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The present invention relates generally to magnetoresistive sensors.
More specifically, the present invention relates to magnetic shields used in
magnetoresistive sensors.
BACKGROUND OF THE INVENTION

"The present invention relates to magnetoresistive (MR) sensors. More

specifically, the present invention relates to a magnetoresistive sensor having
improved stability during operation.

Magpnetic storage systems are used to store information in a magnetic
format for subsequent retrieval. Various technologies are available for reading
back the stored information. One newer technology is the use of a
magnetoresistive sensor for such read back.

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
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
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

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

in a plane of the shield (150) and
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present invention relates generally to magnetoresistive sensors. 5 Mre
speci fi cal I‘% 01t/ﬂﬁ‘spresent invention relates to magnetic shields used in
magnet or esi st1ve Sensors. BACKGROUND OF THE | NVENTI ON T YSPEeeH
invention relates to magnetoresistive (MR) sensors. Mire specifically,
the present invention relates to a nagnetoresistive sensor having 10

i mproved stability during operation. Mfgnetic storage systens are used to
store information in a nmagnetic format for subsequent retrieval. Various
t echnol ogi es araridxmaéd Me@erfe&fed'irﬂﬁé“nﬁ@etoﬁﬁ&iﬂ{eEl@ﬁerﬁrrrﬁg@gelhﬁ%eﬁé tion. One
newer technology i s the use of a  nagnetoresistive sensor for such read
back. 15 MagnetHrEngasinelsanagastis 6?1@%&4“%16@@%%6%%%%@&@6@1@#&9@ in
resistivity caysfer, by the presence of magnetic fields and are

i ncreasingly being enpl oyed as read , back el enents in the heads of
magnetic di sc dri veShe PreeRs nyemtion giovides A salutign to fhaseand etherpmblamseadise t he
change in r@si st ofhir ddSantagebenastanbr #f di sc speed and depends only on
the magnetic flux. Further, {he sensor output is easily scaled by 20

adj usting the sense current . SXMMARLO : ENF@ANet or esi stive sensors
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the head parallel to I%he pl ane of the disc arllsd1 tont he g‘irraeez%i on of disc
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change in V¥l t gpsordedt gnd.ashigld"fluhief.{ The senisorcam hgyi ng
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element and electrical contacts coupled to the magnetoresistive element
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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.



-2 Barkhausen noi se generated in the magnetoresistive el ement may b¢ 8§ NOV 2004
elimnated by creating a single magnetic domain in the active region of

t he rragnetore5| stive sensor. The present invention provides a solution to
these and other problenms and 5 offers other advantages over the prior

art. SUMVARY OF THE | NVENTI ON The presenf™invention relates to

magnet oresi stive sensors that have a magnetic shield which addresses the

above nentioned prolghgl dance M eq?glgﬁ%g‘g of the
i nvention, a nagnet or ers%st*’ o SERED }*Flg‘fﬂ@ ﬁ%},n&acgm and a
shield "fluxSt h}"éhmqiheplsemb@mmhepremﬁvm magneti c storage device
Coupl 6d 1o the magnaigieics Bl Viw B kBl Smale smbidBrrs ol feld B gner i
coupled to the magnetoresistive e gnetic
sltor?g_e d|6VI cet C?mq;iq%]wgfqlmm‘”m t Memaﬂliﬁa{tt oflﬂmaamt Ix15|ﬁapl f ;
el ectrical contacts magne, i stive el epen configure
d f
to sense a responseﬁé) ?ra @er etgﬁ%‘fti‘cg{éﬁs‘ﬁ%ﬂ? %morf i el d.
Ahmalgge: |hc shi e?ﬂlfahﬁrt mt_, etttlﬂuxﬂmjtmﬁguﬁf Horel i ve el enent :cs |anf [ '?'ﬁredht oI |
shi e e ARgnet or gghShi ye e nt, fro ra e i el ds shi e
has a substantially stab?é ”é% t|c %ﬂ]&?ﬂmﬁé% }iﬂgsﬁ?fﬁ'}‘d Et hi ef
is spaced apart emmmm eI d and reduces a demagnet i zat ion field in
the shield during 20 HaPisk £8 HEePr? Sk or el enent.

