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W TH A VEVALOSAESIRETAL «fmwﬁﬂ mﬂm M YER STRUCTURE The prese®CTIGREARTION
relates to a spin val vel m | a mefal and netal oxide cap |ayer
structure and, nore particu,gly, to a cap layer structure which includes
a gold or copper layer for specular reflection of conduction electrons and
an al um num oxi de or tantal um oxide |ayer for protecting the gold or

copper | ayer sPmomader rsetdack onTsE FhEETrGaAND METAL OSHPRIICAP LAER STROFEREC di sk
drive which includes, wthin a housing, a rotating magnetic disk, a slider

that has.read ﬁ{;d?rggremenn,%ﬁe'&n 2 SHSDONS 108,53 DL ARONE Jhe, it at Aldelgh di SK

and an actuator SW ngs the suspension armto EI ace the read and
wite heads mated oxialeccaredarsy GUFeFtUre 6Ks TSt PRFCEABL R Ng ti 3 ICAPTHRYSx

suspensi QR GENARI @SS 14dNQast i0861d B OcdRBE aGleWi ol hRusil kacr efod e di sk
when the disk is not rotating but, when the disk rotate alr s swrled

S
by the rCaEFHdCBi Lhectagisadeht*®a ﬁllﬁiif”u‘bé%f‘?%d’rsfﬁnlté&‘é" XY 18Y°% A8 sl i der
causi ng thetsddifgrtieOgord de &ppap Ryer Eani dgyradaiibght d| stance fromthe
surface of the rotating disk. When the slider rides on the air bearing the
wite and read heads are enployed for witing nmagnetic inpressions to and
readi ng magnetite hsimgnaf o icehmgefriomat tramebtatdi sy ddil ek whidte ineladleand wite

heads arg,; faNNeaLed Lo P F@é%g%g%élcyaaw that; sQpanat 6% 2660 dhaig to a
conputer programto dontro osition of the magnetic head assenbly so

as to inphesdwedehe W?anﬁgoraﬁamraé&a? ridref TRFEE o 1 SMRRE BN PFEAFOhi G
per f or mange: rfadghadd emeaysordaspitd m{c\éetrseemsm anfl GiriSenshag dvBe magnetic
é)nal fi e&ds fromthe rotati ng Eraegnetl G dlds

se s h g disk.

_ ected circular track rotatin The suspension arm biases
the slider into contact with the surface 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 causing the slider to
ride on én air bearing a slight distance from the surface of the rotating
disk. When the slider rides on the air bearing the write and read heads
are employed for writing magnetic impressiops to and reading magnetic
signal fields from the rotating disk. The read and write heads are
connected to processing cilrcuitry that operates according to a computer

program to control the position of the magnetic head assembly so as to

implement the writing and reading functions.

N ) An exemplary high performance read head employs a spin valve sensor
for sensing the magnetic signal fields from the rotating magnetic disk.
The sensor includes a nonmagnetic electrically conductive first spacer
layef sandwiched between a ferromagnetic pinned layer structure and a
ferromagnetic free layef structure. An antiferromagnetic pinning layer
interfaces the pinned layer structure for pinning a wmagnetic moment of the
pinned layer structure 90° to an air bearing surface (ABS) wherein the ABS
is an exposed surface of the sensor that faces the magnetic disk. First
and second leads are connected to the spin valve sensor for conducting a
sense current therethrough. A magnetic moment of the free layer structure
is free to rotate upwardly and downwardly with respect to the ABS from a
quiescent or bias point position in response to positive and negative
magnetic field signals from a rotating magnetic disk. The quiescent

position, which is parallel to the ABS, is the position of the magnetic
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The sensor includes a nonmagnetic electrically conductive first spat@rDEC 2005
l ayer sari@iddNwerriBbet ween a ferromagneti c pi nned | ayer stru@CuGBonesoa
‘ferromagnetic free layer structure. An ti f erromagne tic pinning |ayer
interfaces the pinned | ayer structure for pinning a magnetic nonment of the
pinned | ayer structure 900 to an air bearing surface (ABS) wherein the ABS
is an exposed surface of the sensor that faces the magnetic disk. First

and secoRéndRads tHeereaNnegd-edctgchbe WEph rth\éabmesemeﬁt feragarducti ng a
sense current therethr ough A magnetl C nDrrerl the free layer structure

is free COFPEEat® SHRERURY Hid §ie3d PYIRA tﬁ’“‘?)'élgpect to the ABS froma

qui escent or bias point position in response to positive and negative

magneti ¢ 1 el 5 gnals. 1 O A" GLALLNG MBINCLES S 8K cndDo M SRCEN Ly
i

position, which'is para to t Is the position o erranet|c~
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struct ur ge Wdell L& 8CRSA mEIMd eNLGoRRGLEL, 1EhEQUEM Lhe. SCBSOT chd delf
absence of signal fields. The thickness of the 'spacer |ayer is chosen so

that shufiFehgask theleseras C(S’&ii‘r‘%tr"‘rti Hhrgugh r’?&@nﬁ”isercoﬁb‘f*} iBlHet ween t he

free andapfan@edemﬂyerpo:&twmlcdfutm caﬁ@;dmsu E12€ckond % bdHtEKARS St | he
typi call %\7‘ s tha the nean _free gq{ of .el e% gn% conducted t hrough the
i d

sensor . HHPRTS © af’l? FERFENL2YS BoFt iTBR RAF thé™ fict3¥6h BFECTH6Rs are
scatt er etthat thhevagnatir races:sobt tthe spacérandagste bagdr sthmcpuresegrand free

layer StrpUChYLeS,; .y &@%d"‘éﬂ@%‘&é@?&!&%x?ﬁg emll?l&rﬁihegn@%eﬂrt%%lkayer
a b

structurés are par h respect to one aiof Scattering is mnim
and whenmggnrsitic W@ﬁé%laéeni‘ﬂ%ﬁ?%aléﬁé weatigrdral 4Ser“a’s@aF°éféri Alepnigss niaxi i zed.

Changes isBatt%QQ-ﬁé eshgﬂ@e§ha@g%§1$mcéeo%i SLaRGen Qfa1t-0QetfdNa¥ A ¥EnSERBSOr as a
function S etween {he nmagnetic_ nonents of

co t he_an
the pi nn85 cozfnd fVThSéel aﬁér&éet Fﬁ%]teuP%ts‘%e’T’h SSUHAEL G iPYSEE PhéPEaSErdi s
quant i f i edd &geenayret srmststesve Beebdusdtanittyded Rheheneodrisi quahhefielaage in

the’I’eSiﬁgéﬂgigresistive coefficient dr/R where dr is the change in the resistance
of the sensor as the magnetic moment of the free layer structure rotates
from a position parallel with respect to the magnetic moment of the pinned
layer structure to an antiparallel position-with respect thereto and R is

the resistance of the sensor when the magnetic moments are parallel.

