;rse3etqtn(6TIO Specification 26 Nov 2003 LEAD OVERLAI D TYPE OF SENSOR WTH
SENSOR PASSI VE REG ONS PI NNED BACKGROUND OF THE | NVENTION Field of the
| nventi-on: The present invention relates generally to read head portions of

magneti ¢ heads for hard disk drive re particplan ad overlaid
read heads having magnetically pi n?ﬁé’c?cggfg Ve regi onﬂbalﬂzéyr ?Qb on of the
Prior Art: One well known way to increase the performance of hard 'di sk
drives is to increase the areal data storage den3|t of the magnetic hard
di sk. THEAD QVERLAIDGFRPEQESENSOBMATHSENSOR PABSIVEREGIONSE

such that nore tracks per inch can be witten on the disk. To read data s,
froma disk with a reduced track width, it is also necessary to devel op

sufficiently narrow read .Jﬁt}vmiiwant ed magnetic field
i nterference from adj acer#ﬁggg@? awiﬁl?;[‘ supst ' y elimnated. The
standard prior art read head elenments include a plurality of thin film
Iayersﬁﬂto_féhmpﬂgm_'ted and fabricated to produce a GWR read head, as is

known to those skilled in the art. Significantly, where the width of the
thin filml aferigedehtiinventivipreiaes gdnerallyRo remichdad adrtions rof dnapmetid béadis forhdrdi n
val ues, the magnetic properties of the |ayers are substantially

i Qe et RGP Pine B8
are overlaid on top of portions of the thin f| | mlayers. 'This |ead :

over | alrﬂg@%flguratlon has the effect of creating an active read head
regl on having a wdth

Description of the Prior Art:

One well known way to increase the performance of hard disk drives is to increase the
areal data storage density of the fnagnetic hard disk. This can be accomplished by _reducing the
written data track width, such that more tracks per inch can be written on the disk. To rea‘d. data
from a disk.with‘a reduced track width, it is also necessary to develop sufficiently narr'gw read
head.cbm'ponents, Sucﬁ that unwanted magnetic field interference from adjacent data tracks is
subswnﬁally él-iminated. |

The standard prior art read head clements include a plurality of thin film layers that are
deposifed and fabricat.ed to produce a GMR read head, as is known to those skilled in the art.
Significantly, where the width of the thin film layers that -com_prisg the GMR read head is reduced
below certain values, the magnetic properties of ﬂle.laye;s are substantially compronlised. To
overcome this problem, GMR read heads have been developed in which the thin film layers have

~ an ample width and the ele.ctrioal leads are overlaid on top of portions of the thin film layers. This

lead overiaid configuration has the effect of creating an active read head region having a width
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26 NOV 2003 that is less than the entire wdth of the deposited | ayers,
such that -the magnetic properties of the thin filmlayers can be preserved.

Thus, i-n the |ead overlaid GWR read heads of the prior , t,i ghetic
| ayer portions exist between the electrical |eads and piSi NWC

| ayer portio | eat.h t |l ectrical |eads. A problemthat has been
recogni zed wﬂ%%g)rféesgghrag oenglﬁec : Iaglr ?ef&ﬁe GPostied Layers,suph thatdthe magnetie axoerfies of et

t he passive [leﬂti on of th ma?neti ¢ layers of the read head, and

particul ar | y R pYers %g‘ﬁe&e cgvedalhws, n the leagdovaslaid (MR yeag hessls vithe fiivabrt ) astive
external magnetic fields, such as from adj acent data tracks, create

magnet i c fi eagtelieBye Rpitions exinbetwpendhanilechricnl ledue aphmséiveandgnelicdner SrtidnBexifir ee
magnetic | ayer beneath the electrical |eads. Thus,. noise and side reading
, effects cobanpgiytheelsctiienl deagy. obl em with | ead overlaid GVR read heads. The
present invention seeks to solve this problem by pinning the magnetization

of the free magnet poblemytkdt has Bech hRo@Red i@ EGH BREHIGRERL Rad DRrOYSLAEL s
el ectrical |eads, thus stabilizing the passive regions, and redluci ng 1%:} se

and side readithg thf bashs. Y ShonlhiE : resent. inyeption is
an i nproved. magnet |fpc head for a hargd dis yg%geaf!ﬁgﬁgﬁfﬁﬁ ;Ra‘i%&‘ﬂ%f}/yog’ﬁr °&i d |
read. head coaRefCRler] 8 ndbGERel tc . flelds of .t passi ve region of
the free magneticlz Ige;er regi o#,sBgsrsie@gﬁ%%kesd?%%Iﬁhonrlfgn%tf?b‘gegqs f’aﬁ opygctjacent
present invedd ke @tk I hn.fi-lmlayer ¢ sed of a magnetic
material such as t herharlthzlnta |g§.ﬁefd2§l/d§%ua{rlr% aer%l‘ilsei %gggll?sﬁ’alsi’-}? BRlopppf theffieg he

free | ayer : i n . the SSi regi on beneath the overlaid

el ectri cal ﬁ{é%%g& @ég R&%?‘%ed’%%l?"é“%r%%‘fsr ﬁ‘ﬁr D q%e a9 §idle eagiag feffectsontinyeito bela

~magnetic fie reated in t pew thin. _filmlayer act to pin the . -
magnetic fi e(%r%éen? F\”%?%eéig Sﬁﬁgfﬁ@fﬁéﬁﬂ sothepERsent ifventiogyeeks toFhkve trralilémn byl

characteristi.cs O‘]fl the read head are unproved because the passive region
‘of the fred P&V&r® F?@F&Wiog%fgﬂeﬂ%ﬂ@ﬁ layisriing thepasnive regiohe benedth the avbiliad
readi ng magnetjc fields from adjacent data 2 26 NOV 2003 tracks. Noise
and side red °ﬁ'§alé‘?a§%&“§ stabiizing e ppspive spirnednd rrdutingnqive mhdsidevenkngdifeithe
read head is thereby inproved. In alternative enbodi nents of the present
i nvention the passive region of. ree |aver is anti-parallel coupled
t hrough the deposition of a tmm %ﬁi@m&ﬂfollomd by a thin
fil mnagnetic Ia;fgr on t.op of the passive region of the free |ayer. The
anti-paral l el coupi Bg HayfateLs e Spyovimpenete headfana hayé diske dierindidingreledd ee
| ayer i-s th.eregi rendered | ess sensitive to side reading and noi se, such
that an unpr’8¥ ﬁ" FRAG RS eomporent g which the, jragnetig fiskld of Ithe prssivaregdvdnhage of
the magnetic head of the present invention that a lead overlaid read head
has been deVHEBPEIYS EHoreHt pwachs e embadimicnieof theqdisary ipemioh emadditidral tin
anot her adv%ﬁlﬁg,e of the nmagnetic head of the present invention that a |ead
overlaid re Siaeopeset of A epsteticaprietiah sueh g i hankidasiagn eiatesial i @bsbsitddront he
passive region of the free nmagnetic |layer thereof. It is, an advantage of
the hard di £ ithefieedsyer plcthe GMRskaad ini the prsive negidnatiendath the GvodeRISlRURRAAEL | C
head having _a reduced read track width with reduced side reading and noi se.
When the hard bias layer is magnetically initialized, magnetic fields created in' the new thin film

layer act to pin the magnetic fields in the passive regions of the free layer. The operationai
characteristics of the read head are improved because the passive region of the free layer is

magnetically pinned and thus not affected by side reading magnetic fields from adjaéent data
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[ [ [ t invention
It is another advantage of the hard disk drive of the presen :
that it includes a magnetic head having a | ead overlaid read head having

