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(57) Abstract ) .

A magnetic read head (30) for use in a mag- -30
netic data storage and retricval system has a first /
current contact (40), a second current contact (42),

a magnetoresistive read sensor (34), and a demag-
netization field balance element (50). Positioned be-
tween the first and second current contacts (40, 42)
are both the magnetoresistive read sensor (34) and
the demagnetization field balance element (50). The

demagnetization field balance element (50) is both ' 50 ‘ T
electrically isolated from and magnetically coupled o
to the magnetoresistive read sensor (34).
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1 H GHLY SENSI TI VE SPI N VALVE HEADS USI NG A SELF- ALI GNED DEMAG FI ELD '
BALANCE ELEMENT BACKGROUND OF THE | NVENTI ON The present:invention rel ates
generally to the field of 5 magnetic data storage and retrieval systens. 8
In particular, the present invention relates a magnetic read head for use
in a mgnetic data storage and retrieval systemand having a
demagneti zation field balance elenent for increasing a read sensitivity of
a giant magnetoresistive spin valve read sensor. 10 G ant magnetoresistive
(GWR) read sensors are used in magnetic storage systens to detect
magneti cal | y-encoded i nformation stored on a magnetic nediumor disc. A
ti me-dependent magnetic field froma magnetic storage nedi um or disc
directly nodulates the resistivity of the GWR read sensor. The change in .
resi stance of the 15 GVWR read sensor can be detected by passing a sense
current through the GWR read sensor and neasuring the voltage across the
read sensor. The resulting signal can be used to recover the encoded
information fromthe magnetic storage nediumor disc. A typical GW read
sensor has a GWR spin valve that is 20 a nmulti-layered device fornmed of a
nonnmagneti ¢ spacer |ayer positioned between a ferromagnetic pinned | ayer
and a ferromagnetic free |ayer.
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~~effective anisotropy of the,

A magneti zation of the pinned layer is fixed in a predetern nddd SERQ00DN,
typically norgg]eoic@4® air bearing surface of the GVR spin Vat¥gsooighe 2
magneti zation of the free layer rotates freely in response to an 25
external magnetic field. An antiferromagnetic material is typically
exchange coupled to the pinned layer to {ix the nagnetization of the
pi nned layer in a predeternined directioh. Shiel ds are general ly placed on

ei ther side of the read It § reads only
t hat information which ng‘ﬁ’ %@gﬁ:ﬁ%&@lﬁl% %azmagnet iC
medi um or di sc. Regul ar i ncr 1 gnetic nedi a

have made it necessary to re CKG Odweﬁsﬁ-lElﬂQVE anm Ng between the

shi el ds WD 00/62282 2 9 SEP 2003 PCT, US"/l?O% osi one 0 i t her side
of the read sensor. This dec' ageeSFH fyentian, & ?tr‘?é %éﬁf@ g?l&é:f fds has
had the negati\se i neanetiodatdstregs angretidval e;fs‘temse rﬁéuléﬁﬁmer;ﬁagerﬂensor

t her eby decreaS|ng t he.read sensitivi read sensor, sjnce the flux
egenanat ing from t he YagHY reates A Qagnéé%ﬁ%aj Qeg P Wse jpemadnelic ¢3te r ead
n

sor. This decr eamgenarerrrémeva@9stemcbevm@tyueeﬁa@%bﬁfht@ufé:@(bramé ng the
stripe height of th@ r](ilgc?aenso that is, the length of the read sensor

along its side per BEMAEIRTdPcEBSiPaS 483 B%'ﬁ'%@ ‘%fu?r giapbmagngipesaistive

decr easi ng t he st r ki vaRedBid 8énddie read sensor increases the 10

demagneti zation field acti n% n the read sensor, thereby increasing the
PELHegRTIeBRIStYR (GNR) foRd FPNEL RS B ho 1 oad

sensitivity of thenfRadticaoee. syaféﬁisqmd%téd@ﬁfﬁneﬁ@aw-é?eséed &férﬂfé’tn@ﬁse the
read senS|t|V|ty of a read sensor a nagnetic r ead y I ncr easi ng

the read 15 sensoftoseden # Magnelc mﬁtﬂﬁmﬂr%Mmeﬁpeﬂiﬂ&mw@eﬁ%@eiéf fective
ani sotropy of thefroprd ARQAGHc sBithEE MAADINRY: Wiscl idrebt\VEATdUid¥es the

resistivity of the GMR read sensor. The change in resistance of the
15 GMR read sensor can be detected by passing a sense current through
the GMR read sensor and measuring the voltage across the GMR read
sensor. - The resulting signal can be used to recover the encoded

information from the magnetic storage medium or disc. -
A typical GMR read sensor has a GMR spin vaive that is
20  amuilti-layered device formed of a nonmagnetic spacer layer positiohed
between a ferromagnetic pinned layer and a ferromagnetic free layer.
A magnetization of the pinned layer is fixed in a predetermined direction,
typically normal to an air bearing surface of the GMR spin vaive, while
a magnetization of the free layer rotates freely in response to an
25  external magnetic field. An antiferromagnetic material is tybically
exchange coupled to the pinned layer to fix the magnetization of the
pinned layer in a predetermined direction.
Shields are generally placed on either side of the read
sensor to ensure that the read sensor reads only that information which
30 s stored directly beneath it on a magnetic medium or disc. Regular
increases in areal densities of the magnetic media have made it

-~ necessary to regularly decrease the spacing between the shields




The present invention is a magnetic read head having increa?sgdS'l;F(’aaZim3 ‘
sensitivity f O W32 1 a magneti c data storage and 20 retri @¢HUS¥(IIW08Mm The
magneti c read head has a first current contact, a second current contact,

a magnetoresistive read sensor, and a denmagnetization field bal ance #
el.ement. Positioned between the first add second current contacts are both
the magnetoresistive read sensor and the demagnetization field bal ance

el enent. The demagriesitioaed @n either isidedobtiiearsad snspentThissdecehseirether i cal |y

i sol ated from and =y g&;g TRV d

sensor. The demagnerg? ?Q@ P%ﬁ&%%ﬁé?;&j%ggﬁg\ﬁ%gaépgem ﬂ:;%ﬁl,{ slég*ec#eé:c?arrsl?@al |y

i solated fromthe fthe efficigncy ofttke readsensorc tnerehytdecteasingttbe réau senbitivity

i el d bal ance. el emat SeReRES Shbe il Ak Litdnay i SRR el "

physi cal | y sepa# at gdadhesra smallerpgriieinfdke sgddveensead sensor, the first

