e3e[D:6pT 15 J UL 2002 1 SEED LAYER STRUCTURE FOR SPI N %@ VE SENSOR
BACKGROUND OF THE INVENTION 1. Field of the Invention The pré Enuwhvg@mon
rel at es \mﬁ\“\\l ayer structure for a spin valve sensor and, nore
parti C\N\m\\“\\\ bi | ayer seed | ayer structure which increases a
magnet S oBzVe coefficient of the spin valve sensor by inproving its
m crostructlre. 2. Description of the Related Art The heart of a conputer
is an assenbly that is referred to as a nagnetic disk drive. The magnetic
di sk drive includes IFEDIAYBRERECTURE $OR SPENIVIEL VESEENSOR Wite and
read heads, a suspension armthat supports the slider above the rotating
di sk and an actuator that swi ngs the suspension armto place the read and
write heads over selected circular tracks on the rotating disk. The
suspensi on arm bi ases the sIBAEKGROUNID OXFRTHEANVENTEOMNIr f ace of the disk
when the disk is not rotating but, when the disk rotates, air is swirled by
the rotating disk adjacent an air bearing surface (ABS) of the slider
causi ng the sliderlto rFieddofittednsentidmeari ng a slight distance fromthe

surface of the rot%i n? di sk. Wien the slidey rides on &.he ai.r bearing the
write and read head&® BFSCRAPYTYER TFBIES it P SPHy!AHIGIBICTIES {9dr YURVBIYE SEB5%nd
readi ng magneti c | es.si: r i IS LRad, Lt
heads are con%lllé&:éte %oﬁﬁlggiré%i ﬁ(g]%:r}rﬁéazﬁ %Eé‘{]%%@rogté‘#";‘;?gs acco?ggﬁ%ge%oga
conput er pr ognagndtoresistivessvefficienhef the spinh valvaschsoetadinpgofingits imidrsstrutheer ead
head includes a sepnsor that is |ocated between nonmagnetic electrically
insulative first akd seBsseripdamofdhpRelpted Arbnd the first and second read

| | i o iehd ..
Paera, “The wit o RbadeRhbr T Bubger BRPSkhfy hih RS R AT o BiCdin
third insul at gov. | T4emiagnbis HlsRdRA i88186d6)a rdtitthgl Maghatic] ddk, St Afder BRltNs

sandw ched between first and second pole piece layers A gap is forned
bet ween t he f vt aralwdad beasiaoa paspenspinewren thalysapportty tha shderrmagveethie cotgtame Hiaker

at an air beari syrfac ABS f the wite head. The I i.ece | .adders
are connect eda’h‘{]g‘haﬁ%ﬂr_ é)sw ?ﬁ’@rf?s@&ﬂ%@f%&’ 5@0?%@%%0@%1‘39*6 cpdypvEs a
15 J U L 2f] Oge|id®PARG ok QraEltse&fjth'e'?BtQtiﬁé"QisEO'Iﬁe %sﬁgﬁoﬁﬁﬁ{bifa%sﬂﬂ@ﬁﬁgéf lriﬁa’cés

the gap between the pole pieces at the  ABS. The fringe field or t k

t her eof wri t esontatk ovithathiesnrface off the kdsskowherpihie nijsknisdio rotstugghbuats wihen ehe diskar
tracks on a rotating disk, In recent read heads a spin.valve s roj

enpl oyed for S&eS: ﬁﬁ lﬁatjﬁ&dibytﬁipé@ta%n& Pk rAGenE 8% A @ﬂ%ﬁﬂ@ﬁzﬁﬁggd thehe
sensor includ i Lyve: | , i t@ as
S apater I ayeruel cASHEAREN G, EORGGE b fir bEN Tl o NEIEUIBLLE b hELiRtka ©
her ei naf t er rgkeotddg iskadVkenptha skdkr rialgeon thandt teafifig thel vayte land kdadHeadnsgte

second | eads are connected to the spin valve sensor for conducting a sense
current ther eSTRPSuEhor PHHEIngagREes HRPEHIYE 1 BB BradRednignrEs INRrepoRfefiom

per pendi cul ar i€.1.D i - tic
oot of t helFro2ipg ol Bie 8 L LASEcaCe Bhntclf B5R6ENH, ISR, L1
in response topeattenbaddifiggioesd i comipuet dsogrimetoThgpleibataticonritihg tdhd Radingd

| ayer is typically pinned by exchange coupling with an antiferronagnetic

| ayer. The t hflERWREs of t he spacer |l ayer is chosen so that shunting of the
sense current and tid ¢ .coupling b e he free,an inned | ayers
are mnimzed. TI ughgﬁggﬁn}éegg fnscg’ldggs]sa tsr%éérq&t {l:ng r%galr?c?%‘?%gbeg‘g%ﬁl &f nr&%%pcfleglgti on
el ectrons t hr eleghicdiRensans® firsMiidsetdtidsedd gnapemd tha fibRahd estoali réddgyap
conduction electrons is scattered by the interfaces of the spacer |ayer
with the pinnlgeranee fopated betyveers ferpmagnetivdirpeagd seondshishklapdrs t ke pirtmberdand
free layers are, parallel, with.r ct.to one.anqgther, scattering.is, niniml
and when the HEghst fzcgﬁil%eé egfbegi‘%ﬁlbli ﬁfﬁ%ae"ﬁﬁé apgélémi[ Wgﬁgoﬁﬁgegn@?%ar%nl el
scattering issHByi M 8RulakBRNERR b SAdWEEH DA ELN filshend es%&oﬁltdag&lgéﬂécet he
spin val ve sensor in proportion to cos B, where 8 is the angl e between the
magneti zati onkyeb t e gapnnetbrened Batweer dyefisst dnd secordichobm ghéeck hiayere sbystaance

of the spin valve sensor (ihanges proportionally to the magnitudes_of the
r

magnetic fi el BAURIBIGIE 98P ABIERAT AY 2 Werngalriacs @dhyeot dhis Marie head. cdheipeleed
t hrough the spip, | e |.al anges
that are dot o ouany P EAREha FEL BARICE, CIRIRGRRREF AL BBl bk HARNS
circuitry. The spin valve sensor is characterized by a magnetoresistive

(MR) coefficient that is substantially higher ”meuﬂlmm"'m"roeffl cient of an

ani sotropi ¢ magnetoresi stive
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=~ 5 JUL 2002 3 (AWR) sensor. MR coefficient is dr/R were dr iz ghﬁ hange
In resistance of the spin valve sensor and Ris the resistanc f Uﬁg%'b
val ve sensor before the change. A spin valve sensor is sonetines referred
to as a giant magnetoresistive (GW) sensor. Wien a spin val ve sensor

enpl oys a single pinned layer it is refe‘zrred to as a sinple spin valve.
Anot her type of spin \@I.ve sen(aor_ IS ‘ggt nti parall el

P .

sensor. The APagRE e : BitA RepQie Pisasss BFeFE0F %gagpﬁlgtg?%&g%g Vﬁ_‘"??él ve

sensor in thap gp .Ptﬁy‘ﬁl%gh&gg&%e%me%f &&i@s%fhﬂhﬂioﬁ'iﬁ?&@&{ Soligt ead
ayer-. e as an

of a single pinned pi nned structure coupling Payer
sandw ched betasgrNsdchrastin ainchlgeceRsod 2 Fdtatirpatielt.i ¢ pi nned | ayers. The first
pi nned | ayer has its magnetic nonment oriented in a first direction by

exchange coupl i ng {oredent eeaditeadsy arapynaalve spiseniihgmployed formspasiggcioagneticnned
| ayer is imedi.atel dj acent to the,.fr | ayer .and,is antiparallel, .
exchange coupg%las ?‘8}1} ﬁg r&iap’%% mﬁgﬂ%@odwka?@?e %é%oéd%céu%f atﬂ?@”ﬁgﬂ?t%ﬁmﬁmtg’ﬁness
(in the order P .caupl.i i NESRA i ond
pi nned | ayer sl.a%Aré glglr%%i‘}a%{ g%f&%@etorr%gﬁgﬁbgr ;%h%nﬁ?&%f t hegég\g%%ﬂn%u%%fﬁﬂga&?gyer
is oriented i fermnagaeidlagiérs clodreintfidr referred taud & pamed llsjer, tand tahfecdlayact Fion  of

the magnetic nonent of the first pinned | ayer. The AP pinned structure is
preferred ovefnd freond frgfvarsiceneastaddy dire spie Nelve senser fepepndistingd penge sumentt he

first and sec i nned r f..th P pin £r r { i yel
conbine to pr gl\r‘}“lge © aﬁe@%%ﬁé?t%u%ﬁ%@? pﬁﬁ'ﬁ@ ?%gas@g@ e?r?%ﬁée# ﬁlgﬁ%gtéénéfla%
nmonment of t heb&dritglsarfRtdIERK) IR head BRd HieBsEneANmAmeh ¢f tReefredRY&TTE 1dcated
determ ned by the thicker of the first and second pinned |ayers. A reduced

net magneti c pareHelt tocthaaABS bu fige ite doletedindespogsetd exteimahmagustieghields.eThef r om
the AP pinned_strycture Since the antiferr netjc*exchange coupl i S
versel'y. or oBGERHGALP b UEranhE 5P G ATnanne b SSHARer safleBotEhange
coupl i ng bet m&g&eﬁ&g&@&i‘%q@y@}_nned | ayer and the purring |ayer. The AP
pi nned spin valve sensor 1S described in commonly assigned U. S. Patent No.
5, 465, 185 t 0 Hei m dhel tiReltesnofithe spaceslayardoclpeemnsettiatshuntdgofthe serfse cairent
15 JUL 202 4 In_ a bottom spin val ve sensar the pinning |layer is.located at
the bottom of 2hé BpgretigAoyaling Rereen [t Bee apd pimed dpyess gy péniesrdor This
constructed of,;LHg il a%@(eeﬁle!irwﬁ]eyggthatffmoﬂ&ﬁﬁiioh%}/e%{rorﬁt HMfie ‘Q’éﬁcf%h has
its nmagnetic nmonent pinned by the pinning l'ayer, the spacer er and a
free |ayer thafitihalsiscarrageamtntc anporgioh dfhthe domdfistiea électront dt escatteredyyotiee t o
a signal field. Atypical material enployed for the pinning |ayer in.a
bot t om spi n vENgEcESOhthe Rpaceplaygavitinbg pringd apg Eee leygrar Menthe magpetizatisas
of materials | I [ ' c - Q jals,
b Oglgg Ghd ﬁ%eﬁ?#]&e aFeI éarEﬁé IQER% r%g?c‘%qg e GndiRr, Jcat‘@%l nng 1s

whi ch nmay be enp or a pinning yer tom spin val've, udes
i ri di um mangangsiena] labWhyhennthe kedgnerigione s the i, andl Rdd Jayers e gaiRsallel,
(Pt Mh) and iron nmanganese (Feln) which are netal s. An advantage of the
second cl ass &fattgEngns glagimuzed. hghanges 1piseatieHne |a39retheé%§mstwerﬁe€3@ spinabe. A

typical thickness. of a nickel oxjde, (N,O i nnkng .l aye in the first..class
of Pt er i al o, s SupBpReRd T oS i Sttt R AR B B e bk PioBi RE L
(1'rMh)  pinni ngudndY @hd fied 1dyeRs. $E6 2l Bb&SGe ¥sidtBIce bf BleSspin $alFOMnsdidSngss 2
difference of 345A. Since it is desirable to keep the read gap (distance
bet ween t he f proportiondlly éribadnaghitedas of theamegnetie fields fromsthp ogatinty disk.oWhen a
pronoting |inear densi% ofdt e, head iridLun1ﬁpn anese erh)his very

Gesi rabl e f or STSE FECHL [ FARTHEISS AT2PEh BscsRiE VG “HrOhq (PaRiApgE Shegeet fatse
second cl ass gbtcAB4ICChAlRs MANBYE detdcedt BM RodeSRE heafhy®atl Qi aybafe om
pi nni ng | ayer made of one of the second class of materials has a | ower
magnet or esi st pweessoed ¢iraitent (dr/ R) than a read head having a pinning | ayer
made fromone of the first class of materials. For instance, in an
antiparallel pinned spin valve sensor that enploys a pinning | ayer nade of
ni ckel oxide (N 0) THtNeiRANC LGS bR b £ hBlihotbRsRRR! BARIBEHY el
whereas an antiparallel pinned spin valve sensor e ?oylng a pl nning ﬁayer
made fromiri diatiz senganele higheMhin flgsMR oagivdm besh shismeoiOshphdoriktive
(dr/ R) of approximately 4.5% In both instances the pinning |ayer
interfaced an al um num oxide (Al zC8) first read gap layer. In a sinple spin
val ve sensor, when a single iridiummanganese (lIrM) pinning | ayer was
directly on an al um num oxi de (A1203) first read gap | ayer, the

magnet oresi stive coefficient (dr/R) was approximately 4.0% Wile iridium
manganese (lrMh) has the advantage of | ess thickness than the first class
of materials, it has a significant disadvantage mthe | oss of

magnet oresi stive coefficient (drl R) when enployed as a pinning | ayer Wen
the magnetoresistive coefficient (dr/1Z) is |low the 15 J UL 2D02 -s

