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BACKGROUND OF THE | NVENTI ON - The pr esent i nvention

rel ates to 5 magnetoresistive (MR) sensors. Morre specifically, the
present invention relates to a nagnetoresistive sensor havi ng i nproved
stability during operation. Magneti c storage systens are
used to store ' ' ' Fognes ﬂ:ﬁg 10
retrieval. ~“Vari outh@Iec no %glﬁessfsg"re avgéngroéfgkaw ir ea mack t he
stored information. One promising STABEZ/XMYogy is the use of a
magnet or esi stive sensor for such read back.
Magnet or esi stive sensors are B2SKGR RHESINVENRIEN n resjstivity

caused by the presence of gmgnet i;?reset f ielcﬁ{e | nEs s gl y hgi ng
enpl oyed as _read back . elements in the heads, of ma nei'p%‘gi c drives.
They are > pgﬁqrﬁﬁ%qi}s%ﬂ\?anmeﬁ%‘s%aug@r§ rﬁége%;\'f)a’n fY'n the
resistivity is ipreéaeandedniverit idirs credzanss gl o eyt e s it vensdisor
magnetic flux. FEurther. t I .Out Qut . qgﬁ'! scal ed by

adj usting the sélr?s%mgﬁrlrm r%&’éie%sc%bﬂlw du%n&é&oer esris%rll've sensors
typically conprise a Mai_ﬁnetst’tcr | ptorager sywhgnst i@mveﬁﬂalt%.@tpm Ni Fe
magneti zed al ong A 4R%4 Gl Si.Pf éo%ﬁgﬁéﬁiw t¥ormBe® 2ForsSt B St ed
in the head such that the easy axis Is transverse to the direction of
di sc rotat Adn af®trievalar al | BATIUS hFSIRRLRFI8%he Ad s cAVRRIARLPC FPXIx
from - the dirzxadindg ab&ckatdes sodiéd oinFormae iwmgnet Onhat i promisingect or
of the strip, ich in turn causes a change in 30 _ elegtrical resistivity.
A sense currenmefmﬁléjs&s? LS Li'fenruostﬁagho hag ‘?%&s rrelépl%éljd‘}? hseerrlrséoglﬁe{(#% fl ux
can be det sotcdd tepdhdwesiii ng t he change in voltage across the

Magnetoresistive sensors are responsive to a

D)

1S 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

résistivity'is independent of disc speed and depends

20 only on the magnetic flux. Further, the sensor output
is eaéily scaled by adjusting the sense current.

Magnetoresistive sensors typically comprise a

thin strip of ferromagnetic matgrial such as NiFe

magnetized along an easy axis of low coercivity. The

25 strip is mounted in the head such that the easy axis is

transverse to the direction of disc rotation and

parallel to the plane of the disc. Magnetic flux from

the disc surface causes rotation of the magnetization

vector of the strip, which in turn causes a change in

30 electrical resistivity. A sense current is passed

through the thin strip and the magnetic flux can be

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



el enent as a result of the changing resistivity. _ WO 98/52190
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probl-em encountered w th magnetoresistive sensors i s Barkhausen rioi se
which is caused by an irreversible notion of magnetic domains in the
presence of an applied field, i.e., coherent rotation of the 5
magneti zati on vector is-non uniforn1and suppressed, and depends upon
dormai n wal | behavi or. Bar khausen noi se generated in the

nmagnet oresi stive el enent niye prroblem enicounzteadbyith asdgmetores gt tve
megnetic dommin (L A0g. 1o BEHREAGULECOILOT GRs0E the RANGLPT 8y SLhve
C such™ Bar

strip. 10 Reduction i ausen norse generated in
magnet or esi sti velieversible deitidibedf megneSicPdpaainmoin the mresends(

entitled DOUBLE-§hAPoA ﬁ%%S' ST VE HEAR - coRdNNG 2Bk BLENEATRD GEATRAL
WRI TE/ SHI ELD POLE COVPL SH ELDI NG THE MAGNETORESI STI VE SEngR

