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toresistive element (160) configured to sense a response of the magnetoresistive element to a magnetic field. A magnetic shield (150)
is positioned adjacent the magnetoresisitive element (160) and configured to shield the magnetoresisitive element (160) from stray
magnetic fields. The shield (150) has a substantially stable magnetic domain pattern. A shield flux thief (180) is positioned generally
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1 8 NOV 2004 WO 01/91116 PCT/ USOL/ 16951 SHI ELD DESI GN FOR NAG\IETO?E‘S@S&QVEZUM
SENSOR FI ELD OF THE | NVENTI ON The present invention rel ates general

magnet or esi ﬁp@(}/g sensors. 5 More specifically, the present invention
relates to Nagnetl'® shields used in magnetoresistive s&GSFSUWIISACKGROUND
OF THE | NVENTI ON The present invention relates to nmagnetoresistive (M
sensors. More specifically, the present invention relates to a

magnet oresi stive sensor having 10 inproved stability during operation.
Magnetic storage sysPHHELRDESIGNFORMAGNETORESISEIVESENSOR nmagnetic
format for subsequent retrieval. Various technol ogies are available for
reading back the stored infor%%%echnol ogy is the use of a
magnet oresi stive sensor for su . ghet oresi stive sensors
are responsi ve to aTbhprewget inyentiensielatss gernerally tarpaghetoleyistiveaemsogsence of
magnetic fig d [ | ' I as.read back el enents
in the headgJ ofqvI %’Qg‘ﬁfgﬁ?:wé?‘%?@géﬁ“?\g{gg’?tg%%@esggg‘ag‘%g?Fhé?j‘?sa‘%s? T advant ageous
because the chdpagaetpigsiptvgisens¢rgi ty i s i ndependent of di sc speed and

depends only on the magnetigsékd8ourt bR$ INQ%N% or output is easily
scal ed by 20 adjusting the m%mﬁpes of

magnet or esi sti ve sehBopresehiinyantien refaigRto idRetaresistivei(MR) sénsoretMore sensor s.
The sensor is | 3 : I | ane of .the disc and
to the directi or_gg&gf;ﬁ?ﬁ’?g 'p?%tenétm?%ﬁt}oﬁr\}/g%%e!to%én atg%t%%s?t&g%nts?{ TdP&sc surface
causes a ch¥hgdmpioved sability duringoperptian. vity. A sense current is passed
through the sensor fELANE stoRYEEysRRA a;ehﬁem?tﬂgetiféfﬁrenfx%iﬁ?in;as aiGic2> detected

by measuring the change in vol ttage across ) result of the
changi ng resi stfprmat fpr subsraupnt stieval. cYrsiousfedneldsiol arqavailghiefooreadingt i ve
sensors Is Bar %Qﬁ%ﬁ@ﬂ%reﬂlﬁﬂ‘ﬁﬁlam. OhelmiwbAbtRGHoiMs A8 ubd fpgVer S bl e motion of

magneti c domains in the,
magnetoresistive sensor for such read back.

15 Magnetoresistive sensors are responsive to a change in resistivity caused
by the presence of magnetic fields and are increasingly being employed as read
back elements in the heads of magnetic disc drives. They are particularly
advantageous because the change in resistivity is independent of disc speed and
depends only on the magnetic flux. Further, the sensor output is easily scaled by

20  adjusting the sense current. Various types of magnetoresistive sensors include
AMR, GMR and tunnel junction sensors. The sensor is mounted in the head
parallel to the plane of the disc and to the direction of disc rotation. Magnetic
flux from the disc surface causes a change in electrical resistivity. A sense
current is passed through the sensor active layer and the magnetic flux can be

25  detected by measuring the change in voltage across the element as a result of the
changing resistivity.

One problem encountered with magnetoresistive sensors is Barkhausen
noise which is caused by an irreversible motion of magnetic domains in the
presence of an applied field, i.e., coherent rotation of the magnetization vector is

30  non uniform and suppressed, and depends upon domain wall behavior.



presence of an applied field, i.e., coherent rotation of the nagneﬂlgqchqgm,
vector is 30 non uniform and suppressed, and depends upon domai n wal

behavi or. W80 DiHc2004 VO 01/91116 PCT/ USO1/ 16951 -2 Barkhausen noi se
generated i fHe Wagnet or esi stive el ement may be el i ni TOAHO¥SIcreating a
singl e magnetic domain in the active region of the magnetoresistive
sensor. The present invention provides a solution to these and ot her
problens and 5 offers other advantage® over the prior art. SUMVARY OF THE
| NVENTI ON The present invention relates to magnetoresistive sensors that
have a magnet igargRised ﬁxse@e&ﬁtea@dm&ﬁagétokmw@befﬁ&t%%gia anstRfgP! ems. In
accordance wth one epbodinment of the invention oresistive 1o
sensor i ncl ude§fea“%égﬂﬁ§le|ntagwé@aﬂuamh%@%‘mr@mofflmr;agmqﬁnr@eistwe The sensor
can be used |@e@oﬂ‘ragnet| c storage device and includes a magnetoresistive
sensor elenent, el rical contacts coupled to the nagnetoresistive
elenent and a tran SEntityen{iop grpMides asolytion ta thesedad ptber prablemsiand i ng a
nmagnet or esi st i \berer§ GihEQKvanBe@&REthedior 1. €ct ri cal contacts coupled to the
magnet oresi stive el enment 15 confi ured to sense a response of the

magnet or esi stive el enent to SUMYEHEY OF THEINVENTIONagneti ¢ shi el d adj acent

the magnetoresi sti veh@r@emﬁveh&nqaa%é@magl%taréhxsu%meﬁéd#sih appgnet oresi stive
el enent fromstray | gnetlcfle he shield has a substantially stable

nmagneti ¢ donmi MAgER ﬁldw}}'féﬁﬁ@?%ﬂe&thiﬁb°¥w%ww§m apart fromthe

shield and reduces Bnad&ﬁ%ﬂ@ﬁritﬁ&fe'eﬁiﬂoédn@ﬂt@fﬂ@uﬁvgﬁmﬁm1?1%!1 efdbbisilg 20
fabricati on of the et or esi stl(%ig sensor. el enent F DESCRI PTI ON OF