- b1 e v Y 1 o, o o



15 J UL 2002 -6 According to a first aspect of the invention ihere S
‘provi'ded a magnetic read head conprising: a spin valve sensor dbkugppggoz
ferromagnetic free |ayer having a nmagnetic nonent that is free to rota
froma first direction in response to a signal field; a ferronmagnetic
pinned | ayer structure having a nmagneti{ nmonent; a nonnagnetic electrically
conduct | ve SPAGER) saEE _MIERLAHLBRLVAOR LOe df [ bRYRE iRAGikRR BE A aver
structure; and an’antiferronmagnetic pinning |ayer exchange coupled to the
pi nned | ayer afivdighsdrenti® isRhORsREnbOSE HagHa vhive BBEBNbefoe thdehappanadcspimyer
structure in a second direction; a bilayer seed |ayer structure having
first and sece sesdr iayemstimeheeféiedsto seadginaly magneorgsaventeMR)i tenswi de
and the seco seed layer being a ponmagnetic al ;. and .t he second | yer
bei ng | ocat ed"HER e ﬂwe?ﬁﬁégF%%Eﬁbaé awn%ﬁ y?ﬁ?éﬁr?ﬁﬂgatpéﬁéfmﬁﬁg t he
pinning layer . .Acgording to a second aspect of the invention there is
provi ded a magnetic head assenbly having a read head and a wite head
conprising: the w Ahethbieggle ioficbindiaigs sdnsésis anantimaeadiel (AP) epipivabe feayar s;
each of the first and second pole piece | ayers having a yoke portion

| ocat ed bet weBre APpmunred:spin pelve pansondiffers T khegamplsoipin BHve sensehinaaben c
i t | L ocat ed bet . e ti ] f the finst
Second ol o SRR ETER ERRBr RS TulPtE B8 o e GrbhP 8P Rl Bhusick 18l [ T,

embedded t her gpn,; a&ﬁﬁt&@hﬁ@%@&%ﬁﬁ%l f bdrfdRgctell Yefifech! first asbesgg oNd
pol e piece layers; and the first and Second pole piece |ayers being

connect ed at fetreinagiickpingedsayms.t Thafcst pimded layer has its magnetic moment oriented

in a first direction by exchange coupling to the antiferro‘magnetic pinning layer. The
second pinned layer is immediately adjacent to the free layer and is antiparallel
exchange coupled to the first pinned layer because of the minimal thickness (in the
order of 8 A) of the AP coupling film between the first and second pinned layers.
Accordingly, the magnetic moment of the second pinned layer is oriented in a second
direction that is antiparallel to the direction of the magnetic moment of the first pinned
layer.

The AP pinned structure is preferred over the single pinned layer because the
magnetic moments of the first and second pinned layers of the AP pinned structure
subtractively combine to provide a net magnetic moment that is less than the magnetic
moment of the single pinned layer. The direction of the net moment is determined by
the thicker of the first and second pinned layers. A reduced net magnetic moment
equates to a reduced demagnetization (demag) field from the AP pinned structure
Since the antiferromagnetic exchange coupling is inversely proportional to the net
pinning moment, this increases exchange coupling between the first pinned layer and
the pinning layer. The AP pinned spin valve sensor is described in commonly
assigned U.S. Patent No. 5,465,185 to Heim and Parkin which is mcorporated by

reference herein.



t he read head having a spin valve sensor that includes: a ferr ngtj
ree iayer havi ng agnagngtic nonent that is free to rotate froﬂngLﬁJLIZUUZ
direction in response to a signal field; a ferromagnetic pinned |ayer
structure having a magnetic nonent; a nonmagnetic electrically conductive
spacer |ayer |ocated between the free | gyer and the pinned | ayer structure;

and 15 J U L 2DGR 5-pbde@m i e E&IsbOMRPHEIAE [apeiBilataddal e BHOARBH the
coupled to the pinned |ayer structure for pinning the magnetic nonent of

the pinned | ay®rvate sisor eLayersaoSBeapth thilve sdnsanconatriddtédayre thes pdingalyedr
structure having first and second seed |ayers; the first seed | ayer being a
nmetal | i c oxi deshatech pihsedsleyarstiustwadwhigh das Hemagnelicraemeny petied bidheapinniagd t he
second seed | ayer being | ocated between d interfacing eﬁg?.o the first

seed | ayer amyeh.ike snagerlaver pad adree dayer thabbesiemagnetie oesrent Het Bdfsido Tetriest
and second hard bias and.le yers connect. fr nd_s. side
edges of t he%ﬁ‘?sﬁo’(‘fglt@ea ss‘glﬁaggh‘e!fngnﬁﬁlﬁﬁe ?{é}lg %I%@P eéia f%ﬁ%ﬁﬁgﬁl (rallfiar st
and second r%a{%%;g%ﬁid I 1S nidkBfortid ave). SRR AN REriat il MG cBiss bRafBhR
val ve sensor and the tirst and seco d ard bias and | ead | ayers being

| ocat ed bet weenrlghaefefrio skidag@Fegrpnd read gap | ayers; a ferromagnetic first
shield layer; and the first and second read gap | ayers being | ocated

bet ween the first Askeéwhd claay of matediatshevhidly mty pekmppiyet éorlaagening Aaxeorialiang t o

2 s o LR ATReTAGE s L i e marele L

e PO AT ARl PRUTEADA i Saagte o i i il o oad
advantage of the second class of materials is that the pinning layer can be made
thinner. A typical thickness of a nickel oxide (NiO) pinm'l‘1g layer, in the first class of
materials, is 425A while a typical thickness of an iridium manganese (ItMn) pinning
layer, in the second class of materials, is 80A. This is a difference of 345A. Since it is
desirable to keep the read gap (distance between the first and second shield layers) as
thin as possible for promoting linear density of the head, iridium manganese (IrMn) is
very desirable for use as a pinning layer. One of the disadvantages of the second class
of materials, however, is that a read head employing a bottom pinning layer made of
one of the second class of materials has a lower magnetoresistive coefficient (dr/R)
than a read head having a pinning layer made from one of the first class of materials.
For instance, in an antiparallel pinned spin valve sensor that employs a pinning layer
made of nickel oxide (NiO), the magnetoresistive coefficient is approximately 7%,
whereas an antiparallel pinned spin valve sensor employing a pinning layer made from
iridium manganese (IrtMn) has a magnetoresistive coefficient (dr/R) of approximately
4.5%. In both instances the pinning layer interfaced an aluminum oxide (AlO;) first
read gap layer. In a simple spin valve sensor, when a single iridium manganese
(I'Mn) pinning layer was directly on an aluminum oxide (Al;O;) first read gap layer,
the magnetoresistive coefficient (dr/R) was approximately 4.0%. While iridium
manganese (IrMn) has the advantage of less thickness than the first class of materials,
it has a significant disadvantage in the loss of magnetoresistive coefficient (dr/R) when

employed as a pinning layer When the magnetoresistive coefficient (dr/R) is low the



the wite head including: first and second pol e piece |ayers; h y off
first and second pol e piece |ayers having a yoke portion Iocatt?b@&kezbﬁg

pole tip portion and a back gap portion; a nonmagnetic wite gap |ayer

| ocat ed between the pole tip portions of the first and second pol e piece
| ayers; an insulation stack with at |easi-one coil |ayer enbedded therein
| ocat ed between the yoke portions of the first and second pol e piece

| ayer s strafiglh tolfighd tead tsigpabissewpndiddodq@ares &6 Gedrégsed Stodgien@padinners athgastid diek r
back gap portions; and the read head having a spin val ve sensor that

i ncl udekiveg ferromagnetic free | ayer having a nmagnetic nonent that is free
to rotate froma first direction in response to a signal field; a
ferromagnetic pinned | ayer structure having a magnetic nonent; a

nonmagnetic el ectrically cosdmuLLNRYsyﬂqmlEHHW@MNTB&NIed bet ween the free

| ayer and the plnned I?yer structure; and é UL 2a02 -6b an

ant i f er r omagrf@tiE by R HEnS &Pé?yf‘éﬁé?fhh’q&f %Bwa}r@ efiEen e lﬁﬂmalamawﬁe (IrMn)
struct ng, td t

2 Secor s daftr Ridth i PRANSKIE (RUGD' IR RS a8 DG, LAY e HhipEbIRALE
seed | a;;oefﬁ;iem I(nl:r/R) msdn siegurdllal pmnbe butgora spet wilvé seroar d;eS am ashengpecwng the

d | b t t al dth d d b
ocat e ATETREGT  SPabBrY 464 RS R foSeh STRSHE: SoRB i ay SRY RHA 116 layer
pi nni ngtﬂugxﬁer incfull&s 4 GAH s8RA8ydr W ARSI alngh1Uel bl a.h& %%Ecﬁﬁ%efc?&ﬁ&%ﬁlﬁf& A%@s

and | ead layers connected to first and second es o e spin valve
sensor ;The first seed layer interfaces the aluminum oxide (Al;O3) ﬂrst read gap layer and the second seed

layer is located between the first seed layer and the pinning layer. Metallic oxides can be nickel
manganese oxide (NiMnO), nickel oxide (NiO) or nickel iron chromium oxide (NiFeCrO) with the
preferred metallic oxide being nickel manganese oxide (NiMnQ). The metal layer may be copper
(Cu), aluminum copper (AlCu), ruthenium (Ru), aluminum (Al), rhodium (Rh), gold (Au) or an
alloy of gold, such as gold copper (AuCu), with a preferred material for the second seed layer being
copper (Cu). The bilayer seed layer may be employed in either an antiparallel pinned spin valve
structure or a simple spin valve structure.

I have found that the magnetoresistive coefficient (dr/R) of a top spin valve sensor can also
be increased by employing the present bilayer seed layer structure. In a top spin valve sensor the
order of the layers of the spin valve sensor are reversed with the pinning layer being at the top of the
spin valve sensor and the free layer being at the bottom of the spin valve sensor. Without the
present bilayer seed layer structure I found the magnetoresistive coefficient (dr/R) of a top spin
valve sensor was about 6.0%. With the present bilayer seed layer structure the magnetoresistive
coefficient (dr/R) was increased to 8.0%.

There is a need to improve the magnetoresistive coefficient (dr/R) of a spin valve sensor
when the pinning layer is made from a class of materials including iridium manganese (IrMn),
nickel manganese (NiMn) and platinum manganese (PtMn).

A need also exists to provide a read head with a spin valve sensor that has an improved read
gap, improved thermal stability and an improved magnetoresistive coefficient (dr/R).

