Title: H GHLY SENSI TI VE SPI N VALVE HEADS USI NG A SELF- AL| GNEDZ20ENSER 2083-D
BALANCE ELEMEWND gofsfshr act A magnetic read head (30) for usepipy 9m9 netic
data storage and retrieval systemhas a first current contact (40),

second current contact (42), a magnetoresistive read sensor (34), and a
demag netization field balance el enment (50). Positioned be- tween the first
and second current contacts (40, 42) ar both t he magnetoresi stive read

sensor (34) and the de ﬂ'gﬁlt_‘? The
demagneti zation field b FC@J ﬁ%’%é # % I y I sol at ed
fromand magnetically coup i nsor (34).
[err] [err] ~[err] [err] [err BACKGROUND OF THE INVENTION

The present invention relates generally to the field of

5  magnetic data storage and retrieval systems. In particular, the present
invention relates a magnetic read head for use in a magnetic data

L Harmoul

storage and retrieval system and having a demagnetization field balance
element for increasing a' read sensitivity of a giant magnetoresistive
spin valve read sensor. ' |
T | 10 : Giant magnetoresistive (GMR) read sensors are used in
o magnetic storage systems to detect magnetically-encoded information
stored on a magnetic medium or disc. A time-dependent magnetic field
from a magnetic storage medium or disc directly modulates 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 valvé. 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
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| NVENTI ON The present invention relates generally to the field of 5
magnetic data storage and retrieval systens. In particular, the present #
I nvention relates a magnetic read head f-@ use in a nmagnetic data storage
and retrieval system and having a demagneti zation field bal ance el enent

for increasing a rd®gitioasdion; sithey siste af tieareadnsanser.orTéés decrease s'rpthe vaI ve
read sensor. 10 G g@j

nmagnetic storage syst ﬁg%&& g?@%;éﬁ’%r?% I'ca tfeer?%ﬁzgéd]e o(fer?a?a%g

on a magnetic nedi dhe efficigheyof the taaqltsedecpieth@eehy dmgmsingcthé r@ddsenﬁutmt;a a
magneti c storage of the
GWR read sensor. 'rltﬁdgltwe%es%%&f g’g‘?gﬁ%ﬁ%ﬁ% % %ifé&g\ﬁf §3§“{'é can be
detected by passSi ngeacf'@@rasmaltefrperttontdfrthmgéad gemsoGVR read sensor and

measuring the voltage across e I resu nal can
bé used to recover the encod T'BJQ d% mﬁ?foefﬁﬁ?ric&f Fﬁgk&?&gcﬁgf‘*eéaélg%sbég
medi um or disc. AdegrEasing ti/Eripe Adightoftbe rézassemnstlyhat b, thellahgta ofthet is 20

betwoon a 1 or romagiBts SR e 45 S R PEr e REOfE ol BoRct lrep.

magneti zation of t frowsveneecteaging tlnssﬁpﬂedlghnoathprreﬁlﬂafsm rmeﬁbﬁesm i on,
valve, while a

typically nor h rface n
gneti 2t on 87 1 ReCgteSh e SehadhBpde (et arRer Sieby nctieshy © %o
external magnetic fthebfectite aaisbiréwoﬁlha%ms&sﬁﬂwmﬁh tird deyfiaeas the \
exchange coupled ta tcg rgsvt q}e{l "tﬁ’y to fix the magneti zation of the

pinned layer in a PPEbSEyNHElthg"PaASPBYP™ Shiel ds are general |y placed on
either side of the read Sen‘Blwreﬁs)th%F@‘Ufe% heed td inereag@ thesagddensiaivigls onl y
that information V\/m ch 30 is stored I1(?>élﬁbeneaéh it on a magqnet I C

medi um or di sc. Redii®Feat 3¢N5QE & 3 nma9 J9ade YH}CF??%HQT% 3% medi é

have nade it 15  sensor's efficiency without negatavely impacting the effective anisotropy

stored .,

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




necessary to regularly decrease the spacing between the shi'§I9j$PP02m3/ 62282
2 9 SEP 2003 wif-dd) /17009 2 positioned on either side of f%.g &sensor
This decrease I1nt spaci ng between the shields has had tP ﬁega

I npact of decreasi ng the efficiency of the read sensor, thereby decreasing
the read sensitivity of the read sensor, since the flux emanati ng fromthe
magnetic nedia reaches a smaller portién of the read sensor. This decrease
in efficiency can be _c untera [ the stripe height of the

d
read sensor, that qegarq 8 treng tﬁ“ g/et"ﬁBg‘ aﬁ%%’@?éléﬁhb&@r&q”ﬁr?étrq preseqt

per pendi cul ar to trh&rﬂrbh h@ﬁbﬁ@gﬁéﬂiaﬁ@@ field 1DYRINEE . elefBRT RAfRIMEdIHE Stripe
hei ght of the rea ﬂ e,ases the 10 demagneti zation field acting

upon the read send¥P i cPeleMiRg B hdirdf fRICLY vEaski ¥ef ofif of t he,

read sensor, whi Chnaghdtuﬁeersﬁwrrm%énﬁ‘reto aefmtb Wé‘%égn‘étd#sr@ﬁvet héad ead
sensor. There gs therefore a need to increase the read sensitivity of a

