&, FGhe3e$! D] X&6\TW 1 * 159159* DUAL GVR SENSOR W TH A SI NGLE AFM LAYER
1~ Field of the Invention The present invention relates to a d
sensor with a single AFM | ayer and, nore particularity, to~ a 'mmlmw"”umm
sensor that has a thinner sensor stack and wherein spin valve erfects o
first and second GVR sensors are additiMe to inprove the GVR out put> 2.

Description of the fghgt GAMASENSORMRATH RISIRGINAHM LARPER assenbly t hat
is referred to as a nagnetic disk drive. The magnetic disk drive includes a

rotating magnetic disk, wite and read heads that are suspend
suspensi on arm above the rotating disk and an actuator that Smwmmmﬁmm”m
suspension armto place tHRCKGROUND OF THREIVENIIEON sel ecte

tracks on the rotati ﬁg*ﬂg' fh’l The {%ead and wite heads are directl| }%8int ed
on a slider that* has of e JRYeRtion s, t ace (ABS). The suspension arm

bi ases the slidgpe Pfﬁs@ntciﬁ%tﬁfbh rélatdd thACdmY GMR Se¥or With iailsfé@ewnﬁm faly€r di sk

is not rotating bu when the disk rotates, air is swirled by the fotating
di sk adj acemti, mére psBSwirityheo 8ldude GMRushsoyg thatchas|d thinnarsénsatestank amd ai r

bearing a slight distance.fro he surfac f the rotating.di sk. Wen the
ol der Or | ibedin s S ikl oyt eepat SR selierhadadiiE Srimmgent | o
writing na&{%etl}li,@}]g,l[f?ﬁtessi ons to and readi ng nmagnetic inpressions fromthe-
rotating disk. The read and wite heads are connected to processing
circuitry that @perabDescrptian of thg Redateddatput er programto i nplenent the

witing and readin funitions. The wite head |{ncludes a coil |ayer
enbedded in firdhe heyt gha computatiis an asssmbly thahis refesred tojas aumagnesic diskack) |

t he i nsul aty.: C N4 L G € 2 fi . Be .nol i ece

| oyero: a GHOE, THRCHABEHBAGE OAVE INAHRICY YN WaBheRT iR ARRE aRRAEd ©L°
nonmagnet i hegBphdtayesuspended 18i 4 suspaisionparaiatiore ¢he WBfingafiskt el M adteatbead.

The pol e piece |l ayers are connected at a back gap. Current conducted to the
coi | | ayer Hahcifiegs HensifAensict ATt PlAgo thenkragAnd pride dgadmarert salorsed
across thec?@lﬂapﬁﬁéﬁ%ﬂ thd forRHSiRL ef;ﬁ'esregttl ahdGritRadd AR d&ifécﬂg?nidn%djoﬁ) r the
| ack thereof writes information 1n tracks on noving nmedia, such as I1n
circul ar t matider that Basr ot @it bearingd skface (ABSY Thhe sespdndiemdrm ibidsedeér sideensor

that is | ocated between, non netjc electrically insulative first and

second T eaantaﬁniaag/gftg tgﬁaur?%g qefitbgtdwkﬁ&hege B il s 20t Epdprine ey han éhs ocat ed

bet ween ferg QRORR! k¢ if dwislkd %gghé.%%n% iih é‘djé’ceh?‘bﬁ%.r@§ bengs‘fi?th cJu@ﬁzg heads
oy T i elds

a spin valve sensof is enpl or sensing magnetic rom-t

rotating magnsidec taliridk .onTdveais basring 2 skighi déstarece foomrathye strfaceadrtbelcotating | ayer ,
hereinafter, referredq to as.a spacer.layer, sandw ched petween first and
second f er AaghBeR 81e|sgl§i@rrlg$es”&,t§pﬁgfl{e)éfmg Q?ee‘i"’i‘@c?“pde%fgﬁ%?\%ia%%‘ap oé{ﬁl‘gr, and
a free |layghr wiitinp! maptbiReARPEsIiGRIB BhE r%ﬁﬁ%a%ﬂeﬁ@ ilPEsHBhY M (Re SENSOT
for conducting a sensé current therethrough. The magnetization of the

pi nned | ayeaotatisg plisknethe esadeandi writeaheads aag cannectedaboi prgcessingamirsuitnBiiat of t he
head and t he netic,.monent of the free Iay.erlis |.o ated.&ara(lilel .to the
ABS but fr QPCRES Heatding {0 RSBt PRSI JP PG S0P (VIR gud regdling
magnet i zat igfctRhst he pinned layer is typically pinned by exchange coupling
with an antiferromagnetic pinning |ayer. The thickness of the spacer |ayer
is chosen to be Theswrithhpad mecludeam fepd dayet ¢émiofdded rid Ufitst, meceideand dhisd

t hrough the sensor., Wth this arr ment, a portion of the conduction
el ectrons jlasulgtinn Byer (wup‘ﬂeﬂiswgﬂﬁgségsu&wwéa%p%e% saparicd peveRe

pi nned and I ' ﬁﬂ?e ' e
| ayers are fi)rgfagﬁdl sg?&{vﬁﬂy\pgg%ie trstrrgg gﬁ%ls;fﬁ%dtl er ,th%%??efBF%%%se@é}nﬁ Jrlrgl and
when the magectlageat by amoninaghetipgapiagerandnfaicseakiay sufacy @BS)t éfjthe alritel |
scattering is maxim zed. Changes in scattering alter_the resistance of the
spi n val ve hsadsdheinglepispd aypsrre gonrestad atyinleack gap; Lurreat sppdusteddoiBen t he

magneti zati ons, of the pin d%re- | aye de._the, resistance
of the spi nco{l)allax%r gngH%egra @ﬁgﬂ‘ggsﬁ 1|§1_o1 g)r ﬁ?éoé%’z? P}l/era? %ﬂ{aﬁgﬂﬂg%nqc{ éf&gge %?p t he
magneti ¢ fighWged 1RMEIBDiERE alt ithe ABSK . ThéhBIngd DR theNid thekofGoRRyct ed

t hrough the spin valve sensor resistance changes cause potential changes

that are deinfrmationimtrprks vessadngmegiaasishek iscigndardrasys ohe rptatingdiskng
circuitry. The spin valve sensor is characterized by a nagnetoresistive
(MR) coefficient that is substantially higher than the MR coefficient of an
ani sotropi c nmagnetoresi stive (AMR) sensor. MR coefficient is dr/R were dr
is the change in resistance of the spin valve sensor and Ris the

resi stance of the spin valve sensor before the change. A spin valve sensor
is sonetines referred to as a giant magnetoresistive (GVR) sensor. r~
-3When a spin valve sensor enploys a single pinned layer it is referred to
as a sinple spin valve. Another type of spin valve sensor is an
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~l- vaf -4SUMVARY OF THE INVENTION | first investigated a dual GVR sensor
wherein each GVR sensor had a respective antiferromagnetic (AFM pinning

| ayer. This dual GVR sensor included a ferronmagnetic free layer that is

| ocat ed between nonmagnetic electrically conductive first and second spacer
| ayers, the first and second spacer |ayescs being | ocated between
ferromagneti c firf St C L y. : J d

pi nned | ayers bgflﬁgre?%%etagd%&d%erwn% I|14r0§lt ﬁ‘%ﬁdég g‘(::%t%g tgértl‘tglié%ne?lr%gnn%gﬁée%ﬁ c
(AFM pi nnelegricalyyeirsulafive Yipstemld sebormkread apflayeeacindtitei first amhmgonad r€adpi Nni ng
| ayer is equal to or greater than 250. R, %sought fqr total ga[i) | engt h

(di st ance B lasers arlecated betwegn Terpempgnetip fisst and secondshield layers: In myent

Accor di ngl t ifar et | N NG ks %Efelﬁ

one- hal f o%/eafi hﬁe}:%g%\ég t ]Br('%iv%t%e a glga%d"?l Sﬂ%‘fﬁ‘ W%lﬂgﬁﬁ%ﬁpc nessgrlg@‘%l}e t he

ot her | ayefgatfg iugnetialdisHVR T sensodigelide® a henmbgdticesariuctive g wo
ferromagnetic, pinning |layers, the first and second read gap | ayers nust be
very thin hereinafier refgraditatas @ spaces dayisessandvichgdobetweers Tirsh And jseeendand
second rea i goifd NG L el f electrical
shorts bot o€ e, AllliafREletrd WBA A IREE HATh e ot BGELT T
first and seteesbndi leady ateay@ireciet ctoathiei gpitt atalvel seddr) faoi comddctiry 8rsensels

di scussed herei nabove, the_overall, thi Ckﬂtﬁss' of e(\ach‘AFf pi nned | ayer
further coRewenttheasthrenahe dihc magnetizgation elithe pinnsd layes is pinaed pergerdieday r ead
gap | ayers J i I r i Labl e

t han the sfongﬁeaﬁlt %aggg%ﬁﬁﬁ%%%ﬁgg}gpftﬂ%ce:géggrad?{ndg]f}g%% %ﬁg njlngmgi'ﬁ S r@%;f;réégl t
need to pr tayers lacatethparelé? te eiresABSWut filee basotate tithfaspensese BL@rnad hiaghietid t hout

i npacting the performance of th ensor . have pr.oyj ded a, qual sensor
whi ch enpl g‘ﬁgisa gﬁ"ﬁg‘!‘ég‘%‘tz?tf@r Pgﬁgﬁﬁ’é‘ﬂ'}e@ {"W\Fr S Sﬁﬁ?ﬁ\{&gpﬂn&% Ys&XqhaBge t he
sensor Sta%uilﬁxgt\pi?lg%? nﬁfy}i)ﬁla%ﬁliac ﬁmn%a : | i shed by providing an

antiferromagnetic pi nni n er t s |l ocated between ferronagnetic
first and secondhpithickuesk af the spacardayaras chashe td be fass g the owad frienatd | ayer
structures heing l.ocated befwee i rst an ond _nonnmagnetic electrically
conduct | ve °L FRRTIEHPR FLE OBy ITORR e SEschn Y L 0N G e CuTte T o Of e

| ocat ed betchr@ittibh elRBANRcEttdred BY tiRidte?REON6E the efaceRIgESWitl Hige pinAed NY

| ayer pins a nmagnetic nonment of each of the first and second pinned | ayers
in a first and feetlpyass-wiVhen the magspdzatiops pEthsepianediand free lavees apparadel or e

t he conduct. S r S - gnetic
nonent s of 1ﬁ{e‘re$ éeecgtcfgr&eaﬁlg ﬁgé?’eﬁtg){rt?rg -t lplﬁn%tagg%ﬁ t%gl]fr?lggﬁi %%{K\)/#lgﬁﬂi@s
typical |l y phurd ehd tfeeet heyefsBare dptiparhliel, comtthrigi o nofximizedns €hangese i

t hrough the dual sensqr, sense current fields fromthe | ayers of the sensor
cause the rEgfifetgalishhedesipngaR the sRID VaIeSNsEs dR PEOPosian fResog 6 whete ©

direction qogeRYidBchiedh e gnblizdtidnd BPthé%ﬁuY@iaialn@ ftdR9a R I8 aGAd MGl fi el d

causes the magnetic noment of the second free layer to ‘assume a second

di recti on \h¢ cesistancarofdhpepint walveasensoochanges prepartioshlly o theemaggtudes of
Accor di ngly, when t epse current field is conducted.thro the sensor,
the magnet e figpastedTefs FRE (f e € Mhnbe FOBECTTE 1L POk bbuah T
opposi t e dith€ghinORSvdd¥erdbr Gesisthncd Bibizes ddlis potdhBRELRRes BAYSRS d8B&Qf the
free layers to be overbiased and the other free |ayer to be underbi ased.
However, siand@redsssediagpidybadly gnabobhthediroeessing citeiitrtyensor are additive the

resul tant signalis propgerly biased. C i tive effgct. the

bi as point on a Tt}ea S X&V?‘; a%’q;gr Efc?‘flﬁéé ‘&%ﬁ%@%ﬁ asgég@5e%gs?1_ eﬁ@ﬁ@ﬁﬁ%ﬁi’“of
sense curr afit iﬁf&%’sténﬁdﬂY AlpfleP@hAtid MR Mefficientufaglafisaftbpit didppeRenative (AFM
pi nning |layer the overall thickness of the dual GVR sensor can be reduced

by at [ east(AMBpsensor dBagostliienttindr/Busere i e shanrgeintresistancstofaheispincond

tif ti AF i nni ng. . ln. f nbadi t of, th
Fhventt on NGO ANRAS R FRislPE of the Shif B! St heRiR e SRiMgsndher ¢
(AFM pi nnidagh | AY€Eendbt 13 sBmellinek R Red &) XL BiaROmaghctor8lfhveReNIRS SerfRbr. t he

overal |l reduction in thickness of the sensor stack, the nore deSirable
antiparallel (AP) pinned | ayers can be enployed for each of the first and
second pinned | ayer structures without risking electrical shorts between
the sensor and the shields. An object of the present invention is to
provi de a dual GWR sensor with a thinner sensor stack. Another object is to
provi de a dual GWR sensor which can enploy first and second anti parall el
(AP) pinned layers without increasing the risk of electrical shorts between
the sensor and first and second ferromagnetic shield | ayers. A further
object is to provide a dual GWR sensor which enploys first and second
antiparallel (AP) pinned |ayers, has a thinner stack height and is
insensitive to magnitude and polarity of a sense current. Qther objects and
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#Fig.+12 is an ABS illustration of the present dual GVR sensor with a single
antifervromagnetic (AFM pinning layer; Fig. 13 is a schematic expl oded
isonetric illustration of the dual sensor in Fig. 12 with the nagnetic
nmonents of certain layers illustrated; Figs. 14A-14D illustrate various
conmbi nations of directions of the sense3eurrent Is orientations of the
magneti c nwnRRtaSspRf vAIRE sénsos emplls weifgld pirmed lhyry 6f 8 rafedreliie av ardidpke
orientations of the magnetic nonent of a second antiparallel pinned |ayer
of each ofspim#alvérst and second sensors of a dual GWR sensor; 7_ Figs.

inderbi ased, - r olpulel Bkt st TRivg Sonssk IE ap B BRARP A A il YH e sBREa
conbi ned fTRe APRYRRS WIEVEIVE sEAIRF Biffets nenpihe%gﬁg_ewint&aﬁwelsm§@r i’ﬁ%&tei}fa

fields; Fig. 16 1s an ABS illustration of an i paral l el (AP) pinne

| ayer; andAPiginndd7stinsctare BaBSnultiples thimtfilmnlapérs anstéadgoea singhe girinag dayer.

