v e3eC, C X6T, wO MAGNETORESI STI VE SENSOR W TH A THI N ANTI FERROVAGNETI C LAYER
FOR PI NNI NG ANTI PARALLEL COUPLED TABS BACKGROUND OF THE I NVENTION 1. Field
of the Invention This invention relates in general to spin ﬂm

‘magnet oresi stive sensors for reading.information signals fr "mmmmmm
medium in particular, to a |lead overlay spin valve sensor with ?9
antiferromagnetic layer for pinning an antiparall el coupl ed | ead’ sensor
overl ap (tam reqi o 2. Description of the Related Art Wr;guters of ten

i ncl ude aux 48“@?&#&8}5?1\9‘3 AR WATHA THEN ANFIFERROMAGNISEIC can be
witten and from which data can be read for Iater use. A direct access

st orage devi ce (dLARERIFOR PINNINGOANTIRYG RALBELAQORRLIED TABS sks i s
commonly used for storing data in nagnetic formon the disk surfaces. Data
is recorded on concentric, radially spaced tracks on the di sk surfaces.
Magneti c heads including read sensors are then used to read data fromthe
tracks on the di sk surfacggsckarty Pati ERIfIGN ves, negnetoresistive
(MR) read sensors, commnlmﬂ'rweﬁm, are the prevailing
read sensors because of their capability to read data froma surface of a
di sk at greater track and linear densities than thin filminductive heads.

An MR sensor detects a rragnetl c field through the change |n t he 2
resi stance of 1t51£1®_fﬁhl_ﬁg.&fhyer (also referred to as an "MR el enment™) as

a function of the strength and direction of the magnetic flux being sensed
by the MR | ayefThis invention relates in general to spin valve magnetoresistive sensors for

reading information signals from a magnetic medium, in particular, to a lead overlay spin
valve sensor with a thin antiferromagnetic layer for pinning an antiparallel coupled

lead/sensor overlap (tab) region.

2. Description of the Related Art

Computers often include auxiliary memory storage devices having media on
which data can be written and from which data can be read for later use. A direct access
storage device (disk drive) incorporating rotating magnetic disks is commonly used for
storing data in magnetic form on the disk surfaces. Data is recorded on concentric,
radially spaced tracks on the disk surfaces. Magnetic heads including read sensors are
then used to read data from the tracks on the disk surfaces.

- In high capacity disk drives, magnetoresistive (MR) read sensors, commonly
referred to as MR sensors, are the prevailing read sensors because of their capability to
read data from a surface of a disk at greater track and linear densities than thin.ﬁlm

inductive heads. An MR sensor detects a magnetic field through the change in the

L
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.The conventional MR sensor operates on the basis of the anisotropic

magnet oresi stive (AVR) effect in which an MR el enent resistance varies as
t he square of the cosine of the angle between the nagnetization in the MR
-el ement and the direction of sense current flow ng through the MR el enent.
Recorded data can be read from a nagnetic nedi um because the external
magnetic field fromthe recorded nagnetic nedium (the signal field) causes
a change in the direction of magnetization in the MR el ement, which in turn
causes a '©HEREES oty MR, sonsing layen(alsedetorred teaean "MR¢lanadpras adundion@fchange
in the sensed current or voltage. Another type of MR sensor is the giant
magnet or ethe strengtle afidAiR)ctior 0f the magnicfie fuk bgingsensei/By ¢lid Md& lay¢ém GVR sensors,
the resistance of the MR sensing |layer varies as a function of the

spi n- dependent The¢ @hsBhticiaPMFOenbbioperiteiusii the Bagé 8CthE anSoeliveen nmagnetic
| ayers separated by a nonmagnetic layer (spacer) and the acconpanying

spi n- dep%ﬁ%[k&or%ﬁ%&eeqmﬂ? ul ek b ﬁ%n%ﬁ%?erﬁéxelt %&%t;ﬁ?& ShAAGE R s of

magneti ¢ and nonmagnetic {ayers and wthin t magnetic [ ayers. Sensors

using only twa layers aof .ferro netic material, (e..g., N -Fe) separated by
2% ayer ot arBe RadlaeSreen e Bogretziin e MR Biohurar G s BRBRR BT o xs
spin valve (SV) sensors manifesting the SV effect. Fig. 1 shows a prior art
SV sensor sensocw b flpwinggdheavgh teeMBrelcment. EP@@W%@%&HR 1sad B9mea cent r al
region 102. A first ferromagnetic |layer, referred to as a pinned |ayer 120,
has its nmggeticnaddiun begguise thel externat athghptinfield frony thexedvadgglemegnepki ng with an
antiferromagnetic (AFM layer 125. The magneti zation of a second