A further need exists to provide a seed layer structure for an iridium manganese (IrMn)

pinning layer that improves the magnetoresistive coefficient of a spin valve sensor.



nonmagnetic electrically insulative first and second read gap {Jge\lm_ mz
bi |l ayer seed | ayer structure, the spin valve sensor and the fi

second hard bias and | ead | ayers being | ocated between the first and second
read gap layers; a ferromagnetic first shield |layer; and the first and
second read gap | ayers being | ocated bet@ween the first shield layer and the
first pole piece |ayer; and a housing; a nagnetic disk rotatably supported

in the housiA@ordingUpROfikst apedtest fhe fnbentivausiergist provideaPal t imagndtiteread head
magneti c head assenbly with the ABS facing the magnetic disk so that the

magnet i@MpEdH8assenbly is in a transducing relationship wth the magnetic

di sk; neans fQk i . gnetic disk; positioning neans connected to
t he support af%ﬁ“&r%&?%%ﬂg%%&ﬁ%g etic head assenbly to nmultiple positions

with respect to saferomgnetid GeélilBkt havidg praggwsic MgoMBRNAaCie Neciedtdt® flohea
magneti c head assenbly, to the neans for rotating the magnetic disk and to
the positi orfitslgliFRstnR i kppense Fuhiemg) figldinal s with the magnetic head

assenbly, for co i af | f t |5 e dior controlling
the position of t %ﬁjrorg{gagg?tl{cgglﬁﬁeéggQ%eggg{ln%ﬁg/e%%{c}%odrrg’fi%ﬁt% 0 a ?I{%’urth aspect of
the invention thet achrmagietvicttedicallpeiohduttivt spaddrrgysa loegekbetveerahke fieadayer

that includes a spin | ve sensor conprising the steps of: formng a
metal lic oxiad‘éth‘?l"é‘f‘e‘ggé‘ﬁf JURGRIFS; Ay i ng a nonmagnetic netal lic second seed

llayer on the firsf, $886bRYSetic ¥thing _Taaér Exéﬂah%&%\gl%lécf’?o flﬁ:rﬁr?dt?ﬁie?ager structure

antiferromagnetic pinning layer of said spin v e sensor o econ
seed | ayer ot pinhing tbeowgoeteardmbrtyodf thdysinngl laparstreciubeinveessecormhdirdctiveyr f aci ng
each of the fi.;st seﬁg | ayer .an t.he\ﬁpi nnhng I?yer. According to a fifth
aspect of t HePHAYSRSFER daver pitygue haging firgtéd soept Re! 18¥erfraki ng a

the first seed layer being a metallic oxide and the second seed layer being a nonmagnetic
metal; and
the second layer being located between and interfacing each of the first seed layer and the
pinning layer.
According to a second aspect of the invention there is provided a magnetic head assembly
having a read head and a write head 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;
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 gaps portions;
and
the read head having a spin valve sensor that includes:
a ferromagnetic free layer having a magnetic moment that is free to rotate from a
first direction in response to a signal field;
a ferromagnetic pinned layer structure having a magnetic moment;
a nonmagnetic electrically conductive spacer layer located between the free layer

and the pinned layer structure; and



magneti c head assenbly having a read head and a wite head, wherein the
read head includes a spin valve sensor, conprising: making th 5e B@ﬂzs
follows: formng a ferromagnetic first shield layer; formng a nonma
electrically insulative first read gap |layer on the first shield | ayer;
forming a netallic oxide first seed |ayér-on the first read gap |ayer;
formng a nonmagnetic netallic second seed | ayer on the first seed | ayer;
and form ng an anidneferomgneid Sinfing tiyee exdytge @fupbeditd tisdpiAnsthlaye shaBwey on
t he second seed |l ayer with the second seed | ayer |ocated between and

i nt er f aci ng fRERIANHE thgy@agpetisimeyaery of &Venim&ﬁdaxqﬁétrb@tm IRg seegpdrdiresdpiiect i ng

first and seanndenQedikespRilfl hade hAYShPsdnd Watiapnd second si de edges

of the spin valve sens orm ng a nonnagnetic e ri‘cally insulative
second read th@afirsk sgedrlayen being asrmtmlhxz akide and tisosecambscet) tayler baihig amdninagenid
hard bias and |lead |ayers; formng the wite head as follows: formng a
ferron‘é@‘ﬁ%lt?‘?;dfl rst pole piece |ayer on the second read gap | ayer that has

a yoke regiqfe ucf?‘.ﬁﬁ& &N} PBER q?]&@dqie?\b&nraﬂﬁilﬂ@rt?tflg% Bacnast }#%ﬁlgagéegg'lﬂgr and

form ng an insulation stack east one col ayer erein
on t he the pighingdhyerpi ece | ayer in the yoke region; formng a nonnmagnetic
electrically, ins at' e p layer on the first pol e piece layer in
the pole ti gn ‘?Eﬁﬁab e’F’&FWﬁ@ a ferromagnetic second pol e piece |layer on

the wite gap |anﬁ%t1 ar{dfb@cddasr}ék@BlaQanﬂeQ&l% Qoﬁﬁé&@f’t%qgsttzﬁxdts@&)nfd'sh&ted%@é@f
pi ece layer in the back gap region. UL 2002 -6d BRI EF DESCRI PTI ON

OF THE DRAWthiESin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;
the bilayer seed layer structure, 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 ferromagnetic first shield layer; and
the first and second read gap layers being located between the first shield layer and
the first pole piece layer.

According to a third aspect of the invention there is provided a magnetic disk drive having
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;

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 having a spin valve sensor that includes:

a ferromagnetic free layer having a magnetic moment that is free to rotate from a
first direction in response to a signal field;

a ferromagnetic pinned layer structure having a magnetic moment;

a nonmagnetic electrically conductive spacer layer located between the free layer

and the pinned layer structure; and



Fig. 1 is a plan view of an exenplary magnetic disk drive; Fig. 2 is an end
view of a slider with a magnetic head of the disk drive as seen‘|i51 J)UaLnQUOZ
2-2; Fig. 3 is an elevation view of the nagnetic disk drive whereln
mul ti pl e di sks and magnetic heads are enployed; Fig. 4 is an isonetric
illustration of an exenpl ary suspensi on&ystem for supporting the slider
and magnetic head; Fig. 5 is an ABS view of the magnetic head taken al ong
pl ane 5-5 of Fi g.aintiférgom&gnctic indaid ladr extlmgotoipial ®l thelpinadthyar fhegidack
magneti c head as seen in plane 6-6 of Fig. 2; Fi?. 7 is a partial view of
the slider affEpENg e magagiitanpchfdharinsedlayersiyriyneina second dipggtion;  Fi g.
8 is a parti g Vi L.der. . 8-8 of Fig. 6 to
show t he rea%tlédﬁgis\s?\?repﬁ glegF@n@ﬁﬂeyagﬁgtfﬁga%lﬂga%gggedjn% %g’t ic head; Fig. 9 is

a partial ABfe Virgwedf laydrebedlg dietallikaiidedndte pdcane sédQawdr being.a nbnhaghdtizw
the read and wite elenents of the nerged nmagnetic head; 1 15 J UL 2002
Fig. 10mp@landi ew t aken al ong plane 10-10 of Figs. 6 or 7 with all materi al

b th ' wekil Shd ihbriasi ' |
e o oo MABN R Rl B BT 1 e

sensor ; thEpgnidglaya; an ABS illustration of a first exanple of a spin valve

I nvesti gat ed_ by wherein.the piinmed |ayer structure interfaces the
pi nni ng | ayet'hfar?_qrégjeaqgurf r li]'%@%l | lustration of a second exanple which is

one embodi ment  of ffhen PEBSEIMhark BYR2hH XA WMAREE¢ JhnBetbd |AHST artBREod PHEL edgls of
enpl oyed between the pinning layer and the first read gap | ayer;

the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;

the bilayer seed layer structure, 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 ferromagnetic first shield layer; and

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

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head assembly with the 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 rotation of the magnetic disk and for controlling the position of the
magnetic head assembly.

According to a fourth aspect of the invention there is provided a method of making a
magnetic read head that includes a spin valve sensor comprising the steps of:

forming a metallic oxide first seed layer;

forming a nonmagnetic metallic second seed layer on the first seed layer; and



Fig. 14 is an ABS illustration of a third exanple investigated,b

wherein a single layer pinned | ayer interfaces the pinning |ay ré Hiﬂ;

is an ABS illustration of a fourth exanple which is a second enbodi nent
the present invention wherein a bilayer seed |ayer is enployed between the
pi nning layer and the first read gap | ayer-, and Fig. 16 is an ABS
illustration of a fifth exanple which is a third enbodi nent of the present

i nvention Whikging & bBhtiR}BmasRee piaMap 18 WEtsuidespis varve! @uas d?ﬁih‘é@%@oﬂd‘?eed
first gap layer and the free | ayer of a top spin val ve sensor. 1 U

L 2002 ByoEstritemeopndeet gy epRemgrrete Ehveep VENT B eveaging ¢ach Of she fDrst 9®d layer
Referrrﬁguﬂgﬁﬁﬁl Q eIdrawrngs wherein |ike reference nuneral s designate

i ke or 'simtar parts throughout the several views, Figs. 1-3 illustrate a
magneti ¢ di sKkcebrding t30 fiffhhgpett b¥e3Dventioh théﬁ@s@r@vﬁdeﬂﬂ heénedod dahalGhiPROr t s

and rotates a ma(gnetrc di sk 34. The spindle 32 is rotated b5 a notor 36
that i smagheticbepdassppbly haying a icahheas anda vemte haads [wheggin e igpd head ineJuesifespin

read ang, n@gﬁ head 40 is supported by a suspension 44 and
act uat or g\gérﬁhg%r %‘f‘%ﬁ%l ity of disks, sliders and suspensions nay be
enpl oyed i n makiag e eapheddas fdilsvect access storage device (DASD) as shown

in Fig. 3. The su?pensr on 44 and tg:t uator arm 46 position the slider 42 so

that the magneti c'HEHE % fpriomagpetic Pt dAYRG rel ationship with a surface
of the magnetic dfo?llﬁlr%and@ %p@elgétﬁkalgr ik at'i\% @r@anﬁg Oﬁ ﬂg 0 RE ?‘s@ shidf
slider is supported onm a typi cal cus ¥ alr ar r

beari ng) betlagem t he surface of the disk 3 4 and the air bearing surface

(ABS) 48. The nmagpetic head, 40 t he d fo ting information
to multiple ci rcuFaﬁ’“’tgr%'@ﬁEalltfrto’{‘rE%ﬁ@Eﬁeggaé'ebP fa“. g %*H’faé{%r wel | as for

reading infornati amidyes £6fnBnefiE a@aﬁﬁa srégorﬁl seEd léy%b’oﬁsﬁle%&%&gﬁ%ﬁ bgpal s,
representing such information, with the 0, "provides notor “drive
signal s for rot at fomgpingwan am@mmmagndtlskmﬁm,g 1M opsd spleyabverstnsor oathywbcmdf or
novi ng the sI| r to ious tracks. |n Fi 4 the,slider 42 Q

Tount ed to aoEt e Sithhesesnd iR s lntnied Yateh PEA herbieine b S6 e Pueee
nmount ed on ajy Péladﬁgtﬁélp%u%mwsr ng, as shown in Fig. 3. Fig. 5is an ABS
view of the slider 42 and the nagnetic head 40. The slider has a center
rail 56 that suppesmmectinglinyaapdecrendieadibivg andiledd Hygrs to dirstang 8econd sig edFise
rails 56, 58?ﬁﬂg§gvr3§t£%nﬁl%;roma cross rail 62. Wth respect to rotation

of the nagneti ¢ cross rail 62 is at a |eadi ng edge 64 of the
slider and the naﬂﬁtmtrtha ﬁlﬁﬁﬁlagﬂt@tut sleaticalyl inailhtivicseesigrefd g laybreonsthé d;ﬁh S
15 J UL 2002 9 Fig. side cross-sectional elevation view of

pi ggyback matHE: $eéls<PFe%i’é thr@ﬁrshﬂildsﬁcp%hﬂé@sasénd\nlqaﬂéabfﬁésad portion 70 and a
read head poy oyn%tggwrhpﬁe@eg%@&gsd portion enpolying a spmvalve sensor 74

of the present ention Is an ABS vie of Fig. 6. The spin valve
sensor 74 is sandfnrmlrr@la feertomgnetnﬂﬁnmgﬂeplece Blyecdr the abdopd iresiugaptlayoe tHat had a

and second re | aye 76 and 8 and the rea ap l.ayers are
sandwi ched b)é‘t OPéQ‘%&ﬁ}@%tW K9 ‘?21? Ty %@ﬂiﬂép quéo ‘ayers 80 and 82.
In response to extRmig mﬂaanetdxpsttdkerbﬂ% at 15&%@&@&9&%&&&&1@1&@% h HRe! A&

sensor 74 changes. A sense current |S conducted through the sensor causes
these resi stpolcpicchiaygem tho yble regionf est ed as potential changes. These

potential changes.are then [ocess readback sjgnal 1S b rocessi ng
Circuitry 50 showPFHPes Be g“ﬁl.% d‘fl&‘ﬁ]‘?'elgﬂ'l ﬁtb‘retW’dé‘?gng rghh‘en%‘p?@? P*fiead
40 i ncl udes ﬁyglththépcylgh ggglglarﬂwr ched between first and second insul ation

| ayers 86 and 88. A thi rd i nsul ati on | ayer 90 may be enpl oyed for
pl anari zi ng t he hiumiing aefarranrgnetia ispesindspola pikes dassoren ithes vriei gap laygsr the

caused r ird insulation |ayers
are ref DovialiSy 88 andRheder o Uik alst @B IR PRk beliip BRI Fayer 52 and
the first, second and third insulation | ayers 86, 88 and 90 are sandw ched
between first and second pole piece layers 92 and 94. The first and second
pol e 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 layer 103 is | ocated 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 sol der connections 104 and | 06 connect |eads fromthe spin valve
sensor 74 to leads 112 and 114 on the suspension 44, and third and fourth
sol der connections |16 and 118 connect |eads 120 and 122 fromthe coil 84
(see Fig. 8) to leads 124 and 126 on the suspension. Figs. 7 and 9 are the
sane as Frgs 6 and 8 except the second shreld Iayer 82 and the frrst pole

e e o o "




15 JUL 2002 to Fig. 11 is an isonetric ABS illustration of the read head 72
shown in Figs. 6 or 8. The read head 72 includes the present spﬂrﬁv&ULeZﬂUZ
sensor 130 which is |l ocated on an antiferronmagnetic (AFM pinning |layer

| 32. A ferromagnetic pinned | ayer mthe spin valve sensor 130, which is to
be described hereinafter, has a magneti-cdhonent that is pinned by the
magnetic spins of the pinning |ayer 132. First and second hard bias and

| ead | ayers 134 and 136 are connected to first and second side edges 138
and 140 of the spin valve sensor. This connection is known in the art as a

contiguous junction and BBIEEDESGRERFION OF FEFoRRAWINESS| gned U. S.