read sensor a MEYRTh PYdENgLRes sgtgrsnefrtaaénaqutcpreset@\meayee@émor

ef ficiency w t houtto regedr iMskixtid t f the
O boney ™ Ly Lo Regre Moltior B delibekiig a%hyerel b 4on HAGAEId MRra| |
magnetic read head®VBathengsulatinn layereand @ﬁ'ﬂgﬁfﬁé’rthexfrthhpéﬁ mask t9 form magneti ¢
data storage and 3fe HBiagRYHatiSY fibi8PalaHie HeaRt | ¢ read head has a first
current contact, a second current cont act, 2 rragnetoresr stive read sensor,
and a derragnetrzatron fi eBRIE SCeRIBTH v bhet ween the first

*and second cuggent cont act sagesbmms h&m%ggeseééd%ﬁarﬁaws;g%sor and

the demagnetization field balfance el enent magnet | zat 1 on field
bal ance el ement i n¥AnEHCEPRLRSALRAIthg Prigoarht ed from and nagnetical |y

coupl ed to the magnetoresi Sgipy ﬁ@}f Fq,g@ eI d

bal ance el enent is also el ec r‘faecéaﬁj’Si at edgrpﬁ he F{r“}re; 15&85;{

second current corielcersand reagd SQ%EM’Q&OE%I’M&BR&QDUU& magneti¢ r&adehqfadesent

i nvention, 30 theg oQWﬁé th;flt refaH‘J%ﬁ Iance elenent is forned of a
I's

ferrorragnetrc mat eri al srca y Separated fromthe
magnet or esi st }¥e read sensBlguretSritAﬁB eﬂnch@raIatcrosmswmnalawdmIméasecond

current contact bynfunetic 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




1 9 SEP 203 WO 00/62282 PCT/US99/17009 - 3 separation trenclz9 $E% 2083 ond
al ternate emb®R W82 of the present invention, the demagnePCHHSPE | el d
bal ance element is formed by photolithographicaily patterning a first
phot o mask over the nmmgnetoresistive read sensor to define the

negnet oresi stive read 5 sensor, oxidizinRg-exposed edges of the

magnet oresi stive read sensor to forman insulation | ayer, depositing a

| ayer of a soft nadhiwrther pesitoned|betwest, ant @djace taf firstaridssemond zogtent f ti ng
away the first photé% 1S %ﬁ%m t he denmagneti zation field bal ance

el enent. BRI EF DESCR! HE DRAW NGS 10 Figures 1 A, 1 B, and 1C are
cross-sectional views of a @M@mﬁnwalveamisbeaditomifetédnmagnétwallwehcodadgure 2
is a graph conpari tive anisotro nd, rea

sensitivity of a rg'gfap{?%tnso{t&% @ Wx?&ﬂ%@cl E‘SFBéd 4\@5’8"’%’8" egtt'?"?%%etﬁel ght of .
t he read sensor5 15ield igmmesag’:‘&tac?dibc amd;raéﬂyamedmemhseésugmlof\Grﬂws of a
magneti c read head _in A resent lon. Figyre 4.is a
cross-sectional vi eﬁR)”‘fa {fggm? F%af}géd r%?'St?ﬂ‘ée %rléggﬁp"? ?ﬁlggq‘*&ﬁ" beETAI LED
DESCRI PTI ON OF THE @W&ﬁmlsuﬁwsuneﬂ tht h@MR&p:ﬁw&ve aménHC are
cross-sectional views %g\f}%f read M 1,&?;? 1t{;‘tﬁ“or art gure 1 C
is a cross-secti oné?eas\‘l'f' Vo ﬁgedlaproEg FPEMAVEC efRgHLng E'QP%'ad head
1? Fi Igure IAAAI s &aﬁb@ﬁ%eﬁﬁﬂ‘bb@sﬁﬂthé’e@c{(ﬁd@ﬁ nrﬁfaﬂﬁ?tgnffrgneméghéﬁ@bné&m aken
al.ong line ure netic djsc .
cross-secti onaﬂow @gﬁpﬁ‘f"apﬁdgéﬁ?E“ﬂﬂéﬁde‘ﬁé’é’&‘"fe h?‘&R%ﬁ%lﬁYﬁ@%q*‘ﬁ@"@ B of /3

Filgure 1 C and Wﬁ%@ﬂdcpldthécpla%r 28N e Rfyel 26uis bEsiticHyd ﬂet@eeﬁ'frlees paci ng
and insul ating ){ers %re oni for clarit For ease of expl anation and
¢ é%r?at'ﬁ scal e.

viewi ng, nmagnetic A t?é!?op'ﬂ@e ef 28- A magnetiation of pinedda

Magnetic read head fikéd im& pistRiierdhiadd diFB&tvRAL SfpRsHIl§ inokRal tSQhé%eamgn val ve
14, first shield 16, secopg shield 18, fi rst current contact 20, and

second current contHEaceol GMiAsRIpivaleal4 avhile 3 magpetizatipn REfresdaxmeah f i r st
and second shi ¢4 ds rdtatedrreehPin fePofdd b MabMEtic fuOEMaRaE froth magnetic

disc 12. The resistance of GMR spin valve 14 varies as a function of an

angle formed between the magnetization direction of free !ayer 24 and
the magnetxzatlon direction of pinned layer 28. Spacer 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.




