. e3e<E@a\ CFRC D6DT<E[f: 18 D E C Z002 Specificati on MAGNETI C RECORDI NG
TRANSDUCER W TH ELECTRONI C SHI ELD BACKGROUND OF TI I E | NVENTI ON Field of the
| nvention The present invention relates generally to1ra E&EIZUOZNﬂgnetIC
head assenblies, and nore particularly to devices for shielding and
cancel i ng unmanted el ectromagnetic fields ~ithin such heads. Description of
the Prior Art In a conventional hard-disk drive (HDD) utilizing so-called
MR heads as the recording transducer, Ehe recordi ng head typically uses
different elenents on the head to performthe wite and read operations.
Witing on the hard-disk is typically performed using an inductive witing
head el enent, and reading back fromthe hard-disk is typically perforned
using a read head havi ng a nmagnet orspstificitioa (MR) el ement The inductive
wite head el enment and the MR el enent are specially-nmade structures on the
read/ wite head @OUBIGRECORDINEYRANSHUGPRWHIH ¥igenaorNrustimmpf il ns. The
MR el ement |ayers are typically deposited onto the substrate first, and the
i nductive element |ayers are deposited after the deposition of the MR
element. Significantly, the wite head el ement and the read head el enent

cannot operate at the samy tiepeifd oF MRS RGN the ne~~~-~ma

i we~oe' ~w 4~ |t
Field of the Invention

The present invention relates generally to read/write magnetic head assemblies, and more

particularly to devices for shielding and canceling unwanted electromagnetic fields within such

heads.

Description of the Prior Art

In a conventional hard-disk drive (HDD) utilizing so-called MR heads as the recording
transducer, the recording head typically uses different elements on the head to perform the write and
read operations. Writing on the hard-disk is typically performed using an inductive writing head
element, and reading back from the hard-disk is typically performed using a read head having a
magnetoresistive (MR) element The inductive write head element and the MR element are
specially-made structures on the read/write head consisting of layers of specially-deposited thin
films. The MR element layers are typically deposited onto the substrate first, and the inductive-
element layers are deposited after the deposition of the MR element. Significantly, the write head

element and the read head element cannot operate at the same time due to interference of the
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<+ 18 D E C 2002 2 electromagnetic field generated by the wite signal with
the read-back signal In other prior art devices the Hq? gi ggﬁppnent
| ayers are deposited first and the MR el enent |ayers'a ep ed after
t hem However, interference between the wite signal and the read-back
signal still exists, and these devices also cannot 51111L11talleOL1Sly
wite to and read fromthe disk. There are significant uses mthe industry
for a read/wite head that has the abi%ity to simultaneously wite data to
a disk and read data froma disk. However, prior art read/w~te heads
cannot performthis task due to the wite signal electromagnetic field
interference described above There is therefore a need for a read/wite

head \Ahee»%u%,m%etmém PehefAICEy (B0 w?-lnéjsxh%@-qlnﬂghg 4RELARNI AN R ther prior art
si mul t aneously perfornmed. SUMVARY OF THE | NVENTI ON The present invention ~s

a read/ WE!!:\% hﬁeaﬂdil&{veMelntehﬂgye'rsrgrga%gllte(a gt%nmm'eﬁa fjlr ?&irﬁg\g dE;‘?o?ﬂéd’g
i nformation fron1nagne tic ne i'ncl udes a M[Ite head enment
writing | r mat.i on. ont e [ e r.eadj ng
i nf or mat i gnrq €Il Ich%%evel 111%rf%?elgcebrr€x eH‘ﬁ% v@de g%r{a? {]r%%%gar?gt lfstll?{xdstss ﬁndel d
el enent Hhatdls leg bet ween the Mﬁltg ﬁgd ele t and the read head
el enent . PriRiEfEEE W&QW&%’@”P?%?Q‘@H?EV@ FEIAPHRE B shiel d t he read head
fron1e|ectrona netic field energy created by the MWIte head el enment

reduce the t ot BFeFeeBriGaaY rets @ the edystinier atrﬁ@/‘l”’é‘éd‘e%é@t é‘%ﬂ‘érﬁbﬂi% 0
exposed to during a writing operation. An enhanced second enbodi nent

i ncl udes suprlianeausly iwedg datd to@disk apd e deta frama disk. HHosvsvarerfios pe xdagueree hesds r ead
head el enment ~1'1 18 D E C 2002

cannot perform this task due to the write signal electromagnetic field interference described above
There 1s therefore a need for a read/write head wherein the writing function and reading function

can be simultaneously performed.

SUMMARY OF THE INVENTION

The present invention 1s a read/write head for writing information to magnetic media and
reading information from magnetic media. Itincludesa write head element for writing information
onto magnetic media, a read head element for reading information from the magnetic media, and
an electromagnetic field shield element that is disposed between the write head element and the read
head element. The electromagnetic field shield functions to shield the read head from
electromagnetic field energy created by the write head element to reduce the total electromagnetic
field that the read head element is exposed to during a writing operation. An enhanced second

embodiment includes an electrical circuit element that is disposed proximate the read head element



* 3 THai functions to generate an el ectromagnetic field at the read head
el ement that is generally opposttely directed to the electronagnetlc field
generated by the wite head el ement The nmethod for o lg ZU&%read/mmtte
head in a hard disk drive, includes the steps of MW|t|ng ata onto a hard
di sk and reading data fromthe hard disk sinmultaneously with the data
witing This is acconplished by shielding the read head fromthe
el ectromagnetic field energy generated during the data witing by utilizing
the el ectromagnetic field shield eleneht that is di sposed between the wite
head el ement and the said read head el enent. The electrical circuit el enent
of the second enbodinent is preferably interconnected with the wite head

el ect ri C G gitibns ol gehSraRMAIYARIRGRUO NS BE 9SRAMeall REARE Mt Ih@helae
functlons of witing data and reading data can be simultaneously perforned

IS a”%g{?tghel?q}f@d?écﬁtg%eoéle e ﬂg{eﬁéﬁéﬂj LRYALH b,ORe (vh?cthewéeﬁlexﬁﬁrﬁé’ :pl ol

fleld shi enent shi el ds read ead fromthe el ectronagnetlc

gener at eg, g L ME a8 le8fk 84 e 3d,sksa+ga}ar quaaes%}u %gf@%@ [ B ENEEy Rl L e

read hea rsmnlmzed er a rese
inventio i nterferenc C Ci rc t el emen y
i enoseq st BR waint P r?‘BH‘&“ﬁ‘Z’&b& ity b iRk athie o hé%f?c&ﬁ@ah@f”?
field that jnterferes with an electronag ﬁtlc fleld fromthe wite head
el enent . Dyghipldingdhe ra%*e%ﬁ%%ﬂf%@@a@ it Heldsnargr RnerafRddMiin® he dpg vrame
i nproved read/ wtte head has been devel oped which utilizes existing
manuf act lhyphbzm%tbﬁﬁéqt@@yagnetlcﬁeld'stneldgl thatygdisposed between the write head element

and the said read head element. The electrical circuit element of the second embodiment is
preferably interconnected with the write head electric circuit.