Pat ent 5, 0185037 ; Whj i S, LAGO, ef: ] herein. The first hard
bi as and Ieag%lg?ﬁggﬁﬁgkﬁf%g%h%gggm%ygggxﬁé?%géﬁgggIayer 140 and a first

| ead | ayer 1Ri3. 2iglart el Wewolid shderdvitli amaggiclleadl of thyelisk di3@ ais Bednlid ®lame 2-2;
second hard hjas .layer 144 and a second | ead | ayer 146. The hard bias .
| ayers 140 aht§ 4ﬂa%a[?§ét%§ﬁwtqféh? magpeiic; Gsle ik whersHy MU finle disksy andy g ggtic
t he spi r 130 for stabilizing nagnetic donains of a
ferronagﬁggkﬁﬁ:regﬁﬁgyer t herein. The AFM pinning | ayer 132, the spin valve
sensor 130 ahug. #he d4n isemetindilbisrativoh bfaa ekeraplagnsuspemsion aysters b8 dumroig3 the
are | ocat ed between. nonpagnetic electrically insulative first and second
read gagleé §m§%§w3ﬁ35?50. The first and second read gap | ayers 148 and
150 are, n Fif Bis hORBESAPSE URGH:EhE RERUARK flord fiSke ABGregEONd Shi el d

| ayers 152 ' and 154. The present 1nvention provides a seed Tayer structure
bel ow t he spFig. ¢as e@asmhyew ¢htheisherandrigpigggbankgregnetiekéasit ds\seerc eplane 6-®nif
(dr/R)..In,the follow ng four exanples various |ayers underlying a spin

val ve sgﬁ% T and | ayers of the spin valve sensor were ion beam sputter
deposi ted i nFa, $R4A h@ftiaNGic®FTREElideVand & HierdANESISHYVRER] SNekh &1 SEndY-7XARE
(Xe) ions in a low pressure xenon (Xe) atnosphere emanating froman ion
beam gu®. Sputtered material fromthe target was deposited on a substrate
to formthe yer.s. r l et on of the spin valy or the.s

val ve sensori:%ag lggsﬁéﬁaztA}%gg% é‘gé{ glre rﬁﬂﬁleerdta ee“rr%&%? g‘rn 8%(?1?#1 ﬁg' Srtgssgﬂgetﬁgfreag
field fad wrifpdeeéms of the pigrgbackomagnetivhead; For the antiparal |l el pinned spin
val ve sensors. in Exanples 1 and 2, the tenperature was 230°'Cin th

e
presence of Hig Odf @ nartial ABRgieneof te slidetnfaken algng plane 9- phFig: Tstpishowdhe eead
sensor | d = ks s done at a tenperature of 230C in
t he pre?gkgéﬂgﬁ&gays8&%6%?9%%@§g%gh?%F&g period of 2 hours. In each of the
exanpl es the magnet oresi stive coefficient (dr/ R was 15 J UL 2002 11
measured as well as the ferromagnetic coupling field (HF). The change in
magnet oresi stance (dr) is the difference between magnetoresi stance when the
magneti c nonents of the pinned and free |layers are parallel and the
magnet or esi stance of the spin valve sensor when the magnetic nonments of the
pinned and free |ayers are antiparallel. This value is divided by the
resi stance (R) of the spin valve sensor when the nmagnetic nonents of the
pi nned and free |layers are parallel. The aforenentioned ferronmagnetic
coupling field (HF) is the field exerted on the free |ayer by the pinned
| ayer due to the magnetic nonent of the pinned |ayer. This field should be
kept relatively low, such as 10 Ce, since it affects the bias point of the
sensor, where the bias point is the point on a transfer curve of the spin
val ve sensor with a sense current IS is conducted through the sensor
wi t hout any signal field) The bias point should be |ocated m dway on the
transfer curve and, if it is offset fromthe m dway position, the read
sensor has read signal asymmetry. Read signal asymmetry equates to a
decreased read signal and a |l ower storage capability. The transfer curve is
a plot of the change in nmagnetoresistance (dr) versus a change in the
applied field. Exanple 1 Afirst exanple of an antiparallel (AP) pinned
spin val ve sensor 200 is shown in Fig. 12. The spin val ve sensor 200
i ncludes a ferronmagnetic free layer 202 that has a nagnetic nonent 204 t hat
is free to rotate froma first direction in response to a signal field from
a track of a rotating magnetic disk. The magnetic nonent 204 is typically
oriented parallel to the ABS, as shown at 204 in Fig. 12. The spin valve
sensor al so includes a ferromagnetic pinned | ayer structure 206 which has a
magneti c nonent 208 oriented in a second direction. The second direction is
typically perpendicular to the ABS and may be directed away fromor toward
the ABS. The magnetic nonment 208 is pinned and is not free to rotate while
t he magnetic nmonent 204 freely rotates in response to signal fields from
the rotating magnetic di sk. Wien the magnetic nonent 204 is rotated
upwardly into the paper by a signal field the magnetic nonments 204 and 208

. o, I 1 o M . M



present invention is to inprove the magnetoresistive coefficient (dr/R).
*Exanpl e 2 (First Enmbodi ment of Invention) The spin valve senso \io‘i i N ﬁb%
13 is a first enbodi nent of the present invention. The spin va U.La3
300 is the sane as the spin val ~~e sensor 200 in Fig. 12 except for a seed
| ayer (SL) structure 302 that is |ocated between the first read gap | ayer
216 and the pinning |ayer 214. The seed | ayer structure 302 has a first
seed | ayer (SL1) i, Sl Iy e r

) 348 fPPL v?év?%[lén fE'P&r@ a#)l%ﬁer(?é gof@fﬂgs £690h SagoxgateﬁXF

(SL2) 306 conprising a nonmagnet! irst see Ia er

| ocat ed on an@oldiheibR S 4ldgedds t&hove@ad gap | ayer 216 and the second seed
| ayer 306 interfaces and is |ocated betv~.~een the first seed |ayer 304 and

the pinning |ayer 183411 |stinl Bésfetfs 20BS AlustriGor bif £ teadaRAd MANGH erdPibyyas A0~ of
ni ckel nmanganese oxrde (N MO and the second seed | ayer 306 was 10A of
copper (Cu). pifidedrsplreddiet (319 sefiwrpi nni ng | ayer 214, as discussed

her ei nabove, the magnetoresistive coefficient (dr/ R) of the spin valve
sensor 300 was 8. 246 Bnd aheB3 dlusbatynefta firscoupiplagf 4 speh dalfeli)venagtdl Ge.
The magnetoresistive coef~tcient (dr/R) of the spin valve sensor 300 in
Fig. 13 is am¢ yhcrbubﬂampumnct)lawmﬁmrw@rfaméhmgnmdamg stive coefficient
(dr/R) of the spin valve sensor 200 in Fig. It is believed that this

i nprovenent is duglgolﬁlﬁénm%llusﬁﬁlﬁ’@é}fééém?ﬁled@n?ﬁ%@ lsfqnleﬁnb@é’é’éF“F aler
304 prom)tlnq1 a desirable m ostrulﬁffure of 1the II‘IdL(HrT(‘il e%e ﬁlrl\/h

pi nni ng | ayer® PESEMYHREON PHETER GoHEYELFEE A ) © RSRTESR 1B Bt i ng
the oxygen of, _th ckel oxide (NiMQ first seed |ayer 304 from
i nterm xi ng vltnieﬁg{“ﬂ{ehehﬁlst #%ﬂ%ag’nese (1 rl\/h) whi ch interm xi ng woul d

degrade its pinni ﬁqﬁ}ﬁf E%%t%ﬂhéfrﬁf?&f’ nto t%@pfa%%ééﬁ%t%b& V\% &L&Jé

manganese oxi de (N is trans ante copper

turn, tI’anSp|sﬁ{§]§1as,é}ep]_ﬁ%gllgﬁphﬁer}‘a%g§ﬁl&%n{nrjlﬁ%)la ye iridium manganese (Ir I\/h)
n the way, howevef, ‘the copper (Cu) prevents the oxygen in the nickel
manganese oxide (Nl N5Qs hii oaBS nilllabtt’dtidnngf antourthaekdnigle Which ishe dgcogti um
mangatl ese (IrM1). In an exanpl e where ni ckel nmanganese oxi de 15 JUL.
2~~? 14 ( Ni MevBbodasent eftheqeckent invéntioh ciereinx ibdeyef Bedd) laydnes emapleyedbativesy wer e
obtained. In another exanple (not shown), ruthenium (Ru), was enployed for
the second sdbePIaiglapnand hedirstaead gapdayer: rt‘i’agnet or esi st i ve coef ficient
(dr/ R) between 5% % anot her e. (not . sho o] (Cu)
seed | ayer was enp}{lgyg%lsvﬁnt‘ﬁggtlh’t’qﬁ@“f’?l‘) f fﬁ?"c%t“ﬂ?a?fﬁ’éﬁhé%é 8@% ‘Rt?‘t\?ﬂ
seed | ayer 30 ave a gnet ive coeffi G180 dr R)
Exanpl e 3 Theqréﬁpgln Y 5? V'mteor?sor ':2]}8(51 1“2 See&{agglj %m TS 1 RO sa(r%rQeEvééSQt

spin valve s i nned | ayer structure i's
a single ferrom%aﬁe?%éﬁg?%ggg d?;ﬂofalt%g‘%éﬁ?\%}]ve SPIESO?hl s exanple, was 24A o~
cobalt iron (CoFe). The magnetic nonment 404 of the pinned |ayer 402 is
shown perpendicular to and tov~~ard the ABS. It is the relative rotation
bet ween the magnetic nonents 204 and 404 that deternlines the

magnet oresi stance (dr) of the read sensor 400. This exanple has no seed

| ayer between the pinning |ayer 214 and the first read gap | ayer 216. After
resetting the pinning | ayer 214, as discussed herei nabove, the

magnet oresi stive coefficient (dr/R) was 4.0% and the ferromagnetic coupling
field (HF) was 8 Ce. It is an object of the present invention to inprove
this magnetoresi stive coefficient (dr/R). Exanple 4 (Second Enbodi nent of

I nvention) The spin valve sensor 500 in Fig. 15 is a second enbodi nent of
the present invention. This spin valve sensor is the same as the spin valve
sensor 400 in Fig. 14 except a seed layer structure 502 is enployed between
the first read gap | ayer 216 and the pinning | ayer 214. The seed | ayer
structure 502 conprised a first seed layer (SLI) 504 of a netallic oxide
and the second seed | ayer (SL2) S06 was a nonmagnetic netal In this sensor
the first seed | ayer 504 was 40A of nickel manganese oxi de (N MnO and the
second seed | ayer 506 was 10A of copper (Cu) The first seed | ayer 504



15 J UL 2002 15 interfaced and was | ocated on the first read gap |ayer 216
*and the second seed | ayer Q06 was | ocated between and interfaﬁes aifhéﬁi
the first seed |layer 504 and the piruiing layer '' 14. After rlede h 02&
spin val ve sensor 500, as discussed herei nabove, the nmagnetoresistive
coefficient (dr/R) was 5.6% and the ferromagnetic coupling field (H ) was
0.1 Ce. The magnetoresistive coefficies8t (dr/R) of this enbodi ment of the

i nvention was significantly higher than tgg istiv oef fi gi gnt
(dr/R) of the exanple 400 in Fig. 14. Exa Fgagﬁ?#ﬁpfﬁ Enbo Fﬁent oﬁﬁfﬁ
| nventi on) ThPRiﬂﬁﬂMKEtNENﬁﬁﬂﬁFwﬂﬁﬁﬁki'1 Fig. 16 is a thud enbodi nent of the
present invention. The spin val~~e sensor 600 is a top spin valve sensor
wherein a nonnmagneti c conductive spdg&ietic@)isk D 602 is | ocated between a
ferromagnetic pinned |ayer structure (P) 604 and a ferromagnetic free | ayer
(F) structure 606.R¥bsingeew &yt didwngs whereimbkeickdaredsAvnierals dksipnate dike

