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FLUX ENHANQEP E TRANSDUCER o : - AND. PROCES%,&(‘;ES W:I NG
THE SAME 9&‘5@_ I N CC]\UUNCT I ON WTH SHARED SHI EL 5% _
ON I\/AGNETO?ESI STI VE READ HEADS 5 . .. CROSS REFERENCE TO RELATED
APPLI CATI'ONS . : The present .invention is related to the subject
matter of United States Patent Applications Serial No. .- . [Attorney
Docket No. PD93- 0419/ 36280. 8312] for "Soft 10 ‘Adj acent - Layer '

Bi ased Magnetoresistive Device | ncorporating a Natural Flux:
Closure Design Wilizing . . FLURENHANCEPeWRDTEMUTRANSBUCERIi n Film -
~Stabilization" and : [ ANDO PROZESBoFOR PFRODUCHE: 1THB- S&E36280 8313]
for - "Process for For@NnGONIJSUCIIAN ¥ SHARED BSHTELDS 15

Magnet or esi stive. Device | ncor poPdt MAGNETRRESISTIVEREAD HEADS( osure
Design Utili zﬁng Copl anar Per manent Ivagnet o - Thin Film :
‘Stabilization" botER cREFERENCE RO | RELATED APPRICA Snd assigned to

.Rockyt Mount ai nThMagnet | CS,The prlesentninven%ﬁ.%hgri%e re.oiaté&etopltﬁéefsﬁxb ect -
_;P\éen i on. Chere n%_%%?n%%ﬁfvo;s%% e ore 0i rﬁ‘;atent aéoéplll.aclatNloo.ns
- ' [Attorney Docket No. PD93-0419/36280 8312] for "Soft
10 ) Adjacent Layer ‘Biased Mag_netores:.st:.ve . Device
|  Incorporating a Natural Flux Closure Design Utiiizing |
Coplanar Permanent Maghe‘E Thin Film Stabiliiatidn" and
‘[Attorney’ Docket ‘No. '995-1008-031/3528b 8313]' for
"Process for Formlng a Soft Adjacent Layer ‘Biased -

i5 | Magnetoresistlve Device Inccrporatlng a Natural Flux

' - Clecsure Des:.gn UtlllZlng CQplanar Permanent - Magnet
:ThJ.n Film Stablllzatn.on" "both filed conc_urrently

'_ herewith and assigned to Rocky -Mountai'n : M_aghe_tics,

| ' Inc., assignee of the present invention. The
20 - disclosures of the foregcing ‘patent applications are

herein specifically incorporated by this- reference. '

BACKGROUND OF THE INVENTION -

The present invention relat_és, in general, to
25  the field of magnetic data transducers and methods for

producing the same. More particularly, _the present

invention relates to a flux enhanced write transducer
,and process for produc:l.ng the same of especial ut:.llty o

in conjunction with shared, or merged ’ sh:.elds on

30  magnetoresistive ("MR") read heads.

- Magnetoresistive heads, or sensors, are known to' :

be useful in reading data from a magnet:.c surface w:.th

a sens:.tlvz.ty exceed:.ng that of 1nduct1ve or other

thin film heads. In cperatlcn, an MR sensor is used

| 35 to detect magnetlc field s:.gnal changes from a
| _'magnet:.c surface Que. to the fact that the’ re51stance '

" of the MR senscr changes as a funct:.on of  the

dJ.re_ctJ.on and ‘amount of magnetic flux being sensed.



BACKGRClJND OF THE | NVENTI O\I 5 ‘The . present i nvention rel ates, -
in general , the field of magnetic data transduce ods
for. ng?%%&cu ng the same. More particularly, the pregggtﬁ%gwmw
invention relates to a flux enhanced wite transducer - . . and process_
for. producing the sane of especial utility - 1in conjunction wth
shared, or nerged, shields on 30 . ', nagnetor2e3| stive ("I\/R) read heads _
Magnet or esi stive heads, or sens s ‘known g usef ul ' :
readi ng data froma magnefPE® c’e fe, magnetic field; t?W‘F? ex%lé%’agﬁﬁ
that of i nductive orencbded on the méghethichilipchdsd suri@q:eraflmrcomput& '

Zensor IS' uﬁ:gnet ?g sur?ac Q%%%Ctmﬁg&ﬁ %ﬁlfﬁaglr he rﬁg?s ﬁﬁggag%ﬁ’ ﬁo@f

the MR sensor changeteadsheadi @ana i'writtentcby an assodieged oritel hemdnt

of magnetic flgx bei seRsed + 6/ 1 S
PCT/ US96/ 05493 H ins ary&sq v?ﬁ@z? th3 MR read head has

Currently, the .nagnéFFECF-FEF&l sw’g*hh?l@haﬂg@srs, as @%%%éheén tife the'- .

rragnetlcal 'y hard suafegemehtdcne®Us&tent applications for example, ‘the
' write head may ut:LlJ.ze the top shleld as a bottom pole
producz.ng what is known as a merged _o_r shared
10 sh:.eld/pole structure. c " - ' o
o | In these comb:.ned read/wr:.te data: transducer- :
structures, it has been shown that the area of'_
greatest magnetlc flux in the shared shleld/pole may__

_ move around ' within that layer from ' the area
15 immediately beneath_ the upper pole of the write head |

' adjacent the intermediate dielectric gap -layer. In
parametric. terms, the write track would wander and

fr:.nge f:.elds m:.ght result whereJ.n a wr:.te may take

place toward te s:.de of a g:.ven track that mlght then

20 _'_. erroneously B read as data from the adjacent track.
'Reductlon of track wander and assoc1ated fr:Lnge flelds S

is  increasingly ‘important as ‘track spacing Cist

decreased in an attempt to increase the areal density
of a magnet:.c computer mass storage dev1ce..

25 ~ -As a consequence, it has prev:Lously been proposed.
'to'_remo_ve _p_ortlons of the upper. surface of the shared -
sh'-ield/pol_e surrounding the upper pole and gap layer
by, for example, _'"notching'_' the shiel_d/pole_ by ion -
milling (using the upoer pble as a mask_) , to reduce

.30 its thickness to better confine the flux to the

' - des:.red reglon. ' However, due to. the fact' that the
‘shield must 'be milled down on. the order of about a
"_micron ("u") or more to effectuate the des:.red flux. _

_ constraint, a typ:.cal 1on milling operat:.on could take |
35. - on the “order of 60 minutes or longer - of dev1ce

process:l.ng time. Thls_ protracted- ;on-mll;lng of th_e ;

- shared ‘shield/pole and upper poie surf_ace_m'ay. result



mass: storage medi um whi ch are to be "read" by an MR . read head are

wrrtten socrated wite head. 5. In those'
t he %g&ﬁ has - associated shield |ayers, ﬁ&g@g&@o&crr bed

in the - - af orementroned pat ent "applications for exanpl e, ‘the -
wite head may utrlrzethetop shield as a bottom pol e o producrng
what is known as a nmerged, or shared.: 10 - 3shr el d/ pol e structure

In these conbined read/write clatq.tr nsdugce structyres

been shown that thellgP@kenfially damagg %%t BeatndiHd Cup| dr ithe r‘%e"lce

shared shi el d/ pol e nﬁtructure dumiMRy aheuwi-odusténandthad hhﬁybeenf rfsand

the area. a beneath the.u er l.e of the wrrt hea
adj acent the mterrrenigﬁa# tt‘g\%lle%ﬁlf a’b%ps?ﬁgg e. surg ﬁ%t in
terms, the wi te tratkisouhannendds ,andfor the. md’:st ngart el d::oom hbngr cand t

wherein a wi i may {-_ﬁE?efore lnelf&lebe read”as %H?lﬁt' g%m%?xn n@ %Q;fc{ aﬁ%x :

that might then erroneous acen
track: ' Redu%ﬁr peedrdir ack wander and associated fri nge fields

) ';] aittngrrg?Sit ngly i ”portﬁﬂbre%‘irlert raﬁléttépﬁéﬁt%al'éf this. relé’@ﬂ‘t exhtfgre _
_ 0 increase the area S| - et c, cohput er
mass storage device. amoggt of sh eﬁéi @%e%‘énﬁép IIFYI%'S%R @% _
pL pr)zled | : tgtnarr&\%em@rgt lprw:ee‘s tge swfifsuaﬁacam@hrwwes]rw &dlll R
‘shi. el d/ pol e surroundi t he and_gap | aye or -
exanpl e, "nottThing" ? 5“8"%’0 g&% i onreq d)epo¥1{:ﬁdl I | L‘]lg\ﬁt?
upper pole as a rraskprot:esse.chgcsysﬁém andtultbmateéysbudlﬂeupeonctmé|Sﬂeie$1e
flux to the ' g O e f%
shield nust be m I ea o%v\%eecc)hrﬁfﬁe goé \&%ﬁt?l&pu&fenép dtﬁﬁt dd¥ice
_("[err] ") or more tofenceép@ateﬁuﬂéddém refl approximately one half of the-
_ ion milled gap, shleld ‘and pole material has been-
15 - typ:r.cally observed.