STRIP IN THE® REAE?S.!SBG':WJ«W REGhRY il man pBALeRRYyaRd SURBYE§SRBw J2
SUMVARY COF THEld%ﬁﬂﬁ&é»hpon domain wallnbéﬁﬂvﬂéﬁeCtBﬁiﬁﬂkhsﬁﬁSﬁ@ise

i nventi on, ucer Ir%ha na%]ﬂe st or ag‘g devi e incl udesFﬁn
el ongat ed magnet%?’%%f% ? e Henett HY %ﬁe%ﬁ‘f I > P8 on. MY FPF st
and second el ecteliminavedtbytereatting a . sdmgie|ma¢mth©u®¢m@1m01nhehe
el ongat ed magnetQnes stiMeent ré’%‘f%?“bfontﬂé’p %t%&:@%&s%flv@esé‘fibve

regi on. I nformati on may froma magnétic storag dium
t hrough t het@l e&?cite%#l%npéct%um AB%#baﬁﬁreﬁdamaﬁe Q%HGWFFQ Fdt ethfd

ﬁhar edbsgl el d I&n@&éuﬁé@ﬂs@ﬂw@.@méﬁ@ is desaﬁgne&qxev 3. vactehenmot and
The bottom o 4ufl PEL° aris e  DEMRIE R BRbSEKORREESRETE, HERE;
HAVING AN ELONGATED CENTRAL WRITE/SHIELD POLE COMPLETELY
SHIELDING THE MAGNETORESISTIVE SENSOR STRIP IN THE READ
15 GAP which was issued February 7, 1989 to Mowry. '
SUMMARY OF THE INVENTION
In one aspect of the present invention, a

2

transducer in a magnetic storage device includes an
elongated magnetoresistive element having an active
20 region. First and second electrical contacts are
electrically coupled to the elongated magnetoresistive
element on opposite sides of the active region.
Information may be read from a magnetic storage medium
through the electrical contacts. A bottom inductive
25 write pole and shared shield is positioned adjacent the
magnetoresistive element and has d body region and pole
tip region proximate the active region. The bottom
inductive write pole and shared shield includes a notch
formed therein which defines the pole tip region and the
30 body region. The notch provides a magnetic domain
structure in the shared shield which offers improved
stability. A top inductive write head pole is spaced
apart from the bottom inductive write pole and shared



f orned thereln mhlch defines the pole tip region and the 30
The not ch YORB4Pe a nmagnetic domain structure in the s &%%"ﬁﬁleld
whi cH ‘of fers i nproved stability. A top inductive wite head pole is
spaced apart fromthe bottominductive wite pole and shared WO
98/ 52190 _3- PCT/ US97/ 15537

shield to forma gap therebetween for nmagnetically writing

i nformation. ?1?| Lp dfo?ﬁl EF 9;? & ng%gegﬁlz £8P WRERet ically

Figure 1 is-a SI I agram o sc 5 drive storage system
Figure 2 is a sWﬁétéﬂgsén§@€WP6hﬁP view of a magnet or esi stive

transducer including a botgryrrE WREIRMErTON omwTHEagggwﬂmm@ shar ed shield
i n accordance with the - ﬂEres%nt | nvent.i 0

a front plan view of %gﬂe?&?‘@if";l"?% dt"r%ﬁ%%c%f gf S§ure 2.

Figure 4 issa tapipeastorageosyatpmior art ~ shared shield.
pgure s 1s atop plan vi giggleasDoL! thlée crBAUCLEKE sl ® AP 214

shared shield in accordance resent 1 nvention
Figure 6 is a toupgpehnresdetivetpangdiucey z@fcludlngoétb%ﬁ%dﬁ&q%\wm te

pol es and shar eariééelzﬁﬁel Nand shatedl BHLSIAM tH aiddamsdeqithf e
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The present PrFﬁ?@ﬁtFBﬂentlBPOV|des a magnet or esi stive sensor
having inptoved stabilityFigare 3 odie aapeftronkt tipdapr esemw i mfentuhen, it

R e o S AL
: Figure 4 is a top plan v1ew of a prior art
shared shield.

Figure 5 is a top plan view of a bottom.

15 inductive write pole and shared shield in accordance
with the present invention.