In addition to the spin valve sensor the read head includes
nonconductive nonmagnetic first and second read gap layers and
ferromagnetic first and second shield layers. The spin valve sensor is
located between the first and second read gap layers and the first and
second read gap layers.are located between the first and second shield

~layers. In the construction of the read head the first shield layer is
formed first followed by formation of the first read gap layer, the spin
valve sensor, the second read gap layer and the second shield layer. Spin
valve sensors are classified as a top or a bottom spin valve sensor
depending upon whether the pinning layer is located near the bottom of the
sensor close to the first read gap layer or near the top of the sensor
close to the second read gap layer. Spin valve sensors are further
classified as simple pinned or antiparallel pinned depending upon whether
the pinned layer structure is one or more ferromagnetic layers with a
unidirectional magnetic moment or a pair of ferromagmetic layers that are

separated by a coupling layer with wagnetic moments of the ferromagnetic



of the sensor as the magnetic nonent of the free |ayer structure rotates
froma position parallel with respect to the magnetic nonment of thel piDEGEMS
‘layer structure to an antiparallel position with respect thereto and Ris

t he resistance of the sensor when the nagnetic nonents are parallel. In
addition to the spin val ve sensor the read head includes nonconductive
nonnmagnetic first and second read gap | ayers and ferromagnetic first and
second shield | ayers. The spin valve sefisor is |ocated between the first
and second read gap layers and the first and second read gap |ayers are
l'ocat ed bgi¥gaRiddhshtfpafadk]. aRBHinSEAANCbn3tiselré still WKt cldsSiffel Sis ¢ bHahaon of
the read héad the first shield layer is forned first followed by formation
of the fiwheremeadinglepspimyelve sehsor spiptoysvaly eng phwied lasieh end @cdwall spie adlvgap

| ayer and_t he second shi.el d .| ayer. i val ve sensors are classified as a
Lop or a BRSSP i it B e TSR Rt I iR ng Tayer
is located near the bottomof the sensor close to the first read gap | ayer
or near the top of the sensor close to the second read gap |ayer. Spin

val ve sensors A#étated hejeipabeveatsi spievalue seiispphas ppinsgatiringiegipavdlicieis
pinned dengndl B RRMAEHARIiohOPiRIARECo! AYShadl TAlEE Ui dolh BF feGhini B ©
ferromagnetic layers 'w a unidirectional nmagnetic nonent or a pair of

f erromagnaid fied Ayer sructuads. diefortaefdely 24 pettiby ofitheasptun®nl sdettionsvedcapdrginet i C
nonents of the ferromagnetic, 1 9 DEC 2005 -3 | ayers bei ng anti parall el

Spi n val vEies®Hs SR Iegiqn Whictieguges dhe,aforemengioned magpetaregistiviseetliGigsh ei n
a single gpRN YALURNRCRTObre GGV S OB ¥t AfiRe RIoRAGLich Bl HRrBmOtR! spii 1
val ve sensor enploys. t pi nned |ayers wth the tfree [ayer structure

| ocat ed t Hepreathatt wegon iste ppodted speubir nefbator,layenén g pam stradtwre as drestop ofids a

spin scattering regi on ich is ocat.ed between t he, af.orenenti oped .

et aoe b AR e R e TR s hule? S e BF gt G O SR ROk, alo

Struct ur eghe dg-égenb@it GbyiondoPAr ol idfpréfe thRemsgiRebiedidtive c%leméxﬁraﬁ/éxeépme
g

from the spin scattering region which reduces the aforenentione

magnet or esdnser. vdhe spéedulas refiectodiayr, whisk hie gefisbeamtayer of ithey cans stagaturef ist hese
conductiop el ectrons fromthe spi.n-.dependent. region. s _to provide
epecul ar _PeRieB BTN apl PelGes Bt § HBFTRER Sricile e s Sud b b The ve
sensor. Theoadesplaer iséhploved fdrayetectigf iheapsculdrerefiodiot Riyeofrorl abbéqent back
Into
processing steps. Typically, the second cap layer has been tantalum (Ta). Unfortunately,
tantalum degrades the gold of the specular reflector layer which degrades its performance

as a specular reflector.

According to a first aspect of the invention there is provided a magnetic read head
which has an air bearing surface (ABS), comprising:

a spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

a pinning layer exchange coupled to the pinned layer structure for pinning the
magnetic moment of the pinned layer structure;

a ferromagnetic free layer structure;

a nonmagnetic electrically conductive spacer layer located between the free layer
structure and the pinned layer structure;

a cap layer structure;

the free layer structure being located between the spacer layer and the cap layer

structure;
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t he spi n-dependent region so as to inprove the magnetoresistive coeff1g”gmqm5
‘dr/R of the sensor. The specular reflector layer, which is a first cap
‘layer 'of the cap structure, is |ocated between and interfaces each of a

free layer structure and a second cap |ayer. The second cap |ayer is

enpl oyed for protecting the specular reflector |ayer from subsequent
processing steps. Typically, the second cap | ayer has been tantalum (Ta).
Unfortunately, tantalum degrades the gtdd of the specular reflector |ayer
whi ch degrades its performance as a specular reflector. According to a

first aspect ofhetdag layey @G&ét@x%\ aghgfrﬁidg%@ﬁm &6&&4@1&9&% WheFif the@80caphi Ch

has an air bearing surface (ABS), conprising: a spin Valve sensor

i ncl udi nglayer isdecatedalptwesrcanst mirsthicesasash of thaufreq layer statcturasnd theaggnend cap
nonent; a gilnni ng | ayer exchange coupled to the pinned | ayer structure for
. . aver, . . ) .
pi nni ng th magneti c nonment of the pinned |ayer structure; a ferronmagnetic

free layer stritfitsieap day20Bb&iBg 86ip6sedlofgbld forkderulPraiestion/@ngpacer | ayer
| ocated between the free layer, structure and the pinned |ayer structure; a

cap layer struthegeeondiaan layepbeing gemnpesed of elypdnwaioniglel ocat ed bet ween t he
spacer | ayer and the cap layer structure; [R\LIBM 65982.doc 19 DEC 2005
-3a the cap layer structure conprising first and second cap | ayers wherein
the first cap Akeyrdingite dnodatedpdeeiofieks imrdtiomtieré & provedaha daghbe: hésle

| ayer structure and the _secaond cap layer; the first cap |ayer being
conposed Weﬂgllyélaﬁ’&g aé’pf’ércllﬂaﬁpgF‘ggqcééﬁi%h;coms“’tghe second cap | ayer being
conposed of al yg | According to anot her aspect of the invention
there is provi g?éﬁgmﬁagghgﬁ?lgéﬁead assenbly having an air bearing surface
(ABS), conpri sfampmagneted first hnddedondInodi pigee 1ayersotiraghatei  yoke portiandomeiond

pol e piecg |layers that have oke portion |ocated between a pole tip
portion aﬁ%}w Xrb%leﬁlegﬂ?ﬁ’oﬁ%?‘{ ‘i‘@rﬁ,/ba"ﬁ ggp 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

a read head including:

a spin valve sensor;

nonmagnetic electrically nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and

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

the spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

a pinning layer exchange coupled to the pinned layer structure for pinning the
magnetic moment of the pinned layer structure;

a ferromagnetic free layer structure;

a nonmagnetic electrically conductive spacer layer located between the free layer
structure and the pinned layer structure;

a cap layer structure;
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a nonmagnetic wite gap |layer |ocated between the pole tip portions of the
first and second pole piece |layers; an insulation stack with at Ieaﬁg[$?905
‘coil layer enbedded therein |ocated between the yoke portions of the fi SP
and second pole piece layers; and the first and second pol e piece |ayers
bei ng connected at their back gap portions; and a read head including: a
spin val ve sensor; nonmagnetic electrically nonconductive first and second
read gap | ayers; the spin valve sensor-Being | ocated between the first and
second read gap layers; a ferronmagnetic first shield |ayer; and the first

and second gap tha@te 3ayeeisiGetlCidigd |RaicnaRivddneint ispader 34Vc8ladd | 1Ry 88p &13dr L he
first pole piece |ayer; and the spin valve sensor including: a

f er r omagnétPAUEs; nned | ayer structure that has a magnetic noment; a pinning
| ayer exchanget§o$