[t is an advantage of the present invention that the functions of writing data and reading data
can be simultaneously performed.

It is another advantage of the present invention that the electromatic field shield element
shields the read head from the electromagnetic field generated by the write head element, such that
signal interference of the read head element is minimized

It is a further advantage of the present invention that an interference reduction electrical
circuit element may be disposed proximate the read head element to generate an electromagnetic
field that interferes with an electromagnetic field from the write head element.

It is yet another advantage of the present invention that an improved read/write head has

been developed which utilizes existing manufacturing technology.
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It i¥'s yet a further advantage of the present invention that an inproved
slider” having the tnproved read/ wite head di sposed,t ,Zdﬂﬁj an

i mproved hard disk drive are nade possible through ﬂﬁgﬁbﬁﬁfi on of the
present invention These and ot her features and advantages of the present
invention m| becone fully understood upon reading the follow ng detail ed
description of the preferred enbodi nents which nmakes reference to the
several figures of the drawi ngs BRI EF DESCRI PTION OF THE DRAWNGS Fig. | is
a perspective view of a typical hard dfsk drive slider having a read/wite
head of the present invention disposed on a rearward surface thereof; Fig.
2 is a cross-sectional view of a read/wite head according to a first
enbodi ment  of 1¢{R€.{f RIGALadyAUBRLIFM® pbheMvaliRAGndi N8R pRved AfdeFhfinglthe Fi O-
3 is an elevational view of the read/w~te head depicted in Fig. 1 having
cut - anay I P = L Shegcti i tf [ WL )

depi cted i ﬁr"l%.‘l?g%? v{dt%ﬁeaﬁ&?s@ %%(rj mgh%’?a%dya\ﬁgg‘)st(’?%\%g? 0 ec{ntelg(rg{e eéﬁ)(l}e togg?ﬂg
inventioqmﬁﬁﬁngSUhgnghﬁgﬂg cross-sectional view of a readlwite head
accordi ng PoER €S oTd "t hboaP et "of " the present invention that is simlar
to the view depicted in FLg. 2; 8 DE C.2002 Fig.6 is an eievational
Ve of 't he- ert fshe et FiisS ad afinaes D HesbiBaninry bE b
cut-away portions and being simlar to the view depicted mFig 3, and Fig.
7 ~s a pemngpsepd weonseadinghe followihdptaner descrtiny ddhsi RiesaedPEpfiBeHarhigh
further cut-away portions to better depict the uwention, and being simlar
to t he nmevaktepiferceas tp theppygrad figures of the drawings

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1isaperspective view of a typical hard disk drive slider having a read/write head of the
present invention disposed on a rearward surface thereof;
Fig. 2 is a cross-sectional view of a read/write head according to a first embodiment of the

present nvention, taken along lines 2-2 of Fig. 1;

Fig. 3 is an elevational view of the read/write head depicted in Fig. 1 having cut-away
portions;

Fig. 4 is a perspective view of the read/write head depicted in Fig. 3 with further cut-away
portions to better depict the invention;

Fig. 5 is a side cross-sectional view of a read/write head according to a second embodiment

of the present invention that is similar to the view depicted in Fig. 2;



“ 18 D E C 200 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS In this

mvent ~on, a nmagnetic recordi ng head with novel, advantageous structural
features is described A first s~gni ~cant feature ~s1“¥ﬂjglgﬁmﬂﬁﬂcnve wite
head is deposited first onto the substrate, and the IS
deposited after the deposition of the nductne element. Wen this type of
head is used in a hard disk drive, the witten area of the hard-disk will
pass underneath the read head inmedi ately after passing under the wite
head, thereby facilitating al most nnnediate read-after wite This i mediate
read-after-wite can offer significant advantages in magnetic recording
systens Secondly, a wite/read electromagnetic field shield layer is

deposi ted aft efg tdhe afleROfiohiiGvObf thEmbatAmeli of eneedd/Rrild@est dpetibiehane st he
deposi tion of t%e MR read head. Wth this shield layer, the recording wite

head can wridd. RRi8, ﬂol?t‘?onlgﬁﬁcgngﬁlgaéfmﬁﬂ%Hﬁ‘zx‘/ié\ﬁierpﬁ‘?&l Peads; cap read back from
the hard di sk sinmultaneously. I's simultaneous wite/read capability is
very useful dugj G E rdi ngy. . hi cdl f g ‘
interference ?@?Qg%ﬁag g&hﬁﬂ%gﬂﬂggﬁ&gﬁﬁﬁgh%gﬁg%ﬁkﬁgﬁﬁg%Q%LW%@gyﬁgPéﬁgg
reduction_electrical circuit elenment,can b eposited on top.of the read
noad af tePotis ' LER AEhG Bl G pTat reR R BBt Rl g e ent i s
al so passed through the interference reduction el enent, the net

el ectromagnetic field generated fromthe wite head and the interference
reduction element is significantly reduced at the MR el enent of the read
head. The inductive wite head structure and the MR read head structure, as
wel | as the manufacturing processes of these two structures is simlar to

t he conventional nmanufacturing processes for read/wite heads. The detail ed
features of the invention are next discussed. 18 D E C 2002 As depicted
in Fig 1, the read/wite head 10 of the present invention ~s di sposed on
the rearward surface 14 of a typical slider 18. As is known mthe prior

art, such sliders 18 are typically designed to fly above the surface of a
hard di sk 22 which rotates mthe dtrect~on of arrow 26 fromthe | eading
surface 30 of the slider 18 towards the rearward surface 14. Fly hei ght
tends to decrease with increasing recording density requirenents;

therefore, near-contact and contact recording are being explored for future
application ~n disk drives The present invention can al so be used
beneficially in drives using near contact and contact recording, since the
benefits obtai ned are not dependent on flying height. The novel features of
t he present invention are best understood in conjunction with Figs. 2, 3
and 4 as are next discussed. Fig. 2 is a side cross-sectional view of the
read/ wite head 10 taken along lines 2-2 of Fig. 1, Fig. 3 is an

el evational view of the readlwite head 10 having cut-away portions to
depict the
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i nternal conponents thereof, and Fig. 4 is a perspective view of the
read/wite head 10 having cut away portions to better depict the conponents
of the present invention. As depicted in Figs. 2, 3 il he read/ wite
head 10 generally includes an inductive wite head 40?2% E ned on the
rearward surface 14 of the slider 18, an el ectromagnetic fleld s ield 44
that is formed on the outward side of the wite head 40, and a