BRI EF DESCRI PTI ON OF TH 7 = =hgram of a
di sc storage systemh%emﬁﬁbvwmwsmﬂm%mmﬁddwmﬂ@

read/ wite headcoaggimsm?,b& %7,391 ﬁpﬂg th l ne..no the air
beari ng surface_ o he read/ wite head L}Q'@?g %KQ é‘l’r’%ﬁ“\fgﬁgram of
the magneti & r thefenggr. JE thej damains dre gnatablieoinathe sheldr&nggsuhftace FI G
4 is a plan vi almein aat&ﬁﬁldanlem,mmsém Ble GnapAbibidllstive SRS ML ¥ St AP €

magnetic domal "l L ° relitiv ? st(.?aYl %‘20;4}“9“ generates a demagnetization field durin

B

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)



-3 FIG 5is aplan viewof a magnetic shield and a shield flux thief in
accordance 5 with one exanple enbodi nent of the present invention. 1Fh3m§ ‘
is a plan view of another exanple enbodi nent of a shield flux thief. 2004
7 is a plan view of another exanple enbodi Ment of a shield flux thief.

FIG 8 is graph of applied nmagnetic field versus magnetic field in a

sensor for a nunber of different flux thief configurations. 10 FIG 9 is a
graph of act ual disedagbeut asis i22n Af tdletl 2¢ osers ATPERICACCF SLOERENE] | BALE ON

field DETAlLED, DES&RI T| ON q: | LLUSTRATI VE EMBOD| MENTS I n _

magnet or esi st | VTR ARs il Peoupied; to; achgier 18,1 the; prefesred embedimaent, duve gn

whi ch consts ai domtroller 2658 @RhdrGm S GHIEY M@H e d Bl |

- interaction between the 1?) shield ar%g t he %n%éémrﬁpkﬁé&mtﬁggge

unstabl e in t hedistzive0 with ayjitablé connbxtiondo aetisatop 8. MRRATord8 incladea’0i S€ i n

the magnetoresigtivye sensor. ver,..if the shjield is relatively small,
the shield gene%g'[a\é%r %m&)&gaﬁ Tigid suppry ‘Bﬁﬂf‘"ﬂge‘o ans ashead gimbaly

process of the M}Gﬁq{éﬂéiﬁﬁd%miyﬁﬁﬁiﬁﬁ&tm%@fg%?gﬁ%r goygp from

the shield is signjficant and is |ocallze { he™sensor

during 20 deposiouPlsd tarrigidememberc30aand al hydrodyrdmiceair besring (a élider) 3Gt i ng

t he sensor. d n Clar s resent .invention,proyides a technique to
retain the aesiﬁagglegﬁ?g?dé‘"'g%{]ngwgisoﬁ?ngﬁ%l%‘?n%‘&hlag't%?’\%qi fWPPPBA LI ng t he
demagnet i zat i ormégretatesistiven trhnsdudédr edrd reldirig gnf6Rnfdn HOROHidcl 99 antd)i S | S

achieved by formng a."flux thief" which surrounds the shield and acts to
spread the dena%‘ﬁ%@'f'%éﬂ@%héﬂ“d{’%ﬂa‘thereby 25 reduce the local strength

of the demmagneti zat m&&;ﬁkﬁow&ﬂgkﬁnﬁ%%ﬂG&Q%ﬁanMgnk{dﬂgm%mi ns
of the shield, Thg Nl ug hiﬁ]t‘ fgéms conpl ementary nmagneti c pol es i ch
coupl e to magnéet PEIRRCE L5114 tpe ﬁf“éﬁ‘ﬁf"t’?fé‘feewﬁﬂil‘&#dﬁ?&# pPsiéeh end

poi nts for tshe infoagmtien font latiXopeiiatr,! forh REhAE BRERAL: 2AkbA ol Cuititid Ne
shield. FIG | cbfﬁm%xt oY eW' of .gﬂc)tlir%c drive, 10 including a N
magnet or esi sti ve "Sensor ey IHRben, drive conioller 28 pecyides apasitianon. Di sc
drive 10 i ncl udigsaldo actuator 18. The position signal causes actuator 18 to pivot about axis 22.

This, in turn, causes actuator 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
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magnetic disc 12 nounted for rotational novenent about an axis defi nid&a}}/
spindle 14 within housing 16. Disc drive 10 also includes an actuato av Zﬂﬂl,
nount ed tolﬁ%a%i&pl ate 20 of housing 16 and pivotally noveable relative

to SUBSTIT (ARTI CLE 34) 18 Nov 2004 disc 12 abdfT8%%9532. A cover

24 covers a portion of actuator 18. Drive controller 26 is coupled to
actuator 18. In the preferred enbodi nent, drive 5 controller 26 is either

mount abl e within disc drive 10, or is tbcated outside of disc drive 10

wi th suitable connection to actuator 18. Actuator 18, includes an

actuator arm agy i ad gi nbal
assenbly 32. Fbaglm{:}r%gl&mggg?maguﬁ&%}{ﬁg T%Qc&n an%g});rheflexure arm