: . . . . : Lol ayer
i.nned -magnetic fields in .the passive region of the fr :

Fhér eof . '?’hese and other features and advantages of thefa ﬁ@vébﬁaentloE

w |l no doubt becone apparent to those skilled in the art upon reading the -

dErks Nogreged g1de seading efffesth arvethasbyrrediere mubtht PerfdimaBRMTHR redd KU4H &S
L?liﬁgﬂggamnngs I N THE DEAMVNGS Fig. 1is a top plan view depicting a hard

003
k dri ve thertiynignproved.ginedliemakiea embéditb@s BT @éﬁﬂéseﬁt”ﬁﬂ@éﬁhbﬁ the phssiv ol
g:; 21is a S|3ggcross sectional view of a prior art |ead ovﬁlT %greaé

I ew of a
head porti dree@dyefis ARGDEalIE c@@ﬁlgd hEdugh 12 de os"ft | 4% Eﬁlﬂ SRSL o e owed b
flrstppreferre enbodi nent of a ug over rea gﬁ nﬂg?P?Bﬁmﬁﬁ y
a side cross-sectional

t h nve : :
\rfnla g\r/]veo:‘ Ca ?Ztglg‘r’,fﬁm 19%’%‘%&‘?2 "r ‘?Pot88 °ﬂé’ﬁtpaéﬁveaf%$18%a? the &ee taver. Ffb%tdnthwdlqbomtpledn
he present invention;, Fig. 5 is a side

t e f
g]; ogs m;gg 1(:a i %ﬁ%ﬁ% C\?I?eé‘glwéf*mathg BRSS1YA rggiax efithefleedayrndi thereby mhdared Radsenved @i I sie

read head portion of a magnetic head of the present invention;
reading and noise, such that an improved magnetic head is thereby produced.

It is an advantage of the magnetic head of the present invention that a lead overlaid read
head has been developed with reducéd noise and side reading probléms.

It is anpﬂler advantage of the magnetic head of the present invention that a lead overlaid
read head has been developed having pinned magnetic ﬁelds in the passive region of the free
magnetic layer thereof.

It is an advantage of the hard disk drive of the present invention that it includes a magnetlc
head having a reduced read track w1dth with reduced side reading and noise.

It is another advantag_e of the hard disk drive of the present invention that it includes a

magrietic head having a lead overlaid read head having pinned magnetic fields in the passive

region of the free magnetic layer thereof. -
These and.other' features and advantages of the present inirention will no doubt become
- apparent to those skilled in the art upon reading the following detailed description with makes

reference to the several figures of the drawings.

'INTHE DRAWINGS

Fig. 11is a top plan view depicting a hard disk drive having a niaénetio head of the present

invention;



Fig. 6 is a side cross-sectional view of a fourth preferred enbodi mrent of a
| ead averlaid read head portion of a magnetic head of the present

i nventton; DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Fig. 1 is a
top plan view that depicts significant conponents of a @ﬁd V<2003 ve

whi ch' i ncludes the nmagnetic head of the present inventionh. e hard di sk
drive 10 i ncl udegica 2ragngls Jal] disk 12 that .is rotatably nounted
upon a notorized sgf)li nd| eﬁ%ﬁ?ro%&léacg?ﬂ&g? %PN %ffqnpggr ?rg?e}g[imgrémqi yeadthead @drtioh tofiian
t he hard di ?ﬁ%gﬂéﬂ VR,40 With a magnetic head 20 of the present invention

di sposed upon-a di ST4l end 22 of the actuator arm 16. A typi cal hard disk
drive 10 may inc{:%dgés?ﬁjglggégl i tytiiOfld'i skg 12 that are rotatably nounted
upon the spindl e #4 thrritangl vewalh fisst prefarfelembEdiRNY netic
head 20 mounted upon the distal end 22 of thepact uat or a?lr%fféﬂ.&%sl%drsg%\g\%ql{imad
known to thb%f’élmmmmédniagmthdlead6f,tha\pke§bn{iﬁeel{ﬁ%ﬁ.d di sk drive 10 is operated,
the hard disk 12 rotates upon the spindle 14 and the magnetic head 20 acts

as an air beari nBigs isdedidd habs-destiad XCIamARY ove the surface of
the rotating disk. The siider incl ug‘z‘é‘%f‘g S Stpfegg%eadg%{e@dmoﬁm@d avendnid

vari ous | ayrRk8heha formthe magnetic head are fabricated.
Such heads are 4 q)oggﬁllﬁ%%/ﬁ%gg%&c?lg%}?@%ﬁ@ﬁse}lﬂm"%ﬂ@’é quantities upon a wafer
substrate and suﬁge useant.I%/1 sliced inpto discrete nagnetic heads 20. One way
to increase the areal” HiIACOseaimalEaYiof ¢ sefond preferrbdcinsodibzent 5f 4 Rad VRN
the track W'dcm gf the data tracks witten on the hard di sk, such that nore
tracks per THERagRAtiopef yyriagnetin head afitte miéssi inveatiw:i t e data iii narrower
tracks it is fi\rlﬁs.t rﬁn‘eces_zary to develop the wite head conponents of
magneti ¢ heads WigH & anside craerseetidrial €Bwtdrackui : ondi ng it is
al so necessary to devel op read head’ conponemg%gnggg{?gﬁ(ﬁ%ﬁl&?fg %é%lﬂ‘éef@@
havi ng nar rrowdd@aépomiumofeemdgdéﬂaﬂea‘&io@&ﬁ resé‘xH%eﬁtti]o%t si de reading from

adj acent data tracks is mnimzed. However, as is’known in the prior art,
and described in detail herebelow, performance |imtations exist with,

regard to the w CDRTWILEDDESCRIPTIONIGY Sk pRRFEROR Hifh6ad head active

conponents of GWR read heads. That 1S, The desrra rties of

the thin filmla&yensisaftop PanaaH .are adversely affected where the
width of the read head |%§e?s isﬂﬁgc é%sgse‘émg%ﬂnbﬁ%éﬂﬁ%ﬁf@&awe@sk Ariver which

art attenplindigi OURIETBLC i pptatian is the electrical |ead overlaid
read head conf iegur at onm% %’i‘? Oll-P Eh R BYEnHen. Hibg hargl diglndriveeh(t incledsra Beghetic