00/ 62282 PCT/ Usoo) 17009 - 5 LS SSFFER i SHshon ta e Sotirlrédes, dve

elrrbodi ment ?f thg rdeemshgt?gstﬁpeheigmbhbledeawsymett bf,#mtiwtt}a‘léacjt;tddb&iteance )
element is forne 0 ogr aphi cai rning. irs ot 0 nas
over the nagnetorgé?%gl%) orr%é%; g% éJ;erp '@eégigﬁ]ﬁé?? ﬁ'ée %ﬁg??&"&?e’g“o%f:?ve read
5 sensor, oxidi zi ngievgves cdcredging tiod stripe heighh ef theesadsenser inepshsestieor to
farman insul atjon er .depositing a |ayer of soft .magnetic material
over the 1 neur 801 oePEEapZeRA Teld kg uslifhe Fled'serlet SRBRY Instadhg T orm
t he demagneti zat i onhé efféclivbahisotrepedftie ndad st WhRSGRITIdbrddsed tife :
DRAW NGS 10 Fi gures 1dA ]IBEEY flg%r 1Cdare cross-sectional views of a
magnetic read head 399 PRy 8f e Pad BEGSR™= 2 is a graph conpari ng bot h
effective anisotropy field Tieraisitheesfdresenéed to/inticasé the feaddepsiiviy in a

[ ' i ght of.. the read sensor.
magnetic read head of taoreaa gerrll o? ort]%l gmagne’tic read head By increasing the read

]

15  sensor's efficiency without negatively impacting the effective anisotropy
of the read sensor. "
BRIEF SUMMARY OF THE INVENTION
The present invention is a magnetic read head having

increased read sensitivity for use in a magnetic data storage and

20  retrieval system. The magnetic read head has a first current contact, a

second current contact, a magnetoresistive read sensor, and a
demagnetization field balance element. Positioned betweén the first

and second current contacts are both the magnetoresistive read sensor

and the demagnetization field balance element. The demagnetization

.25 field balance element is both electrically isolated from and magnetically

coupled to the magnetoresistive read sensor. The demagnetization field

balance element is also electrically isolated from the first and the

second current contacts.

In a first alternate embodiment of the present invention,

30 the demagnetization field balance element is formed of a ferromagnetic

material and is physically separated from the magnetoresistive read

sensor, the first current contact, and the second current contact by a




15 Figures 3A, 3B, and 3C are cross-sectional views of a nRdh&FPc§liBad
head in acco ] the present invention. Figure 4 is a c - Lonal
view of a nagﬁrfeﬁ/%ﬂrzead of the present invention. DETAI LEDI’I’%@@&%?@&I"PO\I OF
THE PREFERRED EMBODI MENTS 20 Figures 1A, 113, and IC are cross-sectional
views of magnetic read head 10 of the prior art. Figure 1 Cis a
cross-sectional view of an air beari ng33urface of magnetic read head 10.
Figure A is a crgss-sectional view of r’rﬁgnetti ¢ read head 10 taken al ong
line A-A of Fi gur¥PEEORPNragRa; tecand Qitgma ei‘:fe@'l.'ﬂog""1"3’13qféhf?:F’E5="§§f‘§ectional

view 25 of magnetiiovertiad, fadeddghativalion!fleRD bhiahte FelBmeht f§l fiwhed 1byC and
magnetic disc 12. In, Figure and 1 all spacing and insul ati ng

Fi 1A | B, C,
| ayers are oni ttefm&"t'%fgé?‘?%}'%"yﬁﬂaﬁ@%@ of &S Rhate omaskd aveewihey,
magnetic read headndghad@sistive ¢@49 @BASErStoAHENMOthdl e?&e§i§@e13red\939”et ic

read head 10 ipcl udes ia,gt,rra netoresi stive 30 {( _spin valve 14, first
shiel d 16, second AP @XEEINGT §e‘3:8f’9?§n?fth@é‘?ﬁgi'tﬁtm?@'zs“\@n@agé@é?ﬁ@r current
cpntact 22. GVR spbRorsedrifisdidtidraaydtOfe sﬁiﬂg‘éli&@r‘é?§§offt Haéﬁe@é}ﬂat%ﬁﬁpnd
shields 16 and 18. GVR spin valve WD 00/62282 - 4 -2 9 SEP 2003

PCTI US99/ 17009 i s GVEF thedhsyation layere and ditting awaydhe fisstjphotmmasls fo farmst  and
second current = coné aginagRllizae Adld aMRCERIGMYA ve 14 1s used Lo detect
ma

magneti cal | y-encoded information stored on netic disc 12. A
ti me- dependent magnetic fiﬁ@@@ﬁﬂ&@@ﬁﬂ%ﬁ%&%t |y nodul ates the

“fresistivit GVR spi - AT ARG e L i . i
resistivity ofg spin Vah\ggre%A, ]2 Wﬂ@%rb%rbﬁéé%@gggﬂw spin

val ve 14 can be detected b assing a sense current t spin val ve
14 and measur i ng M3gneligireadyeeaefdbe pinRatpi n val ve 14. The resul ting

0" s vapve 14T PSR SRR BRB el BIRgY © 05
spacer field on and read sensitivity of a read sensor in a magnetic read head
' to a stripe height of the read sensor.
15 Figures 3A, 3B, and 3C are cross-sectional views of a
magnetic read head in accord with the present invention.
~ Figure 4 is a cross-sectional view of a magnetic read of the
present invention. )
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Figures 1A, 1B, and 1C are cross-sectional views of
magnetic read head 10 of the prior art. Figure 1C is a cross-sectional
view of an air bearing surface of magnetic read head 10. Figure 1A is
a cross-sectional view of magnetic read head 10 taken along line A-A
of Figure 1C and magnetic disc 12. Figure 1B is cross-sectional view
25  of magnetic read head 10 taken along line B-B of Figure 1C and
magnetic disc 12. In Figures 1A, 1B, and 1C, all spacing and insulating
layers are omitted for clarity. For ease of explanation and viewing,
magnetic read head 10 and its components are not drawn to scale.
Magnetic read head 10 includes éiant‘ magnetoresistive
30 (GMR) spin valve 14, first shield 16, second shield 18, first current
contact 20, and second current contact 22. GMR spin valve 14 is