2 9 SEP 2003 PCTI US99/ 17009 is further positioned between, %ugdSEBj 2P3nt to,
first and secomdhogizgsr ent contacts 20 and 22. GVR spi n val vecrindsdesroesed to
detect magnetically-encoded information stored on nagnetic disc 12. A

ti me-dependent magnetic. field frommagnetic disc 12 directly nodul ates the
resistivity of GWVR spin valve 14. The change in resistance of GWR spin
valve 14 can be detected by passing a sense current through GWR spin valve
14 and measuring the vol ta@tﬁ\ﬂﬁcﬁﬂﬁsv%ﬁpisn Y wWiEhet betiten’ B3t lahing
signal can be used to recover the encode OI‘IT&'[IOI’I ?rom magnet 1 c disc
12. 10 GWR spi n vaPgeongshieldsitand 18 tagrguse this GMR shimwalug M@gdsaylar 24,
spacer 26 and pin nfERdtioR WhichRaSiired Y J en free
| ayer 24 and pi nneg‘%lgzayer '0. 'nagnetrezat&%lx%gpééth ned’tnlhgﬂéﬁ;‘%é‘}%sa fixed
in a predet er m nedTdienakleifisst angdpprend shieldsrfandt i@ torwsarbrsttae'anag@tlcsurface
of GWR spin.valye I gw f ates
freely in resposvnseﬁ?!gsﬂétr@td%e lu&ﬁ%@gﬁg%’ﬂg‘ﬁa&é@&ﬂ gpézérf‘é@f‘gﬁ‘s%ﬁz. The
gm stance of GVR gpnratesiailhawings rem’twelsll‘a@‘)aerinﬁabihhorsuom amendastgl e f or ned
bet ween t he rragnetlzatlond tization
direction of pinned |ayer 2 pdég{é:rrégsae?érfrﬁél%\é%m% g?%bng?%rﬁg@ of a
nonmagneti ¢ nat eri have mhéeéaecéssaeyﬂoaggwlaﬂﬂdmdaﬁlhplspaedg batgmen:ﬁ&tare each

preferably forned ri y
.. include additional 8{1%&%‘55“%%@ anc T%S daec[r%@ 'ﬁ%éaé%% Xib%‘gﬁgﬁ
_.ipermanent magnkk Iﬁtysémdcaecanctshmldsd]l&mdﬂa hayehad ﬁem@a&mmp&ﬂmjes of
-~ GWR spin valve 14 etecte ant sense current
t hrough GWR spin Vg?%}'ggglgfgﬁ‘%ad 8&7 %“g \{Vg' 5@"3 Emcﬁx‘ﬁ?"segf:n val ve
14, resistance chdisgd?, thiat @l\/lﬁeslangth\akingeGMR spim vhige ddithatiradgndficifiek and
second current conta and 22.. th h ,conne ‘ sou
vol tage (not shomﬁiaicﬁéns—‘l gﬁ} gqu\ail (Pep?%éf\)ﬁ'aée}ﬂ ‘ﬁt@ag@% eﬁ% f?%‘zt? lghrough
GNRf 30 Elpl nfval vg d?creEsécisaflﬁlaenbﬁﬁEﬁMR smrrvaWéhmemtalpbmoﬁQoaG?AFQQplarg Saggp
preferably for of a al.lic material, .su as .00 a
D003 W0 001 69085 PPy 48 Fadkitssenss ceivantpeind bil G205 Herdbu @B ot ween

first and 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 heighf 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




second shi el d &ﬁ) 18 to ensure that GWR spin valve 14 rgﬁg}gi@l %ﬁwt hat

I nformation which I'S stored directly beneath it on nmagnetic

enabl e first and secondshields 16 and 18 to absorb stray nagnetic flelds,
first and second shields 16 and 18 are each preferably formed of a
material having a relatively high pernea@rllty, such a sendust. Regular

increases in areal densities, of t ¢ nmedia have made it necessary
to regularly decrea@%g'i%e?ﬁéef:ﬁéggéfr’]ﬁg@% $Rin alve A dividedhythegifferte 16 and