THE DRAW NG8 f@“ﬁ S 3 Magnehe s ﬂ‘dcﬁsa’gldaﬁl%ﬂ“e&"&rhﬁée@txcﬁaab% syst em

FIG 2 is a cresas @ﬁiagxﬁﬂabtox\ég@d&vﬁéaxﬁilff@ﬂﬁgﬁ IegreRAHsWd deBsopead and

neti [ ken n h | an h ir rin rf f
[rﬁg etic disc tPem%nt eeiec?nc%l ct:onteactg cc?u ?ed tot emagt}eg)résmgveaeleme?l?gnda g su ace o

transducer in a magnetic storage device, comprising a magnetoresistive sensor
element and electrical contacts coupled to the magnetoresistive element
15 configured to sense a response of the magnetoresistive element to a magnetic
field. A magnétic shield adjacent the magnetoresistive element is configured to
shield the magnetoresistive element from stray magnetic fields. The shield has a
substantially stable magnetic domain pattern. A shield flux thief is spaced apart
from the shield and reduces a demagnetization field in the shield during
20 fabrication of the magnetoresistive sensor element.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a simplified diagram of a disc storage system.
FIG. 2 is a cross-sectional view of a magnetic read/write head and
magnetic disc taken along the plane normal to the air bearing surface of the
25  read/write head.
FIG. 3 is a layered diagram of the magnetic read/write head as viewed
from the air bearing surface.
FIG. 4 is a plan view of a small bottom shield having a substantially

stable magnetic domain pattern.



25 read/write head. FIG 3 is a | ayer ed di agram of ‘the magnetic r eadl/ §NOVe 2004
head as viewed fromthe air bearing surface. FIG 4 is a plan view of a

smal | _bottom shield having a substantially stable magnetic domain

pattern. 18 Nov 2004 -3 FIG 5 is a plan yview of a nagnetic shield and a
shield flux thief in accordance 5 with ohe exanpl e enbodi nent of the

present invention. FIG 6 is a plan view of another exanple enbodi nent of

o "a ohield 11ux ¢ hiar e v Pragnot S s i i R aerdrarevcr < s
magnetic fiefd Mﬂ\mmphemdmmmmhepreﬁtﬁv&hment flux thief
configurations. 10 h,of actual ,demagneti z |onf|eld

ver sus nodel ed dern?lglﬁl-:‘etllgzgl?‘il F%Pﬂm ﬁ#ﬁ?ﬁ'&%ﬂfﬁjﬁ@ﬂ

| LLUSTRATI VE ENMBODI mvssaplnnemgmm kmﬁ&msﬂm&ﬂuﬁw s
desirable to have arpgh tra| ns the pagnetic domain
wall's in the shield to re e |a%?léer "ﬁ ﬂ‘é“‘l@ﬁ“é% t he
sensor. |f the ﬁmwgf@&em;ﬂu&ufmmmshu el d, changes in the domain
patterns capgcause ks ngt netoresi stive sen However, if the
shield is relatively srrgl*g %gpﬁra ef e w&aﬂé’“dgﬁﬂgﬁ%ﬁ'{“zﬂq@ﬂ field
during deposi tﬁimsa#dﬂmncﬁ;blss of the magnetoresistive sensor elenment. The

demagneti zation fronpiy _.lo! ."\ zed in the
» yATaly v

regi on of the sensor QUOri ng i’;"-'u 0 R ey gt procedures
used in fabricati nghmﬂmwhvewm@m nasﬂmbhmvpadﬁeaumgv\eﬁhhon

o o W LU T e B

e shield, changes in the

domain patterns can cause noise in the magnetoresistive sensor. However, if the

shield is relatively small, the shield generates a demagnetization field during

deposition and process of the magnetoresistive sensor element. The demagnetization

from the shield is significant and is localized in the region of the sensor during

20  deposition and magnetic anneal procedures used in fabricating the sensor. In one

aspect, the present invention provides a technique to retain the desired shield

dimensions and configuration while reducing the demagnetization field from the

shield during sensor deposition. This is achieved by forming a "flux thief* which

swrrounds the shield and acts to spread the demagnetization field and thereby

25 reduce the local strength of the demagnetization field without causing instability in

the domains of the shield, The flux thief forms complementary magnetic poles which

couple to magnetic poles of the shield thereby providing localized end points for the

magnetic flux due to the demagnetization field on the shield.

FIG. 1 is a top view of a disc drive 10 including a magnetoresistive

30 sensor in accordance with the present invention. Disc drive 10 includes a

magnetic disc 12 mounted for rotational movement about an axis defined by

spindle 14 within housing 16. Disc drive 10 also includes an actuator 18
mounted to a base plate 20 of housing 16 and pivotally moveable relative to

SUBSTITUTE PAGE (ARTICLE 34)



shield during sensor deposition. This is achieved by formng a "flux

thief" which surrounds the shield and acts to spread the denagnetigahiﬁﬁv ‘
field and thereby 25 reduce the local strength of the demagnetizatidn 2004
field without causing instability in the ébmins of the shield, The fl ux
thief fornms conpl enentary nmagnetic poles which couple to nmagnetic poles

of the shield thereby providing |localized end points for the nagnetic

flux due to thedised@gheut asisi22n Af cdletl 2arcovéis # Boriofl. of Fickuatdr 18 Briy@p Vi ew
magnet oresi stive 30 sensor in accordance

f di dri 10 | di
o hel ot ersonolBtos'ts Dlpl B RIR B 18, I i, prelsmced arbQHETIRS, drive 19

mount ed for sotwnh@nadzmmm%aﬁﬁﬂléwmrfd&‘ 5& diivd 100 6F Jg RGLE of- 4
- within housing 16. Disc drive 10 also includes anidggfﬁa%kg@ #%S%t ed to
a base pl ate 20disg divr ) with sGitabheicaminedtion tb yctoatae ) |ARMa6rd8) inelules an
SUBSTI TUTE PAGE, ( ARTI CLE 4 disc 12 about axis 22. A cover 24