UMMARY OF E NVENTION
. The present invention obviates the problems
'inhe_rent. in the aforedescr:r.bed £lux ‘containment
20  approaches by advantageously proposing the addition of
a relatz.vely th:Ln (on - the order of about 500-2500
.~ angstroms ("A")) . layer of a relatlvely high- magnet:tc
: moment material ‘to the upper surface of the shared '
shield, or bottom write head pole, _prlor to the ion
25 = milling operation. . a particul'ar embodiment herein
disclosed, the’ relatz.vely high magnetlc moment flux
enhancement layer may comprise cobalt-nlckel-:r.ron.
("CoNiFe"), iron nitride _('!FeN") or similar material "
o deposited prior to the formation of the dielectric gap
30 layer. The 'flux. enhancement layer may then be
selectlvely removed substantlally surrounding the
- upper pole, using the upper pole as a mask, by means
~ of a relatively. br:.ef ion milling. process in wh:Lch
_ : only on the order of 1.0 kA of the layer need be
. 35 | removed and. dur:.ng whlch a relat:r.vely 1ns:r.gn1f1cant
| 'amount of the materlal removed might be re-depos:r.t-ed -
on the sides of the upper pole.
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constraint, a typical ion nilling opeeation. could take. 35  on. the order

of 60 minutes or l.onger of device = - .- processing“ti ne.
. protract ed WM | ng of the - .- shared shiel d/pole an&‘l’ﬁ%@‘@sﬁ’&
"surface may result  © WO 96/39691 '-;_ : ,
PCT/ US96/ 05493 o ' -3'  in
“potentially. danaglng heat bUI|d up In the deV|ée C structure duri ng
the. process and it has befn at - the: resultant sl o of thg
surface achieved in aFﬁPgdﬁBﬁﬁewth af@Pthéﬂﬁi& 46, qmb {kp?ﬁﬁ
and 5 - therefotkei rpztémtven.nvemoi\émpl ng té\ﬂniw@fletre:laitWely hlgh

as needed. . e val. this.elatively lar
anount of shield, po?eggﬁg@éa% %‘;%Pécr u‘?r%%‘%? d‘l?rit née. utilize h%sm |?‘r‘1§8
- process, 61S|gmflcabayanndm@qﬁnhﬂonmprlorlao theumdamanqu t@a upper

re-deposited gthro t  gLhe p I 1SYS Ad B
build up on the S|dq§g9a prov1de pe%8%§%§ po§S|bF§' urther egra%ﬂng

device . funcf?BﬁtJ-‘DBéﬂ-liBYup &P apﬁh@m mfdary oeahangergng he layer .

ion mlied gap, Shleiﬂtéﬂﬂeaﬂaﬁe”BtQhem fetete@riclS gap tYHndﬂ|)shared
observed

shleld/pole._ : _ _

_ : Broadly, what has beon ‘disclosed 1s a. data

10 transducer ‘of the type having’ first and ~second

'magnetlc poles and an lntermedlate gap laye . wherein
the 1mprovement comprlaes lncorporatlng an. addltlonalh
layer of relatlvely h_gher magnetic moment_materlal

. interposed between the'first'magnetic pole'and the gap
i5 layer. The addltxonal layer underlles the gap 1ayer
"_ and is substantlally coextensive therewith.

- Further disclosed is a magnetlc -data t*ansducer'
incorporat;ng a read head_lnterposed_between_upper_and-_
lower magnetic shield layers"and a write head

20 _ﬂ utlllzlng the upper. magnetlc shleld layer as a bottom .

'magnetlc pele. . ‘The data transducer comprises a
hrelatlvely_hlgher magnetic moment.layer overlylng a
portisn of the upper magnetic shield-1ayerf a gap
‘layer in an overlying relat:ionship to_the'relatively

25 ‘higher magnetic moment iafer,-and an upper magnetic.

pole in an overlying relationship to the gap layer.

~ In accordance with a method of the -present'
invention there is disclosed a process for forming a
magnetic- data transducer comprising' the steps of

30 prov1d1ng a flrst magnetlc pole and ove“lylng a
' relatlvely hlgher magnetlc moment layer on a portlon'
of the first magnetlc pole. A gap layer is- produoed“

1n an overlying relatlonshlp to the relatlvely hlgher

- magnetic moment layer and substantlally coextensive
35 . therewith and a second magnetlc pole is formed in an'r:
B overlylng relatlonshlp to the gap 1ayer. o



SUMARY OF THE INVENTION © . The .present . invention obviates
_the probleq@%Bﬂggbb “inherent. in -the aforedescribed u?cnﬁgﬂﬁﬁ“ﬁpent
' y a .

appr dvant ageousl| y prop05|ng t he addltlon 0
relatlvely thin-(on the order of about 500-2500 - - angstrons :
("[err]")) layer of a relatlvely hi gh nagnetlc nmoment material to .
the upper surface of .the shared T sh|M(§ or bottomwite head pole,.

prior to the ion - ggggg_ﬁékgéﬁgﬂﬁgﬁﬁgii e arfjcul ar enbodi nent -
herein ~disc HELD c nmonent fl ux y
enhancenent- | ayer may cthrmcregnﬂngtamdctﬁherrﬁeatures and"dﬁ@éété)of

Foon e (rel) e, Sl hflelon iy oo HEE e

| ayer may then be the lnysn&cpnvelyseéﬁnvvdllsubetahesalIwndenstoqddlhg

the = . ugper poeg eﬂ&t@t@%@&@lmlﬁﬁﬁeﬁ%lw é??aé‘sprefﬁrred_ -

of a relatively brief ion g Erocess I'n -
order of 1.0 kA of 't REPP&j@entecgaken insconjunghiordviig %Rﬁl#ﬁFQWP%%Naﬁg.
“relatively |nS|gn|f|agaw1nqs, wher@ipitnt of the naterial renoved night be

o URos 6o O WIS £E%48" 4 "81kBRTERY, % cross s8B1RNAT at

_ _ _bearlng.surface ("ABS") view cf the write portlon of_
'10;2 a prior art data transducer which utilizes a shared,
or merged, shieid.for an MR read sensor as one polé.
‘thereof wherein the area of greatest flux within the
‘shared shleld/pole is able to move around within ~the
- shield from a po51tlon generally beneath the upner
': ‘15 - _pole thereof, _ ' ' ' .
' ' Flg 1B 1s a follow—on ABS view of the prlor art
data transducer of Fig. 1A illustrating the removal of
"portlons of the_'upper surfacef_of the shared
- shield/pole as well as the surface of the upper pole
20 - and gap 1aYer by an'ion_miiling-operationgin order to
| ‘attempt to preclude the movement. of the flux within
the shared shield/pole layer to an area subétantialiy-'
. underlying the upper pole and in which a 51gn1f1cant"
- amount of " the ‘gap and shield material is
25 unlntentionaily re4deposited on the. sides of the upper'
' ' pole while the. lengthy ion mllllng operation 1s_
-ccnducted, - _
Fig. 2 1s as -*11f1ed cross sectlonal ABS view
of the write port_ s of a flux enhanced: transducer in
30 - ~accordance with the present invention illustrated. asf'
a portion of a data transducer which utilizes ‘a
;shared or merged, shleld for an MR read sensor as one-

pole thereof whereln a flux enhancement layer has been -

_ produced lntermedlate the shared shleld/pole and the
35 .gap layer_prlor to an ion milling operation whereln a )
"shorter -milling:'operation,Vcan_ be undertaken to .
preclude movement of the flux within the shared
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4 In accordance W|th a,nore speC|f|c enbodl rrent of

thé present invention, a-simlar relatively high ' ment
rraterl al nﬁ‘ipﬁ@gﬁ?ﬁ i zed as a seed . | - layer dep05| ti o%or@%
pl‘at i ng of the upper - 5 pole to ‘provide - additional ~ fltux

cont ai nnent S functional i ty to -‘the flux enhancenent I a'yer_
‘internmediate the dielectric gap and - shred = shi el d/ pol-e. -

Broadl y, vvhat has been disclqsed is a data, 10 - transducer of . the

type having first SEAGIYRIR resultlngnﬂ.gn@ﬁg(;%bélﬁe Fprdpposition of

internediate gap | ayehe \WeFikid) materialst ba. ichel @4@ERNIofC Rk | GBPer pole;
I ncorporati.ng an addi_tional - I ayer of -rel atively 'higher magnetic

.m)mant mat eri al ~and i nterposed between the first. magnetic pole and the
. gap 15 . layer. The &ddyd. onal-ﬂayereuraieserdzestmfgsﬁ.ﬁpi;aeﬁ‘led Cross

and I Substanyl ol sSRBILAIS Wl LGHGr o poseime prodbilife desnad

is a magnetic data transaucer - .ncorp osed
bet ween upper-and ' in accordamce wigietthe present 1nu99tsonaﬁar Hrwmctl@g o
head ~ 20  utilizi é%ﬂﬁp@nn%ea'erahg&ﬁéefaw Figd BOW©Mizing a
magneti ¢ pole. The data _transducer. conprises rel atj vely hl er
‘magnetic nonent | ayeSiRgde yi E§%°11th°9raw i ORCBP t rﬂé‘%ppé@n{mgﬁ‘é
shield layer, a gap operatloﬂ.ayer | n an overl y| ng relationship to the
relatively ig qhel, 1R P[] pper - magneti c

pole in an ov Iy1ng SRt oSt . Sauvici Yy - In :
accordance wth. a net hod Ghiﬂher@felsence now - to qunvemu om phier Azt erte '

~di'scl osed a process b¥ad ©38 "§s? shown. FAUNChE Eoflaldrd T AR Chead 10

conprising the. steps

comprises, in pertlnent part, a top shield 12 Whlch__ )
. functions as a bottom pole for the wr:.te head 10
15 _ portion of a data transducer 1ncorporat1ng a read head _
o (not shown) 1nterposed between a lower sh:.eld (not-
shown) and. the top sh:.eld 12. The top sh;Leld 12 may
oomprise nickel iron' ("NiFe") ‘or other suitable
magnetically permeable material. . .
20 . The pr:Lor art wrlte head 10 further comprlses an .
' '_upper pole 14, th.ch may also comprise NJ.Fe, separated. '

from the top - sh:.eld 12 by means of a gap ‘layer 16.- o

'I'he gap layer 16 may compr:l.se alum:.na ("A1203“) or
other s:.mllar dielectric material. , :

25 _ With reference to the prior art wr:l.te head 10

" sho vn, it has been found that the magnetic flux in the o

top sh:.eld 12 may wander unpred:.ctably throughout the

structure thereof resultlng in undesired fr:.nge fz.elds__ '

“that might poss:.bly result in data belng written to_ '

- 30 the sides of a des:.red track centerl:.ne such . that
spur:.ous signals may be read on adjacent tracks. -

 To tais end, it has been. proposed as shown in

' F:.g. J.B, to alter the structure of the pr:.or art wr:.te _

head 10 to that of the prior art write head 20 by_'

35- means of, for example, an ion mJ.llJ.ng operatlon to

"notch" the device structure in an attempt to

constrain the magnetic flux to a desired location.