DESCRI PTI OF THE PREFERRED EMBOD| MENTS. Magneti c Di.sk ive Referrinpg now
to the drahedy RHWed;structuee hagpa, 6@@&}%%&%8%@@%@%&%&& % | ar
parts thro ] , T 1.3 ; .G di sk
i ve 30, Heohg ity Biica RS TS it phmBi Lyl BACH BadndlRaRhef O 2
magneti ¢ dodénted in Ahfirst direction B2 exchangd adwgdingytoathemhtifer®mdghetic pining

controlled by a notor controller 38. A c(gnb[yne r ead aﬁld wite nmagnetic
head 40 islayBunilde wsond pinngd layer ispimmediately,pdingent tofhe, fisgslapersansh ing and

actuator a i ] , L.eer

enpl oyed i%méﬁ?%urdge&gyp@gi %ul)g%dr gé():tSt hgc%%és ? ﬂglte ;a)rla e g%%?%%%%ﬁ% a%lgtsahown
in Fig. 3. thitimesudneinsomer 4£8a0dfahe Wit couphingfifi beosedn the firkteandll deded 42 so
that the magnetic head 40 is in a transducing relationship with a surface
of the magRéwned layesk 3Ikccowdivglys the magretis momient of tthey sesondeinpgst ayends t he
slider is t. thin. i cal > i I ir
beari ng) bét{%@g{ll l?%e%saﬂﬁq e@lg&ééﬁ %ﬁﬁaéqgiasﬁp aéﬁl@nta%%e(ﬁ %?!r%lgggﬁeng{a%%@ace
(ABS) 48. Huenementiei firshysiased@ydray then be enployed for witing information
to multiple circular tracks on the surface of, the disk 34, as well as for
readi ng i nf or matiheA\R Rened sawstus ip praferredyovsr the singls puened dayes fgeausgithmal s,
representi ch i i i i.d 3 r i

< Gnal ot o heBPy oM REERE st i cdoiy BEACA SertBOMCRE SR IEE, | ¢
movi ng t he sebtrateivelyocorabineus proxidesa het magnetié tioment ithie( isd4Rss Thah ke

nmounted to a suspension 44, The conponents gﬁ%ﬁé,i bed herei nabove nay be
mount ed onmagnetsrEnamentof the single, gingsd layer.g ifgetipp pf the net momentiiyy 5 j 5
an ABS vi ey, 0 Wk Ldndh e xSk a
center rai }He%%m%lﬁgtwst%pghr@%rta(ﬁgt h%rahlgrﬁg??@%%%@g @gfqe‘g%d egs?dé lrré:éu éd Eﬁ g and
60. The r aimaenbfic nlongnardudes exi eadiced demagnstiastson @ienag field fromrthepeet to
rotation of,thg rran?netic i sk 1%4, t}}e cross.rail 62 is at.a leadi ng edge 64
of the sli @HnedngrigiurennghBes dhe HKiforEeagnstic cxchange GouRliige 540w Salne
slider. Fi i [ n?eﬁ | lthig ligMBide® RxMi i

pi ggyback-%%@&l?%ﬁﬁgéggﬂg B§V\l/rﬁ1} h Ph@?géglsg la‘%\?vréi tgxﬁﬂgggé %g‘rl@imognbe?t‘(;)vegrrl]d a
read head phe firgrpidized tayer nsdhdheh pantinpolayeron ThepAR pinngd spapivalve aknsor Sensor

74 of the present jnvention. Fig. iS_an ABS vj Fi 6. T pin
val ve sensd&EseF eﬂs‘“s%qm%%{;{eﬁﬁsl%?@\gé§- X@Fﬁ%g\ﬁbtéi&ef&cf? g'ké‘lnl '3‘;“{]%%&?“& ive
first and : : 78, and the read gap | ayers are
sandw ched%@g?[g\gelhg ?@%@gﬁéﬁr%%ﬁggétmand second shield | ayers 80 and 82.
I n response to &ff@tnadntimagnetindedseahe MR tcbefficesit $ddRy ef GIMR Headpi nAral ve
sensor 74 changes. A sense current |Is conducted thr t he sensor_causes

. .ough
these resi dneraess inrihe spin valyerrifeghpquatestte digher bBtdén%ltyaﬁ%lté/ﬁaw@gnchwfébé

potential ch s . are.t e readback signals by the processing
circuitry gaégﬁg\%‘gf‘%“%&‘g@ '%fr‘(?gﬁg'?e\/\rlg?c?geaﬁéad portion 70 of the nagnetic

head 40 i ncludes a coil |ayer 84 sandw ched between first and second
insulation layers 86 and 88. A third insulation |ayer 90 may be enpl oyed
for planarizing the head to elimnate ripples in the second insulation

| ayer caused by the coil layer 84. The first, second and third insulation
| ayers are referred to in the art as an "insulation stack”. The coil |ayer
84 and the first, second and third insulation |ayers 86, 88 and 90 are
sandwi ched between first and second pole piece |ayers 92 and 94. The first
and second pole piece layers 92 and 94 are magnetically coupled at a back
gap 96 and have first and second pole tips 98 and 100 which are separated
by a wite gap |layer 102 at the ABS. An insulation |ayer 103 is | ocated
bet ween the second shield | ayer 82 and the first pole piece |ayer 92. Since
the second shield |layer 82 and the first pole piece |ayer 92 are separate
| ayers this head is known as a piggyback head. As shown in Figs. 2 and 4,
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1216 may be | ocated between the first free layer 212 and the first gap |ayer
/6 and"a tantalum (Ta) cap |ayer 220 nay be | ocated on the second free
Tayer 214. The | ayers 204, 208 and 212 conprise a first spin valve (SV1)
and the |layers 206, 210 and 214 constitute a second spin valve (SV2). In a
preferred enbodi nent of the invention the first and second pinned | ayer
structures 204 and 206 conpyMMIARY $F ik BeVRRAION | paral l el (AP) pinned

| ayer structures. The first pinned |ayer structure 204 includes a ruthenium
(Ru) layer 230 1 ficshtiedestigated en dbalr EMRArsdnswcwheteneaghaGMR edendamyleads a( AP1)

Fut honi um ERSp AT e TaRep s BN Datneitk f3er. DHBAHHEl PR ronser e gond

1T ot and CagmaNR fdltojor i R0 Al BlwedB pont AR el ) o Care
di recti on fixgt ahé secomi spadenayergOhe flfse andgreeond spamere ayerobeingelodtedi nned
Shown at - SHDVGEILeoRTAERISLAB] SARY PSS 1 BadhS HGY 691 SHHONT URER: um

| ayers 23q%fé?t90t%?l%e 1#&5@%& BEREn %’rspiap&'%@c&lﬁy%ﬁﬁf%ﬁagggicggﬂgmmng@@ed

anti paral | Irst AP pinned layers 232 and 2 246 and
248. The pdayered Alitypgicali thitkneds afheachi ansifersordagnetio pinmpng) heydr lisgqual sorarct ur es

204 d 206 det i ned by .t d AP pi d | 234 d 240 si
Che opi n vEIPOR® ei0Rc chsodash e et Ry fEnelt, BRGRugeHiiBer e AR ddoecond.
free | ayergcgdd shitfi ddyverdCsOaBouit NFOCOIAL StAé’dlﬂ'diﬁglgg Qﬁkzzgacﬁ{tiféﬁéhﬁééne%iQB and

210. Optionally, the rmagnetic nonents at 242, and 248 nay be
reversed ipinniagilayeds epnsumet aboiit ene-half of e panighbfordateb gep langth. sBhidothe I n a

referred odi nment ,of .the inv iQn ntiferror et,ic (AF innin
Payer 1o SEIRBPsEr o ogted ayoh @ dhe By GUR, Bk aflidehaRR Rt Ersb) taeh e
nmanganese fwy Miondiadetid pinnliignlaP@roOMme &t {rfd §dodnd Whtl rgaF h@rees MRkEhd by t he
t hi ckness of the pinning | ayer 202 can be reduced to | ess than 250A° A
preferred thift B prder fomagiaing thigkngsy ef, 100049 The thipifigst ahdnseserthessd gapr M) i n

whi ch cas : s S; i . ﬁ{@g ferr

t hi cknesseltag?‘;tsﬁu%hﬁut nlflg%qgiegﬁ’)e ‘%Bﬁ%%u ||§fng‘fef‘2’%rr S Ob%é‘g%p%zglg sl%gs‘gA. A
pref erred arl therfassamt secobdkhielddayersr Whérathe fissband €obrd pimmed idyersAiRtepi nned
| ayers 234 and i,S. 20A gnd a preferred, thickness of the cobalt (Cp) or
cobal ¢ i roReEE (AB) Pied ARvein mircdiorny beusimsbaRy e ovaishiBeRucssal A
preferred &fdhCKPgisncdl 1a@t Rithe coRFibeRS o déduch BBaRRknds e the £Pd afad 210
is 20A of copper (Cu). A preferred thickness and material for each of the
first and sesepdhecatrgap laveyerds stateddeeeizahove ha AP pintedilaydeds morodesimblee) . |t
shoul d be N Fig. 12 t h j . bl AP _pi nped
ayer s 252 gf Yt er ot sl Ak HABRRERARE £ st dffelob AT PR o

t he thickngséet GMR henssicohithABapiannkidntragaiser 3%tkandthadiO impadting e N

val ves SV1 and SV2 are also different. However, it should be further noted
that the dP$femanceel HESGROR t he thicknesses of the AP pinned layers in
each of the spi i GHisl ?'@!1 el TN i's
rel ationship i S?B%{g‘%@?ggy%ﬁgﬁm%%%%ns, ngm ly: (S\{‘iﬁﬁ to %:rgﬁln eertlbal ance
t he demagnéiFi¥pimring lagécsoctimaintt isegpof stank iihimmpr. nThizlhae beh Aéchmphishéd/2 and

2) to permt reset of the magneti.c ins of .the AFM | ayer 202 upon the
<(ap|)o| i calto i oF\;/ d?fo’(‘ﬁlé‘gsé'héém drorerenetie (m p}ng.mg&yew%ae h‘)églé?_ﬁ%tég &EFW%% will
cause heat taffhS%BEE fﬁwdrﬂnéecaﬁ&gqﬁma haferisib@RRNthe! Rt RS LE@Hd r;gélﬁdbm he

Regar di ng the demagneti zation field the net demagnetization fiel
first spinlayat stustaresobei®y/lo¢asedt hetyaienfiishtand tseeonsh penmagrictie ¢lémricalty

demagneti zation field of the secopd spin valve sensor, S V2 is 4A com ng out
of 't he. papEPIUpHus So8Ren YR eI NG BTt ARLPLROMPACSE LG eias reiseifsvecn
Regar di ng mﬁ[ﬁfg}gﬁc fid afi@ \REorfd! fe€MMaydrs. Wrhé SRHAS @ga ay hsghetfd el ds

fromthe | ayers above the spin valve sensor SV1I to Ur the magnétic
monment s of nidmeerftiofstachnd the fiosthndRepomhpthnkdiyaess @32 fastddizBtion wvlich int o t he

paper. However, since fhe thickn o] he AP pinned | gyer 232 is greater

t han t he tFMRiWAB/sBe‘B?“({‘HgaYAf@ H}enm- I é;?g}reié‘ﬁ CBE‘@”CHQ@ t% éeq?ﬁrfé‘ﬁ‘ieng@ Wil |
be directed into the paper and by antiparallel coupling between the |ayers
232 and 234 the nmagnetic nonent 246 of the AP pinned |ayer 234 wll be
directed out of the paper. The same relationship applies to the second spin
val ve sensor SV2. The conductive | ayers bel ow the second spin val ve sensor
SV2 will urge the magnetic nonents of the AP pinned |layers 23 8 and 240 to
be out of the paper. Since the thickness of the second AP pinned | ayer 240
is greater than the thickness of the first AP pinned |ayer 23 8 its

magneti c nonment 248 will cone out of the paper and by antiparallel coupling
bet ween the pinned | ayers the magnetic nonent 244 of the first AP pinned
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;.-15 W claim 1. A magnetic read head, which has a spin valve sensor and an
ait bedring surface (ABS), conprising: the spin valve sensor including: an
antiferromagnetic pinning |layer; ferromagnetic first and second pinned
| ayer structures; the pinning | ayer being | ocated between the first and
second pi nned | ayer structures and pinnmidng a magnetic nmonent of each of the

first and grewhthpisenset tHeanggnetit mmnentesf the fize payerseate driented iiwa common
ferromagnetic first and second free | a mag

, i I i.cal l
conduct | vedKFetion whishos dBEs pRUENcl taybF ABShd R B <pdBeion ab &rset ng
| ocated bepyeah hitfich the ubl RASG BIETcubtchl Bt G dnt /e BB tnd Leiod aVer
s r el ng e

and the secon pac ayer ocat etween t he second pl nne ayer

structure angetthenagsaitdnbmest dfgie first fiperiagendo asnoect fishdivéctinserseaycur r ent
t hrough the spin valve sensor, the first free_layer having a magnetic
moment t hatronba parallal dhe AHS While the fepeecqurtsht Afld oS bt Branagispmeat

havi ng a ti f.d i T PE q i 400

conduct  onBoe jsEoREREE tayeh @ adsfinPlsERlR icRtiGh MRS o JpRERI R HOAN

appl i cat i otheoparatielafupttieeABS eAdcatlingly) gitenpihk asengey currére fidld S5 condwetet] | ayer
structure, the first free layer and the first gpacer, | ayer therebetween
produci ng #hrpughs thes pansos, 4he enagnelde mosmnty Q€ ﬂ%"egbsﬁcﬁnﬂi sereRe figs AVt it ur e,
t he second . . I r ing a
second spi FOGER o BBl AT AP A Glnc THRY thesoRy B b e ot o
of the fir ficedaygkrs@c docveibissed dndythe ofiter fiseunpy tarkk tiderbiasstt Hodesacond
directions of t

' t the first . d N
bei ng. Such SIRAHS AP e LRGeS Al ARG SOGRIBARS FRPLASAETA V. upon

sai d condukggr,%gwogiageg,e e;gegg STHhE §Aditi OSSR melewglﬁcﬁﬁtdrp@u{aﬁst‘eh&ra@efi ed

field. 2. eticr ead as clainmed in claim1 wherein each of the

first and skecdwml @VRreedsdrdy ardependent ofrsessecawmsnt wagnitifderand palatidy.i With a st and
second anti paral | i nned. | s:. an antiparall ' I r ween
the first éﬁlfﬁ%%tggﬁﬁgﬁlﬁg‘? ﬁr@%ﬁm plBI“Hﬁi@'ef %e(?ve'rﬁl thﬁ%? %&ﬁ@é? G nt of

each of theefdor Thn datieBaded byeht RANDSOAl Ayesnspdied ngthei duatGNIR sehgorpiitini ng

|l ayer in a direction that is antiparallel to said pinned direction; and
first and second antiferromagnetic (AFM) pinning layers. In a preferred embodiment
of the invention, iridium manganese (IrtMn) is employed for the antiferromagnetic
(AFM) pinning layer with a thickness between 50A to 80A. Because of the overall
reduction in thickness of the sensor stack, the more desirable antiparallel (AP) pinned

' layers can be employed for each of the first and second pinned layer structures

without risking electrical shorts between the sensor and the shields.