A 34) .18 200
covers a porti oﬁ%#waméfs&%‘bt%?&%/?@g SUPpRALt THember 3 apd achead| gimbeb

actuator 18. | raskdisblpBeTeadadms infill g&&,; |34 € ther
mount abl e wi thin dj sg dr‘i_ve%lircr)l, or Is %zclgtegg&%ulﬁg‘? e o@ﬁ%’é%%%e 10
with suitabl e SHRled:todigid onember-A0oand 8 hytrodymemic 4i bearirg (:liiesy36
actuator argg a W s i@l Ql u rt er , oqand head gi nbal
assenbl y 32.m Hescg’gmgglhn?}gﬁ %is;‘sbging'fos %ﬁé‘? %rs@?“f ggdSlI%érﬁ%o?“Pﬂ’Pﬁiu’r e arm
34 coupl ed to maggietbresistiver tafilsdueerd far Feadingd doithation! broRE AidcN 92 (Fhas! | der)

36 to coupled by a,qginhal (not shown) to | oad beam 34., Slider 36 supports
a magnet or esi s%'f?/‘g‘gﬁgg Qr‘mf‘gﬁ‘vﬂeadi ng I nformation fromdisc 12 and

encodi ng i nformati Omw&aﬁvgﬁn&%rﬂpﬂiﬁé%ﬁoﬂrﬂﬂﬁmﬁgﬁ%ﬁ@a&g 26
receives posit iaono'.nf or. r%i n ipdicating a portion of disc to Dbe
accessed. Drivé B3RP Sf| to Bt arsued- t Privepioattelier 26 recriviesfthy pasitiam from

an operatorls f rintoymation ftont affUpkAtor, fém fal Kot SGHRIIME! o HoinPllofher GRIRILIO! | €T -
Based on the Lt d informatiaqp, drive coptroller 26 provides a position
PRl flan AL engroller 28 gtayides B Ppas
signal to actuator .“'Fﬂg“g%m’ FRFROP qriyg sandroller2f prayides g pesition v ot
about axis 22. sighhlits actirtot 18 Mhe paitna Sighd cilibOictukBr 19t0hivA bl Qus 29Xi S 22.
This, in turn, I‘f\ﬂyﬁ%ém,sclahsdegarméa%r 18 to pivot about axis 22. This, in turn, causes slider 36
(and consequently the transducer mounted on slider 36) to move radially over the
20  surface of disc 12 in a generally arcuaic path indicated by arrow 38. Drive controller
26 and actuator 18 operate in a known closed loop, negative feedback manner so that
the transducer carried by slider 36 is positioned over the desired portion of dise 12
Once the transducer is appropriately positioned, drive controller 26 then executes a
desired read or write operation.
25 FIG. 2 is a cross-sectional view of magnetic read/write head 50 and tnagnetic
disc 12 taken along a plane normal to air bearing surface 54 of read/write head 50.
Head 50 is carried on or part of slider 36 shown in FIG. 1. FIG. I illustrates magnetic
read/write head SO and its placement relative to magnetic disc 12. Air bearing
surface 54 of magnetic read/write head 50 faces disc surface 56 of magnetic disc 12.
30 Magnetic disc 12 travels or rotates in a direction relative to

SUBSTITUTE PAGE (ARTICLE 34)



(and consequently the transducer nmounted on slider 36) to nove radi al

over the 20 surface of disc 12 in a generally axcuaic path indicat ed tR//NUV ZDDI,
arrow 38. ngﬁ @gntrol |l er 26 and actuator 18 operate in a known cl osed

| oop, negat ¥&dback miner so that the transducer @&FNS%WGW slider 36

is positioned over the desired portion of disc 12. Once the transducer is
appropriately positioned, drive controller 26 then executes a desired

read or wite operation. 25 FIG 2 is &-cross-sectional view of magnetic

read/ wite head 50 and nmagnetic disc 12 taken along a plane normal to air

beari ng Surfacﬁagrfeué’f‘ea&l:/@/ﬁﬂ/h\?ﬁd 10%s fh@ﬁ&emaﬂo{#%% adu‘?%b%ﬂe@ﬂﬁtd on or part

of slider 36 shown in [ustrates ma read/ wite head
50 and its pl aé%&ﬁ“ffaéqﬁt@@é‘s‘t%‘rfﬁ@gsﬁéﬂtmfﬂdblxmewhlbalwéng ng surface 54

of magnetic rea&{tm&@eehﬁa&eEQreQ@ﬁ@aas%ﬁQ@%& 26 of magnetic disc 12.