34 coupled to ?qngs Q@S“ﬁﬁwﬁlmﬁfﬁéﬁymmewhlhab@éng ng (a slider)

36 to coupl ed b @Al RAL reddRURJ0 kA ohgfdlo ligaID. 34. . S der 36 supports

a nmagnetoresistive transducer for rea m?or mat i on fromdisc 12 and

encodi ng i nformat i oﬁr@ﬁermogwnyﬁreawmeﬁ)ga incledesbotionirgap biyerd8t topl | er 26

o0el ves oS! gAfllr GorRRogfc ML MG BRTGH GRSl h SRy A2 0, b0

accessed. Drive control 26 receives th ormation from
an operator, fFEmpeR @&Qadéwr%ﬂjﬁ defined pn gir braringywyrfhes54 detiweetbbattome ont r ol | er .

Based on the Q) o} 35 il SEEbHAA oyl Y e Bl 620 pRYIES @ pOSi tion

signal to actuator 18. £05|t| on signal causes actua to -pi vot
about axis 22. C‘Tﬁ?f’sbmpﬁ eepifaper 58 audiep setleyrn 6@ ReadelemenpbRist about axis 22.

This, in turn, pGﬁﬁb%@&bé“t%vé&l%m%ﬁtmééiﬂ@'o%&&ﬁ%ﬁ?lfﬁ%éégs kembdiagagucer mount ed

on sllder 36) npve radially over the 20 s in a
general |y afcuddver ath i ndi cated by arrow 38. Drive controller 26 and

actuat or 18 oper at eAWt@meemﬁA@smewme héh@%nﬂcm@esftg&m& m ner so
that the transducer carri ed \% der 36 is positioned over the desired
r

portion of di s®eeap la¥erE: toR@ole74rrondnstive qod 7&;?}911 BYlymestlaviey 78 8&ite i oned,

drive controll gsp s bérRidd 6 &F blafifig ﬁlrfaéeeﬂluy%né%daﬁmszewe%noper ation. 25
FIG 2 is a cross- sectlonal vi ew of magnetic read/wite head 50 and

magnetic di sc ' TRINAEIEMIBIISRPol T s donbickino. Ingddition thedting#ya sur f ace 54 of

read/ write jeaghiblg; top 5ad6S8sd Bndtidh bt £6hafRh pOIE fdR@8d in Bdnjilclisltkit36 shown in
netic .read/wite head 50 and its placenent

FIG 1. FIG illustrates ma
relative to nabqpaoi ﬁdﬁlgg’m a%y copductiye gp sﬂé 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



surface 54 of magnetic read/wite head 50 faces disc surface 56 of 1.8 NOV 2004
magnetic disc 12. 30 Magnetic disc 12 travels or rotates in a direction

rel ative tngSé.ﬁ?'I;{S UTE PACE (ARTI CLE 34) WD 01/91116 PCT/USQ1/ 16951 -5

magnetic read e head 10 as indicated by arrow A TRETARYUEARY between

air bearing surface 54 and disc surface 56 is preferably mnimze while

avoi ding contact between nmagnetic read head 50 and nmagnetic disc 12. A
reader portion of read/wite head 50 i ¥cl udes bottom gap layer 58, top 5

gap layer 60, netal contact |ayer 62, bottomshield 64, top shield 66, and

read elenent Gftal RRGLsGAN add6IBs A@l%ﬁve%hl&fbf?éaa eRRRAGRYs AMinbpGe 54 between
bottom gap | ayer 58 a&ebcﬂ?pt al contact |ayer 62. Metal contact |ayer 62 is

positioned be HioB g8 leagt ﬁ%@é‘?‘e‘gﬁ“@ﬁﬂﬂ‘ﬁé‘ﬁo PRspive xegiops ¢ocadread el ement

68 is positi oegmeﬂammacﬁ@&églwflr&a cRAEH 681deMRE h R 9&8R0d vRYMH! 58 and
metal contact 10 Ia%/ 62. Awiter portion of magnetic read/wite head