magnet oresi stive (MR) read head 48 that is forned on the outward si de of
the el ectromagnetic field shield 44. EBach of the elenents is next discussed
in detail. 18 D E C 2002 The wite head 40 includes a first pole 60 piece
that is fornmed on the rearward surface 14 of the slider 18. The various

el ements of theppqadi whi HESORAGTHN SFer IR PRFAERIOES ENisbDIVRSIhM film
deposition techniques that are well known in the sem conductor processing

mdustr~~, andy I [ t we
component s of {harf ity @*h?é{*sf’i‘* Sl P, hELL AR HERR M AICHD no&q to
head 40 IS 767 N8 eham et SR sﬁ*‘;‘ B b e el P Bl ge
narrow | ower sect ter nat ower..end . in a rel at

nar r ow pote Bt a’éii)t 1 Nﬁﬁ??g cgl(}??%tre ﬁteér\lée C{ep%%t 19n QT He 1pguetty ﬂ%‘Pe%nh&y BB~ o
the first poIe jece 60 to the upper end 90 of econd, pol e piece 94 The
second pdfs W@EB@M fsgd Hemisr hgipk drrvsy the WrivtEn 41¢q ﬁé %‘eﬁ@delﬁyﬂbpaéeuqdﬁee?tbr st
pol e piece 60; that is, it has an enlarged upper end 90 and a narrowed

| over endhosadibrad immedniehafterpassingandertieoviiphiad. thepbydaci huungrmastinaediate00.
The width 100 of the second pole tip 98 need not be the sanme as the w dth
of the firead-afpslvantei ﬁheommdmm readhaftagapitd 0ap ffer fseamificgnbedvariages tih enageaner
tips 80 and 98 of the first and second pol e pieces respectively by a gap

f orm ng peewding OB tdhor Fechbndly, 4 Watefyeddeeldcirpm8gnené field ehifidigyter pakpospedafer 68. The
width (W of the gap form ng piece 108 deterntnes the width of the data

W iting tdepoditiontof therohdadtive writohdad 22@béfereuthé ddppadon of the MR wad haadniigriethisc
field that is focused by the pole pieces 60 and 94. The induction coil 120
has a gershield layercihe ¢etosding wipie hadd Gihapie @ndlthe hafdaliskedld WictVR keddead dahRead
portions 124 that pass between the pole pieces 60 and 94, and upper turn
portions HakR flohaihe pagisdisddidukeoldslyt MEhipahaltficeaesrieQeacpiility TOvey avdfee

el ectrical power to the induction coil 120, a first electrical lead 134 is
engaged tQurag nigh@lc redvildiAd STIfdly, RefusRdrlredlidtha ikrfer&nc€ Bitdled tREWiteGhd drad
18 D E C 2002 9 144 is engaged to an inner end 148 of the induction coi

120. The {hBidadhidd dd indABOSdekidBti o @RI o mult@ehémmdé;h@&edfdm? dflae réQad
144 may include the formation of mas 152 to direct the | ead 144 out of the

pl ane of {ha ahBdHECThPREal QédosikidRisFeht P WRRGShd WEMuREMNT alR) Skl tF&Igh the
connection termnals 156. Inductive witing heads are known in the prior

art to hafﬁ?er&%?@&d@&gnéleﬁﬁﬁt fBak e@cfrf)r%gn@:ﬁ@ﬂ‘@l& g@leﬁf@?mg%&fhew dnh?nehead
40 descri bed herein, and the present 1nvention is intended to not be

| d

e AR OGS %ﬁ"g‘fﬁg‘%@{%‘? kil SROAMIR B u@reddiRad DS
h | f h d

the electy 3matg/net | C I t‘;truchur!:e géhe ead ds%wat%%(et ag %Hsasttﬁe m?xnuéi(g?mlrg

outward si £ e ww general Ircu

shape in order to.provide a shield gener.a ,

i nduct i onp’&?S?slsesl‘QfO&e%?ntdvot Wemtél‘feérfétsepﬁ%fm qﬁe PR °8alylzi’a?‘£fa ElerH’@rl?{P?eﬁseét % east
as large as he d| nmet er ofg%he |nd ti.on coil 120.. The shield 44 is

di sposed BRfNEERh ec & Hsiqetaq! fe&WEFStO eNRYCPUN A RS dises&dch that the MR read
head 48 is shielded fromthe el ectronagnetic field of the induction coi

120. Conceivably, the shield diameter could be |l ess than the di aneter of

t he induction coil where effective shielding is 18 D E C z002
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to still maintained; futrthernov e, whet a the shape of the induction coi
i's other than a genes ally cu culai shape, the shield nm| advantageously,

al though Il ot necessarily, adopt the same shape as the,i i oi |
Basically, the shape of the slueld 44 is a secondary ctiﬁﬁﬁgtgﬁﬁgﬁ toits
p~ imary i ole of pi oviding an effective elecrlomgneUc field slueld for
the |l ead head 48. A |lower portion 158 of the shield 44 preferably extends
between the mate head pole tip 98 and the MR read head, to shield die M
read head fiomthe intense el echomagnefic field at the wite head gap |04
The el ectromagnetic field sltield 44 is preferably conposed of a

non- magneric, electrically conductive material, such as copper or gold,

al t hough ot her, i 11-1Y I | t - i rosion p
bl oms. paui oS by TP B PA 1f e AR i B R RO AP

t hi ckness _of insul at.or terial 0,is, formed across the l.o end 166 of
the st ertenrd Sifa LT RbEH fied gt R R SR PR bRl T af Rt ign o
order to performits shieldjng functjon, As will be understood by those '
oki |1 ed idRSiehea ey abyvedna i pqerhEa Sourd iR Rshapigies ﬁhgdlb%%}?lé?g%woyy Wfrqast
skin depth. Skin depth refers to a thickness of conductive material that is
suf fi ci erthe eadinpupiape 1008 the sbéar 2 B ieagristheceavardguiéase l fyrly hraghtfenfeip dg¢reaseii t h
it, and skin depth is related to the perneability and conductivity of the
mat er i al withaincisasing ieewding ensgh regligerdents; Higrefgsp.| nearscontet @é@ﬁmaﬁttirmr%{FMGency
of the electromagnetic energy that interacts with it. Fornulas for

det er mi nibripgsdkipioret fitr Hutareeagphicaton tio dishabkiwes kiCh¢ edtsénn invierticaucanreldohlee used
preferred enbodi nent of the present invention, the shield 44 is conposed of
copper habsneficisihytihidokesasiag néer thr@adt anj@nott fec@ding ppice dievabafityobfaifedmir€sicdns t o
approximately 25 mcrons, with a preferred thickness of approxi mtely 10

m crons. depkidewi aigflyihe hEightrellicatdvelffetines shihe lpebsalt em@ationdede bash undesdidattior