positioned between first and second shields 16 and 18. GMR spin valve




26 and pinned | ayer 28. Spacer |layer 26 is positioned betwegngfsﬁspe 20033yer

24 and pi nnedWMOAPER28D3 A magneti zati on of pinned | ayer 28 PST/USI9&99i n a
predeterm ned direction, typically nornmal to the air bearing surface of ,
GWR spin.valve 14, while a nmagnetization of free layer 24 15 rotates freely -
I n response to magnetic flux emanating f-#om magnetic disc 12. The

resi stance of GVWR spin valve 14 varies as a function of an angle forned

bet ween t he magnet iigBwrthenpatitionetibetwedn, fand @djameat to rsicard! sddoad wagestt | zat i on

di rection of pinne Q’%\/\Er acer layer 26 is preferably forned of a
nonmagneti c materi %011 ezrcggnsd ?lr;)'ee | ayer 24 and 20 pinned | ayer 28 are each ,

preferably formed of ferron@M&spin vaitet4 ialsed to@sRcsmagnetidalg-ehdodeay
i ncl ude additional ; i nst ance.. an. tiferro netic layer, a
per manent nagnet Ié@fgﬁétoﬁjp %8'%&?“ 5‘&?88%%5‘“3%5 ﬁmﬁ'ég?’gf@ﬂﬁteméﬂﬁﬁes of
Gr\]{R spihn val ve 14 (ﬁiahdﬂuam rRagradit edigce 2 hyeﬂtyombd?lams&héﬁéﬁﬁﬁmy S GBMR curlrent
t hrough GWR spin valve 14 nonitori.ng the vo across spin val ve
14, resistance chaRfet J“’é*r%%ﬂ‘%ﬁ'i’?ﬂ%df’\?%s'%ﬂ"‘&%ﬂ‘l‘g@ﬁﬂ’é@@ﬁ%?P and
second current conmjetsrteti BPpassihg’d sehb® dgheftArRghi GMRIspirfvaios 14 &ndf
voltage (not shown in F.ié; res, 1A 1C'), Wﬁél de this, sense current through
GWR 30 spin val ve 1Peasg[indiherpliage agiogs GMRSAN vaie Yo c'dhesgsulting 990l ¢ each
oS v o boogs e RSO et st b 7 0 5
) ! - spin valv 4 1s sandw che et ween _
fi‘'rst and secgﬁd g‘ﬂgﬁawf@eaﬁdsa@%aaﬁ@eﬂ&vpﬁ pving/fee [AYST ¢hISpaCer4 1 eads

only that informaamd/bindy isyes eI Ehater el 26 hepesfidhed betwveBRERe! i c di sc
12. To enable first a secaondshi el d% 16 and 18 to a?sprb st ray._nmagnetic
fields, first and {3e5r8 W RIPRRA layen<E. Ysmagpelization of pnnedypyertdd fed of a

material having a firedin ¥ Predeierdhing® dirBatidn, typicall§ Wekmal tBQRE Wit bedripgu! ar
I ncreases in areal denS|t} s. of the magnetic nedia have nmade it necessary

to regul arly decr eS4Ea¢eef SMEEFRIG V5 hilera magnetization of free layer 24
15  rotates freely in response to magnetic flux emanating from magnetic

disc 12. The resistance of GMR spin valve 14 varies as a function of an
angley formed between the magnetization direction of free layer 24 and
the magnetization direction of pinned layer 28. Space; layer 26 is
preferably formed of a nonmagnetic material, whereas free layer 24 and
20  pinned layer 28 are each preferably formed of ferromagnetic materials.
GMR spin valve 14 may include additional layers, for instance an
antiferromagnetic layer, a permanent magnet layer, or a soft adjacent
layer.
Resistance changes of GMR spin valve 14 can be
25  detected by providing a constant sense current through GMR spin vaive
14 and monitoring the voltage across GMR spin vaive 14, resistance
changes of GMR spin valve 14 can be detected. First and second
current contacts 20 and 22, though connection to a source of voltage
(not shown in Figures 1A-1C), provide this sense current through GMR
30  spin valve 14. First and second current contacts 20 and 22 are each
preferably formed of a metallic material, such as gold or tantalum.




and second shields 16 and 18. This decrease in the spacing Z)gtSEBnZUUO first
and second shwelodg228p and 18 has had the negative inpact ofpcfigswgnes Ng t he
decay |l ength of magnetic flux emanating frommagnetic disc 12, that is,
the length along GVR spin valve 14 that magnetic flux reaches. The
decreasi ng decay length of magnetic fluxcresults in decreased efficiency
of GWR spin valve 14 since portions of GR/R spin 15 valve 14 receive sense

current being but no flux, t(flﬂRe?r}ﬁnr\?‘éit@iﬁgist %dﬁ%@??hﬂéﬁpﬁﬁst% dGWR spin

val ve 14. One neans of counteracti ng the decreasing efficiency of GWR spin
valve 14 is to dechesesd shigldsto ard to emsuse thatRMRispinnalvec 4¢adghalynagnet i ¢

flux'will be able ff ﬁ‘;férﬁﬁtioﬂwhgfheiétsﬁfr%cﬁ)8&5&!9%‘3983@“5}1 SR disyp.ve wth
ht h a great

a shorter stripe height h, 20 thereb avi ng” er effriciency. However,
this solution i s ndengblgdirstiang seeend shields16and tSrorabsorbsstrayppagnstight | eads
to decreased read i Ld B 4sRh AV .5@51% | gr aph
conparing bot hesgffg%tag’\sﬂégtaa\#ldts%?%dpy F?QF%’%@ ag%éé%%g‘lr ea Blgi%rﬁetdiao\;i ty of a
read sensor in a nagraieiial hagiag a refativelyhighopeimeabiitheugihta sendéstt he r ead
sensor. The effective ani sot * f | . 24 Lpsval ve 14,
which is shown on Figure 2 vﬁ%ﬁyar?\%?é)%eal'r{%g gl,d%?%&?%%ftﬁé@ ?@%?%'%d

requi red to rotat ehavamgdeitinecessary tofregilasedeaagase thé spbacing betwveeadiystaxi s to

