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invention relates to an antiparallel (AP) pinned read head w th~i nproved

gi ant nagnmmmmmumm (GWR) and nmagnetic stability and nore particularity
to a read an AP pinned structure that pronotes inproved GWR
and i s magneti Gghdoy St abl e when subjected to magnetic swtching fields
parallel to an air bearing surface (AB%) of the read head. 2. Description
of the Related Art The heart of a conputer is an assenbly that is referred
to as a magnetic disk drive. The magnetic disk drive includes a rotating
magnetic disk, wite and read heads that are suspended by a suspension arm
above the rotating disk and an actuator tANTHARABELEL: (AR}pRINNED armto

pl ace the r ' V, cted circular tracks on the
rotating di @ﬁ@ﬁ&%yﬁﬁiﬂﬁﬁ@?@ﬁbﬁware directly nmounted on a slider
that has an air bearing surface (ABS). The suspension arm bi ases the slider
into contact with the surface of the disk when the disk is not rotating
but, when the disk rotates, air is swirleB®AL KI@RQIBNIDhgOKF s HE acent

t he ABS of W s|ider causing the slider to ride on an air bearing a slight
di stance fr ENJIQYN: f ace of the rotati ng di sk. When the slider rides on

the air bearing the wite and read heads are enployed for wrjti tic

i npressions to and readi ng nagnetic inpressions fromthe roH\ﬁ@“M\\\m The

read and wite hqads ggeqd%qgﬂgqﬁf&tf& processing circuitry r~.r| o
: I'Ng 10

z auc zooz 2 operates accor a conputer programto inpl entft'é’f he
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e oL L R3S SREPE SR AL g B BBl PLC°
nonmagnet | CodBRuSITlo 8veilsharTERHg S L DR AR B 2 e
0 b Y R CURENG nleal 405 B8 LB AhabhRECS, 1
ciroul ar ¢ SWHENBA TlPrEAFIEN g o ek Do auBes (OaR) LTl val ve
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conduct i ng SSReHYE- S0P reatnalh IRKIRB I IR ORI RSP ORI S8 G! nned
layer 1s pi penaeddhgaeésptehg(tjialrcemsu.?srpended by a suspension arm above the rotating disk

and an actuator that swings the suspension arm to place the read and write

heads over selected circular tracks on the rotating disk. The read and write

heads are directly mounted on a slider that has an air bearing surface (ABS).

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 the ABS of the slider causing the slider to ride on an 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 impressions to and reading magnetic impressions from the rotating

disk. The read and write heads are connected to processing circuitry that



to an.air bearing surface (ABS) of the head and the magnetic rmﬂezté@jﬁ%
frree layer is |located parallel to the ABS but free to rotate in“Yrées

external magnetic fields. The magneti zation of the pinned | ayer is |
typically pinned by exchange coupling with an antiferromagnetic |ayer. The

t hi ckness of the spacer layer is chosen to be | ess than the nean 0 2 AU
G 202 3 free path of conduction electrons through the sensor. Wth this
arrangenent, a portion of the conduction electrons is scattered by the
interfaces of the spacer layer with the pinned and free |ayers. \Wen the
magneti zati ons of the pinned and free layers are parallel wth respect to
one anot her, scattering is mninmal and when the magneti zations of the

pi nned and §peritkd¥Ricording t8 compatébrogharttodfpiemient frRxWAtiAg@&ndChanges
in scattering alter the resistance of the spin valve sensor in proportion

to cos 0, VWagidhdgrunetiéle angl e between the magnetizations of the pinned and
free layers. In"a read node the resistance of the spin valve sensor changes

proportional Iy tonéhfitdREAd indiRes fcoﬁlgaﬁ}e%wédd%dﬁﬁ fitst SebbRdahd tifPt at i ng

di sk. When a sense current Is conduct t hrough the spin val ve sensor
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The fringe field or the lack thereof writes information in tracks on moving

media, such as in circular tracks on a rotating disk.

In recent read heads a spin valve sensor is employed for sensing
magnetic fields from the rotating magnetic disk. The sensor includes a
nonmagnetic conductive layer, hereinafter referred to as a spacer layer,
sandwiched between first and second ferromagnetic layers, hereinafter
referred to as a pinned layer, and a free layer. First and second leads are
connected to the spin valve sensor for conducting a sense current
therethrough. The magnetization of the pinned layer is pinned perpendicular
to an air bearing surface (ABS) of the head and the magnetic moment of the
free layer is located parallel to the ABS but free to rotate in response to
external magnetic fields. The magnetization of the pinned layer is typically
pinned by exchange coupling with an antiferromagnetic layer.

The thickness of the spacer layer is chosen to be less than the mean



.1 0«2 AU6 C002 sensor in that the AP pinned spin val ve sensof] ZwAlJE@ZbﬂZ
pi nned structure that has first and second AP pinned |ayers instead of a
singl e pinned |ayer. An AP coupling layer is sandw ched between the fi r St
and second AP pinned | ayers. The first AP pinned |ayer has its magnetic
monment oriented in a first direction by exchange coupling to the
antiferromagnetic pinning |layer. The second AP pinned layer is imediately
adj acent to the free layer and is antigparal |l el exchange coupled to the
first AP pinned | ayer because of the mnimal thickness (in the order of 8
A) of the AP coupling |ayer between the first and second AP pinned | ayers.

Accor di ngl edlsaﬁ d"f%rhahbﬁome(@%ﬂbngfthﬁohgpgrﬁéeeﬁso‘wwitnﬂﬂ@akémg{an{ tori ent ed

in a secon rection that Is antipara to the direction the’ magnetic
nonent of the first AP pinned |ayer. The AP pinped structure is preferred

over the ﬁﬂ%ﬁt@"pﬁ’éﬁ@dcg%%‘?t'%‘ééﬁ%@"ﬂ@ Sﬁﬁ&%@?‘? yﬁﬁﬁé’ﬁtteépad’!est‘iﬁfe S rst and
second AP pinned | ayers of the AP pinned structure subtractively conbine to

provi de a spatenayaewit tropinnedtanatfreslayess Wien thaenagnptizationsrofithe of t he
single pinned | ayer. The direction of the net nonent is determ ned by the

thi cker ofpiddi&) hhd e edtfezes@gardilePivithadshaned one/arHC 8dafielingRanet i ¢

nonment equates to a reduced denagneti zation (demag) field fromthe AP

"nver sely TBRSBG endares v RERgs PR tHsre e RS R P cnange
coupling between the first AP pinned |ayer and the pinning |ayer. The AP
pi nned spiantipalalkel seattering is nil@dmizask Changes-in seatiering@litepthe resistance
of the spin valve sensor in proportion to cos 68, where 6 is the angle between
the magnetizations of the pinned and free layers. In a read mode the resistance
of the spin valve sensor changes proportionally to the magnitudes of the
magnetic fields from the rotating disk. When a sense current is conducted
through the spin valve sensor resistance changes cause potential changes that
are detected and processed as playback signals by the processing circuitry.
The spin valve sensor is characterized by a magnetoresistive (MR)
coefficient, also known as giant magnetoresistive (GMR), that is substantially
higher than the MR coefficient of an anisotropic magnetoresistive (AMR)
sensor. MR coefficient is dr/R were dr is the change in resistance of the spin
valve sensor and R is the resistance of the spin valve sensor before the
change. A spin valve sensor is sometimes referred to as a giant
magnetoresistive (GMR) sensor. When a spin valve sensor employs a single
pinned layer it is referred to as a simple spin valve.

Another type of spin valve sensor is an antiparallel (AP) spin valve

sensor. The AP pinned spin valve sensor differs from the simple spin valve



componl y assigned U S. Patent No. 5,465,185 to Heimand Parki ne%hlﬁ‘g{g@q;

incorporated by reference herein. The first and second AP pin

the AP pinned structure are typically made of cobalt (Co). Unfortunately,
cobalt has high coercivity, high magnetostriction and | ow resi stance. \Wen
the first and second AP pinned |ayers of the AP pinned structure are forned
they nmay be sputter deposited in the presence of a magnetic field that is
oriented perpendicular to the ABS. Thi4e sets the easy axis (e.a.) of the

pi nned | ayers perpendicular to the ABS. During a subsequent nmaking of the
magneti c head, the AP pinned structure is subjected to nagnetic fields that
are directed parallel to the ABS. These fields can cause the nmagnetic
moment of the first pinned layer to switch froma desirable first direction
per pendi cul aenso in that theAR pinnedapirevalvepensos bes an AR pisoed shivelure thatal el to
the first direction. The sanme occurs to the second pinned | ayer of the AP

pi nned struph4ifigst ahll sebengoercivity of the first pinned |ayer of the AP
pi nned structure is higher than the exchange coupling between the first

Phe magnot | BFRBRBRE TaereRumpad &Y 8inal nfit ssdavs:, AR 2Bybing & db o,

This ruins the read head. The sane problem can occur durin Eeratl on of
t he nagnet i 8andwichsddretwesartheel fisst qagﬁ@ppndﬁ%pmngﬂrl@wér ﬂm ret P
coercivity of the first pinned | ayer of the AP pinned structure is exerted

on the readpitped. la%'h'ab its Widdifitic neeaaht orideed e fisst Hir@dtionagedichange

magnet ostri ctl on e negative sign determnes the direction of any stress

uni chis o SonAErs WP Bhutertortianele bifRdiaer, TnERepahy AECARRet Bl e

stresses occur in the |layers of the sensor. Because of the magnet ostriction
and the conjrigyBediately aé@§enftu¢ethecﬂmlav¢r@nd iapnBpariatiel exghange eeurlad AP

pi nned structure acquire a stress induced anisotropy that is parallel to
the ABS. ThtsthedfirstyeP pirmed ldyerdsicaase ofthe minimabthickdese(n the edder opg nay

rotate the magnetic nonent of the first and second pinned | ayers to sone
A) of the AP coupling layer between the first and second AP pinned layers.
Accordingly, the magnetic moment of the second AP pinned layer is oriented
in a second direction that is antiparailel to the direction of the magnetic moment
of the first AP pinned layer.