P skl FOraRtg AT be00 Fa gt s bis¥eag o

magneti c nonment 0

struct ur ejaygr ioloo@edBEin@e bRE irtérEalel ¥achOSTUHE FrieY €ayeP 8@ Rturk AN Ithé 8&8hE®dap
between the free layer structure and the pinned’| ayer structure; a cap

| ayer st r WElir e; [R\LIBM 65982.doc . 1 9 DEC 205 - 3b the f[ee | ayer
bei :
structure being,d ﬁ%ﬁéa%qa?e?tb\éﬁggab@%%egl%%%fd fog)éfgcu%?g%énegﬁog aRg' ayer

structure; the cap layer” stru sin ir seécond cap | ayers
wherein the fi tistsecapl cdpdgenr bemglcompbsd dfalumsi@omanxddd. nt er f aces each of the
free layer structure and the second cap |ayer; the first cap |ayer being
conposed of gold for specular reflection; and the second cap |ayer being

c9 g}rogs?g 81; 03: %&gmﬁggtgngﬁtgégggﬁai SY9tht An AR ShedSRGTbviAkd LNRabdbYg Nikion

drive including at least one magnetic head assembly that has an air bearing surface (ABS)
and that includes a write head and a read head, comprising:

a write head including:

ferromagnetic first and second pole piece layers that have 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

a read head including:

a spin valve sensor

nonmagnetic electrically nonconductive first and second read gap layers; the spin
valve sensor 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

the spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

a pinning layer exchange coupled to the pinned layer structure for pinning the
magnetic moment of the pinned layer structure; -

a ferromagnetic free layer structure;
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drive including at | east one magnetic head assenbly that has an air bearing
'surface (ABS) and that includes a wite head and a read head, CO”pr”$;@9€2W5
‘'a wite head including: ferromagnetic first and second pole piece |ayers

that have a yoke portion | ocated between a pole tip portion and a back gap
portion; a nonmagnetic wite gap |ayer |ocated between the pole tip

portions of the first and second pole piece layers; an insulation stack
with at | east one coil |ayer enbedded tBerein | ocated between the yoke
portions of the first and second pole piece |layers; and the first and

second pol e pi aapnhAgRétR LedtHealBosHAGEER facdNBidr DSk B8R/ BRNd RBSlayaPd a
read head includin a spin valve sensor nonmagnetic electrically

nonconducﬁﬁ%uﬂeiapggﬁea}?iﬂn B UHelHEE; gap | ayers; the spin val ve sensor

bei ng | ocat ed Lrst and second read gap | ayers; a ferronagnetic
first shield I§$é¥?39§%%}n%ﬁ%éTi rst and second read gap | ayers being | ocated

between the fi st fredilagietl siragrere ik 10ched fetvedenpak @pic ¢8yck AU the 8k 1dyBe
spin valve sensor including: a ferronmagnetic pinned |ayer structure fhat

has a magf€¥§'¥Chonent; a pinning | ayer exchange coupled to the pinned |ayer

t ture for ginni RISt i ' t ure; a
fS e; lrjgml;gneti C P{reg%blqa %Eﬁ’g%tr uct Sﬁﬂeﬁlmf%ﬁﬁegég(g&%d%gg%& %ﬁ%ﬁé%%%pc a
nonmagnet layeelsdocated hétivgerr emdlintériaces sgphadthd fyelayepsaiotite kot weesecbhd® cdp ee

| ayer stﬁuct_ure and the pinned |layer structure; a cap |ayer structure; the
free | aye a&bructure bei ng | ocated between the spacer |ayer and the cap

layer — struct uggs firstGipdaRer bingcompbsaldfeBl OB dcilal teflekfisl; sad Second cap
| ayers wherein the first” cap

the second cap layer being composed of aluminum oxide;

a housing; ,

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head assembly with
said ABS facing the magnetic disk so that the magnetic head assembly is in a transducing
relationship with the magnetic disk;

a spindle motor for rotating the magnetic disk;

an actuator positioning means connected to the support for moving the magnetic
head assembly to multiple positions with respect to said magnetic disk; and

a processor connected to the magnetic head assembly, to the spindle motor and to
the actuator 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.

According to another aspect of the invention there is provided a method of making
a magnetic read head which has an air bearing surface (ABS), comprising the steps of:

a making a spin valve sensor comprising the steps of

forming a ferromagnetic pinned layer structure that has a magnetic moment;

forming a pinning layer exchange coupled to the pinned layer structure for pinning
the magnetic moment of the pinned layer structure;

forming a ferromagnetic free layer structure;

forming a nonmagnetic electrically conductive spacer layer between the free layer

structure and the pinned layer structure;
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| ayer is |ocated between and interfaces each of the free | ayer strucgﬂre
-and the second cap layer; the first cap |ayer being conposed of gol f BEC 2005
"specul ar reflection; and the second cap | ayer being conposed of alum num
oxi de; a housing; a magnetic disk rotatably supported in the housing; a
support nmounted in the housing for supporting the magnetic head assenbly
with said ABS facing the magnetic di sk so that the magnetic head assenbly
is in a transducing relationship with 3de nmagnetic disk; a spindle notor

for rotating the magnetic disk; an actuator positioning neans connected to

the support f Oforﬁﬁ’f’l’g‘d A% ab hﬁ%'&a&ﬂﬁ:wrg wilC @t S8 §8Rk Ysudulruf i daRliCh iR RS

with respect to said nagnetic disk; and a processor connected to the

magnet i ¢ smager laggrantithe capdaydnetragired! e notor and to the actuator for

exchangi ng sigpals w.th the magnetic h ssenbl for controlli

e oot ot °t Pl bR A R Sl RRE PR 8 TR Whelst B it
magnetic yerdi§ 365 dYbet WeOArdl iRtk faBes2edoh RE theaf @ RyerodtnichiRe hA EHetdeOhdt her e
is provided a nethod of making a magnetic read head which has an air

beari ng s@#pfl_a}é‘_tf; (ABS), conprising the steps of. a making a spin valve
Sensor conpri Sf#ﬂ@@ﬁ%ﬁ%@? giyﬁ% Er?rf; %3[15'90%8%@%3%&85}11 SPi nned T ayer

structure that I'nhi'ng | ayer exchange

coupl ed to thefdqinimethelsadond cap tayei of Authiunpoxidé.ng the magnetic nonent of
the pinned layer structure; formng a ferronmagnetic free |ayer structure;
form ng a nonmagnetic electrically conductive spacer |ayer between the free

| ayer struct Pﬁ%c&ﬁﬁlggg%ngihgpgs?eét%ﬁe ﬁfvh;l’kﬁfd;tﬁgfefi% ?éévlr&f%'\ﬂ fieddd 'o‘f}%kan% DEC

2005 -3d formng a ¢ l'ayer ructure w | ayer structure

| ocat ed betageaic lichd asssphbyethat agsen aartgatingswigse (ABS), compuisingrthg stépafi ng t he
cap | ayer structﬂre w t.h first a(ﬁlg econd ﬁap | ayers wherein the first cap
layer is | ocat BEXHEAWEL head melnding WeSEPRQEN of the free |ayer structure

and the secondforming ferromagnetic first and second pole piece layers in pole tip, yoke and back

gap regions wherein the yoke region is located between the pole tip and back gap regions;

forming a nonmagnetic electrically nonconductive write gap layer between the first
and second pole piece layers in the pole tip region;

forming an insulation stack with at least one coil layer embedded therein between
the first and second pole piece layers in the yoke region; and

connecting the first and pole piece layers at said back gap region; and making a
read head including the steps of:

forming nonmagnetic electrically nonconductive first and second read gap layers;

forming a spin valve sensor between the first and second read gap layers;