30 prOV|d|ng a flrst nagnetlc pole and overlylng a - relafively;
hi gher ment | ayer on a portion - - of the fi iCc
'poI e. g@?@?@)‘ is produced - _ in an averlying rela ?%IHSEI p%tso the

reI at i veI y hi gher: . magneti c norent | ayer and substantially
coextensive. 35 .therewith and .a second" rra_’g\oetlc pol e |s forrred in an
overlying rel ati Qnshl pto: t he gap I ayer. 96/ 39691 -

PCT/ US96/ 05493
DESCRI PTI ON OF THE DBX\%PN%“‘: write headTl?é’ fb?‘éb%ﬁ’ﬁa %dtBPheﬁtheéeﬂ uPRs

'ang obj ect s oI ) corrtas@qndas@mmuepmmzw ahdgeﬁatamgaﬁatapgapemayer
and . - e Nt 0 e under st 00

reference to the foI P%w&r#g%dgentsagﬁ’lerﬁl l(}f&br ‘g‘#sﬁ"e‘? %éﬁﬁo’a?ﬁ‘én}f’-
taken in conjuncti onshiowm time Figorfdanying ~ - dr awi ngs wher ei n:. _

Fig. IAis a sgnplified, r
("ABS") view -'o? the wri te%rt I on O?Pné%olah mllllngr g%?'a#'%&‘t ransdﬁce .
which utilizes a shaP&§ write head lgesiewn ini Ens f 3 meype calitevedoto
as one pole. - Eeb%%ffl\éﬁhﬁfa%l%ﬂ o %h@aﬁ@‘io&r S%teﬁrlfteuhe%tﬁbnshgﬁn .

_shared shleld/pole |s abFeto nove ‘ar Qqund
i B wherein one micron of the top sh:.eld 22
o upper surface 28 is removed surrounding the upper pole
10 24 u31ng it as- a m:.ll:.ng mask. ~For example, if the

top shJ.eld 12 of prlor art write head 10 is ion: milled
'whereby one mlcron (1,;) of the. sh:.eld upper surface 28
~is removed,. the top shield 22 will have a resultant .

thlckness of 2.5 m:.crons at the extrem:.t:.es thereof. -

15 _In like manner, ‘the ion mllllng operat:.on also removes .
1p from the pole upper surface 30 of the upoer pole 24
resultlng in a structure that is on the order of 4.0

3 mlcrons square. _ '
L | The ability to effectlvely constraln the magnetlc

20 - flux w:.thln the top shield 22 has been shown to be a

function of the amount of material ‘removed from the s

shield upper surface 28 in the . area surroundlng_ the
. upper pole 24, tajering to the area directly beneath

it.. 'Removal_ of 1p of the shield 'm_aterial has been . |

25 found to take on the order of 50 minutes of ion
milling which,  in addz.t:.on to the rather 1long
processing step it presents, also results in an
undesirable buJ.ld up of heat within the prior art

, write head 20 ‘and assoc:.ated data transducer structure _

30 . which may poss:.bly result in device’ fa:.lure.
Moreover, the slope imparted to the shleld upper
surface 28 by the 1on mJ.llJ.ng operat:.on adjacent the
upper pole 24 is relat:l.vely long and the flux

- contalnment thereby imparted is not as effectlve as

: 35 ~ might be desired. '

S:Lgm.f:x.cantly,- the mater1al removed from the R

- shleld upper surface 28 and the gap layer 26 ‘is



shleld fron1a p05|t|on generally beneath the upper ‘15'_1 'pole thekeof
"Fig. 1B is_a follow on ABS view of the prior. art ' cer
of Fig. 1A“’Q?‘G§f5}1at| ng the renoval of .. = . portions of ca‘i"l%eﬁibupp

surface of the shared . : ~shi el df poI e as well as the surface of the
upper pole- 20 and gap layer by anion mlling operatlon in order to
attenpt to preclude the: novenent of the flux. wdt hi n -the -shared _
~shi el d/pole |ayer to area, subst an underJ ving_t up

pol e and in which a ‘é?ﬁﬁﬁfli'-’éﬁ’ . te &epos%:t‘%%npn Jhe; gdd apgfagge @Eﬁ’%ﬁfd =
material ~is 25 polei 24erds onally rEndthmstrebard;htheldppeM‘pdke 24
upper L pole e g | | 0 o
~conduct ed; teh E&Q%e&%@ E@L %%th ed I%%(,pr %‘?;taés’lef% ojnfalaiége]\'/]r o

of the wite port ofre-fiamseﬁﬁéncﬁéue%nw‘gemain 34.30 Thisaasrdrprsitedh |

the present inyenti Ofatklkyahr aedras the charac%e?&rstﬁl% e acl‘fié"tv?}:z.te head
transducer which ut| |1 zes a shar ed shi el f.or an MR

read sensor as one” 20 and %é%m@ﬁawempeC% &%sean%?e?s-- |

‘has been - pradusth i virdioeedeparsdiiceshar edts mas dimedre aadnaheth% o

gap L ayer prior {0 aloR lbeg BLAIED WO dceriar oL Ienon
the flux within the theateg shieldVEe 9&1&@&1 layer 26 ultlmately gets re-
PCT/ US96/ 0549130 deposited on the ‘sides of the pole 24. o . '

" With reference addit:.onally now to FJ.g. 2, a flux. _

enhanced transducer 40 in accordance with the .present_' B

invention is shown. The flux enhanced transducer 40

.comprises, 1n pertlnent part, :_.a' top 'shield : 4'2'

15 funct:.onlng as a bottom pole for the flux enhanced
' transducer 40. n upper pole 44 :Ls phys:.cally-
‘displaced from =+ top shield 42 by means of a

dielectric gap. layer 46 and a flux enhancement layer
48. The top shield 42 and’ upper pole 44 may . comprise '_
. 20 NiFe , the gap layer may comprise non-sto:.chlometrlc.
A1203 of on the order of approx:.mately 4 000 A or other
suitable mater:.al and flux enhancement layer 48 may
comprise FeN, CONlFe or other - s:.m:.lar relat:.vely--
_ ‘higher magnetlc moment materials having a thickness of
25 °  on the order of 500-2500 A&, and nominally about 1,000
A
' The flux enhanced transducer 40 top shield 42
shown may have been initially provided with a.blanket
depos:.ted flux enhancement layer 48 up to the pre—' .
30 .  milled surface plane 50 thereby presentlng a thickness : B
' | of ts_. : Follow:.ng an ion mllllng operat:.on, the '_
thickness of the flux enhancement layer 48 in the area "
substantlally surround:.ng the upper pole 44 was .
removed down to the shield surface plane 52 result:.ng o
35 -  in a reduction J.n the top shield thz.ckness ts of tgr.

SJ.mllarly, the upper pole 44 has been reduced by an .

:Lon mllllng operat:.on from a pre-m:.lled surface plane



shi.el d/ pol e resultrng inrhegligible re-deposifron of - the device
material s j des of the upper pole; - - and gs
3A- 3G are %é&f’fg@ of sinplified cross 5 - sectional ABSP(\:/T"eJ%GI%S#ﬁ
possi bl'e processing sequence _ in accordance wth the present :
invention for producing- - "the flux enhanged t ransducer of Fig. 2
ut|||2|nga .+ .single "photolithographic “step and |on mlllng
operation. 10 | P RRE NT -

Wth reference now t([)EEC% é\ogé:’%l 8355 Djf%neoglé\/E 'Iﬁe%daf5er

The prior art wite mam:mess of thedmmersp;slelm piss tinemd }télet anmuntp of

o Cortion o a Rt eHAEAARRER BraE LA BkRF LB R4 s Retihathy

shown) interposed betamel,,a | ower shield (not - shovvn) ;and the top

shield 12. The top shield .1 Yy I sg i ro

("Ni Fe") . or gst her suita Zthng emboalmﬁﬁ%n%’?%f Iss [3’ ‘#e‘ilﬁ% B:éﬁ aorder_
20 - The pri or cﬁft3V\5I1h£ciﬁcﬁ§ wRifler ther veamer o¥et anwould be Sippsie
‘pol e 14, which may al so corrprl se.  Ni Fe, __separate fromthe to

‘shield 12 by means of9%A%%p Y delFA16 'In like %@nﬁﬁp |tg§%ruggelraypo9e._ 44

conpri'se al umna ( "Alttle:tdﬂ]:ﬁéesrt )wolild be on théherdernbfar.di aliexions and
mat eri al . 25 reference to_the_prior art wite h(iad 10.

shown, it has been fo‘E}?ﬁI Y?\ e Frg FERR L4 £ 2150 Pe apProximate. Yto"-p%ﬂ?‘*el d
12 may ‘wander 1l¢j1pred| ctably tHePHOh@EkaliN@d process flow for possible

.construction of - the f lux enhanced transducer 40
"-lllustrated in Flg. 2 w1ll be shown and d_escrlbed w:.th
respect to the succeed:.ng Figures. However, it sh'ould"
be noted that the flux enhanced transducer 40 may be
15". : constructed through other processes which would not

' ‘require the use of an ion milling or other material =

_ r_emoval - operation to_ provide substant:.ally  the
. structure shown 'in Fig. 2 with respect to the .