The AP pinned structure is preferred over the single pinned layer
because the magnetic moments of the first and second AP pinned layers of the
AP pinned structure subtractively combine to provide a net magnetic moment
thatis 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 AP
pinned layers. A reduced net magnetic moment equates to a reduced
demagnetization (demag) field from the AP pinned structure. Since the
antiferromagnetic exchange couplingis inversely proportional to the net pinning

moment, this increases exchange coupling between the first AP pinned layer

and the pinning layer. The AP pinned spin valve sensor is described in



.extent from perpendicular to the ABS in spite of the exchangexﬁﬁuggugg‘
field tending to naintain the perpendicular position. This coné&ti C
significant read signal asymretry. Also) the |ow resistance of the cobalt
(Co) pinned | ayers causes a portion of the sense current to be shunted past
the free and spacer layers. This causes a |loss of read signal. Efforts
continue to increase the spin valve effect of GVR heads. An increase in the
spin valve effect equates to higher bid%t density (bits/square inch of the
rotating nmagnetic disk) read by the read head. Accordingly, a search stil
continues to lower the coercivity, substantially elimnate nmagnetostriction
and increase the resistance of sone of the critical |ayers of the spin

val ve senso . i QN I r I; : ie SUMVARY
OF THE | NVEW@%Q%'EG@%- E%@? *“?%%ﬁﬁ-ﬁ@? @gkﬁe@% %’W?M["ﬁa{%d second
cobalt (Co) AP pinned |ayers of the AP pinned structure with first and
second cobaincorpasateddaprsterenge herein. 2 A U G 002 pinned | ayers. The cobalt
iron (Co9oFe~0) pinned | ayers have | ower coercivity, near zero

nmagnet ostri cti onThB fistarithescondsAP tpiiied Ia?&% ofehe AR pinnedsteicthséraret i on
means that the induced stress of the cobalt iron (Co9oFel o) |ayers after

| appi ng t he ti e il t t | (Hilgﬁe haotiaRy fiel d.
This is bec%@&n’b%gp r@%&%éﬁ@gdugma?%%y‘{ I eIH(?g i'S ag%t?ﬂoahﬁg’eﬁ'gﬁ
magnetostriction and the induced, stress, The hi gher [ esi stg e of the

cobal t i r onmaghssesdrichionanthlow resistancen; WhenAbe fiaLARd sgcend AReribpad e
current thereby increasing the read signal. The coercivity of a cobalt iron
(Co90Fel 0) fayesd offReAP pirthedayractupé atdforiveditheyarhydie spitter depositestin |

hi gher than the exchange coupling field between the first AP pinned | ayer

and a nicke I i i ool il b1k S ﬁfé’@ ICKRla OXi de
(Ni 0) pinni h%&pgg%@n@%ys@ %eﬁ e@d’og\;a(tzlls\“ ey?‘t% ptg e |(qus|%|h§)| Wr?e'gglséyer. The
coercivity H- of the first AP pinned | ayer, was 500 oersted Ce ile the
exchange codpis &S E‘?eeﬁﬁsbﬂ'ﬁé%ﬁ-)togéhﬁp d IBY?E?ep?rlﬂe@F'cé'ﬁ?ﬁ?ﬁ'ée Aﬁgt AP

pi nned | ayer was only 450 Ce. Consequently, the exchange coupling field was
not strong Euwingla subseqaentmekin ef theemagnetiohead) theAlrpinnédstructure is

S

subjected to magnetic fields that are directed parallel to the ABS. These fields
can cause the magnetic moment of the first pinned layer to switch from a
desirable first direction perpendicular to the ABS to an undesirable second
direction antiparallel to the first direction. The same occurs to the second
pinned layer of the AP pinned structure. If the coercivity of the first pinned layer
of the AP pinned structure is higher than the exchange coupling between the
first pinned layer and the pinning layer the exchange coupling will not return the
magnetic moment of the first pinned layer to its original direction. This ruins the
read head. The same problem can occur during operation of the magnetic
head when a parallel magnetic field stronger than the coercivity of the first
pinned layer of the AP pinned structure is exerted on the read head.

Stiill further, cobalt (Co) has a high negative magnetostriction. The

negative sign determines the direction of any stress induced anisotropy. When



i
magneti c nonent of the first AP pinned layer to its original direction |

after being switched to a direction antiparallel to the origi nmzléaazﬁﬁ
By placing a nickel iron (NiBOFeZO interlayer between the pin ' 2
and the first AP pinned | ayer of cobalt iron (Co9oFelo) the coercivity of
the first AP pinned |ayer was significantly reduced from500 Ce to 350 Ce.
The exchange coupling field was al so r&duced from 450 Oe to 400 Ce.

However, the coercivity of 350 Ce of the first AP pinned | ayer was |ess

t han the exchange coupling field of 400 Ce thereby permtting the pinning
| ayer to return the nmagnetic nonment of the first AP pinned layer to its

ori gi nal posj ti en. ik :d I ; i

anti paral | eIzgl hﬁ@'&%m}oﬁe%@' a%%&ﬁé&hiclﬁsé @'a%ﬁs@é"égﬁ% FQ?%&%E%Z\?%?W ty of
the cobalt iron (Co9oFe~0) second AP pinned |layer is not affected by the
ni ckel oxi dNqQUNIFPITpicamprgssiug stressas ageur indhe fyeenhetihe senaer. cReerusse
coupling with the first AP pinned layer in a direction antiparallel to the

di rection ofofithe m@q;w&tﬁcﬁanmthefcommeésﬁ\reeétrese, this eoBalt (RYEAP phitedPr esent

spin val ve sensor also had an i nproved GVR An object of the present

| moroved e R HEe A ARrB aRgh g afhut R s aGR ARSI o) o

orientated parallel to the ABS. Another object_is to provide an AP pinned
read head whRaralleltathe ABS. Abisis thawrangydirection.athesgiress edanisetieRY,  whi ch

i s exchange coupled to an antiferromagnetic (AF1V~ nickel (N 0) pinning

| ayer, has anayeotatd thetmagnetic mentent 6kthe filstard sévondpimadiayers tb sehre bet ween
the first AP pinned |layer and the pinning layer. The invention provides a

magnetic re gﬁaﬁj L Sk i ; i ensor
i ncl udi ng: Zé;?er r O%ggir?gf)ﬁ&?@gre@ %‘geéb;gg'l' %E\ti%? ﬁ%g}(%%%g%ﬁd&grﬁg#ﬁg‘é(AP)
pi nned structure; a nonnagpetic electricall onducf.i ve spacer | ayer
| ocated bet vi€BAINGe Mainiaintae perpeRdiou pw{'wﬁ/-rﬂﬁ&c fpscauses significant

read signal asymmetry. Also, the low resistance of the cobalt (Co) pinned
layers causes a portion of the sense current to be shunted past the free and
spacer layers. This causes a loss of read signal.

Efforts continue to increase the spin valve effect of GMR heads. An
increase in the spin valve effect equates to higher bit density (bits/square inch
of the rotating magnetic disk) read by the read head. Accordingly, a search
still continues to lower the coercivity, substantially eliminate magnetostriction
and increase the resistance of some of the critical layers of the spin valve

sensor, such as the pinned layers of an AP pinned structure.

SUMMARY OF THE INVENTION
The inyentor first investigated replacing first and second cobalt (Co) AP pinned

layers of the AP pinned structure with first and second cobalt iron (CogoFe)



an antiferromagnetic pinning layer; and the AP pinned structure bei ng
| ocat ed between the pinning |ayer and the spacer layer; and t AIA[Q@ pﬁz
structure including: first and second ferromagneti c AP pinned | ayers w
the first AP pied | ayer being pinned by exchange coupling with the pinning
l'ayer in a first direction; an antiparallel (AP) coupling |ayer |ocated
between the first and second AP pi nned | dyers so that the second AP pi nned
| ayer is i 0 2 AU G e2002 8a pinned by the first AP pinned layer in a
second direction antiparallel to said first direction; each of the first
and second AP pinned | ayers being cobalt iron (CoFe); an exchange coupling

i nterl ayer gimmdtleybrbeThe eobattnidor (CsHeqy) iphirey Igyegalyivedotvbecdqeirditity) hebfy@d and
the first AP pinned |layer; and said exchange coupling interlayer bei ng

ni ckel ironngdhefoRiricti®h@niNigR4r R8istaiiéed NERe RER Vel hapndBINGICmBE&R%hat
assenbly, a magnetic disk drive and rel ated nethods. O her objects an

advant ages iffuceSukupRd ARaNikh (BSSPUD) AARRLAN MRS LSARR, bd A &W’ ng

descri ption oge anylng
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di sk drive 0 2 AU G Q002 9
field is a produce of magnetostriction and the induced stress. The higher resistance of the
cobalt iron (CogoFeip) pinned layers minimizes shunting of the sense current thereby
increasing the read signal.

The coercivity of a cobalt iron (CogpFeyo) first AP pinned layer of the AP pinned
structure was still higher than the exchange coupling field between the first AP pinned
layer and a nickel oxide (NiO) pinning layer. This is because the nickel oxide (NiO)
pinning layer increases the coercivity of the first pinned layer. The coercivity H, of the
first AP pinned layer was 500 oersteds (Oe) while the exchange coupling field between
the nickel oxide (NiO) and the first AP pinned layer was only 450 Oe. Consequently, the
exchange coupling field was not strong enough to overcome the coercivity and return the
magnetic moment of the first AP pinned layer to its original direction after being switched
to a direction antiparallel to the original direction.