Fig. 2 1S @eg 0SS; sectional. view of a prior art electrical |ead
overlaid r eaealaﬁgé‘ﬁ&%?%g?flsd?fa'ﬁ‘i’lyén%@ﬁé‘tﬁma hotizadspiiile e RUCiRGHdRER kN,
the prior L gﬁad ov&r | aid read head 36 generally includes a substrate
base 42 t hRtORGHEIPHE Bdhinke hard diskidaive 10 Mﬂl\MlhigﬂeﬁiﬁlﬂeaHQG%FH{e(brgﬁﬁqn*‘egﬁo
fabri cat ed@jésusch as alum numtitani umcarbide. A first magnetic shie it}
. ; - . . .

i s fabricatépe Sﬁ’\_ l”f??ea @%%Qndak_mf thrabtuator iafis U6 aA it@Hical H&f@rdisﬁﬁirivwg'n}%alhﬁude
conposed oflgglllit;y;nfg%én@om de, is fabricated upon the magnetic shre o 9eR
seed | ayerP o shi2t that arp ostatable ndditel B&Ehlszf,;gﬁ and eries of
thin filmlayers are sequentially deposi t?g upgn t Eee fs%g%lgpfg aIMSFFW@r m
a GWR r eadartisald. hatingar meineéti®©headd MoNhodgkdd L, a¥er $.,87 € known in the prior art
to fabricate such GWR read heads, a%‘%]l,t dmgrog%ﬁhee(%%t% endkzr}(, the actuator arms. As is

well known to _those skilled in the art, when the hard disk drive 10 is operated, the hard disk 12

rotates upon the spindle 14 and the magnetic head 20 acts as an air bearing slider that is adapted
for flying above the 'surfac_:e of the rotating disk. The slider includes a subsirate base upon Wiﬁch

the various layers and structures that form the magnetic head are fabricated. Such heads are
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26 NO 2003 purposes of the present invention the |ayers generally include
an anti ferromagnetic |ayer 54, a pinned nmagnetic |ayer 58 that is deposited
upon the antiferromagnetic |ayer 54, a spacer |ayer 64 t ) yt ed
upon the pinned magnetic |ayer 58, a free magnetic |ayer tzg mvm _
deposi ted ufglgn the spacer layer 54 and a cap layer 72 that is deposited
upon t he f rfelzicamdnint laegel gyititieB uponl ¥PiwveRE lsMbstrhize j i el o4
may be conposed of Ptclvg}l, qt he pi n}rjled " magnet i ?Pa@gl%%%gil{ggﬂ%gﬁ%tgn%@s?croefe
CoFe, the sfﬁaaécﬂgﬁclge%@go_m may be conposed of  Cu, the free magnetic | ayer 68
may be conposed of CoFe and the cap layer 72 nmay be conposed of Ta.

Fol | ow ng the d%gl%svbgi on of the read head | ayers 54-72, a patterned,
etching process 1% oA FEE U ek dpta storags densi ofa hard disk 2 i80 mfrowike track

| ayers 54-72 remmin, Thereafter, hard bias el enments 88 are deposited on
each side ofidh & tacks wgittomen the hadaliskowiohghdt meorel ks ipti iach &fn Heharithalol
bi as elenments 88, electrical |lead elenents 94 are fabricated on top of the

hard bias dhediskt Jo88riteAdataldpi wireded radlisgit i, firkt'A&kssBAIR 96 iRafls 494
are overlaid on top of outer portion ' 100 of the Iayggs 54-61785 g?e‘tvhg ge%d

central readmp&retsl AAMRIgnERILQAS Wil a ArdSePl Qi | ayer 104, . LS. '
fabricated on top of thge el ectrical 1eads gglttgrpng%lg%&qﬂgy%or ,eslﬁl,glmﬂg’r Fdhetiony
the fabricabiegirfio &veRE e nef i ield.(not shown) d further '
component & TEar o, BSE6 4R HRE BEhb el T oo el Pt 4Bberog mered anivag
a conpl ete Leshead. si.gni fi.cant feature of the prior art |ead

ovérl aid e{%ﬁ%gg‘y‘ﬁ%tgsd S%%‘ ‘ﬁ% l‘g’tréﬁ‘l‘?&\gﬁ‘?‘d‘.dla?“}t Satarieaeky is anipignizgdo Howkver s is
central Iaégr regi.on 80 which substantially defines the track reading width
“woof the r 83 hELPeaprigrant pad desnribed ity detail derebelows perfoemareadirhieziond ayiet with
regions 80 that is disposed between the inner ends 96 of the electrical

| eads 94. Tigard todhe widdunefdhe tirefiled leyrs thetaform therredit hehll aMve lobriy Htstoh@m@éﬁd
head | ayers between the electrical |eads 94, the active portion 84 of the
read head header Shat dsypthe slesirableemugr@ti pyspeRicyRE fhe: e Al e&d@ frealiNE
electrical |eads 94. The outer 6 28 ﬁ%?/l 2003 portilongﬁ’%ﬁo o} et%gago}rleggaare
head | ayer ad®issRogReted ¥Rt He WiBh BF Ble! & Tnd 98 the el.ectricg

| eads 94 are sonewhat passive in that e dcej%éta?il gﬁsqgggcrr%aﬁ?&%%?wgﬁal{ll‘@ue& A
el ectri cal pligafcathptRESveliBie BES t he si gni f.i.cant oblemw th
the prior Brt lead overla d'read Heagﬁjgnlﬁéepelcc C%@eaidn‘g’ﬁlﬂflr gihgg)‘{?f’élﬁgwﬁ%m
magnet i zat {Qsiglo; . rtions..100 of the free | ayer 68 beneath the

el ectrical egggplgtggl SM 'ﬁi'étag(ﬁ?eéagﬁﬁnk?abj ect to unwanted nmagnetic field
fluctuations. di éi.onalgjgy, si de reading_effects from adjacent data tracks
as wel | as magnefi ¢ thdise §Fesssreignal 3sw, of aerignar eleetripdrleddomerladreat héadess
free layer 68 beneath the electrical lead ends 96. It is an object of the
present i nR¥HT 6h 2 tBagnetbhheadz40. tAredepigiere therirf, itled prief art ad fovertaill ayQY hda d6he
passive outer areas 100 beneath the electrical |eads, to reduce the