- relationship between the upper pole 44, gap layer 46
20 and flux enhancement layer 48 overlylng a bottom pole_-
' " or top shield 42. '
| With reference now to Flg. 37, a top shleld layer. _
60"15 shown. The sh:.eld layer 60 may comprz.se plated-
NiFe or other s:.m:.lar magnet:x.cally permeable mater:.al."
25 The shield 1ayer 60 may  comprise a port:.on of a
_read/wr:_.te data tran_sducer J.ncorporatlng -
magnetoreSistive read sensor wherein the shield'l_a'yer'- '
60 comprises a ‘shared (or merged) shield/pole
_ substantlally as dlsclosed in the aforement:.oned-'
30 United States Patent Appllcatlons. The plat:x.ng on the
_'shared shield may be defined through a photoresist
'operation (not shown) th.ch photores:.st is thereafter )
-stripped away in preparat:.on for subsequent proce551ng

steps. - -

35 ~With reference addltlonally now to F:x.g. ‘3B,
. flux enhancement layer 62 is deposited on the upper
surface of the shield layer 60 to a -thickness of



structure thereof resUttlng in unde5|red'ftihge ftelds — that ntght

- possibly result data being witten to -~ 30 “the sides d
track -cent &9 24726 &J ' Pé’l‘lﬁgﬂglﬁdse

ch that - spurious. signals may be rea

adj acent tracks.

To this end, it has been proposed as shomn.:

in. . - Fig. 1B, to alter the structure oggthe prlor art write

head 10 to.that  of the prior art wite head 20

exanpl e, an ion- mII
structure in -an
desired | ocation.
PCT/- US96/ 05493

nmeans:of, for

G %4702, 5004, Ok Bregid b tenns,

the v\glgm 3gggr_|_ancement layer 62 may comprlse FeN -

" deposited nominal t thick rig
~wite head 20 |ncludespa top sh |ea%ﬁ ly to. a ckness of)

correspondi ng uppe pole 24

and internedi ate gapTheyes ter, anQRPQFIRP9ﬁ9n§9f¥ﬂ#ﬁ4?# ﬁ%ﬁPhénﬁtlﬁhoﬁnt

‘wri-te head 10 5

m | l.ing operation, thg

be altered to-

shown R in Fi
upper_surfaCe 28 is
cas a mlling nmask.

mathuluﬁuéithkéﬂ\to eRulate . theapﬂyﬁﬁﬁapfdﬁﬁehgﬂons

O shisdh oFhparoee AT ogeas B ah! S ntfa TRy

gperatntoa-r eifh tiee Felrflwoferttandenershi bage?£262. for on
ﬁﬁ@“&%ﬁa%“B&OB”ﬂéﬁﬁtEQethpéﬁoQS'Qxceég FeN Eéoﬂséﬂgagt

-other than those at vhich it is desired to place the

10

flux , enhancement layer 62. _'_ Thereafter, the

-tphotores;st may be stripped away.

Wlth reference addltionally now. to Flg. 3c, a gap_
layer 64 is’ depos1ted to a thickness -@f on the order

: Of.4,ooq.A; The gap layer 64. may comprlse A1203, or

15

other similar dielectrlc materlals sultable for'.
producing the same. Following the proces$ step shown

in Fig. 3C, a back gap photo definition step may be

20

25

30

undertaken followed by an etch of the back gap (not

-shown) ut11121ng, for example, phosphorlc acid. The

photoresist utlllzed to define the back gap may then . -

be stripped followed by a number of - planar and coil _
‘define and dep051tlon steps necessary to lay down the;” B

COllS. : , _
‘With reference addltlonally to Flg 3D, a seed

.layer 66 is deposlted on the upper surface of the gap.
'1ayer 64.  The. seed layer 66 may comprise

approximately 1.0 A of NiFe,_or, in an: alternatlve '__
embodlment operative in association 'w1th. the flux -
enhancement layer 62 to further deSLrably constraln

the ‘magnetic £lux within the shield layer 60, the seed

layer 66 may also comprlse FeN or other relatlvely

fhlgher magnetlc moment material such as CQNlFe..

a5,

, An aperture 68 in whlch the upper pole of the
device . will be formed 'is deflned by means of

photoresist 70 which 1s.patterned and baked on top of

the_seed layer 66 substantially as shown in Fig. 3D.



.;‘top shield 12 'of'.prlo'r.'art wr'l.te.he. | 10 | n il led
ad 10 i.s ion mll

_mcron (1[err]) of the shield upper surface 28 °d

-"shi el d 23vopiobB9etve a resultant

| wher eby one
. | S pC@RIRYE05493 he to
t hi ckness of 2.5 ﬁlcrons at the P

grggergagszsthereof_. 15 . In like manner, the ion nmilling operation
vtpdtid o 1[err] fromthe pole upper surface-30 of the upper
( o ; resultlng in a structure th is on the order of 4.0

m crons square. -
magnetic. 20 flux WS rﬁ;gg?%gél%h%éf’&%éeffgé b < ‘9nﬂ§a' 3s!, h%he i

function of the a fd@é
er:
surface 28 in then?r%ef;urr undzl ﬁjs F@Mwumm e apertur%mae fﬂﬂ%}f

‘the area directly F8hcBR 7rr90v% o?pngfr e%ﬁfeltééﬁp@fl the o

malt |e|r 'ng' mfclﬁeen s&éd 1ayéaur¢istexpasedonmumrbr*éﬂé¢ GPGG'G%%B%& of'm?%n
“step it presénts, |n Jqﬁljé ggerta ornhefc'n.r ath‘@rupb@&g pole 72 tpkesegsiame
Peat \c/im thin.-the pr |smffa.c1ently 'to \f,,qqnb tmseaod%lﬁﬁ gég%ﬁ ?g l%#&ﬁng'_
: f;flrargcer Structurgsy QHV su‘ﬂ%'eﬁ*&ed@)maﬁmﬁblzyemoeam stepnsughyiase ion . -
'surface 28 b BhLALR e ope ' art 58 e ghpslideumiear -
y the iBhA MFQ‘Dn&"Ep 1882 t ‘the peine pperaW p%lr?a-

.24 is -relativel
inparted is not a>s/ #:?89 sapdacee off Itlme photoresxﬁ#]t'b@nnent t her eby

Sirgnificant139  the mat eh"ﬁ‘ F«ﬁﬁﬁfezx? rom 1&%i’f§' ﬁggh;tg Fll?' 3F, the
28 and the gap ayephaﬁotr:es:Lst shown in the preced:.ng Fig. _l,ﬂ Y2 pétrfﬂpedce

: 'away to leave the structure shown. At thJ.s po:.nt,
additional process:Lng steps to photo def:.ne the notch
area (not shown) may take place.,' o .
15 . - With reference addlt:.onally now to Flg 3G, the
~ seed layer 66, gap layer 64 and flux enhancement layer
' :_62 are ion milled ut:.l:l.z:.ng the upper 'pole as a mask
"to produce the’ dev:.ce structure substantlally as
o shown. 1In operat:.on, it has been found that the seed
-2-6 L layer 66 and . gap layer 64 may be ion milled for
,approx:.mately 30 mlnutes while the .flux enhancenent -
'1ayer 62 is further ion. mllled for an add:.t:..onal '3
‘minutes. Since the upper pole 72 is lJ.kewise subject
_ . to the ion m:l.ll:.ng operat:.on, the: thlckness of the |
25  upper pole 72 establ:.shed during the plat:.ng operation
' illustrated in FJ.g. 3E,- should be ‘increased such that
the resultant thickness ‘of the upper pole 72 in FJ.g .
3¢ is of the des:Lred thickness following the -ion
. _ milling operat:l.on.' A chem.cal etch process may also
30 - be wused ,in lieu of the ion milling ..operatJ.on.'-
d:.sclosed. . o ' '
Follow1ng the ion m1111ng operation illust‘rated
© in - Fig. 3G, any remaz.n:.ng photores:.st should be
: o str:.pped and the standard process:.ng steps undertaken
. 35 : to complete the fabrlcat:.on of +the data transducer.
While there have ‘been descrlbed above, the
.'prlnclples of the present invention 1n conjunctlon'_"
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8 undeS|rany r e- deposi t ed on the 'si des of t he up D
poI e 24 as%?ﬁ"”% Yn this regard, the. upper pol e_24 o pﬁ¢ eﬁ%f)orségssents
" ré-deposited gap material. 32 as well as ‘re-deposited shield