50 i ncludes top shi® e@@emﬁxﬁﬁ‘ﬂr@feﬁhléial“&ﬁ@"rmr?%m’?é‘ﬁm%loéawt conducti ve

coil 76, and pelagividredishySstackSA xﬁéghét&esmﬂa&eléﬁen&fsgféﬁe}m}efa ?u beari ng
surface 54 by vvrlte gap |layer 72 between termnating ends o pole 74

and top shield %@mawtlaamemldvhwve%%qcﬁSu%atea mlva‘smn%eépanertterpalsm el d 66

al so function mgﬁeushamqsief&ab@ﬁfoﬁfam@eﬁdhéaﬁmwmclBﬁ Widfhe ot OP pol e 74.
El ectrically conductive, coil are provided to enerate rra netic fields

across wite giPSBHERfhpeh 'E%@Pﬁe@% ’Yeﬁleﬁﬁp?ﬁébang%‘?é?m?@c‘b%ft%en t op

pole 74 and w hﬁa@n@tﬁébﬂl%’ﬂém&@can\%hﬁe@suﬁd%d dsed BY BRterdalTird@hrPtd ayer of
conductive coils, 76 i s.,understopd in the art that several |ayers of

conduct i ve Qoi A€ II?Jr"ﬁE/thBé’f atipstpr eFpagetifmediy prdisco Al giaskr | ayer s.

Al though a r eaﬂia‘gﬁdtdr&xdﬁ@@ﬁadc%p&myﬁmlartyhﬁu allAR by mm%@amcb@ able to
magnet or esi stive Sensor.s at .do not include wr elements. FIG 3 is a

| ayered di agr af®t® (‘-5?? ?W@’l@ °Fﬁ§‘éHV°E?EP°LF5I@“§Iy formedof v at es t he

| ocation of a Iﬁlrwla}dri ¥ fedlomaBr@tie freclayer,a ferrahtighétiediv 1ay>éreuﬁaatn§n-of 25
nmagneti c read/wrltg1 head 50 as. thedyhﬁvgg r al on ‘_g r| ng surface 54 of
magnet i ¢ r ead/ RiAERSEC (RASE 186 RASHRRCd bet Qeella ¥PT epgthe %}F’F paci ng and

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



I nsul ati ng | ayers are om tted for clari ty. Bottomshield V64 and top s]hngv 2004

66 are spaced to provide for a location of read el enent 68. Read el enent
68 has two passive regions defined as the portions of read el enent 68
positioned adjacent to 18 NOV 2004 WD 01+FB1116 PCT/US01/ 16951 -6 netal
contacts 62A and 62B. An active region of read elenent 68 is defined as
the portion of rﬁﬁgﬂgkenent 68 | ocated between the two passive regions of

read elenent 6% S8R Py deterpineshbyotalonlation o hyreewpiri@Bstddy o difnains' ad
ensor wi dths Reéetn vhri r A Lstive el ement or
2 giant el Ry SRR Al g, FRORRE Lol P e

a giant 5 magnet%gesi stive_ stacCk.” A magnet
general |y forned® tyo iclosyre tmagnetic doivaine to' bs psitivRed oh leatd! Uat €s

in response to m&&ﬁgaqﬁ.m,mggdig ' referaax Ir a _magnetic
medi um or disc. By providing a ens%kﬁ%&%‘ﬁgw ? iréP6Rdsi st i ve
el ement, a chaﬁsﬂimmm%mmfwmwwmw@a@m dgan be
measured and USRgmbie dobta&l i def Lty t eci pher the i nformation
stored on the nmagnetic nedﬁége%rhégl sg.sxﬂpféi’éﬁfl%ﬁé?ﬂi’ﬁwﬁ@?@mﬁtack
oper at es si M WM allows for a nore pronounced nagnetoresistive
effect. A giant mMOWNhHGSHeald e Koxd er forned of . three
| ayers: a ferronagnetic frggé*\g@er, g&féer?e‘rigﬁ%ﬂgb% M‘!fﬁ'&'ea non-
Za%get ic sgacer“‘ﬂi;g%_ :;H_ %thz%éﬂszmm_ atHagﬁdml hlw&;mt alfh,grmga :cayer.
pi nned nmageiRht B ah 208k | el d, con ile a free
magneti zation of th ir ee |ayer tlﬁs‘ﬂ?ree oh%oﬁh%?é’tm'f?%ﬁ\ém@“Mn
external magnetPmain; lgp&mre_ugs_e, due tor theeperifio designo the heightofaiaghetld Gémaird
resistivityisof 154Bes &fualio tWRE B8Rt S thSheidh 'tﬁ&atﬁikg YA es a function of
an angl e betwegn the direction of ?ﬁ%&%‘}éﬁ% magrret | z Mﬁiﬁﬁﬂwhﬁi n
magnet i zat i on. “SFRP1LC Asishown jin EIG. ¢ shigldo¥50 ds sidedl ovith ol Gitth heges e, Xt er nal

magnetic fi el devdthloh r@dcleiERO HoTPRL destdt] £l J,vggz.,gs the bottom shield 64
shown in FIGS. 42 and 3 Shield 150 includes m%ﬁlné’r‘g’gﬁﬂbg cPBEur e

magnet i ¢ domai HEC RS9 elagaent 160, Fie present nventiom is applicableitc othenshdeldbdekiphs,