30 Magnetic disc 12 travelsS or rotates In rec |on relative to
SUBSTI UTE PAGE (AR'Pf*@_aEef?&WOMGiWWMSad:@WQB@&bOI@@&‘QP layenfigopt i C

read/wite Beagdaplfyeds0 'ﬁ@ﬂ%@ﬁtﬁﬁha@é’r @rﬂd&%’%hlel-ﬁ% ]8%’11%1&196 Refpeen air -

beari ng surface 54 and’ di sc surface 56 prefera mze while

avoi di ng cont slemenétvReed eamifhis defined %QY'PF@B@B icfacerd bMﬁebqttomdl sc 12. A
reader portiongafiaye@88a\d hithl Gﬁééilag@rdznﬁd L& top 5
gap layer 60, rrgta cont act cayer , otetom gﬁ@%};ﬁ gf))mko(’i)‘gsh eld 66, and

read el ement éatwewéo&&ogsﬁpwr@ %@Pﬁ@d‘aﬁﬁ%lﬂe%@%mnh@ l§urface 54 bet ween

bottom gap | ayssiiddBd BétledBirAinaBRNLRS bf boR¥R 'y G |ayer 62 is
posi tioned beﬁig en bott%m gapna gpi/er 58 and ?@%yeégg an)}%@ra Read el enent
68 is posi¥io B Bet ween terninati ng ends of bottom gap Iayer 58 and

metal contact 10 | A¥@fier 3rt101?\o%£\én@ﬂic@W%@ﬂea‘&fw%ﬂl@gsttbﬁs}ﬁé?@%Wr' te head
50 includes top shield 6 wjt ayer 72, top pole 74, conductive

ga
coi| 76, and poTimeep 1avsy & topgolei; ‘toéguca‘éﬁfoﬂ(?@%’d aelymerdeyen?s. Yrite bear i ng
surface 54 by gk 6¢68(ﬁsamehawﬁfb&angmwﬁy%mgb@%y@mmﬂ&eﬂf top pole 74

and top shiel dtemmatllrp agdl tion to acti g
g ends of top pole 74 and top shield 66. In addition to acting as a

15 shield, top shield 66 also function as a shared pole for use in conjunction with
top pole 74. Electrically conductive coils 76 are provided to generate magnetic
fields across write gap 80 and are positioned in polymer layer 78 between top
pole 74 and write gap layer 72. While FIG. 2 shows a single layer of conductive
coils 76, it is understood in the art that several layers of conductive coils may be

20  used separated by several polymer layers. Although a read/write head is shown,
the invention is applicable to magnetoresistive sensors that do not include write
elements.

FIG. 3 is a layered diagram of magnetic read/write head 50. FIG. 3

illustrates the location of a plurality of magnetically significant elements of

25  magnetic read/write head 50 as they appear along air bearing surface 54 of
magnetic read/write head 50 shown in FIG. 2. In FIG. 3, all spacing and
insulating layers are omitted for clarity. Bottom shield 64 and top shield 66 are
spaced to provide for a location of read element 68. Read element 68 has two

passive regions defined as the portions of read element 68 positioned adjacent to



15 shield, top shield 66 also function as a shared pole for use in 1.8 NOV 2004
conjunction with top pole 74. Electrically conductive coils 76 are
provi ded t te magnetic fields across wite gap 80 and are
p03|t|onedg‘|“?1(ﬁ%?{1€rrer layer 78 between top pole 74 andWUFPEHLp | ayer
72. Wile FIG 2 shows a single |ayer of conductive coils 76, it is
understood in the art that several |ayers of conductive coils my be 20
used separated by several polymer Iaye'r63 Al though a read/wite head is
shown, the invention is applicable to magnetoresistive sensors that do
not incl ude wr hie&lc@ka@ﬁmmnd ﬂEﬁAn%cﬁ\% rébidnPof 88 dleHleAdzaNathe JRINEL | C
read/ wite hea geai | lustrates the | ocation of a plurality of
magnetical |y si ’f'qo&& ?@H%?% ogAted betyvesn Bg &ve paspisarseinns ofaeadead 50 as

they appear al gRpgemi6s. mfe.wme%w& 36 cRthemi68 MBGRE b kdad SERAGY Wit € head 50
shown in FIG 2. In FI.G acing and insulating layers are omtted

for clarity. Bottonlli"saﬂle@WGntéﬁl%m &ablp;amt@ew@vaﬁleme@ﬁawemto provide for

a location af uRAEkEEIPNIHadROA nf38R0reYBVEYtm&EBishRRerilWFornRADFL VE 1 €I ONS
defined as the _portions of read el enment 68 positioned adjacent to 18 NOV

2004 WD 01/ 911£65f°ﬁe$msm7%‘91§*fse rgsistance fluctentas intespogsefo apextena.  An acti ve
region of read nﬁh@ﬁ&ﬁ&ld@ﬁefbﬁb@‘ﬁfoh{hﬂﬂa@&lc thARP &Y didcOBy Qxfovﬁlﬁxgq el ement 68

| ocat ed between t he tvvo%‘ga ve regions of read . el enent The active

regi on of readSEFRFHETR ¢ Magneloresistive elemeut f chigngs | resgange fitkrent 68 i s

preferably a m@ﬁt@é@sﬁw@élemanedxmi&sxﬁdaadﬁseaayexténﬂﬁﬂeﬂ&? fesi stive
stack. A m neto S e el enme enerally formed of a ferromagnetic

|
mat eri al e dpirhe 8 W‘W%&i%ﬁ?‘%aﬂn@% wn prdisen Agianbr nal magnet i c
field, prefer ala:lagne&crréyisuae mwp&mes ﬁfﬁddrlynmwms%ralﬁurerﬁ&wuﬂwg a sense
current through tth\ sg ?fgeﬁ chétlve el enent, a ch ange I n resistance of
the magnet or eSPSIFYEILY t Acgiant pasnsiorsisiveptagk i gqassalbiformaediof na
circuitry to 1&hrekasyew1efenfohﬂgneﬂé 64 Tajor, A/ TersdnitiphélicPin 1&&@ dxagnes-i ¢ nedi um or
disc. A giant netore i stive, stetck op r?tels suTA ar|y, but allows for a
more pronounce &1 tic spacer ayer positioned betwee: ree layer and the pin’layer. A

15 pinned magnetization of the pin layer is held constant while a free magnetization

of the free layer is free to rotate in response to an external magnetic field, i.e. a
transition from a magnetic disc. A resistivity of the giant magnetoresistive stack
varies as a function of an angle between the direction of the free magnetization
and the pin magnetization.