18. This decrease lamédn@pﬁﬂélau-n@obﬁbmeri@ofewsp?}ﬁdalxﬁ'@qa?“ﬂcé&uﬁ ﬂr,: 16 and

18 has had the negativ nmpact aof decreasing the decay |ength gnetic
flux emanating frof¢&Hpdive@nisatiopy K™ of frae laver 2d1e 'HVQF@MF teddo theR spi n

val ve 14 that rragn%a@sérhsm.tyraqs@wﬁbmWeésu%me@ﬁ% atzh%fSI e

magnetic flux results in decreased efficienc spin
portions of GVR spidieatsr g %pqlner@%@f@éﬂ@éﬁs\evalm ﬂénthetmeatgr he reag f I ux

thereby reducing t h@nsiVig &'éMRUéd?H\/aI% 1%%ﬁeé’ﬂh\éeeﬁ%tw%ﬁl J

céunteracting the decre*a5| ng efficiency o spi n val ve
decrease stripe hei @MHkkadfeeCWR?fs%ﬁ n valve 14. The magnetic flux will be

ble t ffect t I t
Sripe hei ghi he 20 Lhercby hiaimauarioreAREN G, 1 et 1nd R O

solution is not gésesitiyityyofdeMR @@lns:iawgeﬂhbs mmfeaﬂmgthe ptephehe@’nt H dads to
decreased readyg SergRis éi nivaval14 %oﬁ?{hﬂuﬂ%ﬁ:ﬁﬁﬁféﬂfﬁ Gﬁw ﬁl\&f\%ph oy

conparing both effectlv anisotro SItIVIty of “a’
read sensor in a midnetlc r ead 25 head to stripe he| ght h of the read

sensor. The effective ani sothl ﬁ')éso A g%maf,‘ge:,,éa%gr?r ss-Qéct@(Fl ng ﬁl ve 14,

which is shown on Figure 2 w- ets
required to rotat e reagretjoetadiweaddd0 infaccénderth thy presdat rhvarmqnt FiggaePCaxis to

Its hard axis. The;ef I:l%gé f%@no"ﬁ%l ﬁQ@oWalgggaqn%fsutfﬁg oén%gq%ﬁigg?aiﬂshoéeagwhl y

proportional to the nag re ayer by the
stri pe hei ght b5 of SGME:gsqw BAsa oross-secticatview afl magnsiid read hpad BOGKRNs pi n

broportional to t neais R SrRRUE AL Al Meael Ea0ss Btim 45 SLEHET Yoo
magnet or esi st ance (sABjonaf vievief sxEgnetiatead Hedd@Oakierdalbyg lileBeB bEigunee
ani sotropy field HlfB*C Srﬁd JnraSRet%caXigé 334 I &ig% §R,i§§,vaa}xldvﬁ [h spa %%%randngl y
‘ 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




the effective anisotropy Hk* of free layer 24 is inversely ?eﬂ §E8d2ﬂ!13 t he
read sensiti vivOpo/e28% he GVR spin valve 14. As shown in Fi gube/8SO4NY 5
greater the stripe height of GVWR spin valve 14, the greater the read
sensitivity of GVR spin.valve 14 and the lLess the effective anisotropy
fireld Hk* of free layer 24. The present-i-nvention seeks to increase the
read sensitivity of GVR spin valve 14 by increasing the stripe height h of
10 GWR spin val ve dah bvé bdeaud rebioveninetdncgdédiafarfration énmymagnetivRisyd2n val ve

14. Figures 3A, 3B d .3C arge, cross-.sectional. views of et ead head
30 in accord with @N@?ﬂ"é@m&?ﬁ\%ﬂ?'ﬁ" ?Xe’?‘?gﬁ‘f"ée %@'angeedag%%sqsgﬂsagcgg i onal
view of an air bea4d Bed pifredaaydri48108patdrdayeratt Beaditibbedhetkeguiree3A is a
cross-sectional view of magnet I C readzgpegd 30 taken t:l .ong |, i n§4§ .- A of
Figure 3C and nagn@¥$c4iRed Pimeddayer 48. oA madnatization eLRInNGA 13vel #4815 of
nmagneti c read Readpal ihakpredetedrthdd ditedioB, Bhicallgubenal 36 taadiribrgringi ¢ di sc
32. In Figures 3A, 3B, and_3C, all Sggl(‘:‘l nﬂ_ and | nefgi”' at | nge | a ers4%re
omitted for claritSHfacsroldaMB spkpVaMa o) e adnagnetizatiyy PRI IR¥EH*30 and

i t's conponents ar erpftbs $fe@Winir@sSeidletto YBgHWRIC flux’ @Ashdiivgdrci magrletides gi ant
magnet or esi stive éGIVR spi'n valve 34, fi r%&@fh' el d 36, s§co(§§ SEI el d 38,
first current con®ise824@he wsistanrelfGMREPEYHVER4 vBsies 253 TURGHRD%EET zat i on

fleld balance ol eqgylt rthedBdiyeln hevbyfotitdtior dibgtiohiopfiad ldyet weand i 1 st
_and 25 second shie 6 and 38. GWR spin valve 34 is furt h«ler Po§| tioned
“‘between, and adj acthet megnetization difegtianeebANed AT 4& 0 RPACES '8 4RdS42. QR

'spin valve 34 is uéfe‘f'er'éﬁlymt fARRARIdghalid MafiRp WeerdafieieTydran aatior ed on
magnetic disc 32. A tine-dependent magnetic field from magnet i C. (lﬁ sc 32
direct |y nodul at espinned layessd aregach Rieferaitly fosmed of feripmagnelia maigidik hange in

resistance of GVR gpidl il V&S B4 AP fchiRieCaddifority 18RS 8 iRstastsancur r ent
t hrough GWR spin vg vFg 82@4 gﬁéé%neasﬁﬁjﬁg the volta 5e)yfil“z'ii'cross GWR spi.n val ve

