxide
(8105) with respect to the read sensor material layer 304 and the
photoresist 308. In Fig. 26 ion beam milling is employed for defining the
first and second side edges 322 and 324 of the read sensor 320. The rate

30 of ion beam milling of the read sensor material layer with respect to the
read track width defining layer 360 and the photoresist laver 308 is about
1/1.

Clearly, other embodiments and modifications of this invention will
35 occur readily to those of ordinary skill in the art in view of these
teachings. Therefore, this invention is to be limited only by following
claims, which include all such embodiments and modifications when viewed
in conjunction with the above specification and accompanying drawings.
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portion of the read track width defining material layer (306);

first selectively removing the read track width defining material

20 layer (306) relative to the photoresist mask (308) and the read sensor
material layer (304) to form the read track width defining material layer
with exposed first and second side edges (312, 314) that are spaced apart

a distance equal to said track width;

25 second selectively removing the read sensor material layer (304)
relative to the photoresist mask (308) and the read track width defining
; } layer portion to form the read sensor layer portion (320) with exposed
, first and second side edges (322, 324) that define said track width;

30 depositing hard bias and lead material layers (326, 328) on the
photoresist mask (308) in contact with the first (322, 312) and second
(324,314) side edges of each of the read sensor layer porticn and the read

track width defining layer portion; and

35 removing the photoresist mask (308), thereby lifting off a portion
of the hard bias and lead material layer leaving first and second hard
bias and lead layers (326, 328) connected to the first (322, 312) and
second (324, 314) side edges of each of the read sensor layer portion
(320) and the read track width defining layer portion (310).

40
2. A method as claimed in claim 1 comprising:
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the first selective removing being a reactive ion etch with a

chlorine base; and

15
sald second selective removing being ion milling.
4. A method as claimed in claim 1, 2 or claim 3, comprises:
20 before forming the first gap layer (302) forming a ferromagnetic
first shield layer (300) and said forming of the first gap layer forming
the first gap layer (302) cn the first shield layer (300);
forming a nonmagnetic electrically insulative second gap layer (340)
25 on the read track width defining layer portion (310) and the first and
second hard bias and lead layers (326, 328); and
|
forming a ferromagnetic second shield layer (342) on the second gap
layer.
30
5. A method as claimed in any preceding claim, comprising:
after removing the photoresist mask (308) removing the read track
width defining layer portion (310).
35

6. A method as claimed in any preceding claim wherein the depositing of
the read track width defining layer portion (310) forms the read track
width defining material layer with a thickness that is the difference
between a thickness of the hard bias and lead layers (326, 328) and the

40 read sensor layer portion (320).
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15 first pole piece layer at a back gap region that is recessed from the

insulation stack in a direction away from the ABS.

8. A method as claimed in claim 7 wherein the read track width defining
layer portion (310) is 100-500° thick.

20
9. A method as claimed in claim 8 wherein the read track width defining
layer (310) is 200° thick,
10. A method as claimed in claim 9 wherein the first gap layer (302) is
25 carbon.
0 11. A method as claimed in any of claims 1 to 10, wherein the read track

width defining material layer (310) is nonmagnetic and electrically
insulative.
30