Figure 6 is a top plan view of a plurality of
bottom inductive write poles and shared shields in
accordénce with another aspéct of the.present invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a

magnetoresistive sensor having improved stability. 1In

one aspect of the preéent invention, it is recognized

that a source of Barkhausen noise is the shared shield

25 which forms the lower pole in magnetoresistive
transducers having an inductive write element.

- | Figure 1 is a top view of a disc drive 10

including a magnetoresistive sensor in accordance with

the present invention. Disc drive 10 includes a

30 magnetic disc 12 mounted for rotational movement about

and 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 disc 14 about axis 22. A cover 24 covers a portion



tr.ansducers having an inductive wite el enent. Figure'lis a-

top View Ofycloghagsp drive 10 i ncluding a magnet or esi sti perAgss@Es7 n
accofdance with the present invention. Disc drive 10 includes a
30 nmagnetic disc 12 nmounted for rotational nobvenent about - and axi s
defined by spindle 14 within housing 16. Disc drive 10 al so incl udes
an actuator 18 nmounted to a base pl ate-20 of housing 16 and pivotally
noveabl e rel ative . to disc 14 about axis 22. A cover 24 covers a
portion. Wofosaskuggor 18. Drive controller 26 is coupled to
PCT/ US97/ 15537 actuator 18. In the referred4embod1mélfxt actyaiyd 18.
Drive controller 26 i s coupled to ac%uator In the  preferred

enbodi nent, driGRRtrollex; 26 dF| either) wountakie rfﬁb‘h‘?h’ﬁl%l‘a'\ﬁt#h"%h]s‘b drive

10, _or is |d1C6§.t£d1©@§.§édeoQEs(§_H§C difr |d/i§8c10dﬁ\zl¢él $0i tdklke sbitable
connection to actuator Act uat o es an act liat or arm

ncl
assenbly 28° a ﬁ°é’inc?cstdﬁ’5’0r‘i nﬁﬁ‘f)‘é?r;gﬁ 1§nd X&uaatc?‘f‘éaaegl AR UEESe Aty 32
Head gi nbal assadﬁqat@ﬁ: arm asaeinhﬂiysza, | apad gidasuppofrtemambear 30 3&mdupl ed

torigid rr%{;‘qF a o, ag, c ai | a ,Slalder 10
coupled by a gi ?no? K%1§0\:/L\/n) to“?‘ﬁﬁp %ieam gféaeg’i@gai asseifil ug:gorts a
magnet or esi st i vanlasas @edopdr beandPiigflexure noon md i LR Eedh &R s‘*i:lQlJZi and

encodi ng i nf or "ide®er0R0, anddhSBydZodynamic air bear g 08 SPEdeE) 036
drive contraller 26 recglves 15 for I ndi cating a_.portion

n
of disc 1240 couRjed é’e?s%ﬂmbi‘}p °"co§3’t‘?"}3’rléﬁ°ﬁg %e?@?(?e 4th %ion

i nformation fromeansusrtora hagnetobesistivputeansducer fdxr aresdixidier
sui tabl e controII e I Li0 r|
~controller 26 pr oV gg%%%glosf%érgnd%g tl r‘L’m ?%é%g?ﬁgﬂélr&%gm% Jyﬂ&:l on
position signal dasdR-

During operat:.on, drive controller 26 receives

1s position information indicating a portion of disc 12 to

be accessed. Drive controller 26 receives the position

information from an operator, from a host computer, or

from another suitable controller. Based on the position

information, drive controller 26 provides a position

20 signal to 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 surface

25 of disc 12 in a generally arcuaic path indicated by

arrow 38. Drive.controller 26 and actuator 18 operate

in a known closed ioop, negative feedback manner so that

the transducer carried by slider 36 is positioned over

the desired portion of disc 12. Once the transducer is

30 appropriately positioned, drive controller 26 then
executes a desired read or write operation.

