WO 02/ 07153 PCT/ US01/ 19729 DOVAIN CONTROL I N SHI ELDS OF A MAGNETI C
TRANSDUCER FI ELD OF THE | NVENTI ON The present invention relates generally
to heads wom/mesin a magnetic 5 storage drive. |In partiPOI/@S)1/19M9S
invention relates to nethods and apparatus for magnetizing shields in such
heads. BACKGROUND OF THE | NVENTION A read/wite head in a disc drive
'Ejypl cal | 3(; i ncludes a magnetoresistive (M) read transducer that is

eposited between non-nmagnetic |ayers and 10 nagnetic shield |layers. The
nmagnet or esi stive read trand2¥EAL Ny INSHIMDS, nagnet oresi st or,
el ectrical contacts and oneOBrA MAEGNIHE RUCKR nmgnetically bias
t he magnetoresistor, as taughFIEhDWKSTHEINVENTIQNS, 037 Krounbi et al .,
for exanple. VariqQys nmagnetic hiasi.ng arrangenents,in the. magnetgresistive
sensor can be use d’rFﬁﬁ‘?b‘i‘/Vém ﬂ?F%‘F‘%thﬁ?erB‘?%&? B’F%dr?i jinoirt%?? mn g ?%nﬁ{é)éri ty,
and/ or r equc g RMSEriveDMW PaRTulR! RdinkBntldiereRRAT BYmSBEALidCappaizalsdfol ayer s
can al so nmegnetically bias the magnetoresistor. Control of both domain
magnet i zat i onmagetiziog sliinldamelsetbrheads-wal | | ocation in the shields are

inportant for the proper BUVRHPF i stive transducer
because of magnetic intera e—rnarg@oresi stor and the

shield. Some shi el Al rggipwaRSheAhrOlist Rgive aggitdlpninefudde erhapnemidsistiby control
of the shield shape. O her shield desi]rg‘ns control the polarity of magnetic

domai ns by r@®Rviread ansdusemithatuisl deposier rhskegeng neREagREl devert 899 singl e

domai n state. ' f L; ' : &F\?d t hat,
w t hout clos um%énfgé g@ﬁ’gil %g%%'rrg%ene ;ﬁ:&g%?alrggééee?egg m%g{%&%ﬁgié%gzh 0 teF]Z shiael d
Ehat gan caus@f}I nﬁergﬁeﬂ@f]esglt@?wl@&ﬁduﬂ domsrtsobind adree. oA meugn bias cpgrety Wt t e
ransducer and a nethod. of maki ng such a magnetic d it d

are needed | rin‘?%ﬂeBP?”fYaﬁi?é_t the B}agg?tﬁﬁﬂsgon i c}_g'i‘é‘édmt § i)\él\ﬁg@ﬁ S’Qﬁﬁgg’?rggﬁ::es
track erasurgg, ,hiake BY O¥d: I8k OWallBhsS thaghbif biasing arrangements in the

magnetoresistive sensor can be used to improve uniformity, predictability,

all, O

15  linearity, and/or reduce noise.

Domains formed in the nearby magnetic shield layers can also
magnetically bias the magnetoresistor. Coﬁtrol of both domain magnetization
direction and domain wall location in the shields are important for the proper
operation of the magnetoresistive transducer because of magnetic interaction

20  between the magnetoresistor and the shield.

Some shield designs control the location of domain walls by control of
the shield shape. Other shield designs control the polarity of magnetic domains
by removing all domain walls and forcing fhe shield into a single domain state.
A side effect of these single domain state designs is that, without closure

25  domains, magnetic charge forms at the edge of the shield that can cause track
erasure and loss of data.

A magnetic read/write transducer and a method of making such a
magnetic read/write transducer are needed in which magnetic biasing is
provided to a shield that reduces track erasures, that provides a low noise, high

30 linearity output, and that is easily manufactured.



30 linearity output, and that is easily manufactured. WO 02/ 07153

PCT/ US01/ 19729 -2 SUMVARY OF THE | NVENTI ON Di sclosed is a read/wite head
t hat conpvoere71a3 bott om shield and a shared shield. The BOmUsa/®Mi%el d
includes a first domain and a plurality of closure domains. The read/wite
head al so i ncludes a magnetoresi stive sensor 5 deposited adjacent an air
bearing surface between the bottomshiehd and the shared shield. The
magnet or esi stive sensor includes a nagnétoresistor aligned wth the first
dormai n. Non-nagnetic material separates the magnetoresistive sensor from
the bottom shield and the shang¥ishveydTHENRVENTIEON shield includes a
shaped feature that defines an unanbi guous direction of nagnetization for
the 10 first dondPisclodeisea apal/writei bend beheompréses iy bettem shigld aad 2

advant ages that chargcteyiz the.present inwention .w t upon
readi ng of tf?glarfegl ﬁ%‘néﬂhﬁesggﬁeflesgll&%éécgﬁeﬁtall \cf;lﬁﬁaérllo arl}gvéldgwgg%l&tgﬁgf ggsoci at ed
drawi ngs. BRIJdsuRESSRLRI] Thé cdadMrfie DRAVANGSnclidesH Gaghetotdsistive atmssr a di sc
drive storage device. FIG 2 illustrates a partial cross ?ei i onal view of

a slider thatdeppsiteddatiacent emiaiy bearingfugface pitweers the boféem &Rd &kt ar ged
partial cross ty | v -he i r L : a
magnetic | ayesrh 3%?1 gg?%@s%ﬁg %‘gg%tgeggt “ﬁ %ggqtrrlg%lgéésP%%%%ng%ﬁﬁgﬁraaﬁgang nts of a
magnet or esi stwitle thés €irsodorhaih Wilen-rsdpnelic natoriat sepdrat€s the imdgnstoreaistise a PRI OR
ART process of magnetizing shields with neral l.y rectagngul ar es. FIG
6 i|lustratesSCBSPY e }Eﬁ%oﬁhﬁﬁ%l iailflﬁ]be_ %ﬁ?eglsgée?‘{tﬂ? Si‘?@agﬁ?bfgﬂmf%@g%
control domai J‘sﬁ%@&i fécaﬁﬁggfa!(tj gQﬁ%\A&'aﬁuanbigluH&st difdcB8n BF hARASTRALS f&the haped

per manent nmagnhets on shi th rectangul ar shapes.
10  first domain.

These and various other features as well as advantages that characterize
the present invention will be apparent upon reading of the following detailed
description and review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 illustrates a disc drive storage device.