material- 34. This re- dep05|ted 5 _' rrateoig .alters the. :
characteristics of the wite head : nd can S|gn|f|cantly |rrpact

its effectiveness asy fe, e

t hat ot oxTAEReFPeSAE 1A e BT BEEE  ppa PhAMBAIE" f011K
the top shield 22 an‘dogapbqlay@rleza’-'hlﬂtluaderytgeﬁs rghat 10the dipmagodmy
on-the sides of the gakeriftion 1n made o l?’e Eﬁr&“%cﬁgﬁé'm'ﬂﬁgw h

to Firlg. 2, a flux o . _enhanced trans naccor nce wmth the
present . inv@ntiloMmitatinn, toThdbe uxs‘é‘ﬁH&ncé%f t r fheducirvention.
conprises, ins- pertpagficupakly, awhind th@i eéldeséat ﬁrﬁrenuéwnﬁhsorwen
as a bottom pol e for the. f é enh ced : aq:%ducer 40. - -
pole 44 is physicaff§T ZRSRETT orﬁ"o USSR ePF 42"" by"'plux o

means of - a . dnhhacbmeutg:lpylexyon d6shaded t-;lhbelei)'rpﬁme,rrem‘lelwslerof E
48 The top shiel d 42:80d. 40880 ROLRLIIpIBAS P HoHRns Ahver T e

gap-l ayer may conpriSe noN- 5t Oi
‘order of approxi nmat engnnegoon ar thtpmoPhéﬁ of a erﬁ%uheﬁsi mqmt@mnmrﬁl

flux enhancengnt 'ayﬁérﬁgoﬁayof " shat@HAPT LigeAN 1L oM Orwﬁﬁﬁi the
simlar relatively %er magneti c_nonent materjials havin -
t hi ckness of contemplat on hereof. Moreover, while FeN an CON.‘LFe :
S ' have been described as examples of materials which may
be ut:.l:.zed to form the flux enhancement layer, other
relat:x.vely hJ.gher magnetic moment materlals may also' |
15 'b_e_' used in addltlon thereto or 1n substltutlon-
' therefor. Still further, th.le the flux enhancement
-layer is. shown as havz.ng been appl:l.ed in a blanket
depos:Lt:Lon process followed by a mater:l.al removal step
‘such as ion m:.lling, other mater1a1 removal processes .

- 20 may be utilized or ‘the proflle of the upper surface of .

e-'

-the bottom pole and flux enhancement layer may be .. .

establlshed by means other than material ‘removal
~.1ncluding 1ts constructlon by means of varlous mas:ung,.
_ 'steps and deposition operat:.ons. '
25 -~ What is clamed is.



25 'o.n t he Ordér of 500- 2500 [err], ‘and nomi nal | y -about '1 000
[err].

+ siown’ mayrseoosen | [TVHBIBFIRIE o 7 Sranke: ** R koo

TOCPUO] LCU .
ux enhancenent- |ayer~ 48 up t® the *pre- 30 m 1l ed surfa'HﬂSp?ﬂ‘!zﬁEg HAS BEEN |
thereby presenting a thickness =~ - of therr] Fol | owi ng Jan i oRERLAGEDhg

operation, .the thi ckness of the flux enhancenment [ray®gr—48 1n. the -
area . subgmmsal |y surroundl ng the upper pole 44 was

renoved down to t e S he'#iﬁ% Jhane- 53¢ T ehul type h&86ing fiirse and
reduction in the fop' s hi ckness rr] of I er P layer,
Simlarly, the upgecqmsi @mﬁﬁécbm%cﬁm}e ’Jﬂed‘ate qao a¥| ing
- operation froma pre- éﬁacelﬁl @mmathw oGS ing:

-PCT/ US96/ 05493 . e lﬂiéfgbéﬁ

— her ma ﬂetﬁzca
~ pol e surfage plane 56. an R ienal; 1eggr ©f relatlv%.y higher

ckness of t ﬁ@ger

‘pole 44 is t[err] a@éﬁﬁ@%ﬁ&lﬁildnte"posed bergqgenaga;gmﬁcfpaﬁpﬁ
upper poie 44 is des) gnat

said 5add1t:|.onall.n flayer
~ enbodi ment .shown, E?Hr] ul G248 oﬁai'nhe ﬁr _

' - 0 T

._\,\,hu le the val ue ofuﬁ&@flirmqul dseddon GRP layer sugs..aﬁ‘t& 291% |

| coextensive thev'ewz.tn. : |
10' T2 The da*a transduce* of claim 1 whe*e:.n sa:.d flrs\.

and second magnetlc poles compr:.se N:LFe.__ ' ..
-3 The data transduce*'of claJ.m 1 whe*'e:.n sa:.d gao .
'1:'a-ye'f comprises a d*electr:.c material , |
4 The data’ t*-ansduc ¢ cl a:Lm 3 whe*e:.n said ..
E "15' | d:.e" ectric mate*':.a1 com..r:.ses Alzo3, | o
S 5. The data transcuce*' cf claim 1 Whe*'e’n said
" .addit:l.ona" laye* J.s se" ected from a group cons:.s..z.ng
-essentJ.a" ly of [Fe'\l or CoN:.Fe] .. L
6 The data - transduce* of cla:.m 1 'wherein sa:.d.._
20 - | adc.:.t:.onal laye* is sabstant:.ally between 500-2500 A_

in thickness. , o | . , |
7 The 'data - trans'duce'r of claim 1 furt.her

comor:.s:.ng. |
an. assoc:.atef‘ layer of relat:.vely higher magnet:.c_ o
25 - 'moment material - 1nte*posed ‘between said - second S

' magnet:l.c pole and sa:.d gap . layer,' said assoc:.atet:
| layer unde*lying said second magnetic pole an |
subst ant:.ally coextens:.ve therew:.th., . ' -

| 8. A magnetic data transducer :.ncorporat:.ng a read
30 " head interposed between upper and lower magnetic |
- sh.:.eld layers and a wr:.te head ut:.l:.zlng said upper

| gnet:.c shield layer as a bottom magnet:.c pole, said

- er com rlswng. : : _ |
| data :.ransed;u:tlvely i h:Lghe* magnetic - moment _laye:- '

35 ‘overlying a portion of sald upper magnet:.c shield
layer; a gap 1ayer in an'qver]_y;_ng- rel]_.a..z.onslhlp_ to' sa_id

h This Sheet Has Been Replaced




order 1.0 k[err]. In TiKe manner, The upper. pole 44 . thickness

e max'v&»zﬁg@?bzhzm||mn|m mnfkfzfr?“d o _' | Uinfifed
3] Sl

detailed process flows [ pos constructiof ,
flux enhanced . transducer 4 : |Ilus£‘{]at ed in Fig. TH@?A‘EEF%_';gég BEEN
shown and descrl bed w t:h - respect to the succeedi ngiti-gure:
- However, it should relativell enaghed nRghethe inb&ér&nflayed taﬁasducer 40
may be 15. constructed t h ot her rocesse |g woul d not L
require the use of an'ion®Hil I‘f or mép n anrerfb‘(/%’Flylng '

operation -to ‘provirlaisibnsnhbi &bl \;aiahgap laye structure shown i n_ |

B 2 WD LeoPeel dnpdMacy Gransqudflat) SRR SUMBELL N, HOEL:
bott om poI e 5  .andrbeupcshimsguetic poles comprise \WJtRe.r ef erence now o
to Fig. 3A a top shigld h@aeaata transdhcgo' oE %lcémn ﬁe$- .‘i’-‘J %Afa/e.%? 0o

may corrprl se pl ated Fe or simlar magnet I cal'ly pernmea

material. = 25 1%%@@!‘31'{159& apgi #&?Ceﬁﬁfﬁrpﬁeé'lﬁér-tlon of a. .
read/wite data gyansphéerdatd Neeaperakery of dclaim 10 wherein sa"d
nmagnet or esi stive reﬁd ensor.wherein.the shield ayer o 60 N

_conprises .a share °°%?g’88)€-e~§ﬁreF8PB‘6F§es 203 substantially as

dA:.O slc-! O'S'te_d img % asz{enm&l et t'%(hsducelégl beg %ﬁﬁ fatv&gér%l? saald
plications. The ing o shared shiel.d may be defjne
t hr ough a phot or esi %teei €ibely Iil’d‘ﬁéﬂ"a‘t iRAENHOC S 5‘{" ’yhb?oﬁ(&]ﬁcﬁ‘"&

~thereafter fraom | ppedgnonay | oopskphingi oeséentsamigquerft qmmessnmg
steps. -~ 35 N\%tz@:‘ reference additionally nowto Fig. 3B, a- :

f 1 ux enhancenent. Iayer S deposited on the upper - “surface of
~the shield layer 60180 a Thecldrlyd d&ransducer  of <claim 8 wherein’ said

| ‘ 15 relati vely higher ' magnetic  moment layer is

subseanrlally between 500-2500. A in thickness. - .
14. The data - .t"'a_nsdt.cer ~of claim 8 . further -
ccmprzs:.ng . ' o o
an. add*t:.onal layer of relal.J.velv h:l.gher magnet..c '
20 m;oiﬁent mate"':l.al :Lnterposed betdeen said upper___magnet;.c -
o pole and said gap layer, said additional' 'laye'r
'underly:l.ng saJ.d upper magnet:.c pcle ‘and substam.z.a1 ly o
‘coextensive ‘therewith. ' ' ' . _
_ 15. A process for fcrm:.ng a magnet:.c data transducer'
25 .  comprising the steps of: '
' provzd.mg a first magnetic polle, _
overly:.ng a relatively higher magnet ic mement
layer on a portz.cn of saz.d fJ.rst magnetic pole,- .
produc:.ng - gap 1ayer . in - an overlyzng
30 relatienship to sa;d relatively higher maér;et:.c mement
layer and" sﬁbStantially coe'ctensive"therew:ith', and
_ .forming a second magnet:.c pole in an overlylng-:
- relatlcnshlp to sald gap layer. . ' ' e
16, ‘The prccess of claim. 15 ‘wherein sald step of
35 | __ prov:.d:.ng is carried out by a magnet:.c data transducer
' J.nccrporatz.-xg a read head interposed between upper and
lower magnet:Lc sh.Le'ld lave”s where:'.n sa:.d upper