f er r omagngkdion @edignal £idld) @k 8 Ghdnze ¥$ 1R direBfor @BiBAgnkliPatidnSinied MR xed and
is free to rotate in response to the magnetic field fromthe recorded

magneti c g@ﬁhﬁ%&@gn El%/tﬂ@glllseg h%h&l’)&ﬁ il Pé%isftegllgg ir] ¥ %I]{Jeile(?néﬁ aﬁdag arated from

t he pinned Tayer a non- nagheti c, ectrically conducting spacer

| ayer 115. Hard bias layers 130 and 135 farnmed in the end regions 104 and
1050+ esptautebeRe Shaney e STERS BRTRLAT BUAReT or |t he froe | ayer 110. Loads
140 and 145 fornmed on hard bias layers 130 and 135, respectively, provide
el ectrical confieethpiiyre pHMRseansory thergiant magsetgrrsistagee é@le@éﬁ%ﬁorloo. | BM s
U.S. Patent No. 5,206,590 granted to Dieny et al., incorporated herein by
r ef er encematiifestihg $esGH R ct.ehnsGMPogessars, thg resistaniae obthsiMRoendimglagst ef f ect .
Anot her type of spin valve sensor is an antiparallel (AP) spin valve

sensor. Thaiedls pifiniveidn vatheapiedgenddit trhrynsisdfiowof thBeosdutHibe ekpirsnsval ve
sensor in that an AP-pinned structure has nmultiple thin filmlayers instead

of a si ngh&wRilMaghdiR)Sfers sERGraftid- J‘l’i&ﬂlaﬁléﬁ@fayé sﬁﬁég%ﬂd%i paral | el

coupling (APC) | ayer sandw ched bétween rst and second ferronmagnetic

pi nned | a P | ANE r I I kon jented in a
Fiver i rkepmuamfe b Rn e el A o WS ERb FRG RER o i g
| ayer. The second pinned |ayer is immediately adjacent to the free |ayer

and i s antPERfigand nonmagnetic ay@mde‘g‘“{?ﬁtklerféa%epgltlayﬁf%ned | ayer because of
the mninmal thickness (in the order of 8 (E) of the APC | ayer between the

first and secofsensers ustgandy twelapers oh firspmaghetiquagisee) @i WinFf t he

second pinned layer is oriented in a second direction that is antiparallel
t o t he di sepetatagirbyod layereofmagmegnamtmaterialf(e.gheofper)sdre gemamaltly tefgresd.to as

spin valve (SV) sensors manifesting the SV effect.

Fig. 1 shows a prior art SV sensor 100 comprising end regions 104 and 106
separated by a central region 102. A first ferromagnetic layer, referred to as a pinned
layer 120, has its magnetization typically fixed (pinned) by exchange coupling with an

antiferromagnetic (AFM) layer 125. The magnetization of a second ferromagnetic layer,



«The AP-pinned structure is preferred over the single pinned | ayer because
the magneti zations of the first and second pinned | ayers of the AP-pinned
structure subtractively conbine to provide a net nagnetization that is |ess
-than the magneti zation 4 of the single pinned | ayer. The direction of the
net magnetization is determ ned by the thicker of the first and second

pi nned | ayers. A reduced net magnetizaion equates to a reduced

dermagneti zat | field fro e AP-pinned.sftructure., Since the )
antiferr o??gﬁﬁegjtqf’@sé al?yﬁgﬁi@dbp?'r%‘ @g Fﬂ/%?es@lrwafﬁ‘gﬁﬁpppﬁfn@ﬁh? Bagpiicnet

pi nni ng magneti zation, this increases exchange coupling between the first

pi nned’ | afjeld feomy thefecarded magnetigapgsénm ¢theisigphiieldayhe frepayesmtdpiinned spin
val ve sensor is described in comonly assigned U. S. Patent No. 5,465,185 to