proportional to the haane AR ISRRIRE. TS gSvade R EHBlagbtRabl D) V1

stripe height W of fisvRng [Hecondishields416 afide1d aas hedrthetnegatiye rhpaatfefspi n
e Lo £ | B0 na Ml R el b LB EAS et o
nmagnet or esi st ance (ﬂf&ﬁ 2pthaGisRhedemgth along GRIRIspin dalde byt thditenagrieiictﬂhxe
o sot oy 11el S Hoachls e boUShadd, Gha GhoR.8, Habtis for S56R8THTS o
read sensitivity ofled¢rbasdd\etiicipney ofadBMR sbin vage $4 einte iportiongof GMR spihe
15  valve 14 receive sense current being but no flux, thereby reducing the
overall output of GMR spin valve 14. One means of counteracting the
decreasing efficiency of GMR spin valve 14 is to decrease stripe height
h of GMR spin valve 14. The magnetic flux will be able to affect a
greater percentage of a GMR spin valve with a shorter stripe height h,
20 thereby having a greater efficiency. However, this solution is not
generally desired since a shorter stripe height leads to decreased read
 sensitivity of GMR spin vaive 14.
Figure 2 is a graph comparing both effective anisotropy
field Hk* on and read sensitivity of a read sensor in a magnefic read
25 head to stripe height h of the read sensor. The effective anisotropy Hk*
of free layer 24 of GMR spin valve 14, which is shown on Figure 2 with
oval bullets, is the magnetic field required to rotate a magnetization of
free layer 24 from its easy axis to its hard axis. The effective anisotropy
Hk* of free layer 24 is roughly proportional to the magnetic moment Mrt
30 of free layer 24 divided by the stripe height h of GMR spin valve 14.
The read sensitivity of GMR spin vaive 14, which is shown

on Figure 2 with square bullets, is roughly proportional to the change in




sensitivity of Spin valve 14 and the | ess the effective

field Hk* of free layer 24. The present invention seeks to increase the
read sensitivity of GWR spin valve 14 by increasing the stripe height h of
10 GWR spin valve 14 without dimnishing®he efficiency of GWR spin valve

14. Figures 3A, 3B, _and 3C are cr jonal views of nagnetic read head
30 in accord with tRAINHYUESS ”Fﬁ&&%f ?fzqglM%:?RﬁJY@"%@ﬂ divided by thg £ffestive onal

view of an air beararmatrapyf"élaw@fofffasls@br%bﬁ@mmgﬁﬁ'v%e3@ AEb&HFr@IﬁA 'S a
cross-sectional view of magneti ¢ read head 30 taken along line A™-

Fi gure 3C and magndb$ efegtive amisotiopy ks Oéﬁeﬁéa)@faéss weaeﬂ)owéatem@vk;eof
magnetic read head rg&q Eéﬂ@mgld?rme AR sBirBdie 4. gwfsesho\%: lﬁ@?’gd?@@nﬁ'fe' c disc

32. In Figures 3A, 3B, and spacing and insulatin ayers are
omtted for clafit greatsr theastepe height of spigyRive d4, the greatmﬂwceaao and
1S conponents ar e BANHATHR §5748 Nagf g g s gi ant
magnet or esi stive sSpin vgéﬁe; 34vef| rst dg gggggte“gég%@g&#@ed 38,
first current cont@!ﬁ eof fesedayer 24ur rent  contact 42, and demmgneti zati on
field balance el ement 50. [ S g irst

and 25 second shields 36 and 38. ﬁ&%ﬂﬁalﬁ(ﬁng‘g‘? v%eegg H '? ?#)ethﬁﬁs I oned
bet ween, and adj acesnsitidly ofi GMR apid V@é/@oﬁtl buunqreaam@m steips hefgharidof42.  GWR
spin valve 34 L4 R C ored on.,
magnetic disc %2 299 Rtrigm e“%ﬁé‘ent rtrjg&lhg@%i&mgﬁé eﬁag?%f%%%tgb Vel i'sc 32
directly nodul ates;14the resistivity of GVR. 30 .spin val ve 34. The change
resistance of GWR spin val veg ap, bgpd C Y, e current
t hrough GWR spin val ve 34 andaélﬁééagﬁT gﬁg%%‘ﬁ é@dal Facrg&ggéégg’ggb@%% Oﬁ val ve
34. The resul ting snagnetic wWadl®yaeiZBip aEc@‘dgwmﬁ’eﬁmmﬁ%an/F]g'weQC

is a cross-sectional view of an air bearing surface of magnetic read head

5 greater the\§ ' gszhei ght of GWR spin valve 14, the greatg
gﬁfv Vtsﬁay

15  30. FigUre 3A is a cross-sectional view of magnetic read head 30 taken
along line A-A of Figure 3C and magnetic disc 32. Figure 3B is cross-
sectional view of magnétic read head 30 taken along line B-B of Figure
3C and magnetic disc 32. In Figures 3A, 3B, and 3C, all 'spacing and
insulating layers are omitted for clarity. For ease explanation, magnetic

20  read head 30 and its components are not drawn to scale.

Magnetic read head 30 includes giant magnetoresistive
(GMR) spin valve 34, first shield 36, second shield 38, first current
contact 40, second current contact 42, and demagnetization field
balance element 50. GMR spin valve 34 is positioned between first and

25  second shields 36 and 38. GMR spin valve 34 is further positioned

between, and adjacent to, first and second current contacts 40 and 42.

GMR spin valve 34 is used to detect magnetically-encoded
information stored on magnetic disc 32. A time-dependent magnetic
field from magnetic disc 32 directly modulates the resistivity of GMR
spin valve 34. The cﬁange in resistance of GMR spin valve 34 can be
detected by passing a sense current through GMR spin valve 34 and
measuring the viltage across GMR spin valve 34. The resulting signal




can be used to recover the encoded information from magneti%gdﬁgg &3 ar
spin val ve 34wbs062s2l ti-| ayered devi ce having free | ayer 44PCHERRI0 46 and
pi nned | ayer 48. Spacer |ayer 46 is positioned between free |ayer 44 and
pi nned | ayer 48. A mmgnetization of pinned layer 48 is 5 fixed in a
predeterm ned direction, typically nornet- to the air bearing surface of
GWVR spin valve 34, while a nagnetization of free layer 44 rotates freely
in response to nmaggsetbeudddus resonsathergcddedinfagrdon romdhagnediz disthaz.