Figure 2 is a cross-section of elements of a

magnetoresistive transducer 56 which is carried on

slider 36. A layer of oxide, preferably aluminum oxide



actuator 18 to pivot about axis 22. This, in turn, causes actuator
18 to pi vowoamssetoaxi s 22. This, in turn, causes sl|i dBFTABIVIRAY .
consequently the transducer nounted on slider 36) to nove radially
over.the surface 25 of disc 12 in a generally arcuaic path indicated by
arrow 38. Drive controller 26 and actuator 18 operate In a known

cl osed | oop, negative feedback nmanner so fRat the transducer carried

by slider 36 is positioned over t he de r.t.i on 12 Once
the transducer i 365 Hhredt #PPR pBsitd %é:h 9%% rﬁcvesgg’gg%:?gﬁ et0 26

t hen executprefextasly eNiBaad ONewtit e!:haapemagnshoresmtlve senso¥F| gure
2is a cross-;e&;t lon. ofy elsimggs %ép% ?.te r@‘?n%t O{ngéhg;:b)ée Eigmadu&ﬁa 56

which is carrie i der oxi de;  preferab al um num
oxi de WO ggﬁggqgnped (Exchange b1a51ng' materlal mqy:nt 7/ he537

62 is deposig ed fr &P dnd paeldrhedt/ A aéfse.réa) Metale&eﬁaabysl\lszn
Next , t he magnet I’eSI St Ive sensor

posited_in
magnetic field @k# then gdenasited on &B&W&ﬁ&&tsﬁ'%%ﬁgl 5?’?"&? Ray tfen be
3 deloos:]I ted aﬂ%d&ﬂ@rmﬂéffoﬂaﬁdw)ss wttahem(ﬁ&mst% ‘I‘heaeettwhgn
eposited on the nma tore5|st|ve er oo e 68
i s then deposit ¥+ 62 an%xgéé $°t§}%é'se (}%%gg glagyo i ge9§t
read gap. A Iaye:rf polyaxfuqb@l gunpletor xeisdiss r7@5|1§c tien @@m@ﬂl'é%%oémied
and 10 pat ﬁt@%‘”ﬁé SHRAP D %dx@/%eadh%@nadﬁaeeaepthe gagnd of

t he head. xt erromagnetic materl%
preferably N Fe E(TP%eraltlb@yPead -THYRXE 2 laygrpe 76355%?9&8§1Fh‘§af:?5?'??'ng

pol e/ shield. Nexio &s 1a1d/vra&ﬁnga@x@ﬁeci&b1@5 NiFeini{Permalildy)ar sThison
G oK1 o) 5 TasERORD B LG 508 dermleiel Vo, O
wrlte gap oxide, 75 (aluminum oxide oxr silicon dioxide),
1S is deposited followed by a second layer of polyamide or
photo resist 74. Metal coils 78 are depositéd and
patterned. Two layers of polyamide or photoresist 76
are deposited and patterned to remove the portion not
adjacent the coils 78. And finally, a final layer of a
20 ferromagnetic material is deposited to form top
inductive write head pole 79 and encompass the coils and
contact the other ferromagnetic layer bottom inductive
write pole and shared shield 72 to form an inductive
write head 58. Preferably, shield 72 is formed of
25 permalloy. '

Figure 3 is an end view of elements of the
transducer 56 of Figure 2. Spacing layers are omitted
for clarity. Shown in the Figure are the ferrite
substrate 60, the magnetoresistive strip 64, its lateral

30 metal contacts 66 defining a central sensor active
region 65 of length L, and the ferromagnetic trailing
pole/shield 72, and the ieading pole 79. The length of
the loading pole 79 defines the written track width via
magnetic mirroring with the trailing pole/shield as



patterned. Two |ayers of polyani de or photoresist 76 are deposited and-

patterned t the portion not adj acent the coils
finally, ‘?PR§EB¥§y of a 20 ferromagnetic nmaterial g*ﬁggﬁﬁgﬁ? to

form top |nduct|ve wite head pole 79 and enconpass the coils and
contact the other ferronmgnetic |ayer bottominductive wite pole and
shared shield 72 to forman inductive . _swite head 58. Preferably,
shield 72 is forned of 25 pernall oy. Figure 3 is an end
vi ew of el er[ent sSﬁéwﬁhen the rtlrgm%iuceth&é Aenkttlcdre {d0cdayges are
omtted Shown in the ure are the ferrite

substrate 60, th eﬂﬁgﬁ ?‘0 &B1VE| R E??Ff)s%ﬁn i Garg papd sfexgpiny the
contacts 66 defihength Leid rialtesisnraldct imstle smallleegchan6bhef wkengeh L,

and the feromanglie A 0avora pBOLELTN S ded% o e lceadhng ROl ©

79. The length o nes F&cR wi dt h
vi a magnet fegidnr 65 af mhehmageetwaesiaglpgletshpeﬁﬁ.a§yplcallme
98/52190 the magnetore51st1ve strlg is ﬂ3§BQ¥S%35%5§3Zrack width
- 6- shown 1 n the Figure. This corresponds to the | engt h