(Ni Fe) and 15A of .cobalt_iron (CoFe). The pinned Iayer structure 604 may be
a singl e ferreonagHat pasts thipughal thesewpral views.diegs d - lusirate arnagneds disk doxp)

CAmv1 ] pf i 20" G 8% B8 iR ikl sd Mgt ot an Fosfh gl S ur o
604 and a CapTh@ﬁ?ﬁdl@%% ik foetéttgﬁﬁg &dnQBr &apisruggg&%@sg%@g@ c%ﬁ&oﬂér%goﬁ

protection. In this exanp e” spacer | ayer copper

the pinned | ay@fer st2r withus ecofifiinedasead 4Mdotvried Riddghetid ®Bad GOFR) suppBfte®@itynhng

| ayer 610 was 80A of iridium mnganese (Irivh) and the cap |layer 612 was 50A
of tantal um (Juspensionod4 aydactserchrnadter A plurality wf disBd slidersiang shispeasioanshay
second seed | ayers, (SL1) 616 and (SL2) 618 is |ocated at the bottom of the
spin val ve seRS&PIRYedhInyBras Gappciyhirecy agpess sorageqieviceiPASD)gashewy ép Fiasl)
61 8 of alumn xi.de (A1203) and the segond .seed | aver 6518 .1 ocat ed bet ween
the firet seed 105 erReraonan pf AP T A0 PorROT e S ¢4 bl i epoedlt

| a~~er struct 4 113 SRR Qi g
nagnetoresistyﬁgzgﬁégé?§?§ﬁ¥£?%$%%§oof 6.%%?93?%% théhgf 5%gf&%égg aﬁgr
structure 6l4thesticvdv isrokit@l byl fhe théter pagredlnee i sippsreedcqeh fihifi(Bplcaligr OR) of
the spin valve sensor was 8 0% It is believed that the bilayer seed | ayer

structure 6141 gushdgn efpiin(air bhatag) bateeandhe sirface o6 thyatisk Whamdbtheadr haaridges m
t he bottom spin_.val h Fys 1 ~ and 5 L 2~fl2 16 15. The first
seed |ayer 618MEFe AR Rgl\'gnghﬁégﬁg“ﬂ? 31?3? I\ﬂw y?eﬁvgﬁleeénﬁl?ﬁ@dd i PEgng
texture for spj o pPQsiit.e r L h ond-seed
| ayer 618 of - AameRo G MAISAE SRV kaUSRAs e bRT P AR SR 2 5 PRI ETG
frominterm xieading tiifobgtidnay@esirbier eahessssing t cirduife! 5€VercHaigds ongeld hi s
texture has been established the free |ayer 606, as well as the spin valve
sensor | ayer srepresering, suchpinfarmiation, heithldhd heatl #8x provelea Iotbhdrivesignalst foe

pi nning | ayer 610. servat.ions The preferred bottom spin val ve sensor is
t he enbodi mentoldite GfMpeEIEHC éf% %,anamﬁ%éqsscmﬁel signaly derampung Gh@fll‘iﬁfitﬁed

type of spin o] ¢ e chan coupling field between.the first
anti parall el IV{I;;%/O\(?;g %ggar% Fg:'ed' gfén%%ﬁ‘gﬁ? g@ero%%oﬁgtegﬂ%sat Sa%??nﬁfqrﬂ/&br gghe er
than the exchaag r@ﬁumdsaﬂ?ealrﬁkanmwmg BehRoSAtBIbR d A¥RE SR dMEeHolsiyEras402
and the pinning layer 214 in Fig. 15. The exchange coupling field is
proportional slwwnintFighkre t is the effective thickness of the pinned | ayer
structure. The effective magnetic thickness of the pinned | ayer structure
206 in Fig. 13 is FieSdsrperBacievnet theskderrl? and dbrmeagpetic bead 4k The shidaind
second antipayallel pinn | ayers and 220. s differen i A.as
conpared to a a%ﬁ8%?*V@ﬂEgéwgﬁPBm¥ﬁ%E?ﬁ@%ggﬁgw?ig&2Wgﬁ‘ éﬁb§§ﬁ8§6ﬁa 402
in Fig. 15. T pEng icel 4.+ HP). IS | & QHst h C LN

di vi ded by thgﬁlesfyle’(rzlstgin\g/ré& r?gg%\etér{dc?r?gﬁi%%ﬂ%gsréﬁ %3@0%‘%8%@?‘gfﬁ%’e‘%@$u%gthﬁ el d
(HP) between thagn@icnBisRB4, A€ rodd 4aied khe ANadR@r &ldeeds BE MAEdRYHI &8 i N
Fig. 13 is the exchange coupling field divided by 3 whereas the pinning
field (HP) bemageetictlived g mmatragrdilayeeedeR 64 ofitid sliler. pi nned | ayer 402 in Fig.
15 is the exchange coupling field divided by 24. Accordingly, the pinning
field (HP) for the spin valve sensor 300 shown in Fig. 13 is enhanced by a
factor of 8 as conpared to the spin valve sensor 500 shown in Fig. 15. It
is inportant, however, that the thickness of one of the antiparallel pinned
| ayers 218 and 220 be thicker than the other antiparallel pisnmed |ayer for
resetting purposes. If the thicknesses of the antiparallel pinned |ayers
218 and 220 in Fig. 13 are reversed equi val ent exchange coupling and
pmilig fields are obtained 15 J UL 2002 17 The preferred top spin val ve
sensors are shown at 600 and 700 in Figs. 16 and 17. As stated herei nabove,
the pinned |ayer structure 604 in Figs. 16 and 17 nay either be a single
ferromagnetic layer or an antiparallel (AP) ferromagnetic pinned | ayer

o b1 NN,



;deparlti ng fromthe spirit of the invention. Cearly, other enbodi nents and
modi fications of this invention will occur readily to those Ofl%%ﬂﬁ[éﬂﬂa

shill mthe art mview of these teachings. Therefore, this inv
be limted only by the follow ng clains, which include all Sllch 15 J UL
2~~~ enbodi rents and nodi fications when viewed in conjunction with the

above specification and acconpanyi ng driawi ngs. 15 J UL 2002 - 19 W
claim1. A nmagnetFig. 6&adsileadssceopsriabelagition vigw of & pigggbask as@hetidigdaddiong: a
ferromagnetic free |ayer having a magnetic nonment that is free to rotate
froma firstwhichdaelndes 4 nrite pashpertion 78 aidgmaeads headgportion d2 s Bieaigaé thead

I nned | ayer_st.ru . havin ' A NONE I g.electkdcally
Eonduct [ vg s%%régenr gﬁ%g{?glrngl ao??é’? é’%vgg%\%g}ezgp Egr{g]?é} ésgllﬁglyg&%gﬁgﬁ éhg lspflrrllrjls‘é | ayer
structure; ayigwasf & id erTiRMREGR Shalve KndeH N9 ik auaawRked BB Pt OB Bibneac t he

pi nned | ayer structure for Er: nni ng the magnetic nonment of the pinned | ayer
structure i nelectsedlyndswatrechinsoand secoind asadr gapelaglers akpeands 79, uanduthe rhad) igag

first and second seed,l ayers; the.first se | ayer bei nmet al.l i Xi de
bndt ho. secoPS AP AYEP b B MO AERRECTY TcRnd st e 0 ayer
bei ng | ocat e RepyReNo 2RErdltiRidnasd FeldeaaR Rbistahe bf iRt sHgadNeay@toand the
pinning layer. 2. A magnetic read head as clained in claim1l wherein the

first seed |ehpeges s Anpaiselcurrentalsesadustedd throughMbe) sensdrecavessotidsesesbtdnager i s
copper (Qu) &%ggésh?o Bé rr‘x'?ein?@stl:g %grpoite%tiialr ickgainlégg.nﬁ%g&n%gt%ntial changes are then
processed as readback signals by the processing circuitry 50 shown in Fig,. 3.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 84. The first, second and third insulation
layers are referred to in the art as an "insulation stack". The coil layer 84 and the first,
second and third insulation layers 86, 88 and 90 are sandwiched between first and
second pole piece layers 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 write gap layer 102 at the ABS. An insulation layer 103
is located 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 116 and 118
connect leads 120 and 122 from the coil 84 (see Fig. 8) to leads 124 and 126 on the
suspension.

Figs. 7 and 9 are the same as Figs. 6 and 8 except the second shield layer &2
and the first pole piece layer 92 are a common layer. This type of head is known as a
merged magnetic head. The insulation layer 103 of the piggyback head in Figs. 6 and

8 15 omitted.



(Irv). 3. A magnetic read head as clained in claim1 includiz%i foszEEﬁP
* second hard bias and | ead | ayers connected to first and secon ile l.e

of the spin valve sensor; nonmagneti c nonconductive first and second read
gap layers; the bilayer seed |ayer structure, the spin valve sensor and the
first and second hard bias and |l ead | ayers being | ocated between the first
and second read gap | ayers; ferromagnettG c first and second shield |ayers;

the first and Seclqggllrﬁ%ﬂ R AXBSS 11RRBEn bPERYEM REH Y8 SRR afir%égé \?\ﬁ“d

second shield | aye magnetic read head as clained in c erein
t he pi nni ng 9. dpiey rebd headl Behehidés hepeesetapin vadwepehsir 10 iwhich is voamiganas e
(I'rv), platinum manganese (Pt M), iron_nanganese (FeMn) and nickel
manganese ( NingfeFromagnetici(AFMj piopingdayes 13A Ael§Hempengtie pinnsddeyeasn Begbied in

claim4 wherein the fi,nst.seed layer i.s .selected.froma gr.oup _conprising,
ni ckel mangavr‘f V§e368§8rc]gb( Npi\?ﬁéj Eo %%lgﬁg%ﬁlbeg%e&eéna(ﬁ%f’d}a,s 4P %&%Flc f Ogﬁengﬁ?aérﬁ um
oxi de (N Fe@ifdedasytnk kiaghetid FRRATNESSinSNk Usef | 3VNE) st aBd séboHBBRRE bifis hgRd
head as cl aicl;grrede in clai %”I 5 igr%f}udi ngI(:jll t h% %’gt erial sbfa trsle second 1sseed | ayer
bei ng sel ectleatl hyem I34@addéntas echnectbd ¢o fish mad)seond sidetedpss tifhpnd $4Ggf
copper (Cu), . alum num (Al),_rhodium (Rh), palladium (Pd), platinum(P{),
gol d (Au) arthe smigivalvgsensps  This conngglinnds i‘EOW%HHt%ﬁéﬁésé§°ETF%HOHéHJI}°H°%P m

wher ei n t he :pi-nnj B i e (?)pﬂ t he
pi nned Iaye#ggpghggﬁ+e. @FOimkﬁﬁﬁéﬁﬂggfggﬁ-Eg%@9§§ﬁ§ ainggﬁ?%h%¥§%ﬁﬁgg

wher ei n t he yyi Rdré@e lhayed. The ifitst GatibiaBag@NaE dayeky MY incthdeA fimghedd sas ead
head as clained in claim8 wherein the first seed | ayer is nickel manganese

oxi de (Ni Mhdpyer 1130 gudradiret lead dayar Ihégad dBe cpcanddard miag| andnlead davsrel 30 t he
second Seed LAYk b RUBETuE M ahh e TR MBS TR P
second pol e pjoesRl &Y 8ike magnetic fields to extend longitudinally through the spin valve
sensor 130 for stabilizing magnetic domains of a ferromagnetic free layer therein. The
AFM pinning layer 132, the spin valve sensor 130 and the first and second hard bias
and lead layers 134 and 136 are located between nonmagnetic electrically insulative
first and second read gap layers 148 and 150. The first and second read gap layers 148
and 150 are, in turn, located between ferromagnetic first and second shield layers 152
and 154. The present invention provides a seed layer structure below the spin valve
sensor for improving its magnetoresistive coefficient (dr/R).
In the following four examples various layers underlying a spin valve sensor
and layers of the spin valve sensor were ion beam sputter deposited in a sputtering
chamber. Various targets were sputtered by xenon (Xe) ions in a low pressure xenon
(Xe) atmosphere emanating from an ion beam gun. Sputtered material from the target
was deposited on a sub;strate to form the layers. After completion of the spin valve
sensor the spin valve sensor was reset at a predetermined temperature in the presence
of a field for a predetermined period of time. For the antiparallel pinned spin valve
sensors in Examples 1 and 2, the temperature was 230°C in the presence of a field of
10,000 Oe for 10 minutes. For a simple spin valve sensor in Examples 3-6, the
resefting was done at a temperature of 230°C in the presence of a field of 500 Oe for a