Hei m and Rpatated firiche pisnediaperi@0adtyechdny ntaghetics Bleetricall géondubtifigyspacel  spin
val ve sensor has top and bottom surfaces and first and second side surfaces

whi ch i nt Ry&es. HardBiildyeRCEI0 £ 1381536 L ARINAVREIRs 10 akPfdg, S an exposed
surface of "the sensor that faces the magnetic disk? Prior art fead heads

h f

enpl oy fi S g IS S fifgt van CQ l.ead | ayers

t hat abutlret eé:ﬁ?{ﬂy ‘s@"ég@g 1s 1@%@1@?18%@5(3% %%glgy?rolrlﬁl &?ﬁ?“t ﬁ‘@l %‘Qﬁi“fi&n&e’éﬁng and
stabilizing the.free | ayer in. the sensor and conducting a sense current
transver s@??araﬁf%d@ﬁri f%) %‘Efn@ r TesREFEIVElY st Visie glastrisel eqrmesiions forseRing ur ed
between the centers of the side surfaces of the free layer. In an effort to
reduce t h@erpsigidncgiofSi seasasJ9fi EBMRs DSy Patent Nohs20khehgranted do Diexty ethe har d
bi as | ayers nmake the free |layer magnetically stiff so that its nmagnetic
nmoment doals inotpdrated hgreirelnpiefictence, diselbsks 2i GMR senforopeatingbathdigasisagnet i

di sk. Accordingly, there is a strong-felt need to provide submcron track
wi dt h spithe®at afecgensors which are still sensitive to the signals fromthe
rotating nmagnetic disk along with |ongitudinal biasing of the free |ayer

el LR ekt 8 S R BRI B
PrSSeTL RSN R 0 B R ot Syl L 7
di sk. structure has multiple thin film layers instead of a single pinned layer. The AP-pinned
structure has an antiparallel coupling (APC) layer sandwiched between first and second
ferromagnetic pinned layers. The first pinned layer has its magnetization oriented in a
first direction by exchange coupling to the antiferromagnetic pinning layer. The second
pinned layer is immediately adjacent to the free layer and is antiparallel exchange
coupled to the first pinned layer because of the minimal thickness (in the order of 8 (E) of
the APC layer between the first and second pinned layers. Accordingly, the
magnetization of the second pinned layer is oriented in a second direction that is
antiparallel to the direction of the magnetization of the first pinned layer.
The AP-pinned structure is preferred over the single pinned layer because the

magnetizations of the first and second pinned layers of the AP-pinned structure

subtractively combine to provide a net magnetization that is less than the magnetization



It is another object of the present invention to disclose a spin valve
sensor wiwth an antiparallel coupled |ead/ sensor overlap region. It is yet
anot her object of the present invention to disclose a spin valve sensor
-having a thin antiferromagnetic | ayer exchange coupled to a self pinned
ferromagnetic bias layer in the | ead overlap regions. It is a further

obj ect of the present invention to digclose a nethod of nmaking a spin valve

sensor havj .a th|n tlfe netl er exchange, coupl ed to sel f

o nned anth(BaraEiAN e pIcEa ThY SECTHRE the et HEEhEaion i ekaminegt BHgs | n
accordance with the principles of the present invention, there is dlsclosed
an enbodi thisker ofithe fizst pné sesand pinnediayers. whrsducaed net spignetization eiBids teensor  has
a transverse |length between first and second side surfaces which is divided
into a trredicediddiaghetipation feldviran tHel ABpimied ssectared Shaeshy entifegomagnenier ei n
the track width region is defined by first and second |ead | ayers. The SV

sensor Coéﬂéhhlﬁg%%oﬁplﬁh%‘l @ﬂve‘r@Y}e%ro ani%ﬁaqs&hé@exsfmﬂigqnagﬂem@ud@nﬁg wher ei n
the free layer is at the top ™o F he sensor. A ferromagnetic Dias |ayer

hav! ng a #xéﬁ{eﬁ%%\%?&a\ﬁgé?f lﬁﬁ%rglb\éw&ﬂ%e fillgt é}gﬁec%ﬂ Ikarﬁﬁstﬁe I%tlfélﬁﬁmf ; e l ayer ' S

anti par al ree he f|r d passi ve
regions. An antifer netic (AF | ayer . VI n t hi ckness | ess _t han