15413, 154C, aamt drgueédntigek@iitts And Wbt 1ni 6B. .Magnetizations
158A- 158G rgpr esent Qe gneti zation 25&2%2%%&&?5?@H§Wn. Shi el d

150 has beéh desi gt yatign of the shifld 150 shpwn in FIG. 4 is 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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to height Hratio provides an ideal nmagnetic donain structure. The "%Oﬁd\l
to height ratio is dependent upon various nmaterial characteri Sthé 2004
i ncluding anisotropy, nmagnetic nonent, &nd filmthickness. For any

materfal the ideal height should equal the height of one or two domain
periods for .any feature 7 width. This can be determ ned by cal cul ation or
by enpiri cal SW thy SheRep Lostrated herein Similarlya the flus thiefawn b amadesired) Wi dt h

and hei ght . Thsmpuhﬁhm&ﬁmbﬁaa%tmud%mm?mﬁ ‘"ﬁ Weorel i @ngul ar
shaped clos re mag;ﬁtlc domiﬂns to be positioned’on eac side of shield
150. Thus trlangul ﬂ%ﬂﬂéﬂﬁ‘?wsﬁmﬁﬁaﬂmm equal
an eqwhbnuWnd&Biﬁl&slﬁél&laﬂ I hﬂ&i@ th of a
magneti ¢ donai gFé n emagnet Fi;esgaggpnp | el%ﬁ?ﬂ%@%@&?ﬁgfan ghetic
monent 10 equ ﬂ’i"@'r Wth?h@"mnmchmf fan| be plthugzdeufmm:ﬁom:tshl el d

150, triangul aHoﬁrbi’aEuil. y epbtitioR andRd e ch have a
base height h | to one- half of s e%&g%té% é%ﬁ gnetic

domai n 154A ha V&H#\'@qewmdeofu\hachvefregxmﬂutmr Ghotishiown LS BIE. 5)

Li kewi se, doie & telpatahth idens: of magnet mai n 15
154B is equal t\l%ll ce that of the E](]al g}th on%l?h? ?“ﬁ%ﬂ?&ﬂ“&'ﬂd@m 154A
or magnetic ifajory clepping Praseswris mdFthwe re4teripl 0861 axil its aivibeathghi t h a

wi dth | arger thmoé(mgs)m{edgmpgad(egad el ement 160. This design feature
i nsures that no dorézaéI \ﬁ/a as through read el ement 160. The present
i nvention is appli |6 ?‘B’HPEEF @W@I@‘Hﬂ@ﬂgmﬂmﬂnbfwmmwt(ﬂﬁmrat i ons
and is not |i ns2eded ot bhawre 2B&%d didkPis0 I:Q’HP%Q'
confi gurat|%) %%#Eﬁ shi el d 150 shown in FIG )’]2 I's enp oyeﬁgm{’;héué%l el d
er

nust be pat 13 ptached to she; ﬂ%WWW%@%&MCEMemmgzat i on

field from thibe ddppilgchrbiesssiulish ifsaihi 80bing onSkZ
| ocalized in t ?5%%"3 f the sensor_durl %gﬂdcgposmlon oﬁmﬁﬂ'ée%"é‘nsor and
p

magneti ¢ annea & detprenetization field for thapeday Mpmem is@nsor
160. The demwwmdeWﬂkéummi}enm& J[ whi ch is
used to align VQ% l.ayers in 16 I'n order toretaln e desired
shiel d di mensi‘ong "%’é‘g ﬂ”f EﬁimmeJﬁg sensor
deposi ti on?0 a dvemwaticn i tHeSRApas2 sUDWH el Bnythéimab ?ﬁﬂﬁhnb(& %H&g e flux
thief 180 surr%g%gns hi el gﬁ)g_g?and I S separ ated froms |e£f) y aqgap 182
The gap 182 ca %‘Pﬁ'ﬁ aYSEro#t AR have @ thesmaksxpansion coafficisnit 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
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