magnet i ¢ nginswllyinglideea sitdtate bawi42ghafchetitges the mbiefislt frddk MhRb B mIRRNELLS
head 110, which is suitable for use as the magnetic head 20 of FiIg. 1;

havi ng a |sdebriveted, il as slashitveatadid @fbiddIA BES8Hetb 14490 gl 6P hed
in Fig. 3. As depicted therein, the reaél head 8120@6%?1’&%354429&%0%%811hgad

thin. fil ubbtengnind 38 inf&tWe Idyedss, ety ; lenent s 88, . The .
signi fcant feature of. the read héad 120 &Eﬁossg(%ﬁgal a ru‘lt.nc%)flﬁi%rﬂs.@g”%ﬁﬁed upon

ddi ti onal g,g i iy A Ly 128 t ' ited on top of th
nard bi as o Subris Bt 24 STl kTRl peoh b S8 lors 4ecpan semw of

ext ends O\r/r@r {.he1 out er é)orti,ons 100 of the layers that conprise the read
head. el engift H8baYsrs afegequasiialyedaparited mperel theesaed tepey, 48 thdfommn g raMIR eedddend. A 28

is deposited on top of the outer portions 100 of the tantalum cap |ayer 72,
and di r ect e of thipfilst layere ardgoren incthéprict altita fabeibaeranh &MiBread Rends) 441 i €/

| eads 94 are thereafter fabricated on top of the magnetic .layer 128. In a
preferred fabrication nethod, the electrical |lead mask that is utilized to
fabricate the electrical leads 94 is first used to fabricate the nagnetic

| ayer 128 and then used to fabricate theSelectrical leads 94. In the
preferred enbodi nent, the nmagnetic layer |28 is conposed of the sanme CoPtCr
material that is utilized to fabricate the hard bias elenments 88, and where
the 7 26 NOV 2003 hard bias el enents 88 may have a thickness of

approxi mately 200-300 A, the magnetic layer 128 is fabricated with a _

t hi ckness of approximately 50 A, which is conparable to the thickness of
the free layer 68. As wll be understood by those skilled in the art,
following the magnetic field initialization of the hard bias el enents 88,
the magnetic field of the hard bias elements 838 will create correspondi ng
magnetic fields within the magnetic |ayer |28. Furthernore, because the

o A NN Y e - - A NSt L T o "



Fig. 4 is a side cross-sectional view depicting another preferred
enbodi nent of the present invention. As depicted therein, the nmagnetic head

140, which is suitable for use as the magnetic head - 20 02 ilh?oyl
i ncl udes an unproved GVWR read head el enent 142 having a pl &ral ZDUShi n
filmlayers 54-72 as descri bed hereabove. Significantly, the tantalum cap

| ayer 72 hapurbeses of tiehseseaivayetidntthe 196k eneath the el ectrical
| ead ends 96, such that the upper1 sura?ac?eg‘?&ﬁﬁgwﬂ]rggggla&@m@gg?@"el%’ﬁbéé»da
in the passhyfed S 0. ereafter, a nagnetic |layer 148 which. is 8
26 NOV 2oo3b S 1?3%&3?%1;1} %es 8&&%&%???83’?%9 1lygang?eqoﬁ@%@ Aester 84 trespdoet layei 64
deposi t ed. @i tgnip({?i catnéjlé, in the magnetic head enbodi nent 140, the magnetic
| ayer 148 i S¥G&FERONEY U tetinned magagficolyer 198, pdiss magnetiet leyer 68CthaE tdepdiged
100 of the free layer 68. That is, in conparison with the enbodi ment 110
depi cted i niieRghe spacerlayes iemmdpoeapilayes 7afthithe demisital wsonCRe fle@¥Blmel 18 680!
i nt er posed 1t\)}j;);tiween t he- magnetic layer 148 and the free | ayer 58. Thus the
magnet i ¢ | alprcalli8he antidepasighaid 1gier SCinhy bO&m 3R PHNE. | i.as _el.enent
88 and on top of the outer portions 1®yof thlje6 free |ay@§5%§_pd%§g%%ﬁg

nder st ood H E&m i i t nagnet | pelds within the
lSassi ve o-utlee#/y port i 8%@1&6%% g?’lﬂ'gb h%gﬁ gaggri%ylgas' t@f@g{ﬂpf’ﬁleﬁtﬁ’gbﬁﬂg‘éﬁ\é\% %éﬂgpyy lagerfiged

by the nmagngly i LRl n .t he netjc |layer 148 than they would be in
t he magnet'i c }Jhgeéaggln?&%ﬁg\ggg’%aéﬁ4;‘?1”%?%@&m‘ﬁh mposrdatde. 140 depicted in
Fig. 4 is ther e]kxé e an 1l_lr’ré)r ovenent qun t he enbodi nent 110 depicted in Fig..
3, in that the B?u‘é‘t“gé % FBpgonplithe FMRsad hendiloysrsoin-2, apmtteined) etBig @fockdie
flee | ayer .are nore effectively pinned, such that noise and side reading is
“still furt HePondusted seph trtt ondihesnirel regioho 80 nfthe lofers 34972 RRSE MhetcRNE Nhdr@Dids S
depicted in Fig. 8l58 and next described. Fig. 5 is a side cross-sectional
view of a relegeatsi&8 dredepotib@ mf eatihsid LGB BéntiaDMRBhE 80 MGl Syl gl e
.for use as the. magnetic head 20 of Fig. 1. Asiégdepi cted ﬁﬁlgr@fﬁ%p%?%@no fhe
magnet i ¢ héanl HfclérnaiI8E SlcairielReddeadndgsh 4 haying a plurality
of thin filmlayers 54-72 as described her eglég@gi.@&t%d;%"?h*él?%&aﬁ’ E’@ﬁ?lemﬁs
depi ct ed | 188FA@depfoted A& LYt } f g tant gl . ym cap | ayer. 72 have
been et ched away ,p%s%ch tI%af &?ﬁreéﬁé%a%é?%%e%&as %Iaéey‘év ﬁ?‘g °P§°H‘Efr°ﬁéﬂp?rﬁ01}3h]é)0 of

acti've regigpn &or sagl.head 164.. Foll owi ng the fabri-cation of the hard
bi as el enents 88 gb?]izr St ?ﬁ?%rafl P g dpver gegions $le o spaoed ingwation Heyehdod is

bi as | ayer . | as op.the passjve outer portion 100 of the free |ayer
68. Int hefag)?lg%l){g&r ro%g()peﬂgglﬁieﬁeéﬁf?l {.ei“ff'eg‘l A can lapsr) By delloved bysthe datpiostish 6ff o
rut heni um and CFas a thjckness of approximtely 8 A Follow ng the