FIG. 2 illustrates a partial cross sectional view of a slider that includes a
thin film head.
FIG. 3 illustrates an enlarged partial cross sectional view of the head
illustrated in FIG. 2 and a magnetic layer of a disc.
20 FIG. 4 illustrates PRIOR ART arrangements of a magnetoresistive
sensor between shield layers. ’
FIG. 5 illustrates a PRIOR ART process of magnetizing shields with
generally rectangular shapes.
FIG. 6 illustrates a process of magnetizing shields that are shaped to
25  control domain wall formation.
FIG. 7 illustrates arrangements of shaped permanent magnets on shields
with rectangular shapes.
FIG. 8 illustrates arrangements of shaped antiferromagnetic pinning

layers on shields with rectangular shapes.



FIG 8 illustrates arrangenents of shaped antiferromagnetic pinning |ayers
on shields with rectangul ar shapes. WO 02/ 07153 PCT/US01/ 19729 -3 FIG 9
i1l ustratve@ozasridhgenents of shaped pernnanent nagnet pi nni RPQT/US@Y®r® on
shields with nmultiple closure domai ns. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS | n the enbodi nents descri bed bel ow, a shared shield in a
read/ wite head 5 has a shaped feature,that defines an unanbi guous
direction of magnetization for a domainh in the shared shield. The shaped
feature can include singly or in any conbination a trapezoi dal shape
shared shield w t riQr owitbestts bANNERGNEO6NShded Mrmandrt chag@u|phinishaped
shield with shaped features in the formof one or nore ferromagnetic or
ant i f er r omaghayerscomidiadds wih ontliiple clishe|domait are shaped |ike an to

under|'ying domai ppird 1f b SBGREHGRN BESP]ISTRGAREDBEBIEETIW Lh the

illustrated enbot S, Pr ot ens W anpTguar ty 51T 0Ca
direction of magngtteZaaibodinédls téRribéd Bdlowad shazatbitield in amehd!dteiend or mance

of a magnetoresistive read sensor aligned with the shield i.s inproved.. In

the illu§tr&eedskspsddearasithat deHaessHuyRMNESAUS CEECHIN L BREHEHIHET | ocat i on
S 15 . _ 35 atal : °losat o
an | rect] o8l 1%2&12&*&1%&??&1&3 %;(aﬂ?cﬂgéaﬂ;ré ah AR LR ﬁﬁ@%’ thah ahy aligne

wth a read “sensor ray read sensor that is caused by
t he shi el d degmbinatien aprapeiaitdabhypecsntadadhicid with amwitkau roaided capsts, ed

magnetic field durin nuf acture aof the head. FI ill.ustrates an
enbodi ment ofor# ré?té%gg"ﬂﬁ‘rlr@‘ép‘%fé’r‘éﬂ sheped Weﬁl’sg\e éﬁnd’fio%?% LG nel udes
a disc pack é%ﬂ%égglseﬂs o§aﬁﬁéﬂ&nagﬁé‘tf&lﬁﬁos}@%nttﬁélgtlﬁala%atialré Elﬁ%pé@‘liké’&hy | ayers

of material (suc magnetic nmaterial "or optically readable material).

The di sc packmni@dyinpodonts ia theavlagodtically tofl ecatangular edieldac ¥BBithee by a

read/ wite asgenbly 112 that includes .g slider 110 t .1 ncl.u .
read/ write Hﬁ‘éstﬁr.at%é ?%?Wgntﬁooﬁ%ﬁéﬁ?mﬁ} ?Wb'sguft%tnégfeoﬁg%tfont %lél ?%S?}:‘g“. n disc
pack 126 in af2magdhdtBatib®NinS e shfeld Nat Shddd, bindrthovpetbimadse difsas are

rotated, read/wite assenbly 112 accesses different rotatignal It?lcati ons
on the stor agaag]gtofr@@'ﬁéige 1@ad “sensor aligned with the shield is improved. In the

illustrated embodiments, the shaped features control both the location and

15  direction of magnetization of a domain in the shield that is aligned with a read
sensor. The stray field at the read sensor that is caused by the shield domain is
predictably controlled by an externally applied magnetic field during
manufacture of the head.

FIG. 1 illustrates an embodiment of a disc drive storage device 100. Disc

20 drive 100 includes a disc pack 126 having storage surfaces 106 that are
illustratively layers of material (such as magnetic material or optically readable
material). The disc pack 126 includes a stack of multiple discs each accessible
by a read/write assembly 112 that includes a slider 110 that includes a read/write
head. A spindle motor 127 drives rotation of the discs in disc pack 126 in a

25  direction such as that shown by arrow 107. As discs are rotated, read/write
assembly 112 accesses different rotational locations on the storage surfaces 106
in disc pack 126. Read/write assembly 112 is actuated for radial movement
relative to the disc surfaces 106, such as in a direction indicated by arrow 122, in

order to access different tracks (or radial positions) on the disc surfaces 106.



in disc pack 126. Read/wite assenbly 112 is actuated for radial novenent
relative to the disc surfaces 106, such as in a direction indicated by
arrow 122y00n07163 der to access different tracks (or radi aPCpOSIi9029s) on
t he di sc surfaces 106. WD 02/ 07153 PCT/ US01/ 19729 -4 Such actuation of

read/ wite assenbly 112 is illustratively provided by a servo systemthat
i ncludes a voice coil nmotor (VCM 118. Yoice coil notor 118 includes a
rotor 116 that pivots on axis 120. VCM 118 also illustratively includes an

arm 114 that supports the read/wite head assenbly 112. 5 Disc drive 100

i |lustrativelSuchretdades of aeHdrwiteGssepably Y2 1SMuk@ativebopiorialel ibych sapes at i on of
disc drive 100 and for transferring data in and out _of the di scilg%i ve 100.

! t of
FIG 2 schemswplem that iingludasy aveisecoihmofos) (VM d18e Morsnedt mptan 182r 200
for a disc j | i der i e £ iy F I or
transducer Zﬁ#lﬁg?ogﬁg&t%gﬁghﬁggy&glﬁl ?’éltsdiejgbs\?d‘slgfdlg%d%ws:l}ggrr ate 201. A
| arge part ofintln@essdn 4ty 11208ati ssipporis the faadiwrite hedustssannlly 202. t hat extends to

edges 215 and 216 as ilJustrated. The portio f slider. 200 that_ is
illustratéd in cross-selisEdhvenl ¢ usﬁati@ihé‘}f?uq%ﬁéon?? FFSYY elggef%f t he

slider 200 al &%e Pﬁ"fggdyeff?"l}% 813€ dRGE REM AL REndriAB datalin 2RGS0 S¥AhSUT f ace

222 of the sli he substrate-201 is preferably fornmed from an
electrically disndlinet 100g ceramc material, such as a m xture of al um num

i de (A1203) and 1j{ani bi.de (Ti C tinmes referred as <A TiC'.
ST con i ol de. arlberebeauy 0Gset Rrerrarracbdt SigE 2D fea A
basecoat matef hak dg9e. SBdHSPOIALIEEsANhiAlrk edadAfriBUREd bRtendder Thie 20

basecoat material 202 is an electrically insulating material, _tygrlgcal |y
A1203. The® bEsetrostuerés isdeppsitediarnubsiraioAdl. tolargrpatithe sidet dli@ er i al