resi stance of GWR gpin val ve 34 vari as function of an n or med
bet ween t he rragneté&g]?%’hv%h'? lsiad'ﬂ”@ﬁaﬁrﬁid?\ﬁ%?avﬂgfg%edlglﬁ‘it%h§aece§

magnet i zati on dir eqd kA piinedi 1By@rdid. agpacetdaydsprCisrpdsitivaed Letween freef er abl y

formed of a nonmagnetic material, whereas free | ayer44 and i nned_| ayer 48
are each pref er abl @Y¢othEnd Gnned Ry e?‘i’Eagtht'éP?{%ﬂ gf pln&?&@y&r %%ng ve 34

may include additigealinl ApRidsteriniied difdcliBa StypitallpRbirhalrto Ah@girdicacing ayer, a

per mmnent magnet |ayer, or_a_soft adjacent. 15 |ayer... Resjstance anges of
G\R spin val ve 34 #HIRer GBI YaNNG hr ¥ |l%?@33¥e§’5ﬂgqrhﬂ{§§ee[‘]?§8r g%_rrent
through GWR spin vVghaes fRiyaRdeSBoHde0ni Maghdie X éageatingrfess riddretipi n val ve
34, resistance changes of 'GVR spin valve 34 can be detected.. First and

I

second 20 current @éﬁ?&c?geﬁﬁ‘i%ﬁ‘sf??e@pwﬁ@ﬂ@ﬁ’ Vemfearies S ASURCIOB R BB of

voltage (not showgndig féiid tetween m&%ég%ﬁzbi@ 81P4LBN ©Afre6 Riyet b4 angh GVR
spin valve 34. First and second curreni contacts 40 gnd 42 areﬁgach

“Cpreferably forlfed b mageetigation dirction &f pinpgerayer 41 PRICEE PRGN R

'spin valve 34 is sgnduieResieiMatRdnhidgnbticmdterd wherhitdrethalrds ad6 and 38
to ensure that spin valve 34 reads only that infornation lch is
stored directly bepisned layer éhareeprbtnrefembly fosmed Of@r@‘i%ﬁﬂ”@“ﬂ'}ai #M2%hd second

shiel ds 36 and 38 hsar DSk r | ki J|ayers, Stor anélanes and
shields 36 and 38 g&eﬁﬁi}{]g%@%f%%ﬁgmg aédut?‘ér%’? Ia)fér§ o =y

: € ormed o a materi al hg‘}{,lgga
rel atively high peantfatsbmagyeticlayer. 8 esmanent magnetdayeri? poft 2PIgEPYs 3A and
3B, denmgneti zat i o[égé}.el d balance elenment 50 is positioned between first

and second shi €l ds and 38, and between first and second, current
contacts 40 and 42. Resistance changes of GMR spin valve 34 can be

detected by providing a constant sense current through GMR spin valve

34 and monitoring the voltage across GMR spin vaive 34, resistance

changes of GMR spin valve 34 can be detected. First and second

20  current contacts 40 and 42, though connection to a source of voltage

(not shown in Figure 3), provide this sense current through GMR spin

valve 34. First and second current contacts 40 and 42 are each
preferably formed of a metallic material, such as gold or tantalum.

GMR spin valve 34 is sandwiched between first and

25  second shields 36 and 38 to ensure that GMR spin valve 34 reads only

that information which is stored directly beneath it on magnetic disc 32.

To enable first and second shields 36 and 38 to absorb stray magnetic

fields, first and second shields 36 and 38 are each preferably formed of
a material having a relatively high permeability, such a sendust.

30 As showh in Figures 3A andx 3B, demagnetization field
balance element 50 is positioned between first and second shields 36
and 38, and between first and second current contacts 40 and 42.




WO 00/ 62282 V\ﬁ Qﬁ}m etization field balance elenent 50 is Zg SER02003i n
Fi gure 3C, I'C ows the air bearing surface of nmagnetic ¥

since it is located on the side opposite disc 32 of GWR spin valve 34
Denmagneti zation field balance el enent 50 serves to increase the 5 effective -
stripe height of GWR spin valve 34 from&tripe height hl (the length of

GWR spin valve 34 @I ong its. si erpendi cul ar _to magnetic _disc 32) to
effective stripe h f"@ﬁ nefization, elpg??cﬁ) eetiemephoGFmNRWpAN Figurg 4Cand

demagneti zati on fighidh bﬁbﬁ@t}ﬂa & BEERTHg soiPFadb eNGalhetd re§a #ead 3pesip&ngli cul ar
to magnetic disc 32). To accongllsh this . goal, it s 10 necessary that

denmagnet i zation fi8l [gegiedanp &h I%ﬁ%rﬂpp\?@'t‘b@'%ﬁeﬂ G¥MRyspiBuyAl& 3o GVR

spin val ve 34. FurpbekgRétation ﬂefd 'b%f‘a%%éaélé!m’éhfi%od@é}:@@é‘%'lﬁ@ﬁe?%‘ thé el d
bal ance el enent 50 be el ectricall i sol ated from GWR In valve 34, first

current contact 4o0effegtye §E@6rh$'ghé9f%semmﬂawﬁom&mmhﬁa@m& {theal | y
coupl i ng demagnet i gagthQt GMR:%HP%I@@@@ al%ig% Ge 5Q£e r?&%gﬁ@hé’e 34,

t he effective anisotropy f spinv IS reduced since,

magnetical |y, the @p$aextppfestive;syipe hrighfrh2 (¥re 'Mh%bnth@mmmlzﬁ
increased to stripgs BR§HEm tlfinone%e% %Mev\éléﬂer?géra?&?ﬁtﬁé?r 5| PQ&” e 2,

the effective anisotroc}/fle In valve is verseyrelated
e

to the stripe hei gbgrrefdieylar QvRagsetic disd §2). WDr%CQ@pmtlBM ithis| Q%' hds
descri bed abo t c e | ve 34
is roughly pr\c{)gorttﬁ%ﬁg% ‘? tﬂl‘% ﬁmaﬁggﬁ&q%m%ﬁ}t% %/d;r %4

di vi ded by the ef fmagnetigally rqcpéleﬁetoglﬁMRZSmlﬂ vaiieR 3pi erﬁnIevrBoreAdtos di ngl y
read sensitivity, I_f{@:‘eggb éetﬁ¥ﬁ1%§ﬁét}%a§§n ﬁél%ﬁfa%g%%lmén?sé B? Eﬂr%%ﬁ' ve

ani sotropy field I ncfeased one
meki ng the stripe inelatpdtframn GMRsginetalvead4 dirst mranuc@uam aeldeaeemd 50 equal

dermgnet | zatton 1 LaTS bSPaARZ 30" Cl ement 50°from GVR opi b valve 340 first
current contad$ 40, and By magnetically coupling demagnetization field balance
element 50 to GMR spin valve 34, the effective anisotropy field Hk* of
GMR spin valve 34 is reduced since, magnetically, the effective stripe
height of GMR spin valve 34 is increased to stripe height h2. As
explained with reference to Figure 2, the effective anisotropy field Hk*
20  of a spin valve is inversely related to the stripe height of the GMR spin
valve. More specifically, as described above, the effective anisvotropy
field Hk* of GMR spin valve 34 is roughly proportional to the magnetic
moment Mrt of free layer 44 divided by the effective stripe height h2 of
GMR spin valve. Accordingly, read sensitivity, which is inversely
.25  proportional to the effective anisotropy field Hk*, can be increased one
hundred percent by simply making the stripe height of demagnetization
field balance element 50 equal to the stripe height of GMR spin vaive
34.