deposi t i on>%PPe Waenete saigid (rotphown)mnsdu o 0dnpayats tHbb Greavabkaeh tbihdde Liilig

| ayer 170 |s deposited. The layer |70 is preferably conposed of a nmagnetic
mat eri al siicthe &% foxfbsicatingts campletrredgneti¢ liadkness that i s substantially equal
to and pref e_rabllﬁy a bit less than the magnetic thickness of the free | ayer
68. Were the fAes@nifystrfedias oftherick e fad 8le i 38 YeliclN €, HAYSL
170 may al so have a thickness of_mgpproxi mat élﬁgptglgkA l?éagx,ig'?%e?lﬁtgggf llgeffffe

under st oodthbtit pbitien NF i ckaye [alyér719%il>% g@?{}h&ch%h&%rh%lw ﬁ?‘ﬁ%lﬁ ;ﬁ% rﬁq%;;;%ﬁm%é‘%ﬁhav €

outer portion 100 of the free laye roug

Ther eaf t erw opagvedd | L. i netically initjalized it bets
t he magnet‘iwz ation o{?eatEl ﬁgqsﬁ)g{se ;%?1\1/%&@%5?18? §€)8 ecf?f'éﬁfﬁ‘é){adf’r fegieng BQ that iydisposhde

to the anty co png.of the ghetic layer 170 with the free |ayer
68 and t he&?‘ﬂ%@r‘n‘% %Lr%lerl %{’?g% fgg“ele!f(?&i“%‘%‘?ﬁ@%%‘%@ﬁ%%ﬁ% efericarauerent @dws
read head enbodi nent of the present invention, the pinned,. nmagnetic |ayer
58 may conSioUgh fe readrhead layiers hetween the plegtrival Rodied4, drechetitepditi 8 NBIRS ek Ehdady €7
68 nmay consist t, of two sublayers CoFe/N Fe. As with the preceding '

pref er r ed layeBoeemnsises the1widine Het@een, the hemeregiiedd 6f (heathokBQ l%aékdé'zgeﬁlero uced
noi se and reduced side reading fromthe passive outer portions 100 of e
free layer 68. Thus the read track width w can be effectively reduced
utilizing the electrical |ead overlaid concept, anid the magnetic noi se and
side reading can be |ikew se reduced by @nti-parallel coupling of the
magnetic field in the passive outer portions 100 of the free |ayer beneath
the electrical lead ends 96. Fig. 6 is yet another enbodi ment of a magnetic
head 180 of the present invention as applied to a dual anti-parallel pinned
GWR head with overlaid | eads, and which is also suitable for use as a

- magnetic head . 20 depicted iii Fig. 1. As.. depicted therein, the dual
anti-parallel pinned GVWR nagnetic read head 180 includes a seed | ayer 48
upon which a first antiferromagnetic |layer 54 is fornmed, followed by a

pi nned. magnetic | ayer 58, a spacer |layer 64 and a free |ayer 68. These 10




26 NOV 2003 | ayers are fabricated in the full wdth of the read head

el ement descri bed above with-regard to Figs. 2, 3, 4 and 5. Thereafter, a
further series of layers is fabricated, including a second spacer |ayer
184, a second pinned |ayer 188 and a second antiferronmagngt (898,
followed by a tantalumcap |layer 204. In the preferred engoﬁdiq\lrrgﬁg?ﬂt he

second spacer,.|l a 4 is conposed. of cqpper, the second pinned | ayer 188
i s conposed ogtfonéﬁﬁg °§ﬁ18 r’?zﬁjeheé%ﬁrd pyefenesihba overteid mper endg 86 iof thecalgetmeld
of PtMh. The |ayers 184, 188, 198 and 204 are first pattern etched with the
| ayers 54- deads (?%t?ﬁ% sqnpgwhafipepsive df thaheleotaeadl ctweend bbtawer the Slkctribhicle Rl ¢ iedSiot
el enent | ayers 88 are then fabricated up to the thickness of the free |ayer

68. Ther eafpiey thrdugh theppey sipafiensprbBémaPHh Ge Bribddd RidowrNshghd 1%;{1/ he d%%t&ll’ §1

read head el ement width w. Thereafter, a thin filmruthenium er

deposi ted upe i gt BRI Ha Rledsib sk - I 6 was done. W t
enmbodi nent 1%0 'ldepi cted in Filgl. 5 %ﬁﬁe@éggﬂ% gggoﬂﬁéfgég %\V/%f,a"%alﬁaeﬂéh ﬁ’ﬁgj’?‘f’éﬁ"@
| ayer 218 i 08 he. rutheni um | ayer ich is substantially
i denti cal tl%d? ﬁ}é ?Sra%lnga[b?égglpdaélhel?ecf 740 uBgﬁ'i’tE‘Ené’E]agizitf éﬁg.%uﬁmfﬁneﬁddé%?m}bééﬂe
her eabove. There terfr electrical |eads 94 are deposited on top of the ’
magnet i c | ASASexpliects; from pdjaceny dafgetracks @R rieallsamagspie moisayie cseated G- thO asshe
wi Il be understood by those skilled in the art, the magnetic head- 180 wll
possess t h@ortieps d¥eef the diealayercefichenentip thepsctricebleaf endis @b, PiguiLebjb e the @Ment
heads. Additionally, the head 180 possesses reduced noi se and side réadi ng

char act er i stventordtoatabilizt e Rapntticofldb thé FEOERr iNGhe Bhssha@uRRSShY
portions 100 of the free |ayer 68 through tﬁ? rut hgnsisum PayerélSZi:ELt)(S)ot%éggdgﬂhéhe

o magnetic | ajeetrical18ads) th r&Rbe e WaPfotd REEE %oﬁ(ﬂgsihpﬁeﬁdiﬁg §Ilﬁ%ps' ficant feature of

the present invention is the pinning of the passive“outer. portions 100 of
the free layer @8gkhats ' neath .the averlaid electrical |ead
ends 96. Thus, the p@gggg(?nﬁ%@egg?l ?zglnﬂﬁ)s%i&r? éshﬁgt&glﬁ °ra‘f§BIa§/§ted'.“%%‘F?‘%E"s“dt2)%?§s
and confi gyt atyi ens_of read heads .that include various nunbers and,types
of thin fi F?ﬁ?ﬂa@%rsgtao‘%."veﬁ?g fﬂ@‘%dggﬁf & Jeseptisvensien iy depicted igFig. 3. As
characteri at i.cs for lead overlaid configurations. Therefore, while. the
present i ndENEPGHerLy trdesd kead W0 akideres@MRiyeat! hoad Fhin Slyaelément 89gas wilhas the
preferred enmbodi nents, it will be understood that those skilled in the art -
will no dob#fd Bias eleasnisct® dha sidnifisantt feames efthe meall héadali0oRstht HalirehGonVbi 6
neverthel'ess include the true spirit and scope of the invention. It is
t her ef or e pddiGondbuhagiwesic thihdilh ddybiold8iat ¢4 ddposited O edp ¢Flle 154G Biad bleRlbAt BANS,ANT
nmodi fications. 12 ' ’

that an inner portion 130 of the layer 128 extends over the outer portions 100 of the layers that

comprise tﬁe read head element 80. In this preferred embodiment 120, the magnetib layer 128 is
deposited on top of the outer portions 100 of the tantalum cép iayer 72, and directly oﬁ top éf the