25
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30 dinensions and field strengths. In one exanple, gap 182 is between

about Sand about 40m In another exanple, gap 182 is less than abdul N@Wn2004
In vari Ouswﬁtﬂﬁﬁtﬁ’ the gap nay be a variable distance and/or there nmay

be regions where Shield 150 contacts thief 180. The sRSHESYA6SHhi el d 150

can be any desired shape and is not SUBSTI TUTE PAGE (ARTICLE 34) 1 8 NOV

2004 -7 limted to the shapes illustrated herein Simlarly, the flux thief
can be any desired shape and nateriak9and_is not limted to those
specifically illustrated herein. 5 In one exanple enbodi nent, the fl ux

thief 180 is f@blikanbsihdticompdefs 8 RRorteARIoBhb: 1R Sir BB In such an
enbodi nent, shield 150 and ef 180 can be el ect}ro%@%gg%a?gﬁngugh a

phot or esi st nalewsfhestipe padih of the soaeqy torerragre gecyestaly mepsured fisingdleer | any
deposi ti on andégying pHbéekssat i on techni que can be used. The material of the

shield which lies uqt}si,de of the active region of the sensor (not shown in
FIG 5) 10 can be %a 18 A grrrh of the mesnstiofiddd prd the seoser yersustbe dppliedof t he

conposi ti ons s hingindric M fod 8 nuthBR lof GifttreMTux FibABRARGHRLOGRSS 1S used to
renove material 186 until to air bearin surface (ABS) Tine 184 is
reached. FIG #fegﬁﬁwgssa%?ﬂwh?f&rﬁﬁp@d@%ﬁm gtanse fiomythe shield#nd 180 i n

whi ch the gap thd RagiHofe Aok ieerirtRE dirRfEH GHR] appRdaient As i ;0. In the
enbodi nent of nlEI\lﬂ,]Gfigtg’ertﬁe 15 shield 150 s a)g{)t %%Afglﬁdgedﬁﬁux t hi ef 180
C

al ong a regio PP PERtRERT SIS YO VHb isipesSprbleiopipr ediganssed to form
air bearing suetaes teithief 1894nd 1o kisieie 950 bededsMan3um rd'th hek HeSHipEeS t he
demagneti zat i o% fiel g f cir t,h(é)hse_ | ayers depgsited or annealed in a field
whi ch is péfpe eﬁaﬁttn?lo FOCgE R _eé]i“FCtﬁéaﬁhﬁgppé‘Gﬁl f‘:%lée. “Shield 150 can be
overcoated and pl aM@.r9 i€ e@raph bftfle ctiibir@isfeRrburvddeaohediztfoh §&kisve as a
t her mal expansi o% 4dgi|ﬁnt . The 20 over cg&& c_ian fill the gap 182 and buffer
any thermal exPaiFlsdssmagnetizabion jpjosystpds EH5. Qillusrpies the piogeleenper at ure. The
over coat can hdeagetizitionhfild vexspans medwe aéhigabieRton i Céroné S i N the
opposite direction. of t shield to thereby conpensate for shield and fl ux
thi ef expansi o?i‘?b#w&“b?fhéﬁ%%‘é&m%wwg t°o‘°éanﬂ§é&ggﬁé}ﬁah‘éﬁi5' Eh8di nents. FIG
7 shows anas heillugragsyhednfhizhed the Shield fluktiicfin hb@fidg e ddMaphetitdQni S 25
recessed from air bearing surface |ine 184. | hi.s enpodi nent, the
flux thief 180%“3}]‘1(i n ﬂ%ﬁtesmé‘gﬁc?%“?ﬁge%@ﬁpwwop); ’8&‘@%‘8‘,‘ it s can be
beneficial as deémapesivaion 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
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the likelihood that conponents are shorted together at the air Q
surface anQyogfdipgs the stripe width of the sensor to he nore accurately
measur ed durl ng t | appi ng process. FIG 8 is a gr apﬁcngS?Wé 5t’ragnetl C
field and the sensor versus the appli ed 5 magnetic field for a nunber of
different flux thief configurations. % ef fecti veness of the flux thief

i s dependent upon the distance fromthd%hield and the | ength of the flux
thief in the direction of the applied field. As illustrated in FIG 8,
wher e processi rbztepailhamaécewﬁhabﬂoMenérhlme%niﬂéeftﬁéﬁ%ﬁn%ch%e a di stance

bet ween the thief ré@cgla‘nd t he Shl‘ﬁe‘“d e less than 5 mand to have the
thief 10 at | edPPERBOCIAMS GIFFXPHSSEhof Framwls, Ba Pyticulsielemsps meyivatyel d. FIG 9

is a graph of tdepenﬂﬁigltbahhéﬂaﬁi&ﬁl&ﬁdppﬁé&hyﬁfoﬁi&gﬁﬁgxﬁdrgs?shb@ﬁn%?gﬁﬂé model ed
demagneti zation i.n oerst.ed i.llustrates the nodel e