34. The resulting shtifaapmagneliyy leyersa permaperdepagnrs iayseen s 491869 can be
used to recoveyg thEIy pcoded information from magnetic disc 32. GWR spin
valve 34 is a rulti-lTayered device having free nyﬁ/erM, spaggr 4% and

pi nned | ayer 48. Spacer | aydResigance shangesifdChEt ipim Vevee34 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 and 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.




| ayer 44 and pj ayer 48. A magnetization of pinned Iay%épéﬁpi gﬂ% fixed -
el ECr i

|napredetermn rection, typically normal to the air rface
of GWR spin valve 34, while a magnetization of free layer 44 rotates
freely in response to magnetic flux emanating from magnetic disc 32. The
resi stance of GVR spin valve 34 varies w% a function of an angle formed
bet ween the magnetization.direction of free |ayer 44 and 10 the

magnet i zati on di re@?maﬂn%tfzaﬂ?)'hﬁ%'& halange elgmenia is nqtshewn e Figire 8Fef er abl y

formed of a nonnagweichehows &e ait bedm\@rmcéb%abﬁat%rééd%egd 30! IRGsi | ayer 48
are each preferablé formed of ferromagnetic matéerials. GVR spin valve 34 .
n

may i ncl ude addit i Bn'9Fatedyen thetside | opRosite «dist 32aaf IIMRr spigYRYe 34 ayer, a

per manent magnet |©¥|¢1§gn@ﬁ zatios Fleld waa.esnéuemeﬁt '5@y§érve5*f§'xﬁér§9§@ thganges  of
GWR spin val ve 34 can det ect ed ?%/H%)r ovi ding. a constant sense current )

through GVR spPn véffesdive stripgheight of sRintvalve, 3 fronjestring beighttR(tRei n val ve
34, resistance Chi@ﬁ@lﬁ%f@M%wﬁ%l@e %'aﬁcﬁ\lﬁﬂs %ﬁﬁ@@} ﬁﬁfcﬁ%tr‘?@m gnéﬁé and

sécond 20 current contacts 40 on to urce of

voltage (not shov#is¢ %Zhip@ﬁ‘p@ﬂvg)stnqﬁmmmzt m%les@th%b@tn\rwmswmvam@h GW\R
spin valve 34. Fi Eﬁbné%rﬁf‘gﬁﬁ@%tﬁrﬁrﬁ atbmaaéaeﬂp Agftr?er.re igach

preferably fornmed of a net mat err-al, such anta um GWR
spin valve 34 is seerEeRdisdar emagsstic idiss 3&)1dT0250®6mbﬁh| tbllslmaﬂ.sﬁ% and 38

to ensure thaty %&%&ﬂar}%altﬂﬁ %n{agﬂgﬁzagi:abz fggpag meor%bﬁ?rw &Q IS

st.or ed dlrectly benea t on o ena and secoﬁd’
shiel ds 36 and 38 magrgsicely OS)UP'&;i ton GiddRi spin f valved S4. flﬁmeandresetmd

shiel ds 36 and 38 areg Qwé?ﬁ@%% ﬁé’t’iﬁétx&‘?? a%gge%se'@%n?gb% n—% gures 3A and

relatively high per rrea Senaust
3B, demagneti zati olnolﬁteéilfmmlﬁi\ﬂﬁrs@m whendhtfirsiOcureenp osntactob @indesenenth i r st

cont act s 40 and 4208 BMETHB "5 Dermanet i zati on 11 eld bal ance ol ement 50
i's not shown il6 Figure 3C, B\MmagnetideScauwngidenWaeﬁzmioslfreldabalaocf;e magneti c
Vaive 34 Demagnetiart 56t BER Siin Pk A, e RIS BB Al Bt FIC L g < he
5 effective stri peGM& gpin vaive GHRS m,ducedalnce faghetioallg tthe pffebtivegdttipdl (t he
length of GWR spi n a6y ErRsBRANANS 33 €GnBBE0EI W SR nbignt™RENEAL ©

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 anisotropy

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 valve
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




disc 32) to effective stripe height h2 (the length of both ZNRSEH sl ve
34 and demagngid grbispn fiel d bal ance el enent 50 along their éflg§93117009

per pendi cul ar to magnetic disc 32). To acconplish this goal,

necessary that demagnetization field balance el ement 50 be magnet | cal |y
coupled to GWR spin valve 34. Furthernore, it is necessary that :
demagneti zation field bal ance el enent 50%be el ectrical l y i sol ated from GWR