needed td’IB’i“E}gﬁ*ﬁ'é’r %Q%FPAWW&’ %Yenifnfsqréﬁ g?‘ﬁ @ qomymonly gesigned URchange
coupled to the bias |ayer to prOV|de an AFM plnnlng field to the bias |ayer
in the fiPaentd¥d Se466J8d tpHein wad Pedsinowhich Thiscegpirated ey refegenmethetainpr ovi de a

| ongitudinal pinning field having an orientation in the plane of the SV

sensor | ayers AngpicalGppavahtd sehsdrhas top adid bohemrsurfaces whll #ice aphdB&ond lsiilea
second enbodi ment, the AFM | ayer may be set to provide a transverse pinning

field havsumc@wmh aéRédt aNaP Sk BERHIgGUHAEe (ABY) BB U B iCALGdsdd Nni Ng
field directed in a canted directi on internedi'ate between a direction

parall el &0etd6r hBSRBH it HloEShb 'Ir&%n&?crcﬂﬁed?r%fl A reh@nldiE ei%%‘%y ARfafFM

second hard bias layers and first and second lead layers that abut the first and second side
surfaces for longitudinally biasing and stabilizing the free layer in the sensor and
conducting a sense current transversely through the sensor. The track width of the head
is measured between the centers of the side surfaces of the free layer. In an effort to
reduce the track width to submicron levels it has been found that the hard bias layers
make the free layer magnetically stiff so that its magnetic moment does not freely
respond to field signals from a rotating magnetic disk. Accordingly, there is a strong-felt
need to provide submicron track width spin valve sensors which are still sensitive to the
signals from the rotating magnetic disk along with longitudinal biasing of the free layer

transversely so that the free layer is kept in a single magnetic domain state.

SUMMARY OF THE INVENTION



-pinning field provides additional stabilization of the free |ayer
particularly at the interfaces of the track width region and the first and
second passive regions where the bias |ayer ends. The above as well as
-addi tional objects, features, and advantages of the present invention wll
become apparent in the followng witten description. BRI EF DESCRI PTI ON OF
THE DRAWNGS For a fuller understandigg of the nature and advantages of the

present invent| referre de.o erence
Phourd be mmachcgraingyr Sis wtehitr ob e PesmbabEich Girclosta Shin BU SR on

wi th the acconpanying drawings. In the follow ng draw n(I:; | i ke reference
nuneral s ‘Wéltﬂb#ﬂ&i)éswblkée%ﬁ‘eesllamfl‘ahldp@rhlghlb’WSQQ%%‘IO signalsdiremiamgetingi g. 1 i s
an air bearing surface view, not to scale, of a prior art SV sensor; Fig. 2
I s a si nphagnedddidkagr am of a magnetic recordi ng di sk drive system using the
SV sensor of the present invention; Fig. 3 is a vertical cross-section

view, not to sgalfottef oﬁjecﬂ%fgﬂé’?@ﬁéﬁt u{v%ﬁfﬂéwol &1&1&%%9111 Gale@sorigh at 1S 2
vertical cross-section view, not to scale, of a rrerge read/ wite

magneti c g surface view, not to scale, of an
enbodi rren?ﬁggmgellééa eg\?%alr é@bgﬂ?ﬁ) ng t he present |nvent|on Fi gs.
6a-6d are air bearin urface ,ews, nat to. scal.e,,L of the SV sensor of Fig.
57111 uat rat 1 gt BN BRORS OHaE pLUGPTeseR Y TiAE L R BIPERBVASENIE of e
present invention; Fig. 7 is an air bearing surface view, not to scale, of
a second haviedH thimantiderremagnstic daver exohargerpogpledito  Belf-pinned fierramagaatic on:

o

bias layer in the lead overlap regions.

It is a further object of the present invention to disclose a method of making a spin
valve sensor having a thin antiferromagnetic layer exchange coupled to a self-pinned
antiparallel coupled bias layer in the lead overlap regions.