By electrically isolating demagnetization field balance

30 element 50 from GMR spin valve 34, first current contact 40, and
second current contact 42, sense current traveling from first current
contact 40 to second current Contact 42 will not pass through




second current contact 42, sense current traveling fromfir2t9 Qg

contact 40 towgffeRiud, cUrrent contact 42 will not pass throughrdsednsded3 WO
00/ 62282 PCT/ US99/ 17009 -9 demagnetization field bal ance el enent 50. As
such, the efficiency of L GWR spin valve 34 is not reduced by the addition
of: demagnetization field balance elenent 50 since, electrically, the
stripe height of GWR spin valve 34 is not” i ncreased. 5 To electricall y

st ourrent cont Senadustzfion P HHihoe FITBRR b oS sOh A0 GHREIRLEN v at » on
fiel d bal ance el emSMR §pin valvet3die riphyeduxelIby the paditibe @f Hemayhbeator! enent s.
In adirst alterna enbodi ment _of the present invention, de netization
fiel d bal ance 10 eﬁ%ﬂma% ?qngBtr%%E'"ﬁP' sleptaally; te stripg hsig g?&lw mat eri al
mni)cg_ f orms Lr ee bpipeaivds4 i§]l:l_atilnbr%§§|ed.e”0rfﬁgne“CSSHF eri ﬁ' . n”thi S
enbodi nment magnet i zati o [ ) ance el enment is ysi ca

separ at ed from% GWR spi n valr:‘.\?e e&&?ncfaﬂy sigolats [demacngtizatiop E@‘daﬁa‘agé%ond

cyrrent contact 4gielent Saféhi GRIR EEACTaIRS 34 SARATCRIMeAD coRtBBE B0 Sdngan be
fabricated 15 through the use of a focus ion beamtrimprocess. In a

preferred enbodi OndsURPhETBRCt 4% AEmagnetzajiop delddialance elemgye0 of air,
or separation trepfgt @p?%aﬁsé’pér&ﬁé@rﬂ&ﬁ titRe lefsiHemb] N8 aTRét&iteflate SUCH as
i de a

an alum numsilicon-nitr oy, alumna, or silica. In a preferred
_enbodi ment, a thi cRmEsdiment ob g Besent invantian. demagnetizatien figld, balasee t han 20

.-about 1 00 Angst r oglemehit 80 isfofimbd bis imateRs! Smisa8ikk AlatéandhforaBhagl ment of
thie present invention. Fiqure 4 is a‘cross-sectional view of magnetic read
56 of the present frefdaver df Hiadis 8 ferramagpetiomeatasiatr 0r dhis emmbasiaentyi ew
shown in Figure 3Biehbindliz8fidi isld & fePn iTHHRIEI ‘%}gﬁ i e 25 4
are simlarly nunbe? edJ'.m‘As iln Fi u?lgﬂg%,e al%ﬁ@ggé{ﬂl’%%rﬂg&l nsuegtﬂig]‘rflIrli | ayers
are onmitted for cl @MR §rin yake Bh firstaisresy pertaet4i0and sargne curentapatachead 56
and its conponent s4fihG JaBhraibA WankR 52C 3 &paration trench 52 can be fabricated

15 = through the use of a focus ion beam trim process. In a preferred
embodiment, separation trench 52 may be left as a layer of air, or
separation trench 52 may be a layer of an insulating material, such as
an aluminum-silicon-nitride alloy, alumina, or silica. In a preferred
embodiment, a thickness of separation trench 52 is preferably iess than

20  about 100 Angstroms.

Fig‘ure 4 illustrates a second alternate embodiment of the
present invention. Figure 4 is a cross-sectional view of magnetic read
56 of the present invention and is similar to the cross-sectional view
shown in Figure 3B. All elements common to both Figure 3B and Figure

25 4 are similarly numbered. As in Figure 3B, all spacing and insulating
layers are omitted for clarity, and for ease explanation, magnetic read
head 56 and its components are not drawn to scale.

In the second alternate embodiment of the present
invention, demagnetization field balance el\emeht 50 is formed by first

30  photolithographically patterning a first photo mask over GMR spin valve
34 to define GMR spin vaive 34, oxidizing the exposed edges of GMR

spin valve 34 to form insulation layer 54, depositing a layer of a soft




-y

In the second alternate enbodi nent of the present invention?9 SEP 2003
demagnet i zat i GWOPVERE bal ance el ement 50 is formed by first FCIFS99/17009
photolithographically patterning a first photo mask over GWR spin valve 34
to define GWR spin valve 34, oxidizing the exposed edges of GVR spin valve
34 to forminsulation |layer 54, depositing- a | ayer of a soft WO 00/62282 -

10 2 s SEP 2003 PCT/ US99/ 17009 magnetic material, and lifting away the

first photo mask tombgmetic dmateriahetnd diftingn aiviag| thebfitshrpheto ehasketa fagen from

the soft magnetic npaterial..ln.a preferre odi nent ;.. de tl i on
field bal ance el en%‘?ﬂ‘a %th'o& Q%‘Qr é%‘la,?c? @??fﬁnqogb;%rértpg gngﬁgbéﬁéateri al .
simlar to 5 the fematmagnit aprefetrediembodiment; defragnefizatien| fjdbalddce | n a
preferred enbodinent, a L ckness, .of insulation |ayer. 54 .is pr bl y