spin valve 34, firg rr.ent. centact 40, and copd cur contact 42. 15
By magnetically coé%@%ﬁ@&&@h%’bﬁ‘gfji%?lﬁqc&?'?m%m agﬁﬁt"éh t ?‘@ “CS(S’?to GVR
spijn vgl ve 34, theGMR epmiwae/eaer:d s aiot eggudedeydhe HKB:tl@iﬁ of @ﬁa ﬁét&aﬁ@ﬂ\ ve 34| i's
reduced since, tic the effective stripe spin val ve
34 is increased tf@f’ﬂ%@%&*@'ﬁﬁ”%% siRge. %'?ﬁf'%?'g{eﬂ‘ ge lthéig@F 8}39&/”:?0 Fi gure
2, the effective aspinvbivedys i§ nelidcidssed0 of a SIOI n valve is inversely
related to the stripe hei gh of t ve. Nbre speC|f|caIIy, as
descri bed aboveé, -t he effectl rg:@vaﬁ?Iatq: |d@mgnﬁﬂzaélpncﬂﬁé spalRngal ve 34

i 5 roughly proport gleffint 50 frdsra GRRS thaW@rmnhstur@ht tofact ayeand4
di'vided by the effective stri &g}the'@z t h2 of Ejl n val ve. Accordingly,

read sensitivity, SPF¥N GUErenhoMad ﬂS”}ﬁ%BW'P%ﬁ& hajanaecelemeat$d ve

ani sotropy field Hglst 6@phjeallpsémaard fRIH thdsb RIERENBEN R 8Firstitefat®! ¥
maki ng the stripe hei ght of denmagnetization  field balance el enent 50 equal

__to the stripe hei gRPBAIMGOROE HienPrpapTingantiony déF@Gﬂ?’ﬁ'@élPPf eld; Bplanedg

.+ demagnet i zati op 1 glethedRbORRMAA of b HERHaEANTIArQE i Ratdtial whiherma¢, fi 1 st

current contact 40, and second current contact 42, sense.current traveling
fromfirst currentireedaveadd. ot isaderemacnelic Bvaterigbnim dhis grmbadimentot pass

through 2 9 2003 V@rﬁ%ﬁéﬁgﬁ’orﬁ@ﬁ b@%ﬁé&éﬂsﬂ%m Qo@g%gwﬁw ;@,salr%dfﬁo%d

bal ance el enent 50, such ficiency spin valve 34 is not

reduced by the addGMpoﬁp'Bf’a'ﬂéﬁﬁgfﬂéthﬂa"ﬁ gqantaqzt,4@| anctﬁqcan@@u@e@tm@nta%o si nce,
electrically, the ed. 5 To
el ectrically isol a?iélbyé%gg%gtgﬁgrgﬁ?%n @aﬁ%%ﬁs garrg(r?f%e %gﬁéﬁg‘?ﬁ GWR

spi n val ve 34,15 r%‘!’Ol&h\rﬂ\@mS%Qﬁﬁaf@GUﬂ@ﬂ hﬁ@m tgecpregessir rlara praferedt 42,
demagneti zation fighg &iﬁe%a tp%kﬁi&ﬁ%r%i’x 55y BE IOT%S! £ flyel of GRALAT ed ffom

t hose elenents. In a lrst er na
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

enbodi mrent of the present invention, demagnetization field bgalgar$gg 4@3

el ement 50 is WOPHEB20f a material simlar to the material RGTER*YGPMs

free layer 44, that is a ferromagnetic material. In this enbodinent, _
demagneti zation field balance el ement 50 i's physically separated from GWR
spin valve 34, first current contact 40-apd second current contact 42 by
separation trench 52. Separation trench 52 can be fabricated 15 through the
use of a focus ion Magmeticr matgriahc end . lifting awayether fisstl phetrb coiksketa form
separation trench 52 nmay he left. as | ayer of .apLk,. Or .. Se i on.trench
52 may be a |ayer o%erﬂ?gqeg@ﬁtfo& ?'_ﬁ@ R%?@?%aﬁk?ﬁ%rﬂ}ché Aem atﬂg S5 Palgh8d

al um num- si | i con- ni inatedial. ald ayrefetradiensbodimerst, deamgnétizatioprield: baledce

enbodi nent, a thickness separati.on trench 52 is preferably | than 20
about 1 00 Angstro ?mﬁf‘gé%s efqr??hé??rﬁ'{eé’s&a? éé@&?ﬁﬁ?‘sﬁ?mﬂg%'f%sgﬁ@% ment of -
t he fprﬁsent I ngent theHerrbimaghéticdmaterial afmmfsaagrwnayemewm pm?mii c read
56; of the present invention and.is sinjlar to e oss-sect.ional, view

shbwn in Figure 3B. emP?é'm,e@Fr@rm‘g§"<86$ﬁw€']d"§'€Ja*H%ﬁ ey F&'ﬁ%’ﬁ‘?{&?‘ﬁséﬁ% 25 4
are simlarly nunbesgsit 1608 Angsfroreisr € 3B, al | spacing and insulating |ayers

are omtted for clarity, and_for ease expl anation, gnet.ic read head 56
and its conponents are not dFQﬁ?P?’Hﬁ%Q:'QIt ?aftﬁtfm?@% %%‘ﬁ& '?ﬁaf’éﬁﬁgf‘é“’"?