20 S coms ki, BB GLBGT KPR RS R0 FRLES I ASIGANA) 18 b used
or cobal t (Coporfion Bfaslidet LOONIENIiElithsBABd i hacRdestivneindFER4 it agarpibbe 212
and a 25 core 206. Core 206 ,congl egd%lsl e; \é\gnitrtale ?:;%neet ie%dfciufa(r:utgtant glgough t he
center of a trailing edge of the slider 200 g p perp
bearing surface 222 of the slider 200.
15 The substrate 201 is preferably formed from an electrically conducting
ceramic material, such as a mixture of aluminum oxide (A1,03) and titanium
carbide (TiC), sometimes referred as “AlITiC”. Silicon dioxide and other known
substrate materials can also be used.
A basecoat material 202 is deposited on the top of substrate 201. The
20  basecoat material 202 is an electrically insulating material, typically Al;O3. The
basecoat material 202 forms a bond to the substrate material 201. "Silicon
dioxide and other known basecoat materials can also be used.
Deposited metallic magnetic layers from alloys of iron (Fe), nickel (Ni),
or cobalt (Co) form a bottom shield 203, shared shield 204, top pole 212 and a
25  core 206. Core 206 completes a write magnetic circuit through the center of a
coil 208 and through a write gap 220 at the air bearing surface 222.

The write coil 208 in the transducer 214 is preferably made from copper

or from another highly electrically conducting metal or alloy. A coil insulator



coil 208 and through a wite gap 220 at the air bearing surface 222. The
wite coil 208 in the transducer 214 is preferably nade from copper or
from anotwen2/biighl y el ectrically conducting nmetal or all opCT/ESei9r29

i nsul ator WD 02/ 07153 PCT/ US01/ 19729 -5 207 is typically formed froma
cured photoresist. Silicon dioxide and other known coil insulators can

al so be used. An additional deposited ekectrically insulating |ayer 213
fills the space around bottom shield 203, and shared shield 204. A portion
of layer 213 (not 5 illustrated in FIG 2) may al so extend between the
bot t om shi el P03 Bpally Sorstadr RéinSh chiled pHforefstPr Silicoe dloxide A deter C,
electrically insulating |ayers around a magnetoresistive read sensor 205.
Layer 213 is wmulllysumqr@cam@lﬁohqzw and forms a bond to the basecoat

| ayer 202. In the gas 0 h l ectric

current 10 flows 5§g?8?a§ ﬁ%ﬂ heel%gg%‘ﬁgensogﬂ]‘%ﬁgﬁg{?l%ﬁw\?{ﬁeg nﬁgs har ed

shiel ds are uggghdbottomlchield 2033 rahy ishgred R R04. SAfpmlrtmrhef tagend2 Ee (moor

current. Wth these alternative read sensors, nmagnet, |1§ %rggt allic layers
r

are used bet vwdlasirateteiny BKH @én%alsaﬁatenérb@t%%@a OttpR) shie Vdehect r i cal
| eads and Conéhatgetdsspleicpﬁ(?wg roAge Qﬂomﬁhf G Qé&ﬁ&al?éﬁsﬂ?ﬁr@é%y&g affgha! |1 ¢

alloys in a conv I ona nner are no i T1ustrat One or nore
i nsul ati ng ovemagedtoresistiveneadtenbay205s L2y 248 és Yppaly mede dromt AbCz@pdof al |

t he transducer 214, 0 | a 2 is typically also made from A1203
or other knowRTEfap @’g{ ’@%ga%‘é%i‘?é'ﬁf%&ayer 210 is preferably planarized
af ter deposition tQ GXRASELL&GHE ralt&%hh@fﬁa@%ﬁscfré‘Q‘iovl/év’eflséléo%‘i@dﬂrrérﬁr the

coil 207 and 20 the nagnetoresistive read sensor 205 in the transducer
214. Afteto t hfoss irseve30® ths réadrsersdr aad tHel hﬁmnaar@oshmdrsh@dszare peedias | apped

to precisely shape the f f h
magnet i ¢ y?‘arengﬁmla%gbédéﬁg’ %OZ%BCS ?e;adfasgfel \}%gh/&{e% dal ae{;%%e[)e: wgen
| O\é\ﬁret 3 ?Iegl gt feég s%’rﬁgr)saﬁ&nﬁ:ig%'éﬁ&l Rl B9érs aﬁgagbdmeern t2195eadSsehsqmaQal ly a

the shields.

For clarity, electrical leads and contacts, formed from Cu, Au, or other

15  metals or metallic alloys in a conventional manner are not illustrated in FIG. 2.

One or more insulating overcoat or topcoat layers 210 are deposited on
the top of all the transducer 214. Overcoat layer 210 is typically also made from
AL,O3 or other known dielectrics. Overcoat layer 210 is preferably planarized
after deposition to expose electrical confacts (not illustrated) for the coil 207 and

20  the magnetoresistive read sensor 205 in the transducer 214.

After the slider 200 is formed as illustrated in FIG. 2, it is lapped to
precisely shape the air bearing surface (ABS) 222 that flies over the magnetic
media.

The read sensor 205 is formed in a very thin layer between lower shield

25 203 and shared pole 204. Read sensor 205 is typically a magnetoresistive (MR)
or giant magnetoresistive (GMR) sensor, and comprises multiple layers. The
read sensor 205 can be formed as illustrated in FIG. 3 for example.

FIG. 3 illustrates an enlarged partial cross sectional view of a head 223

similar to the head 214 illustrated in FIG. 2 and a magnetic layer 226 of a disc



or giant magnetoresistive (GVWR) sensor, and conprises nmultiple layers. The
read sensor 205 can be fornmed as illustrated in FIG 3 for exanple. FIG 3
il lustratve@ozaorienl arged partial cross sectional view of artrpad2Z®3R9 sim | ar
to the head 214 illustrated in FIG 2 and a magnetic |ayer 226 of a disc WO
02/ 07153 PCT/ US01/ 19729 -6 such as discs 126 illustrated in FIG 1. In the
head 223, a bottom shield 203 and a shared shield 204 are placed on each
side of the read sensor 205 and providée nmagnetic shielding for the read
sensor 205. A nonmagnetic layer or layers 224 nagnetically isolate the

read sensor 203 {Qest1ng ifi@tedsn298.1. 204he Reddend, & 806N SRR Z03n@ms

external magnetic field conponents 230 emanating froma track in the

magneti c | ayersh2ed shisld P4 anegdacedwnesachaisie affiee raad sanspp 305 end Peayifst ant