L (plus a proces’é?n@sﬁﬁﬁFd lBaﬁ’&'%éllEHnat [f-able genfgial Lr?gl?lﬂt ghpgdRal |y

made smal | er thafloh@tnW i ftefls esseht gk mhdthth@ ay@iulﬁQSpbmé¢sﬁie$a
tal k) of the cen%%al 5.region 65 0 etore3|st|ve stri

typical ly, br?ag%%t PES 37 vghgt r“ﬁ? ?%?{Sg’ésftjt‘ﬁansgnfp CKG*NI §Ph
to assist ihOproedwbhgtalyt ashdeddnt ridi rEgown siidg e fringidugmi Aieldsi s

essential that t@fléiﬂéﬁiﬁg @@ffﬂémlﬁi qTrlt rﬁ%%ﬁ I 0'3‘911 Smtail‘és 5he

magnet oresi stive_ sensor
fringing fieldslead aefiu gﬁw{ 1@@ dsmeﬁg 7he ARi tq%ibﬁ%%%%t ilrﬁnsthﬁkes

t he But it has been discovered that this does not affect the
written track width, which is defined by the length of
15 the leading pole 79 and the above mentioned mlrrorlng

' effects.

One aspect of the present invention includes
the recognition that domain walls formed in the shields
of magnetoresistive (MR) sensors can interact with the

20 MR sensor itself. These shield domain walls are mobile
under the influence of the media field and stray fields
and can cause the formation of moving magnetic artifacts
in the sensor. This can cause instability in the MR
sensor and is particularly severe where Barkhausen noise

25 is present in the shield. The creation of a tightly
designed shield domain configuration where the shield
shape keeps domain walls away from the sensor region by
demagnetizing forces can overcome this affect. However,
MR shared poles have a requirement to function both as

30 an upper reader shield and as a bottom writer pole.
Achievement of a domain configuration in the shared pole
suitable for stability'and also meeting the requirements
of the writer to link to the top pole at the back via
requires a compromise. Kerr analysis has revealed that



| ead ~and trailiqﬂwfoles 79, 72 of different |engths. But it has been

di scover ed WRE¥SH s does not- affect the written track RaTS71%8T ch i s
defi hed-by the length of 15 the | eading pole 79 and the above nenti oned
mrroring ef fects. One aspect of the present invention
I ncl udes the recognition that domain |l's formed in the shields

of magnetoresistive (MR) sensors can interact with the 20 MR sensor

itself. These spigl d dopgi S 1 4 L the dnof ncg of
‘the nedia field g% straga¥ggrggg ?BEggggggaﬁ#ggﬁ%e ﬁe totmﬁﬁaé#%% %Dving
magneti c artifacg¢enventippaihaosehing. schamg dégnnehusBifasigBt| Eoyginet he

MR sensor apfei oRaihi sHhAE! Yeg§AYLEQ . WEhHe BahkBAHE6AaNOhSEcROng,! S
present in the shj ?d

eld. The creatjon of. a tightl desi.gned shie
donai n connguraE'%ngﬁﬁ%?%sF omgin wall 15:ﬁ%ﬁﬁé&5§§p§°ﬁﬁﬁ§%htgﬁlE§°&ﬁay
fromthe sensor sfgthe hytch (sdenBigarezahgahdrcan afifieovethansehbos.
af fect. However, ., s ar I h Ui quP; L om_hot h
as 30 an upper r%%ﬁ%rIEEF§$H gﬁﬁggs%%'ﬁgﬁg%%?éﬁgt%% po e.&gmggﬂgé%?%9gnent
of a domai n conffgueatPonthe domainawadilpoht the fxontadnd backsofbthety