embodi ment of the pr&seRdt thé pre’Bhi iAVentANEPNES toz@abAstid real thebas naving el enent
50 is formed by first 30 photoljtho ,r%?%callg pat%ern%n%%fl.rst é)hoto
mask over GVR sifi n 9@PTRECYR MagneloreHBIVeRadIANRORr Piac gl a FRRYVE he
exposed edges of GVRadSd¥nBor alrv 8ddiflort, Caddtidhal BEMfigiratuns| sfythe GMR shéposi ting
a layer of a soft WD 00/62282 - 10 2 s SEP 2003 PCT/ US99/ 17009 magnetic

material, and |iftiYyvearPrassblei st photo mask to form denmmagneti zation

field bal ance, elenent 50 from thpchRich, TaESE! hreseABt ffvetion | mdaspraf erred
enbodi nent, denmagnetization field balance elenent 50 i isqﬁégagfrabl ¥of or ned

of a ferromagnetic @emagnetizatiomfieldbajance elementdpamagne &M ysed t o
formfree |ayer;s4. Rin®hiigh8fic” @ﬁﬁ%@i@iﬁﬂ&ﬁho@tﬂ&r@é@}@: theOblecmigal at i on
| ayer 54 is pr elfséelrar{c’flé%gs.g thgn about- 100 ‘Angstroms. Those skilled in the
art of magnetic reatinedwighisi Aecarfingly. fha eagngtic raed pead &afithe Rresiton
applies to magneti c;feafblR2JS ERY sBSkitivity 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.




10 anor phous nagnetoresi stive read sensors in place of a GWR s&% %@?\2@03
read sensor. In addition, additional configurations of the GWR spin valve
~are possible. In conclusion, the present invention adds a denmagneti zation
field balance elenent to a magnetic read elenment to 15 increase an
"magnetic" stripe height without increasing the "electrical" stripe height.
Accordingly, the nagnetic read head of the present invention has a read
sensitivity substantially greater than a magnetic read head of the prior
art. Although the present invention has been described with 20 reference
to preferred enbGUAIMS: s, workers skilled in the art will recognize that

changes may be de in fQrm il without departing fromthe spirit
and scope of thg?'i nventigma@ggc %%ﬁ%ﬁ%gri’fea%m%g&'ﬁéa‘% etic read
head for use in andreireial system,dhe tragagtic read head tompnisihg:syst em t he nmagnetic
read head conprising: a gian gresi stive spin valve; and 5 means for
both increasing the readgggﬁgmgsgé}ﬁfs ﬁV? %“&%&%tangnagnetoresi stive spin
val ve and décreasi ng t hemedesiaghethiiagasing the edadl seositivity af flengigtte gi ant
magnet or esi stive spin val ve. F@ﬁ i G d i.n a magnetic
data storage 10 and retri eva’ﬁa%r@g emgﬁt%hs@'ﬁngéggae?ﬁ@ ?;ecg%a#@g‘ecorrpri sing: a
_first and a second current caolemagnetizatiomgfield onetingstupes thendgiseinsor

positioned between the first %tér@ﬁstﬁl‘écsﬁf?ﬁ/a?\}é”em contacts, the
magnet or esi stive read sensor RRhG-an ai earing 15 surface; and a

demagneti zation 2iel d ba magestisireagheadios ise wrecarageeticslagmatoraget h t he
magnet or esiygt i Veaﬁtﬁ%@rieﬁép%fe ,'}hé‘ma?hgt?cd‘%dhggd B&ApGdsYy:esi stive read sensor
g e de

opposite the air bearing surface, magneti zation field 20 bal ance
el ement bei ng both el ect @ {itshpng ajsgepnsk atrent eMadind nagnetical |y coupled to

the magnetoresistive regaghspRRREsistBFES] Berlddf 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




demagnet.i zation field balance el enent is separated fromthe2 § SEP 20 J
magnet oresi stive read sensor 25 by an insulator. 3. The nagnetic read head
~of cl.aim2 wherein the demagnetization field balance elenment is
electrically isolated from both the first and the second current contacts.
4. The magnetic read head of claim3 wherein the 30 denmagnetization field
bal ance elenment is formed of a ferromagnetic material. AMENDED SHEET 2 9
SEP 2003 12 5. The magnetic read hggd of claim3 wherein the

demagneti zation field bal ance elenent is also physically separated from
the first currenP- cont act TApdmegreticeraadd head rafntlaicor8 adteréip thee i nsul at or .
5 6. The magneti| trench in

whi ch the insul a?%?glg'gbtagﬁ ?%%gél%h& ?Ieﬁéﬁg%@a@f)ﬁfﬁﬁlﬁgeg%a a focus ion
beam trim pr oces@'ﬁém\é‘@ﬁ cupantrentaghand thet sesand cerent Cbaﬂaahb,)ethel ement and
each of the nagnpt@agysi stive read sensor and the first and second
contacts, whereip the se aration trench extends 10 an entire thickness of
the demagnefi zat%on fi ell e (Radiebie readdiaadt of claim Preherelgrecseparatioad head of
claim5 wherein gdifehinGHichiing inkéiatoﬁis 'bosfonddi§ 1 Jﬁ?ﬁé‘l‘éﬁ 'tr?rou&?ﬁjserb?ad of ¢laim5