speed. The magnetic .f.i.el d conponents 23 r [ . r ansi tion
228 in the r’rﬁ%ﬁ@ﬁ%s}}l‘ﬁégﬁg fgﬁ © rgg@ﬁer{spazg?tz‘?gﬁn%% |tn§ lg}ye?ioﬁza%%%riz\?\t/all al ong
whi ch the di paghi@ualgisdite tHBeaeidndatlostrdn tHenpiudds 203 2048r 226 10 reverses
or changes direction. Each nmagnetic field conponent 226 is sensed as it

passes befween th&esfi singpin@OPaganses Externglomagneitc didld| @y et 203, 204
shield the read _sensgr. 20 e i L i

conponent s fgﬁpatﬂﬁﬁﬂrél %%3%% |c¥{r% og&a&gi@%r?f?ﬁ\%?ﬂ% ﬁrgaﬁgg)gé%%%sk ?%aeﬂai ns
spaced away fheadn23 e aagneit petdyRfe Ragneky field pambogenR3230 Aherewpaci ng 232
i ncludes an air 15 bearing gr otective |l.a erhagéi ﬁ;?mé&lpro.ec ive | %/er t hat

i s deposi t ed agksachrieansitign Aes i theapagnetio gayep? de-(Hash HapsiHeR Atd 1SFHS st or ed
on the magnet| | Bt : ti6n tH hétiOnRgerr2y Each
bit is repreggméelgxﬁégsﬁgc%?leesgg%gﬁ%%fq%er ng%géetﬁégtelsn(oéﬁgf a t?gnsi_ti on in

t he nedi ao Wieverdes anshdrigesdir&30naEechapagetls fiekt compmhe @26 iessnsasfisdt

circuitry connected to the re sensor 5 interprets. the tr itdon 230
as one | ogi cPASEE ileé“’f(e& %‘ﬁesli‘(f%jmg ﬁ?yeé&&ﬁ% %(34 dsql?%alé‘ﬁg%?% ap ?re‘é(?iﬁsence of
a transitiony280natef RALII 08! fim hbiFBbemeAi@iri8rmigeiic Atldsbmipendns zer o,
for exanple). Read sensor 205 can be arranged with shields using many

different ar23@nDerisgioperation pf ackisesdrive, theniead 223 ipmping sRaced pyaY f20kd bel ow

In FIGS. 4 5'the magnetic layer 226 by a spacing 232. The spacing 232 includes an air

15  bearing protective layer and any protective layer that is deposited over the
magnetic layer 226.
Digitized information is stored on the magnetic layer 226 in the form of
magnetic transitions 228. Each bit is represented by the presence (1) or absence
(0) of a transition in the media. When transitions 230 are sensed, external
20  electronic circuitry connected to the read sensor 205 interprets the transition 230
as one logical state (a one (1) for example), and interprets the absence of a
tfansition 230 at a particular time as another logical state (a zero, for example).
Read sensor 205 can be arranged with shields using many different
arrangements and processes, some of which are illustrated below in FIGS. 4-5.
25 FIGS. 4-5 illustrate PRIOR ART arrangements and processes that
provide magnetic bias to read sensors 205. FIG. 4 illustrates PRIOR ART heads
250 at 4(A) and 252 at 4(B). The illustrations in FIG. 4 are cross-sectional
views that face an air bearing surface such as air bearing surface 222 in FIG. 2.

The magnetoresistive sensors 205 each include a magnetoresistor 238 that abuts



25 FIGS. 4-5 illustrate PRIOR ART arrangenents and processes that provide
magnetic bias to read sensors 205. FIG 4 illustrates PRI OR ART heads 250
at 4(A) amadoz&asat 4(B). The illustrations in FIG 4 are B€DESO1$®C19% onal
views that face an air bearing surface such as air bearing surface 222 in
FIG 2. The nmagnetoresistive sensors 205 each include a magnetoresistor
238 that abuts WO 02/ 07153 PCT/ US01/ 19729 -7 pernmanent nmagnet |ayers 240
and el ectrical contacts 242. Each nagnetoresistive sensor 205 is subjected
to a large magnetic field prior to use to set the direction of the

per manent m%@ﬁﬁaﬂeﬁt’ﬁﬁélegfage@&m Rl eRlcattabyonticts . Fd¢iemappasesisive t he
per manent magnet |ayers 240. Magnetic |ayers 240, which are part_ of the
read 5 sensorsensR005 & smbierigd toraderep mmﬁ%@elﬁwﬁé&uq@ﬁaﬁe@gﬁg@%% ly bias

the magnetoresistor 2 i i : , at ed
fromthe magr? t er%egng?%?ma%g%q%&rslc%ﬁ%gb ?‘ﬁé@@%?@%fﬂggﬁnﬁgﬁd %Iﬁgﬁéér shape
of the magnetpemsfthehdghaysfers 240 Magretie layest 1240, ofhigh acasst afthedesd gn

constraints, and results in magnet.ic 10 charge or poles (sho as, "+" or
".") that 5i ntseRess 200 gFe thHs magsdRlr é@?s%g@ts é%aé. m?ﬁ%eté%?@%\’%?s 3‘?‘? ection

of the magnet] iset0 the right in head 250, but the direction of
t he magneti cﬂé n%%?és?sgort%St he left in head 252. The direction of nagnetic
charge depends on Mhgnefiolshield lnyers 268220 @t separatne dross thegoagiietoresistagi cat ed
by arrows 246 48, The donai tate in Fl 4 is in t.he

direction as 43§ _Yn’é’éﬁléft”i‘gz%ty%&zgf %%&FP??%}’%@%?} %Omaﬂ?ftnf:ss}l?egﬁa{}% gd to as
a  "normal" dopEisnnstahife of PRocETRAD dedigh Rohdirali& arfl Blults iopRASiEtie the
direction of magnetization of magnetic |ayer 240 and is referred to as a
"t ever se"10domdarge artpies. (SEVG as “i lous$t’) dhatsintgraory with AR mnepelaLesiskys

oot angul ar ohodbé g offiecotign of fcpd i gferdnls Tl Al b SRRERCC | 0%
nmagnet or esi St@E dZa&ich & thé haghdtat @drderis pb @it leftiip Weadi2bh dteudiceson vE
processing times 5(A), 5(B), 5(C and 5&)&. For clarity, onlé t he

magnet or esi stoagnetigscharge depcarisiom e pekerity |ogstipigt ely the nErEle S8R nt s

indicated by arrows 246, 248. The domain state in FIG. 4(A) is in the same

15  direction as the magnetization of magnetic layer 240 and is referred to as a

“normal” domain state. The domain state in FIG. 4(B) is opposite the direction

of magnetization of magnetic layer 240 and is referred to as a “reverse” domain
state.