20 FIG. 4 is a plan view of a shield 150 under no external magnetic fields.
In one embodiment, shield 150 is the bottom shield 64 shown in FIGS. 2 and 3.
Shield 150 includes triangular shaped closure magnetic domains 152A, 152B,
152C, and 152D, magnetic domains 154A, 154B, 154C, and magnetic domain
walls 156A and 156B. Magnetizations 158A-158G represent the magnetization

25  oneach magnetic domain. Shield 150 has been designed such that the width W
to height H ratio provides an ideal magnetic domain structure. The width to
height ratio is dependent upon various material characteristics including
anisotropy, magnetic moment, and film thickness. For any material the ideal
height should equal the height of one or two domain periods for any feature



nagn,etoreéi stive effect. A gi ant magnet oresistive stack i‘s generally1 g NOV 2004

formed of three layers: a ferronagnetic free layer, a ferromagnetic pin
| ayer, and a non- magnetic spacer |ayer positioned between the free |ayer
and the pin layer. A 15 pinned magneti zatf-on of the pin layer is held
constant while a free magnetization of the free layer is free to rotate
I n response to aﬁ%ﬁ.‘grnal magnetic field, i.e. a transition froma
magneti c di sc. hwammkm&seofsdmsdtarles

as a function ofectadpubi Wﬁ?&m% L,JHE etlzatlon
and the pin nmagnet zatlon g i an VI ew E’ E‘R“B‘ under
no external mad® C"WPW ﬁbSMD@mdbmmmbdp%e@oﬁb&hbottom

shield 64 showmderbfﬁhgﬁlﬁzm 150 includes tr ul ar shaped
cl osure magneti c donai ns 152A%%%§%§%g@ %e #l%ﬁg’é &R ns
154A, 15413, 1:95qeal a&rﬁ%ﬁp@a@oﬂamﬂw doxﬂzﬁ:ﬁ ﬁhﬂ:ﬂ@%e width of a

Magnet i zati ons ﬂ,}&éﬂ@&%ﬁ“{ |§ [&e t on 25 on each netic
domain. Shield has been aes %ﬁ su ?ﬁ&lﬂﬁf’h tﬂ?’rf"%“e?%m ht H

ratio prowlfesegﬁal - magnetic domaln structure. The width to height
ratio i s dependent Wil ho\dehits ficg ipcluding

ani sotropy, nagnetic m)mentgh and § Iﬁ‘?{ﬂ%ﬁﬁé@éﬁgéowﬂwgeﬁm%mphe

i deal  hei ght d@mlﬁ%lﬁ@gﬂﬂlh&em&m erofﬁdadfor any
feature 7 w duh;ght'l'mlgaa& qm%ﬂ; uI i op. Q enpirical
study of domai %s re&’gn | ar eatursgas( %?N\'/%Q’@Fﬂﬂp tﬁ‘tl‘?}/ﬁﬁﬂ"q’i‘él ght .
This width to Ke/Pg®: t%“ﬁ%rﬁﬁ@‘bkwdﬁydmﬂmmggubmﬁﬁ@mnﬁosure

magneti ¢ dorsai ﬂS«tBtw«a@ﬁJﬁQ&ic&HﬂEl hi el 50. Thus
triangular shaﬁgd d%e gnetlc ﬁ@ﬁ%@fﬂ%’mﬁ‘éaﬁm

equi | i brium do gfg VI iR MWW@m&aﬂﬂaWﬂ%ﬁ@f a
magnet i c domai width of rearaRaaat 1600 This AR hal, Jas a. tota& magneti c

moment 10 equgl g@ th no rragnetl ie be| 7§ ST walsppsg b e d
150, triangul ar "H‘g‘ﬁ twmmh@khom&m%:gh@ve a

base height h mﬂ@dmﬂi@:o&ﬂ@u:h&lrkaﬂﬁm%@hﬂu di fion, magnetic
domai n 154,g°has a t‘tﬂh%ht equal to that gdmﬁgff‘??‘ }"
configuration of the shield 150 shownmPIG.4ls employed, the shield

must be patterned prior to deposition of sensor 160. The demagnetization field from

the shield is significant and, due to its small size, localized in the region of the sensor

during deposition of the sensor and magnetic anneal procedures which are used

when fabricating the sensor 160. The demagnetization shield will oppose the applied
25  field which is used to align various layers in sensor 160.

In order to retain the desired shield dimensions while redudng the
demagnetization field during sensor deposition, a flux thief 180 as shown in FIG. 5
can be formed. The flux thief 180 surrounds shield 150 and is separated from shield
by a gap 182. The gap 182 can be any appropriate dimension based upon materials,
dimensions and field strengths. In one example, gap 182 is between about 5 and
about 40 ym. In another example, gap 182is less than about 5 um. In various aspects,
the gap may be a variable distance and/or there may be regions where shield 150
contacts thief 180. The shape of shield 150 can be any desired shape and is not