| ayer is deposited and the conponents of the read head 48 are next

deposi t edéonfunetiIOWTROFIGHN DS3 hiter 8Gfe @xedikdiewa. to those ~ 8 D E C 2002
skilled in the art. Basically, the read head 48 includes a first magnetic

shield 180 andkig 25€6 iddl crtBgRetidral wbw of the 183/ vandheadmegieh Alogs1isdsvE (M)
el enent 192 di sposed therebetween. The width 194 of the MR elenment 192 is

pr ef erabl y 15 gk fh CRVAt Mall BSS of M ReddRGit¥vheHah o(h\&mgfcuttﬁ@a[yqyaﬁioworﬂemt meece
| 08 of the wite head 40, such that the read head 48 will be di sposed above

the sane gigk %rﬂgﬁxeﬁt@ MerdodReny F{%i. i Es NRAFe e 'm%Tvq,@ theSY:QRAv ﬁ&dtﬂggﬁciﬁg%w e

head 10 i s di spos at a nmaxi m ew ahgle relative to the tr

ot i T
170 or e hankirbifonti b (o YerRiauh Bty BR0d LG BUESERP ui i RRRAE LTS Y
the wite eg »9%3%‘9&&%"14% e Ql?c%g 1 éganx%%éﬁr%@ﬁge?lglfgﬁdagh?éa g?ttlfakgs tJO'réecm)r? NS to

approxinafe y m crons dependi n ness

el ectromagnetic.fiel.d shiel 4, the insul.ati a ) he MR.el enent

Fi et mgnrpidsids py vl feadatsndp Seb ufivh BB P4 hGa 3R ol AoriSaRy e
process for the read/wjte head, 10 i nvol ves in fil rocessing techni ques
that are RWSW# tide ?fﬂtagsfegtmm%@erlq ﬁ%‘@ Al A Eterhh B%Wiegﬁaﬁ 5 Bt RRUSE Phe
creation of an operable device is that the elenents of the MR head 48 be
depositeddﬁmét and parallel to each other. To achieve this, the

manuf acturi ng nmet hod of the present invention preferably includes at |east
one planarization step. Particularly, as depicted in Fig. 2, a

pl anari zation |ayer 196 (shown in phanton) nay be fornmed subsequent to the
deposition of the induction coil 120 and the pole tip piece 108. Processes
such as chem cal - mechani cal polishing are utilized to formthe

pl anarization | ayer 196. r 1B DEC Z001 12 The el ectromagnetic held shield
44 is a significant feature of the present invention mthat it allows the
wite head 40 and the read head 48 to function sinultaneously. That is, the
read/ wite head 10 of the present invention may be utilized to wite data on
a track and sinultaneously read data fromthe sane track because the

el ectromagnetic field shield 44 substantially elimnates el ectronmagnetic
interference between the wite head el ectromagnetic fields and the read
head which seeks to detect the magnetic fields of the nedia passing

t hereunder. Thus, while prior art devices have included a wite head

di sposed in front of a read head, the two heads 40 of such devices do not
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effectively function sinultaneously because of the interference that the

el ectromagnetic fields of the wite head cause to the read head. Thus, the
read/ wite head 10 of the present invention can be ut,lﬁz@EG jte data
and nearly immediately thereafter read the data to verity It i ongoi ng
process such that the wite head and read head are operating

sinmul taneously. A read/wite head 200 according to a second enbodi nent of
the present invention is depicted in Figs. 5, 6 and 7, wherein Fig. 5is a
side cross-sectional view of the read/&%ite head 200 that is simlar to the
view depicted in Fig 2, Fig. 6 is a plan viewthat is simlar to the view
depicted in Fig. 3, and Fig. 7 is a perspective viewthat is simlar to the

vi ew depi ct edj,OyFie gadlfl(_) ARIukd 4 ﬁl@fépomi%qpﬂ isfff)f?ﬁ@dtotﬁqgé RhIAM Q9face 14

description, the read/wite head 2 of the second enbodi ment possesses

f I i d | h 10 .of -t h
Y, O 508 SOP £ ATL3, 85,26 U ANE) 09 SSROLU S PERA MRS TS, .o

structurﬁl elenenhs. T@? nove“ addi tipnal .feature of the ﬁgag/wgit@ head
200 of t NEPSHIOD AN UPRE AR VU BPT SHAC FoRUCOIIUCn REHRESSYLE Ifstry. and, Ing@eton, _
13 electricallé conductjve circuit line el enent 2?4 behind the read head 48
to provi R ﬁ@éfﬁoaﬁ%dgbﬁeﬁeeﬂﬁVévws\ﬂﬁtiweﬁo'iﬂﬁ?r@fﬁrs@ e Whitg irad iy shiglddé and ¢ ne
el ectromagnetic field at the read head MR el enent 192 that is caused by the
write hederddsed Hbes Bkaewpdhesg skited w1 thedt ohhegHErrle Pigce PR o5 the Bldyctng Wikg ™ i s
next described. As depicted in Figs. 5, 6 and 7, the read/wite head 200

" i ncl udes had 4hg trempd etihen endarprslagpparGeqtion 72 waich tappis seringsropxloyrat sectidnd 6 padr

surface 14 of the slider 18 An el ectromagnetic field shield 44 is disposed
behi nd t hemamdt¢sat tdlaverkdd ancrchtivapohrivegubledd §0s Adiokposetdn eleinaat 86 hensthe el d
44. An electrically conductive circuit line elenent 204 is deposited behind
t he read uppadnd 82 sfithh fitdnpdle @piece 60 to the upper end 90 of a second pole piece 94 The second

pole piece 94 is generally formed with the same shape as the first pole piece 60; that is, it has an

enlarged upper end 90 and a narrowed lower end 96 which terminates in a narrow pole tip 98 having

a width 100. The width 100 of the second pole tip 98 need not be the same as the width of the first

pole tip 80. A writing gap 104 is formed between the lower tips 80 and 98 of the first and second

pole pieces respectively by a gap forming piece 108 formed on the pole tip 80 of the first pole piece

60. The width (W) of the gap forming piece 108 determines the width of the data writing track.

An induction coil 120 is utilized to create the magnetic field that 1s focused by the pole
pieces 60 and 94. The induction coil 120 has a generally circular, spiral shape and is formed with
lower turn portions 124 that pass between the pole pieces 60 and 94, and upper turn portions 128

that pass outside of the pole pieces 60 and 94. To provide electrical power to the induction coil 120,

a first electrical lead 134 is engaged to an outer end 138 of the coil 120 and a second electrical lead