| ess than about 10 e'ﬂﬁ@%%&l?n%@%fﬂl&éo%dl‘?féad%el"r?"f egﬂna& r'ﬁ‘r&ﬁ‘ﬁ{?ﬂc’g read
head design wills npedeirbifaghétic Matsianisédoeformdreetlapén 85 Inoa peajereed ¢ r ead
heads havi ng 10 anbr phgus etoresistive.read sensors_in place of a GWR
spin val ve read sen%‘BB‘?é)'m?”ga@g'lﬂﬁ‘Bﬁ?s %ﬁﬂ?'ﬁ'?%@ygf)ﬁ?fsﬁf?ﬁ?gﬁéesﬁﬁh?me GW\R
spin valve are posshdit@0o/Angs@ermbusi on,  the present invention adds a
demagneti zation field balance el enent to a nmagnetic,.read el nt ta, 15
increase an "nagnetic" stri pshﬂ%ﬁ aHFGWtf%aF T masegls F?@%tn?@%@?@&"f"i' cal
stripe height. Accopétbfdtitne pRReRBiIBN&tion dppaés rmagRétid read e@dsehaving

i nvention has a read sensitivity substantially greater fhﬁﬂwg mag%etic
read head of thé& pr2BPrRACES MACSPRIGIRTSIVAELTIEAE P RRASRPTD SPIBEEY®

described with 20 rRHedpREE IPaddigb®! dditictabedhfifithonsVsr therGMRksgim ed i n
the art will recognize that changes nmay be made I1'n formand detail w thout

departing fromthe %HYe ate RAS§ILope of the invention. 2 9 SEP 2003
in conclusion, the  present invehtion adds a

demagnetization field balance element to a magnetic read element to
15  increase an “magnetic” stripe height without increasing the “electrical”
stripe height. Accordingly, the mégnetic read head of the ﬁpres,ent
invention has a reéd sensitivity substantially greater than_ a magnetic

read head of the prior art.
Although the present invention has been described with
20 reference to preferred embodiments, workers skilled in the art will
recognize that changes may be made in form and detail without

departing from the spirit and scope of the invention.




11 CLAIMS: 1. A magnetic read head for use in a magnetic datazsgé%ezuuzﬁnd
retrieval system the magnetic read head conprising: a giant

_magnet oresi stive spin valve; and 5 neans for both increasing the read
sensitivity of the giant nagnetoresistive spin valve and decreasing the
demagneti zation field acting upon the giant nagnetoresistive spin valve.
2. A magnetic read head for use in a nmagnetic data storage 10 and
retrieval system the nagnetic readijhead conprising: a first and a second
current contact; a magnetoresistive read sensor positioned between the
first and the seChAtMSurrent contacts, the magnetoresi stive read sensor
having an air ring 1 surf ena netlz n field bal ance

el enent p05|t|on d co- eﬁfﬁ?d%gdﬁgéﬁgfrﬁ? E?PE? t? athngensor on a
side of the magnarod)ramvatsyseennetb@lrrmgnst&rreaﬁpeadt:mpnﬁdm.al r bearing surface,
t he denmagneti zation field 20 e el.enent ng ,both el ectricall

| solated from and magneglgg"gf %g@%ﬁﬁsgth PR K % rﬁ'&netoresi stive regd
sensor, whesein the dermugaasiozhothmcréasaigihbaéa!imsmwmrﬂrﬂnegiant separ at ed

fromthe magnetoresistive re The magnetic
read head of claim2 wherei nqﬁ?@%[bg%rr%ﬂvﬁe gwao ?3&8% iwge el ement is
.electrically isolated from biet’riagnauatlom sfeldnactlrme uspeomtma cgiamtent cont acts.

4. The magnetic read head of n%g?‘lemrg’slmgr ﬁlnrl/aﬁ 30 demmgnetization field
bal ance el enent is fornmed of erronagne erial.
2. A magnetic read head forusein a magnetic data storage

10 and retrieval system, the magnetic read head comprising:

a first and a second current contact;

a magnetoresistive read sensor positioned between the
first and the second current contacts, the
magnetoresistive read sensor having an air bearing

15 surface; and ' '

a demagnetization field balance element positioned co-
planar with the magnetoresistive read sensoron a
side of the magnetoresistive read sensor opposite
the air bearing surface, the demagnetization field

20 balance element being both electrically isolated
' from and magnetically coupled to the
magnetoresistive read sensor, wherein the
demagnetization field balance element is
separated from the magnetoresistive read sensor
25 by an insulator.

3. The magnetic read head of claim 2 wherein the
demagnetization field balance element is electrically isolated from

both the first and the second current contacts.

4, The magnetic read head of claim 3 wherein the
30 demagnetization field balance element is formed of a ferromagnetic
material.

AMENDED SHEET




ANVENDED SHEET 2 9 SEP 2003 12 5. The magnetlc read head of @l&i 35;8 Fmerel n
the demagnetization field bal ance el ement is also physically separate
from.the first current contact and the second current contact by the
insulator. 5 6. The magnetic read head of claim5 wherein a separation
trench in which the insulator is positioned is fabricated through use of a
focus ion beamtrim process between the demagneti zation field balance

el ement and each of the magnetoresishive read sensor and the first and
second contacts, wherein the separation trench extends 10 an entire

t hi ckness of the5demagnet Thet Magneticereddb hbathoaf  claiemehtwherein Tthe magnet i ¢
read head of cla netic read
head of claim5 mrégeﬁ%ﬁdmfﬂgg fgﬂgér”e%'i'r%rnt lissalscghf‘%ﬁ"%"ézﬁg?rg%% such as an
al umi num si | i confrAmithe fest sprent contachandrine sesgne cinrent eautabelayithef cl ai m 6
wherein a thicknpsglaf, the separation trench is | ess than about 100
Angstrons. 10. The magnetic read head of claim3 wherein the

demagnet i zation %ield bdh@magnetie rrask heas af slaim § \Myerelpmﬁaparatbogr aphical ly
patterning a fi rﬁéndhh@%lcmﬁé(ingm%rfsgﬁsﬁgnélﬁg Qét‘éa'th%u d sensor to

define the nagnet?re5|st|ve r ead ox1 di zi ng ex o edges of the
nmagnet or esi sti ve? igp, beam trim,progess befwess thadpmagnet ﬁon ﬂdﬂom ting a

layer of a soft talgneldlementires dath o@%ferma&%t@%@inﬁeweeaséﬁéb‘? ngand lifting
netization fiel 3 gal ance

away the first to fo
el enent. 25 11. F{gﬁgrﬁﬁﬂaé?wdrcé’ﬁgf%ﬁ’ge@f"”@gé?ﬁ?@@‘”\/\ﬂ‘@?"é@ﬁ%‘dﬁh| ckness of
t he insul atdon |ayentire sthicksesstdf e mﬁneﬂiﬁlmﬁ'ﬁ@ﬂtﬂ% elemerft MagNEtiCc read

head for use in magnet,i c_dat a retrieval system the magnetic
read head COITpI‘I-éI ng: eltq’erpgq egﬁ aﬁ%@%@&%agmﬁ%'ﬁfe"&m'watons

air.
8. The magnetic read head of claim 5 wherein the insulator is
an insulating material such as an aluminum-silicon-nitride alloy.