By placing a nickel iron (NiggFeyp) interlayer between the pinning layer and the
first AP pinned layer of cobalt iron (CogoFeo) the coercivity of the first AP pinned layer
was significantly reduced from 500 Oe to 350 Oe. The exchange coupling field was also
reduced from 450 Oe to 400 Oe. However, the coercivity of 350 Oe of the first AP
pinned layer was less than the exchange coupling field of 400 Oe thereby permitting the

pinning layer to return the magnetic moment of the first AP pinned layer to its original

position when it is



as seen in plane 2-2; Fig. 3 is an elevation view of the magn@ C @@kzb%
drive wherein nmulti pI e di sks and magneti c heads are enpl oyed; F|

i sometric illustration of an exenplary suspension system for supportl ng the
slider and magnetic head; Fig. 5 is an S view of the magnetic head taken
along plane 5-5 of Fig. 2; Fig. 6 is a partial view of the slider and a

pi ggyback magnetic head as seen in plane 6-6 of Fig. 2; Fig. 7 is a partial
view of t hewitthedleto thedntiparaiiehdidecting ibgta magredd fiekl. S@@{Eeqmbnﬂbfdli@cgerc?ivﬁfl ofi g.

2; Fig. 8 is a partial ABS view of the slider taken along plane 8-8 of Fig.

f
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coil layer and,leads renoved, an 1Lso ric ABS illustratign of a
read head WHIEA laysh g dir Oﬁuﬂnwaﬁﬂ&i%%ﬁhr\?%w t&ﬂ/sflag’é%@dpommtg) fibe fist 51,
ABS illustration of the present AP pinned spin valve sensor; and Fig. 13 is
the same ad\lpighediayen ddsiresspfepin Yabe SmSOT@EWIW@é improved §MRO 2 AU G Q02
~0 first and second pinned |ayers of the AP pinned structure instead of
cobal t iron (CoFén éhjectod tipapresnn inventimsisto pRE&ERiPAotiphralie] (A5 fihiddaiRED
EVMBODI MENTS Magnetic Disk Drive Referring now to the drawi ngs wherein |ike
reference mga®tial has improved GMR and is magnetically stable when subjected to magnetic

)

fields orientated parallel to the ABS.

Another object is to provide an AP pinned read head wherein a first AP pinned
layer of an AP pinned structure, which is exchange coupled to an antiferromagnetic
(AFM) nickel (NiO) pinning layer, has coercivity that is less than the exchange coupling
field between the first AP pinned layer and the pinning layer.

The invention provides a magnetic read head comprising:
a spin valve sensor, the spin valve sensor including:
a ferromagnetic free layer;
a multi-layered antiparaliel (AP) pinned structure;
a nonmagnetic electrically conductive spacer layer located between the free layer and the
AP pinned structure;
an antiferromagnetic pinning layer; and
the AP pinned structure being located between the pinning layer and the spacer layer; and
the AP pinned structure including:

first and second ferromagnetic AP pinned layers with the first AP pinned layer being
pinned by exchange coupling with the pinning

layer in a first direction;

an antiparallel (AP) coupling layer located between the first and second AP pinned layers
so that the second AP pinned layer is



i
designate like or simlar parts throughout the several views, IﬂgsAU.@?UOZ
illustrate a magnetic disk drive 30. The drive 30 includes a spihndle

t hat supports and rotates a magnetic disk 34. The spindle 32 is rotated by
a notor 36 that is controlled by a motorgcontroller 38. A conbined read and
wite magnetic head 40 is nounted on a slider 42 that is supported by a
suspension 44 and actuator arm46. A plurality of disks, sliders and
suspensi ons nay be enployed in a | arge capacity direct access storage

devi ce (DApRinedbyIRORAL AR phired Idver TN seebA® 8RR afttlp ARkl 36 H@kRR ar m 46
position the slider 42 so that the magnetic head 40 is in a transducing

rel ati onshidgedliamy a surface of the magnetic disk 34. Wien the disk 34 is
rotated by the notor 36 the slider is supported on a thin (typically, .05

Nm) cushion gf air i.r.beari .between the syrtace the disk 34 and the
N} beari ndodpithé £ s eRns ARptiEg SR bR Pl ORREOFRER b’ enpl oyed 1ot
witing information to multiple circular tracks on the surface of the disk
34, as well i i i j [ G Ey 50
xchanges. o o L e e Bl Rl e i

provi des layepadd the fest20B ginhed layemandir i ve signals for rotating the magnetic
di sk 34, and provides control signals for noving the slider to various
tracks. In Fig. 4 the sljder 42 is show poun to a suspension 44. The
conponentsS@é§%?b%@@cﬂgﬂggdgﬁé@@riﬁygﬂé*ﬁgﬁﬂiéﬁgﬁh a frame 54 of a housing
55, as shown in Fig. 3. Fig. 5is an ABS view of the slider 42 and the
magneti ¢ head 40.Thghevestipy 8 §royides mrapgnetip hewbasserablys a magnetic digl drive
magneti c head 40, and side rails 58 and 60. The rails 56, 58 and 60 extend
from a crossdrelated @thodst h respect to rotation of the nmagnetic disk 34, the
‘cross rail 62 is at a |l eading edge 64 of the slider and the nagnetic head

40 is at a trailigiHercdBectsardl advaatagkd @€rthe Rngentoni wilk betelAe CAppaens @pbh onal
el evation view of a piggyback magnetic head 40, which includes a wite head

portion 70 éﬁﬁk§ﬂ$ ] L 2 ml.0yi ng an
AP pi nned § prn Ya 3@%@%@ gﬁﬁgh{lgl?&tk%%mgr dggléﬁ? ﬁ?ﬁ%%ﬁ?’?‘@%@‘g?aa’ﬁss an ABS
view of Fig. 6. The spin valve sensor 74 is sandw ched between nonnmagnetic
electrically insulative first and second read gap |layers 76 and 78, and the

read gap | ayers are sandw.che r i [.r and second
shield | ayers 80 and 82%Fm§gﬁmﬁh@i#@fl el ds, the

resi stance of the spin valve sensor 74 changes. A sense current IS
conducted through the sensor causes these resistance changes to be
mani f ested as potential changes. These potential changes are then processed
as r eadbacWigi lgisalpdarbyiewivd ap epereplarymgagnetic diskdyive0 shown in Fig. 3. The
write head portion 70 of the magnetic head 40 includes a coil |ayer 02
AU G 2002 IRg 3dissardiiviswest Dgdideeaith hinidgghetidheadat tiddislndtivat i on | ayers 86
and 88. A third insulation | ayer 90 may be enpl oyed for planarizing the
head to elimnate ripples in the second insulation | ayer caused by the coi

| ayer 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 | 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 |ayers
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 |ayer 102 at
the ABS. An insulation layer 103 is | ocated between the second shield | ayer
82 and the first pole piece |layer 92. Since the second shield | ayer 82 and
the first pole piece |layer 92 are separate layers this head is known as a
pi ggyback head. As shown in Figs. 2 and 4, first and second sol der
connections 104 and 106 connect |eads fromthe spin valve sensor 74 to

| eads 112 and 114 on the suspension 44, and third and fourth sol der
connections 116 and 118 connect |eads 120 and 122 fromthe coil 84 (see
Fig. 8 to |eads 124 and 126 on the suspensi on.




|
Figs.m 7 and 9 are the same as Figs. 6 and 8 except the second shield |ayer
82 and the first pole piece |ayer 92 are a common |ayer. This ﬂ}ﬁeﬂﬂﬂGhéﬁﬂz
is known as a nmerged magnetic head. The insulation |ayer 103 of the ‘
pi ggyback head in Figs. 6 and 8 is omtted. Fig. 11 is an isonetric ABS
illustration of the read head 72 shown in Figs. 6 or 8. The read head 72

i ncl udes the present spin val ve sensor 130 which is |ocated on an
antiferromagnetic (AFM pinning |layer 2. The spin valve sensor 130 has an
AP pinned structure, to be described hereinafter, that ri 02 p,UG 2002
13 has its magnetic nonments pinned by the nmagnetic spins of the pinning

| ayer 132. The AFM pinning |ayer is preferably 425 A of nickel oxide (N O).

First and S%Qg]%m rihdd 89-and I ead | ayers 134 and 136 are connected to
first and secon smga edged$ 138 and 140 of the spin valve sensor. This

connection is kn n the art as. a contiguous.juncti.on and.is fully
described in contdfi %'%@%iebq‘(@horh‘"eg oﬁﬁpéﬂ?g%e,st&@%gqvwﬁgﬂelpémillfl'glgr por at ed
by reference herein. The first hard bias and | ead |ayers 134 include a
first hard Wlisks ardaraghétic headsaffe eraployedd | ayer 142 and the second hard
bias and | ead | ayers 136 include a second hard bias |ayer 144 and a second

lead | ayer 146. Tﬁglbfy b ABtricaNAtratiod 6f anexdriflahpsgshemBBnalstent fg! ds to

extend | ongi tudinalFly through the spin valve sensor 130 for Stabilizing the

magneti ¢ donmai ns therein. The, AFM pj.nning | ayer 132, the spin val ve sensor
130 and t he SUPportingheslidenznd,miagn {'%Be d lead | ayers 134 and 136 are

| ocat ed between nonmagnetic electrically insulative first and second read
gap | ayers 148 arkigl5Gs aniAB3 viest ofsthe msagnetic head tajgn alaye planes8-50fd 150
are, in turn, |ocated between ferromagnetic first and second shield | ayers
152 and 154.fjghg- Present |nvention The present AP pinned structure 200 is
illustrated in Fig. 12 which is a cross sectional view of the various

| ayers of the AP ginped r . i Al surface
(ABS) - The AP pi kB SR EBMIa 3 BB e erRER Biivop ek i chehE Rkt
conductive spacer | ayer (St) 202 which is |ocated between an antiparallel
(AP) pi nned sganubtlane 6®ofdrig. & ferronagnetic free layer (F) 206. The AP
pi nned structure 204 includes an AP coupling |ayer 208 which is | ocated
between first andFigeGoiach péttial vieadofl thy eslider2did andefed. magneti©Oh8adlasG 2002
14 the present invention the first and second AP pinned | ayers 210 and 212