’ layer of insulation separates the conductive |line element 204 fromthe
second magnetic shield 188 of the read head 48. The conductive |ine el enent
204 is deposited proximate the MR el ement 192, and ags fDi } hi ckness
of insulator material 208 may be di sposed beneath tha EI ﬁg;t to
prevent corrosion problens, particularly where the elenent 204 is conposed
of copper. Electrical power for the elenment 204 is provided through the
i nduction coil circuitry. That is, the electrical line 144 fromthe inner
end 148 of the induction coil is routed through the electrical conductive
line element 204, in distinction to its routing in the read/wite head
enbodi nent 10 as is best depicted in Fig. 4. Particularly, as is best seen

in Fig 7,144 RenslRetd dnGiher kBB 81t 4ne ifidifcB6h £ 200 IThY itdstithPdepddiQaiNstoddignshi el d
44 and outwardly to the substrate |ayer that includes the electrical

conduct i i The. ' : [ e
condut | \ShT B8 R RIRhe SA LLARREHER L KEal GRE HEERRARS AT A ShTe,
term nal nnection | 56. An i f r 8 00Z 14 of. the
road/wei CETasa <00 Bestal chBTAL ML ok oot iBiaRe Rt de intia
read/wwitﬁ head term nals are required to obtain the perfornmance
enhancengnf: provided by the electrical circuit elenment 204. This is because
the electrical |ead 144 of the inductjion coil %20 is routed through the
conducti ve | i HEUEHVETEHIMEDeas ZirknpHR HUAS PEPTEHdo pay) ﬁ%“ﬁ’é’i’ anlsges that SIS of or e
to be understood that the electrical current that passes through the
i nduct i onhephodimat piowiite dgadeAl deecribed bereip g Hes Aresept igyegtionyis mtensledieq rosberead,
al so passes through the conductive |line el ement 204, such that it creates a
smal | el dinitedriathasharect¢ristibgotiile prefrrphenbagemert obing hvrithkecad 4f desstibadherdime
el ement 204. Furthernore, as will be understood by those skilled in the
art, owi ng t o Afteethddepsitionpf anfingubatior lagest 157 gthé eleeirommgnetichicbishield dhement 44
conductive |line element 204, the

is next deposited on the outward side of the write head 40. The shield 44 is generally circular in

shape in order to provide a shield for the generally circular, spiral induction coil 120, and the
diameter of the shield 44 is generally at least as large as the diameter of the induction coil 120. The
shield 44 is disposed between the coil 120 and the MR read head 48 such that the MR read head 48
is shielded from the electromagnetic field of the induction coil 120. Conceivably, the shield

diameter could be less than the diameter of the induction coil where effective shielding is



‘ electromagnetic field generated by the conductive line element 204 is
directed oppositely to the el ectromagnetic field that is generated by the
wite head. That is, with specific regard to the Iocarjen ?t?@ﬂzﬁzelenent
192, where the wite head 40 (according to the right hand rule) Cleates a
generally downward el ectromagnetic field at the MK el enent 192, the
conductive line elenent 204 creates a generally upward el ectronmagnetic
field; whereby the electromagnetic field of the conductive |line el enent 204
acts to interfere with and cancel thelBffects of the el ectromagnetic held
generated by the wite head 40. Thus, where the el ectromagnetic field
shield 44 inperfectly blocks the effects of the electromagnetic field

gener at edyPMaihBBedMith &@mbRaFh e hRAR of B0 hdedibYRillid Q1 BhLIRAL 1RAU cHSRBLHAL €S
an interfering electromagnetic field that acts to cancel the effect of the

write heagk seilkehI QUERAGRRLING alfhb@dh ot W eda: 1Y) doMith B hid Wik ash2ndlbgdon CON BdSdaily €
line element 204 in the read/ wnte .18 D E C 2002 1J head enbodnnent 200

t her ef or eheesthpnetese sihad abiid i sacombryt dossidarahdre tohmsag inddy sondoft fevidigach beaike48 t O
function sinmultaneously and nth reduced interference. such that the

read/ wri teicheadneR00ecld guehbethd waddead48. and read si mul t aneously. While the
present invention has been shown and described with regard to certain
preferred embddevemegion 158 ofih phughbid meerbdt xadypetiod8ewsk iead eefe fim 9% 41d thar t
upon conprehendinq t he precedi ng disclosure that certain alterations and
nodi fi catYomed hspds BFW%ﬁaM&éfﬁ&thﬂdﬁw thanteRspidec pratergs field pt thegwiity igad gayr 194

i nt ended y(%%e i nventors t cl ai ns cover

t the.followri all such .
L oot G denfomaert il S 2 it Aty Prr et Pormraates e e e eree and

scope of e.invention, i 3 2002. m CLAIMS 1., A readlwite head for
o PE ol il WK L e or g, atBulloineP Gy A b AL BRI Lol 107
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medi a; a read head for reading information fromsaid nagnetic nmedia, said

read heads FonGéduthoGhedower end 166 of the shield 44. The shield 44 does not require any electrical connection
in order to perform its shielding function. As will be understood by those skilled in the art, the thickness of
the shield 44 is preferably at least skin depth. Skin depth refers to a thickness of conductive material that is
sufficient to absorb the electromagnetic field energy that interacts with it, and skin depth is related to the
permeability and conductivity of the material that comprises the shield 44, as well as the operating frequency
of the electromagnetic energy that interacts with it. Formulas for determining skin depth are known to those
skilled in the art In the preferred embodiment of the present invention, the shield 44 is composed of copper
having a thickness in the range of from approximately 0.5 microns to approximately 25 microns, with a
preferred thickness of approximately 10 microns.

Following the formation of the shield element 44, an insulator layer is deposited and the components

of the read head 48 are next deposited; the components thereof are known to those



first magnetic shield, a second nagnetic shield and an MR el enent di sposed
t her ebet ween; and an el ectromagnetic field shield being disposed between

said wite head and said read head and functioning to i ng read head
fromel ectromagnetic field energy created by said mmilzrﬁagg;ﬁgngA

read/ wite head as described in claiml wherein said wite head is disposed
upon a slider surface, said electromagnetic field shield is disposed upon
said wite head and said read head is di sposed upon said el ectromagnetic
field shield. 3. Aread/wite head aslidescribed in claim2 wherein said
wite head includes an induction coil, and wherein said el ectromagnetic
field shield is formed with a shape that generally corresponds to an

| n-pl ane V\Elhl@(pﬁ] AL a8 a8 LAGUEE ol h(é?d b8 infraadt 4 gﬂéxgn%ﬁ@ 11‘&&‘@8@§%adae§e%5ddbed 'n

claim3 ereln said rndué¢tion coil ~s genera reul ar and coi |

di amret er ectro t d, shi ener.

circul ar mﬁ ﬁV@eelgqggP%qadn%an%etsgp rm(gﬂ?) e’:lesmezra‘ &12 dlsgfjse% {higr %bretg as sa 'ét coi |
di amet er 18 DEC /wite hea cribed in claim'
2 wher ei h%ef the ‘&%@3@%% B erf‘tﬁbF‘&"‘Qﬁ?fg’ fess @ae@mé@é‘*@ft’sf&w BpLaiReal |y
conductive material. 6. Aread/wite head as described in claim5 wherein

sai d el eBEPOMIIRS write hspd 4Qrueh Yariae read pradddnedPerdirpsalabayedae e didh ski n

depth 7. A read/wite head as described in claim®6 wherein said

el ect r omtrgetethdthefwigk Heasl0éd an, $yon ebApHS Eadoiitehnap ét is dapepehals reaxphio Reess i n

the range of fromapproximately 0.5 mcrons to
angle relative to the track direction, as will be understood by those skilled in the art In the preferred
embodiment, the width 194 of the MR element 192 is from approximately the width (W) of the gap
forming piece 108 to approximately 1/10 of the width (W) of the gap forming piece 108. The
distance between the write head 40 and read head 48 varies from approximately 1.5 microns to
approximately 35 microns depending upon the thickness of the electromagnetic field shield 44, the
insulation layers and the MR element first magnetic shield 180.