In accordance with the principles of the present invention, there is disclosed an
embodiment of the present invention wherein a spin valve (SV) sensor has a transverse
length between first and second side surfaces which is divided into a track width region
between first and second passive regions wherein the track width region is defined by
first and second lead layers. The SV sensor comprises a pinned layer, a spacer layer and
a free layer, wherein the free layer is at the top of the sensor. A ferromagnetic bias layer
having a thickness very nearly equal to the thickness of the free layer is antiparallel (AP)
coupled to the free layer in the first and second passive regions. An antiferromagnetic
(AFM) layer having a thickness less than needed to provide a saturation pinning field of
the bias layer is exchange coupled to the bias layer to provide an AFM pinning field to
the bias layer in the first and second passive regions. The AFM layer is set to provide a

longitudinal pinning field having an orientation in the plane of the SV sensor layers and



.Fig. 8 is a graphical representation of the strength of the AFM pi nni ng
field as a function of AFM | ayer thickness; and Fig. 9 is plan view, not to
scale, of a spin valve sensor indicating the orientation directions of

-l ongi tudinal, transverse and canted bias fields relative to the air bearing
surface. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The fol | owi ng
description is the best enbodi nent presently contenplated for carrying out

the present jinvepntion. This description is de, for t p se of

1T ubt £ et Vs aitieatfy ot SABS) off 4 iBoft elbidiment Bt A B ey not
meant to |limt the inventive concepts clainmed herein. Referring nowto Fig.
2, there hesses popravide giteasvarse pinping fiskbayingwn arieatasion perpendigulenta tha.  As
shown in Fig. 2, at |east one rotatable nmagnetic disk 212 is supported on a
spi ndl e 2ABSamd canted panhitgy/field dirsétedliri & eantaat direcldB intdiheedimgbativeen 4 ecor di ng
media on each disk is in the formof an annular pattern of concentric data
tracks (nditectibRpavalleino tieABSSInd 4 rectiorBpeberldeciddr tO AR ABSdThe AR S

positioned on the disk 212, each slider 213 supporting one or nore magnetic

read/ writ dzlgﬁ -1 - ' - sor of the
pr esent ﬁ@ﬁ??@%\ Vfﬁ?ﬁé&d%&& Q@g&%g%t@ éﬁg@?ﬁ?%ﬁ%ﬁ@ﬂéﬁ%r%ﬁéd‘ radially in
and out over.the djs urface 222 so, that the heads 221 may access

di fferent™ B%F?So‘?fgi‘%&a(fﬁ%‘gl qulmliéhﬁgggitf‘ Seﬁ&?‘gp‘?séwfeé%? vherethen sii der
213 is attached to an actuator arm 219 by neans of a suspension 215. The
suspensi d?iaszl}.isermné@-i des a slight spring force which biases the slider 213
agai nst the disk surface 222. Each actuator arm 219 is attached to an
actuator 227. Tiweabtmot astvell asadditional objectsj fpatuPespranyd dilyvantages afahe pickentot or
(VCM. The VCM conprises a coil novable within a fixed magnetic field, the
directi omnaadioﬁmﬁﬂd)eeéméagpa@ahlin FRVBIISWIng waetdhdics@iptionl | ed by the notor
current signals supplied by a controller 229. During operation of the disk
storage system the rotation of the disk 212 generates an air bearing
between the slider 213 (the surface of the slider 213 which includes the
head 321 and faces the I [ ' red to as an air
bearing surface (ABS)) §#&E€ﬁ?§§@%ﬁ9&f(§ég%w1ﬁ§%xerts an upward
force or lift on the slider. The air bearing thus counter- bal ances the
slight spring ¥uracsllerundestapdingeafdhopatoremnd gdvantagss pf thetpresest inyentiop1 3 of f
and slightly above the disk surface by a small, substantially constant
spaci ng dasrwelbasfitheprefpradanodenf Wk aeferanco siouddhpondatstheffolidwngi sk st or age
systemare controlled in operation by control signals generated by the
control udetdiled2Bscriptioh rewl iacorjaactionwitlothesicgsiapamyaipddrawings nal thel ock
signals. Typically, the control unit 229 conprises logic control circuits,

storage cfallp®irdtiawings QRIS AlimerledsPAbieQlke WRsimike PadE MRS RIBS: RON 1 O
signals to control various system operations such as drive notor control

signal s o&aMl&g_ 223 and

Fig. 1 is an air bearing surface view, not to scale, of a prior art SV sensor;

Fig. 2 is a simplified diagram of a magnetic recording disk drive system using the
SV sensor of the present invention,