are cobalt i anrh i keu,of cobalt (Co). The cobalt iron (CoFe) of
the first ané se'égﬂ%?éAEQ?inﬂgdz’l ayers 210 and 212 nmay be deposited in the

presence of a fielLd that is, perpendi cylar t e ABS so, th t he. easy axes
of the first and E@cbrﬂ%am"ﬁﬁﬁ%‘”@é{ e ?T%r;%“ﬁﬁn%P@"ﬁraqt'gﬁ?E@'%
perpendi cul ar to the ABS. The magnetic nonent of the first AP pinned |ayer
210 i s pi nneld shavwthediead and wotet¢lemants aithe piggybacle magneladerd: (AFM

pi nning |ayer 214. The invention enploys nickel oxide (N O) for the pinning

| ayer 214. Locat egligoetigaquaridlAB8 Welver thegider2dierpaleng prankl 9-9tof Ay [ nned
| ayer 210 of the AP pinned structure 204 is an interlayer 216 of nickel

iron (N Fe) el i i i il j r. The
magneti c spi%r/(:;gého\’vm]‘:'!eJe Bﬁ%ﬁ\gﬁ{eaéjgﬁeb%4@bg ng%gﬁt%%egfrc%ﬁcul ar to the
ABS whi ch, by exchange coupling with the interlayer 216, causes a nmagnetic
moment of the i nt EId. 49és a ey wenalapginneto-3R0bEi & 6r Al Ratcues, such
as away fromthe ABS as shown by the circle with an x in it (). Because of
exchange coupbovegtHeetoibayertdrel leatderdrayeed;216 and the first AP pinned | ayer
210, the magnetic nonent of the first AP pinned |layer 210 is also oriented

per pendi cul ar to apd 134eyn [HABEORBSTHRISERISAOYE rdid heddwhith ieﬂ?dl%élﬁg and 212

exchange coupling Bbetween the first and second AP pinned | ayers

t he magnetic nent .of . the s d AP pinned | ayer 212 is oriented

anti paral | el Aggplf‘ﬂﬁd ﬁﬁlﬂn‘@?‘fec?ﬁgﬂ@ms%f the first AP pinned |ayer 210,
nanmel y perpendicular to and toward the ABS as shown by the circle with a
dot init (O. |t FghdlisamABSitustrationdf thepresant AlfiRjneed spis palve senseme

pi nni ng | ayer 0 ? AU G 2002 15 and the nmagnetic orientations of the
magneti c nmongpys of the interlayer 216 and the first and second AP pinned

| ayers 210 and 212 may be reversed if desired. As shown by the arrow the
magnetic nonment of_.the free |ayer 206 .S oriente raallel to e .ABS,
Which directon mEjSnE bR sAMaRs A dPgnEehr ol REDRS Lhrribed i 8
understood thatthe relative orientation between the magnetic nonents of the
second AP pinned | ayer212 and the free | ayer206 determ nes the change in
resi stance of the spin valve sensor 200 in response to applied signals from
the rotating magnetic disk. For instance in the above exanple) when the
magneti c nonent of the free layer 206 rotates up and down fromthe parall el

b o APrSNesS 2 1 e T o, Y o - o o



'0 2 AU ~ ~ 2002 16 between the nickel oxide (N 0) pinning |ayerm 31 d
fi,rst AP pinned | ayer 210 of cobalt iron (Co90oFe~0) the first &L?p?ﬂzgdZBﬂ?
| ayer 210 has a reduced coercivity He of 350 Ce while the exchange coupling
field therebetween has been slightly decreased to 400 Ce. The exchange
coupling field of 400 Ce is larger than the coercivity field of 350 Ce

whi ch causes the pinning layer 214 to return the magnetic nonent of the
first AP pinned |ayer 210 to its origiﬁgl position as shown by after the
magneti c nonent of the first AP pinned | ayer 210 has been switched to an
antiparallel direction. In a preferred enbodi nent a GVR enhancenent | ayer
220 of cobalt iron (CoFe) is |located between and intertaces the spacer

layer 202 amgstlie sbESRd pipbied ladfs of the AFSpiRREH straetaek ihbRadidTeobitiron
enhancenment |ayer 220, which i's sonetines referred to as a nanol ayer,

i nproves th [Rratio of the read head. The GWR enhancenent |ayer is
optional . A?(c\’ggﬁﬁ% CPHWQ?'SQQ?UB}O%tht alum (Ta) is typically enployed on top
of the free layer 206 for its protection. Preferred thicknesses of the

| ayers are the pinning layer 214 is 425 A of nickel oxide (Ni0O), the
interlayer 216 is from4 P, to 30 P, and preferably 10 P, of nickel iron

(Ni BOFe~), the first AP pinned | ayer 210 IBEfSCRIPTANONSQR aN§{ E
preferably 24 A of cobalt iron {CoFe), the AP coupling |layer 208 is 8 A of

rut heni um ( i d layer is from10 P, to 50 ,4 and
preferably %%F%Pﬁmgpﬁiw%o%, 0), the spacer layer 202 is 23 A of
copper {Cu), the GWR enhancenent |ayer 220 is from3 Ato 30 A and
preferably 10 A of cobalt iron (Co90oFe, o) Magretic Bisk Bywe 206 is 70 A of
ni ckel iron (N 8oFe20) and the capping layer 222 is 50 A of tantalum (Ta).

The cobalt iron iReferfthg? ndW %o 22 didwitige’ @hebéi IkeO péferehceCalRmraigon Wit h
Cobalt (Co) Pinned Layers The spin valve sensor 300 in Fig. 13 is the sane

as the spin ANSOS il ' i g kr ucture
304 o oys PSR E e b Mroidhont herREuERl vl £l 1 RO fBipaer 0L O,
cobalt (Co) in lieu of caobalt iron (CoFe). The relggli nger of the layers are
of the same &'@egnRets diskdiive 8B Thadeve RP Mchidesasspindle 3gthatyprorts apdg. 12
Each of the spin valve sensors 200 and 300 were tested first and second
tinmes, the frotatés dimagristicrdiskad4.eThdegpirsdleidisabtdted Bpa moetirdé thayisr s
followed by a resetting of the nickel oxide pinning | ayer 214 and a second

time after V%b@ir%ﬁé& B aiStoP&dritrofiet ¥8. R%Bﬁfﬁinéd)regﬁ%n'd@rftferm@grﬁ@!ik:ﬁ‘feia‘an of 6

hours follo by another reset of the magnetic spins of the nickel oxide

pi nning |ayey,.214. The resetti of. the pinning |ayer.214 herejnafter
referred to@s‘sl'i'i“&"ml?gwia&g ?rld% a{'§§HPE’g"§‘?f£§’3é%t°'gs‘¥ '%44130&?9 ag%rnsor at
the wafer level to 230 "Cin a field of approximtely 12,000 Ce

per pendi cul @rm 46+ Replngdityr ofrdisksyslidare andmhispessiopstmay beggiaplayeddn 8s of t he
ni ckel oxide (NiO) pinning |layer 214 perpendicular to the ABS. The

anneal i ng oflatgeecapritity itact #dcedd6toragé device DASD)Hs8HovreiR Fige3baiieng of
the photoresist layers of the insulation stack of the wite head. The

foll owing dalapcegah didlif A8 Sy A6 KBSRERTN SidRPRaadndMe! ol 12 and

13 was with e optional nanolayer er deposition o he spin

val ve sensor. 300 shown in Fig. 13 and fthe nickel oxjde reset, the_drlR of
the read hed¥ (Ri'R ﬁéﬁ?@s@?ﬁgn%ﬁ‘i@%@}p‘ﬁ'ﬁbaﬁ}é age 9 %?Q'é‘?t'ctﬁsig‘?gad head

was subjected to the annealing of 250 "' C for 6 hours and anot her nickel
oxi de reset When the disk 34 is rotated by the motor 36 the slider is supported on a thin

(typically, .05 pm) cushion of air (air bearing) between the surface of the disk
34 and the air bearing surface (ABS) 48. The magnetic head 40 may then be
employed for writing information to multiple circular tracks on the surface of the
disk 34, as well as for reading information therefrom. Processing circuitry 50

exchanges signals, representing such information, with the head 40, provides



|
0 2 AU G 2002 18 the drl R dropped to 3.55% This resulted i QZ
anplitude | oss of read signal. After deposition of the spi an/ZI é@ygezg

200, shown in Fig. 12, and nickel oxide reset the dr/R w thout the

nanol ayer 220 was 4.6% which is a 6% inprovenent over the spin valve
sensor 300. After subjecting the spin \ﬁﬂ ve sensor 200 to 250 '"C for 6
hours and anot her nickel oxide reset, the drlIR was 4.01 %which is still a
10% i nprovenent over the drl R of the spin valve sensor in 300 after its 250
"C anneal i ng and ni ckel oxide reset. Accordingly, the spin valve sensor 200
in Fig. 12 denonstrated significant dr/R inprovenent over the drl R of the
spi n val ve seoteodriseGignalsiar. rotatinghthe magneticidisind4 Gurprovidesmainbsadd f or
the first and second AP pinned |layers 210 and 212 in lieu of cobalt (Co)
for the Tir gignalRdop ardvitth ﬁ\%_gnuém%d/ahauggrﬁ_cﬁsl.@mm. $ie su_aleangis difowi early,

ot her enbodi nents and nodi fications of is invention w occur readily to
t hose of ordinar kill in the, a in view of these teachings. Therefore,
thi s i nvent SIS foA sspefisionga” She sompoatrissedienpeinabite mayBh i e ude
all such enbodi nents and nodifications when viewed in conjunction with the
above speci hautédonafiameddngfanhousingiyaaé sigpovn in Kigad. m 19 CLAIMS 1. A
magneti c read head conprising: a spin valve sensor, the spin val ve sensor
including: a ferronmagnetic free layer; a multi-layered antiparallel (AP)

pi nned structure; 0 2 AU G 2002 a nonmagnetic electrically conductive
spacer |ayer |ocated between the free |ayer and the AP pinned structure; an

antiferromagnetic pinning |layer; and the AP pinned structure being | ocated
bet ween the pinning | ayer and the spacer |ayer; and the AP pinned structure

i ncl uding: first Fad gEOAESVEW OFBEdlidef 42Rndithe Atagrietead 40! The first
AP pinned | ayer being pinned by exchange coupling with the pinning |ayer in

2 first din ehddrde AOMGTaRSbURALAbbSHs EThaGRRIeH 44l sRcalegs pet veen

the first and second pi nne e secon pi nned | ayer is

pi nned by thEqldy Stnd\RiB'58788 ah@EY eltSnd R 8ol (162 NRPESPSHTS' & O

said first direction;
rotation of the magnetic disk 34, the cross rail 62 is at a leading edge 64 of the

slider and the magnetic head 40 is at a trailing edge Gé of the slider.