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

a making of the spin valve sensor comprising the steps of

forming a ferromagnetic pinned layer structure that has a magnetic moment;

forming a pinning layer exchange coupled to the pinned layer structure for pinning
the magnetic moment of the pinned layer structure;

forming a ferromagnetic free layer structure;

forming a nonmagnetic electrically conductive spacer layer between the free layer
structure and the pinned layer structure;

forming a cap layer structure with the free layer structure located between the

spacer layer and the cap layer structure;

[RALIBM]65982.doc



cap layer; formng the first cap |ayer of gold for specular reflection; and
-form ng the second cap | ayer of al um num oxi de. According to another aspect
‘of the invention there is provided a method of making rmagnetic hedd DEC 2005
assenbly that has an air bearing surface (ABS), conprising the steps of:
making a wite head including the steps of: formng ferromagnetic first and
second pole piece layers in pole tip, yoke and back gap regions wherein
the yoke region is |ocated between the ol e tip and back gap regions;
form ng a nonmagnetic el ectrically nonconductive wite gap | ayer between
the first and d..pno =1e e i | L. reqion. fopm an

i nsul ation st aﬁq%&\%{g hh%a%aﬁllg%egts?rg%@[ecgv?tp tﬂgt;%}fd ge%‘gtg%égg latyﬁgsr glﬁ?{e{?e h\%]eﬁ;% t he
first andcspelagerds pedatedieteeen ayeniriatestdach yOKe fr@giager; stapthre andheetsedshdt he
first and pole piece |ayers at said back gap region; and nmaking a read
head i ncl ¢&% 1A% he steps of: form ng nonmagnetic el ectrical ly nonconductive
first and seco d : i h D.val sensor between the
first and secoﬁgnéﬁgﬂeggﬁc%a%ﬁ%i?f$%€§?hga? é§?¢$§¥ﬁ§h second read gap

| ayer s bet weenfdriidng the sécomliicep thyeayfealuraimint dvéde.f i r st pol e pi ece | ayer; and
a making of the spin valve sensor conprising the steps of formng a
ferromagnetic pinned | ayer structure that has a magnetic nonent; formng a
pinning | ayer exchreA: AAURLES HaPalufen?h BRRIE of Bxedlur ok ietis highlylonpatiBle 9.

t he magnetic nonent of the pinned |ayer structure; formng a flerromagnetic
free | ayewitbigoldconpopperfapd dongynet cavserdegradation dkersof. r Incapreferied ethbodiment tygacer

| ayer between the free .l [ tructure and. the pinned |ayer str.ucture;
form ng. alaehsmetEE ndbitsee AR {Slenat Pt 1 ahe ApRendiEen SLhFE R veen
the spaceithlthy esbaltnigor hierCRhg AY&ipes bpadeit 1y € anldRhd hickM 269 &3 eflfterfacthgDEC
2005 - 3e formng the cap | ayer structure with first and second cap | ayers

wher ei n t R goid et copperdaydy diheigeld ascapral 1aver pesyants g interfadingices each of the
free layer structure and the second
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cap layer; formng the first cap layer of gold for specular reflectior;9 &0 2005
‘form ng tWeosmemna cap | ayer of al um num oxi de. The invent ofchagodisusingd t hat

al um num oxi de or tantal um oxide is hi ghl4y conpatible wth gold or copper
and does not cause degradation thereof. I'n a preferred enbodinent the free

| ayer structure includes a first layer of cobalt iron and a second | ayer of
nickel iron wth the cobalt iron interfacing a copper spacer |ayer and the
ni ckel irgadeayernd At &fd1a¢EAH0 1a$d1e 280! tGhe 041 GORRC bx Y OF . tabRR1@ObLidy copper

| ayer prevents an interfacing [R\LIBM 65982. doc WO 03/ 0,015132 4 1 9 DEC

2005. PCH$302#00506 TeCaeendt FRECHI Bk 8P E 1551t & eFoiiat1 e S8 TAPHUM oxi de

or tantalum oxide |ayer, as well as causing specul ar reflection of
conduction el ectrqgns. A ject of the present inventjon i.s_to _provide a
first cap |ayef™ i€k °cr}ag§ée§r§%eenctuﬁﬁ¥enr@é?rf ect f%ﬁr8¥ld€oﬁdéﬁgf%ocr?Be?a@}e?r ons

and a secenitlcapusdsayprcudhr cleftloesonotf deghadect lséedtinegs andpa sayerd whP| e :

protecti nsé}élewhié She£3B: | ANeLad HAM SUDEEAUENt I RSASSh I oS £RStnd her

obj ects and attendant advantages of the invention will be appreciated
upon. realiTRf rhR PP FHPRSEESEITHt PIRTeEEIENStHFet her with t he
acconpanying drawing. Fig. 1 is an enlarged isonetric illustration of the

spin valve sensor accordi nrgqto a preferred enbodi pent of the present
i nvention. Fi gOthey SPATFTENPAT GEEETRBET (VPP IRISF I My TET PR P 104t Pt i on of
the presepirespated apae rsefisqr thel follddieg pleaterpte dn endien i tpgathesf withe the

present invention V\:ﬁi ch iLs located between the first and second read gap

| ayers 76°°And 89T I(Qa"’“"'sl]f)lfrh val ve sensor includes a spacer |layer (S) 200

which is located between an antiparallel (AP) pinned | ayer structure 202
and a free |ayé#- stiacrurelaysd fReeHilfntt 1sayEt o8 t9uERUr®i202 Y ficl udes an
anti par al bélscsosdd-agnd ABQ Jray&ired06nnshimdnti &t Itae afRdedetinveatibnr st and
second antiparallel (AP) pinned |layers (APi) and (AP2) 208 and 210. The
Fig. 1 is an enlarged ABS (air bearing surface) illustration of the
present spin valve sénsor 74 of the preferred embodiment of the present
invention which is located between the first and second read gap layers 76
and 78. The spin valve sensor includes a spacer layer (S) 200 which is
located between an antiparallel (AP) pinned layer structure 202 and a free
layer structure 204. The pinned layer structure 202 includes an
antiparallel coupling (APC) layer 206 which is located between first and
second antiparallel (AP) pinned layers (APl) and (AP2) 208 and 210. The
first AP pinned layer 208 interfaces and is exchange coupled to an
antiferromagnetic (AFM) pinning layer 212 which pins a magnetic moment 214
of the first AP pimmed layer perpendicular to the ABS in a direction out
of the sensor or into the sensor, as shown in Fig. 10. By a strong
antiparallel coupling between the first and second AP pinned layers 208
and 210 the second AP pinned layer has a magnetic moment 216 which is
antiparallel to the magnetic moment 214. A seed léyer (sL) 218 is
provided as a base for the pinning layer 212 for promoting a desirable

texture of the layers deposited thereon. P

The free layer structure 204 includes first and second free layeérs
(F1) and (F2) 220 and 222. The free layer structure 204 has a magnetic
moment 224 which is parallel to the ABRS and to the major planes of the
layers in a direction from right to left oxr from left to right, as shown

in Fig. 10. When a signal field from the rotating magnetic disk rotates



-first AP pinned | ayer 208 interfaces and is exchange coupled to an antB BEC 2005
err omagneWaQ 83/QUAEN) pi nni ng | ayer 212 which pins a nagnet i ®CRGRMNO0PES  of
the first AP pinned |ayer perpendicular to the ABS in a direction out of
the sensor or into the sensor, as shown In Fig. 10. By a strong
antiparallel coupling between the first and second AP pinned |ayers 208

and 210 the second AP pinned | ayer has a magnetic nonent 216 which is

anti par al ttel mégndthe mmgnetize oDrbatiz2¢flaysr seedcthayeintESte 2¢8sars thpr ovi ded
as a base for th ni |_.aye r.pro e of