Fig. 3 is a vertical cross-section view, not to scale, of a "piggyback" read/write
magnetic head;

Fig. 4 is a vertical cross-section view, not to scale, of a "merged" read/write

magnetic head;



-9 head position and seek control signals on line 228. The control signals
on line 228 provide the desired current profiles to optinmally nove and
position the slider 213 to the desired data track on the disk 212. Read and
-wite signals are conmunicated to and fromthe read/wite heads 221 by
means of the recording channel 225. Recording channel 225 may be a parti al
response nmaxi mum li kel i hood (PVRL) channel or a peak detect channel. The
design and i .engntati,on aof both channels ar |l known in the art and to
o Sons oki | | B! B aEeaing Aathe Vil It ErBEan FEVRRERERAAIENG channel
225 is a PMRL channel. The above description of a typical nagnetic disk
st orage sverlayS Vasstsaried thecqpresephimyemitpn; | | ustration of Fig. 2 are for
representation purposes only. It should be apparent that disk storage
systens nay coFigai6a-Gl drangceatindairfaot vitvakaotao deale; ofl tHeBV a¢n¥er ofFid, £ach
actuator arm may support a nunmber of sliders. Fig. 3 is a side
Cr 0ss- seGty il i a B p i ket e..head
00, i c e o g B Pl eGS0
t he read head r{io ' i.pn valv enso rdi to the
present i nventllﬂg'n% l%ﬁ%ﬁé@ﬁg %{? Q%S%ei%gévg’anr? g\t/a %ﬁgedgﬁae%evc\g%gmﬁgﬁﬁﬁnf H{;& %
i nsul ati ve iirst and second read gap | ayers 308 and 310, and the read gap
| ayers ar'S2&QYRIRY SFRSQT B Eﬁemépgﬁﬁﬁﬁhetic first and second shield | ayers
312 and 314. In response to external magnetic fields, the resistance of the
sensor 306 chalige$is agraphical renresentation 8f thersthength of therAMpinmieg fieldsasra causes
t hese resi stance changes to be manifested as potential changes. These
pot ent i al funftbongsfARVIdaydiatiichiiesss@agded as readback signals by the processing
circuitry of the data recording channel 246 shown in Fig. 2. 10 The wite
head portion 383 ®fs JilievieRIARLh §ca[l@,%‘i'/a‘éf)i_nt\%hfé‘%%ﬁ’sﬁ%iédﬂ&%‘%ﬂ@&i&t&ﬂ:‘n‘ | ayer
316 sandwi ched between first and second insul ation layers 318 and 320. A
third ins ] I . I [ Z] head to
el i nat S oes IR gARE IRk SRS Hias 2ol B3 & B BEifE
| ayer 316. The first, second and third insulation |layers are referred to in
the art a¥T4f%i nsul ati on stack. The coil layer 316 and the first, second
and third insulation |ayers 38, 320 and 322 are sandw ched between first
and second pole piece |layers 324 and 326. The first and second pol e piece
| ayers 324 and 326 are magnetically coupled at a back gap 328 and have .
first and seconBDETAIRED PESGRIPEION @FZI MR PREFHRR K2 BMBOPIMBENT W ite gap
| ayer 334 at the ABS 340. An insulation |ayer 336 is | ocated between the
second shield Tleev&uoa% EREHHR 1§ tHeHesRAMBDIRNER Prsei®y corddnpldicd Fr t he
second shield |ayer 314 and the first pole piece |ayer 324 are separate
| ayers th J i ngﬁp B 1 tg. 4 is the
same as E%agry{ ei\é}{eé rgsteﬂgﬁlggﬂé%or?g shi %%gnﬁté%rgrk%%g?%]r‘]t epﬁ%q?ei J)r:fst pol e pi ece
| ayer 424..ar n.haver. . This t of 1 /wqite head. |s.kngwn as a
rorged- HOAGRadt HRE RG] ke B Sin SRR i Ry R TR o R 5.
is omtted in the nerg?d head 400 of Fig. 4. First Exanple Fig. 5 depicts
an air beaVFiye SonqeRse *(%’Bgiexﬁ"éw, not to scale, of a |ead overlay spin
val ve sensor 500 according to a first enbodi nent of the present invention.
The S V sensorRe&fedingmopr fodag. X there sghows astisk drivg 2004mbedpingtteeipiesann each
ot her by a central

invention. As shown in Fig. 2, at least one rotatable magnetic disk 212 is supported on a

spindle 214 and rotated by a disk drive motor 218. The magnetic recording media on
each disk is in the form of an annular pattern of concentric data tracks (not shown) on the

disk 212.