Fig. 6 is a side cross-sectional elevation view of a piggyback magnetic
head 40, which includes a write head portion 70 and a read head portion 72,
the read head portion employing an AP pinned spin valve sensor 74 of the
present invention. Fig. 8 is an ABS view of Fig. 6. The spin valve sensor 74
is sandwiched between nonmagnetic electrically insulative first and second
read gap layers 76 and 78, and the read gap layers are sandwiched between
ferromagnetic first and second shield layers 80 and 82. Inresponse to external
magnetic fields, the resistance of the spin valve sensor 74 changes. A sense
current I5 conducted through the sensor causes these resistance changes to be
manifested as potential changes. These potential 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



[
)each 'of the first and second AP pinned | ayers being cobalt iro éCoF -
exchange coupling interlayer |ocated between and interfaciall ynﬁa gdljﬁ 2662

pirnning layer and the first AP pinned | ayer; and 0 2 AU G 2002 20 said
exchange coupling interlayer being nickel iron (NiFe). 2. A magnetic read
head as clainmed in claim1 wherein the spin valve sensor furkher includes:
a giant magnetoresistive (G VIR) enhancenent |ayer |ocated between the
second AP pinned |ayer and the free lal2r and interfacially engages the
free layer; and the GVR enhancenent |ayer being cobalt iron (CoFe). 3. A
magnetic read head as clainmed in claim2 wherein the G VIR enhancenent

| ayer has a thickness of substantially |OA 4. A nagnetic read head as

claimed in ¢Jaimal . wherein th i nnj ng | gyer . i.s nickel, oxi (Ni0)., 5 A
magnet i c re%& "%:“L'P%FW@@H%F %daﬁ°ﬂ!gmaél°nq?¥%5&6rﬁﬂ‘ﬂ§&| Q\}B%’dhas a

t hi ckness of substantially 425 A 6. A magnetic read head as clainmed in

cl ai m 4 whefrsHationr layer QowaaVih%emlﬂy%&wm%ﬂzmm&q%m gliminatg

thi ckness of substantially 24 f1 7. A magnetic read head as clainmed in

cl ai m 6 wheripiples incthsi sedong insylationdayes causedkbythe eqil lsyer84nihealfirgt,425 0o
2 AU G 2002 21 8. A magnetic read head as clained in claim?7 wherein the
spi n val ve sewrend dnd thiverinsulation éxyera age eeferrad dot theest as andins@aipn
enhancenent | ayer | ocated between the spacer |ayer and the free | ayer and

i nterfaci al lsfagk"oTakRail Idyer 84 afd tivy/first, sadend Aed HiAd insutativrd 86a88r bei ng

cobalt iron (CoFe). 9. A'magnetic read head as clained in claim8 wherein

the GNiR en%im@@sanw& t\ﬁlelgﬁiﬁf‘éﬁBﬁ&%ebéh@pélé?ﬂﬁ:e%yé’ré%%nm. 10. A

magneti c read head as clal ned | alm9 wherein the AP coupling | ayer is

ruthenium (Re #fst And'sb8ridPIE pice 1BYAR 1D U P4 drdagnetically 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 82 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 is omitted.

Fig. 11 is an isometric ABS illustration of the read head 72 shown in
Figs. 6 or 8. The read head 72 includes the present spin valve sensor 130
which is located on an antiferromagnetic (AFM) pinning layer 132. The spin

valve sensor 130 has an AP pinned structure, to be described hereinafter, that



11. "A magnetic head assenbly having a read head and a wite
conprising: the wite head including: first and second pole Q%gng&EQQDZ
each of the first and second pol e piece |ayers having a yoke portion

| ocated between a pole tip portion and a back gap portion; a nonmagnetic
wite gap |ayer located between the pole tip portions of the first and
second pol e piece layers; an insulation stack wwth at |east one coil |ayer
embedded therein | ocated between the ydke portions of the first and second
pol e piece |ayers; and 0 2 AU G 2002 22 the first and second pol e piece
| ayers being connected at their back gap portions; and the read head

i ncludi ng: nonmagnetic electrically insulative first and second read gap

| ayers; n.val ve sensor; first econd el ect,ric cond ctive hard
i ae and | oBasits BaGnaleRments PB‘"@E’&%@\W@SP%" %n%e?{hqymen@g aeral ve

sensor and the first_and second hard bias and |ead | ayers being.|ocated

bet ween t he 18Rr JhearFMﬁmmﬁiave;ra%p@igabhgﬂ@@°&nlpl<$lﬁx'd9rﬂ\b% Figst@pd and t he

first and second read gap |la bei n | ocat ed between the first shield
| ayer and t secend bargbias @nde@d l@y@rs shand1 36 ase venaeateshto first aadng: 1
0 2 AU G 2002 23 a ferromagnetic free |ayer;

second side edges 138 and 140 of the spin valve sensor. This connection is

known in the art as a contiguous junction and is fully described in commonly
assigned U. S. Patent 5,018,037 which is incorporated by reference herein.
The first hard bias and lead layers 134 include a first hard bias layer 140 and
a first lead layer 142 and the second hard bias and Iéad layers 136 include a
second hard bias layer 144 and a second lead layer 146. The hard bias layers
140 and 144 cause magnetic fields to extend longitudinally through the spin
valve sensor 130 for stabilizing the magnetic domains 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

The present AP pinned structure 200 is illustrated in Fig. 12 which is a
cross sectional view of the various layers of the AP pinned read sensor 130 as
seen at the air bearing surface (ABS). The AP pinned sensor 200 includes a
nonmagnetic electrically conductive spacer layer (S) 202 which is located
between an antiparallel (AP) pinned structure 204 and a ferromagnetic free
layer (F) 206. The AP pinned structure 204 includes an AP coupling layer 208

which is located between first and second AP pinned layers 210 and 212. In



!
1

a milti-layered antiparallel (AP) pinned structure; a nonnagneti

el ectrically conductive spacer |ayer |ocated between the free H}Qe#\@ﬁbZﬂﬁg
AP pinned structure; an antiferromagnetic pinning layer; and the AP pinned
structure being | ocated between the pinning |ayer and the spacer |ayer; the
AP pinned structure including: first and second ferromagnetic AP pi nned

|l ayers with the first pinned | ayer being pinned by exchange coupling with
the pinning layer in a first direction4 an antiparallel (AP) coupling |ayer
| ocat ed between the first and second AP pinned | ayers so that the second AP
pinned layer is pinned in a second direction antiparallel to said first
direction; and each of the first and second AP pinned Iayers being cobalt

i ron (CoFe) and an, exchagn cou ng i nt a cat

i nterfaci al p}ﬁ%"r?@&@t W@{ef‘ﬁ%'?&%&fﬁﬁ q’%?%?“iéhﬁl Mg‘ygfse%:d) ﬁ\ﬂﬁzg qrﬁyer and
sai d exchange coupl ng_interlayer bhej cke] iron 'Fe i . ghetic
head assenbcgbaltiren (-oRe) infiewp ?‘Pha?t(QMgeﬁlb?ﬁoé’ﬁ'E'r?ﬁ ﬁéﬁ’ ‘;fzi?%frqt@ i ckel
oxi de (N 0). ~ Z i~U G Q02 24 13. A magnetic head assenbly as clainmed in
claim 12 wheeeond Al?dmmedﬂamgrs%mndwa&mame:dmtedﬂn thepriesepeaprf g 425A,
14. A magnetic head assenbly as clainmed in claim12 wherein each of the
first and séelsihatis parperdiclitaydo $he ABS soHhakiheseasy axepof the fisst apd24A and
the interlayer has a thickness of 1 OA. 15. A magnetic head assenbly as
claimed in seadomd AP piheediayets24 (hamh? h2) aregrientec petpeandiatitarde sheABS.
substantially 425A. 16. A magnetic head assenbly as clained in claim15
wherein the

The magnetic moment of the first AP pinned layer 210 is pinned
perpendicular to the ABS by an antiferromagnetic (AFM) pinning layer 214.
The invention employs nickel oxide (NiO) for the pinning layer 214. Located
between the pinning layer 214 and the first AP pinned layer 210 of the AP
pinned structure 204 is an interlayer 216 of nickel iron (NiFe) which will be
described in more detail hereinafter.