An object of the present invention is to provide a dual GMR sensor with a
thinner sensor stack.

Another object is to provide a dual GMR sensor which can employ first and
second antiparallel (AP) pinned layers without increasing the risk of electrical shorts
between the sensor and first and second ferromagnetic shield layers.

A further object is to provide a dual GMR sensor which employs first and
second antiparallel (AP) pinned layers, has a thinner stack height and is insensitive to
magnitude and polarity of a sense current.

Other objects and advantages of the invention will become apparent upon

reading the following description taken together with the accompanying drawings.



;.4 magnetic nonent of each of the second antiparallel pinned | ayers being
pi‘nned“in said pinned direction by an antiparallel coupling with a
respective first antiparallel pinned |ayer. 3. A magnetic read head as
claimed in claim1l wherein each of the first and second pinned | ayer
structures is a single ferromagnetic | ager. 4. A magnetic read head as
clainmed in claiml whepRIRF DESORIPTIONIOP THE DRAWINGSUrrent through the
spin val ve sensor, a thickness and resistance of the pinning |ayer is such
that the pinni nBigl hysex plan eewoftanekeotpbary araguetic disk dtiex;t r ons bet ween t he
first and second pinned | ayer structures. S. A nmagnetic read head as
claimed in cl aikg12 ke V‘F‘Hé’fﬁisﬂﬁ?rn‘ﬁ‘ﬂi‘ QW?@%BQFW‘FIF thV? ASEhoup
consi sti NG, flarieri-gj um manganese (Irvn), nickel manganese (N M) and
pl ati num manganese’ (Pt TVin). 6. A magnetic read head as clained in claiml
wher ei n the pi npigng i$ aiY @levhfior Vieti sMthsmngasds disk ldrive wherein multigleatisies r ead
head as clainmed in claim6 wherein the pinning |layer is 50~80~ thick. 8. A
magnet i c rawompgneticheady arp empldyedicl ai m 1 wherein: the pinn®d direction is
per pendi cul ar tQ. t he. ABS;. W tthoujJ ctonductf'f on c())(f tpe sense .curretnt, t he
magneti c moment Si8of* AN pquagts JHustation 0% 1, expmplapi SUSPEISIOn SYFIEh £ ( he
ABS; and unpBoRRAHE Elid? afd nlaBRetieRag, current, sense current fi el ds cause-
the first direction of the magnetic nonment of the first free | ayer to be
one way from t hEigAB$ amABSaiew of the magnetic helidrteken alongpland8-Ssafdop®;f r ee
| ayer to be an site fro he,. ABS. -17,9.. A magneti ¢ read head as
clained in clai gg%%%PQWVWO{’?%SﬁH@Ht@SR RigeYPREk gléﬁ'%egwgtlﬁaﬁ@ﬁts?ens'éhse
current fi@lag§6mg_t@|y bias the magnetic nonents of the first and second
free layers so that Bi as point of the spin valve sensor remains mdway on
a transfer curvEigmf7 ishepapialviewl ofghe slidwrand omergedugsgnetic headids esadinas
clainmed in @I ai7r9 2 ]igngi_udi ng: first and second hard bias and | ead | ayers
connect ed PBR¢7r5Pf BB second si de edges of the spin valve sensor;
nonmagneti c el egld igcald ﬁa&iﬂ_ﬁﬁhgwié’@ Jtithe klideR dal&RCABSh pRAE 80RBf FRy ¥ & the
spin val ve sensor and the first and second hard bias and | ead | ayers being
| ocat ed beshavethetread fnd writeelements ofithemiggybackombpgnetic iead;er r omagnetic first

and second shield | ayers:; .. he fir ] cond rea I r ei ng
| ocated between f31e9a iz_}B?mgﬂ‘g‘Bge‘%Waoéth? gﬁ%ﬁ%@ré?“ﬁ?.“&%&ﬁﬁ%c&/ Foead
head as cl ghdWthd fead hiid WrildelbfBhts o thetReed Maghticiead,0f a sense current
t hrough the spin val ve sensor, a thickness and resistance of the pinning

layer is such t kg khis piview teden alang pleeel(-18sidiiss $ eoravith armatesial r ons

bet ween the, (11 5L 2% RPSON Mol MEehaver structures.

Fig. 11 is an isometric ABS illustration of a read head which employs an AP
pinned spin valve (SV) sensor;

Fig. 12 is an ABS illustration of the present dual GMR sensor with a single
antiferromagnetic (AFM) pinning layer;

Fig. 13 is a schematic exploded isometric illustration of the dual sensor in Fig.
12 with the magnetic moments of certain layers illustrated;

Figs. 14A-14D illustrate various combinations of directions of the sense
current I orientations of the magnetic moments of the first and second free layers and
the various orientations of the magnetic moment of a second antiparallel pinned layer

of each of the first and second sensors of a dual GMR sensor;



12. A magnetic read head as clainmed in claim 11 wherein: the pinned
direction is perpendicular to the ABS; w thout conduction of the sense
‘current, the magnetic nonents of the first and second free | ayers are
parallel to the ABS; and upon conduction of the sense current, sense
current fields cause the first directi-or of the magnetic nDnent of the
first free | ayer to be one way fronlthe ABS and cause the second direction

of the secon | a osi.te y mth ABS. 13.. A tic
read head asg@ aj ﬁéd aﬁi \ }Bgl ﬁ?‘ﬁt e?‘ﬁves ﬁ%nﬁééﬂaﬁéf # B Pyabiass ﬁgm?
cur r eniindér6iase, wap’eetﬁl&ely" i 81d0Big0 PPOSdhoelsYa Badder beveHaneid CoBIRED ke Ahydrbe
first and second free | ayers so that a bias point of the spin valve sensor

r emai n¥heTEIPToOl 18 bigsighpthe sesg cugent; H?édsspl n val ve sensor. -18 14. A
magnetic r eagﬁ%]ngis &5 ABSATRA LR o?laﬁ%xﬁ'fli Mnﬁéﬁag&“@{ﬁ) layer is

selected from group consisting o ganes ni ckel
manganese (Niﬂ@)ﬂamhﬁBﬁtlllmj:mtmn@aﬂmgteglmﬁi)lyer.lS. A magnetic read head as
claimed in claim13 wherein the pinning layer is iridium manganese (IlrM).
16. A magnetic read head as clainmed in claim1 S wherein the pinning | ayer

is 50~80~ thick. IFESERIPIISN OFFHE FREFERRED AIMBODIMENgISM 16 wherein
for each of the first and second pinned | ayer structures the first and

second antiparallel pinned | ayeragneticBiskriyeco) or (CoFe) substantially
12~ thick an@e@i‘ﬁn%ﬂ&%ﬁ@'i@ dr@%rfg@"émei'é?ﬂ llk@Yéférehée ﬁﬁﬁ&@@'d& Rlike or nmlar

substantially 8 A magneti Cc read head as clained in alm 17/ ere| n
each opaltthﬁ)rwgimutath@seywéwwvm Eigs dyfeillystraie gupagngtie idisk| 411\@5%) t Fhe driendp

h ' i all
hoad adocbfts ARRERLe AL SupbSu R Eptnd S G I pinde MGG AFE
the fi mmto1p361ﬂmd1sl cantrollat by a moter aimtiotlere3& eA @mochbanedi rpad add whitqmagretic Ihaydar
f th d d | t h I
cecond 4t PP B orFEd2) BObR SROORGY Py Aot epPITGH S 4P aeBei APt 4.y
the fi baratdmdisial lsRlerpiafdedsgenrishs flaytthiceiploged 1rD'arlﬂl%@ daﬁ%ﬁ{y &itdct abdds®
have equal magnetl c nonents; and_ the magnetic, nonents i rst

ant i pastorags| deyics DA\ asshgwnen Fig. 3¢ s?hepﬁ“ﬁPF@élopﬁeﬁﬂds%cF‘@&r@F@ 4oripsitiea the
second spat fzg@@'akﬁ'thplnﬁ%ﬁéué R 46fis g éﬁﬁgﬁﬁlﬁ &élﬂq?&xshﬁy%fthsat SHEH o hel ng

greater or Ss t magneti c nonents o e second anti ara pi nned

| ayer ofagnkiéc disk St ﬂNhﬁeﬂlelchgkeM istrotatadryethgmaoton 26 therﬁtdewatstsupmrmdl oell a fhimned

I d

e JoplySPSan B! o i B Mot LG4 R0 Wt
anti parbahrln@ sypfane ABEpy&r The magm‘cmdredd dQinzay then bhemplsSed fordvritive infogmation
roment %o mulElplee mrcu?t ks B par&‘llel fag of ?lge ldlasﬁejh, C)afs VE((Q? ag 'for° }e {nrgmﬁlgorin%ﬁon

therefrom. Processing circuitry 50 exchanges signals, representing such information, with the

head 40, provides motor drive signals for rotating the magnetic disk 34, and provides control
signals for moving the slider to various tracks. In Fig. 4 the slider 42 is shown mounted to a
suspension 44. The components described hereinabove may be mounted on a frame 54 of a

housing 55, as shown in Fig. 3.



; structure and the second antiparallel pinned |ayer of the second pinned
layer structure are - 19 antiparallel and the second antiparallel pinned
| ayer of the first pinned | ayer structure and the first antiparallel pinned
| ayer of the second pinned |layer structure are antiparallel. 21. A magnetic
read head as claimed in claim20 wherei®8-the magnetic noments of the first
anti paral | el piFkiged i$ ay aBvietvhef the sEderpi2narelithe ayagneti¢ hemt 40.e Thadlidée
second antiparallel pinned | ayer of the second pinne @yer structure are

greater tHaas agratargam 86 that seprort shomagretichea A0, anidk sigratadls 158 angi6lnekhe ayer
of the fi rrsﬁla@gn%ﬁgﬂlcfwrex?eé?%&ﬂrf cf’cﬁgigiilf'%ﬂ' Wi[h[ ?égbécqatrgaljokaﬁg)ngépﬂ}%d | ayer

of the secon gl | ayer ructure. magnetic read hea clrai med
inclaim Zﬂaagﬁxﬁceai@km; e bros@ RAV GRI Bratad 1ading &dpased eprhieslidérhand tHest and
second free Tayers have magnetic nonents which are parallel with respect to

one anot hemagnedicthead U isvBS, trailing edgeaprafitheslidead assenbly having a read

head, a wite hgad_and an air beari surface (ABS) .conpri sing: .the ite
head i ncl udi ng: lglfge|6r18ﬁasdﬂeégﬁogs-ﬁcﬁg{)ﬂge%vagggaq..e 8 Pé"%ﬁyﬁ?ﬂ%&ﬁ%‘: n%aéjgl of
the first amdyser arduddeladwiiedeid badtRmns7thad Dekad héRkforBieh 720the! RERhEM
between a pole tip portion and a back gap portion; a nonmagnetic wite gap
| ayer | ocapetiobemplexing hspinotadvet sepsqrofd olothe psgsentiaventiont Epdd searoABSol e -
pi ece layers; apJd.nsulation stagk with |l east, one .coi.l |ayer enbedded
Pher oi n-| o¥akedt Bifuiren i aPPoRtvpaPRIoETE B SEIthen soontres SORBRETIN o

pi ece | ayegReiriRfly ifMalative Hrstodld RBERNteadodd BY&S 96! ANETS aH-IHE r&RNpRFL €d at
their back gap portions; and the read head including: nonmagnetic

el ectri cal layersralsandwiehéd betweam derseroagrdtic dust apslpsecond shicldalayers ROvaid/ e

~sensor; fi ?tland secgnd harii bi a%. aﬁﬂ | ead Ia%ers ﬁ nnected to the spin
val ve sens8f; 1 FFEPURFIC GEFIE LBRETI ﬂé’t ferepisiaee ghife SRRV SESCh{%4s and
| ead | ayer ghhpefg A QeRbatriRat NesdhdubRdfthioulh anél seRep dsuses Wks8aBsik@UEL S A
first shield [fayer; the first and second read gap | ayers being |ocated

bet ween t hehdrigesto diei manifdstodeas potantizlechangest phese poiterdial (chynges amedherhe spin

val ve sensor_incl.udi ng; -20.an antiferr neti i nni ng..l ayer;

ferr onngnepfo&e‘fslefigf r?ﬁgacé(es&%}%sa% tﬁﬁgﬁoﬁf’%{}%ﬁa&uﬁt&f%gg’&n 'tn%ég'g?{nni ng | ayer
bei ng | ocat ed betheagitet iead foktidn 201@f siec pragndliciead 4oapmeluded bUilUags gnd

pi nning a magnetic nonent of each of the rirst and second El_nn.ed | ayer

st r uct ur es spsvechadpriween fiest pndsecond insylatigndayess 8¢ pad 8&nd Aaulatiens

| ayers; no i C £l r I i ve L . ayers;
tho first SBangy vy % ERRbHEF s bLEanoE e fedd h3infhdl SEPRRT A0
structure amnuldtion lhyersdausedeley tiryevil Bydr 8Bhe Thectiny ssqadeind thyrer inbelation

| ocat ed between the_second pjnned |layer structure and the second free

| ayer: uporeYereargdriured; tgrindhe artas Ak IRSHFUAN SR o Lkl §aiklayes B4 wad the
sensor, th i g ; ' i 3 [ € din a
irat di roatbsciont il (i Sah 18t BB OIEh Lol R B ed themkce R o 1's
ori ented i and sseaangble ipieee tlayers 92jpod 9dorithecfitsbandfedond ppénpiece layeen?2

t hrough the in valve sepsor and upon an gpplied field, the first pinned
| ayer str u@f‘ar%é,ar? Hagpeticd yFP‘élge‘féS/gBa“é‘n@pt Y m’fdie}?'aé'F ﬁgﬁd"(‘}grse? ole tips

t her ebet weeyg fyiofc ' b a itk Gaf 14yeF 102 R EBS € il

| ayer stru?tguér?lg?ﬂ}t@h%&gggg)%\%é %aéitp?g%r a%gﬁ tgﬁg seconé& spac'e;mrglﬁgl?%ﬁ

t her ebet wedayepri08 uclasgted between the second shield layer 82 and the first pole piece layer