As indicated hereabove, the manufacturing process for the read/write head 10 involves thin
film processing techniques that are known to those skilled in the art. Of particular concern to the
creation of an operable device is that the elements of the MR head 48 be deposited flat and parallel
to each other. To achieve this, the manufacturing method of the present invention preferably
includes at least one planarization step. Particularly, as depicted in Fig. 2, a planarization layer 196
(shown in phantom) may be formed subsequent to the deposition of the induction coil 120 and the

pole tip piece 108. Processes such as chemical-mechanical polishing are utilized to form the

planarization layer 196.
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3ﬁproxjnately 25 mcrons. 8 A read/Hrite head as described in claim®6
erein said electromagnetic field shield ~s conposed of copper and has a

t hi ckness of approximately 10 microns. 9. A read/mwite1ﬂ?d@&£§2@@§cribed in
claim1 further including an el ectronmagnetic field interference neans being
di sposed proxi mate said read head and functioning to generate an

el ectromagnetic field at said read head that is generally oppositely
directed to an electromagnetic field at said read head generated by said
wite head. 10. Aread/wite head as gdescribed in claim1 further
conprising a conductive line connected to said wite head and wherein said
conductive |line passes proxinmate to said read head so that an el ectrical

current f OWi A9e kRcSHEnG 1 &EHiM& 44 isr»l:l%.i .'fliéanlqgﬂﬁrre.%tfﬂ]e eg%&t%&e%g&m’?ﬁatﬂ ¢
field at said read hea Ich 1's essentially opposite Irected to an
el ectro 1.G f 1€l t 'g}r %F n @ i 1 te head, J~
o bec 2008ty hert ke 2leglh et RatPad ARG PR o0, ThE, Wit e sai o
el ectrical rent al so.passes through said wite he%%. éZ“ Aread/wite ¢
head as daLrT BEGe PG M RTER RS e 8 WIS ST and Soe aheoRRY Solrront
wherein said wite head is formed wwth a wite head tip havin% atipwdth
W and whitiefTAmdas miRirerkebrspitse phselgctigmpepeticnigld shield Uhnsulpppttskly wHidlaesw t o
approximately 1/1Qth of W 13. A slider device for a hard disk drive
conpri si ngectiamapnedie ptdssapcpledtwepnalerayite bead gleptrgmagpetic fiefs ardithe rpeéhestl whichar d
disk; a read/wite head being formed on a surface of said slider body, said
read/ wri tseksgadetestdheudagngtic fields of the media passing thereunder. Thus, while prior art devices

have included a write head disposed in front of a read head, the two heads 40 of such devices do not

effectively function simultaneously because of the interference that the electromagnetic fields of

the write head cause to the read head. Thus, the read/write head 10 of the present invention can be

utilized to write data and nearly immediately thereafter read the data to verify it in an ongoing

process such that the write head and read head are operating simultaneously.

A read/write head 200 according to a second embodiment of the present invention is

depicted in Figs. 5, 6 and 7, wherein Fig. 5 is a side cross-sectional view of the read/write head 200

that is similar to the view depicted in Fig 2, Fig. 6 is a plan view that is similar to the view depicted

in Fig. 3, and Fig. 7 is a perspective view that is similar to the view depicted in Fig. 4. As will be

understood from the following description, the read/write head 200 of the second embodiment

possesses many of the same elements as are found in the read/write head 10 of the first embodiment,

and identical numerals are utilized to identify identical structural elements. The novel additional

feature of the read/write head 200 of the second embodiment comprises the placement of an
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a wite head for witing information onto magnetic nmedia, a read head for
readi ng information from said nagnetic nedia, said read head including a
first magnetic shield, a second nagnetic shield and an MR _el enent di sposed
t her ebet ween; and; an el ectromagnetic field shield leﬂgD&G bet ween
said wite head and said read head and functioning to shield said read head
fromelectromagnetic field energy created by said wite head. 14. A slider
device as described in claim 13 wherein said wite head is disposed upon
said slider body surface, said electropagnetic field shield is disposed
upon said wite head and said read head is disposed upon said

el ectromagnetic field shield ~av Ec zooz 19 15. A slider device as

descri bedetipag! @dn'ah&fbewhﬁnﬁl mlesatsﬂew bie baﬁﬁw thd GAddRS 434y It@cws\ha@%w' I,
and wherein said electromagnetic field shield is formed with a shape that

general gpéc&o%rgﬁaagfw@wﬂlg% kel Wntﬂ%ﬁﬁeﬁ%@ e ARl AL AN Rk neeh- A

sl ider device~as descri In clai erei n sai I nducti on coi
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di anet er tgg i s at eag% as |large as sald COI| di aneter. 17. A slider
devi ce Helgadasivisdt 55°8edi m 14 wherein said electronagnetlc field shield

i s conposed of an electrically conductive nater slider device as
descri bed m @f gGpiftedin {igeroep ?f“éaﬂﬁ readavite B?ﬁe&ﬁ%mcwdf% aéuwiugmeewr&e head 49
thickness that is greater than skin depth. 19. A slider device as described
in cl ai thal® dishesed proxgedteithe reae surBaalrhefitheslidee] & Arrgledtrgmpgnetic field shield 44

is disposed behind the write head 40 and a read head 48 is disposed behind the shield 44, An
electrically conductive circuit line element 204 is deposited behind the read head 48 such that a
layer of insulation separates the conductive line element 204 from the second magnetic shield 188
of the read head 48. The conductive line element 204 is deposited proximate the MR element 192,
and a sufficient thickness of insulator material 208 may be disposed beneath the element 204 to
prevent corrosion problems, particularly where the element 204 is composed of copper.
Electrical power for the element 204 is provided through the induction coil circuitry. That
is, the electrical line 144 from the inner end 148 of the induction coil is routed through the electrical
conductive line element 204, in distinction to its routing in the read/write head embodiment 10 as
is best depicted in Fig. 4. Particularly, as is best seen in Fig 7, the electrical lead 144 is fed through
vias 152 around the shield 44 and outwardly to the substrate layer that includes the electrical
conductive line element 204. The electrical lead 144 passes through the conductive line element