This Sheet Has Been Re
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10 t wee | . '

“the fl uwommnne n 500 1o 2S00l ooy | a preferred enborusweMS493
anommnally to a {Tﬁmmuwﬂu “IH “!ﬁl k[gﬂm“ se FeN . deposi ted
phot o deli i tion st ep (ot Sshiwn] ] " Ther {aHIS SHEAT HIASBEEN

hysi cal be unde
Py di mensi ons of the Shl eld Ia?er 60 folrltg\l;vg L; ﬁEPMDt he .
I Ul i

m|1ing ~ operat
the order of 3 mi ng?-@elt 3 gﬂ%?e" & RelNdd WoRphasspaerirsayragoetiss Bote-

excess FeN f _

those at which 11 hy. deSﬂHedprocyasacéﬁ neiaipy 15 *Wikein maid o6 dmn
er o §

Wth reference addi® "!w yg is carr:.&ﬂoéﬁteﬁystheastbp ot pped away. ayer .

| HOW T O Fi _
| ldgsgfl Eszeldmtao a t hi cknessimttimllhe ‘8?88?1%:3:; as%.:.d relatigé 64ugher
 materials: gu ?g&” gr’fe‘&eérﬂxﬁéﬁf]la?er ohSsaid voper n@ r,r %ﬁue? ??PC -
process ‘st N -
e s i, e LA i
e, T sserptohased by asrvien oethY HACD .

utilized to defi ne the bl Og gﬁgfe{@ﬁé' Sa88igkp ]T&hﬁer @0 sa:.d meﬁ@gely_
' E : _ h:.gher magne*‘:.c moment layer.
lO 19. The process of clam 18 wherein sa:Ld step 'o_f
for:ﬁlng is carried out by the step of:
defining sa:.d second magnetic pole on sa:.d gap'
lave and _ o
_ selec :Lvelv removzng sa*d gap _laye*' and saﬂd"'
~15° re1 a*'lve'lv h...gher .magnetic - momem. 1aver om gaid -
-:u'oper magnet*c s‘ueld layer subs ..antﬂally sur*’oundlng
said second magne*:.c pole.. .
. 20. The process . ‘of claim 1° 'where'w"n said" step of
o _ "de*’lnn.ng is carrlef- out by patter"u.ng photores:.sc on'
_2'0 " sa:l.d gap laye co :
" _'_21. The pr ocess of cla:.m 19 where*n sa"d step of
'selec‘rvew remov:.ng is carr:.er‘ out by J.on milling of
_ _e*c*osed port:Lons of said gap layer and saz.d relatz.vely-
_ higher magnet:.c ' moment layer ut:.l:.z:.ng sa:.d second ,
25 magnetic pole as a mask. _ .
22. ‘The process of claim 15 wh‘er'ein .said step of "
providing is carr:.ed out by NJ.Fe. : | _
23. The process of clam 15 wherein said step of -
. overlylng :Ls carrled by denosz.t:l.ng a material- selected
30 from 2 group consisting essent:.ally of [FeN and
CoNJ.:e] - _
_ 24. The process of clam 15 wherein .se'id step of
produc1ng is carr:.ed out’ by depos:.tlng a -leyer cf
N ' d:.elec»..r:.c materlal‘ . : | B
- 35 25. ‘The process of claz.m 24 wherein said step of
| 'depos:.t:.ng is carr:Led out by A1203. e '
26. ‘The process ©Z claim 15 wherein sa:.d s._eo" of

This Sheet Has Been Rerlaced




be _.S.tlfi pped foll OWéd by. a “nunmber—of pl-anar and coil - B 'defi‘ne-'and

- deposition ) ecessary to |lay domn the ~coils.
Wth refer@gga%%ﬂl ti “muﬂnlmmnmmg a seed 25 - | yePcT 896105493
dep05| ted on the uppeﬂm - | ayer - oee
“layer 66 -may conprise ° “appr oxi matel % 1.0 A of N #QIS §HEET Hﬁ@
alternative - enbodi ment - oper-ati've i'n associ ation h tchfPIU\G&D

flux within the- shlel 66 may al so

enhancenent | ayer 6% t{gr%gfs%é&lbéﬁa%{;s%gl L, o " the. magnetT ¢ '
aye
conpri se ‘FeN or ot her reI§ %1-'9-{39 a relativeher Méﬁk@m iFeierndl

such as QN'Fe. ~ platindVisdDerrélatiSelly WHEH 1dpeknael MUPE witn o
t he : device will “ be formed is definéd by - means : .
phot oresi st 70 whi c &R €opatterned and. baked on top of - o the seed

‘layer 66 substantiakly, agmwdoptocess gof3Rlaim 15 where:.n said step of
PCT/ US96/ 05493 WO 96/ 39691 arr:.e& szt reference -
additionally now to ﬂﬁnnﬁ 17 HE uB%thﬁoﬁgePf i pI ated within

‘the aperture 68 defi ned depositimy aheepabivedyi thlmlaysmmi)ffeﬂatand -
portion of the iﬁe&iﬁa’%aﬁé %&%&%ﬂ;} htﬂlhhaa@%ftafer@% wir'E!?

NlFe.
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5 - plating operation for-the upper. pole.72 takes place

suffici-ently to formthe desired thickness (allow ng: pCTnﬁwamuny
- .subsequemvogs3gesial renoval step such as ion . mitling) for the
gpper pole 72'to a point belowthe = . upper surface of the -
phot or esi'st 70. 10 "~ W.th reference ‘addi tional l'y now to Fig. 3F
-the -~ . photoresist shown in the prqq@hlng Fig. 3E is stripped
“away to |leave the structure shown..” At this point, additional -
processing- steps to photo .define t he not ch - -area (not’ shomn) nay
take pl ace. .15 - Wth reference addltlonally now'to Fig. .3G the
seed | ayer 66, gap |layer 64 and flux enhancement |ayer ' 62 are ion
- mlled utilizing the upper pole. as-a nask : . . to produce t he device
_structure substantially as - - — if,has been:
found that the seed 20 - Iayer 66 ams 4<3n nllled
Jfor - -~ approxi mately 30 m nutes L \ Jement _ g :
layer 62 is further. ion mlled for an aqo - _ nlnutes - Since
the upper pole 72 is |likew se subject = Neel i on nll - '
‘operation, the thickness of the - 25 F shed durlng
-“the platlng operation ‘illustra d be |ncreased

-“such t hat , . the resul tant. thlck 89
3Gis of the desired thlckne_'. :

operation. = A chen1EaI 4
of "the ion mll :
Fol lowing the i0n5h5ili

any remaini ng photoiesi,/
processing steps oA
‘data transducer. :
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Vmile.'there have been . descri bed above, .the - =~ - prihcipIes7ef

the present_in on in conjunctlon _ WO 96/ 39691 o .
PCT/ US96/ 0 /5ot o 127 - FCTURGS
specrfrc devi ce structures and processes it is - .. to be. ¢learly "
understood that the foregorng - description in nmade onIy be way
‘of exanple.and not as™ - a limtati to. the . scope - the -

i nvention. 5 Particularly, while tHﬁ?ﬂresent i nvention has been
described with "respect to the use a flux .. enhancenent

| ayer on a shared shiel d/ pol e, t he use of a relatively hi.gher -
magnetic nonent layer in the same~ ~ ~ nmanner on a bottom pole of a

wite head not foriming a 10 portion of a shared shield is. .also ..
-within the - contenpl ati on hereof. Moreover, while FeN and CoNi Fe
have been. descri bed as exanpl es of. materials which may. : be utilized
to formthe flux enhancenent | ayer, other ' relatlvely hlgher'
nagnetlc noment rmaterials may al so 15 - be used in addition thereto -
or in substitution.. ~ therefor. Still further, while the: flux
enhancenent - ‘layer is shown. -as havi ng been applred in a bIanket

“deposi tion process foll owed by a naterlal reanaI step .