FIG. 5 illustrates a PRIOR ART process of magnetizing heads 250, 252

20  that include shields 204 with conventional rectangular shapes. In FIG. 5, shields

204 and read sensors 205 including magnetoresistor 238 are illustrated in plan

view during successive processing times 5(A), 5(B), 5(C) and 5(D). For clarity,

only the magnetoresistors 238 and shields 204 are illustrated at process points

5(B), 5(C) and 5(D). At process stage 5(A), a magnetic field 260 is applied to

25  both the shields 204 and the read sensors 205. A setting process for the

permanent magnets comprises subjecting the magnetoresistors 205 to a large

magnetic field as indicated by an arrow 260. During the setting procedure, the

shields 204 are saturated in a single magnetic domain at process stage 5(A). As

the field strength is reduced at process stage 5(B) as indicated by an arrow 262,



5(B), 5(C) and 5(D). At process stage 5(A), a magnetic field 260 is applied
to 25 both the shields 204 and the read sensors 205. A setting process for
the pervamerno7iamgnets conpri ses subjecting the nagnet or eBCHUSHISIZBS t0 a

| arge magnetic field as indicated by an arrow 260. During the setting
procedure, the shields 204 are saturated in a single magnetic domain at
process stage 5(A). As the field strength is reduced at process stage 5(B)
as indicated by an arrow 262, WO 02/ 07153 PCT/ US01/ 19729 -8 cl osure

domai ns 266, 268 nucleate in the corners of the shields 204. Wth a

convent i onal cRy¥FREIdhAns 266,276 hadleabiiglite 20vherscootyrshicldsn@dnsVihe equal |y
likely to nucleate in the upper corners or |ower corners, Wth otg,er nor e
, a

conpl ex donmicanentioeal uryermetrigoretansWar shipldod® relosyre dpmaing c?é%lteﬂBﬂ S
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further redu at’ "protess s as | ndicate y arrow 264. Wen the
external | y apphpRst donliflstrictures;mvidtial tangectein aherpoatess aswaljelli® D), t he

domain state is either "normal" _or "reversed" d di on the random -

| ocation &f mueleptiny aifgs; dtermipe thelomain sigig %Hﬁ%lﬁf‘@ﬁgfs’ ﬁﬁ@af %@C‘ﬁg@t a domain
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adi acent mRIREIRLESEA Q)23 hdifAy b agnRANYCA TS, Litedially SNAIRIL Nor Ml )

direction as“®indica y arro shield 204 of he 252, however,
has a donmai n igeinased altopghata pesdest siag2YP), thalomiaim statgneeiithes dndratal har d

(reversed) as illustrate by arrow 248 utfed pynction.hea l.oyi n
per manent rrag’l‘iefeé’qsﬁiiag e irF“ildzoé‘i"Qfﬁh%‘? 8%ﬂﬁd§lcgf“ﬁgﬁ’%cﬁ§ﬁggstﬁe )
magnet setti nge RHRGEEMRad | 3505 hiPhelbrhdln dfackhCmagnetdRSistodrBeStadis t he

procedure is to set the magnetization direction of the pernmanent_ nagnets
240 (FI G W) . ridgnstipadoiced rightvirad (ndrmab)i dicection s indi¢atedaby eEOWMSO- t RS shi el ds

as illustrated. A field.,strepgth is.redu s ated in
FIG 5, domaisﬂm?éigﬁé oﬁ&]@?&é&%geﬁl%qu% lgaﬁiaea%g%na@]asc %\Aﬁg&ﬁ?@ﬁétgg?g The
pol arities ofpihesRgohdlizbd Bivedr@ Brevesermilnstaetbgramone24shie final domain
state of the 20 shield when the field is renoved. The shield states are

referred to as "nohpited dimctipeyvhads, employingd PRERangAe 1AREICtSh TS BFSPH donai n
nearest the rg%g)rﬂ?ztaggg e ttl%fs éLﬁ)Je%?éda{d ﬁle Itnggﬁete%etting procedure illustrated in

15 FIG. 5. The purpose of the procedure is to set the magnetization direction of the
permanent fnagnets 240 (FIG.4). This procedure has the side effect of saturating
the shields as illustrated at 5(A). As the field strength is reduced as illustrated in
FIG. 5, domain walls nucleate in the shields, as shown in FIG. 5(B). The
polarities of these initial closure domains determine the final domain state of the

20  shield when the field is removed.

The shield states are referred to as “normal” or “reverse,” depending
whether the shield domain nearest the magnetoresistor is parallel to the
permanent magnets in the sensor or antiparallel. Head performance may vary
undesirably depending whether the domain state is “normal” or “reverse.” This

25  unpredictability makes it more difficult to design electronic circuitry for the read
operation and increases the likelihood of error in read operations.

With most shield designs, the domain state is determined randomly with
equal probability of either state occurring. The domain nearest the reader results

in magnetic charge, which can affect reader performance. As shown in FIG. 4,



per manent magnets in the sensor or antiparallel. Head perfornmance may vary
undesi rably dependi ng whet her the domain state is "normal" or "reverse."
This 25 wpozailst ability makes it nore difficult to desi gpCEUSEH 1902 C
circuitry for the read operation and increases the |ikelihood of error in
read operations. Wth nost shield designs, the domain state is determ ned
randomly with equal probability of eifher state occurring. The domain
nearest the reader results in nagnetic¢ charge, which can affect reader
performance. As shown in FIG 4, WO 02/07153 PCT/US01/19729 -9 the
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conprises a |ayer, 301, 303 of. mgneticall. f terial. .lLayers 301, 302
do not have conveﬁg? S’r’i%l?%e%@@? F’é’rs}‘gmﬂ%ﬁabﬁnarﬁ%ﬂg?rgac&n%%gorfl%gpezoi dal
shapes wi th g&f@ns%efaeomemgbe%ﬁaﬁﬁr&fﬁgﬂmmb&use angl ed 15 corners.
Each layer 301, 303 has nultiple shape features that are selected to

control domai n waFIGfGillustraien aamecess of magnesigingrhatsdghinlds 300, 862ithat of
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As illustrated by arrow 312, a large . magnetic fieLd IS apﬁliedhto bot h
shared shi el #8y@p801.3H2 dnnet kave ponyenfippal gectangular shapes, but instead have

trapezoidal shapes with some acute angled corners and some obtuse angled

15  corners. Each layer 301, 303 has multiple shape features that are selected to
control domain wall formation and provide an unambiguous direction of
magnetization for a first domain 320, 330 that is aligned with a magnetoresistor
308, 310 as illustrated.

The shared shields 300, 302 are subjected to an externally generated

20 magnetic field during manufacture. As illustrated by arrow 312, a large
magnetic field is applied to both shared shields 300, 302 initially at process
point 6(A). The magnetic field is then reduces over time as illustrated by
successively shorter arrows 314, 316 at process points 6(B) and 6(C) until the
external magnetic field is shut off at the last process point 6(D).