V\,herelnthelnsul tor is an insulating materi such
al uni num si | i con? AP3US; igR bgamutim prgcess eﬁ&@?ﬁaﬂ?@aﬁéﬁﬁaﬁmﬂeldf claimé

wherein a th| ckrmandefelerhb@t éi'ﬁirb’ﬁcﬁtdfﬂ{é hé%&ebétn}eer%ﬁd %Qﬁébr%h&“t 100
Angstroms. d, of aim 3 wherein the

The tic read a
denmagnet i zat | on ‘Fﬁénggﬂﬁﬁa?ﬂ{@ @PE&W@W%@%@W wnshedandsgr aphi cal | y
patterningle fi ratemthetthickmeds dﬁWdédﬁ@n%ﬂzﬂ%ﬁ'F@fdcﬁa%icéfeléﬂi‘edﬁtegd senfsor ht 0
define the magnej oresi |ve oxidizin expose edges of the
magnet or esi st i vg} read sdlf: ?9"9?8 r?ﬂﬁfﬁagr?fic'ﬁﬁﬁpé(‘thieﬁ" theyiasulaterdgosi ting a
| ayer of a soft aimmgnetic material over the insulation layer, and lifting
away the first oto ormthe, d netization.field bal ance
el ement. 25 11. Q311‘he nang'?léépaéﬂ?dcecaaa%bg%d 8?%&5?%3@"\/\588?@“ Y i§ hi ckness

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



of the insulation layer is |ess than about 100 Angstrons. 12.9A$thdﬂ&%c
read head for use in a magnetic data storage and retrieval system :the
.magnetic read head conprising: a first and a second current contact; 30 a
gi ant magnetoresi stive spin valve having a free layer, a pinned |ayer, and
a spacer |ayer positioned between the free |layer and the pinned | ayer, the
AMENDED SHEET 2 9 SEP 2QQB 13 5 10 15 free layer, the pinned |ayer, and the
spacer |ayer each being positioned Hét ween the first and the second
current contacts, the giant _magnetoresistive spin valve having an air
bearing surface: and a dena{R@{3¥2hitheRinnpdiayep-andiibe spacerdayerco- pl anarly

posi tioned with the giant negagH B6Rgipobiisfed Bbtheet Thy firsland thsde of the
gl ant nmagnetoresi stive spin val ve qu?OSI te the air eari ng surf ace,

wherein the demagnetizationSPPENH bEYHRPE tuHasts. stwt IGiastectrical |y

i sol ated from and magneti cal magheterdsitive bgin viRe Bt aRBEHEYaARGS! Sti Ve spin
val ve by an. insul ator positi t?r?aﬁ:g' bet ween the demagneti zation field
9

bal ance eleﬂent and the gianf oresi stive spin valve. 13. The

magnetic read head of claaidembgnewxation eld)®alafiesBdaRbAtZ 8épRivafly €l d bal ance
element is electrically isolated fao%?}?éh, the first and the second
current contacts. 14. The nafnEiqned gignb magngioesisiversRinei n t he 20

demagneti zation field bal ancealed emasidei of theogiamtmainetorbsisthvganet i
'he second ourrent sont act ’ byTe CHCRGR Mgt endag Surfce ARTaS  oad head of
claim 14 wh@rein a separati odemagrestizétionnfielli ndlaridec elehrint 4 Moth S posi ti oned
is fabricated through use of 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 magnetic 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



25 a focus ion beamtrimprocess between the denagnetizationagéqéék alance
el enrent and each of the giant magnetoresistive spin valve a toret faPst
..and 'second contacts, wherein the separation trench extends an entire-

t hi ckness of the denmagnetization field balance elenent. 30 16. The
magneti c read head of claim 14 wherein the insulator is air. AVENDED SHEEN
29 SEP 2 14 17. The magnetic read head of claim 14 wherein the insulator

i's an alum numsilicon-nitride alloy# 18. The magnetic read head of claim
15 wherein a thiﬁ%ness

f the separation trench is |ess than about 100
Angstrons. 5 19. The mgﬁgma@npica%aﬁggag Bffct]%'f"aﬁwrﬁe'm ippiatope
demagnet i zat i on i§ aelaliniinlmssiicomdnitridenalioys formed by phot ographical ly
patterning a fir phot HBRK 8 o Ll1e net oresi stive read sensor to
define the magne dresisgyve é¥§§g§%ﬁgﬁﬁg%gﬁﬁavigﬁﬁeﬁwbegaﬂ“@aﬁes of the
nmagnet or esi st i veofitheasepasationrtrench isdess than iabsutl 180 Angstrévier . 10 depositing a
| ayer of a soft ggagneti ial. over the ipsulation Jayer, and lifting
away the fi 3fst phot o nagrll‘@?tg%&?{‘ﬁ trﬁ%J (ﬂﬁ‘?ﬁgﬂgt &t ﬂgn‘”#'?'élnd théyal ance
el ement. 20. Thelemagnetization Geld bateade elemehtis foriidd\Wy@heiographichilckness  of the
i nsul at i on | ay etpalim2 fsl BB UK ob G W6 Bsithd rAMFLRED, 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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