denagnet i zat i orfP4iFtIRE Fuhsty gal{; e W&%F@%%%@Fm&ﬁwth@ d of one

enbodi ment of tsoepel anit spidii di’lﬂqmémﬁxﬁzdnﬁoﬁ 5i @Aitios 2GRk tRQkertll €1 dS. FIG 9
15|IIustratestq§Jnl eof eshleldfluxthlef in nodifying the
demagnet i zat i orfMoPfigeyt def 8%6%%&“6%448#&%%@%5&@9&%JMSOS hows a 10%

reduction in ttwstexﬂ,an‘ﬁnmtapﬁra&mt&nb}fmededlqnécﬁﬁ&{étart%at&@@‘ea&ﬁﬁh%%theThe present
i nvention provides the benef mal | shield overlying or adjacent

s af
to a magnet or e EFIRYS té‘?’l’scﬁ? be %Rff%mgﬁ’é’ifyﬁ%% %@eWﬁ@a%H‘éﬁﬂ@% of 20
reduction of thatlﬂbambgﬂﬁhgﬁahthal’sccfpbah&ispﬁf&%ﬂﬁb@ﬂe%ti‘ﬁbén'ﬂo@”ﬂh@ﬂ&? shield. The
smal | shi eLd %‘Fé has a ¢ nflg_lug on tgdga ovj de stable magnetic
domai ns. afnaagx?mpr{ TRgteniay i6h asp oL agRlis metsRaly st i zat i on
field over a Iaaxgaple,qreﬁﬂallyand reduces the demagneti zati on f| el d seen by
t he magnetoresistive sensor. It is to be understood that even though
numer ous characteristics and 25 advantages of various enbodi nents of the
i nvention have been set forth in the foregoing description, together with

details of the structure and function of various enbodi nents of the
invention, this disclosure is illustrative only, and



changes may be made in detail, especially in matters-of structure and
arrangenent of parts within the principles of the present inventior BON@V‘EZOM
full 18 NOV 2004 WO 01/91116 PCT/ USOL/ 16851 -10 extent indicated by the
broad general neaning of the terns in which the appended clains are

expressed. For exaﬁl e, the Earticul ar elenments may vary depending on the
particul ar app e magnet oresi stive sensor while rmaintaining
substantially 1.hema MH%?&J . Lt hout departing fromthe 5 scope
and spirit of the pgdezgcent I nvent gﬁé./“%éea%g'ﬁ’lg%mgt hough the preferred
enbodi ment gescri b AT egDeleresistive sepsprelemmit;t 0 a nagnet oresi stive sensor for a
disc system it WgdwRg o by those skjlledq in the art that the
t eachi ngs of the present@%‘gm%jga#eb?%m@vﬁg“ﬂf’ﬁe‘f’“@%"ﬁ"eﬁ‘t, whi ch
sense magnetic fields nsdhwrsporisyd theinugnéitoresiBtivh elemarttica ighePfidli;t Of the
present invention. aTﬂf%L&P%i.ﬁfh%m%ef can be of, any a _rog“‘; e, materi al
such as a soft magnetit materral, %P‘a"’é?ﬁ?ﬂ’%%&%@. . theov 2004
WHAT IS CLAIMED |S: 1. magnetpresistive slement tHeOmajoBafacd bdteridiny 08 sHRII C€,
conprisingi 5 a magnet Qéﬁg%'e&tisi vegfxgﬁensor | enent.; Iec&_.rgi cal contacts
coupl ed to the magtetoresistlver e er?%?ﬁm'ﬁ‘]gtﬁ TIHEP &pngRetis shieldsonse of
t he magnet oresi stive el bemgconfigured heghidd itlse niagrietbresistiveng@miénit Groillbipdyd havi ng
ol ement, the maj or sur f Sagreak e RadRE silkindrag o uepl RGN bR pagrel
- gener al iy normal to thedemgimpatipimamd t he magnetic shiel d being configured
to shield the nagngt,a{eﬁsﬂ,ﬁ“' y& &l nt.fromstray. .mgnetjc fields, and
t he shield_having a substanti yag aifteherf%mn H“E&%r@ﬁﬁ’ﬁaﬁwﬁ@r?’l‘d and a
shield flu¥ thi ef genereitige the skeld ndgendsp ehield Flaxn thied haviniear inger Tuk Gigrhi el d
and 15 outside the Shi @lgd uRefes shil spilef bfked dob el Wudla 11020 "

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.Thempeﬁcsensorofclaimlindudmganairbeaﬁngmrfaceandwherem 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.