- magnetic hard bias elements 88. The electrical Ieaas 94 are thereafter fabricated. on top of thé
magnetic layer 128. In a prcfengd fabﬁcation method, the electrical lead mask that is utilized to
fabricate the electrical leads 94 is first used to fabricate the magnetic layer 128 and then used to
fabricate the electrical leads 94. In the preferred émi)odirnent, the magnetic layer 1;'28 is composed

of the same CoPtCr material that is utilized to fabricate the hard bias elements 88, and where the



- 13 - 26 Nov 2003 CLAIMS | claim 1. A magnetic head having an el ectrical
| ead overlaid read head configuration, conprising: a free magnetic |ayer,
i ncl udi ng passive regions thereof that are di sposed beneath overl aid

portions of read head electrical leads; a thin film magyeti bei ng
di sposed above said passive regions of said free magnegz]g @Wﬁﬂad
bet ween saj d passive.regions of said free nmagnetic |ayer and said overlaid

portions oharddiag elsmentsr§mby havadshickees of approxingtely a9®B00 & ﬂie%ﬂ&ﬁl&‘?c lgﬁrtl%’
of said passive regions of said free magnetic layer, and said thin m

magneti ¢ | ayatricated itNOHRANES of Apbr&fimaRivhoCAPAAY &6 enein a har
bias el enent is fabricated at aﬁﬂ)end portyqsi on’p\()g aggicgn&?%gmn%gﬁetﬁcgnqsﬁﬂ e
and wher ei ﬂequygrgg_ns of said thin filmnagnetic |ayer are also fabricated
on top of said hard bias elenment. 2. A magnetic head as described in claim

1 wherein said ic Jlayer,.is cO sed of Ni Fe and has a thickness that
i s approxi mat el‘gsaglaﬁﬁﬁ u dlﬁrsﬁ’ofiwz}l?ﬁ%ggﬁ)@fmélﬁ at, follewingethemagretic fiyldrinitializafion
magneti ¢ head as described in claim1 wherein said read head includes a
first magnetihedtary bpsnelementayi8; theambgnesivc fisdhoénhd ayer bidi SRosas BOME Said
first magnetically pinned | ayer, said free nmagnetic |ayer disposed above

said fir st costespeding aysanetia fiskde avithis HRCRbgretY edyed i1 39 A8 RARRY ebegzﬁisg L{ug Ger
magnetic |layer, and a second magnetically pinned | ayer di spdsed above said

FEad neat conmt Dot on- ey o 2l AR A ek
head o cetn o | eoaen ¥ Sqps RGOl B3 H: BRERIHo B e frsgnler ob. bayersnbis ng
- di'sposed a9y &3 thPASS PSrtion 4587 & magnetic layer 1 28 ‘will become magnetostatically
' <=>oupled to the outer portion 100 of the free layer thfoﬂgh the tantalum cap layer 72. This provides
a pinning effect upon the mdgnetic ﬁelds within the outer portion 106 of the free layer, becalj_ée it
* raises the coercivity of the free layer w1ﬂ1m the outer region 100. Where the magnetizatiof{ =of the
ﬁéq' layer within the oqter portion lOO 1s pinned, the possibility of side reading is dMsl1ed and
noise is reduced. Thus the magnetic head 110 provides improved characteristics over the prior art
lead overlaid magnetic head 40 depicted in Fig. 2. A.fuﬂher improvement in the present. iﬁvention
is next described vﬁth the aid of Fig, 4.
Flg 4 is a side cross-sectional view depicting another preferred embodiment of the present
- invention. As depicted therein, the magnetic head 140, which is suitable for usé as the inaghetic
| ~ head 20 of Fig. 1, includes an improved GMR read head elemellf 142 having a‘ plurality of tlﬁn
film layers 54-72 as described hereabove. Signjﬁcantly, the tantalum cab layer 72 has been etched

away in the outer areas 100 beneath the electrical lead ends 96, such that the upper surface of the

free lqyer 68 is exposed in the passive regions 100. Thereﬁfter, a magnetic layer 148 which is



said free magnetic |ayer, and between said passive regions of said free
magneti c | ayer and said overlaid portions of said electrical |eads; wherein
said thi.n filmnagnetic |ayer is disposed on top of said passive regions of
said free magnetic layer; and wherein a hard bias el ementZifs N@Vrﬂﬁgged at
an end portion of said free magnetic |ayer, and wherein portions of said

thin film nmg i r I fabricated on top of said hard bias
BRE 16 thed G éeglaqaas%r ég% c??i%?fe

element. S. A magnetic tagnstie hgadyl whdepesited aSighif@RIyUM the
|

| ayer is fag{ai gal Efd é)et n said hard bias element and said thin film
magnetic | ayep o 2o ?fﬂ%ﬁ@ 4@ He maguitis dayebbi® ii depobitddBirectWG! ) Br £ 15k
magneti c Ia;f@r ia%acorrposed of Ni Fe and has a thickness that i s passive
appr oxi mat ePYegfifaportions 1@t thades lafer 581 ULdirige do§ r. 7. A
magnetic hegd.as described in claimb wherein ’sgir%%grtég nh‘%@ﬁ%en@@égﬁmé 110
first magnedépecied i Rigriahk b@ddortichs fof frat er kayer, di sposed above said
first magnetically pinned | ayer, sai d frt%argﬁﬁ%gcﬁ%halygr f%%mﬂmﬁaﬁw@ﬂbmmm
said first spaeet ldyay I8 and (BEGEN r layer disposed above said free
magneti c | ayer, andc}i, a second n%&g)ee? .ngﬁ}“s} &tﬁyrﬂ‘?‘%’ﬂth yRsrl 48lissiepesitld divestly cnabys!
second spacgrihd f%8 "% A etic head as described in claim®6 wherein
sai d magnet i ol aygrb lﬁsgeie(%eﬁp%adld&“ IRp F@ﬂlal‘?ﬁtehwlmstllﬁ)l)@hiﬂﬁ%qu@; 68.5As will b
appr oxi mat edn\é r%%ugh to a thickness of said free nagnetic layer. 9. A Rar &
di sk drive Tnaruaf /Y theseraighed indheadhhomagmec fielde agthovieE bﬂs@e%ﬁéppé}gaﬁié%q "
Y S

confi gurat éﬁé\ conprisin a free magnetic layer, including pass

thereof th %?eelai{ﬁréﬁo%gémmhglppﬁmcab D ALabh -ead. head el ectrij cal
leads; -15 - 26 NOV 2003 a thin film na}gtrlllet ia%hl g?)iglﬁag ‘@b"fétlglrlllgh%ﬁn@%&é&}’%kﬂ@e