15 9. The magnetic read head of claim 6 wherein a thickness of
the separation trench is less than about 100 Angstroms.
10. The magnetic read head of claim 3 wherein the

demagnetization field balance element is formed by
photolithographically patterning a first photo mask over the

20 magnetoresistive read sensor to define the magnetoresistive read
sensor, oxidizing exposed edges of the magnetoresistive read sensor
to form an insulation layer, depositing a layer of a soft magnetic
material over the insulation layer, and lifting away the first photo mask
to form the demagnetization field balance element.

25 11. The magnetic read head of claim 10 wherein a thickness
of the insulation layer is less than about 100 Angstroms.
12. A magnetic read head for use in a magnetic data storage

and retrieval system, the magnetic read head comprising:
a first and a second current contact; ‘
30 a giant magnetoresistive spin valve having a free layer, a
pinned layer, and a spacer layer positioned
between the free layer and the pinned layer, the

AMENDED SHEET



30 a giant magnetoresistive spin valve having a free |ayer, 229 $ER7888
| ayer, and a spacer |ayer positioned between the free |ayer and the pi nned
.layer, the AVENDED SHEET 2 9 SEP 2Q® 13 5 10 15 free |l ayer, the pinned

| ayer, and the spacer |ayer each being positioned between the first and
the second current contacts, the giant nmgnetoresistive spin valve having
an air bearing surface; and a demagnetization field bal ance el enent
co-planarly positioned with the gi ant magnet oresi stive spin valve on a
side of the giant nmagnetoresistive spin valve opposite the air bearing
surface, wherein the denagn&??i%v@r.daepmeed'ay@r,am@ethmsemﬂayes bot h

el ectrically isolated from agdchBeingiposibhed G8MWREE Ghe fﬁg,tfaha tgb ant

magnet or esi stive spin val ve bé an Insulator positioned between the _
denmagneti zation field bal an€BCBPEefYITRAY t9RNtgClnt thegr@iestesi stive spin

valve. 13. The magnetic readnugaetorisistil@bph Valveihaviny anlditbeafifgagnet i zat i on
field balange elenment is electrically isolated from both the first and the

second curr&nt contacts. 14.8 en@%hetic read head of claim 13 wherein the

20 demagneti zation fiel i hehapnetiationdRld ibslahes @smelt 8obRhaARINEL I C
material that Is physically se¥ar ated fromihe first current contact and
the second current contact b§CYYRNeA it e, glany magngioresiziivetsRIN r ead head of

claim 14 wherein a separati ovalve on a side of the giant magnetoresistive spin
valve opposite the air bearing surface, whereinthe
10 demagnetization field balance element is both
electrically isolated from and magnetically coupled
to the giant magnetoresistive spin valve by an
insulator positioned between the demagnetization
field balance element and the giant
15 magnetoresistive spin valve.
13. The magnetic read head of claim 12 wherein the
demagnetization field balance element is electrically isolated from
both the first and the second current contacts.
14, The rhagnetic read head of claim 13 wherein the
20 demagnetization field balance element is formed of a ferromagnetic
material that is physically separated from the first current contact and
the second current contact by the insulator.
15. The magnetic read head of claim 14 wherein a separation
trench in which the insulator is positioned is fabricated through use of
25 a focus ion beam trim process between the demagnetization field
balance element and each of the giant magnetoresistive spin valve
and the first and second contacts, wherein the separation trench
extends an entire thickness of the demagnetization field balance
element.
30 16. The magnetic read head of claim 14 wherein the insulator
is air.

“JAMENDED SHEET



trench in which the insulator is positioned is fabricated thrqgggymf

25 a focus ion beamtrimprocess between the demagneti zati onaf ;\ ance
..el erent and each of the giant nagnetoresistive spin valve - and the first
and second contacts, wherein the separation trench extends an entire
t hi ckness of the demagnetization field balance elenent. 30 16. The
magnetic read head of claim 14 wherein the insulator is air. AMVENDED SHEEN
29 SEP 2 14 17. The magnetic read héddd of claim 14 wherein the insul ator
is an alum num shl i con- etic read head of claim

itride allo 18.. The magnet, [
15 wherein a thi ckness "'?'b% "ﬁqge@%ﬁﬁﬁggﬁ?‘gﬂf‘Iﬁ'@n"@ﬁ'%?eée'l‘&%'"ﬁ‘lﬂﬁfﬁ' about 100
Angstroms. 5 19.is @halumiguretsilicon-aitddeslizg. of cl ai m 13 wherein the
dermagneti zation fdeld b el.enent, 1s formed_b hot ogr.aphi cal | y
patterning a fi r{sdt phot ?ﬁ‘ﬁ%’bﬂ%‘gf‘*ﬂ%‘*aﬁéﬁﬁ%{%%&%@&%%@@esgensor to
define the magnefdhesenaration trepahl isslessthan abaitdiopimigstomesed edges of the
magnet oresi stivegdead s or .orm i nsul ati.on_ Jayer, 10 depositing a
| ayer of a iof t elrgélgnet-i ?h%at"?ea:qgg{'c d@%‘fr}leﬁ P scﬁﬂ"at ﬂ%n‘x“%fﬁ@r the and 1ifting
away the first plemnagnetizstion el batanté eledentigfertiedalyippstobi=phitalnpal ance
el ement. 20. Th a'ﬁ@ﬁ'{'lﬁ j I.m 19 wherein a thickness of the
i nsul ation | ayesp I'S 'es%ﬁ?hgﬁ&ggﬁa%g O%rotﬁliﬁég@f‘?%ﬁ%s.'s g T B SHEET
to define the magnetoresistive read sensor, oxidizing exposed edges
of the magnetoresistive read sensor to form an insulation layer,
10 depositing a layer of a soft magnetic material over the insulation layer,
and lifting away the first photo mask to form the demagnetization field
balance element. :
20. The magnetic read head of claim 19 wherein a thickness -

of the insulation layer is less than about 100 Angstroms.
15
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