92. Since the second shield layer 82 and the first pole piece layer 92 are separate
layers this head is known as a piggyback head. As shown in Figs. 2 and 4, first and
second solder connections 104 and 106 connect leads from the spin valve sensor 74

to leads 112 and 114 on the suspension 44, and third and fourth solder connections



second spin valve effect; and the pinned direction of the nagnetic nonents
of the first and second pinned | ayer structures and the first and second
*directions of the magnetic nonments of the first and second free | ayers
bei ng such that said first and second %pln val ve effects are additive. 24.
A magnetic head assenbly as clainmed in-“claim23 including: a ferromagnetic
second shield | ayer; a nonnmagnetic separation Iayer and the separation

| ayer i

S S e S bt R LR SO A e b
each oﬁuqkmmmnrst and second pi nned | ayer structures conprlses

f t d | d . ol
coupl 1 ng | ay E1Esh A ShiteiiBe FiRs 5 EHR. EaedetHep! s sarore Siie et e
-21  a RGPt piccdRYENI2 sk eRetine 1ayBe Thik SfpedThieb®isfklon & £ AREddanSntic

bei ng pi nned by the p mmngla yer. in a direction that is antiparallel to

sai d pihaakd 'k insdatigniayemid a@frﬁb@nég‘j’hﬂckrbmﬂl Figs. 6a0H 808 omitieds econd

t |1 |
ant1 bar i | o Tk e MO RBIIBARGH detvflad nBALTEShdlaf SOEIEETY B S
26. A neagriehd G2 nmﬂuﬁds QMIpmsaem: bpin rveti/elsﬁmaok aBorwhichvils émcmtcrd ort d:eaxftlfmctmagnetic

ant i par f the fjrst ned. | ayer. structure d ,the.
econa (ARYD giking yen, e fesdrarenshé Sihabd BOra BY i Selvegeasot M ettidEisnave
equal 'Eagiwéﬁlfedmb?aﬂiﬁer hﬁtﬁa PRpaABEe albnddariadtlie 1rﬁieﬂr\gdth|e&ﬁ@gneﬁfs shitg dfi thst
pi nned | ayer structure and the first antlggral ‘gcp pi.nned | ayer o

t he
second PR pYRRY 2. Jhe My @nﬁ@géawl}aﬁy rﬁiﬁ@rhtoéﬂdea@ﬁoﬂh eFlfﬁﬁgﬁét ic
nonment t [ lihgl [
St uot e ond TR et Sha KM BGR 138 ap AP0 3Fe o @f%%? et bl selonR AL 36
| ayer sindJué0wf ehebmm yakye sensor. dhis| conpeqtioaris khewnuy ﬂ@t art agre n:enmglous jurtetion

the 11 PO0 i A2 arSiipB) A R AR, pBlerk V., PRonf R RRERY) MR B PRSP
27. A nefgreate herl‘eﬂﬁdl“}imtét kead biasiaﬁédleaidrlayzdralfm 6ludbarfasthard bias m@ﬂ ¢4l and a

ABS; o HeHIFE T4 80 B oAbt B i G s b B Frehmbbnedpise er

first puaned d seend Maduayet’ Bi6anthd Rard aORGed N4l paidal 4etaudt Meetia fields ab
t he second p| nned Iayer structure are antiparallel and the second

ant i parextand|lopgifdinally thequehrthe gpin valeg sensom b forydabilizing dhe maghelie deorgains st
ant i partﬁé[rlaﬁ' "Hié"ﬁ?ﬂfl hﬁ Qe 192, %?&émﬁ vﬁlv@rk%ﬂsolr %@ranatthy%wﬁd%@ond hard

anti paral | el |crea head as clainmed in claim?27 wherein
magnet |b¢asrmdémdslayﬁrs t1 amd 13 argriedaprarbetwedn the neribagnetie elegtrical insilagive firstned
| ayer e r I

o1 ned TafEotieRl fod ISeRCROM 76 R e RLOERUE il PEEIVE Wiy
ant i partain, BjcatpdMBetbehdmmmmgrletlhﬁrs‘tlaneksecpndshadldllaws g8@andi82.ure and the first

antiparallel pinned | ayer of the s%%rigvg lnorllled | ayer structure.

The present dual GMR sensor is shown at 200 in Fig. 12. A single antiferromagnetic
(AFM) pinning layer 202 is located between ferromagnetic first and second pinned layer
structures 204 and 206. The pinned layered structures 204 and 206 are located between
nonmagnetic electrically conductive first and second spacer layers (S) 208 and 210. The spacer
layers 208 and 210 are located between ferromagnetic first and second free layers 212 and 214.
A tantalum (Ta) seed layer



29. ‘A magnetic read head as clained in claim28 wherein w thout conduction
of said sense current the first and second free | ayers have magnetic
‘monents which are parallel with respect to one another and to the ABS.

-22 30. A magnetic head assenbly as clg'ned in claim23 wherein each of the
first and second pinned | ayer structures’is a single ferromagnetic |ayer.
31. A nagnetic head assenbly as clained in clain123 wher ei n, upon

conduchbi t t '

COnUCH BioctaBRIPEAGUET BELn KAUGRLNS R 3| Uy REASRmh WIRIERD
conductcsp dayed B20i may énleebbated\smbthtvweond firee flaythMndThedmymis R0AN2ER hng/érlz

Che pi RREBHE 06t B0 g A0 A 7o 4 OF e OB 2 oo Bisaend MR et e

sense ggypgnt, the magnetic nonents of the first and second free layers are

parallel to the ABS;, and_upon conduction of the sense current, sense
current fiel d8adagistred ﬁ@bmhmlt af thedpyamiopsthe fest sadsesond pisedeyes pirupfures

first bhegnd 3&?50&1{9{1&%@9&1 orfd Si# Eta%gef@& M@gﬁf&ﬁ&ﬁ&u&ﬁcggg fﬂét el ON

of the secon ree | ayer to be an e ABS ghetic
head adsyentstmpctise @Ddllnel@ldcsn actugheniBe (Riugrlayer, 21ﬂo@vatﬁdnumemtﬁrstf andqeecxmdse

I d I f h
frrse anPTRIE G B3 40 GBI 201 rhe ReAg iR RNG ol TRETSh FeBigh o,
hond acsermly) g‘?"c?z“é%‘s o TS5 oy e R ot @m’?g e
ea
from t K&Pd} @%fb @ﬁﬂg ?maﬂlﬁfwwawaaﬁ@@éﬁﬁaﬁﬁ# IR RiRagd | Ia¥gs SHREYESS
(Ni Mn) 2@&%& b9k 'aflé‘ﬁi‘nﬂ@d‘ﬂ%@%@m@ Iawmon BrihehifRAS tlyef 2bfa@h@§1n%gﬂapmaﬁlems

clainmed in claim34 wherein each of the first and “second pi ayer

st r uct widbe Adhpinherk lnyersed32oaruky?AR pre Hinnesk peapendicwdaria andtavrar Bbmehe piBfhed

I I

ant | ot TR prEahg2nE, HRGHRe! P okl WWRETL) O b dhu I o8 tha 236,

anti parthé bedong lﬁdhpmnbdiywess 234 ayl R4 aedpibyed wetiparaliel g theafist APrpianedi fagedsi on
h | | d d

each or220riadEiEoy Shon? s 7ad wB 28Fn e ol SresRy SRR P SSHORY pifieda

di rect il@ger tsuruaarearﬁoumwomke déetgihingd bwtméﬂse@oﬁ@mﬁmetmafyeﬁsszts4maImersﬁideeI
pi nned | ayer. . A magnetic head a %nblax as cle%rmfd in claim35
wher ei the FR!“B?]HH pffﬁcqogylg,s between these layers and the first and second free layers 212 and 214

across the first and second spacer layers 208 and 210. Optionally, the magnetic moments at 242,

244, 246 and 248 may be reversed if desired without affecting the performance of the sensor.

In a preferred embodiment of the invention, the antiferromagnetic (AFM) pinning layer
is selected from a group comprising iridium manganese (IrMn), nickel manganese (NiMn) and
platinum manganese (PtMn). With these materials the thickness of the pinning layer 202 can be
reduced to less than 250A. A preferred material for the pinning layer 202 is iridium manganese
('Mn) in which case the thickness can be in a range of 50A-80A. A preferred thickness for the
ruthenium (Ru) AP coupling layers 230 and 236 is 8A. A preferred thickness of cabalt (Co) or
cobalt iron (CoFe) for the AP pinned layers 234 and 238 is 20A and a preferred thickness of the
cobalt (Co) or cobalt iron (CoFe) for the AP pinned layers 232 and



tiridiwum manganese (Irvh). 37. A magnetic head assenbly as clainmed in claim
36 wherein the pinning layer is SOA-80~ thick. 38. A magnetic head assenbly
as claimed in claim37 wherein for each of the first and second pi nned

| ayer structures the first and second antiparallel pinned |ayers are cobalt
(Co) or (CoFe) substantially 12A thick-HAd the antiparallel coupling |ayer

is rutheniumit BaR sAréRAkd Fhikknddbof Bhtertil TGN iof thegricasiapebogandc! ai med
in claim38 wherein éach of the first and second free | ayers is

fﬁbSL an'i1 i)aZlIOyis 26A ¢ﬂ1¢aﬂﬁea(ﬁu)eampreﬁen‘cdéhisb_msegn<_l mpgarial if@?ﬁu\bmﬂfahq: ifizstl yhlZ]Ic
i ck. : magnef i ¢ head. ass cl ai i i m erein each o
the first %QGCWFRP lBY?fﬁgé P&‘ggﬂ g‘[ﬁi? ‘%ggfi“@“ZNgéeigl e ferromagnetic

| ayer. 41. A ' Y. |, | ' j he

pi nni ng | ayer ”ﬁg@iﬁéqlgpg%%%adﬁé}ﬁggg t(h ?f%%)t&bg%gSé&%n@gﬁg@ ﬁ%@%ﬁ?@%ﬁbl y as
clai med i 30l idM38linwWhesth Ralves SH1Nd BNV 2 aneafifferenbihd th@Ghe thibkidssesdot A
magnetic disk drive that includes at |east one slider that has an air

beari ng suh¢ seeondMRpinneddaydrs 334 and298rinithespin vabgs SVdnandBYAare elskead

nbly t l.ud d d i,t.e hgad,...he disk dri
compri si nd el P EeEL SaEarraroet peled el BRCoi Bt Bentien Py er s
each of th@idkhésts 8Nthe APOPHANE®18yePi GF BadhPyEtR sy vile@ SKOKENPSVDI B8 -
| ocat ed between a pole tip portion and a backpgap portion; a nonmagnetic

wite gap ¢qgkmamelyat edgitremse ehhisirelaponsbin isppreferred dorstwef reasomsf namselyand
second pol Il ece | ayers: : 24 an.insulatijon stack. w t.h at | east e coil
| ayer enbe@?ig?:lC?WE?rEglﬁn?%g‘&t@Hl%W@é‘ﬂntfﬁld %ﬁréatlﬁg:ff{qr%hge vy ﬁéfefr §%t and
second pol ;dxeELend g?% %énﬁi‘i"i'e%héf fhbh%gn@ﬁ@'s;ﬁﬁ&@ﬂﬂe&@l\@l@bﬁﬁ@l Lﬁé(r?fh% bei ng
connected at their ck "gap portions; and the read head i'ncl uding:
nonnmagnet i applicatoan oL thiel sensenewrrent ily ése iFig t13 whickesansel cumerd willpcausy best; a

.Spin val ve sensor; first econd rd pijas and lLead |ayers connected to
the spin vHI%&REnEHTenk I@ﬂgpi%?fﬁvalnvg CUER otﬁea AR TPy stﬁ%ﬁ‘?ﬁ&ggc d hard
bi as and | gashdnatifitoniedladhé AECAGHaRBLNRRA fidl€ fidn Hle ARAsHAGARS deRSSE Jap

| ayers; a first shield layer; the first and second read gap | ayers being
| ocat ed bebVkéntA igeingints the papirdvhile,/tbe netrdpmagaetization figlsl of the sevontlapiar ; and

R A R
bei ng | ocagpded@icheribrt Teeghtdifg i s@tefRNEnd dtidRat L:AWiElN catibd bifsé cBemnd
pi nning a magneti c nonent of each of the first and second pinned | ayer
st ruct ur esfiglds &opi thedayeds alaveithe spiharivesarpeeBVd toiurge the mpgaetiiomanfentse
layers; of the first and second AP pinned layers 232 and 234 to go into the paper. However,
since the thickness of the AP pinned layer 232 is greater than the thickness of the AP
pinned layer 234 its magnetic moment 242 will be directed into the paper and by
antiparallel coupling between the layers 232 and 234 the magnetic moment 246 of
the AP pinned layer 234 will be directed out of the paper. The same relationship
applies to the second spin valve sensor SV2. The conductive layers below the second
spin valve sensor SV2 will urge the magnetic moments of the AP pinned layers 238
and 240 to be out of the paper. Since the thickness of the second AP pinned layer
240 is greater than the thickness of the first AP pinned layer 238 its magnetic moment
248 will come out of the paper and by antiparallel coupling between the pinned layers
the magnetic moment 244 of the first AP pinned layer 238 will go into the paper.
Before conduction of a sense current Is through the dual sensor 200 after it is

operational, magnetic moments 250 and 252 of the first and second free layers 212