period of 2 hours. In each of the examples the magnetoresistive coefficient (dr/R) was



each of the first and second pol e piece |layers having a yoke portion

‘| ocated between a pole tip portion and a back gap portion; a ﬁb@hﬁﬂﬂﬁﬁﬂﬁﬂz
wite gap | ayer |ocated between the pole tip portions of the first and
second pol e piece layers; an insulation stack with at | east one coil |ayer
enbedded therein | ocated between the yoke portions of the first and second
pol e piece layers; and the first and sddond pol e piece |ayers being

connect ed atmbdi@ied BaGKelDaRSIHROdHoBRENetRNAolIR! B8 (1830 haPia@hangePim
val ve sensor that includes: a ferromagnetic free |ayer having a magnetic
moment t hat magrfetaesittance Giisthe ddferencé betsteenimaguttoronstanca ebgoths endgnete

i | field; 15 L w~ -21 i ' d | .St t
havi ng & maGHRPFES (hiBnbIel Hoh iy HOEP GTRBEUF Rl 1% TeaavaEes Vs phdes

| ayer |ocat es%irf%%.egénéoqewfngneﬂwl %grﬁ]eti@r&qoﬁlggts pdf“ﬂﬂggoi{L%‘ée£n§tf{egC1%§err§;ar@”d an
antiferromagneti c pinning layer exchange coupl ed € pinne yer

structure famtiphnleNdriiheali@gnevided bP tRNEsifhnde®) PF Heashid d3ies saisbwher € 1N
a second direction; a bilayer seed |layer structure having first and second

seed | ayer s;the maghpiismomenld of lyeepinned anfl Gegrayers lare parilele Tha aforéneendionethd
d I bei . net | tal ;, and th d | bei
ocat ed’ bet vEENIARER TPRRFRh) (Ead Bf BRI o0 dteier dyer bhie PRES
pi nni ng | ayepyetdie fedd rﬁ&‘@‘étié Wk of kd gﬂin@éil 31a)gahr Stthi @] &S SGRE b@%‘ﬁt bi as

and | ead | ayers connected to first and second si'de edges of the spin‘valve

sensor; nonnelnetlydowe) achradsddl Oy, simsul affecretheibist peindoSthe cansor catlergahe
| ayers; . L ) ) .
bias point is the point on a transfer curve of the spin valve sensor with a sense current
Is is conducted through the sensor without any signal fields The bias point should be
located midway on the transfer curve and, if it is offset from the midway position, the
read sensor has read signal asymmetry. Read signal asymmetry equates to a decreased
read signal and a lower storage capability. The transfer curve is a plot of the change in

magnetoresistance (dr) versus a change in the applied field.

Example 1

A first example of an antiparallel (AP) pinned spin valve sensor 200 is shown
mn Fig. 12. The spin valve sensor 200 includes a ferromagnetic free layer 202 that has
a magnetic moment 204 that is free to rotate from a first direction in response to a
signal field from a track of a rotating magnetic disk. The magnetic moment 204 is
typically oriented parallel to the ABS, as shown at 204 in Fig. 12. The spin valve
sensor also includes a ferromagnetic pinned layer structure 206 which has a magnetic
moment 208 oriented in a second direction. The second direction is typically
perpendicular to the ABS and may be directed away from or toward the ABS. The
magnetic moment 208 is pinned and 1s not free to rotate while the magnetic moment
204 freely rotates in response to signal fields from the rotating magnetic disk. When
the magnetic moment 204 is rotated upwardly into the paper by a signal field the
magnetic moments 204 and 208 become more antiparallel which increases the

resistance of the spin valve sensor. When the magnetic moment 204 rotates



the bilayer seed | ayer structure, the spin valve sensor and t

second hard bias and |l ead | ayers being | ocated between the fi Ptta( é‘m‘?ZDQZd
read gap | ayers; a ferronmagnetic first shield layer; and the first and
second read gap | ayers being | ocated between the first shield | ayer and the
first pole piece layer. 12. A nmagnetic ?ead assenbly as clainmed in claim11
wherein the pinning layer is selected } oma group conprising iridium

nanganese ('ddWﬁwar@ﬂyaér'&HrBfﬁﬁélgwsﬁe(rﬂ tic nidnfAts"POYARE 268 Ue6dhe ndhd
ni ckel nmanganese (N"M). . A magnetic head assenbly as claimed in claim

12 wherei n tpesalidl rvduclséemeasayéne Tegstamiee cVben theosense gromp IcdHpisi @ndgoetad ckel
oxide (NiO), nic ese oxi.de (N MO ckel .iron chr.om um oxi de

(N FeOr Q) anliye a%ﬁnﬁ%rf@a%eéén bieratst ehise chiies o gl Nt RS arpl
as clained ig, l r

bei ng sel ect eé&b?%l?na‘%%cggge% h@@%ﬁ%ﬁ% %?Jéﬂ ﬁppl §'%8 g(llcﬁ:ég
copper (Cu), read sighatem (Al ), rhod| um (Rh), palladium (Pd) pl atl num (Pt),
gold (Au) and their alloys. 15. A nagnetic head assenbly as clainmed in

cl ai m 14 i ncl udi n§: nonmegnetig electiically co@;ctlﬁ@spa@grdlamgdmgﬁqqq@d hemﬂaldhﬁg a

f I
SSLQ?Z??S?I S SBbng 1o Mot ieh SRS chdsh o 26h Al BlourtE,
pol e piece I g fn 1 2 REHEREL End'RAAcRBEE RIS 1hE Binfeddyer ﬁhﬁhﬂ% %6

wherein the |nn| ng layer 1s |ocated between the second seed | ayer and the
pi nned | ayer fos tpinmtg the. maghetid magene 208 ;jaq&ddlaslaem)t}ye ABSclienganing leyeai m 16

wherein the 5) 1I 4nrr:1ia§l] %ellg%(taerd <I>nS a Iﬁis[t?clzal‘cllmgan%g)ge%n(%sl?w(mch 1s ‘typically aluminum oxide
(Al;05). The preferred pin layer structure is an antipafrallel (AP) pinned layer, as
shown in Fig. 12. The AP pinned layer structure includes a first antiparallel (AP1)
layer 218 and a second antiparallel (AP2) layer 220 that are separated by an
antiparallel coupling (APC) layer 222. Exchange coupling between the pinning layer
214 and the first antiparallel pinned layer 218 causes a magnetic moment 224 of the
first antiparallel pinned layer 218 to be pinned perpendicular to and away from the
ABS, as shown in Fig. 12. Because of an antiparallel coupling between the layers 218
and 220 the magnetic moment 208 of the antiparallel pinned layer 220 is antiparallel
to the magnetic moment 224 of the first antiparallel pinned layer 218.

In this example the pinning layer 214 was 80A of iridium manganese (IrMn),
the first antiparallel pinned layer 218 was 30A of cobalt iron (CoFe), the antiparallel
coupling layer 222 was 8A of ruthenium (Ru), the second antiparallel coupling layer
220 was 27A of cobalt iron (CoFe), the spacer layer 212 was 22A of copper (Cu) and
the free layer 202 was 45A of nickel iron (NiFe) and 15A of cobalt iron (CoFe) . The
cap layer 226 was S0A of tantalum (Ta) on the free layer 202 for protecting the free
layer. After resetting the spin valve sensor 200, as described hereinabove, the
magnetoresistive coefficient (dr/R) was 4.5% and the ferromagnetic coupling field (Hr)
was 9 Oe. While the iridium manganese (I'Mn) pinning layer 214 promotes an
improved read gap and thermal stability, the magnetoresistive coefficient (dr/R) is

relatively low. When a tantalum (Ta) seed layer was employed between the mridium



18. A magnetic head assenbly as claimed in claim17 wherein thel§ ] sBea2
'layet is nickel manganese oxide (NiMO). 19. A nmgnetic head assenbly as
claimed in claim18 wherein the second seed | ayer is copper (Cu). 20. A
magneti c disk drive having at | east one slider that has an air bearing
surface (ABS), the slider supporting ah | east one magnetic head assenbly
that includes a read head and a wite éad, the di sk drive conprising: the

wite head imghgthestd:IrVm)s birditth 98ReNA1P0AR RheeClrsl YRT SSapeaglr of 16 e f i r st
and second pol e piece |layers having a yoke portion | ocated between a pole
tip portion maghaorbastkvegenpipont i(drik) avasomerageme e tavdhé.e Ayapbjeayive dfabat ed
bet ween the pol e tivp portions of the first and segond Po}ﬁs pi ece |l ayers; an
i nsul ati on sPTSES0L HVERHIOR 1S fQmurovsfae pshetpissistvesiopltigtat(diier ei n | ocat ed

bet ween the yoke portions of the first and second pole piece |ayers; and
the first and second pol e piece IayerE bei)&% connected at their back gap

portions; and the read head hayi ng.a E:;?H e sensor that includes: a
ferromagnetic free |ayer havi z%(f" g"ﬁ'&&ﬂ 'E‘tﬁﬁiﬁs"r‘?f‘t'f’ at is free to rotate

froma first direggl I 1L . S | 2 T8 InbdHi rgﬁg)g '
pi nned | ayer str u*g%éu?@nh%\ll\(eng&g&sng%dng% ?(lzgn%?rgsn% ;HI?t éllg %&%t ~ - ggfteg&t
nonmagnet i ¢ mvetioh Cllelspircetduehiore0spader sahrysthd gratvable Betsope00 thBig r ee
| ayer and the pinned |ayer structure; and an antiferromagnetic pinning

| ayer exchanbeexssppiord seest leyes (Bhhsisrsturay@? that iytocaied betwiecp ihenfrngread gap
MGG R N R e RN o P L
ﬁ gﬁﬁa gﬁgteir Cb@'mg 384 BEhAdinEa Rittalife SREk 4rfden SBERNG:S f?@elr (SREFBOD RS SAng a
nonmagnetic metal. The first seed layer 304 1s located on ‘and interfaces the first read
gap layer 216 and the second seed layer 306 interfaces and is located between the first
seed layer 304 and the pinning layer 214. In this example, the first seed layer 304 was
40A of nickel manganese oxide NiMnO) and the second seed layer 306 was 10A of
copper (Cu).

After resetting the pinning layer 214, as discussed hereinabove, the
magnetoresistive coefficient (dr/R) of the spin valve sensor 300 was 8.24% and the
ferromagnetic coupling field (Hy) was 6 Oe. The magnetoresistive coefficient (dr/R) of
the spin valve sensor 300 in Fig. 13 is a significant improvement over the
magnetoresistive coefficient (di/R) of the spin valve sensor 200 in Fig. 12. It 1s
believed that this improvement is due to the nickel manganese oxide (NiMnO) first
seed layer 304 promoting a desirable microstructure of the indium manganese (IrMn)
pinning layer 214 and that the second copper (Cu) seed layer 316 preventing the
oxygen of the nickel manganese oxide (NiMnO) first seed layer 304 from intermixing
with the iridium manganese (IrMn), which intermixing would degrade its pinning
properties. Accordingly, the texture of the nickel manganese oxide (NiMnO) is
transplanted into the copper (Cu) which, 1n turn, transplants the desirable texture into
the iridium manganese (IrMn). On the way, however, the copper (Cu) prevents the
oxygen in the nickel manganese oxide (NIMnO) from intermuxing and reacting with

the iridium manganese (IrMn). In an example where nickel manganese oxide



netal; and the second seed | ayer being | ocated between and intéf?agwg W
+ of. tthe first seed |l ayer and the pinning | ayer; the read head further R
including: first and second hard bias and | ead | ayers connected to first
and second side edges of the spin valve sensor; nonmagnetic electrically
insulative first and second read gap |l ayers; the bilayer seed | ayer
structure, the spin valve sensor and e first and second hard bias and

| ead | ayers @aMHD) Weatpthcbetmeerickdoxide/BHORME Seaonrdulteadedsaiheyens; a
ferromagnetic first shield |layer; and the first and second read gap | ayers

bei ng | ocat exhatfeer weample ifeotfshewn), sHheniwm Ry vas seiptcyed fartke segondsesd daysr

| ayer; and i ng; .,a magnetic di sk rotatab orted.,in the housing, a
suppor t mount @l T T HBR PR S g RO HRheR e e 2 JSERI S
with the ABSfachRg.hhe HRANGHLFa 8 tsha e IBEREh & A ABSAR! Y 1S
in a transdué{ng r%?gpiénsﬁﬁp mf%hlﬁﬁgﬁﬁggnetfg d?sk; ﬁ%%ns ?or rotating

t he magnet i cnidkeg K mapgsidse ootidg EbDOAO)Caankedhyd B804 t hbiichuppot ta f ogry mbaw ng
the magnetic head assenbly to nultiple positions with respect to said
nmagneti ¢ di skagngteresstoecsstiiagnidgRe connected to the magnetic head
assenbly, to the neans for rotating the magnetic disk and to the
positioning nmeans for exchanging signals with the magnetic head assenbly,
for controlling rotation of the nmagnetks#mf@iedk and for controlling the

position of the magnetic head assenbly. 21. A nmagnetic disk drive as
clainmed in clai m?2ie sisreilve sdnsorpdthslyn ayEig. 14 sethectwd 9srtbm spuyrvelyp

comr <119 LGk TTAgenese, G, JeLat o rangeneee, (P i
pinned layer 402 which, in this example, was 24A of cobalt iron (CoFe). The
magnetic moment 404 of the pinned layer 402 is shown perpendicular to and toward
the ABS. It is the relative rotation between the magnetic moments 204 and 404 that
determines the magnetoresistance (dr) of the read sensor 400. This example has no
seed layer between the pinning layer 214 and the first read gap layer 216.