25 The shared shields 300 include shape features that control domain wall
formation and define an unambiguous direction of magnetization in a first
domain 320 that is aligned with the magnetoresistor 308. As externally applied
field is reduced, domain walls tend to form first at corners 322, which have

acute angles. These acute angles are shape features that favor domain wall



point 6(A). The magnetic field is then reduces over tinme as illustrated by
successively shorter arrows 314, 316 at process points 6(B) and 6(C) until
the extaveat/ommeynetic field is shut off at the | ast procrewUpai/Mr29%(D). 25
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corners 382 is thdhechersdashigle 362 indnde skaps Featums shatefoninh fempBavel e of
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of corners 33#njatn 33(hfha@i%tdl%ﬂec&ﬁﬁlﬂh&h@ina@ﬂétﬁtb&ﬁtoﬁ340 denﬁnalmecﬂeat ure
of corners 334 is a rounded edge as illustrated. Wen %1 shi ﬁ&d 302 is
processed as fishbimredncedp dpmgin Wauftﬁ‘é‘ e dAeR ifFshat sorasrs A H‘Eﬁ’fﬁ? 330 is

unambi guous| Yhal® sﬁeq)% fehtglpés th#Sfavor domain wall nucleation. One shape feature of

15 corners 332 is the acute angle of corners 332. Another shape feature of corners

332 is the well-defined sharp point at corners 322. Corners 334 have shape

features that inhibit domain wall fofmation. One shape feature of corners 334 is

the obtuse angle of corners 334. Another shape feature of corners 334 is a

rounded edge as illustrated. When shared shield 302 is processed as shown in

20  FIG. 6, the magnetization of first domain 330 is unambiguously to the right, as

illustrated. Addition domains 331, 333, 335 in shared shield 302 form closure

domains.

It is thus possible, as illustrated in FIG. 6 to form a shield that has shape

features around the outer edges of a soft magnetic shield layer that

25 unambiguously define a direction of magnetization for a domain that is aligned

with a magnetoresistor. The direction of the field is predictable and can be
controlled by the direction of the externally applied field during manufacture.

In FIG. 6, a shaped feature in the shared shields 300, 302 comprises a

generally trapezoidal shape with generally acute angled corners along a first axis



illustrated. Addition domains 331, 333, 335 in shared shield 302 form
closure domains. It is thus possible, as illustrated in FIG 6 to forma
shiel d t vad ohemsxshape features around the outer edges of par@sé1ommgneti c
shield | ayer that 25 unanbiguously define a direction of nagnetization for
a domain that is aligned with a magnetoresistor. The direction of the field
is predictable and can be controlled by, the direction of the externally
applied field during nmanufacture. In Fré' 6, a shaped feature in the shared
shi el ds 300, 302 conprises a generally trapezoidal shape with generally
acute angl ed i IS 7 Yl bbIRRA 868 - 11
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in connection with FI . FIG_ 7 1ll u,str,atg)g two alternatiyve
arrangenent s auplistianetp defing oy ungnbiguels dlf%_ﬁf’n pREnsEzaling Hﬁt?elﬁﬁsénent

magnet | ayer S?/cfln(%a(%h %0 IPR0S plid eggrnpfélgl%?%élp%ﬁlﬂeé‘rlﬁgfo&' sha¥@ shieftfdBare 410 that

have general | y Fectangular shapes as ustrated. The shields 404, 406
t hus havej@m nadstiibadisslow i cexinection Wikt RIGS 78%2r manent nagnet | ayer 400, 402

conprises a shaped_feature that defines an unanbi guous. di.r.ect i f
magnet i zat i on 412, Fi3.4/ illystsates o aliggiaty s aiaigeman's ngs ar %%ﬂelgﬁ%‘%ﬁgogf ter an
external |y apgl n@ﬁs elhdpefli Bithansnt' 89 1£JeRM 4DDOCARS dep@iietl 604A) toO
process point %eBtg) g %?"5’& gorrai nré 416, 418 are aligned \?vith a

nmagnet or esi st magddidally 2pftakyers | 408t rddDetiat havet genetrdlyerestangilar kprshiasl d 404,

the illustrated. The shields 404, 406 thus have a multilayer structure. Each

15  permanent magnet layer 400, 402 comprises a shaped feature that defines an
unambiguous direction of magnetization 412, 414 in a first domain 416, 418 of
each shield after an externally applied magnetic field is reduced from process
point 7(A) to process point 7(B). The first domains 416, 418 are aligned with a
magnetoresistor 420, 422 as illustrated. In the case of shared shield 404, the

20 permanent magnet layer 400 is cut away around the magnetoresistor 420. The
cutaway of permanent magnet layer 400 prevents the permanent magnet layer
400 from excessively biasing the magnetoresistor 420, while still allowing the
permanent magnet layer 400 to define the location and direction of the first
domain 416. Closure domains are formed in each shared shield 404, 406 around

25  each first domain 416, 418 as illustrated. Permanent magnet layers 400, 402
cover substantially all of a domain in the corresponding shared shield 404, 406
and have substantially the same shape as the underlying domain.

FIG. 8 illustrates two alternative arrangements of shared shields 504, 506

that comprise antiferromagnetic pinning layers 500, 502 deposited on



20 permanent magnet |ayer 400 is cut away around the magnetoresistor 420.
The cutaway of permanent nagnet |ayer 400 prevents the pernanent magnet

| ayer 4000 0Hremsexcessi vely biasing the magnetoresi stor 4POT/Us#/19e29st i | |
allowing the permanent magnet |ayer 400 to define the |ocation and
direction of the first domain 416. C osure domains are fornmed in each
shared shield 404, 406 around 25 each fibrst domain 416, 418 as illustrated.
Per manent magnet | ayers 400, 402 cover substantially all of a domain in

t he correspondi ng shared shield 404, 406 and have substantially the sane

shape as the Mtgﬂ@ﬂidany REAGAMIM Ryels! 968, 8§10 tHab shvab@frdlyoreatahgulmastiapes
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the antif er r apmgaet d foshhedeshidhd 604, sthe patifetroaegyetid layen §0bisnspgerst awasi st or
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for med i niceachiasitipthe dnaphielaisids205086ila sl adowag the antiferrompagnetc 6T 518 as

illustrated. tiferro netic er.s 500,, 502 cov Laldy.all of a
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substanti al | yphhe $RERESHARA @Sell F®4UB0E aldtind Gach @Bstr éorttdnEil6, 558 pi nni ng

direction of the antiferromagnetic |ayers 500, 502 is prefergﬁ)l(ﬁ set by a
I"ay

t her mal anneaillustrated. medyridfeiremagnetia . lapsrs p¥i0s Y0Ri ey er abgrmfiallg Br so it
coincides w thos%ré: | Jortain frllor{ﬁé %oh@sﬁo'ﬁﬂin%hisﬁérgd §lﬁ&d”§@cﬂet5b5 Selfve
15  substantially the same shape as the underlying closure domain.