30
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domai n 1540. Likew se, chre to the specific design, the height of Qﬁ‘id\}:
domain 15_154B is equal to twi ce that of the height of either nagnét 2004
domai n 154A or magnetic domain 154C. As®shown in FIG 4, shield 150 is
sizedwith a width larger than the wdth of read el ement 160. This design
feature insure%%t o domain walls pass through read el ement 160. The
present invent f §°g‘ﬁﬁ*‘?ﬂ?&ﬂ*"é"%‘%ﬁbﬁ‘ﬁersmﬂﬂfhﬂtlledbsﬂgdsﬂandn)ddmm :

confi gur at i ons skped ahdmbBRtiallahdisin@€tidhigdied 32%] felif@lely herein. 20
If the conflguratm@of t he shleld 150 sho mlﬁg 2o s enpl oyed, the
t

shield nusf be patPEPREHTAle G‘F‘b‘%"éﬂ‘ﬂﬁp‘bsﬂﬂﬂﬁﬂfdﬁﬂwémted_wmmhem

demagnet i zatl om&&mg,&ﬁ@mﬁd & sadi & Embcii to, its
smal | si ze, | iz |n t he re lon o he sensor rmg“eégg‘?gﬂ"%n of
t he sensor and & P ?’B@@étum oth¢anhben patterried daftenidepoditiviar i cat i ng

the sensor 1601-10%&1:,% doa%a etof] tahditpe ?wérﬁm%aﬁgg t2<5)

field which is_used to allgn varlous ayers 1n’senso

retain the des#éﬁ@MﬁPﬁEﬁspbﬁsammmmlwt(mts}d@migms)zat i on
field during seanyepa@eRahWifsiods th' S sh FLG, 5 can
be formed. The Iu? thi ef 180 surr%u SLJS.?{S ?%53 2PUERE from
shield by a igagon, 9 PHBPRIBp PIGSSS dtapsed o aemovappaterisl nmmmlmm&ieamgoased
upon mat er i al SsurfaGe (ABSHHES4S realiidal i €/ d strengths. In one exanple, gap 182
I s between about Sg:gg aUSbOUt 40m | n_another exanple, gap 182 is |less than
about Sum In vari pYe “m@?&@'ﬁﬂmﬂb@fﬂwﬂmfwmvddddmmm and/ or

there may be rﬁgldaéh&xdt\/e:&&m&h{pﬂt&ly%ﬂdﬁﬁmﬁ%t e of
shield 150, desj red shape and is notﬁM ?ﬂ?’é‘f%l CLE

34) 1 8 "?’W‘?Pﬁb&b@? qﬂ@%b@sﬂmmﬁmmmmmme&mﬂgan Y,
the flux thi efthe&ppl}tg ﬁ&ésﬁﬂsi&ﬁ@%mﬁﬁ?ﬂ&rﬁn ﬁﬂ% d 0 ' i mted
to those speci al | ugtrated herein. In one exarrpee ®ent, the
flux thief 18 f’%’t‘?“c § demagnetizatigneieldfop th mma@wmma In

such an enbodiﬁddlwmcbhlp&phdﬁﬂaﬁﬂ%éﬂﬁnﬂ@&% d s,hgp.;,@utagg t hrough
eposi tion

e e Rk e D o S
20 overcoat can fill the gap 182 and buffer any thermal expansion of the shield 150 at
operating temperature. The overcoat can have a thermal expansion coefficient which
is in the opposite direction of the shield to thereby compensate for shield and flux
thief expansion. The overcoat can also be used in other embodiments,
FIG. 7 shows another example embodiment in which the flux thief 180 is
25 recessed from the air bearing surface line 184, In this embodiment, the flux thief 180
is not exposed to the machining process, This can be beneficial as it reduces
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the shield which lies outside of the active region of the sensor (not

shown in FIG 5) 10 can be patterned to dinensions to al | ow sat ur atli NG 2004
t he conposig ield. During fabrication, a |apping process is used to
renove natg&*gPIQEG until to air bearing surface (ABSf@PWﬁgﬂﬁﬁh i s

reached. FIG 6 shows another exanple enbodi nent of flux thief 180 in

whi ch the gap 182 does not extend coqgletely around shield 150. In the
enbodi ment of FIG 6, the 15 shield 1380 is attached to the flux thief 180

al ong a region which is renoved during the | apping process used to form

air bearing sught 8RsihbddtBat b8fponkhts Gre SRuMeH EISE@REL 40 the afr%e[rﬂg rszlllrfagghiﬁe s the
al e

demagneti zation field for _ttgose | ayers deposited or ann Ina field
which is per pett#iVe thesiipe 8vidth af the senbnz ig hepore agopeately messived durngghecan be
overcoated andpghgpadebszed using a material which is effective as a
t hermal expansion joint. The 20 overcoat can fill the gap 182 and buffer
any thermal expansifof O 2ereh ehthe magnetiofigld and the sensdr vepsusdhqappligdur e.  The

overcoat cas haygefic fid@foi8huakRdn&eRntIR libdofffurddhCipe 1S i N the -
opposite directjon of tgﬁeﬁh' eld . to thereby conpensate for shield and fl ux

thi ef expansi offeCHYEESQ uwt thieh is dependent spqndheydistence fpeytheshisitindent s. FI G
7 shows anot hethe RAGHBE B SR ORLFRENRS dii'd&timffﬂlfbléggﬁed‘;ﬂel%.‘ﬁ% Eliu%r%édﬁf? s 25
. In this enbo

recessed from 1Jaﬁe air bearing surface |ing, 3 I ment, the
flux thief 180MG & whete RIgsssingpaagetersallpycihispraferalie todeves distiics can be
beneficial as betwdeatheanisf B0BR Tk siEid P 1AL Gl Ao a8 t@Ye2004 VO

01/91116 PCT/ U%(Pl/ 228§51 -9t gffrdlfi kel i htgod t hat conponents are shorted
t oget her at®th 20 uoplpngn rection ohide appliedfigldt he stripe width of the

sensor to be nore G ik glah FEES st Afve RenaghtPRioRJeisOCESS. FIG 8

is a graph of th netic field and the sensor versus the applied 5
magnetic fiel dm?‘gell"@g’i’?ﬁ%g?auﬁ? mdﬁelfs‘eg? %H"l(: %lﬁwaieﬁﬁhéfméﬂ?ﬁ i gurations. The

ef fectiveness dimaphsizdtlonficldviests themeped dandgnetp@tion i slicat ance from the

hield d the |l t the fl thief i he d ti f th lied
fs i ;le d. 22 i1 uc%ﬁoﬁ?%&p ?fr%e invention (l:Jo)r(npareld % stan anng smélcrs gh%elclis(.)glGoﬁ e appiie