After resetting the pinning layer 214, as discussed hereinabove, the
magnetoresistive coefficient (dr/R) was 4.0% and the ferromagnetic coupling field (Hy)
was 8 Oe. It is an object of the present invention to improve this magnetoresistive

coefficient (dr/R).

Example 4
(Second Embodiment of Invention)

The spin valve sensor 500 in Fig. 15 1s a second embodiment of the present
invention. This spin valve sensor is the same as the spin valve sensor 400 in Fig. 14
except a seed layer structure 502 is employed between the first read gap layer 216 and
the pinning layer 214. The seed layer structure 502 comprised a first seed layer (SL1)
504 of a metallic oxide and the second seed layer (SL.2) 506 was a nonmagnetic metal
In this sensor the first seed layer 504 was 40A of nickel manganese oxide (NiMnQ)
and the second seed layer 506 was 10A of copper (Cu) The first seed layer 504



-24 22. A magnetic disk drive as clained in claim21 wherein th ‘?r\?gmom
| ayer is selected froma group conprising nickel nanganese oxi de

ni ckel oxide (NiO), nickel iron chrom umoxide (NiFeCrO and iridium
manganese oxide (IrM0O. 23. A nmagnetic disk drive as clainmed in claim 22
including: the material of the second seed | ayer being selected fromface
centered cubi c nonmagnetic netal s corrpﬁ sing copper (Cu), alum num (Al),

r hodi um (Rh)intepatddagtidiwnd Radted Rhahé lﬁwnrédat gap B9érd 16/ BB deddhdi seedlldyey's .
24. A magnetic disk drive as clained in claim23 including: the read head

further incl3 wgs lacafast bestagn end anseacsddeashi o the | figleseed dayrsndigaed i the
separation | aye anId \the separation | ayer being | ocated between the second
shield Iayerp Egtl"ﬁg rst pole piece layer. 25. A magnhetic disk drive as

claimed in clai m&ZBemhgE®ing thbespim mlv@gsérﬁyxerSODSaé atiatuegdbkérekebovehehsecond
seed | ayer and the pinned |ayer structure, gnetic disk drive_ as

claimed in chagipossiviecesificerddpgRaning: %9@ thie£errwftﬁnatﬂﬁ srapyaadsld q vn) .
27. A magnetg. @i skodri Sorfek d, &l @ERWE ¢ B d

| ayer is ni cveﬁ h%anbgéng\sflg Igx%rgae&l(%rli(llﬁI\/ﬁO(gbe 208rl A(\ nawr%)gt ?lcs ?irl}lsﬁdléireﬁggfzgg

cl ai med in cinzéenhiod Avashegmiinartiyehigles dnah éieedagrasoe&smtwe cogfeent @u/R) E3he A
met hod of maki % (gﬁg;%etllc read head that includes a spin valve sensor
conprising tH¥ ee‘b dr m ng a netallic oxide first seed | ayer; formng
a nonmagnetic netallic second seed |layer on the first seed | ayer; and 15
J UL 2002 - 25 formng an antiferroppgl Ehwfp pi nning |ayer of said spin
val ve sensor on the second se t seed | ayer being

| ocat ed between and interfacihg eacﬁ{bo?yhil to?l ?i@q@ggd | ayer and the

pi nni ng | ayer. 30ThAspmtvaba smso:rl @(iOmﬂFlgn 161 iai avihiz@l svhbodinantt bithei prasang

| ayer |sforrredfro one. of E orrprlsm ridium H_lnese(erh)

pl ati num nmangYFRELE- (B R Ve ‘F& Sr‘?ﬁ %(gﬁé’stgp g8 gvezﬁ?ﬂfoﬁ}v f&

(Ni V). conductwe spacer layer (S) 602 is located between a ferromagnetic pinned layer
1% g b

structure (P) 604 and a ferromagnetic free layer (F) structure 606. The free layer
structure includes 45A of nickel iron (NiFe) and 15A of cobalt iron (CoFe). The
pinned layer structure 604 may be a single ferromagnetic layer as shown in Fig. 16 or
an antiparallel (AP) pinned layer structure as shown at 206 in Fig. 13. An
antiferromagnetlic (AFM) pinning layer 610 is exchange coupled to the pinned layer
structure 604 and a cap layer 612 is located on the pinning layer 610 for its protection.
In this example the spacer layer 602 was 22A of copper (Cu), the pinned layer
structure 604 was 24A of cobalt iron (CoFe), the pinning layer 610 was 80A of
iridium manganese (IrMn) and the cap layer 612 was 50A of tantalum (Ta).

A bilayer seed layer structure 614 having first and second seed layers (SL1)
616 and (SL2) 618 is located at the bottom of the spin valve sensor with the first seed
layer 616 on a first gap layer (G1) 618 of aluminum oxide (Al,Os) and the second seed
layer 618 located between the first seed layer 616 and the free layer 606 Without the
bilayer seed layer structure 614 the spin valve sensor 600 shown in Fig. 16 had a
magnetoresistive coefficient (dr/R) of 6.0%. With the bilayer seed layer structure 614,
shown in Fig. 16, the magnetoresistive coefficient (dr/R) of the spin valve sensor was

8 0% It 1s believed that the bilayer seed layer structure 614 n a top spin valve

functions in the same manner as it does 1n the bottom spin valve shown in Figs 13 and



31. A nethod as clained in claim30 wherein the first seed Iay¢5i E[[_Plgrm
fromhone of a group conprising nickel nmanganese oxide (N MO, nic oxl
(Ni0), nickel iron chrom um oxide (N FeCrO and iridum nanganese oxi de
(IrMO . 32. A nethod as clained in claim31 wherein the material of the
second seed layer is fornmed fromface centered cubic nonmagnetic netals
conprising copper (Cu), alumnum (Al) 161 hodi um (Rh), pall adi um (Pd),
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32 wherein the pinning |ayer is formed between the second seed | ayer and
the pinned |tesere fot spifitvalve ser3ér lafersrd¢posiechtherzbaiane chel secaldadend Ederbeg ef n t he
pinning layer is formed of iridium man%éégese (Irv). 35. A nethod as

clai med in cdogpen (84) wreverts the ¢rergéni msthe disw geqdalpper 61;6 fron metgmoiking with|the
manganese oxi de (Ni MnO . 36. A nethod as cI ai med i | ai m rei n the
second seed ! PW%ﬁheF%abPYFr mids &Fh‘?}iﬁéﬁ@ﬁ opgg, jhis ?Fmr%hﬁ%g’ﬁ%e%ﬁﬁﬁgh

magneti c he ad head_ and g V\/ner

fead head | nYSag6 & YErAY oD CIRCsP N nRE plel. RiRRn e e gamﬁeead as
follows: forgigdvavk fl{%@rﬂﬁ%ﬁfa diprst shield layer; formi ng a nonnmagnetic
el ectrical Iyaml nsul t‘l?vg Irs k gap | ayer on the first shield | ayer;
formng a netallic oxide first seed | ayer on the first read gap |ayer; 15
J UL 2002 -26 form ng a nonnagnetic netallic second seed | ayer on the
first seed layer; and form ng an ant@bservatingnetic p| nning | ayer of said

spin val ve sensor_on t cond seed | ayer W|th t n ed | ayer

| ocat ed between af PR eg,eﬁ S?eﬁtﬂa SN Y’ffsyefl?fg i }Pes‘?m e‘Ptag@r ?’Qh"ﬁl ‘F‘hlg1

pi nni ng | aye c [ ea

first and se{c3’or}’gﬁ)la'[;l(Iaeh{ee egk{aﬁ&t@'}ﬁspgﬂ%ﬁeﬂ\’}g‘)@%f g%ﬁs\%?v or m n?h%%%%’n gnet|
el ectrical |l yodupsg %ld"@etﬁ@&@ﬂﬁ filSeshigamIRYESEr 218 bHE tﬁé)bﬁm)i?é “geS NS¢ and

the first and second hard bias and | ead | ayérs; formng the wite head as
fol  ows: forsubsgnitallyesreacmpmetieexthangt cogling fiektbetivagretheainglhrysepioned r ead

gap |ayer thlg;erhfiaOSZ 2nd the pinning layer 214 in Fig. 15. The exchange coupling field is
proportional to 1/t where t is the effective thickness of the pinned layer structure. The
effective magnetic thickness of the pinned layer structure 206 in Fig. 13 1is the
difference between the thicknesses of the first and second antiparallel pinned layers
218 and 220. This difference is 3A as compared to an effective magnetic thickness of
24A for the pinned layer 402 in Fig. 15. The pinning field (Hp) is equal to the
exchange coupling divided by the effective magnetic thickness. Accordingly, the
pinning field (Hp) between the pinning layer 214 and the antiparallel pinned layer 218
in Fig. 13 is the exchange coupling field divided by 3 whereas the pinning field (Hp)
between the pinning layer 214 and the pinned layer 402 in Fig. 15 is the exchange
coupling field divided by 24. Accordingly, the pinning field (Hp) for the spin valve
sensor 300 shown in Fig. 13 is enhanced by a factor of 8 as compared to the spin valve
sensor 500 shown in Fig. 15. It 1s important, however, that the thickness of one of the
antiparallel pinned layers 218 and 220 be thicker than the other antiparallel pinned
layer for resetting purposes. If the thicknesses of the antiparallel pinned layers 218 and
220 1n Fig. 13 are reversed equivalent exchange coupling and pinning fields are

obtained



yoke region | ocated between a pole tip region and a back gap regig@n;
*farming an insulation stack with at |east one coil |ayer enbeddi(ﬁ)t\lLUlLemﬂz

on the first pole piece layer in the yoke region; formng a nonmagnetic
electrically insulative wite gap |ayer on the first pole piece layer in
the pole tip region; and form ng a ferromagnetic second pole piece |ayer on
the wite gap layer, the insulation stagk and connected to the first pole
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wherein the pinning yer i rom one ng 1ridium

manganese (| [Mh)aq ah@aimwﬁxd@%}%ﬁ&n@ﬂe{w strhdt@fe sTANgangse1d kedhy ﬁlﬂghe

ni ckel manganese (N M1). 39. od as'clainmed in claim38 wherein

first seed | aer besa fglefinbmagnaindapd oa ar aitjpacadiep (AB) fegroniagketic pmngdnese
oxi de (Ni MO, nickel oxide (N 0), nickel iron chrom um oxide (N FeCrO and
i ri di um manghpessdruohireleuch asvi@y shoym atRGeeinHog b dhaiddepinned ke singoire
wherein the material of the second seed | ayer i.s forned fromface centered
cubi c nonnagW@Plidch%ttg‘? §318% ARYANLAERY) aéé%éiﬁ%g((fﬂ?ﬁﬁii‘eéﬂ“éﬁ’ﬁoﬁ%fﬁr(t £ POt m

(Rh), palladi ym %}Pd%{, platinum (Pt), gold (Au) and their alloys. 41. A
met hod as cl & MefFH cl ai m 40 including: the nmaking of the read head

further includi ngynd ki @%ngaﬁe%é 6%3@@0%(2) &gl;@?ﬂt SOl ghyds BEY B aleliRs

second read gap | ayer; an 15 J UL 200 orm ng "a nonnagneti c

separ ation | aygetalliv ébidessebiondlsshheldesl mgiet oside (NaD), iHdiugepangdnedhokidyer i s
| ocat ed between the second shield layer and the first pole piece |ayer. 42.
A met hod as i@ candmicked iron 4romiem eixidetNe ebirni Abe P@f@redirgetﬁl@pmdébm ween

e seeons Sgeil el S IR LALET S bele Sl S aPa e |
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metals are face centered cubic (FCC) structures except ruthenium (Ru) which 1s a
hexagonal close packed (HCP) structure. The second seed layer 306 is preferably
copper (Cu). The first and second seed layers 304 and 306 should be kept as thin as
possible. The thickness of the copper (Cu) seed layer 306 can be modified to improve
the biasing of the free layers. A preferred thickness for the first seed layer is 40A and a
preferred thickness for the second seed layer 306 is 10A. However, in a broad concept
of the invention the thickness of the first seed layer can range from 20A - 500A and the
thickness of the second seed layer may range from 5A - 50A. The first read gap (G1)
may consist entirely of the first seed layer or may include a layer of aluminum oxide
(ALO3). It should be understood that cobalt iron (CoFe) layers may be cobalt (Co) and
that cobalt (Co) layers may be cobalt iron (CoFe).