t he Iayers %de p%s?“tog rﬁhggqéd%)é %gg%rogg %ﬁe&ék%&?ﬁ?g&%@qyﬁﬁ%ﬁ Fl rst
‘and secorrksfisbandeayerthe $4Hspr ol theEBenoD Guarrdt2R2. arPhwhdny dbe |sigesl §%¢1u90t ure
204 has agnROPEL 'r%ta%%gn%@‘l VREE ot SedRatid h€indt@c G MBS 22NG Lt O tehe

maj or planes of the layers in a direction fromright to left or fromleft
'to right,se#§°5hdkA migreki g moTeRtsyhEh 2B A1HrRACOPE diege MRt te Yt isPat i ng
magnet i ¢ dlicsKasd ahesfe\é\&&ﬂceoaélﬁe SeRbH EBA2L0LRR6 &&lDEC 2005t he
magneti ¢ nonent 224 of the free I%de struct ure, mﬁobt e sensor, the
magnet i c TRSHERTE 2SI FrePEEESRE ABrE M T pATER! 2 IPYWRT S P S eases t he
resi st ancelrohithe (sensbpwt)o t he sense current Is, and when the signal field
fromthe rotating magnetic disk rotates the rragnetic nmonment 224 out of the
sensor, the nagnetic nonents 224 and 216 becone nore parallel which
decreases t he Pewsipstargespfuctie Sensier Le@tehenseits EreulrEti staurEyee 204

resi stancg,:Changes:af eom&qeaﬁ ed casrdib aykacktsi gRahsa by - @eessng
circuitry é‘f—"-ﬁt ShOW{Q é.?l (%/re structure 226 is_|located on the free

| ayer st riReEHFE %02 ‘TtS?nﬁ' et R E6TTC 0 RS 8 ctT B PR ™t 0 t he nean
‘free pat hpwkesgionducdrson Teecty Angeantrfcurg et eickclndest Respgewsar from

SUbsequer@efl 90%e§§ﬁ)”%R?éﬁeB§a @%@Cﬁ?ﬁ?ﬁ €L b Uchik %261 c#gea%da

specul ar ect or ayer |nterfaces t e se ree layer
222 and acapcéﬁyqraﬁé? w3 oh \iii é‘PFaitEdIk@éa%%’dtbeetsm%th@féﬁ@tﬂﬂ yerefl8ect or

l ayerI 228nda08k theosecend Jagath@aprd. aysl a7§reflaﬂree @fa&fd@méred elbggiqient . the
specul ar : e b

reflector layer 248 is gold (Au). 1In the past thls specular reflector

layer 228 has been capped by tantalum (Ta) whlch degrades the ance
of the gold specular reflector 1ayer In_the preferred embodlment the _cap
layer 230 1s preferably composed of alumlna (Al(%) whlch is _compatible
with gold and does not cause_degradatlon If the alumlna cap layer 230
interfaced the nickel jiron (NiFe) secddd free layer 222 it would cause
oxidation of the second free layer. Accordingly, the gold specular
reflector layer 228 isolates _the alumina cap layer 230 from tﬁefnlckel
irdh“second free 1ayer 222, as well as causing specular reflection of

conductlon electrons. The preferred embodlment also includes copper for

the metal first cap layer and tantalum oxide for the second cap layer.

Exemplary thicknesses and materials for the layers are 30A of
tantalum for the seed layer 218, 150A of platinum manganese for the
pinning layer 212, 15A of cobalt iron for the first AP pinned layer 208,
8A of ruthenium for the antiparallel coupling layer 206, 20A of cobalt
iron for the second AP pinned layer 210, 23A of copper for the spacer
layer 200, 15A of cobalt iron for the first free layer 220, 30& of nickel
iron for the second free layer 222, 104 of gold for the specular reflector

layer 228 and 30A of aluminum oxide for the cap layer 230.



reflector layer 228 is gold (Au). In the past, this specular reflect®9 DEC 200
‘| ayer 228wW@g3/maers capped by tantal um (Ta) which degrades, pdwecpedosssrance
of thé gold specular reflector layer. In_the pref erred enbodi nent the cap

| ayer 230 is preferably conposed of al um’na (A120,) which is cogtgatible

wi th gold and does-not cause degradation. If the alumna cap |ayer 230
interfaced the nickel iron (N Fe) second free |ayer 222 it woul d cause

oxi dation of theiisecondrel paRechayger AcGordengly isthergptdd, SPEGUHbAIE be
reflectorﬁ%&¥er 228 isolates the alum na cap | ayer 230 fromthe nickel

iron seco PP Bl 225 PlaPiRBPt 13¥°T ATEPHYE pePATFaT™ FEf YR ORF Y BPFe
conduct i oferbesddedns . 1afhes phey efer ethblerbddi Ftthea| Si@ khallddes wvaeppebod or

the metal . flrshigap Jayer and Laglalum.oxi.dg. o .f e Second. cap Jayer.
Exenpl ary thi eknessed dnd Tareriars For the Tayers ‘afe 304 DFF tEXERI um f or
t he seed $yerurz] 82y B36A kff uptdtinnumuphirepanesd ve osenshe. pshbilnguithper 212,
15A of cobal trid QB {0 LR LL MR ﬁ?ﬁgnr&e@ &&xgﬁnf%ﬁrs%pée EHthgnium for
the antiparall el coupllng l'ayer 206, Z20A Q? cobal iron for the second AP
pi nned | a¥&P 29D 2 2FRREf LX6p *f oF DRSS pETRES PRAFEFTr06°T PRALWZiRdbal t
iron for tembddesbrddigeitayeerlent3Qfy0f mbwkel, iir owbdiarnd heaseeesnd free
| ayer 222E %Oﬁiof gold for the sBecuI§r reflec&or | ayer 228 and 30A of

al uni num BXIt A" 55 CYRESEHF F AV PO SHP A5 05 18 FF°6 YT DEEUSHs -  The

PCT/ GB02/ 43206 bkl kmykelhe wal e nhedly ayerltsbaded! UiaveR82, itBe prreferdead, it
shoul d be .S} 00 { ' iynn I r e ther it is .
one or rm‘f’oé“%gglr%%njﬁsgﬁ%?%ct %@egg%’%ﬁegﬁ}'bg%gn@%%déd g%%%ﬁe%r%??s r511(:%16‘15'13’6' be {
under st ootEher npirnhkg [leyersi2Ag)iweyshs wrpkdved. sewbors ndckeHonrrdapnes gr 1, the
cap | ayeririgl flGlabifheBBY alowvdie USLPréfbrdeddteSRiiNedalkME HEGRSRY 1ayd | |
further, ,thg free layer structure 204 in Fig? 1 congrising a first free of
cobalt | TORAHFR CEEBRTFT (Be'Payer 16f SheR® PPOTFrechrafterted for

opti m zi nghickhessragrictbe asitstiale oeekkengilent, dowderHoueyepscullir shoul d be
under st 00de100aL: OIS 269 RS kOIS, P8 BE AR QY ST {QhihlifLr aRsLAYer

structure. Th
current shunting.