204 and thence inwardly and upwardly to 1ts outer terminal connection 156. An important feature



' conposed of copper, and has a thickness in the range of from approxinately
0.5 microns to approximately 25 microns 20. A slider device as described in
claim 18 wherein said el ectromagnetic field shleld |s co of copper
and has a thickness of approximtely 10 m crons. Eﬂgékﬁagzlce as
described in claim 14 further including an electronagnetlc hel d
i nterference neans bei ng di sposed proxi mate said read head el enent and
functioning to generate an el ectronmagnetic field at said read head that is
general |y oppositely directed to an efectromagnetic field generated by said
wite head. n 18 D E C 2002 20 22. A slider device as described in claim
13 further conprising a conductive line connected to said wite head and

wher ei nfs 'edemmg %d’@oo‘ i et RBIRESe1RuPeAl BBHnSetl s %ah@hlﬁ&aﬂréaemnéﬂeafdhat

electrlca current omnng in saild conductive line wll generate an
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W and wherein said MR elenent has a width that is fron1apprOX|nater Wto
appr oxi mat el  isitherefore tgfbe ypdepstood ghah ghecplagtricrl qimeidhat passpy thegualythe dduptioaist  one
hard di sk being adapted for rotary mot i on, ‘

coil 120 to create the electromagnetic field for the write head, also passes through the conductive

line element 204, such that it creates a small electromagnetic field by its passage through the

conductive line element 204. Furthermore, as will be understood by those skilled in the art, owing

to the direction of the electrical current through the conductive line element 204, the

electromagnetic field generated by the conductive line element 204 is directed oppositely to the

electromagnetic field that is generated by the write head. That is, with specific regard to the

location of the MR element 192, where the write head 40 (according to the right hand rule) creates

a generally downward electromagnetic field at the MR element 192, the conductive line element

204 creates a generally upward electromagnetic field, whereby the electromagnetic field of the

conductive line element 204 acts to interfere with and cancel the effects of the electromagnetic field

generated by the write head 40. Thus, where the electromagnetic field shield 44 imperfectly blocks

the effects of the electromagnetic field generated by the write head 40, the conductive line element

204 generates an interfering electromagnetic field that acts to cancel the effect of the write head

electromagnetic field upon the MR element 192 The conductive line element 204 in the read/write



at least one slider device having a slider body portion and bei ng adapted
to fly over said hard disk; a read/wite head being fornmed on a surface of
said slider body, said read/wtte head including: a w,i Eﬁ?g for witing
information onto magnetic tnedta; a read head for reaalégj ion from
sai d magnetic nedia, said read head Inclldding a first nmagnetic shield, a
second magnetic shield and an MR el enent di sposed therebetween; and 18
DEC 2002 21 an el ectronagnetic field shield being di sposed between said

urite headaAntus ol FafnBeRT AlthlURELLAN Oond Onefibel & gkt Lapftalaad, [ rom

el ectromagnetic field energy created by sdaid wite he i sk
drive as ead .l s
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upon said mmlgﬁ_he d qnd sajd read head is di sposed upon said

el ect r omagfigt ¢ F3 ‘%ugﬂ?@Fb' 27. A hard disk drive as described in claim
26 wherein said mrlte head i ncludes an_inductjon coil, and wherein said

el ect romagnet i &Ml dlc@resrntanygniien has Peraghown sndalesorlphbwitlh spgarg doeqrigin Rreferred
corresponds to an in-plane shape of said induction coil. 28. A hard disk
drive as GEbedimeets if wilcheainderstpodihe iepeskilerdn the at apercgempsshending the peaceding
circular and has a coil dianeter, and wherein said el ectromagnetic field
shield is dgzehemathaycecthmcahtbatiommd hedifimatadns & forml amchdetal mayhze mads thareine#ss  as

| arge as said coil dianeter 29. A hard disk drive as described in claim28
wher ei n s ahaefede ciatendminioy étei iavéntet dhaththe fellovsnge dajpes@steiodl] atchedleedtioncahd y
conductive material. 30. A hard disk drive as described in claim?29 wherein
sai d el ectnicditegn@isitiat hewhtlelssiindlgichRstng sphiitakdespe dfid inbétigh.eat er than skin
depth 31. A hard disk drive as described mclaim30 wherein said

el ectromagnetic field shield is conposed of copper, and has a thickness of
in the range of fromapproximately O 5 mcrons to approximately 25 m crons.
- 22 - 18 D E C 200Z 32. A hard disk drive as described in claim30 wherein
said electromagnetic field shield is conposed of copper and has a thickness
of approximately 10 mcrons. 33. A hard disk drive as described in claim 26
further including an el ectromagnetic field interference neans bei ng

di sposed proxi nate said read head el ement and functi oning



v to generate an electromagnetic field at said read head el enent that is
general ly oppositely directed to an electromagnetic field at said read head
generated by said wite head el enent. 34. A hard di sk dgi s described in
claim25 further conprising a conductive |ine connected tﬂ;‘hgﬁi e head
and wherein said conductive |line passes proximate to said read head so that
an electrical current flowng in said conductive line will generate an
el ectromagnetic field at said read head which is essentially oppositely
directed to an electromagnetic field a8 said read head generated by said
wite head. 35. A hard disk drive as described in claim34 wherein said
el ectrical current also passes through said wite head. 36. A hard disk
drive as described in claim26 mhe&g&gﬂﬁgid read head includes an MR
el ement, and wherein said wite head 1s formed with a wite head tip having

atip wdth - ' ' -\ 1S from

appr ox;Nin'nt el &Wlté\%@? gégpvrn%?lg&fwgﬁ%%ﬁﬁlﬂ&q%dhgﬁw }(ﬁatlglﬂ)grlg at i ng a
readlwite headdof a hard disk drive, wherein said read/ wite head is ¢
di sposed*&FER " Rar W RIPYR drive slider nenber, and wherein said wite head
i s disposed upon a surface of sai.d slider elenment, and an el ectronagnetic
field shield F’Eted]eé‘g@é Rt Eordation oo tﬂégwaaa@am said read head is

di sposed upon said el ectromagnetic field shield, conprising the steps of:
writing dat a® tAd Beaddepieading infoamatiosrfrom prad maghetik maelia) said reed keafl inclpdinge head:;
- 23 - 18 D E C 2002 reading data fromsaid magneti c nmedia of said hard

di sk ut fifst maguptis shigldr esegondanagnetsashipl dangmnd¥R elemghtrdispesaddheseletiyecooanduct ed
sinmultaneously with said step of witing data; generating an interference
el ect r omagnean eedtioglagnesit fisldishiclddwhgldésposed betiwden satdewrite heatcamdehid cdad bamignet i ¢
field being directed oppositely to an el ectromagnetic field that is

gener at esH fmctimiing tarshitld shidachddtead &bl eleeardmhgat fielddnaby eleated by saad drirecad
head from el ectromagnetic field energy generated by said wite head by
utilizi hegpdsai d el ectromagnetic field shield that is disposed between said
wite head and said read head. 38. A nethod as described in claim 37

wher ei n2sai dAstRPpv@E hgrine dathig intlainnt ehéreheid oried IRal isligpgstdiupen £ d1Rkd i S
conducted sinultaneously with said step of witing data. 39. A nethod as

descri begfice, saldad180tdthaphaicaic sadldlisHispPsedfuph baid WetedRh@akBsatRslEdaaGk DY
providing electrical power to said wite head. 40. The nethod as descri bed

in clai msﬁgsem?(gregam SehdmepRat fibahiepower that is provided to said wite
head is also utilized to generate said interference el ectromagnetic field.
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and wherein said electromagnetic field shield is formed with a shape that generally corresponds to
an in-plane shape of said induction coil.