~sai d passi Veanrthgl wod b irsthie thdgh@R HERINRS ik A ngd between sai d passive
regions of said free magnetic |ayer and S%il o@gﬁgi ﬁ‘ep‘iﬁ‘?btofiﬁ‘?@t &40 depiiated in
el ectri cal Pigats; thekereian ipfABmbd i | sed on top of said passive
regi ons of said free magnet o Iaye)r"f,i)%lélr%%e g%?%{)@?ﬂtnngi4eﬁ1°F'PdglheEig.c3,l aythst ihs
di sposed omagaRiceldakthil AR r..and wherein a hard bias elenment is,
f-abri cated at an end porti or{lag%{ges%ult%ppfbé’é lﬁﬁé’ﬁglei%eﬂ%’yﬂaamnmav@av@}}ﬁnmd,
portions ofyal AR AN! netic |layer are also fabricated on top of
sai d hard bi as %ﬂ{e"%\%n ', realye s Pl ot rocvech S ettt beBodifhef GHHY resent
wher ei n ,sa'[nlqenr{% neﬁtii C Id;}/ler_ i s conposed of Ni Fe and has a thickness that i
approxi mat el'y egd%l CHYedn g Sland sext descgbedd free nmagnetic | ayer.

(7))

Fig. 5 is a side cross-sectional view of a magnetic head 160 of the present invention which
is also suitable for use as the magneﬁc head 20 of Fig. 1. As depicted therein, the magnetic head
160 includes a GMR read head element 164 having a plilrality of thin film layers 54-72 as
descn'bed hereabove. As with embodiment 140 -depicted in Fig. 4, the outer portions of the

tantalum cap layer 72 have been etched away, such that the tantalum cap layer 72 is formed in the

active region of the read head 164. Following the fabrication of the hard bias eléments 88 a first
thin ﬁlm layer 166 is deposited upon the hard bias layer as well as on the passive outer.portion
 100 of the free layer. 68. In the prefexred embodiment, -the thin film layer 166 is cdmposed of

- ruthenium and has a thickness of approximately 8 A. Following the deposition of the ruthenium



11. A hard disk drive as described in claim9 wherein said read head
includes a first magnetically pinned |ayer, a first spacer |ayer disposed
above said first magnetically pinned |ayer, said free nagnetic | ayer

di sposed above said . first spacer |ayer, a second spacz pﬁégfmggosed
above said free magnetic |ayer, and a second nagneti cal JBJQ

di sposed above said second spacer layer. 12. A hard disk drive including a

nmagneti c hﬁ?éil lrEGVd §¥dort hﬁ@ﬁhﬂ‘fe{%} (s’ & 1t9@aﬂ1eq ; Iggqf‘hﬂegﬁgg}g%ﬁé B%dse ;4

free magnetic ayer I ncl udlng paSS|ve egions t reo
beneat h overla rtlon ead el _ a |l eads; a thin fi
magnet i ¢ | 45&4° f) ‘alacljlsg b %3’\’/' aséﬂaﬁn‘%ﬁstéﬁc sg dht dﬁéu%fm@%\uydeqqaéé" and

magnetic |ayer, and between said passive regions of said free magnetic
| ayer and Braferrblyvapitdese thasrthe sgnesic thiskngseofabe fiee lyer G8a Wherhthedien laai basthi n
filmmagnetic |ayer is di sposed on top of said passive regions of said free

nmagnet i c | thjokness afigbprdwimetely 58 Athedayer EX) rRdyeiieditavé 5 tHickeds GREgHodhaRly 5N It
portion of said free magnetic |ayer, and wherein portions of said thin film

magnet i ¢ | @jiEtheRfde Bt SAAID Gt B8 NI o 196 i Altdpdrale § | 6-
Te NGy S008 gheRiR B SRIAN Gl AN biR 10 Al pdAld ik 8 ﬂ?&“’“‘l&

rut heni um r id t.hin
filmmagne }!t)(?bé&[ 5‘2/02?5@?‘3 Q%S:E,dsrggﬁ}d}ﬂgﬁ%&l nggrg l%leegé?‘?b@ nerc’fvaf’l}ﬁhfi %@?el n
said magnetic .| ayer sed. of N Fe and has thlckness that is

appr oxi mat &Y & t’t"%l W%ﬁéﬁég“és e Wﬁ‘@?‘é’e"f?@ R¥FivE °P‘§&E?ﬂ1°1135100,69fﬁ%ﬁ' d
di sk drive_as descrlbed in claim13 wherein said read head i ncludes a first
magnet i cal frse 1ayes dueito thy anti-paraliel eenpling afthe magnetie layesiswith thb Gee lageri 68 dnidrtlst
magnetically pinned |ayer, said free magnetic |ayer disposed above said
first spacethehsmelayerd 66 éeated ttephetereed. ayer di sposed above said free magnetic
| ayer, and a second negnetically pinned |ayer disposed above said second

spacer |ayer. 16 .a prefoned GUTSlead hbateenftodBRME bf tE Hrebéht Ghvahiidn] the\ YHedeliagniatid
magnetic |ayer is composed of Ni Fe and has a thickness that is

O, B Ay G5 RO By o
of two sublayers CoFe/NiFe. As with the preceding preferred embodunents 110 and 140 the
magnetlc head 160 produces reduced noise and reduced side reading from the passive outer
“portions 100 of the free layer 68. Thus the read track width w can be effectively reduced utilizing
the electrical lead overlaid concept, e;nd the magnetic noise aﬁd side reading can Be likewise
reduced by anti-parallel .coupling of the magnetic field in the passive outer portions 100 of the free
layer beneath the electrical lead ends 96.