The magnetic spins of the pinning layer 214 are oriented perpendicular
to the ABS which, by exchange coupling with the interlayer 216, causes a
magnetic moment of the interlayer 216 to be oriented perpendicular to the
ABS, such as away from the ABS as shown by the circle with an x in it (&®).
Because of exchange coupling between the interlayer 216 and the first AP
pinned layer 210, the magnetic moment of the first AP pinned layer 210 is also
oriented perpendicular to and away from the ABS as shown by ®. By
antiparallel exchange coupling between the first and second AP pinned layers
210 and 212 the magnetic moment of the second AP pinned layer 212 is
oriented antiparallel to the magnetic moment of the first AP pinned layer 210,
namely perpendicular to and toward the ABS as shown by the circle with a dot

in it (). It should be understood that the magnetic spins of the pinning layer



|
spin valve sensor further includes: a giant magnetoresistive (GWR)
enhancenent | ayer |ocated between the spacer |ayer and the free ﬂagy?(ujgnggnz
interfacially engaging the free |layer; and the GVR enhancenent [Taye [
cobalt iron (CoFe). 17. A magnetic head assenbly as clained in claim16
wherein the 0 2 AU G 2002 25 GWR enhancenent | ayer has a thickness in a
range of 3~ to 30~. 18. A mmgnetic hea#®assenbly as claimed in claim 17
wherein the AP coupling layer is ruthenium (Ru) with a thickness of
substantially 8A. 19. A magnetic disk drive that includes at |east one
slider that has an air bearing surface (ABS), the slider supporting at

vese, Che B SR RERH R LT SRELER AL, 2
yoke B'o?fFoaﬁﬁéééiﬁasﬁaab?ﬁ%gshﬁ2\'{,@@1@%%%%?’%%"@2??ﬁéi@% it Pfé'nagaa
P?Plér?ngﬁé' Eg“e%ﬂaéi-pégghs%é& %%%%%@f*h%ﬁ%@ﬁv b?h‘?efﬁﬁ‘(‘)*s‘lef&@'% ?raﬁﬁéyte!;%q%eiﬁst : one
and second pOPBLas Raraleidy dhe ABSR AHGILal¥eion mubE SLBREbP AORt SN ayer s
bei ng connected at their back ga&gortions; and the read head incl uding:

nonmagnet i c laft-cltshowd pewndatsioed irelative prieniatifhbetwess tha magnstio AU G
2002 26
moments of the second AP pinned layer 212 and the free layer 206 determines

the change in resistance of the spin valve sensor 200 in response to applied
signals from the rotating magnetic disk. For instance in the above example,
when the magnetic moment of the free layer 206 rotates up and down from the
parallel position to the ABS the magnetoresistance of the spin valve sensor
decreages and increases respectively in response to positive and negative

signals respectively from the rotating _magnetic disk.

The nickeliron (NiFe) interlayer 216 reduces the coercivity H of the first
AP pinned layer 210. When the first AP pinned layer 210 of cobalt iron (CogoFe1)
directly interfaces the nickel oxide (NiO) pinning layer 214 its coercivity is 500
Oe while the exchange coupling between these two layers is only 450 Oe.
Accordingly, if the magnetic moment of the first AP pinned layer 216 is
switched from a direction perpendicular to and away from the ABS to an
antiparallel position perpendicular to and toward the ABS the exchange
coupling field of 450 Oe will not be great enough to overcome the coercivity He
of 500 Oe of the first AP pinned layer 216 to return it to its original position
perpendicular to and away from the ABS. The result is a destruction of the

read head. However, when the interlayer 216 of nickel iron NiggFeyq is employed



- - |
| ayers; a spin valve sensor; first and second hard bias and Ie&@ IAU@( 2002
connected to the spin valve sensor; the spin valve sensor and the first and
second hard bias and | ead | ayers being | ocated between the first and second
read gap layers; a first shield layer; the first and second read gap | ayers
-being |l ocated between the first shield layer and the first pole piece

| ayer; and the spin valve sensor including: a ferromagnetic free layer; a
mul ti-layered antiparallel (AP) pinned structure; a nonnagnetic

el ectrically conductive spacer |ayer |ocated between the free | ayer and the
AP pinned structure; an antiferromagnetic pinning |ayer; and the AP pinned

) ¢ : _ A : q
he AP pi nicneeh SEhERe I NC) B VA2 24T i Wl 8 R Rl e
I i t he first ' I bei ' d b h | i

wih the priduRgotAsRet Gt s E5F A iansl 15n 2 has haearoed woemitycoupt | ng

| Syers o test HOENMIRa R IanREpaualad Teld tierehediesy NoRESERALOMNE i nned

| ayer in a second direction_antiparallef to said first direction; and each

of the firsdecipasediofd Qe Fhegsxchangegoupling figld o640 Oeiis arogreparaihe

coercivity field of 350 Oe which causes the pinning layer 214 to return the
magnetic moment of the first AP pinned layer 210 to its original position as
shown by & after the magnetic moment of the first AP pinned layer 210 has

been switched to an antiparallel direction.

In a preferred embodiment a GMR enhancement layer 220 of cobalt
iron (CoFe) is located between and interfaces the spacer layer 202 and the
free layer 206. It has been found that the GMR enhancement layer 220, which
is sometimes referred to as a nanolayer, improves the dr/R ratio of the read
head. The GMR enhancement layer is optional. A capping layer 222 of
tantalum (Ta) is typically employed on top of the free layer 206 for its
protection. Preferred thicknesses of the layers are the pinning layer 214 is 425
A of nickel oxide (NiO), the interlayer 216 is from 4 A to 30 A and preferably 10
A of nickel iron (Nig,Fe,), the first AP pinned layer 210 is from 10 A to 50 A
and preferably_24 A of cobalt iron (CoFe), the AP coupling layer 208 is 8 A of
ruthenium (Ru), the second AP pinned layer is from 10 A to 50 A and
preferably 24 A of cobalt iron (Cog,Fe ), the spacer layer 202 is 23 A of copper
(Cu), the GMR enhancement layer 220 is from 3 A to 30 A and preferably 10
A of cobalt iron (CogFe,,), the free layer 206 is 70 A of nickel iron (NigFes)

and the capping layer 222 is 50 A of tantalum (Ta). The cobalt iron is



|
+an exchange coupling interlayer |ocated between and interfaci al hy en i
the pinning layer and the first AP pinned |ayer; and said excha g% Agf[%m

interlayer being nickel iron (NiFe); a housing; a magnetic disk rotatably
supported in the housing; a support nounted in the housing for supporting
t he magnetic head assenbly with its ABS facing the nmagnetic di sk so that
the magnetic head assenbly is in a transducing relationship with the
magneti c di sk; nmeans for rotating the whgnetic disk; positioning nmeans
connected to the support for noving the nmagnetic head assenbly to multiple
positions with respect to said magnetic di sk; and processi ng neans
connected to the magnetic head assenbly, to the neans for rotating the

magneti c di gkafaiap t pg positioning nmeans for exchanging signals with the
magneti c heg}c(j3 asse))ngf)i’?, f%r controll'ing novenment of the magnetic di sk and

for controlling the position of the magnetic head assenbly. i . ~02
AU ~ 200Z 28 20. A magnetic di sk drive asCadmpaeisom withi Gobaltw{@oki n t he
pi nning layer is nickel oxide (Ni0). 21. A magnetic disk drive as clained
in clai m20Piscelayérse pi nning Payer has a thickness of substantially

425A. 22. A magnetic disk drive as clainmed in claim20 wherein each of the

first and secondTRE hifVERe! surRbE 3be~°m4=ig.hi@k@ﬁ%saﬁuesa@m@apﬁna}dwe 24A and
the interlayer has a 'thickness of 10A. 23. A magnetic disk drive as clained

D o 5ot oOYFERL 12 cbHEINS Py chpLRE I epatisharinaL Y
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the same thicknesses as that shown in Fig. 12. Each of the spin valve sensors

200 and 300 were tested first and second times, the first time being after

deposition of the spin valve layers followed by a resetting of the nickel oxide

pinning layer 214 and a second time after subjecting the spin valve sensor to

250 "C for a duration of 6 hours followed by another reset of the magnetic

spins of the nickel oxide pinning layer 214. The resetting of the pinning layer

214, hereinafter referred to as nickel oxide (NiO) reset, subjects the spin valve

sensor at the wafer level to 230 “C in a field of approximately 12,000 Oe

perpendicular to the ABS for 5 minutes. This sets the magnetic spins of the

nickel oxide (NiO) pinning layer 214 perpendicular to the ABS. The annealing

of the read head at 250 ~C for 6 hours simulates the baking of the photoresist

layers of the insulation stack of the write head.

The following data regarding the spin valve sensors 200 and 300 in Figs.
12 and 13 was without the optional nanolayer 220. After deposition of the spin
valve sensor 300 shown in Fig. 13 and the nickel oxide reset, the dr/R of the

read head 300 without the nanolayer 220 was 4.15%. After the read head was

subjected to the annealing of 250 “C for 6 hours and another nickel oxide reset



0 2°AU G 2002 29 enhancenent |ayer has a thickness in a range of éA$h3 SQ
A. 26. A magnetic disk drive as clainmed in claim25 wherein the[h BI'Q@Z
l-ayer is ruthenium (Ru) with a thickness of substantially 8~.. 27. A nethod
of making a nagnetic read head conprising: making a spin valve sensor as
follows: formng an antiferromagnetic (AFIvl) pinning |ayer; form ng an
exchange coupling layer of nickel iron (NiFe) on the pinning layer; formng
a first antiparallel (AP) pinned | ayerygof cobalt iron (CoFe) directly on

t he exchange coupling layer; formng an antiparallel (AP) coupling |ayer on
the first AP pinned layer; formng a second antiparallel (AP) pinned |ayer
of cobalt iron (CoFe) on the AP coupling layer; form ng a nonnmagnetic
electrically cagn tive C | ayer on the se d_AP.pi nned | ayer; and
Formi ng a 1% G HopPEdiP 2o, S reiikeddp e 0% apbhtid® g8 ofFad 000 30
28. A nethod, of making, a magnetic read head as clained in ¢|laim?27

i ncl udi ng: BtgRlngfteridapasiioghet the spin valve geasel 3%5&9“‘6? gnd2qand
nonmagnetic electrically insulative first read gap |ayer on the first

shi el d | ayehickebexidle reseathe dyfR mnw@ub@emmglayebage was#4i.6%: whishds §8% 1| ayer ;
formng first and second hard bias and | ead |layers in connection wth the
spi n val ve #aprovemédndoventhesspimwalegsensar 30@.c After slibjgclingsthieatpinvealgecond
read gap | ayer on the spin valve sensor and the first and second hard bias
and | ead | agensor 2000tof25011Cfpr#é heurs andcmether nickeboxide heset,dhé ey was t he
second read gap

4.01% which is still a 10% improvement over the dr/R of the spin valve sensor
in 300 after its 250 "C annealing and nickel oxide reset. Accordingly, the spin
valve sensor 200 in Fig. 12 demonstrated significant dr/R improvement over
the dr/R of the spin valve sensor 300 in Fig. 13 when cobalt iron (CoFe) is
employed for the first and second AP pinned layers 210 and 212 in lieu of
cobalt (Co) for the first and second AP pinned layers 310 and 312 in Fig. 13.