SUBSTITUTE PAGE (ARTICLE 34)



edge that faces and is spaced apart fromthe shiel d-edge by a gap, the

flux thief- and the shield configured to reduce a denagneti zati on fiel1d8 NOV
produced in the shield that couples to the magnetoresistive sensor 2004
element. 20 2. The nagnetic sensor of claim 1l wherein the magnetic shield

has a geonetry gt 8 4; i substantially stable magnetic domain pattern.
3. The magnetic sgﬁgétrg%ggsyé "ﬂﬁq'i %%mea'b’eﬂﬁ?rmm%qwmlace and

wherein the 25 shield flux thief is recessed fromthe air bearing

-surface. 4. sThe ReAOeld nsor of claiml including an an bearing surface
and wherein the magnedté‘fc sihc?ﬂeﬂga" Ragnetc pensor for fie is3 magnglic slorage device,

substantial | y f¢mpdising:t h t he air bearing surface. 30 5. The nmgnetic
sensor of claim4 V\&%Eg.n t{;e shield flux thief has first and second
si des, positioned on oppoUs] FEISY Hagnelr matesial papwibstrate; Hiedaydr ofunagrietiar e

substantially flush w mmmamkméwﬁmggmﬁgggqu PAGE
l'u

(ARTI CLE 34) -12 6. I nc ing”a‘magnetic sensor in

btk $Cestorage systemin
accor dance 1é\/i th clarm %g $op i the mametic mpterial e hezaby ormna meagnetici shiekens or
for use inl% magnetic shonRHEsHEAd bdg® that & 1 nnal iting a layer of
magnetic material on a ?‘J'%atf[}&t ,Mﬁe_ | ayer o nrragngatetlmgﬁn’rorﬁi’%ﬁ?ﬂda%avi ng a
maj or surface defining j ‘&"5 ving a4 dsney) flux dhif édgetthat wapmnedllc
mat eri al H) therebly fornzmmglﬂﬁh&jl&;ﬂﬂie%gm&@eﬁéﬁiiﬂ@%s&?ﬁ! df eﬁge_ t hat
is generally norma .t he majo ne and a shielc X i ef having an
i nner flux thief ediget&tt%'gta 'i"éé'ﬁé’ﬁ%’ Y9 §enson £acing| the guajon plame jpordmitatie and
out side the shiel d edgemagneticgslegddSi ti ng a nmagnetoresi slive sensor facing

the maj or p§ ane prQxd t he netig¢ shield. I5 wherein the flux thief
is configured to re lﬁg%; ?‘edg%éﬁyf’z eq it |refluce a demagnetization 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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coupl ed to the magnet oresistive sensor during deposition of the :
magnet oresi stive sensor. 8. The nethod gf claim7 wherein the magnétﬁ &0V 2004
shi el d is configured to have a 20 substantially stable nmagnetic donmin
pattern. 9. The nethod of Caim?7 including | apping the sensor to forman

air bearing surfacand%%m,;g&gﬁﬁget'c peld and the. magnefic flux
thief have edges which are substantially il ulsdrslelaﬁfst tt"ﬁeéegfr?u"o’é‘g?'f’i]g
surface. 25 10. A disc E?ttbmger%lyfs@eemdi ncl udi ng a nagneto sensor nade in
accordance s th thehjeldhRAdeHieand Rk . Bornatieti et i nsar in a
magneti c storage system corrpriagii ng‘:t‘tk%%ﬁgaa rrag%réetuc'ffﬁé’gl c\?'ép%‘g%% ans
for sensing magneti cal | P2agnelio dhidld mednortodthe aagnetxcistive gersbi fleshsiigans f or

shi el di ng t he magnet or egi; S | ns.from nefjc. fields, the
magneti ¢ shiel d means h%?%g%g%%%yﬁ%%gm%%? M@gh'gsi stive.
sensor means and def i ni ¢igemowisife of widofaeing B SHEIE' ddgedTdE i TBghetiREhialdE 34)
-13 1 8 NOV 2004 and t gnetic shield neans having shield edges that
are generally normal to the major surface; and 5 shield flux thief means
for reduci Fﬂg a demagneti zation field-coupled fromthe magnetic shield
means to the nmagnetoresistive sensor neans, the shield flux thief neans
laying in the Yaftsmpgnsticsensat of gloiontl Whersin i shield Skgthief erétuss @npeibesand

faci ng the shifdghe®OBRSHA {4 i .eans. . 10 12. The magneti.c
sensor of cl ai mﬁikl wher ei a%ﬁ%ﬁ%ﬁﬁ“?%&ﬁ%ﬁﬁ?%%ri ses nmagnetic
materi al spaced apart fromthe magnetic shield neans by a gap. 15
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