cobalt iron |ayers may be sinply cobalt based, however, the preferred
‘conposition is cobalt iron (Co90Fel0) . The preferred nickel iron is19 DEC 2005
Ni 83Fel7. O her pinning |ayers 222 may be enpl oyed, such as nickel
manganese or iridi um nmanganese. However, the preferred material for the
pinning layer is platinummanganese (Ptsoihso) It should be understood
that the thicknesses of the naterials are exenplary, however, the specul ar
reflector layer 228 is preferably 10A or7.less so as to nminimze sense
current shunting. 1 9 DEC 2005 7 Clains 1. A magnetic read head which has
an air beajgpg surface (ABS), conprising: a spin valve sensor including: a
ferromagnetic pinned |ayer structure that has a magnetic nonent; a pinning
| ayer exchange coupled to the pinned |ayer structure for pinning the

magneti c ment. of the pinned |l ayer structure; a.fer ghetic free | ayer
structur e?‘oa né‘rfﬂ’&%"r?gfir‘gadg]e@gf"rhi‘ 3 g0 AP PERERE %fagﬁééggﬁcawlsmstat ed

bet ween the frggpihauke Segog%qdmﬁ%;and t he pinned | ayer structure; a cap

| ayer structure; the free layer structure being | ocated between the spacer

| ayer and the @&&pramagaetic pinned tayerstruchee taphdssaymagrstic noimend; conpri si ng

first and secopd. l,ayers erein e first. cap, layer is |located hetween
and interfacesg éngjﬁg%flg){ eeqﬁ\%lgelcgygﬁeﬁstprt:l}gt%%e%a ot HEICLUE JE PEapne [y e -
t he firstmagieticayenemtaiffige siangibiagest seuc@ed;d for specul ar refl ection; and

t he second cap | ayer being conposed of al um num oxide. 2. A magnetic read
head as cl ai med frFPreagaetic freg RyPLMTUSH S nonmagnet i c el ectrical |y

v s A TSRO SN AL Sy S (Bl RS0
and seconsinghireland theydnssd layet structure;
a cap layer structure;
the free layer structure being located between the spacer layer and the cap layer
structure;
the cap layer structure comprising first and second cap layers wherein the first cap
layer is located between and interfaces each of the free layer structure and the second cap
layer;
the first cap layer being composed of gold for specular reflection; and

‘the second cap layer being composed of aluminum oxide.

2. A magnetic read head as claimed in claim 1 including:
nonmagnetic electrically nonconductive first and second read gap layers;
the spin valve sensor being located between the first and second read gap layers;
ferromagnetic first and second shield layers; and
the first and second read gap layers being located between the first and second

shield layers.

3. A magnetic read head as claimed in claim 2 including;

the free layer structure including first and second free layers wherein the second
free layer is located between and interfaces each of the first free layer and the first cap
layer; and

the first free layer being composed of cobalt iron (CoFe) and the second free layer

being composed of nickel iron (NiFe).

[RALIBM165982 doc



the first and second read gap | ayers being | ocated between the first and
second shield layers. 3. A magnetic read head as clainmed in claim?2 19 DEC 2005
including: the free layer structure including first and second free | ayers
wherein the second free layer is |ocated between and interfaces each of
the first free layer and the first cap layer; and the first free | ayer

bei ng conposed of cobalt iron (CoFe) and the second free | ayer being
conposed of nickel iron (NiFe). [R\LIBN§.65982. doc 19 DEC 2005 8 4. A
magneti c read head as clainmed in claim3 wherein the pinned | ayer structure
is an antiparallel (AP) pinned | ayer structure that includes:
ferromagnetic first and second antiparallel (AP) pinned |ayers with the
first AP 4pi nnAdnagnetic réadtiend acclagnddhia clhimrl whjereaytae pamed ldyer sagase ishin

pi nned | ayer interfaci.ng the spacer_ |layer; and an antiparallel (AP)

coupl i ng g‘ﬁ%‘Fa”IeE =S| lﬁﬁéﬁtrﬁﬁﬂrqth?tég?l%‘?shg the first and second AP

pi nned | ayers. fepronth BN Eldt anl SR80 26 ﬁﬁgﬂﬁﬂeh?&)?%irﬁl@d Qhyerd SN f[}lga%g{ fagce

(ABS), conprising: a wite head Inc I ng: magnetic firs second
pol e pi ecpinhed bysr interfacing/the pinmie layer andthelsocatdedlP pieteddeyer antorfh@ng ithe
portion and alback p portion; a nonmagnetic wite gap |layer |ocated

bet ween tfpeacf)rofi%ert portions of the first and second pole piece |ayers;

an insul ation gi agkpathildd (AP) |c@§ﬁﬂing0_ﬂi9elcﬁjchteh BBl cANBRIMEI LR Bk MirkosRt ed
bet ween theegoke_portl ons of the first and second pol e piece |ayers; and

the firstseAad AEqumeeddayes.pi ece | ayers being connected at their back gap
portions; and a read head including: a spin valve sensor; nonmagnetic

el ectrically nonconductive first and second read gap | ayers; the spin valve
sensor bebng | Acaigdtibatakbsserhbly Havingtanaitheags®ngdfdce ¢ABSRRohpYiSing;

a write head including:

ferromagnetic first and second pole piece layers that have 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

a read head including:

a spin valve sensor;

nonmagnetic electrically nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and

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

the spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

a pinning layer exchange coupled to the pinned layer structure for pinning the
magnetic moment of the pinned layer structure;

a ferromagnetic free layer structure;

[RALIBM]65982.doc



a ferromagnetic first shield layer; and the first and second gap |ayers
‘being located between the first shield layer and the first pole piece

| ayer; and the spin val ve sensor including: a ferromagnetic pinned 1§ylEC 2005
structure that has a nagnetic nonent; a pinning |ayer exchange coupled to
the pinned | ayer structure for pinning the magnetic nonent of the pinned

| ayer structure; a ferronmagnetic free |layer structure; [R\LIBM 65982.doc 1
9 DEC 2005 -9 a nonmagnetic el ectrical l.yg conductive spacer |ayer |ocated
between the free layer structure and the pinned | ayer structure; a cap

llayer structur ﬁ’nohpf:a 6t§:eelle@tﬁ€£l &H&ﬁ t'l’\re s;lﬁ‘é‘%rnlg#rolﬁéﬁt&g bOGIMR e FBE laﬁ,gfacer

| ayer and the cap struct structure conprisi

first andst&dmdalpﬁplmyﬁHayWWeuurethe first cap layer is |ocated bet ween
and interfaces eacP ? free layer structure and the second cap |ayer;
the first cap P&fR ay%;:t Hy"™¥nposed of gold for specular reflection; and

the second capapss 143t @gu&m&gil&atealumwﬂ%e gg@er 18yer AnBHO LY faypad

assenbly as clainmed in claimb5, including: the free |layer structure
i ncl udi ngstudtene; and second free | ayers wherein the second free layer is

| ocat ed between and .inte ces each.o i rst fre e first
cap layer; and"t%® I?Y?ssgm?t Hee CQWH%Q{S%“‘%S%BB%&@ vgléqr?mq}?ebﬁrs { Edke)
and the segent lbeed bayween ah@imefaespamest taé ik tKRL sﬂn!i&ﬁke(aNUEEé secbnd fap
magneti c head assenbly as claimed in claim6 wherein the pinned | ayer

structur elayle’é an antiparall eI (AP) pi nned | ayer structure that includes:

erromgneti bl Ailonean SN LRYG el AR IBRE Lpugle v 1 e

first AP pinne nnin
pi nned | ayer i riesetani cup lﬁm beﬁlgaompob@lycﬁ‘ralurﬁmdm oxide.

6. A magnetic head assembly as claimed in claim 5, including:

the free layer structure including first and second free layers wherein the second
free layer is located between and interfaces each of the first free layer and the first cap
layer; and |

the first free layer being composed of cobalt iron (CoFe) and the second free layer

being composed of nickel iron (NiFe).