Fig. 6 is yet another embodiment of a magnetic head 180 of the present invention as
.applied to a dual anti-paiallel pinned GMR head with overlaid leads, and which is also suitable for
use as a magnetic head.20 depicted in Fig. 1. As.depicted therein, the dual anti-parailel pinned

- GMR magnetic read head 180 includes a seed layer 48 upon which a first antiferromagnetic layer

54 is formed, followed by a pinned magnetic layer 58, a spacer layer 64 and a free layer 68. These

10
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1004 s 10%ORiyérs-54 &E3-td HRHAIDRYidth-of thel réQDAODA oyprs SV 109 element layers 88 are then

| @ 109 ()-yf!10%08& ()-F1. V| @10% & ()-nF @ 10% & () - F10% & () - FY

10% & () - a4 Sp to thdifIUsSof (e féee layer 68. Thereafter, the upper layers 184-204 are pattern

etched to the active read head element width w. Thereafter, a thin film ruthenium layer 210 is
deposited upon the hard bias layer 88 and free layer 68, as was done. with embodiment 160
depicted in Fig. 5 and described hereabove, and a magnetic layer 218 is deposited ui)on" the
 ruthenium layer 210 which is substantially identical to the magnetic layer 170 depicted.i'nr__ Fig. 5
and described hereabove. Thereafter, electrical leéds 94 are deposited on top of the magnetic 'Iéyer
. 218 at least to the thickness of upber layers _184-204. As will be understood by those skilled in the
art, the magnetic.head- 180 will éossess the improved signal reading properties of dual pinned
layér GMR heads. Additionally, the head ‘180 possessés_ reduced noise and side _reading
characteristics due to thé anti-parallel couéling of the péssive outer portions 100 of thé free layer
68 through the ruthenium layer 210 to the magnetic layer 218.
It can now be understooci that a significant feature of tile present invention is the pinning
of thé passivé outer portions 100 of _the free layer 68 that are-dispbsed-beneath the oyerlaid
eleéuical lead ends 96. Thus, the present invention is intendéd to apply té' various fypes and

‘configurations of GMR read heads that include various numbers and types of thin film layers to_

11
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provide improved read head characteristics for lead overlaid configurations. Therefore, while the
present invention has been shown and described witl} regard to certain preferred embodiments, it
will be understood that those skilled in the art will no doubt develop certain alterations and
modifications thereto which nevertheless include the true spirit and scope of the invention. It is

therefore intended that the following claims cover all such alterations and modifications.
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I claim:

A magnetic head having an electrical lead overlaid read head configuration,

comprising:

a free magnetic layer, including passive regions thereof that are

disposed beneath overlaid portions of read head electrical leads;

a thin film magnetic layer being disposed above said passive regions of
said free magnetic layer, and between said passive regions of said free magnetic
layer and said overlaid portions of said electrical leads; wherein a cap layer is
disposed on top of said passive regions of said free magnetic layer, and said thin

film magnetic layer is disposed on top of said cap layer; and

wherein a hard bias element is fabricated at an end portion of said free
magnetic layer, and wherein portions of said thin film magnetic layer are also

fabricated on top of said hard bias element.

A magnetic head as described in claim 1 wherein said magnetic layer is
composed of NiFe and has a thickness that is approximately equal to a thickness

of said free magnetic layer.

A magnetic head as described in claim 1 wherein said read head includes a first
magnetically pinned layer, a first spacer layer disposed above said first
magnetically pinned layer, said free magnetic layer disposed above said first
spacer layer, a second spacer layer disposed above said free magnetic layer, and

a second magnetically pinned layer disposed above said second spacer layer.

A magnetic head having an electrical lead overlaid read head configuration,

comprising:

a free magnetic layer, including passive regions thereof that are

disposed beneath overlaid portions of read head electrical leads;
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a thin film magnetic layer being disposed above said passive regions of

said free magnetic layer, and between said passive regions of said free magnetic
layer and said overlaid portions of said electrical leads; wherein said thin film
magnetic layer is disposed on top of said passive regions of said free magnetic

layer; and

wherein a hard bias element is fabricated at an end portion of said free
magnetic layer, and wherein portions of said thin film magnetic layer are also

fabricated on top of said hard bias element.

5. A magnetic head as described in claim 4 wherein a ruthenium layer is fabricated

between said hard bias element and said thin film magnetic layer.

6. A magnetic head as described in claim 5 wherein said magnetic layer is
composed of NiFe and has a thickness that is approximately equal to a thickness

of said free magnetic layer.

7. A magnetic head as described in claim 5 wherein said read head includes a first
magnetically pinned layer, a first spacer layer disposed above said first
magnetically pinned layer, said free magnetic layer disposed above said first
spacer layer, a second spacer layer disposed above said free magnetic layer, and

a second magnetically pinned layer disposed above said second spacer layer.

8. A magnetic head as described in claim 6 wherein said magnetic layer is
composed of NiFe and has a thickness that is approximately equal to a thickness

of said free magnetic layer.

9. A hard disk drive including a magnetic head having a lead overlaid read head

configuration, comprising:

a free magnetic layer, including passive regions thereof that are

disposed beneath overlaid portions of read head electrical leads;
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said free magnetic layer, and between said passive regions of said free magnetic
layer and said overlaid portions of said electrical leads; wherein a cap layer is
disposed on top of said passive regions of said free magnetic layer, and said thin

film magnetic layer is disposed on top of said cap layer; and

wherein a hard bias element is fabricated at an end portion of said free
magnetic layer, and wherein portions of said thin film magnetic layer are also

fabricated on top of said hard bias element.

10. A hard disk drive as described in claim 9 wherein said magnetic layer is
composed of NiFe and has a thickness that is approximately equal to a thickness

of said free magnetic layer.

11. A hard disk drive as described in claim 9 wherein said read head includes a first
magnetically pinned layer, a first spacer layer disposed above said first
magnetically pinned layer, said free magnetic layer disposed above said. first
spacer layer, a second spacer layer disposed above said free magnetic layer, and

a second magnetically pinned layer disposed above said second spacer layer.

12. A hard disk drive including a magnetic head having a lead overlaid read head

configuration, comprising:

a free magnetic layer, including passive regions thereof that are

disposed beneath overlaid portions of read head electrical leads;

a thin film magnetic layer being disposed above said passive regions of
said free magnetic layer, and between said passive regions of said free magnetic
layer and said overlaid portions of said electrical lead; wherein said thin film
magnetic layer is disposed on top of said passive regions of said free magnetic

layer; and

wherein a hard bias element is fabricated at an end portion of said free
magnetic layer, and wherein portions of said thin film magnetic layer are also

fabricated on top of said hard bias element.
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of said free magnetic layer.

15. A hard disk drive as described in claim 13 wherein said read head includes a first
magnetically pinned layer, a first spacer layer disposed above said first
magnetically pinned layer, said free magnetic layer disposed above said first
spacer layer, a second spacer layer disposed above said free magnetic layer, and

a second magnetically pinned layer disposed above said second spacer layer.

16. A hard disk drive as described in claim 12 wherein said magnetic layer is
composed of NiFe and has a thickness that is approximately equal to a thickness

of said free magnetic layer.