] tt'V/////T°P - /////

' Fig. 2 .
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such as ion nilling, other naterial rehDvaL.proceSSes' '20 ~ may be

utilized o file of the upper surface of. : fe c
and flux. eﬁﬁ%ﬁ@%ﬁ%ﬁ | ayer may ber - . established by ne 5ﬁﬂtggthan

material renoval .. including its construction by nmeans of vari ous
maski ng . : steps and dep05|t|on operations, 25 .- \Wat is
clained.is: = - 3/4 13 1.0 A magnetic.
dat a.transducer- of the type havi ng a first magneti c pol e -menber that

has a width and is forned of a nagnetlc naterlal having a - magnetic-
monent, having a 7 - T Al - '

.5_.

nagnetlc mat eri al

menber bei ng of 4 Al | , 2 : _ A ; said
second magnetic § ; % “( ap Vi ne ™Ror t i on

of . - said wdt ¢ Lo—p A2 4 " n{gneti-c
pole ~ .nenber forn1ng a nagnetlc f1ux gap mnth sald flrst nagnetl ol e
nmenber, and a . honnagnetic gap | t%s | ocat ed i nt er medi até aid -
first and second 10 nmagnetic pole is substantially coextensive .
Wth said smaller width ~ -of said second nagnetic pol.e nenber, the .= - '
‘t nprovenent, in conbi nati on, conpri si ng: - an addltlonam

~magnetic layer that is forned_of a materi al haV|ng a nagnetlc o
that is higher t ~-Srt} ' '

rerber - P77 72777777777 J77F

TOP SHIELD,
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15;;Said'additional
portion of

f|rs£ nagnéﬁ@égﬁ%?
magnetic pol.e nenber,

2.

The data transducer. of 68!.

menber and
substantlally coextensive with said smal l-er
‘sai d addi ti onal

nagnetlc Iayer belng Iocated dlrectly on said md
‘magneti ¢ pol e nenber and mterposepC E&&g&g

fald_ 

sai d .nonmagneti c gap |ayer "SO as
- width of said second

gﬁynetlc ‘layer underlying’
nonmagneti c gap Iayer and bei ng substa éhly coextensive therew:th.
' m 1 wherein said flrst and second nagnetlc

Csaid
20

. i S
pol e menbers haveZ@kngral |y’ eq magneti c n s. . 3. The .
data transducer of crg\n1l.mhere|n aid no gnetic gap layer. - .conprises: .

a dielectric material. - 47 Th dat a_transducer_ of . cla|n13 _ -

~wherein said di t IR qt eN_ all A Ner r CI r]. 70 @ 5.
The data transdpgerN\of & anNg 1 n A TSt “second ' gnetlc
pol e nenbers ar r med i

conprises Al [er NOws{r yersﬁé

sel ected froma . gRou eand is-
substantially b
‘data transducer
.substantially b
.data transducer |i
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SHERY) veper TRonel faiumlﬂlullﬁmuaummt 2 ‘;msa:sws 493
it e head that atifiz'es "sai®d dpper 'FEA#& alge‘mN '97
) n|pgneti ¢ pol e nmenber, sai d upper nagnetic s

Hth, and said wite hd&d conprising: 5 a flux
hfving a wwdth that is snmaller than said w dth of
) Angnet e shi el d. | ayer di rectly overIy| ng a md_portion of said
wi dth of Sai dlhm?&n transducer ofdhertypediaying adist magretihpoleryer

havijng a memberRBAEhRS dTWfﬁiﬁtaﬁdT%tfdrﬁle'a ah@hédmléma@eﬁamwnhg gronent gf ]
sai d upp vm t

That i 5 gergretic Fhaneah havttg asediid madnesierpale mdmbes WAl is e & Bement
| ayer di rmaghgtioveateyiahfavirigla frhagnetid sroment)isaidgecondmiagnetic pole an

anra W arfietber Btig SR F Ealley Widiindniiale R pbriRGhde ML 50 upper
magneti c smmloe\dnmaueetmmlegnmbag being spaced from 85id overlyiBg a mid eodtion of

transduces,glyigt bf”sg W&&%ﬂg@ H%Fboﬁ{enﬁ?i@g"sta'i&séébﬁé?nagrbetné Bkl and

sai d upper nagne I'c pole dat a
t r ansducéne@pegfarming m&a@eﬂ%ﬂu& ggRpwithsaid Eicstonagestia poleineempeg, and a

mater! al nonmagnet] gagllgyer st .Q%e%&eaamfrg&.a@ ssiﬂf&t%ﬁwé@dﬁusa' d

dielectric mateéri a | ses The data

t r anskc dpagnetic poig W%’B?’Lﬁ and i gubs t@‘l'b! ‘VPéMQ? spid 5'“3“95 &idth eqd

froma greigaig @eTontli MEgREEE Polémembér, AR iMpréPéinkAt, in combination,
comprising: '

an additional magnetic layer that is formed of a material having a magnetic
moment that is higher than said magnetic moment of said first magnetic pole member,
15 said additional magnetic layer being located directly on said mid portion of said first
magnetic pole member and interposed -between said first magnetic pole member and
said nonmagnetic gap layer so as to be substantially coextensive with said smaller
width of said second magnetic pole member, said additional magnetic layer underlying
said nonmagnetic gap layer and being substantially coextensive therewith.

20 2. The data transducer of claim 1 wherein said first and second magnetic
pole members have generally equal magnetic moments.

3. The data transducer of claim 1 wherein said nonmagnetic gap layer
comprises a dielectric material.

4. The data transducer of claim 3 wherein said dielectric material comprises
25 ALOs '

5. The data transducer of claim 1 wherein said first and_second
magnetic pole members are formed of NiFe, wherein said nonmagnetic layer
comprises Al,O3, and wherein said additional magnetic layer is selected from a
group consisting essentially of FeN or CoNiFe and is substantiaily between 500-

30 2500 A in thickness.

6. The data transducer of claim 1 wherein said additional magnetic
layer is substantially between 500-2500 A in thickness.

7. A magnetic data transducer incorporating a read head that is interposed

- AMENDED SHEET



g TR

squcer of the type
+rat—trasa wldth and is formed of a nmagnetic material having a

i1, having a second ﬂrﬁgnetlc pol e nenber that is forned
I'c materi al havi ng a rragnetlc nonment, said second magnetic
pol e ne bei ng of a r . dth than said first magnetic pol e
menber , "gs pene HHP%@‘FPSE‘?JF Hyeld 'ﬁ%%v'mam@agmﬂcmeat ARG A lawer

%ﬁir:) L?/I nmagrﬂgg ghwéd :{aamr gtbrmglaimugﬁiﬁ;cb gbnfm carid ah&brmmtgt & writ®héad that
r
said fi ré‘? fises sa'ﬁé’&ﬂ gBSf%ngfﬂ)@Ver a%d b&‘*ﬂm{ﬁégﬂéﬁa’?@ Jﬁemé?retsg{‘ﬁat i's

| ocated uppermednetiesisieldiayer having atwidti and saidiwritegmedd comptigsingenber s and
IS supstanti aé'f)’wccgﬁﬁér’?@éﬁw%éﬁt ¥ r?ﬁ%%’lrg%a width th3t is smaller than said Wgcﬁﬁ 4 Con.

wi dt h "of sai d secon he I roverren
conpri si Agid upper magnetlc shield ayeardnmliymwwmmm portiony of saitiwidth of
formed okagy OBHEF hizl Hé‘i%'él’ﬂ laﬁi%'?eééﬁ flux enhancement IWVIEB% i's hi gher

than said magnetlc rrent o fIrst magnetic pole

sai d addMagsedic megesntithat @@@h@élthgn I%ﬂlﬁgﬂﬁtl%@@mﬁfﬂrf’fs%ﬁ@ URRErpor t i on
of said fidgHetic shield Iayer magnet i c pole nmenber and i nterposed bet ween
said first nmagnetic netlc a
aver9so as 18 6P GYRETRITG A il dhatissaanerallieausl 40 Sal pETaller width of

Wi gt hI of said flu® emadcmmtlayerp@drecwEsbeﬂyur@as@idamﬂd énﬁéﬁterﬁﬁﬁﬂﬁiye? laAer
under | yi ng

Ohet ant o1 1 yanamRer magnetd pRid ATREAr hhving ™ widihthal 1€ g&ReRdlly equal to

said width of said gap layer directly overlying said gap layer, said upper
magnetic pole member having a magnetic moment.

15 8. The data transducer of claim 7 wherein said upper magnetic shield
layer and said upper magnetic pole member comprise NiFe.

9. The data transducer of claim 7 wherein said gap layer comprises a dielectric
material.

10. The data transducer of claim 9 wherein said dielectric material comprises
20 AlQOs.

11.  The data transducer of claim 7 wherein said flux enhancement layer is
selected from a group consisting essentially of FeN or CoNiFe.