A pinning direction of the antiferromagnetic layers 500, 502 is
preferably set by a thermal anneal in a magnetic field. By patterning the pinning
layer so it coincides with a closure domain in the shield, the magnetic field
during anneal is perpendicular to an air bearing surface 222. This orientation is

20  compatible with an anneal for a magnetoresistive sensor that comprises a spin
valve sensor. The final direction of magnetization of the domain aligned with
the magnetoresistive sensor 520, 522 is not determined by the direction of the
permanent magnet setting field. Instead, the final direction of the domain is
determined by the magnetic anneal.

25 The pinning direction is set by a high temperature anneal in a magnetic
field, in the same direction as the pinned layer within the spin valve sensor. The
shield is saturated during the setting process 8(A). When the field is removed,

the pinning layer determines the domain state at 8(B).



during anneal is perpendicular to an air bearing surface 222. This
orientation is 20 conpatible with an anneal for a magnetoresistive sensor
that comwoemeia3 spin valve sensor. The final direction PET/wEQMTI9ZAt ON
of the domain aligned with the magnetoresistive sensor 520, 522 is not
determ ned by the direction of the pernmanent nagnet setting field.
Instead, the final direction of the dongin is determ ned by the nmagnetic
anneal . 25 The pinning direction is set~“by a high tenperature anneal in a
magnetic field, in the sane direction as the pinned |layer within the spin

val ve sensor. Thepghd gk s fthigeRefd YR 18280t pithgTiRGoE00.5( /).

When the field is renbve i nning Fayer determ nes e donmain state
at 8(B). WO 602,0045h Eﬁﬁhg}.‘ﬂ@ﬂﬁlibﬁeﬁzﬂneldsl@ﬁé@ii vaith toroplex andiple closiigenent s of
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first dOfTB.I
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to be under stdoawin. NanmQagasiq lﬁéﬁggl &a%b%gteéﬁ%'%égr@}c}%ﬁtgg S%Eiﬁaf ﬁgf]jgalnt angs

of various enfog b{?&ﬂtsiue% ahfiGhd SY£OS %ﬁ@ldh%é snsed shrld iriddes ianshaped

foregoi ng descri together wth details of the structure_and function
of various eamm (400 s40@f 500e 50V 600,i 602, 60ﬁ)sthdi defiegsuar ungmpiguys r at i ve

only, and

direction of magnetization for the first domain.

15 . Tt is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in the
foregoing description, together with details of the structure and function of
various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and

20  arrangement of parts within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, the particular elements may vary
depending on the particular application for the read/write while maintaining
substantially the same functionality without departing from the scope and spirit |

25  of the present invention. For example, the read sensor may be of a type that has
current flowing through it in a direction that is transverse to the bottom and
shared shields, with the bottom and shared shields serving as current carrying

conductors for the magnetoresistor current. In addition, although the preferred

embodiment described herein is directed to a thin film head for a hard disc drive



changes may be made in detail, especially in matters of structure and 20
arrangenent of parts within the principles of the present invention to the
full extveon2/0mai cated by the broad general neani ng of theCT@ses19729 whi ch
the appended clains are expressed. For exanple, the particular. elenents
may vary depending on the particular application for the read/ wite while
mai ntaining substantially the sane fungiionality wthout departing from
the scope and spirit 25 of the present 1 nvention. For exanple, the read
sensor may be of a type that has current flowing through it in a direction
that is transygtess it will beappoédiaed Bythoss bdtledl irsthe erdthat the ténchings bbteom and
shared shields serving.as current_carryin conductars far gpe .

magnet or esi st BiesE ARREON Ican bgAppli fOQﬂFgéﬁﬁﬁﬁ?%éy%P@Féﬁﬁé pe 6% nent
descri bed hergkg | j ks ' A4 ; d disc drive WO
021 07153 PCT) DEB) TEHEHRE HEfR 8 g bl s B e e ) T hose
skilled in the art that the teachings of the present invention can be
applied to other magnetic. systens, |ike tape drives, wthout departing
fromthe scope and spirit of the present invention. W 02/07153

PCT/ US01/ 19729 -15- WHAT IS CLAIMED I'S: 1. A read/wite head, conprising:
a bottom shield and a shared shield, the shared shield including a first
domain and a plurality of closure donmins; a nagnetoresistive sensor
deposited adj acent an air bearing surface between the bottom shield and
the shared shield, the magnetoresistive sensor including a nmagnetoresistor
aligned with the first domain; nonmagnetic material separating the

magnet oresi stive sensor fromthe bottom shield and the shared shield; and
a layer of magnetic material deposited on the shared shield that defines
an unanbi guous direction of magnetization for the first domain.



2. The read/wite head of Caim1l1 wherein the nmagnetoresistive sensor

i ncludes a bias magnet that magnetizes the magnetoresistor in the sane
directionyg$b@s first domain. 3. The read/wite head of pEhralsgldowhrer ei n
the | ayer of magnetic material on the shared shield controls nucleation of
domain walls between domains in the shield. 4. The read/wite head of
Claim1l wherein the |ayer of magnetic _ni%t_eri al conprises an
antiferromagnetic subl ayer of material '6n the shared shield, and the
antiferromagnetic subl ayer overlies substantially all of a domain - in the
shared shi el gygAaT IS . ApadDust t e head of Claim 1 wherein the nmagnetic |ayer
on the shared shreld conprises a ferronmagnetic sublayer of material in the
shar ed shi el d, Atreasl/wfiterheadpepmenristng ubl ayer covering substantially all of a

cl osure domain in_th shared shi.el T i t Claim6
wherein the ferr oﬁ’g’ﬁﬁgﬁ stg)le;lfg%c;fa }\I/aé?q ?hg@sld’ttﬁgSﬁa??ﬁéq%lgg%éﬁﬁé%gisfs cut away
overlying the magnet or @singiind A¥REHPFIASURCIHISHS,/ 19729 -16- 7. A
read/ wite head, conprising: a bottomshield and a shared ‘igi el d, the
shared shiel d i ncruepgngtozesistive sensgbAenositedrliacep! 45y &l PeAN8 FUEIEsur e domai ns;
a magnet oresi stive sen 1 j I, ig surface

bet ween the bottom shi Z)Pévegﬁgﬂf%%ﬁs %ﬁ’é@@ﬁ?@ﬁ?@ﬁggﬁ?ﬁ%}é@net oresistive
sensor includi ng a nmagmneignewsdsistioe salsoginebhdisigtamagietorédistat aligoedwith
nonmagneti c materi al sepa{iati ng the magnetoresistive sensor fromthe
bottom shiel d and the PWaHEHIYRRB} d; and the shared shield having a
general ly trapezolidg ?ﬁlﬁi@ i i VeahidrrdnPteed i n the
shared shield thaltnggh!é? nes%ﬁ&@ﬂg%@%ﬂgﬁlggﬁégfﬁigﬁ%f magneti zati on for
the first donain. bottom shield and the shared shield; and

a layer of magnetic material deposited on the shared shield that defines
an unambiguous direction of magnetization for the first domain.