15 illustrates the influence of the shield flux thief in modifying the demagnetization

field. In one test, a hard access measurement shows a 10% reduction in the
demagnetization field present at the sensor.
The present invention provides the benefits of a small shield overlying or
adjacent to a magnetoresistive sensor, while also providing the benefits of
20  reduction of the demagnetization field associated with a large shield. The small
shield preferably has a configuration to provide stable magnetic domains. The
large shield or "thief" 180 spreads the demagnetization field over a larger area
and reduces the demagnetization field seen by the magnetoresistive sensor.
It is to be understood that even though numerous characteristics and
25  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 illusttative only, and
changes may be made in detail, especially in matters of structure and

arrangement of parts within the principles of the present invention to the full



FIG 8, where processing paraneters allow, it is preferable to haanaa V. 2004
di stance between the thief 180 and the shield 150 be |l ess than 5 aNg tZﬂ
have the tRj at least 200 mlong in the direction of the applied

field. FI Gm‘ghl/%ﬁg graph of the actual transfer curve d’é‘#ﬂﬁﬂ’é{”?‘ipati on
versus nodel ed demagneti zation in oersteds. FIG 9 illustrates the

nodel ed demagnetization field versus the neasured demagnetization field

of one enbodi nent of the invention cohlléar ed to stand al one single

shields. FIG 9 15 illustrates the influence of the shield flux thief in
modi fyi ng the derrgindititedby tieibroid ghétal thednip 6 theBtms i WhfthheACCESS

measur enent shows?gg%a%reducti on, i he _demagnetization field present at

t
the sensor. ThéPB fIms AiFERPeRsed: Jiop Gragwle, the eartieka elementy may vasyal | shi el d

overlying or aitpadingiontie Réafitn fof the SasiRiitstividhde widlS O Provi di ng
t he benefits of 20 reductio emagneti zation field associated with

n of the 7 i
a large shi el d. M4 ANTUESY Stangﬂg'é]i‘e&aﬁg%?%my%@téemiﬁ@mth@i on to
provi de stahi e soogal ssirichdiRi piesent ItventionANRARGH, Bl tHough tﬁétpmféi‘:ﬁich 180 spreads

t he denmagneti zati.on. field ov a |larger, area and reduces the_

demagnet i zat i oneqwgmng%é‘?ﬁ‘%ﬁ‘gﬁeﬁﬂ’é‘S%HE‘?@[%Pé?ﬂ%ﬁ“?r%sém%?ﬁw fongdises to be

under st ood t hatsysiayit wHiciegpieeiaed Bttiose iAN&TH Eelafithd he MAChingd D @V ant ages of
i set forth in the foregoing

vari ous enbodi nents .of the igven}.!gdon Qﬂgve been )
description, tdSEERFRRIFan 8t arried 18 ethersystems, whichsense magmetinfelion of
various enbodi nwittost debartifgefrom HRREdpe And dpitit o Bk BebaBPMy@ibS The st r ati ve

only, and a e made in detall, especially in matters of
structure aﬁog qgi?f%?ﬂ”ggﬂgwammmwﬂmWhaﬁﬁﬁ*@%ﬁ%%ma&%fort he present

i nvention to thsahpile)peffalOV 2004 WO 01/ 91116 PCT/ USOL/ 16951 -10 extent

i ndi cated by the broad general neaning of the terns in which the appended
clains are expressed. For exanple, the particular elenents may vary
depending on the particular application for the magnetoresistive sensor
while maintaining substantially the sane functionality w thout departing
fromthe




5 scope and spirit of the present invention. |In addition, although the
preferred. enbodi nent described herein is directed to a nagnetoresﬂsﬂlN@v
sensor for a disc system it will be apBreciated by those skilled in the
art that the teachings of the present invention can be applied to other

systens, which_sense nmagnetic fields wthout departing fromthe scope and
spirit of the mm&lion The flux 10 thief can be of any
appropriate nat.e erial, for exanple,

permal ly. -11 18 2004 V\HAT I%%%P%g%g ﬁagnetlc sensor to a
magnet i c stf)rage de’\ﬂ‘%@e“’m%ﬂsﬂgelems\ta magnetore5| stive sensor el enent;

el ectrical contact SR ] gg frRoget ores onfj gured to
sense a response of the. magne'? ISt vh"e “"F@?% ¥5 éeﬂ%grfeﬁ g:l
magneti c shiel d having mw&mmmmtw-ﬁmml ng the

nmagnet or esi stive elg surfa 2 & tending to shleld to edge
that is generally nor to"?‘h%% ?ﬂ’ém}ﬁfg Eﬁg‘h i ng
configured to shield thmymmveshumn de ﬂh;&nnﬂfacé paEdidg &Y a shRENEt i C
fields, andpthe shield n | | stable netic. domain
pattern; and a shield fpﬁéﬂpﬁ rye?m dK ”?'gvm%é‘hwthe
magnetic shield and 15being smﬁgumhao shield |thi mdgebrﬁsﬁveshexﬁérd Holmy ¥irdyhi ef
havi ng an inner flux thjg &EFF nd_i aced art fromthe
shiel d edge by a gap, the ux thie aﬁgﬁt %ﬁ“ﬁ’!‘%ﬁ F'S{‘)T PRREERS ¢ educe
a demagneti zation field Ommsmm the shield that couples to the
magnet or esi stive sgqﬁg{ lﬁ?@ : The. magnet sensor of claiml
wherein the magnetic | e‘ﬁ ig’gorre'fhrﬁn“'f 8{/1?’5 Bgiﬁ!ﬁlr&‘ﬁdal |y
stabl e maghetic domai n putidethe shield edge, the shield flux thief having an inner flux thief

edge that faces and is spaced apart from the shield edge by a gap, the

flux thief and the shield configured to reduce a demagnetization field

produced in the shield that couples to the magnetoresistive sensor

element.