» nonnagnetic electrically conductive first and second spacer |ayers; the
first spacer |ayer being |ocated between the first pinned |ayer structure
and the first free layer and the second spacer |ayer being | ocated between
t he second pinned | ayer structure and the second flee |ayer; upon the
conduction of a sense current through the spin valve sensor, the first free
| ayer havigng 224 %eORPidafly ARERIH pardld] to ﬁerﬁBSnO?ﬂohdllyﬁthfebd&?edﬁbﬂ@ﬁﬁay% and
the second free | ayer having a magnetic nonent that is oriented ih a second
di r ect i on;revagesd withoutcaffesting the: pesfaraapee ofitheesensor 200u diponhibe applicatiahv e
sensor and on an applied field, the first pinne a tructure,. the
Frret t 1 oefitho rio ahBnLbf howietre dioansliE mai i RESDitbEc g’ 1 s
spin valv ' 1 r free
Byer " and TROESk sagoli G S5FAREISY ONE LE S sefic coichl felal Rrode gt |
val ve ef f dayers afithet seasqri rFiedrotitioaadfithe magné¢tiemomgnel Sacofihodree dayer 2t1Be fir st

and second pjnned | ayer structures and th% first anga second directions of
t he magnetWth fespeciite thg mageetic mement 246t thg AP pivped layver &34 defgiminegtheng such

that said fj . . n I it i M€ usi ng;
a magneti céﬂglhg'i “?3? %@gﬁﬁyg%ﬂﬁ%%@r ¥%8¥|Eérflﬁ %gﬁtrt\%euﬁrsﬁgs?ﬂg Véfd%g(gr\@ |5|?ral[r)@n{?%d in
t he housi n@tdtidh SEPBET inapaetichendMENeRsE fRbite ams elid Iagheti® mbmeAB348aci ng-
the magnetic disk so that the magnetic head assenbly is in _a transducing
rel at i onshdgtenings thachangmis resisianes of theasesondspin yaliei(RY2) hdheghengeiin di sk;

positionin ans. ¢ ected t h u r r i netd.c. head
assenbly t S‘ﬁﬁpf?sppgqﬁ%sﬁsﬁ&ﬁ@ éﬁcgﬂarsg’z%e{:atl‘te? o(s‘glﬁdgrﬁag‘gggﬁg iaéieﬁwgnd
processi NoregB@dss GINME Cdigsttibh dfhtheMBspIRUi fielde aBurdiss £ e YverbRsinpeofm@ans for
rotating the magnetic disk and to the positioning neans for exchangi ng

si gnal s wi mAgndis memeat i X56hbrdhe sssase cyrrentofields randothei naderbissingf tfc t he

magneti c dj nd_for rQl LN e |t h ti ¢ hea
assenbly. T_iéne lcnﬁlaﬁ}ffl fgg%ibsykmgr vnégézgprgﬁghﬁ@gﬁ%hc%lgqe%ﬁ rn@frmﬁ ca
ferromagneidditieie 00kt Spinelalvd affédts réhd%ﬁﬂﬁ‘ﬂﬁél@hhlcmﬁafsai uRBndiweto tRnd the
separation | ayer being |ocated between the second shield | ayer and the

first pol edispctioa andyezgnitnde ofithessgnea eurremt du Hhase effgets areaddessediingpatem 43
wherein ea f fiar and second pinned | ayer structures conprises:
fer romgne@%}%ﬁf?fr:%?' létr#‘d%%'cond antiparallel pinned | ayers; an antiparallel

coupling layer Bl MalltstRtdsitheiemadusands)dhambimpticahdméntpinad 25y6f s, a
magneti c nmonent of each of the first antiparallel pinned |ayers being

pi nned by theefreg tnyergandaiher mpaneawdmpéwm%ﬁ)ﬂq and 268 of the segoaf|aatiperslieh d

pi nned dir j ; i f h i al |l el
B nned | ayCoEisTAPA] SpR ERURIHbEn TR IR, 18'an33 Sthed (AEAENE AR ) HEL
coupl i ng wsériRe acufreap & tonductadr dirowght thpataybisedf fliensendord eyises thOmagnerigneti c
read head as clained in claimd45 wherein: the fir i paral l el pinned

| ayer of tROMNSESHiatAetPq i bF (R RIP dodIZoHaT S0 Tt s siived
pinned | ay@gr Afapbie S9RANEh RpPIGE fbRY A isSddeHed by MRgfeRIdRk HERPBE S

nmonent s;

magnetic moments 254 and 256 rotate counterclockwise to become more antiparallel
to the magnetic moments 246/248 and increase the resistance of each spin valve
sensor (SV1 and SV2). These resistances are additive to cause an increase in the
resistance of the dual sensor 200 to the sense current Is. This increase in resistance,
which is represented as A r, is employed in a ratio Ar/R where R is the resistance of
the dual sensor before a change in resistance. The Ar/R

ratio is referred to as the magnetoresistive coefficient and its magnitude in response

to an applied field H equates to the sensitivity of the sensor. Fig. 14B is the same as



}-26 ¢+ he second antiparallel pinned |ayer of the first pinned | ayer
structlure and the first antiparallel pinned |layer of the second pinned
| ayer structure have equal magnetic nonents; and the nagnetic nonents of
the first antiparallel pinned | ayer of the first pinned |ayer structure and
the second antiparallel pinned |ayer ofl3he second pinned | ayer structure
bei ng gr edFigr 14X ek&ps thehaientdtipnrafghe iagnetamaoieniaf246/24 8 has bech eatrisedir al | el
pi nned | ayer of the first pinned a\yer structure and the first antiparall el
pi nned | ayePobeppliratien of the apmhféid}w g\t the; magnstisy moments 204aixh &30 Fotatead head
as clainmed,jn.claima46 wherein: the magnetic noments of each of the
antiparallel” pinned |l ayers is perpendicular to the ABS;, and the nagnetic
moment s of clbélewike Msdcomitig Padral pahllgli withdtHeapaenéic igndnty U6QUBNEHIchayer
structure and the second antiparallel pinned |ayer of the_second pinned
| ayer st r udgcigasesthe rogistanegr ofi tﬁe duals¢nsaie HacliGdisthe saae as Fig 1hfexeept] ayer
of the firgt pinned | r struct : fi .ant i e janed | ayer
of the sec &Qr&en%ér&nﬁgjgp %S?’} ﬁeg?{fgg%ggéﬁéﬁlf I%{ﬁ?\%ﬁl?&o@eﬁfﬁ& J%Pg%&oc r ead
head as clpé kel bycthéisénst Curest fiklds ik @ppaEite alitectiomnfesth thatfshbha iﬁiFi%t
antiparallel pinned | ayer of the first pinned |ayer structure and the

second ant 14 dinasy thejapplieptioayafranpgppligd figkd Bhitom) s Frifingamagnetic digk thee ar e
t th fi . i nar.al | i. |
of “the 1 v DRehetR BEARE S BRI Jofle HIRAERPRYISE RELRRIE mae RiflIRfer %Y 5

of the secomtl gispétdiol ehee indphbtic ridrentd V46/R48a9Eis Ccaussddamh cagtedsss Cinai nmed
in claim48 wherein wthout conduction of said sense current the first and
second fr ekesistapee of thadualsenser FigndAPns shepanahasnkie. hi great thg magrasicpect to

th _ _ . . - Y . Lo
75 wnor i nmsRilted 2aq/ofs (b2 pOlk reledBETEhf e SpEALER oF anarBlidEBeld'® B N
f erromagnefiofh | Ay@tating inagheticagdisit i thedinignetid wroments| 254reshd 12561 aédtared 3

wher ei n, upon conductjon of a sense cu[rent through t he spin, val ve sensor,
a t hi cknes SOUHercelagkwise hegomme; Mars, pamilRly Withyespect te (e, magngtic; Remsntsni ng

|ayer freebysompiiiiowaPadSisk e RlREHO0? RPLISLRCTRE EaplANGIaCEONd

pi nned | ayer structures. magnetic disk drive as claihed in claimb51
wher ei n:  in Pigst héAdidbnbavedbeeacthonm dssposetiyse radinguapnlicd dididee AB&stanceshout

conduction of the sen rrent, .th netic nonments of e first and
Cecond f 1 edTren b epiliea sTiiAT BrestlyS e KBRS VARG OB i B te She
Sense Curr @Breaszits Pesistdriced loff ihe! disal CRss Wosldl bé Pppliiteced RN @schibiRl

magneti c nonent of the first free layer to be one way fromthe ABS and

cause the bewormdows.recti on of the second free layer to be an opposite way
fromthe ABS. 53. A net i sk,drij i i | al mb2.wherein,
upon conduct i on%‘(lﬁs' tlgggdélgnis% %ﬂoﬁ‘r' ér%{’%fgrg%‘%ggsctoartgggi{ ét%ln glsggongps (l)nsiv?lg?sy bi as
t he magnet (SvVipamat©SVR). t e Fig.r YA ahel fectaydr fof ake |faytesgin SO @SV ¥ as
poi nt of the spin valve sensor renmmins m.dway, on .a transfer curve of the

overbiased by the sense current fields causing otientation of the magnetic moment

256 to be at a positive angle to a parallel to the ABS and the bias point of the transfer

curve of the first spin valve (SV1) to be at 260. In Fig. 15B the sense current field

has caused an opposite effect on the free layer of the second spin valve (SV2) causing

the bias point of the transfer curve of this spin valve to be at 262. With the present

dual sensor the spin valve effects are additive causing the overbiasing in Fig. 15A to

counterbalance the underbiasing in Fig. 15B to produce a resultant transfer curve, as

shown in Fig. 15C, with a bias point 264 which is located midway on the transfer

curve. Accordingly, positive and negative going applied fields of equal magnitude



) spi n. val ve sensor. 54. A magnetic disk drive as clainmed in claimb53 wherein
the pinning layer is selected fromthe group consisting of iridium
manganese (IrM), nickel manganese (N M) and pl ati num manganese (PtM).
55. A magnetic disk drive as clained in gl aim 54 wherein each of the first
and second pinned | ayer structures conpr Ses: ferromagnetic first and
second ant |vﬁurcau$eeﬂhepnm@r¢ss&yé¢ §Oef§h‘ileéﬁ{dfﬁ%)r%ﬂth%ﬂuﬁié9mqf @y be Resitiveer ween
the first and 58 |1 el pinned |ayers; a nagnetic nonent of each
of the firSFEHRE aerqéfa]r ned | ayers being pinned by the pinning | ayer

in adirection tFi t 14 sumhteeaarnaédtgiardlm $APY pirined dalyedli stiRefur® 270 ARKICR is
magnetic nonent of each of the second antiparall el :E' nned | ayers bei ng

pi nned in smpdlomdrﬁoedadl @feﬁht: ispin ajvesr(S¥) ﬂp@(&VI)eﬁ)f o ppifemed aimbpdiment

res ectlve i rst. nned, | a netic.dis ive as
o med | n SbPWR inaBee: dsrrtaed heriaRdhs &t pioned FRRT MRS e £ 1 v
57. A nagn [ a h | ayer
s 50AB0- *h‘h@ﬁﬁ*fé?‘@i #fioRRIIE] AlBing lafer 2072 AcatieCBhiech Rrlfiibfic oY
for each ofantiparaflel @P)dayersZtoam 25760 rﬁdxdrayﬁﬂle layarsi274ned 2?61ea1f be ptnnadld
second anti par allel pinned, |a

subst ant i algyyth ?LPF“”{‘!*E tayerith ttgfgg'zlﬁ??r“g} CO Fleé aygb&%ﬂpﬁ?émgé’fié‘? a f%eerlﬁbff’r‘ié?n um “
(Ru) subst apbafe ¥ i vafe ARBRONACoAsti EMBodifefil RiTRE biflnfd
Stanttalrmy

wherein ea ARES: an secon ree layers Is su ~ thICk
and each ofstmb&lrepﬁ@}erbelap&nbsd Iveitls b singlet felfdnyaghébbc tplmmekl lagér. 280 magheti c

disk drive as clained in claimb54 wherein é) g rst and second
pi nned | ayétdvaitage ol praploying g %m&laﬂ@/ef e&%ﬁ#&g BE§Gist ‘}ﬁéFS ovgrell RickngHeifi ¢

di sk drive | IPG”” y ir
nmanganese ( ? A glgedﬁknrgﬁgégﬂa ai SE{Vﬁrl ve cl amgvgk/@r 66 hﬁse Edﬂ\g\lﬁerel n
t he pi nni ngafbayt&rntmﬁecBﬁuvaﬁtagéd‘ofahe Aﬁ’&)mﬂedmydsrpdleo@ pmhechtayer sta&mrbeaol t hat
has an air bearing surface (ABS) conpri Si E&@ é) g ahif erroma%get ic first
shi el d | ayds preferad and samboampleved because of fiededurtiondn thickngss of thgsepsosd gap
| ayer on tl‘g@a&t%ﬁ% samrgllﬂgm 8tavenfbil NY @ spin valve sensor on the first
read gap | ayer £ rmn a ferromagnetic first free layer on the
first read gap |hyheouldbatundestoad ﬂmneﬁue&omtr[mubn of therspadvalve senforr200 in
direction u}'pl lf&gdelég}s zlugeg 0 ftheamganré%l% n?ounrlénetg] E)f t eragflégsharé r11)reef<§rp Llr)]' o\éﬁalnye% “slensor

the same directions as the magnetic moments 242, 244, 246, 248, 250 and 252 shown

in Fig. 12 during their formation. The layers, shown in Fig. 12, are typically sputtered

in a sputtering chamber. During sputtering of the layers a magnetic field is directed

in the same direction as the desired direction of the aforementioned magnetic

moments during the formation by sputtering. If this is accomplished the easy axes of

each of the layers 212, 234, 232, 238, 240 and 214 will be in the same direction as the

magnetic moments shown thereon at 250, 246, 242, 244, 248, 250 and 252,

respectively.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



formng a first nonmagnetic electrically conductive first spacer |ayer on
the first free layer; formng a ferromagnetic first pinned | ayer structure
“on the first spacer layer; formng an antiferromagnetic pinning | ayer on
the first pinned | ayer structure for pinning a magnetic nonment of the first
pi nned | ayer structure in a pinned diréetion; formng a ferromagnetic
second pinned | ayer structure on the pinning |layer so that the pinning

| ayer n pin a magnetic noment of the second pinned |ayer structure in
sai d pi'th&@ i rection; and -29 fornming a nonmagnetic electrically
conductive second spacer |ayer on the second pinned |ayer structure; and
form ng a ferromagnetic second free |ayer on the second spacer |ayer that
has a magnetile noménmagratieneathdad, whish hiana spinvebieisepsonpod an eircheetingsurface
said s t hrough the spin val ve sensor; and the naking of the
read hgggg%gﬂﬁﬁgﬂﬁghcluding: formng first and second hard bias and | ead

| ayers on t hehé spiatvalveaenspanchaiyer: t hat are connected to first and second
si de edges of the spin.valve sensor:. formng a nonmagnetic electrically
conductive second Pﬁéﬂ“%&ﬁnpﬁ?ﬁwI@W“P&g”@bin val ve sensor and the first and
second hard bi as ampged cli@ gt and sdtdnd pinfkd thyer dtRichRBBRYNet i ¢ second shi el d
| ayer on the second read gap layer. 64. A nethod as clained in claim63

wherei n each of t héhef pingingatyes deivadlopateth dtweepethe shinsti endirseeondopipnpd dayer
ferromagneti Csnfuhtru?és ﬁlﬂ%iﬁgﬁgﬁqug%ﬁ@ ﬁfo‘?x{eln'?gf BlcANEdnd sgraﬁél s@dangfbﬁdn%aﬁ et Sl

coupling layer between 't I'rst” and second antiparallel pinned layers;
magnet i ¢ nonsttucokesdn@lpimfedidirection;st anti paral | el pinned | ayers being

pi nned by the pinni.ng |aver. i.n,a directi.on,that is antiparallel to said

pi nned direction; gﬂ%’@’a&ﬁéﬁﬁéﬁ‘ﬂg%’% egllayggch of the second antiparall el
pi nned | ayers bei ngopmagedicictectivatly pomduedvelfirseand sstohy spasenlayerpar al | el
coupling with a respecgtive first antil%araékel pi r&gqe{j Ia%gr. 65. A nmethod as
claimed in clai m eSSt 8racer fayer heinestocaiad ppiwesh ity titst Rinagd faygesiristure pa
first pinned thayigd fiek el Bh@HRREcIIARPEQS Vs aa_h% Bstafld] tebw RintAE SecoRd Binned

t he second pinned |ayer structure are forned with equal nmagnetic nonents;

the second arlygairueties andithpsesopdifiee layetit he first pinned layer structure
and the first anti Fﬁg&%h%eﬁéonﬁh&fb%dof' #¥dnse %é&%ﬁglg% il 08e SGUEE, the first

structure are forne equal nmagnetic nonents;
free layer having a magnetic moment that is oriented in a first direction and the second

free layer having a magnetic moment that is oriented in a second direction;

upon conduction of the sense current through the spin valve sensor and
application of an applied field of single polarity, the first pinned layer structure, the first
free layer and the first spacer layer therebetween producing a first spin valve effect and
the second pinned layer structure, the second free layer and the second spacer layer
therebetween producing a second spin valve effect; and

the pinned direction of the magnetic moments of the first and second pinned
layer structures and the first and second directions of the magnetic moments of the first
and second free layers being such that said first and second spin valve effects are
additive upon said conduction of the sense current and said application of the applied
field.