It should be understood that the direction of the magnetic moments of the
various layers in the examples, as well as the sense current Is may be reversed without
departing from the spirit of the invention.

Clearly, other embodiments and modifications of this invention will occur

readily to those of ordmnary 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
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the second layer being located between and interfacing each of the first seed layer and the

pinning layer.

2. A magnetic read head as claimed in claim 1 wherein the first seed layer is nickel maganese
oxide (NiMnO), the second seed layer is copper (Cu) and the pinning layer is iridium manganese

(IrMn).

3. A magnetic read head as claimed in claim 1 including:

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

nonmagnetic nonconductive first and second read gap layers;

the bilayer seed layer structure, the spin valve sensor and the first and second hard bias and
lead layers being located between the first and second read gap layers;

ferromagnetic first and second shield layers;

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

4. A magnetic read head as claimed in claim 3 wherein the pinning layer is selected from a
group comprising iridium manganese (IrMn), platinum manganese (PtMn), iron manganese (FeMn)

and nickel manganese (NiMn).



10 10 10S910%&' ()-11JdI~JIIAEDC #110%&' ()-,t109& ()-f 10%& ()-f ﬁo )2
@10%& ()- f -109%& ()-J"K) KpKKLNLAEbC #1@ "109%& ()- 109%&' () - Jﬁl-y 002
10%&' () - @O0% ()- @ 10%&' ()-nLLLLIMVWWIEbBC
#1@10%& () - @$10%& ()-"109%& ()- @®! &10%&' ()- 10%& ()- @
1098 () - MNIJNNNO>OQJEDC #1@ 109&' ()-3. GLo2-()-@F

10%&' () -*10%& ()- @) 10%& ()-' 10%& () - >00000000PhC

#110% &. () - fALRfHESetic) refd B84dSas( dlaintkd A @lal@yB #AUiH el ﬂrstl&%’@ lé})er RRE¥PE Sy fRED C
#110% & ()-SH#10% & ()-L10% & ()-S #10% & () -Snm' 10% & ( ?\I
10% & @FOURCRmRFS: Fickel manganese oxide (NiMnO), nickel oxide (NiO), nickel iron chromium

#SéSF@#i.%é?f%OS& F@Q%%@%W%B L0 (frf%ln@) S#10% &' () - S, 10% & () - S5SSSSSS

10t & 10% & ()-f"10% & ()-10% & ()-SS! TI TTTUJE_@ y10% () -
109%& () -y, 10%& ()-10%& ()-yl 109%& () s10%& () - U UULWV] WAE_@
109%&’ Paygle’omasqﬂtwgwb/@aé)asc md W/&cgﬁl%fy&' () - W/ We WAKHXI XIXdE: / 10

. 3
iggjiO%)& (1 %)‘V (%g@%&géhxjsg{w \fi }-&fﬁb%ﬁfé Os%}e%t)ed from face centered cubic nonmagnetic

109%& ()meﬂilﬁ)%&’n()msmg TOPRer (Cupatubdietm( (A8 IMJI(I)(Rh) HaKadium (Pd),{platinum (Pt), gold
10! #° *J(R <w' <& fé{ *10%) & () 10 10 10&0 10%&' ()-M 109%&' ()-"!
109& (&) gpdibemefleysi 1 Ji | n° 1SMLO% u&' () - M

7. A magnetic read head as claimed in claim 6 wherein the pinning layer is located between the

second seed layer and the pinned layer structure.

8. A magnetic read head as claimed in claim 7 wherein the pinning layer is iridium manganese
(IrMn).

9. A magnetic read head as claimed in claim 8 wherein the first seed layer is nickel manganese
oxide (NiMnO).

10. A magnetic read head as claimed in claim 9 wherein the second seed layer is copper (Cu).

11. A magnetic head assembly having a read head and a write head 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;
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 gaps portions;
and
the read head having a spin valve sensor that includes:
a ferromagnetic free layer having a magnetic moment that is free to rotate from a

first direction in response to a signal field;
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an antiferromagnetic pinning layer exchange coupled to the pinned layer structure
for pinning the magnetic moment of the pinned layer structure in a second direction;
a bilayer seed layer structure having first and second seed layers;
the first seed layer being a metallic oxide and the second seed layer being a nonmagnetic
metal; and
the second seed layer being located between and interfacing each of the first seed layer and
the pinning layer;
the read head further including:
first and second hard bias and lead layers connected to first and second side edges of
the spin valve sensor;
nonmagnetic electrically insulative first and second read gap layers;
the bilayer seed layer structure, 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 ferromagnetic first shield layer; and
the first and second read gap layers being located between the first shield layer and

the first pole piece layer.

12. A magnetic head assembly as claimed in claim 11 wherein the pinning layer is selected from
a group comprising iridium manganese (IrMn), platinum manganese (PtMn), iron manganese

(FeMn) and nickel manganese (NiMn).

13. A magnetic head assembly as claimed in claim 12 wherein the first seed layer is selected
from a group comprising nickel oxide (NiQO), nickel manganese oxide (NiMnO), nickel iron

chromium oxide (NiFeCrO) and iridium manganese oxide (IrMnO).

14. A magnetic head assembly as claimed in claim 13 including:

the material of the second seed layer being selected from face centered cubic nonmagnetic
metals comprising copper (Cu), aluminum (Al), rhodium (Rh), palladium (Pd), platinum (Pt), gold
(Au) and their alloys.

15. A magnetic head assembly as claimed in claim 14 including:
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a ferromagnetic second shield layer;

a nonmagnetic separation layer; and

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

layer.

16. A magnetic head assembly as claimed in claim 14 wherein the pinning layer is located

between the second seed layer and the pinned layer structure.

17. A magnetic head assembly as claimed in claim 16 wherein the pinning layer is iridium

manganese (IrMn).

18. A magnetic head assembly as claimed in claim 17 wherein the first seed layer is nickel

manganese oxide (NiMnO).

19. A magnetic head assembly as claimed in claim 18 wherein the second seed layer is copper
(Cu).

20. A magnetic disk drive having 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;
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 having a spin valve sensor that includes:
a ferromagnetic free layer having a magnetic moment that is free to rotate from a
first direction in response to a signal field;

a ferromagnetic pinned layer structure having a magnetic moment;
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the first seed layer being a metallic oxide and the second seed layer being a nonmagnetic
metal; and

the second seed layer being located between and interfacing each of the first seed layer and
the pinning layer;

the read head further including:

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

nonmagnetic electrically insulative first and second read gap layers;

the bilayer seed layer structure, 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 ferromagnetic first shield layer; and

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

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head assembly with the 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 rotation of the magnetic disk and for controlling the position of the

magnetic head assembly.

21. A magnetic disk drive as claimed in claim 20 wherein the pinning layer is selected from a
group comprising iridium manganese (IrMn), platinum manganese (PtMn), iron manganese (FeMn)

and nickel manganese (NiMn).
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. A magnetic disk drive as claimed in claim 21 wherein the first seed layer is selected from a
group comprising nickel manganese oxide (NiMnO), nickel oxide (NiO), nickel iron chromium

oxide (NiFeCrO) and iridium manganese oxide (IrMnO).

23. A magnetic disk drive as claimed in claim 22 including;

the material of the second seed layer being selected from face centered cubic nonmagnetic
metals comprising copper (Cu), aluminum (Al), rhodium (Rh), palladium (Pd), platinum (Pt), gold
(Au) and their alloys.

24. A magnetic disk drive as claimed in claim 23 including:
the read head further 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 disk drive as claimed in claim 23 wherein the pinning layer is located between

the second seed layer and the pinned layer structure.

26. A magnetic disk drive as claimed in claim 25 wherein the pinning layer is iridium

manganese (IrMn).

27. A magnetic disk drive as claimed in claim 26 wherein the first seed layer is nickel

manganese oxide (NiMnO).
28. A magnetic disk drive as claimed in claim 27 wherein the second seed layer is copper (Cu).

29. A method of making a magnetic read head that includes a spin valve sensor comprising the
steps of:
forming a metallic oxide first seed layer;

forming a nonmagnetic metallic second seed layer on the first seed layer; and
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and the pinning layer.

30. A method as claimed in claim 29 wherein the pinning layer is formed from one of a group

comprising iridium manganese (IrMn), platinum manganese (PtMn), iron manganese (FeMn) and

nickel manganese (NiMn).

31. A method as claimed in claim 30 wherein the first seed layer is formed from one of a group
comprising nickel manganese oxide (NiMnO), nickel oxide (NiO), nickel iron chromium oxide

(NiFeCrO) and iridum manganese oxide (IrMnO).

32. A method as claimed in claim 31 wherein the material of the second seed layer is formed
from face centered cubic nonmagnetic metals comprising copper (Cu), aluminum (Al), rhodium

(Rh), palladium (Pd), platinum (Pt), gold (Au) and their alloys.

33. A method as claimed in claim 32 wherein the pinning layer is formed between the second

seed layer and the pinned layer structure.

34. A method as claimed in claim 33 wherein the pinning layer is formed of iridium manganese
(IrMn).

35. A method as claimed in claim 34 wherein the first seed layer is formed of nickel manganese
oxide (NiMnO).

36. A method as claimed in claim 35 wherein the second seed layer is formed of copper (Cu).

37. A method of making a magnetic head assembly having a read head and a write head,
wherein the read head includes a spin valve sensor, 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 metallic oxide first seed layer on the first read gap layer;
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connecting first and second hard bias and lead layers to first and second side edges
of the spin valve sensor;
forming a nonmagnetic electrically insulative second read gap layer on the spin
valve sensor and the first and second hard bias and lead layers;
forming the write head as follows:
forming a ferromagnetic first pole piece layer on the second read gap layer that has a
yoke region located between a pole tip region and a back gap region;
forming an insulation stack with at least one coil layer embedded therein on the first
pole piece layer in the yoke region;
forming a nonmagnetic electrically insulative write gap layer on the first pole piece
layer in the pole tip region; and
forming a ferromagnetic second pole piece layer on the write gap layer, the

insulation stack and connected to the first pole piece layer in the back gap region.

38. A method as claimed in claim 35 wherein the pinning layer is formed from one of a group
comprising iridium manganese (IrMn), platinum manganese (PtMn), iron manganese (FeMn) and

nickel manganese (NiMn).

39. A method as claimed in claim 38 wherein the first seed layer is formed from one of a group
comprising nickel manganese oxide (NiMnOQ), nickel oxide (NiO), nickel iron chromium oxide
(NiFeCrO) and iridium manganese oxide (IrMnO).

40. A method as claimed in claim 39 wherein the material of the second seed layer is formed
from face centered cubic nonmagnetic metals comprising copper (Cu), aluminum (Al), rhodium

(Rh), palladium (Pd), platinum (Pt), gold (Au) and their alloys.

41. A method as claimed in claim 40 including:
the making of the read head further including:

forming a ferromagnetic second shield layer on the second read gap layer; and
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43. A method as claimed in claim 42 wherein the pinning layer is formed of iridium manganese

(IrMn).

44. A method as claimed in claim 43 wherein the first seed layer is formed of nickel manganese
oxide (NiMnO).

45. A method as claimed in claim 44 wherein the second seed layer is formed of copper (Cu).