12. The data transducer of claim 7 wherein said flux enhancement
layer is substantially between 500-2500 A in thickness.

25 13. A magnetic data transducer of the type having a first magnetic pole
member that has a width and is formed of a magnetic material having a magnetic
moment, having a second magnetic pole member that is formed of a magnetic material
having a magnetic moment, said second magnetic pole member being of a smaller
width than said first magnetic pole member, said second magnetic pole member being

30 spaced from and overlying a mid portion of said width of said first magnetic pole
member, said second magnetic pole_men'iber forming a magnetic flux gap with said first
magnetic pole member, and a nonmagnetic gap layer that is located intermediate said
first and second magnetic pole members and is substantially coextensive with said

.AMENDED SHEET



10 an associ ated nmagnetic |ayer, fhat s formed of a havi
magnetic monent that is higher than said % nigg#agJ

sai d second magnetic pol e ' menber, saitass t '
| ayer b mmmm“mftly on said second lpm SEELMN 97
menber gmﬂ" ween sai d.secdhd magnetic pol e menber

and said ’norfmagnet’l c®gap layer, said associated magnetic |ayer underlying

sai d second magnetic- pol e nmenber and overlying said

nonnag netsm,a"gawldtayé paid:5peonginAgnetic pole member, thedmereMastentainegonzination,
subst ant icahrpyisfRext ensi ve with said smaller w dt h of said second

pol e nmenber. | C da}a transducer  of the

type having a2niadditiogaEmagngticlaver H?ﬁ%és formad f & méteria Rayipg @ magRetiny a
second Ninfomentahet is higrereham shidrmadrdtic momentoexid €itst enddristicgptile member,

20 B S0 oPELFREE 6y YRR Py Bel s W Bl e
first anmagnehnwoimglembem gpdlintenposed betwear saidfirst/magnetic pole member and in
ggrglc:{lggl ?r hnd [%plzlgxﬁ %aﬁockpﬁsubstantiallféb&gé“sth}é)\rf}ﬁlb sggféé}ﬁéfléi' layer
magneti c w@ttnenf satsl w:qndtmammpqie merober, saidadditional magnetio iayer underlymg
25 poleg ﬁ}ﬂe égﬁsgeﬁﬁﬁd&bé.hgsgubgmasﬁy €o éﬁsﬂ?@w ﬁﬂdaﬁ@' d

nonrragnetlc gap netl ¢ a er. u saj d
nonmé§net i c gap a5§9@ﬁf%39@$tifgla¥%f§‘?hlﬁfpﬂﬂ¢9 OEéé'Bﬁtéﬂﬁll fwlmmemanvc and
sai d moment that is h@gvhtrtthmgéldrmagmﬂcqnbméﬁf ofogtid SetoriimagAstic pele A to
about 2500 A thi cﬁ 6% I at ed t| c layer
o ect samerhAT, FISasSAAIg -waOReG laar being located GHe0 P Reid SHRYac oo at ed
mag ne: | Cc magnetic ipelexgemer Endﬂnlérpbsredwétween saigl skcond magnetic pole niegmiserd
magneti c r a et S .

and sai daﬁgﬁ%ﬁgb'ﬁegﬁ éﬂﬂgiﬁﬁggws ﬁ%{#yqﬁgﬂgﬁsﬁﬁ&rl yi ng
sai d15 second magnetic pobmjeningnand overlying saidmonmagheticagapliayer, @nddsaid
nonmagne I t |

Subst ant Paog AR B/ beind stbstantially poextensiyeA3fi? Sull fifalef ittt 2 seqond,
sai d asse@oleamembesyer being about 1.0 A thi ck

14. A magnetic data transducer of the type having a first NiFe magnetic pole
" member, having a second NiFe magnetic pole member that forms a magnetic flux gap
20 with said first magnetic pole member, and a having an Al>Os nonmagnetic gap layer that
is located intermediate said first and second magnetic pole members, the improvement,
in combination, comprising:
an additional magnetic layer selected from the group FeN and CoNiFe,
said additional magnetic layer being interposed directly on said first magnetic
25 pole member and between said first magnetic pole member and said
nonmagnetic gap layer, said additional magnetic layer underlying said
nonmagnetic gap layer and being substantially coextensive therewith, and said
additional magnetic layer being from about 500 A to about 2500 A thick, and
an associated magnetic layer selected from the group NiFe, FeN and
30 CoNiFe, said associated magnetic layer being interposed directly on said
second magnetic pole member and between said second magnetic pole member
~ and said nonmagnetic gap layer, said associated magnetic layer underlying said
second magnetic pole member and overlying said nonmagnetic gap layer, said
associated layer being substantially coextensive with said second pole member,

35 and said associated layer being about 1.0 A thick. _ _
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16 15—Aprocess for formng a flux enhance 3 e .
transducer data transduci ng gap, conpri sin &&7 ll- _
provi wlgul‘mgﬂmjg&tlc pol e having a gap-adj acent-su ?{QJU(N]
oflerl y| hi gher nagnetic nonent | ayer dl're on

5 of said gap-adjacent-surface of said@irst nmagnetic pole, said reI atively
hi gher magneti c nonent |ayer having an exposed- surface;

producing a dielectric gap layer in a direct overlying relationship to said
exposed- sur f at®. of Aqapgese fenr forming i fitre enhanced imagrietindataatransdocer

subst ant haly £0Bt4 SNSUECIHEaY! EbmpPifh HehRgiyoe 920 1aver having an

exposed- 10 Tsur ond magnetic pole in a
direct over | yPiRyidiogaa fissismagnetic pale havmgaamadmen&(s@riac%a. d

di el ectric gagvérdyifg-a relatively hlghéﬁ magr ﬁ’éh@ﬁ%?éfﬁ IggesaI g%i%ﬁ/@ﬁ&hansa' d

data tran dU.CI wher ej provi di ng

is caPri®d® Qn%?/%io%?%ﬂtéﬂ”iafe Héﬁﬁ'é’tg fa’ESt d%ﬁ@qtfcaﬁgtﬁu@@r'd Fﬂ@é‘l\’sbf aighes a
Iread gamhbabtmsmomew mdqbﬁhg@ﬂt eﬁpOTnggrfa@ad | ower magnet i ]E: sh![ el d
ayers ereln netic, shie ai irs

ma)g;net ic pol €& d%cmg %p&eleﬁﬁc gﬂ?e'aﬂpﬁé'éé 'B?th‘?‘éfﬁx'&% ré{ﬁ’és‘o& iR4P said ep of
form ng e:spmserd-sarfaoatof said rglativelys higherahagaétic moment layer atef i ni ng said

d ol ' f ' | ect
second RISRRH Al Sy FORTAN B8 RGPS B Soueerie ol BPERIL
sai d1@el surfacs;yand gher _magnetic rmoment |ayer from said
gap- adj acent -@uniRe s sdcotidl Maghefic pBIETHR"Y Girect overlying relationship to said

exposed-surface of said dielectric gap layer.

16. The process of claim 15 wherein said data transducing gap is a
write gap, and wherein said step of providing is carried out by a shared
15 magnetic data transducer incorporating a read gap that is interposed between
upper and lower magnetic shield layers wherein said upper magnetic shleld
layer forms said first magnetic pole

17. The process of claim 16 wherein said step of forming is carried out
by the steps of: .
20 defining said second magnetic pole on said exposed surface of said
dielectric gap layer; and '
selectively removing said dielectric gap layer and said relatively higher
magnetic moment layer from said' gap-adjacent-surface of said upper magnetic
. shield layer substantially surrounding said second magnetic pole.

25 18. The process of claim 17 wherein said step of defining is carried out
by patterning photoresist directly on said exposed surface of said dielectric gap
layer. '

19. The process of claim 17 wherein said step of selectively removing
is carried out by ion milling exposed portions of said dielectric gap layer and
30 said relatively higher magnetic moment layer while utilizing said second
magnetic pole as a mask.

20. The process of claim 15 wherein said step of providing is carried

out by NiFe. : .
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shi el é, Fayer—substantial Iy sur r oundi ng said second nagffe ﬁh{zg 5[{,93
ed-“ou

|
18. The pro lL.aim 17 wherein said step of defihi 9
by pat t| | aiﬁﬂ EMt directly on said exposed surfd gi AN 1IN '97
di el ect n . 11%/ The process of claim 17 wherein

said step of selectively renoving . Y&/#arried out by ion nmilling exposed
portions of said dielectric gap |layer and 30 said rel atively higher
magnetic nmonent |ayer while utilizing said second . magnetic pole as a
mask. 21. 2%he praeess o staimot 5 wharain saighetepi ¢f avarlying dp carried by

provi di ”Eegésﬁﬁ‘{d & fbterial SBlectd Mdrt a group consisting of FeN andZBoNi#¥ Process
of claim15 wherein said step of overlying Is carried by depositing a

mat eri al sel ecf ed om a grou Qns) st f ‘FeN and CoNi Fe, . .

5 The. proced?- of TRRBAFSSS hefafv L wHP el st SEPRIRIPHYCING [S.5aia

out by AbltbylAThOm.] . 5 23. The process of claim 15 wherein said
step of formng is carried out

5 23. The process of claim 15 wherein said step of forming is carried out
| by the steps of:
depos'iting a relatively thin seed layer selected from the group NiFe and
FeN on said exposed surface of said dielectric layer; and
plating said relatively thin seed layer with NiFe.

10 24. The process of claim 15 wherein said relatively higher magnetic
moment layer is of a thickness from about 500 to about 2500 angstroms.

25. The process of claim 15 wherein said relatively higher magnetic
moment layer is of a thickness of about 1000 angstroms.
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by the steps .'df ' o deposi 't'i'ng a reJ'a.tiveI y thin seed AR

sel ected fromthe group Ni Fe and FeN on sai-d exposed sur f B
djel ectric | aPC and . WORLD INTEQEEHU) %‘WOI‘WF%I y t'hi n g
r ocess

with NiFe.
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| n abstract

"A flux enbanced data transducer (40) and method fei' producihg the same in conjunction.wiﬂl shared shields on MR read heads in-'
which substantially between 500-2500 A of a relatively higher magnetic moment material (48) is added to the upper surface of the shared

The relatively higher magnetic moment flux enhancement layer may comprise CoNiFe, FeN or similar material which is deposited prior

the formation of the dielectric gap layer (46). The flux enhancement layer may then be selectively removed substantially surrounding the
upper pole by means of a relatively brief ion milling process in which oxﬂyonmeorderofIOkAofmelayerneedbemoved anddunng '
which only an msxgmﬁcant amount of the matenal removed m1ght be re-deposited on the sides of the upper pole. = - )

shield (42), or bottom write head pole, prior to a magnetic flux containment ion milling operation utilizing the upper pole {(44)as a mask o