2. The read/write head of Claim 1 wherein the magnetoresistive sensor includes
a bias magnet that magnetizes the magnetoresistor in the same direction as the
first domain. '
3. The read/write head of Claim 1 wherein the layer of magnetic material on the
shared shield controls nucleation of domain walls between domains in the
shield.
4. The read/write head of Claim 1 wherein the layer of magnetic material
comprises an antiferromagnetic sublayer of material on the shared shield, and
the antiferromagnetic sublayer overlies substantially all of a2 domain in the
shared shield.
5. The read/write head of Claim 1 wherein the magnetic layer on the shared
shield comprises a ferromagnetic sublayer of material in the shared shield, the
ferromagnetic sublayer covering substantially all of a closure domain in the
shared shield.
6. The read/write head of Claim 6 wherein the ferromagnetic layer overlies the

first domain and is cut away overlying the magnetoresistor.



8. The read/wite head of Caim7 wherein the shaped feature in the shared
shield conprises generally acute angled corners along a first axis
general | wopaeabiel to the air bearing surface, and w th penesal/19y29bt use
angl ed corners along a second axis generally parallel to the air bearing
surface. 9. The read/wite head of Claim7 wherein the shaped feature in
the shared shield conprises rounded cqgners along a first axis generally
parallel with the air bearing surface, ‘and sharp corners al ong a second
axis generally parallel to the air bearing surface. 10. A read/wite head,

conprising: & RegROWSIERdaE! otBprix@ipsor Wi th shiel ds; and means for defining
an unanbi guous direction o én’g{gneti zation for the _first domain. 11. A

met hod of manuf actahottem shield and sphared shigdd the dhaprd shiskdnchidang 1Y a bott om
shield and providing a&%f&f%ﬂaﬁ&%&q}%nﬁiﬁ‘rﬁ domain and a
plurality of closure donains; providi’ng a nagnetorésistive sensor deposited
adj acent an air beanhgn@torsdistivecensoedepesired digachnitanaiin tsdarieg duked t he shared

shield, the WO 02/ 07153 PCT/ US01/ 19729 -1; magnet or.esj Sti ve sensor
i ncl udi ng a magnet or esibstwiendhe betiom sigld an H@SgW? shigtien: el ectrical ly
i nsul ati ng the magnet or.esi. St : : i t he
shared shield; and shaprﬁ%ég&%/sgsg? ﬁ rg‘gﬂ?rnﬁ%l%ghg%g?%%%fggﬁsltﬂlghg%??ﬂe an
unambi guous direction thé firshdomtbinzati on for the first domain. 12. The
met hod of Claim 11, further coqgrisin bj asi ng the magnetoresi stive sensor
with a bias magnetiOPRIENTHERAENS SeParpiie the Mag T UsFIST s, Sepipr fipm g"ﬁrre
direction as the first QeER dhield 3nd thE8hA¥EA HR8d04ndCl @i m 11, furt her

f d [

conprising controlling nucleation o omain walls in the shared shield.

the shared shield having a generally trapezoidal shape and including a

shaped feature formed in the shared shield that defines an
unambiguous direction of magnetization for the first domain.
8. The read/write head of Claim 7 wherein the shaped feature in the shared
shield comprises generally acute angled corners along a first axis generally
parallel to the air bearing surface, and with generally obtuse angled corners
along a second axis generally parallel to the air bearing surface.
9. The read/write head of Claim 7 wherein the shaped feature in the shared
shield comprises rounded corners along a first axis generally parallel with the air
bearing surface, and sharp corners along a second axis generally parallel to the
air bearing surface.
10. A read/write head, comprising:
a magnetoresistive sensor with shields; and
means for defining an unambiguous direction of magnetization for the
first domain.
11. A method of manufacturing a read/write head, comprising:
providing a bottom shield and providing a shared shield including a first
domain and a plurality of closure domains;
providing a magnetorésistive sensor deposited adjacent an air bearing

surface between the bottom shield and the shared shield, the



14. The method of Caim 11, farther conprising providing the shaped feature
as a generally trapezoidal shape of the shared shield with generally acute

angl ed cigwls1al ong a first axis generally parallel to thg@ 98ari ng
surface, and with generally obtuse angled corners along a second axis

generally parallel to the air bearing surface. 15. The nethod of Claim11,
further conprising providing the shaped1 eature as a generally trapezoi dal
shape of the shared shield with rounded Corners along a first axis

generally parallel with the air bearing surface, and sharp corners along a

second axis generally pahghdiGresibidvel RBscRiifcliBAE b RhghetofeRisbor alifnedWigh met hod
of Caim1l, further conprising providing the shaped feature as an

antiferromagnetic subl athedirsffdom@ingri al in the shared shield, the

antiferromagnetic subl.ayer. overl ying substant.i al | sure domain

in the shared shi %F??“c%% mﬁlﬁ%m?’%#‘ﬁgrbagg Ofﬁsgl%%eaiefg%a%ér%%e f% ﬁg&ghaped

fefature conprises a fegHiglaRadeie shaedBhryBan®f material in the shared

shield, the ferromagnetic_  subl ager coveri ng substantial|ly all, of, a donain
$h

in the shared shi eshapingg: featmee inghnsharest shigld fodefne gramnampigupes digstighagnet i ¢
| ayer overlies the fi rs&fmgé}{g?i%&io%nﬂrh%fﬁyttdom overlying the

magnet or esi st or.
12. The method of Claim 11, further comprising biasing the magnetoresistive

sensor with a bias magnet that magnetizes the magnetoresistor in the same
direction as the first domain.

13. The method of Claim 11, further comprising controlling nucleation of
domain walls in the shared shield.

14. The method of Claim 11, further comprising providing the shaped feature as
a generally trapezoidal shape of the shared shield with generally acute angled
corners along a first axis generally parallel to the air bearing surface, and with
generally obtuse angled corners along a second axis generally parallel to the air
bearing surface. '

15. The method of Claim 11, further comprising providing the shaped feature as
a generally trapezoidal shape of the shared shield with rounded corners along a
first axis generally parallel with the air bearing surface, and sharp corners along
a second axis generally parallel to the air bearing surface.

16. The method of Claim 11, further comprising providing the shaped feature as
an antiferromagnetic sublayer of material in the shared shield, the
antiferromagnetic sublayer overlying substantially all of a closure domain in the
shared shield.

17. The method of Claim 11 wherein the shaped feature comprises a
ferromagnetic sublayer of material in the shared shield, the ferromagnetic
sublayer covering substantially all of a domain in the shared shield.

18. The method of Claim 17 wherein the ferromagnetic layer overlies the first

domain and is cut away overlying the magnetoresistor.