and al so neeti ngadpenl equirenents of the witer to link to the top
pole at the back via .requjres a conpraom se. Kerr apalysis has reveal ed
t hat VO 98/ 52190 To withdraw this foremost domain %sg3f fsom the37
-7- fDo a senbetiob pehedhi deghw,edtpoie préLihbe Stoacompensate

conventional notghin, eme.1s not sufficient taq qi t he _dopmin
state required. |£—%F ‘g%%a;%ﬁlolﬁ%lefﬁﬁ c‘%r?ﬁf,neetlzattlhog‘ }E%FgﬁﬁspdeﬁSFggﬂ& | is
attracted towardindéptardnns atothe eeawtah leeaokichupgotyugidncghvahfect
the sensor. - a HbSe TRAM I I Rend de@%ag:%?x EBrtber ASHBIEH It o
force on the domain walls at the tront and back of the '

the back of the notch (see Figure 5)

15 Figure 4 shows a prior art bottom inductive
write pole and shared shield 100. Shield 100 includes
pole tip region 102 and body region 104. Pole tip

region 102 is positioned over magnetoresistive sensor
active region 65. dey region 104 is typically large
20 relative fo poie tip region_loz'for attachment to the
top pole at the back via and to support coil conductors
78. However, pole tip region 102 should be relatively
small to focus the magnetic field emanating therefrom
for higher density writing of' magnetically encoded
25 information. One aspect of the present invention
includes the recognition that the prior art design of
shield 100 the magnetic domain structure is unstable and
thereby may, following a read/write operation, switch
directions and introduce noise. Referring to Figure 4,
30 note that the closure domains 106 and 108 have differing
sizes such that middle domain 110 has two sidewalls at
its closure domains of differing sizes. In this prior
art design, the front domain wall is attracted toward
the front notch and this can effect the sensor element.



_ not ch. To withdraw this forenost donain wall fromthe 10

sensitive {RywAh1dp€0i ON, it is possible to conpensate perusHassxadi ng’
edge denmagneti zation forces by creating i ndentations at the rear of

t he not'ch protrusion giving a nore equal i zed denmagneti zation force
fromthe front to the back of the notch (see Figure 5). 15

Figure 4 shows a prior art bottom i nductivg- write pole and shared
shield 100. Shield 100 includes pole tip region 102 and body region

104. Pole_ti pThis feguDis 1@Zoms fapsSiiinbafadcevem nabeetdemesjrstiedgensor
active region 6 Body region 104 is twpical lLy | f [ pol e
tip region 102 %@Fcﬁ A nt %%éﬂaﬁs at% the %rr%g’ttzt nd b%.l‘ A eyt

op pole e back via and to
support coil comsathors 78. However, pole tip region 102 should be
“relatively smal | to feQeHs-d e y@anetss HighdveaRnate ehither efr gm
for higher density witing Of magneitr?cal‘ yﬁe%code‘é 25 I nf or mati on. One

aspect of tfe prgsardancg withopne embqdidienfe oL hBe REFFRE i G A -he
prior art desigmiifeld 72 Shicahide e HiRH RGO raml iy egion

unstable and | agd SheBrRY Lol Lou0g 5,1 ol ur fo0Ber el on p el

cl osure donmui ns plifrexeht]l @ haheenditheshhfts domgizegallich26 awayrifitine

domain 110 has 140, QAN Flogion 65 hrfd B UMR 91 furd Idditdl 136

sizes. In this prior ar (f&lgn, the tront domain wall 1 s attracted

t owar d 1Q he ¥28nendotl@P ake thave cauberpBEialhy KAV &idgerfalls

WO 98/ 52190 = whereby the middle domain regioW(dB3RSHdslharmetrical

- 8- - This results f om.ana%{r]@al anfg |n ogcge%gnepgoz‘)i s a mgzgerce on

the domain wal | 5% $TH Hat® oP-th

' equalized demagnetization force from the front to the

back of the notch. This reduces the effects of noise,

15 such as Barkhausen noise, on sensor region 64 thereby
providing improved readback characteristics and a
transducing element capable of higher density recording.
Further, this still provides the body region 122 for
coupling to the top pole piece and for supporting and

20 coupling to the coil structure.