7. A magnetic head assembly as claimed in claim 6 wherein the pinned layer structure
is an antiparallel (AP) pinned layer structure that includes:

ferromagnetic first and second antiparallel (AP) pinned layers with the first AP
pinned layer interfacing the pinning layer and the second AP pinned layer interfacing the
spacer layer; and

an antiparallel (AP) coupling layer located between and interfacing the first and

second AP pinned layers.

8. A magnetic disk drive including at least one magnetic head assembly that has an air
bearing surface (ABS) and that includes a write head and a read head, comprising:

a write head including;

ferromagnetic first and second pole piece layers that have a yoke portion located

between a pole tip portion and a back gap portion;

[RALIBM]65982 doc



an antiparallel (AP) coupling |layer |ocated between and interfacing the
‘first and second AP pinned |ayers. 8. A nmagnetic disk drive including at

| east one magnetic head assenbly that has an air bearing surface (A&SWHAN&
that includes a wite head and a read head, conprising:. a wite head

i ncluding: ferromagnetic first and second pole piece |ayers that have a

yoke portion | ocated between a pole tip portion and a back gap portion;

[ R\ LI BM 65982. doc 19 DEC 2005 -10 a nojgmmgnetic wite gap | ayer |ocated
between the pole tip portions of the first and second pole piece |ayers;

an insul ation 5&%{3%&16 iB vithte :gﬁfﬁaé/efﬂgatgﬁ) iblata%)e@?(?r{e pgﬂg@giotng%lf Fﬂerﬁljstoﬁl?it ed

bet ween the yoke Ions o0 I'rst and seco piece [layers; and
t he firstseond pele pitde pless; pi ece | ayers being connected at their back gap
portions; and a read head jncluding: a spin valve sepnsor nonmagnetic
electrically n%‘hHﬁHgﬂei‘iS%i‘f"Y‘ﬂbﬁt less %@&aﬁdaw@a@aﬂﬁéﬁﬂf m,octawgrk%wn

val ve senggar, [aln fd: LSt cond read gap | ayers; a
ferronagngl'?iyg@F%ﬁhﬁﬁﬁgﬁgﬁrﬁgﬁg’?@g&l 81[e el&i‘%i]?ge?ggﬁg second read gap | ayers
bei ng | ocat ed thetfirseand $eeofd pske Eedeclagers dgmg @ndectédeat their dtaclp ghe ppitens;

| ayer; and fhe spin valve sensor including: a ferromagnetic pinned |ayer
struct ure®hat has a magnetic nmoment; a pinning | ayer exchange coupled to
the pinned | aygteadthehi®ind¢hRlifOr pinning the magnetic noment of the pinned
| ayer structure; a ferromagnetic free |ayer structure; a nonmagnetic

el ectrically cospinoelvesersgacer | ayer |ocated between the free |ayer

PLoelur e a0 ELANe BT SHRAHHERE BaER) RUFE U U HIS Sl

valve sensor 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

the spin valve sensor including;

a ferromagnetic pinned layer structure that has a magnetic moment;

a pinning layer exchange coupled to the pinned layer structure for pinning the
magnetic moment of the pinned layer structure;

a ferromagnetic free layer structure;

a nonmagnetic electrically conductive spacer layer located between the free layer
structure and the pinned layer structure;

a cap layer structure;

the free layer structure being located between the spacer layer and the cap layer
structure;
‘ the cap layer structure comprising first and second cap layers wherein the first cap
layer is located between and interfaces each of the free layer structure and the second cap
layer;

the first cap layer being composed of gold for specular reflection; and

the second cap layer being composed of aluminum oxide;

a housing;

a magnetic disk rotatably supported in the housing;

[RALIBM)65982.doc



structure; the cap |l ayer structure conprising first and second cap | ayers
‘wherein the first cap layer is |located between and interfaces each gé t he
free layer structure and the second cap |ayer; the first cap |ayer iﬂﬁﬁzmﬁ
conposed of gold for specular reflection; and the second cap | ayer being
conposed of al um num oxi de; a housing; a magnetic disk rotatably supported
in the housing; [R\LIBM65982.doc 1 9 DEC 2005 -11 a support nounted in

t he housing for supporting the magneticiihead assenbly with said ABS facing
the magnetic disk so that the nagnetic head assenbly is in a transducing

relationship V"hrs{rl}nﬁol?temgﬁrﬂg(ﬂd ﬁleq'loﬁgmﬁ%xsﬂigﬁgﬁfg) nnegi gﬁ& c ﬁ%ﬁaatséerﬁgolg%thf or

magnetic di sk; act uator positioni € support

novi ng t heaidédditefacing the athgastiveditk yo that thel hagietic hosd hisemblyvistin artedpdeingt 0
sai d magne i.C sk and a roc sor connected to the nmagnetic head
assenbl y, THAOPRUP SHF MagBetirdisid to the actuator for exchanging signals

with the mgneggﬁnm@%taﬁ@gmhtyngtfhglfna%gaqcr(ggﬁ| ng novenment of the magnetic
di sk and for controlling the position of the nagnetic head assenbly. 9. A

magneti ¢ di sk &t peteatas pesitipmng nesng cannecBdi tnctheditpgprt fdrembvieg thaymgnetic

structure cl udi fir and.second free Ln the second free
| ayer is I o@aats%eglbggf ﬁlpé%%osllthqngrvsp&brggpegta@%ﬁm?%?@% % 3¢ oe | ayer and
the first cap alpayessor a8hech?d thithemakhdtR Headl AbscRlyGo CREBARGE r@étoﬁﬁﬁﬁiot
iron (CoFe) and the second free | ayer being corrposed of nickel iron

(Ni Fe). 1the axtyniern &ari exchargingsignalsawith| the raeBnietic diead mssemme,r érncantrellpignned
| ayer str i turetha
i ncl udes: H’%&%%ﬁa(gfnte gﬁelrugf({ lgln ﬁ%efélﬁ\gg tPOI{]I[P%)g'ra %{ lon(ﬂ ‘*‘pi“}ﬁ%%“‘i h?ﬁélrs
wi th the #&dsemblyAP pi nned | ayer interfacing the pinning | ayer and the
second AP pinned |layer interfacing the spacer |ayer; and
9. A magnetic disk drive as claimed in claim 8 including:
the free layer structure including first and second free layers wherein the second
free layer is located between and interfaces each of the first free layer and the first cap
layer; and
the first free layer being composed of cobalt iron (CoFe) and the second free layer

being composed of nickel iron (NiFe).

10. A magnetic disk drive as claimed in claim 9 wherein the pinned layer structure is
an antiparallel (AP) pinned layer structure that includes:

ferromagnetic first and second antiparallel (AP) pinned layers with the first AP
pinned layer interfacing the pinning layer and the second AP pinned layer interfacing the
spacer layer; and

an antiparallel (AP) coupling layer located between and interfacing the first and

second AP pinned layers.