4. A read/write head as described in claim 3 wherein said induction coil 1s generally circular
and has a coil diameter, and wherein said electromagnetic field shield is generally circular and has

a shield diameter that is at least as large as said coil diameter.
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field at said read head generated by said write head.

10. A read/write head as described in claim 1 further comprising a conductive line connected
to said write head and wherein said conductive line passes proximate to said read head so that an
electrical current flowing in said conductive line will generate an electromagnetic field at said read
head which is essentially oppositely directed to an electromagnetic field at said read head generated

by said write head.
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13. A slider device for a hard disk drive comprising:
a slider body being adapted to fly over the surface of a hard disk;
a read/write head being formed on a surface of said slider body, said read/write head
including;
a write head for writing information onto magnetic media,
a read head for reading information from said magnetic media, said read head including a
first magnetic shield, a second magnetic shield and an MR element disposed therebetween; and,;
an electromagnetic field shield being disposed between said write head and said read head

and functioning to shield said read head from electromagnetic field energy created by said write

head.
14, A slider device as described in claim 13 wherein said write head is disposed upon said slider
body surface, said electromagnetic field shield is disposed upon said write head and said read head

is disposed upon said electromagnetic field shield
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has a coil diameter, and wherein said electromagnetic field shield is generally circular and has a

shield diameter that is at least as large as said coil diameter.

17. A slider device as described in claim 14 wherein said electromagnetic field shield is
composed of an electrically conductive material.

18. A slider device as described n claim 17 wherein said electromagnetic field shield has a
thickness that is greater than skin depth.

19. A slider device as described in claim 18 wherein said electromagnetic field shield is
composed of copper, and has a thickness in the range of from approximately 0.5 microns to
approximately 25 microns

20. A slider device as described in claim 18 wherein said electromagnetic field shield is
composed of copper and has a thickness of approximately 10 microns.

21. A slider device as described in claim 14 further including an electromagnetic field
interference means being disposed proximate said read head element and functioning to generate
an electromagnetic field at said read head that is generally oppositely directed to an electromagnetic

field generated by said write head.
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electrical current flowing in said conductive line will generate an electromagnetic field at said read
head which is oppositely directed to an electromagnetic field at said read head generated by said
write head.
23.  Aslider device as described in claim 22 wherein said electrical current also passes through
an induction coil of said write head.
24, A slider device as described in claim 13 wherein said read head includes an MR element,
and wherein said write head is formed with a write head tip having a tip width W, and wherein said
MR element has a width that is from approximately W to approximately 1/10th of W.
25. A hard disk drive, comprising;

at least one hard disk being adapted for rotary motion,

at least one slider device having a slider body portion and being adapted to fly over said hard
disk;

a read/write head being formed on a surface of said slider body, satd read/write head
including;

a write head for writing information onto magnetic media;

a read head for reading information from said magnetic media, said read head including a

first magnetic shield, a second magnetic shield and an MR element disposed therebetween; and
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26. A head disk drive as described in claim 25 wherein said write head is disposed upon said
slider body surface, said electromagnetic field shield is disposed upon said write head and said read
head is disposed upon said electromagnetic field shield

27. A hard disk drive as described in claim 26 wherein said write head includes an induction
coil, and wherein said electromagnetic field shield is formed with a shape that generally corresponds
to an in-plane shape of said induction coil.

28. A hard disk drive as described in claim 27 wherein said induction coil 1s generally circular
and has a coil diameter, and wherein said electromagnetic field shield is generally circular and has
a shield diameter that is at least as large as said coil diameter

29. A hard disk drive as described in claim 28 wherein said electromagnetic field shield is
composed of an electrically conductive material.

30. A hard disk drive as described in claim 29 wherein said electromagnetic field shield has a
thickness that is greater than skin depth

31, A hard disk drive as described 1n claim 30 wherein said electromagnetic field shield is
composed of copper, and has a thickness of in the range of from approximately 0 5 microns to

approximately 25 microns.
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33. A hard disk drive as described in claim 26 further including an electromagnetic
field interference means being disposed proximate said read head element and functioning
to generate an electromagnetic field at said read head element that is generally oppositely
directed to an electromagnetic field at said read head generated by said write head

element.

34. A hard disk drive as described in claim 25 further comprising a conductive line
connected to said write head and wherein said conductive line passes proximate to said
read head so that an electrical current flowing in said conductive line will generate an
electromagnetic field at said read head which is essentially oppositely directed to an

electromagnetic field at said read head generated by said write head.

35, A hard disk drive as described in claim 34 wherein said electrical current also

passes through said write head.

36. A hard disk drive as described in claim 26 wherein said read head includes an
MR element, and wherein said write head is formed with a write head tip having a tip
width W, and wherein said MR element has a width that is from approximately W to
approximately 1/10th of W.

37. A method for operating a read/write head of a hard disk drive, wherein said
read/write head is disposed upon a hard disk drive slider member, and wherein said write
head is disposed upon a surface of said slider element, and an electromagnetic field shield
is disposed upon said write head, and said read head is disposed upon said
electromagnetic field shield, comprising the steps of:

writing data onto magnetic media of a hard disk utilizing said write head,
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said step of reading data being conducted simultaneously with said step of writing data;
generating an interference electromagnetic field at said read head, said
interference electromagnetic field being directed oppositely to an electromagnetic field
that is generated by said write head at said read head; and
shielding said read head from electromagnetic field energy generated by said
write head by utilizing said electromagnetic field shield that is disposed between said

write head and said read head.

. 38. A method as described in claim 37 wherein said step of generating an
interference electromagnetic field is conducted simultaneously with said step of writing

data.

39, A method as described in claim 38 wherein said step of writing data is conducted

by providing electrical power to said write head.

40, The method as described in claim 39 wherein said electrical power that is
provided to said write head is also utilized to generate said interference electromagnetic
field.