Figure 6 isfaltop plan view of a multi-channel
shield 140 in accordance with another aspect of the
present invention. Multi-channel shield 140 includes a
plurality of individual shields labelled 72A, 72B and

25 72C. Each shield is formed by respective pole tip
regions 120A, 120B and 120C coupled to body region 122.
Similar elements have retained their numbering with
Figure 6 for simplicity. The embodiment of Figure 6 is
particularly well suited for a multi-channel tape head

30 in which multiple tape channels are accessed
simultaneocusly. Further, the structure allows a common
shared pole while ensuring individual sensor stability.
During manufacture, only one of the structures needs to
be  probed to determined isolation from the



not ch. Figure 5is a top plan view of shield 72 in 5

accor dance WPtH/S318 enbodi nent of the present invention. PCHHPY185372

i ncl udes pole tip region 120 and body regi on 122 separated by a notch
124. - Note that proper pl acement of thHe notch shifts domain wall 126
away from sensor active region 65 and causes the cl osure domai ns 10
128 and 130 to have substantially equal si‘c?e' wal | s wher eby the m ddl e
domai n regi on 132 has cSyaoe é ical su&g donpi n si q:re wal | s. Ngtch
124 provi des” a nBrEPC-OFCEYT T‘Y?ecf*tfé?%heti £Pont T orTRERRT, t 1 FBRt to
t he back ofnebesabtghof Threbirngueasht hedividust béadoimepribr aweh as
Bar khausen noi seg nsor 64 er v
readback char acterlggI ?%s gﬁﬁl}g} ttr:g%sﬁg%( 0 Q%/ g’ %b §PO§ ﬁeaher
density recordi ngmprovenghﬁn@al ﬂh|5§l$>la|tll|°npr9<§\ﬂ d‘é’?lteﬂ@f bmh}ucegl beat22

for coupl i mguivat B 1@ptpglﬁe§aece and for supportl ng and 20 coupling
to the coil structure. gure 6 is top plan view of a
nul ti - channel shi el d ﬁk@h?ﬁg%ccﬁhﬁanEEeﬁFPﬁ aﬁBYﬁ%FlagpeEPsof bega

present inventi odesdbibedchaitlel rHfetethdedO tionChnd€ereed empbdimbhty, Of

i ndi vi dual shi el | 5 2 h jeld s f d
L v dual 1 ! ek 8RE' LERTE 1 128800201 2 coRE e SPhEL Cchgnbh ™
regi on 122. L @Bamaéeemntfgma\ﬁeld aletigied wiiéllq’umuq}bparhgng/i fiom
Figure 6 fofgsi nphdcCibyridhea e :L'ngrlé:h%l@ ﬁ‘or ePgHg'llgu' anly

well suited for a rrull%l - channel pe, hea tape
channels are daResd&sPect oL kY Pt mwn FRERREr cct’*fé%ﬁ%k’t%% QFI ows
a cormmon Sh%eﬂnﬂqh@s Wiy BecBfplopad 06iaditibale TS AesI kel Bbhiin
Duri ng manuf acture OF]\fl one of the structures needs to be probed
to deternmined ~“T 5%t Fo from the WD 98/ 52190
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Co N : .
nagnetore5|st|ve Sensor. This is contrast to t he necessity of
probi ng e Q ..,., uu dnadShbﬁﬁds qun desi gns. dfrRer/1ss24 he

e

Iarge-sha3$ pro oved t her mal d|SS|pat|on and t her eby
reduces heat 5 bUI| Al t hough the present
I nventi on has bee escrl ed mnth reference to preferred enbodi nents,

wor kers skill ed |n the art will recogni zejpbat changes may be made in
formand detail w thout departing from10 the spirit and scope of the

i nventi on. Forwﬁg@gEQeCLAmMED Is gne aspect of the invention other

configurations or techn be enpl oyed.t. t i red
domai n strﬁcture. R ns ucéé in a é&%etf%fé%ﬁfaﬁé B@v@@@ -10-
VWHAT | S CLAI MEDcobfiprisingA transducer in a nmagnetic storage device,