11. A method of making a magnetic read head which has an air bearing surface (ABS),
comprising the steps of:
a making a spin valve sensor comprising the steps of
forming a ferromagnetic pinned layer structure that has a magnetic moment;
forming a pinning layer exchange coupled to the pinned layer structure for pinning

the magnetic moment of the pinned layer structure;

[RALIBM)65982.doc



an antiparallel (AP) coupling |layer |ocated between and interfacing the
‘first and second AP pinned |ayers. 11. A nmethod of naking a nagneti0|g§$€2m5
head whi ch has an air bearing surface (ABS), conprising the steps of:

maki ng a spin val ve sensor conprising the steps of formng a ferronmagnetic
pi nned | ayer structure that has a magnetic nonent; formng a pinning |ayer
exchange coupled to the pinned | ayer structure for pinning the nmagnetic
nonent of the pinned |ayer structure; [RALIBM65982.doc 1 9 DEC 2005 -12
formng a ferromagnetic free |layer structure; formng a nonmagnetic

electrical ly copgied KeronR@h&ic fr@é’lﬁ&er@%@ﬁfﬁyt he free layer structure and

the pinned | ayer structure; formng a cap er structure with the free
| ayer struct ur fringrgas ednibaegnetie elachically ganductivaypaceniuyet hetweap theafres layer
structure; fc?rrri ng t he ca | ayer structure with first and second cap | ayers
wher ei n t HESHYTP 2pd the pinre 5%¥eri5§“?t5‘i‘?at ed between and interfaces each of the

free layer st rf&ﬁqmgea?deagllrap&, SREANE wiifkhd ﬁ)é@na%efr%ﬁmge i ttdd! Bé&e&@gne' ayer

of gold for specular ection; and formng tthe second cap | ayer o

al um num epecerdayer 2nd fhegapHeyer aguatiegi ned in claim 11 including: formng
nonmagnetic el ticall onconductive.first and second read, gap | ayers;
formng the spﬁ’%&\%ﬁ @15 %8”%? s&é‘f%%ﬁ@h@ﬁﬂ@f“%‘ﬁ CaR (O WE%&B’Q% ffrétygar s;
form ng fedplag@dpeddatediictbéencdid iaREMOst Gbh oF thd RYECher AARNIOLAA 1 debéndl 1 T St
and second read gap | ayers between the first and second shield | ayers. 13.

A met hod € 18Y&i med in claim 12 including: the free layer structure being

formed with fi fo?ﬁli@]rﬂ%?ﬁgsﬁ?g;ggg&gcgf%ﬁ%?&ﬁﬁgeﬂgr% ec%igg' a %econd free |ayer is

| ocat ed between an I'rs ree l'ayer and the first
cap | ayer; andfdrinéng the s¢cohd eap lagyest ddanmingnf exid&d of cobalt iron (CoFe) and
the second free | ayer
12. A method as claimed in claim 11 including;

forming nonmagnetic electrically nonconductive first and second read gap layers;

forming the spin valve sensor between the first and second read gap layers;

forming ferromagnetic first and second shield layers; and

forming the first and second read gap layers between the first and second shield

layers.

13. A method as claimed in claim 12 including:

the free layer structure being formed with first and second free layers wherein the
second free layer is located between and interfaces each of the first free layer and the first
cap layer; and

the first free layer being formed of cobalt iron (CoFe) and the second free layer

being formed of nickel iron (NiFe).

14. A method as claimed in claim 13 wherein a forming of the pinned layer structure
comprises the steps of:

forming ferromagnetic first and second antiparallel (AP) pinned layers with the first
AP layer interfacing the pinning layer; and

forming an antiparallel (AP) coupling layer between the first and second AP pinned

layers.
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being fornmed of nickel iron (NiFe). 14. A nethod as clained in claim13
wherein a formng of the pinned | ayer structure conprises the steps goﬁEC %UPP
formng ferromagnetic first and second antiparallel (AP) pinned |ayers W
the first AP layer interfacing the pinning |layer; and formng an
antiparallel (AP) coupling | ayer between the first and second AP pinned

| ayers. [R\L.1]3M 65982. doc 19 DEC 2005 - 13 15. A nethod of naking
magneti c head assenbly that has an air. geari ng surface (ABS), conprising
the steps of: nmaking a wite head including the steps of: formng

ferromagngdic 4 Heﬁ{od%ﬂgn@@ﬁgg&g%%ﬁﬁgﬁelﬁ’i Eﬁ%mlag%’tg&@%ds InRY beeﬁghggfr}*a%mgg dbaCk

gap regions wherernt oca tween t etip

back gap ¢omprisirgg thebtepsrofig a nonnagnetic el ectrically nonconductive wite
gap layer between the first and second pole piece layers in the pole tip
region; form n@agﬁgiaﬁ@JPQF?%ch‘@Ml?WtPgﬁ%tf | east one coil |ayer embedded

therein_ bet weepiderehbhamdRtBEARNc AR S1OpRES 14RKI DoldVid, NBIY HLbical ON:

and connecting the Tirst pol e piece layers at “sai ack ‘gap region; and
maki ng a gapaagiohgwdicieirctha gkgreghm islaspted betwdenithd paje tiprand yaekt gap regions;

electrically npnconductive fjrst and. second,read | ayers. = form a

Spin val ve sentOmiied TRuragRtc FlepPally oneandich Ve aqi® saptavayhstween ety ¢ ne -

first andafeeestl paepicddRytd)e ik pod WeRdgidhe first shield layer and the

first pole piece layer; and a naki ntg agfl the spin val ve sensor conprising
[

the steps of fGrmingaminseletionalgeke M easbang egiblayst embedded therein behween

PR L R st T A AU REY ke RURBERAE, 0 o n 0,81

structure; foreanmgcting tierfaseg@iepole piccedayay at s£id riack gap redion;nandomaking a
nonmagneti c el ectrical lé conductive spacer |ayer between the free | ayer

st r uct ur ereafdeadiacydingdhe stapeett: st ruct ure;

forming nonmagnetic electrically nonconductive first and second read gap layers;

forming a spin valve sensor between the first and second read gap layers;

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

a making of the spin valve sensor comprising the steps of

forming a ferromagnetic pinned layer structure that has a magnetic moment;

forming a pinning layer exchange coupled to the pinned layer structure for pinning
the magnetic moment of the pinned layer structure;

forming a ferromagnetic free layer structure;

forming a nonmagnetic electrically conductive spacer layer between the free layer
structure and the pinned layer structure;

forming a cap layer structure with the free layer structure located between the
spacer layer and the cap layer structure;

forming the cap layer structure with first and second cap layers wherein the first
cap layer is located between and interfaces each of the free layer structure and the second
cap layer;

forming the first cap layer of gold for specular reflection; and

forming the second cap layer of aluminum oxide.

16. A method as claimed in claim 15 including:

[RALIBM]65982.doc



formng a cap layer structure with the free layer structure | ocated between
“the spacer layer and the cap |layer structure; formng the cap Iayer19 DEC 2003
structure with first and second cap | ayers wherein the first cap layer is
| ocat ed between and interfaces each of the free layer structure and the
second cap layer; formng the first cap |layer of gold for specul ar
reflection; and formng the second cap | ayer of alum num oxide. 16. A

met hod as clainmed in claim15 includingi4[R\LI BM 65982. doc 19 DEC 2005 - 14
the free Iayer structure being formed with first and second free | ayers
wherein the LS| f
the first free a@%r fa Sgst%tﬁﬁﬁ PIF‘Z' f&glgép ﬁ%@gﬁe“%d@ ?ﬁnd EI rsa&glgsg%e? ggtéér)

bei ng for s@dndffreediat is locatad bEinicen and thiérfies esubinst the diest| fredayer had fig: fist med
of nickel iron (NiFe). 17. A nethod as clainmed in claim 16 wherein a

fornmi ng of?R R¥paRthed | ayer structure conprises the steps of: formng
ferromagnetic I ) n Y.

first AP I ayefrtﬂelr ﬁ%Ste ac?ﬁeg%{éﬁiga%%h%ing Fg%}teﬁréeéch@O@rﬁﬂl] ng Sgél&gl\‘fr F%éaygﬂel el
(AP) coupbeing formyedrofimédkebizon (Ni€ef.i r st and second AP pinned | ayers.
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17. A method as claimed in claim 16 wherein a forming of the pinned layer structure
comprises the steps of:

forming ferromagnetic first and second antiparallel (AP) pinned layers with the first
AP layer interfacing the pinning layer; and

forming an antiparallel (AP) coupling layer between the first and second AP pinned

layers.
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