20

2. The magnetic sensor of claim 1 wherein the magnetic shield has a geometry to
provide a substantially stable magnetic domain pattern.

3. The magnetic sensor of claim 1 including an air bearing surface and wherein the
25  shield flux thief is recessed from the air bearing surface.

4. The magnetic sensor of claim 1 including an air bearing surface and wherein the
magnetic shield has a least one side which is substantially flush with the air bearing
surface.

30

5. The magnetic sensor of claim 4 wherein the shield flux thief has first and second

sides, positioned on opposite sides of the magnetic shield, which are substantially
flush with the air bearing surface.
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3. The magnétic sensor df “claim1 including an air bearing surface and

wherein the 25 shield flux thief is recessed fromthe air bearing Jﬁ QV 2004
rra

surface. 4. The magnetic sensor of claim% including an an bearing s
and wherein the magnetic shield has a | east one side which is

substantially fg y alr hearing surface. 30 5. The mmgnetic
sensor of clai m4%%eré??E w%ﬁ“ﬂﬂ‘l’ &2 TAghetic asnaer inrpseerdancewithglaimsle c ond

si des, positioned on opposite sides of the nagnetic shield, which are

-substantial lsy 7fh 'y&&t}a he air bearing surface. SUBSTI TUTE PAGE

(ARTI CLE 34) -12 6. A d s e rsftie a magnotic sefeqr for use) itheymagnelig storage deeicrssor i n
accordance wit Koroprgimg: 1. 5 7 A net hod of fabri cati ng a magneti c sensor

for use in a magnet vice, conprisin depositing a |layer of
magnetic materi al oah%éé‘fﬂoiﬁ?’?it mﬂ‘ﬁé“l"&?@ﬂ@fa , the layenpEmagietinavi ng a

maj or surface defini ng anaterialhiavidg R orfs,grmmﬁ ]a[n pe nmagnetic
material to therebygfo ngaﬁngé; etic shield 10 havi g a Shi el d edge that

i s general |y nornal BRFRES magrial “OMVJOIN amagheurfshhtd/l ng an

i nner flux1®hief edge thadmgs;}wed |tha¥ is and
Fgat ghﬁ% % aci ng

outside the shield edge |t|ng a mag etore5|s
the maj or pl ane proxi mP‘E‘?‘?SFB“ ‘ﬁﬁg HEYIng: an ipmet fux Eef irigecthat & gendhlly t hi ef
is configured to reducenmmb@;ﬂemﬁﬁa&w&gg@% 4g the

neto

resistive sensor.

magnet oresi stive s durin ition of th
8. The method of cI 'E‘F%Fﬂ"‘g ficingshe Mrpbnwm:gmm to have
a 20 substantially stamh@euagﬁﬂm C dOfTB.I n pattern. 9. The nethod of Caim

7 includings!| appin or t.0 for n alr bearln surf ace
g | app gv}l:erbﬁt e adx tfuef 0%8“1’ reduce a gmugnehzauan field

coupled to the magnetoresistive sensor during deposition of the
magnetoresistive sensor.

8. The method of claim 7 wherein the magnetic shield is configured to have a
20 substantially stable magnetic domain pattern.

9. The method of Claim 7 including lapping the sensor to form an aix bearing surface

and wherein the magnetic shield and the magnetic flux thief have edges which are
substantially flush with the air bearing surface.

25
10. A disc storage system including a magnetic sensor made in accordance with the
method of claim 1 or 6.
11. A magnetic sensor in a magnetic storage system, comprising:

30

magnetoresistive gensor means for sensing magnetically encoded
information;

magnetic shield means for shielding the magnetoresistive sensor means from
magnetic fields, the magnetic shield means having a major surface
facing the magnetoresistive sensor means and defining a major plane,
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and Wner ein the magnetic shield and the magnetic flux thi ef ‘have edgais :
whi ch are. substantially flush with the_1 ir bearing surface. 25 101 BANGYs 2004
storage system including a nagneto sensof nmade in accordance with the

met hod of claiml1 or 6. 11. A magnetic sensor in a nagnetic storage
system conpri si ngima%&@%ﬁﬁﬂagg' ;(? sensor s_for sensin
magnetically encoded information, magiﬁe & s@?eg%%eﬁg %?ﬂ'ﬁ"gldi ng the
magnet or esi sti ve sensor%ﬁﬂﬂ”%‘%‘m&;mﬂgneti c fields, the nagnetic shield
means having a M Qhiefluk AR mdaffiof Mﬁ resi stiv ensor Jreans and
defining a najor plane, SU BST ITUT%<l %E%%?%jdic‘é?ﬁi&]%"w 2004
and the magnetic shi el dmagneHs shigkdi means [tb dhel maghpptresidtio: serisor goae] e V

normal to the major sugkasfe ield flux. thief ans for reducing a
demagnet i zation fiel d-coupl ed: @rlgm i ﬁ%‘%ﬁ‘éﬁ‘b‘”?ﬁf’%ﬁﬁ ux ghigff, o .
magnet or esi stive sensoredgenpuside hbandstacing thefshiald ddgéscsf e fiagndtiawhiald i N t he
maj or pl ane and havi ng _thief edges outside of and facing the shield
edges of the magnetic shield neans. 10 12. The nagnetic sensor of claim1l
wherein th# shield flux thief neans conprises magnetic material spaced

apart fromthe magnetic shield nmeans by a gap. 15 SUBSTI TUTE PAGE ( ARTI CLE
34) 12. The magnetic sensor of claim 11 wherein the shield flux thief means comprises

magnetic material spaced apart from the magnetic shield means by a gap.

Is
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