conpri sing. an e'O”Qﬁt8§oH§QESho&§§h§Eb¥Es§EEHGEtehéMbﬂa aBvaag ve
regi on; first and secon ectrical contacts coupled to the el ongated
magnet or esi sti ve aneachivenregpeBiit e sides of the active
region for reading E&E@Enahaoaecond eléckettam toduakiee coupledpol e

and shared shield adjacent. the el on t oresi e
el enent, the shared shield havFRg agEde pigrgpted magHe %orgﬁ S%HB%Ie tip
regi on prOX|nate the active reg&ementhenbo@poségeosldes of the acgiwet he

pole tip region defined by a not % ?§§d ggghglhgfgkggg gn,

line between the pole tip reglon ron in the <hared
shiel d; and atop i ndub@twmvwmcbxqmce pUlrét§paE‘é-'Hea|c?eﬂ4 ﬁh&ﬁe@he

bot t om i nduct i ve shield adjacent the elongated
magnetoresistive element having a body
region and a pole tip region proximate
the active region, the body region and
the pole tip region defined by a notch
formed in the shared-shield; and
a top inductive write head pole spaced apart
from the bottom inductive write pole and
shared shield forming a magnetic gap
" with the pole ﬁip region. _
2. The transducer of claim 1 wherein the pole tip
region includes a plurality of magnetic domains coupled
by closure domains and'wherein the closure domains are
of substantially equal size and shape.
3. The transducer of claim 1 wherein the-pole tip
region includes a plurality of magnetic domains having
closure domains and wherein the domain side walls are
spaced apart from the active region of the elongated
magnetoresistive element.
4. The transducer of claim 1 wherein the bottom
. inductive write pole and shared shield includes an
opposed notch separating the body region and the pole

tip region. .

THIS SHEET HAS BEE
/ REPLAGED "
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wite pole and shared shield form ng a magnetic W th a i
pole tip r%@%ﬁn%} The transducer of claim 1 wherein theP 5%4'-@97(’1553% egi on
incl'udes a plurality of magnetic domains coupl ed by closure domains and

wher-ei n the closure domains are of substantially equal si ze and shape. 3.

The transducer of claim 1 wherein the pol lt| p region includes a plurality

of magneti c domai ns having cl osure donai and wherein the donaln si de

wal I's are spac apart fr t € Whle =
magnet or esi sti \e;’g el enent —ﬂg& Qgﬁ'ﬁ@&{f‘r ans(é%cgé;i 0 mc}lﬂalw(rf'ln er e n tﬂeybottom \
i nductive witeggien angupperss st el gonductdae ancobbosd®mot WHEisépdr ati ng

the body regi or; gndk-hiie; el il tHRIiceR J.nduct\ﬂgeg%:@.%legﬂead pole and

PCT/ US97/ 15537 11 h The
transducer of AWHRM IPAHETIVe e eryhead F%]g‘?o"ﬁn sﬁlﬂiﬁﬁlss éeléonductl ve
coil for witgng i Nfigg NetFansAatsy t BE t eainduct i vﬁmludfn@ead pol e

and bottom_i ndu jve Wi ead pol.e nd S

The transducer 1“8? Jctf)éu leotlr]:r? ugPﬂBc 3'e Wﬁi ura?b? y oa*n% £ Eared

i nductive writ estpict dsindosgitedinallyhispaged o&@q:h uliamangy ssppekel taph
having a pole tl"%loré %\ﬁ%f& qpéjp%]ﬁg 156’%1“‘1%&;98% region. 7. The

t ransducer of el n eac plurality of pole tIE regi ons
is defined by & notch. The transducemof GiaddyGemheredimeach ffcFBen t he

nmagneti c Stpaee] ey i 6 M@rtﬁﬁsr@?i@ﬂéleis caégpredt Byaaendeuhce
and the transducer forns nmul ti - channe

transducer of ctaim 1 whetRF FH0e pfcc s?é'flhegreejd'é\ﬁt@emégﬂﬁw‘ges a

magneti ¢ di sc dstoage device comprises a magnetic tape storage device
and the transducer forms a multi-channel tape head.
9. The transducer of claim 1 wherein the magnetic

storage device comprises a magnetic disc drive.
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