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

| claim:



layen. 29. A method of making a magnetic read head as clainmed in gl imﬁ&
wherein the pinning |ayer is nickel oxide (NiO). 30. A nethod of ﬁBiIA 2002

magneti c read head as clained in claim29 wherein the pinning | ayer has a
t hi ckness of substantially 425P,. 31. A method of making a magnetic read
head as clainmed in claim?29 wherein each of the first and second AP pinned
| ayers has a thickness of 0 2 AUG 2002 31 substantially 24A and the
exchange coupling layer has a thicknesggof 10A. 32. A nethod of making a
magnetic read head as clainmed in claim31 wherein the pinning | ayer has a
t hi ckness of substantially 425A. 33. A nethod of maeking a nagnetic read
head as clained in claim32 wherein the spin valve sensor further includes:
a giant magnetoresistive (GLVIR) enhancenm@uAlMg/er | ocated between the
spacer |layer and the free layer and interfacially engaging the free |ayer;

and the GWR enhagcenent | . bel c J.ron (CoFe). 34. A nethod of
maki ng a nagneti 'reag‘ W@@ﬁgf&%%ﬁ%ﬂéﬁgﬁhbﬂ#égm 33 wherein the GWR
enhancenent |ayer has a thickness in a range of 3A to 30A. 3 5. A nethod
of maki ng a nagnétspin valde skaser, the spirnvalve sensoliagiudipg: wherein the AP
coupling layer is ruthenium (Ru) wth a thickness of substantially 8El. 36.
A nmethod of naking a pe@femdgretadredsapsrbl y having a read head and a wite
head conprising: form ng the read head as follows: form ng ferronagnetic

[} L58, 2me, pecond s el ol T A9 Fybder, o Lonmmaret
and second shield | ay%r ?\i)nmagnetic electrically conductive spacer layer located
between the free layer and the AP pinned structure;
an antiferromagnetic pinning layer; and
the AP pinned structure being located between the pinning layer
and the spacer layer; and
the AP pinned structure including:
first and second ferromagnetic AP pinned layers with the first AP
pinned layer being pinned by exchange coupling with the pinning layer
in a first direction; and
an antiparallel (AP) coupling layer located between the first and
second AP pinned layers so that the second AP pinned layer is pinned
by the first AP pinned layer in a second direction antiparallel to said first
direction;
each of the first and second AP pinned layers being cobalt iron
(CoFe);

an exchange coupling interlayer located between and interfacially

engaging the pinning layer and the first AP pinned layer; and



formng a spin val ve sensor and first and second hard bias and | gg 12292
between the first and second read gap | ayers; the formng of the i

sensor including: formng an antiferromagnetic (AF1V1) pinning |ayer on the
first read gap layer; form ng an exchange coupling |ayer of nickel iron
(NiFe) on the pinning layer; formng a first AP pinned |ayer of cobalt iron
(CoFe) directly on the exchange couplin%@ ayer; formng an antiparall el

(AP) coupling layer on the first AP pinrfed |ayer; formng a second AP

pi nned | ayer of cobalt iron CoFe on the AP coupling layer; formng a
nonmagnetic el ectrically conductive spacer |ayer on the second AP pi nned

| ayer; formng the wite head as follows: formng a ferronagnetic first
pol e piece |l ayer on the second read gap | ayer wherein the first pole piece
| ayer has a yoke ssidgkcianpetowling intprddyer beifg hivgeloiforafNIF€). back gap regi on;
formng a nonmagnetic wite gap |layer and an insulation stack with at |east
one wite coil layer enbedded therein on the first pole piece layer in the
pole tip and yoke regions respectively; and formng a ferronagnetic second

pol e pieceyl ayer 0 tac
connect ed £o the Hlaé‘% ?lc%d&}o@agggc?g%%mlacm?’hh&gé%%%égémp Va VEiensor ?‘“gwﬁ AU
G 2002 33 37 %4& met hod of making a magnetic head assenbly as claimed in
clai m 36 WRSWIES' ¢ he pi nning layer is nickel oxide (Ni0). 38. A nethod of
maki ng a magnetic head assenbly as clained in claim37 wherein the pinning
layer has a thi cRredany nerensigresistive (GMR) enhauceggnt Ryprlosaigd detvwaekithe second
magneti ¢ head assenbly as clained in claim37 wherein each of the first and
second pi nARipinnglagerrend the fréd eremd intbrfscibidy engaped thy fidd layandntihe exchange
ccoupling layer has a thickness of 10~.

the GMR enhancement layer being cobalt iron (CoFe).

3. A magnetic read head as claimed in claim 2 wherein the GMR enhancement

layer has a thickness of substantially 10A

4, A magnetic read head as claimed in claim 1 wherein the pinning layer is nickel
oxide (NiO).
5. A magnetic read head as claimed in claim 4 wherein the pinning layer has a

thickness of substantially 425 A

6. A magnetic read head as claimed in claim 4 wherein each of the first and second

AP pinned layers has a thickness of substantially 24 A

7. A magnetic read head as claimed in claim 6 wherein the pinning layer has a

thickness of substantially 425A



40. A nethod of meking a magnetic head assenbly as clainmed in ai
wherein the pinning | ayer has a thickness of substantially 42@%4@:0&92002
nmet hod of maki ng a magnetic head assenbly as clainmed in claim40 wherein

t he spin val ve sensor furkher includes: a giant magnetoresistive (GVIR)
enhancenment | ayer | ocated between the spacer |ayer and the free | ayer and
interfacially engaging the free |ayer; a?ﬁd t he GWR enhancenent | ayer being
cobalt iron (CoFe). 42. A nethod of nmki4tg a nagnetic head assenbly as
claimed in claimd4l wherein the GWR enhancenent |ayer has a thickness in a
range of 3A to 30-~. 0 2 AU G 2002 34 43. A nethod of nmaking a magnetic
head assenbly as clained in claim42 wherein the AP coupling |layer is
ruthenium (Ru) with a thickness of substantially 8~ .Aa ,.AA A A aR A
CA{r A(LAN A A A ALAALAFLAAARA CAFO.AF A(. ANF% A h3. A A

AL AU Ay A A?. A Raghefit Yead eddl asclfired in claim 7 wherein the spin valve sensor further
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the first and second pole piece layers being connected at their back gap portions;

and
the read head including:

nonmagnetic electrically insulative first and second read gap layers;

a spin valve sensor;

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

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

a first shield layer; and

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

the spin valve sensor including:
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a nonmagnetic electrically conductive spacer layer located
between the free layer and the AP pinned structure;
an antiferromagnetic pinning layer; and
the AP pinned structure being located between the pinning layer
and the spacer layer;
the AP pinned structure including:
first and second ferromagnetic AP pinned layers with the first
pinned layer being pinned by exchange coupling with the pinning layer
in a first direction;
an antiparallel (AP) coupling layer located between the first and
second AP pinned layers so that the second AP pinned layer is pinned
in a second direction antiparallel to said first direction; and
each of the first and second AP pinned layers being cobalt iron (CoFe);
and
an exchange coupling interlayer located between and interfacially
engaging the pinning layer and the first AP pinned layer; and

said exchange coupling interlayer being nickel iron (NiFe).

12. A magnetic head assembly as claimed in claim 11 wherein the

pinning layer is nickel oxide (NiO).



10-u 10-uS@ 0% u& () -, 810% u& ()- @10% u& ()- y""#Z###ESIE_@/94.0% SY10%
h& ()- SY10% h& ()- SSY10% h& ()- SF10% h& ()- SF10% h& ()- SF F%)Z(o %{é)B)ZODZ
E$$S. 9% 9BBME_@%A0% Sy#Y10% h& () - S9! 10% h&' () - SY10% hé& () - SY10% A&’ 1Y~
SyY10% h& ()- S9Y10% hé& () - %C&&&. ' k' ' dE_@94.0% 5 10% h& ()-f.10%

h& ()-fy, Z10% h& ()-f9*Z10% h& ()-f' Z10% h& () - f %&Z10%

h& ()-'"$(% &' (7(8((~_@9%40% "10%r& ()- Lt10%m& ()-! $10%m& ()-s 10 h
10 h 10 h@B:110% h& ()- 8! 10% h& ()- R4E)))Mi *dE~ @%d0% 10%m& () -

"10%r& ()-!10%r& ()- "10%m& ()-S! 10%m& ()- & "10%& ()-

i **+h++, q, dE~_@94.0% #! 10%& ()-!!10%& () -

"10%r& ()-y! 10%r& ()-L!10%r& ()- 10%& ()-q,,%\--. .dE~ @9%10% 0! 10%& () -
1 10%& ()-S, 10%r& ()- 9*10%m&' () - (

"10%18 ()-9% 10%& ()- _../alulviw x/ z/ xmb@%40% ! X9$10%0Q8' ()- 10m 10m
10m_910%r& () -7 "10%& ()- 4 "10%v& ()-2! 10%n& ()-_z/{/_/ <000d Enty @94.0% !