2. A magnetic read head as claimed in claim 1 wherein each of the first and
second pinned layer structures comprises:
ferromagnetic first and second antiparallel pinned layers;

an antiparallel coupling layer between the first and second antiparalle] pinned layers;



t he .magnetic nonents of the first antiparallel pinned | ayer of the first

pi nned | ayer structure and the second antiparallel pinned | ayer of the
"second pinned |ayer structure are formed greater or |ess than the magnetic
nonents of the second antiparallel pi nngd | ayer of the first pinned | ayer
structure and the first antiparallel |t)i1 ned | ayer of the second pinned

| ayer structure. 66. A nethod as clainmed in claim65 wherein: -30 the
magneti ¢ nonents of ‘ i e I . .

per pendi cul ar to tﬁﬁ%&%l@%ﬁ%??%ﬁﬁ&eﬁéﬁ%%ﬁbgg%%l%%(rﬁ{eeﬁfl%lfesr{ Bélgggmned
anti paral | el Wpithagthnlimgylayerdh atdivection thht igiantetalle yesaid pinned directwnglande
second antiparallel pinned |ayer, of the cond pinned | ayer, structure are
formed antiparall el ﬁ%ﬂeglﬁemgé‘%%ﬂg 5’#‘?1 Bg F@ngi%ﬁg@aﬁéygvmé T‘W‘?Es PINgt
pi nned | ayer dﬁhﬁapwrsﬁdaﬂﬁnémair&étfo%t bl Raipatdiel cBhAIRRA WY £ relectine first
second pinned | ayer structure are forned antiparallel. 67. A nethod as
clai med i n claitippelelpiones layerhe nagnetic nonents of the first antiparallel
pi nned | ayer of the first pinned | ayer structure and the second
antiparallel pinned | ayer of the second pinned | ayer structure are forned
greater than3the nmaymeigneticreendniicadods dlhenedemocidinarit ivharesl ksdh pf tHeeflrsk aydr
of the first .pinned |ayer structure and th irst antiparallel pinned |ayer
of the SQ%@M‘%E%HWST%%WSQ?ﬂEéﬁ&@m%@G ci?é'Flhod as clained in claimbé67
wherein w t hout conduction of said sense current the first and second free
| ayers are forned with magnetic nmonents which are parallel with respect to
one another dnd t oA magnels regd head pstolaiaed 4n Claimnk vhereing wan emdpptignepha
each of e fi ' : j rl a
o1 gl o Aokt nrBgh BECRRF RO RGROLRY Ricialobt Bid KRdnde BPA Bt s,
pi nni ngutlayimt the pwingchager freedynconducty canpluciiors ekectrony bftween theufinstramd) sevesd
(IrM), .ni %lielerrsrgﬁrl]&gnese (Ni Mn) and iridium manganese (IrM1). 71. A nethod
as cl aif i CIPArM'G3 wherein the pi nning layer is fornmed of iridium
manganese (Irivn). 72. A nethod as clainmed in claim71 wherein the pinning
| ayer is formed SOA-80A thick., 73.., A nethod.as,clajned i.n clai.m,63 whergein:
forming the g?r st hd"EReln Aot ﬁ??éldaﬁ g@we‘gﬂ? Ay &eswg‘?ﬁﬁmt & RIRAS deyaraSer
t her ebeklerd Mrh hesS@blp Boiktthg b8 SinOMaRehBe WM, AlckbPmbREnRINIMi) Shd
formng the first and second Pree | ayers so that w thout conduction of the
sense dUgtisg manganese (PtMn).

6. A magnetic read head as claimed in claim 1 wherein the pinning layer is

iridium manganese (IrMn).

7. A magnetic read head as claimed in claim 6 wherein the pinning layer is S0A-
80A thick.
8. A magnetic read head as claimed in claim 1 wherein:

the pinned direction is perpendicular to the ABS;

without conduction of the sense current, the magnetic moments of the first and
second free layers are parallel to the ABS; and

upon conduction of the sense current, sense current fields cause the first
direction of the magnetic moment of the first free layer to be one way from the ABS
and cause the second direction of the second free layer to be an opposite way from the
ABS.



t he .magnetic nonents of the first and second free |ayers are parallel to
the ABS; and conducting a sense current through the spin valve sensor to
"produce sense current fields that cause the first direction of the magnetic
nonent of the first free layer to be ong way fromthe ABS and to cause the
second direction of the magnetic moment10f the second free | ayer to be an
opposite way fromthe ABS. 74. A nethod as clained in claim®63 wherein,
upon conductign of , F I en i e i as
he magnet | ¢ oment & PSS Fef G0 0 o1 IT T SR b, SBoRRRERISh R T
conduct sense ofrréntcseasnaerant fiekls toppoditehsbipothrrtmadnetib en@néms vhthedirsieasiosecoid

| ocated_ at, a md n a transfer .curve of the spin, valve sensqr. 75.

ot hod. SE BY SR ARAA A CLAHNE TR HPNG ST e B B iSRS U Lo

t hi cknegsin #fie 8erfs8fi stance that causes the pinning layer to freely conduct
conduction el ections between the first and second pinned |ayer structures.
76. A method as clainmed in claim75 wherein: formng the first and second
pi nned | ayer ruct yr § iy . en with said pinned
di rection perg%ndicgfgéyggg{%@?fﬁg%ﬂpggﬁﬁﬁé%Pﬁéﬁﬁﬁggﬁﬁéﬁd second free

| ayers so t hafirsiadiseebnd bard bidsi and 1edd lapers sameeted tio fiesttand tévendreigs eliges of the
monents of the first and second free |layers are parallel to the ABS;, and
conduct MG VAVESHSETcurrent through the spin val ve sensor to produce sense

current fi el dgorirh@ine@bRetrichiRy fuishiativelfifsetid B0k reai@apBgBRL I ¢ moment of the
first free Iaé‘%r to be one way fromthe ABS and to causé the second

direction of tRepinyHEe sensabarttheofirst ped second daxd bias pagd dgadtlayese baingdpeased t e
way froﬂét%v'%@rffh@%:stqld sBedRit s ﬁla%r@,i med in claim76 wherein, upon
0

conduct 1 on the sense current, sense current fields oppositely bias the
magnet i ¢ noneferonuignetivefifst and segontl shielddayefs, erd | ayers so that wit hout

ocatod ot a MEdthceeold K esp 14 BB orlea bR Bl HEL A BEER3g bnugh

met hod Bgesl aimed in claim 77 wherein the pinning |ayer is selected from
t he group consisting of iridium manganese (IrM), nickel nmanganese (N M)
and iridi um manganese (I rw). -32 79. A nethod as clainmed in claim77

wherei n the pinni NgAl @¥gieticSedd héaRi0asodainidddin WRIFR NG HHRekn, (dpoltond&Qion/of a

method as claimed in claim79 wherein the, pi nnlaaglg | ayer i's formed SOA-80A
thick. &emse AUFEtHBEPUh thekPiRgvaly eRyAes | #FS 98 SREFneenal thepinuing daser ead
a witeghgofafid Afniah TaReadeld cHubRC@nidEoh QORI Heleen the first and second

pinned layer structures.

12. A magnetic read head as claimed in claim 11 wherein:

the pinned direction is perpendicular to the ABS;

without conduction of the sense current, the magnetic moments of the first and second
free layers are parallel to the ABS; and

upon conduction of the sense current, sense current fields cause the first direction of the
magnetic moment of the first free layer to be one way from the ABS and cause the second

direction of the second free layer to be an opposite way from the ABS.

13. A magnetic read head as claimed in claim 12 wherein, upon conduction of the
sense current, sense current fields oppositely bias the magnetic moments of the first and second
free layers so that a bias point of the spin valve sensor remains midway on a transfer curve of the

spin valve sensor.



maki.ng the read head as follows: formng a ferromagnetic first shield

| ayer; formng a nonmagnetic electrically insulative first read gap | ayer
‘on the first shield layer; forming a spin valve sensor on the first read
gap layer as follows: formng a ferrona%netic first free layer on the first
read gap | ayer that has a magnetic momeRst- oriented in a first direction
upon conduction of a sense current through the spin valve sensor; formng a
nonmagneti c electri ive fir a I e first, free
"ayer: forming a1 & AtsHERPA b brlheiPEln ' B Fhellh MR Y hFER
spacer serRyed;fidraths pouprRondiitingesitdmgnaiahgangtd(1iVig), ndokel mafgintge (NiNgh) and

pi nned | ayer structure for pinning a nmagnetic nonment of the first pinned

| ayer St manganege htMidd direction; forning a ferromagnetic second

pi nned | ayer structure on the pinning |ayer so that the pinning | ayer can
pin a magnetic nonent of the second pinned |ayer structure in said pinned
di rection; ank.for mnyaguetionpahead as elagued ircalaimg Bowdlatsin e pmoogdlaypaiser

| ayer on.the second Ri d layer structure; and formng a ferronmagnetic
second1F935nFg9%?w8%8hﬂ§isecond spacer |ayer that has a magnetic nonent
oriented in a second direction upon conduction of said sense current

t hrough the spin valve sensor; and the ki ng. of .t he read head further

i ncl udi ng: f i ng F‘Fa&leté%ffagé‘%ﬂ%? Ogﬁpggb'?& ing | § Whesgin thepipaing layeris $0A-st
read gagpA ay&¢ that are connected to first and second side edges of the
spin val ve sensor; and - 33 formng a nonmagnetic electrically
conductive second read gap | ayer on the spin val ve sensor and the first and
second hard bj-as an - nS., i he kie. |l ,
formng on t Eieﬁs ec o‘éréc?ll %ggé Séég q%gg/gér]glaa@é@r éra%rlr%glnle%&%ﬁgq%ggfgf g‘f’e@gp"r"é‘yer
t hat hascend/piaed tyeosiripgires e Brspandesdcopd retgpacallch pthnad bhaeks grapobaly (Oo); or

firet SRS Ban el 28 iR TR an e RI5 TG aTer S i FRF wbleasiib
a witegkhoil enbedded therein on the first pole piece |layer in the yoke

region; and formng a second pole piece |ayer on the wite gap |ayer, on
the insulation stack and on the first pole piece |layer in the back gap

region. 82. Aygret Nof @fefehidi BRAhédd & Slalhilin Plaint!d7\Gher8int &lch Tt Hst! A
second read gap | ayer and before formng the first pole piece layer formng

a ferroseagwdiee laystoisubstprtiadly 3/ thiekn andyeachnf dhel spasanilayers is gybstantially 12A
thick.

19. A magnetic read head as claimed in claim 2 wherein:

the first antiparallel pinned layer of the first pinned layer structure and the second
antiparallel pinned layer of the second pinned layer structure have equal magnetic moments;

the second antiparallel pinned layer of the first pinned layer structure and the first
antiparallel pinned layer of the second pinned layer strucutre have equal magnetic moments; and

the magnetic moments of the first antiparallel pinned layer of the first pinned layer
structure and the second antiparallel pinned layer of the second pinned layer structure being
greater or less than the magnetic moments of the second antiparallel pinned layer of the first

pinned layer structure and the first antiparallel pinned layer of the second pinned layer structure.

20. A magnetic read head as claimed in claim 19 wherein:

the magnetic moments of each of the antiparallel pinned layers is perpendicular to the
ABS; and

the magnetic moments of the first antiparallel pinned layer of the first pinned layer

structure and the second antiparallel pinned layer of the second pinned layer structure are



form ng a nonmagneti c separation |layer on the second shield |ayer; and said
formng of the first pole piece |ayer being on said separation |ayer. 83. A
met hod as clainmed in claim8l wherein each of the first and second pinned

| ayer structures conprises: ferronmagne &c first and second antiparall el

pi nned | ayers; an anti parall el couplihg rayer between the first and second
anti parallel pinned |ayers; a magnetic nonent of each of the first

hat " SRpepalch ol it SRURL nfFL ARIANERRY: O\Ro R e BUBF stlldhe e O
each offirdthatipealiel phirmetlilper af thelse@indrpaheddyyeer strigureqrpantipacallieh sai d pi nned

direction by an antiparallel coupling with a respective first antiparall el
pi nned | ayer. 84. A nethod as clainmed in claim83 wherein: the first

anti paral | el 2pi nned hmayesticebad Kadhal ERIm&d MPHm 2V QhersintHE idgRetitombAts of
second antiparallel pinned | ayer of the second pinned |ayer structure are

f or med the first eatiparalisd gpieneddayesasithe firgt inneddayer sivetupapad the sesprdhentipasgiial of

the fi i ' i - | f
the seEiigt IS SoURY eofd phibkd TP RIS ard ERpucr Rlab e Bld o it GUEE . ©
and  -s&bntlhatipagie pimneddayen bf theffirstpendddrisyer atractpieer anidi the fipst antighralbe) pinned

the first pLpned | ayer structure and the second antiparallel pinned | ayer
of the@'@&gh eﬁF?‘ﬂﬁ’g l@é?ye‘gls&ﬁ%re are formed greater or less than the
magneti c nonents of the second antiparallel pinned |ayer of the first

pi nned | ayer structure and the first ant‘iﬁgar al l el pinned | ayer of the
second pi nned?t aye® Biagpetiqurcad hgad agclagnethin glaim R4 whegein wighoxt speduciipe ofi n:

the ﬂag&at %eﬁsé*&ﬁ’? $hOir& d&hﬁdhﬁe@%ﬂaﬁ@%ﬁ%?ghg ?x%}ﬁérﬁé’fw}ﬁcﬂ Srel (e 4TR4

perpendi cular to the ABS; an e mag I C none the first

ant i pamveith sbpest tonese angther awd totthe ABS: st pi nned | ayer structure and the
second antiparallel pinned |ayer of the second pinned | ayer structure are
formed antiparallel and the second antiparallel pinned |ayer of the first
pi nned | ayer 28t r uctAinagastit lidaé agsersblily hating aredd| lelad, i wrikchdadyaad aafairt hearing
second Bhnne&éﬂyer structure are formed antiparallel. 86. A nethod as

cl ai med"HACT SN Eei n t he magnetic nonents of the first antiparallel

pi nned | ayer thd wikehdallisdludihgtned | ayer structure and the second
antiparallel pinned |ayer of the second pinned |ayer structure are forned
greater than the nisgRBtagRetffRstand SS?OW?%@E%]&Y‘?{HU paral | el pinned |ayer

of the first pinne u i : lyoR yer
cheh aShe HrktUgldUsRoRd ofeh;%\eéﬁa %aﬁérsqghcvh{%’iﬁ 3hok€lpoRidiNRated

of the second pinned | ayer structure. 87. ! od as clai'med in claim86
wher ei n wi t hdeatweemalpeletiprpogtionsaridcs bask gap postiosht the first and second free

layers are formed yLiy, TROAE Wrfie FRIERES 100008 Befieen R fo1b &p portions of the first

and second pole piece layers;
an insulation stack with at least one coil layer embedded therein located

between the yoke portions of the first and second pole piece layers; and

the first and second pole piece layers being connected at their back gap
portions; and
the read head including:

nonmagnetic electrically insulative first and second read gap layers;

a spin valve sensor;

first and second hard bias and lead layers connected to the spin valve sensor;

the spin valve sensor and the first and second hard bias and lead layers being
located between the first and second read gap layers;

a first shield layer;

the first and second read gap layers being located between the first shield layer

and the first pole piece layer; and the spin valve sensor including:



Wi th respect to one another and to the ABS. 88. A nmethod as clained in
~claim 81 wherein each of the first and second pinned |ayer structures is
made by formng a single ferromagnetic layer. 89. A nmethod as clained in
claim 81 wherein the pinning layer is selected fromthe group consisting of
i ri di um manganese (1rMh), nickel manga#ése (N M1) and iridi um nanganese
(I'rvn). 90. A nethod as clained in claim81l wherein the pinning | ayer is

formed of iridium 1| J - 5 91. Anethod as clained in claim
90 wherein the pi n%%ﬁeﬁ?{@g&x}eéﬁ%r}nﬁ%lag% -80A thick. 92. A nethod as

claimed in clfedémBdnetyo diretiand séwhﬁipﬁtgleaﬂ@ef sthsdturag)d second pinned | ayer
structures and the pinning t her ebe geen Wi g Ct_sal d | nned direction
perpendi cul ar to t H¥ panaIngy ﬁ‘i gmgﬂgceft? tae fyslgand secondypipeds dayenat

wi thout condieidfbsQhd iR Hehitic fnent @peaeﬁa@%e SrsiTRAPBcin® birk B8 1dyef St

and second free layers are paral to the ABS; and conducti ng

current throwsthctutes is pipmnediditectsmmsor to produce sense current fields that
cause the first dirge on nt of the first free layer to
be one way fromthg A)giaggﬁ@é P%’?%}ifﬂ Eeggﬁfrge feggg%’d direction of the magnetic
mormrent of the secononthagertit@leetrically b@umntmqom@sartc&ew)d dpaceniayes;ABS. 93. A
met hod as clainmed in ¢l aim8l wherei n],g ugqc)){)] cond on oféﬂ‘g sense
current, sense cur IS¥ $RICEL: aiﬁfg}? £} %@"e?‘h @tnlé‘ﬂl RretiTustuse andye
first and SeqRifrd ‘ﬁ%@lz#y@yﬁxﬁcﬁﬂé%eédﬁﬁtspwe}Mb&@é‘ﬂ%ﬁ&ﬂ%@t\@mtﬂtﬂ@se@&ﬂ? nned

current a bias point of the spin valve sensor is located at a mdway on a
transfer curd@y%fstrﬂmesﬁ@dﬁhﬁ/@ﬁcvedﬁeﬁb\dﬁr, 94. A nethod as cl ai rred in claim
81 including form

t hat causes the pi nﬁ?ﬁrlgl%lcg);?g{r%t (W% §/e con&ug{rmcéngg%?llng{r;ﬁ‘é & ?ﬁhseaﬁl%?
bet ween t he ffreeslayadﬂvngwndgmatm migccn e yhent 1$¢mﬂnmdme!sﬁrs951reo®mnmhbd)hh sesond
clainmed in cl 94 wher ei n n e first and secon i.nned | ayer
structures arfgeet ﬁ%erﬁ‘iaWﬁgm?%‘ﬁg OH%PE'{%@HR@EH thaé?ﬂ’adgf E‘fﬁtb% direction
per Eendl cul gr tot hpoxﬂaﬁxh dubt@éoftle bdie ‘cunratrt] tlaodgtsthe @pial dals%esehayfaﬁa Ep&} arhat
wi t hout conduct t he _sense current, the ments of _the first
and second fraéBlIF‘gﬁ@Idst @%d’r“g}qdcl:,i?y?rcﬁt‘iuﬁ%“%ég?%g dé%gg%ﬂ ¢heafist gpacer
current thr oqmrtth@resaweeﬂ%a&cmnﬁ Qirstt gnﬂwiléceff&%ﬁe t6e rsE:@de pinféd haykepat

cause the first direction of the magneti'c nonment of the first free |ayer to
be one way f rsgmsture, the second free layer and the second spacer layer therebetween producing a

second spin valve effect; and

the pinned direction of the magnetic moments of the first and second pinned
layer structures and the first and second directions of the magnetic moments of the first
and second free layers being such that said first and second spin valve effects are

additive.

24, A magnetic head assembly as claimed in claim 23 including:

a ferromagnetic second shield layer;

a nonmagnetic separation layer; and

the separation layer being located between the second shield layer and the first pole

piece layer.

25. A magnetic head assembly as claimed in claim 23 wherein each of the first and
second pinned layer structures comprises:
ferromagnetic first and second antiparallel pinned layers;
an antiparallel coupling layer between the first and second antiparallel pinned

layers;



the ABS and to cause the second direction of the magnetic nonment of the
second free layer to be an opposite way fromthe ABS. 96. A nethod as
‘clainmed in claim95 wherein, upon conduction of the sense current, sense
current fields oppositely bias the magnetic nonents of the first and second
free -36 layers so that without condl@ttion of the sense current a bias
point of the spin valve sensor is located at a mdway on a transfer curve

of the spin valve sensor, 97. A rrgt;g;gd as clainmed ip . claim96 wherein the

pi nning layer is saBgngtc mogmpnt Siphe w&a%tm%ﬂbplmpﬁl dRVSHR bR BINESE
(1rM), ni ckely BRARRNES m%éﬂ}hwrea% thhd lghmmamwm lﬁhéd\@s}ecu%ﬁ met hod
as clainmed in cIa m 96 erein the pinning layer is fornmed of iridium
manganese (1rMh). @9omagnatietmonkenisof kadhmefi thensecbnd rimtgarelted rpgimed: keyersi beinpg
| ijée; :A?( ngr5 nl‘)eAfclin if]n %%@ IIXQII‘%G %eﬁ\gg\@%lparaﬂel coupling with a respective first
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said sense current the first and second free layers have magnetic moments which are parallel

with respect to one another and to the ABS.



,109% , 9! 10%& ()-*, 9! 10% ()-* m, 9! 10%{& ()-*YF10%: ()-Z 10 10 103.
109 ()--78D~ @, 1091 109& ()-1 109& ()-,| '109%& ()- 10 10 100
109& ()-!>, 91 TOY%& () - *DYB- udE~_@, 109 y/ 109& ()- 109%& () -
S109%& ()-1$10%& ()-1$10%& ()-Y L10%& ()= u## =
109% F& 10%mm& () - #! $| 10%m& () - FFL0%&2()- 10 10 102z10%& ()- 1
109&' () - ##88&8&P--{Y7 1Y "10%M m & ()-3! = "10%\ & ()- 3! 310%G& ()- 10m 10m

10m + 10%r& QK- ! 4F p \
1oV 1~ 10\ 87 - 3t PR f%f'{b‘?%% g 5 oA G oSt Gnbos 7 e s
109&' ( econd pliddl 1§ jer Sfra@vks (9 a SngloF@'r¢hagnBtic layer.
109&' ()-!'V@OY& ()-314111C2X22aBP7 !YY 10%& () -
31. A magnetic head assembly as claimed in claim 23 wherein, upon conduction of
a sense current through the spin valve sensor, a thickness and resistance of the pinning layer is
such that the pinning layer freely conducts conduction electrons between the first and second

pinned layer structures.

32. A magnetic head assembly as claimed in claim 31 wherein:

the pinned direction is perpendicular to the ABS;

without conduction of the sense current, the magnetic moments of the first and second
free layers are parallel to the ABS; and

upon conduction of the sense current, sense current fields cause the first direction of the
magnetic moment of the first free layer to be one way from the ABS and cause the second

direction of the second free layer to be an opposite way from the ABS.

33, A magnetic head assembly as claimed in claim 32 wherein, upon conduction of
the sense current, sense current fields oppositely bias the magnetic moments of the first and
second free layers so that a bias point of the spin valve sensor remains midway on a transfer

curve of the spin valve sensor.

34. A magnetic head assembly as claimed in claim 33 wherein the pinning layer is
selected from the group consisting of iridium manganese (ItMn), nickel manganese (NiMn) and

platinum manganese (PtMn).

35. A magnetic head assembly as claimed in claim 34 wherein each of the first and
second pinned layer structures comprises:

ferromagnetic first and second antiparallel pinned layers;
an antiparallel coupling layer between the first and second antiparallel pinned layers;

a magnetic moment of each of the first antiparallel pinned layers being pinned
by the pinning layer in a direction that is antiparallel to said pinned direction; and

a magnetic moment of each of the second antiparallel pinned layers being
pinned in said pinned direction by an antiparallel coupling with a respective first

antiparallel pinned layer.
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iridium manganese (IrMn).

37. A magnetic head assembly as claimed in claim 36 wherein the pinning layer is
50A-80A thick.

38. A magnetic head assembly as claimed in claim 37 wherein for each of the first
and second pinned layer structures the first and second antiparallel pinned layers are cobalt (Co)
or (CoFe) substantially 12A thick and the antiparallel coupling layer is ruthenium (Ru)
substantially 8A.

39. A magnetic head assembly as claimed in claim 38 wherein each of the first and
second free layers is substantially 35A thick and each of the spacer layers is substantially 12A
thick.

40. A magnetic head assembly as claimed in claim 34 wherein each of the first and

second pinned layer structures is a single ferromagnetic layer.

41. A magnetic head assembly as claimed in claim 40 wherein the pinning layer is

iridium manganese (IrMn).

42. A magnetic head assembly as claimed in claim 41 wherein the pinning layer is
50A-80A thick.

43, A magnetic disk drive that includes at least one slider that has an air bearing
surface (ABS), the slider supporting at least one magnetic head assembly that includes a read
head and a write head, the disk drive comprising:

the write head including:

first and second pole piece layers;

each of the first and second pole piece layers having a yoke portion located
between a pole tip portion and a back gap portion,;

a nonmagnetic write gap layer located between the pole tip portions of the first

and second pole piece layers;
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portions; and
the read head including:

nonmagnetic electrically insulative first and second read gap layers;

a spin valve sensor;

first and second hard bias and lead layers connected to the spin valve sensor;

the spin valve sensor and the first and second hard bias and lead layers being
located between the first and second read gap layers;

a first shield layer;

the first and second read gap layers being located between the first shield layer
and the first pole piece layer; and
the spin valve sensor including:

an antiferromagnetic pinning layer;

ferromagnetic first and second pinned layer structures;

the pinning layer being located between the first and second pinned layer
structures and pinning a magnetic moment of each of the first and second pinned layer
structures in a pinned direction;

ferromagnetic first and second free layers;

nonmagnetic electrically conductive first and second spacer layers;

the first spacer layer being located between the first pinned layer structure and
the first free layer and the second spacer layer being located between the second pinned
layer structure and the second free layer;

upon the conduction of a sense current through the spin valve sensor, the first
free layer having a magnetic moment that is oriented in a first direction and the second
free layer having a magnetic moment that is oriented in a second direction;

upon conduction of the sense current through the spin valve sensor and upon an
applied field, the first pinned layer structure, the first free layer and the first spacer
layer therebetween producing a first spin valve effect and the second pinned layer
structure, the second free layer and the second spacer layer therebetween producing a
second spin valve effect; and

the pinned direction of the magnetic moments of the first and second pinned

layer structures and the first and second directions of the magnetic moments of the first
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X a housing;
a magnetic disk rotatably supported in the housing;
a support mounted in the housing for supporting the magnetic head assembly with its
ABS facing the magnetic disk so that the magnetic head assembly is in a transducing relationship
with the magnetic disk;
means for rotating the magnetic disk;
positioning means connected to the support for moving the magnetic head assembly to
multiple positions with respect to said magnetic disk; and
processing means connected to the magnetic head assembly, to the means for rotating
the magnetic disk and to the positioning means for exchanging signals with the magnetic head
assembly, for controlling movement of the magnetic disk and for controlling the position of the

magnetic head assembly.

44, A magnetic disk drive as claimed in claim 43 including:

a ferromagnetic second shield layer;

a nonmagnetic separation layer; and

the separation layer being located between the second shield layer and the first pole

piece layer.

45. A magnetic disk drive as claimed in claim 43 wherein each of the first and
second pinned layer structures comprises:

ferromagnetic first and second antiparallel pinned layers;

an antiparallel coupling layer between the first and second antiparallel pinned layers;

a magnetic moment of each of the first antiparallel pinned layers being pinned by the
pinning layer in a direction that is antiparallel to said pinned direction; and

a magnetic moment of each of the second antiparallel pinned layers being pinned in said

pinned direction by an antiparallel coupling with a respective first antiparallel pinned layer.

46. A magnetic read head as claimed in claim 45 wherein:
the first antiparallel pinned layer of the first pinned layer structure and the second

antiparallel pinned layer of the second pinned layer structure have equal magnetic moments;
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structure and the second antiparallel pinned layer of the second pinned layer structure being
greater or less than the magnetic moments of the second antiparallel pinned layer of the first

pinned layer structure and the first antiparallel pinned layer of the second pinned layer structure.