1 10%r& () -y! 10963+ ) - Aimaggatichead assembly as claimed in claim 12 wherein the

pinning layer has a thickness of substantially 425A.

14. A magnetic head assembly as claimed in claim 12 wherein each
of the first and second AP pinned layers has a thickness of substantially 24 A

and the interlayer has a thickness of 10A.

15. A magnetic head assembly as claimed in claim 14 wherein the

pinning layer has a thickness of substantially 425A.

16. A magnetic head assembly as claimed in claim 15 wherein the
spin valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between
the spacer layer and the free layer and interfacially engaging the free layer;
and

the GMR enhancement layer being cobalt iron (CoFe).

17. A magnetic head assembly as claimed in claim 16 wherein the



"10%1& ()- 4L 10%1& () - 9$10%& () - 061111MR2dENb@9A0% ! ! 10%8

“10%& ()-F 10%& ()-!10%m& ()- 10%r& () - ég AUG 2002
10%18' () - 2293G3333dEnb@9%40% ! L' 10%r& () - FY40%r& () - #mLO%&’ (

S10%m& () - 10%r& ()-!10%& () - 3Q4f 444575dEmb@/%4.0% !

410%& ()-210%&' ()-/! 10%&' () -

-10%8 ()-+10%r& ()-f)!10%& ()-"5556' 6(6)6*6, 6xmb@%0% ! $10%& ()- 10m 10m
10m 10%r& ()-:!10%v& ()- | 710%r& ()-5z28%r& () -, 6; 6>6666=7dEnb@%d0% ! L
10%&' ()- 10%n&' ()-

10%r8 () - @10%r8 () - 10%r&' () - $10%r&’ () -=7f 7778N38dENb@940% ! 310%r&’ () - 10%n
& ()-10%v& ()- 10%r& () -

10%1&' () - 10%r& () - 888E9F9GOHII 9J9bCY%40% ! Ss109%&&' ()-S109%&Z& ()- 10m 10m
10m8&f 10%r& () $10%r& ()-9y 10%m& ()-J9X979p999): dEbCY‘Vd.O%{' &210%2&' ()-

@OW&I .....
dEbCY%iO%[' @/10%2&' ¢ @:’ o ilg%%&?) %@%p‘%&tﬁ‘% &J&g@}f) rmow&' ()
Sy109@Z& ()- H: e:::?<<<dEbCYYL0% ! fL- Z109@Z& () -

f+1002&' () -f ( F10%&Z& () f &MLOYZ&' () - SL$F10%2&'

1092& () - <<== ======dE./ 10 1oz gL 09%Z 6GLOYZS! (
4-109%2& () 181G1odwmagyeticsead gsgembly. gt)iybgéqam leB%Prelm@%‘é’ ¢ouptingdaver () -
is ruthenium (Ru) with a thickness of substantially 8A.

19. A magnetic disk drive that includes at least one slider that has an air bearing
surface (ABS), the slider supporting at least one magnetic head assembly that includes a
read head and a write head, the disk drive comprising:
the write head including:
first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion
located between a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of
the first and second pole piece layers;
an insulation stack with at least one coil layer embedded therein located
between the yoke portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap portions;
and
the read head including:

nonmagnetic electrically insulative first and second read gap
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first and second hard bias and lead layers connected to the spin
valve sensor;
the spin valve sensor and the first and second hard bias and lead
layers being located between the first and second read gap layers;
a first shield layer;
the first and second read gap layers being located between the
first shield layer and the first pole piece layer; and
the spin valve sensor including:
a ferromagnetic free layer;
a multi-layered antiparallel (AP) pinned structure;
a nonmagnetic electrically conductive spacer layer located
between the free layer and the AP pinned structure;
an antiferromagnetic pinning layer; and
the AP pinned structure being located between the pinning layer
and the spacer layer; and
the AP pinned structure including:
firstand second ferromagnetic AP pinned layers with the first AP
pinned layer being pinned by exchange coupling with the pinning layer

in a first direction;

an antiparallel (AP) coupling layer located between the first and
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second AP pinned layers so that the second AP pinned layer is pinned

by the first

AP pinned layer in a second direction antiparallel to said first direction;
and

each of the first and second AP pinned layers being cobalt iron
(CoFe);

an exchange coupling interlayer located between and interfacially
engaging the pinning layer and the first AP pinned layer; and

said exchange coupling interlayer being nickel iron (NiFe);

a housing;

a magnetic disk rotatably supported in the housing;

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

means for rotating the magnetic disk;

positioning means connected fo 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 assembily, for controlling movement
of the magnetic disk and for controlling the position of the magnetic head

assembly.
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20. A magnetic disk drive as claimed in claim 19 wherein the pinning

layer is nickel oxide (NiO).

21. A magnetic disk drive as claimed in claim 20 wherein the pinning

layer has a thickness of substantially 425A..

22. A magnetic disk drive as claimed in claim 20 wherein each of the
first and second AP pinned layers has a thickness of substantially 24 A and the

interlayer has a thickness of 10A.

23. A magnetic disk drive as claimed in claim 22 wherein the pinning

layer has a thickness of substantially 425A.

24. A magnetic disk drive as claimed in claim 23 wherein the spin
valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between
the spacer layer and the free layer and interfacially engaging the free layer;
and

the GMR enhancement layer being cobalt iron (CoFe).

25, A magnetic disk drive as claimed in claim 24 wherein the GMR
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enhancement layer has a thickness in a range of 3A to 30 A.

26. A magnetic disk drive as claimed in claim 25 wherein the AP coupling layer is

ruthenium (Ru) with a thickness of substantially 8A.

27. A method of making a magnetic read head comprising:
making a spin valve sensor as follows:

forming an antiferromagnetic (AFM) pinning layer;

forming an exchange coupling layer of nickel iron (NiFe) on the pinning layer;

forming a first antiparallel (AP) pinned layer of cobalt iron (CoFe) directly on
the exchange coupling layer;

forming an antiparallel (AP) coupling layer on the first AP pinned layer;

forming a second antiparallel (AP) pinned layer of cobalt iron (CoFe) on the AP
coupling layer;

forming a nonmagnetic electrically conductive spacer layer on the second AP
pinned layer; and

forming a ferromagnetic free layer on the spacer layer.
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28. A method of making a magnetic read head as claimed in claim
27 including:

forming a ferromagnetic first shield layer,

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

forming said spin valve sensor on the first read gap layer;

forming firstand second hard bias and lead layers in connection with 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; and

forming a ferromagnetic second shield layer on the second read gap

layer.

29. A method of making a magnetic read head as claimed in claim

28 wherein the pinning layer is nickel oxide (NiO).

30. A method of making a magnetic read head as claimed in claim

29 wherein the pinning layer has a thickness of substantially 425A.

31. A method of making a magnetic read head as claimed in claim

29 wherein each of the first and second AP pinned layers has a thickness of
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substantially 24A and the exchange coupling layer has a thickness of 10A.

32. A method of making a magnetic read head as claimed in claim 31 wherein the

pinning layer has a thickness of substantially 425A.

33. A method of making a magnetic read head as claimed in claim 32 wherein the
spin valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between the spacer
layer and the free layer and interfacially engaging the free layer; and

the GMR enhancement layer being cobalt iron (CoFe).

34, A method of making a magnetic read head as claimed in claim 33 wherein the

GMR enhancement layer has a thickness in a range of 3A to 30A.

35. A method of making a magnetic read head as claimed in claim 34 wherein the

AP coupling layer is ruthenium (Ru) with a thickness of substantially 8A.

36. A method of making a magnetic head assembly having a read
head and a write head comprising:
forming the read head as follows:

forming ferromagnetic first and second shield layers;
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layers between the first and second shield layers;
forming a spin valve sensor and first and second hard bias and lead layers
between the first and second read gap layers;
the forming of the spin valve sensor including:
forming an antiferromagnetic (AFM) pinning layer on the first read gap layer;
forming an exchange coupling layer of nickel iron (NiFe) on the pinning layer;
forming a first AP pinned layer of cobalt iron (CoFe) directly on the exchange
coupling layer;
forming an antiparallel (AP) coupling layer on the first AP pinned layer;
forming a second AP pinned layer of cobalt iron CoFe on the AP coupling layer;
forming a nonmagnetic electrically conductive spacer layer on the second AP
pinned layer;
forming the write head as follows:
forming a ferromagnetic first pole piece layer on the second read gap layer
wherein the first pole piece layer has a yoke region between a pole tip region and a back
gap region;
forming a nonmagnetic write gap layer and an insulation stack with at least one
write coil layer embedded therein on the first pole piece layer in the pole tip and yoke
regions respectively; and

forming a ferromagnetic second pole piece layer on the write gap layer and the

insulation stack and connected to the first pole piece layer in the back gap region.
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37. A method of making a magnetic head assembly as claimed in claim 36 wherein

the pinning layer is nickel oxide (NiO).

38. A method of making a magnetic head assembly as claimed in claim 37 wherein

the pinning layer has a thickness of substantially 425A.

39. A method of making a magnetic head assembly as claimed in claim 37 wherein
each of the first and second pinned layers has a thickness of substantially 24A and the

exchange coupling layer has a thickness of 10A.

40. A method of making a magnetic head assembly as claimed in claim 39 wherein

the pinning layer has a thickness of substantially 425A.

41. A method of making a magnetic head assembly as claimed in claim 40 wherein
the spin valve sensor further includes:

a giant magnetoresistive (GMR) enhancement layer located between the spacer
layer and the free layer and interfacially engaging the free layer; and

the GMR enhancement layer being cobalt iron (CoFe).

42, A method of making a magnetic head assembly as claimed in claim 41 wherein

the GMR enhancement layer has a thickness in a range of 3A to 30A.
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