47. A magnetic read head as claimed in claim 46 wherein:

the magnetic moments of each of the antiparallel pinned layers is perpendicular to the
ABS; and

the magnetic moments of the first antiparallel pinned layer of the first pinned layer
structure and the second antiparallel pinned layer of the second pinned layer structure are
antiparallel and the second gntiparallel pinned layer of the first pinned layer structure and the

first antiparallel pinned layer of the second pinned layer structure are antiparallel.

48. A magnetic read head as claimed in claim 47 wherein the magnetic moments of
the first antiparallel pinned layer of the first pinned layer structure and the second antiparallel
pinned layer of the second pinned layer structure are greater than the magnetic moments of the
second antiparallel pinned layer of the first pinned layer structure and the first antiparallel pinned
layer of the second pinned layer structure.

49. A magnetic read head as claimed in claim 48 wherein without conduction of
said sense current the first and second free layers have magnetic moments which are parallel

with respect to one another and to the ABS.

50. A magnetic disk drive as claimed in claim 43 wherein each of the first and

second pinned layer structures is a single ferromagnetic layer.

51, A magnetic disk drive as claimed in claim 43 wherein, upon conduction of a
sense current through the spin valve sensor, a thickness and resistance of the pinning layer is
such that the pinning layer freely conducts conduction electrons between the first and second

pinned layer structures.

52. A magnetic disk drive as claimed in claim 51 wherein:
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upon conduction of the sense current, sense current fields cause the first direction of the
magnetic moment of the first free layer to be one way from the ABS and cause the second

direction of the second free layer to be an opposite way from the ABS.

53. A magnetic disk drive as claimed in claim 52 wherein, upon conduction of the
sense current, sense current fields oppositely bias the magnetic moments of the first and second
free layers so that a bias point of the spin valve sensor remains midway on a transfer curve of the

spin valve sensor.

54. A magunetic disk drive as claimed in claim 53 wherein the pinning layer is
selected from the group consisting of iridium manganese (IrMn), nickel manganese (NiMn) and

platinum manganese (PtMn).

55. A magnetic disk drive as claimed in claim 54 wherein each of the first and
second pinned layer structures comprises:

ferromagnetic first and second antiparallel pinned layers;

an antiparallel coupling layer between the first and second antiparallel pinned layers;

a magnetic moment of each of the first antiparallel pinned layers being pinned by the
pinning layer in a direction that is antiparallel to said pinned direction; and

a magnetic moment of each of the second antiparallel pinned layers being pinned in said

pinned direction by an antiparallel coupling with a respective first antiparallel pinned layer.

56. A magnetic disk drive as claimed in claim 55 wherein the pinning layer is

iridium manganese (IrMn).

57. A magnetic disk drive as claimed in claim 56 wherein the pinning layer is 50A-
80A thick.
58. A magnetic disk drive as claimed in claim 57 wherein for each of the first and

second pinned layer structures the first and second antiparallel pinned layers are cobalt (Co) or
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60. A magnetic disk drive as claimed in claim 54 wherein each of the first and

second pinned layer structures is a single ferromagnetic layer.

61. A magnetic disk drive as claimed in claim 60 wherein the pinning layer is

iridium manganese (IrMn).

62. A magnetic disk drive as claimed in claim 61 wherein the pinning layer is 50A-
80A thick.

63. A method of making a read head that has an air bearing surface (ABS)
comprising:
forming a ferromagnetic first shield layer;
forming a nonmagnetic electrically insulative first read gap layer on the first shield
layer;
forming a spin valve sensor on the first read gap layer as follows:
forming a ferromagnetic first free layer on the first read gap layer that has a
magnetic moment oriented in a first direction upon conduction of a sense current
through the spin valve sensor;
forming a first nonmagnetic electrically conductive first spacer layer on the
first free layer;
forming a ferromagnetic first pinned layer structure on the first spacer layer;
forming an antiferromagnetic pinning layer on the first pinned layer structure
for pinning a magnetic moment of the first pinned layer structure in a pinned direction;
forming a ferromagnetic second pinned layer structure on the pinning layer so
that the pinning layer can pin a magnetic moment of the second pinned layer structure

in said pinned direction; and
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through the spin valve sensor; and
the making of the read head further including:
forming first and second hard bias and lead layers on the first read gap layer
that are connected to first and second side edges of the spin valve sensor;
forming a nonmagnetic electrically conductive second read gap layer on the
spin valve sensor and the first and second hard bias and lead layers; and

forming a ferromagnetic second shield layer on the second read gap layer.

64. A method as claimed in claim 63 wherein each of the first and second pinned
layer structures comprises:

ferromagnetic first and second antiparallel pinned layers;

an antiparallel coupling layer between the first and second antiparallel pinned layers;

a magnetic moment of each of the first antiparallel pinned layers being pinned by the
pinning layer in a direction that is antiparallel to said pinned direction; and

-a magnetic moment of each of the second antiparallel pinned layers being pinned in said

pinned direction by an antiparallel coupling with a respective first antiparallel pinned layer.

65. A method as claimed in claim 64 wherein:

the first antiparallel pinned layer of the first pinned layer structure and the second
antiparallel pinned layer of the second pinned layer structure are formed with equal magnetic
moments;

the second antiparallel pinned layer of the first pinned layer structure and the first
antiparallel pinned layer of the second pinned layer structure are formed with equal magnetic
moments; and

the magnetic moments of the first antiparallel pinned layer of the first pinned layer
structure and the second antiparallel pinned layer of the second pinned layer structure are formed
greater or less than the magnetic moments of the second antiparallel pinned layer of the first

pinned layer structure and the first antiparallel pinned layer of the second pinned layer structure.

66. A method as claimed in claim 65 wherein:
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the magnetic moments of the first antiparallel pinned layer of the first pinned layer
structure and the second antiparallel pinned layer of the second pinned layer structure are formed
antiparallel and the second antiparallel pinned layer of the first pinned layer structure and the

first antiparallel pinned layer of the second pinned layer structure are formed antiparallel.

67. A method as claimed in claim 66 wherein the magnetic moments of the first
antiparallel pinned layer of the first pinned layer structure and the second antiparallel pinned
layer of the second pinned layer structure are formed greater than the magnetic moments of the
second antiparallel pinned layer of the first pinned layer structure and the first antiparallel pinned
layer of the second pinned layer structure.

68. A method as claimed in claim 67 wherein without conduction of said sense
current the first and second free layers are formed with magnetic moments which are parallel

with respect to one another and to the ABS.

69. A method as claimed in claim 63 wherein each of the first and second pinned

layer structures is made by forming a single ferromagnetic layer.

70. A method as claimed in claim 63 wherein the pinning layer is selected from the
group consisting of iridium manganese (IrMn), nickel manganese (NiMn) and iridium
manganese (IrMn).

71. A method as claimed in claim 63 wherein the pinning layer is formed of

iridium manganese (IrMn).

72. A method as claimed in claim 71 wherein the pinning layer is formed S0A-80A
thick.

73. A method as claimed in claim 63 wherein:
forming the first and second pinned layer structures and the pinning layer therebetween
with said pinned direction perpendicular to the ABS;
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conducting a sense cirrent through the spin valve sensor to produce sense current fields

that cause the first direction of the magnetic moment of the first free layer to be one way from
the ABS and to cause the second direction of the magnetic moment of the second free layer to be

an opposite way from the ABS.

74, A method as claimed in claim 63 wherein, upon conduction of the sense
current, sense current fields oppositely bias the magnetic moments of the first and second free
layers so that without conduction of the sense current a bias point of the spin valve sensor is

located at a midway on a transfer curve of the spin valve sensor.

75. A method as claimed in claim 63 including forming the pinning layer with a
thickness and a resistance that causes the pinning layer to freely conduct conduction elections

between the first and second pinned layer structures.

76. A method as claimed in claim 75 wherein:

forming the first and second pinned layer structures and the pinning layer therebetween
with said pinned direction perpendicular to the ABS;

forming the first and second free layers so that without conduction of the sense current,
the magnetic moments of the first and second free layers are parallel to the ABS; and

conducting a sense current through the spin valve sensor to produce sense current fields
that cause the first direction of the magnetic moment of the first free layer to be one way from
the ABS and to cause the second direction of the magnetic moment of the second free layer to be

an opposite way from the ABS.

77. A method as claimed in claim 76 wherein, upon conduction of the sense
current, sense current fields oppositely bias the magnetic moments of the first and second free
layers so that without conduction of the sense current a bias point of the spin valve sensor is

located at a midway on a transfer curve of the spin valve sensor.

78. A method as claimed in claim 77 wherein the pinning layer is selected from the
group consisting of iridilum manganese (IrMn), nickel manganese (NiMn) and iridium
manganese (IrMn).
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80. A method as claimed in claim 79 wherein the pinning layer is formed 50A-80A

thick.

81. A method of making a magnetic head assembly that has a read head a write
head and an air bearing surface (ABS) comprising:

making the read head as follows:

forming a ferromagnetic first shield layer;

forming a nonmagnetic electrically insulative first read gap layer on the first
shield layer;

forming a spin valve sensor on the first read gap layer as follows:

forming a ferromagnetic first free layer on the first read gap layer that has a
magnetic moment oriented in a first direction upon conduction of a sense current
through the spin valve sensor;

forming a nonmagnetic electrically conductive first spacer layer on the first
free layer;

forming a ferromagnetic first pinned layer structure on the first spacer layer;

forming an antiferromagnetic pinning layer on the first pinned layer structure
for pinning a magnetic moment of the first pinned layer structure in a pinned direction;

forming a ferromagnetic second pinned layer structure on the pinning layer so
that the pinning layer can pin a magnetic moment of the second pinned layer structure
in said pinned direction; and

forming a nonmagnetic electrically conductive second spacer layer on the
second pinned layer structure; and
forming a ferromagnetic second free layer on the second spacer layer that has a
magnetic moment oriented in a second direction upon conduction of said sense current
through the spin valve sensor; and
the making of the read head further including:

forming first and second hard bias and lead layers on the first read gap layer

that are connected to first and second side edges of the spin valve sensor; and
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has a yoke region between a pole tip region and a back gap region;

forming, in an unordered sequence, a nonmagnetic write gap layer on the first
pole piece layer in the pole tip region and an insulation stack with a write coil
embedded therein on the first pole piece layer in the yoke region; and

forming a second pole piece layer on the write gap layer, on the insulation

stack and on the first pole piece layer in the back gap region.

82. A method as claimed in claim 81 including:

after forming the second read gap layer and before forming the first pole piece layer
forming a ferromagnetic second shield layer on the second read gap layer;

forming a nonmagnetic separation layer on the second shield layer; and

said forming of the first pole piece layer being on said separation layer.

83. A method as claimed in claim 81 wherein each of the first and second pinned
layer structures comprises:

ferromagnetic first and second antiparallel pinned layers;

an antiparallel coupling layer between the first and second antiparallel pinned layers;

a magnetic moment of each of the first antiparallel pinned layers being pinned by the
pinning layer in a direction that is antiparallel to said pinned direction; and

a magnetic moment of each of the second antiparallel pinned layers being pinned in said

pinned direction by an antiparallel coupling with a respective first antiparallel pinned layer.

84. A method as claimed in claim 83 wherein:

the first antiparallel pinned layer of the first pinned layer structure and the second
antiparallel pinned layer of the second pinned layer structure are formed with equal magnetic
moments;

the second antiparallel pinned layer of the first pinned layer structure and the first
a.ntiparallei pinned layer of the second pinned layer structure are formed with equal magnetic

moments; and
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greater or less than the magnetic moments of the second antiparallel pinned layer of the first

pinned layer structure and the first antiparallel pinned layer of the second pinned layer structure.

85. A method as claimed in claim 84 wherein:

the magnetic moments of each of the antiparallel pinned layers is formed perpendicular
to the ABS; and

the magnetic moments of the first antiparallel pinned layer of the first pinned layer
structure and the second antiparallel pinned layer of the second pinned layer structure are formed
antiparallel and the second antiparallel pinned layer of the first pinned layer structure and the

first antiparallel pinned layer of the second pinned layer structure are formed antiparallel.

86. A method as claimed in claim 85 wherein the magnetic moments of the first
antiparallel pinned layer of the first pinned layer structure and the second antiparallel pinned
layer of the second pinned layer structure are formed greater than the magnetic moments of the
second antiparallel pinned layer of the first pinned layer structure and the first antiparallel pinned

layer of the second pinned layer structure.

87. A method as claimed in claim 86 wherein without conduction of said sense
current the first and second free layers are formed with magnetic moments which are parallel

with respect to one another and to the ABS.

88. A method as claimed in claim 81 wherein each of the first and second pinned

layer structures is made by forming a single ferromagnetic layer.

89. A method as claimed in claim 81 wherein the pinning layer is selected from the
group consisting of iridium manganese (IrMn), nickel manganese (NiMn) and iridium

manganese (IrMn).

90. A method as claimed in claim 81 wherein the pinning layer is formed of

iridium manganese (IrMn).
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forming the first and second free layers so that without conduction of the sense current,
the magnetic moments of the first and second free layers are parallel to the ABS; and
conducting a sense current through the spin valve sensor to produce sense current fields
that cause the first direction of the magnetic moment of the first free layer to be one way from
the ABS and to cause the second direction of the magnetic moment of the second free layer to be

an opposite way from the ABS.

93. A method as claimed in claim 81 wherein, upon conduction of the sense
current, sense current fields oppositely bias the magnetic moments of the first and second free
layers so that without conduction of the sense current a bias point of the spin valve sensor is

located at a midway on a transfer curve of the spin valve sensor.

94. A method as claimed in claim 81 including forming the pinning layer with a
thickness and a resistance that causes the pinning layer to freely conduct conduction elections

between the first and second pinned layer structures.

95. A method as claimed in claim 94 wherein:

forming the first and second pinned layer structures and the pinning layer therebetween
with said pinned direction perpendicular to the ABS;

forming the first and second free layers so that without conduction of the sense current,
the magnetic moments of the first and second free layers arc parallel to the ABS; and

conducting a sense current through the spin valve sensor to produce sense current fields
that cause the first direction of the magnetic moment of the first free layer to be one way from
the ABS and to cause the second direction of the magnetic moment of the second free layer to be

an opposite way from the ABS.

96. A method as claimed in claim 95 wherein, upon conduction of the sense

current, sense current fields oppositely bias the magnetic moments of the first and second free
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97. A method as claimed in claim 96 wherein the pinning layer is selected from the
group consisting of iridium manganese (IrMn), nickel manganese (NiMn) and iridium

manganese (IrMn).

98. A method as claimed in claim 96 wherein the pinning layer is formed of

iridium manganese (IrMn).

99. A method as claimed in claim 98 wherein the pinning layer is formed 50A-80A
thick.