.region 506. The substrate 508 can be any suitabl e substance incl uding

gl ass, sem conductor material, or a ceramc material such as alum na
(A1203). The seed | ayer 11 509 is a layer or layers deposited to nodify
-the crystallographic texture or grain size of the subsequent |ayers. An
antiferromagnetic (AFM |layer 510 is deposited over the over the seed
layer. An antiparallel (AP)-pinned |gyer 512, a conductive spacer |ayer 514
and a free layer ,516 are .depgsited .sequentially over the AFM | ayer 510. The
AFM | ayer may ﬁﬁ\;@sﬁmierﬁ?‘éﬁ S POFIHPRG tEnglSiSrzéGi ¢peh slider 34 3 spprpriéng hange
properties to act as a pinning |layer for the AP-pinned |ayer 512. In the
present eQDBOOT Wergmagnetic Al walgdeads1221i whart thertead 2Rhincdgwiratedthe Shor  a

pi nning layer and is used to provide an additional seed |ayer to help

pronot e i sprsovefthe prasertlinehtion. A6 ehesdibiaaatses)tnd Sder 5130& Mdeds&l1g8fin The AP
pi nned | ayer 512 conprises a first ferromagnetic (FM1 ) layer 5I7 and a

(APQ) | ay e TR U dfNElae 22 sabt PEREIR 208 ol RER U Dok ns§T, 02

{1 epr esentie Al PhEE Bl Wk RRE0rRE, B0 S AT0 R o endl i A ka3

(represen by the head of  an _arrow pointing out of the paper),

r espect i véfgb %Wén% L IIpenstPn) el fESHe§518’égi§1H’éﬂ'l<¥e§ aslight spEng fgceined

| ayer as is _known to the art. The free layer 516 conprises a ferromagnetic
first frewhighhiasgethesdider?13Ggainst tindisk siefreadgitzch actmetoann 212 subl ayer
521 of Ni-Fe. A bias layer 522 separated fromthe free | ayer 516 by an APC

| ayer 523attauhipd tc@bachudtar 2200aAMReciuatdr iaf Stiowdl AFiE UL 83491be D3I colanbter
deposited over the APC | ayer 523 and a 'ferronagnetic second bias subl ayer

e L N RN ayg o B B o i
o e COENEHIR8oP e P ATHRNE e T o R B e
strongly Q0 COMPIRS 220,
During operation of the disk storage system, the rotation of the disk 212 generates
an air bearing between the slider 213 (the surface of the slider 213 which includes the
head 321 and faces the surface of the disk 212 is referred to as an air bearing surface
(ABS)) and the disk surface 222 which exerts an upward force or lift on the slider. The
air bearing thus counter- balances the slight spring force of the suspension 215 and
supports the slider 213 off and slightly above the disk surface by a small, substantially
constant spacing during normal operation.
The various components of the disk storage system are controlled in operation by
control signals generated by the control unit 229, such as access control signals and
internal clock signals. Typically, the control unit 229 comprises logic control circuits,

storage chips and a microprocessor. The control unit 229 generates control signals to

control various system operations such as drive motor control signals on line 223 and



-to the free |l ayer 516. The AFM | ayer 560 is exchange coupled to the bias

| ayer 522 12 providing a weak pinning field to orient the direction of

t he magneti zati on 546 of the bias layer. The AFM | ayer 560 is forned of a
-layer having a thickness | ess than needed to provide a nmaxi mum (sat urat ed)
pinning field. Fig. 8 is a graphical representation of the variation of
pinning field strength as a function gf |ayer thickness for a typical AFM
material . The pinning field ipcreases,w M | ayer .t hickness t he
exchange %%%ﬁ“ Onsapggﬁe&tq?n]trﬂ[:?g%ag%gn ling %&‘Qﬁéeact%?r&[ sgnals onfipe pi nni ng
field is reached at a layer thickness, tSAT. For an AFM | ayer forned of
Pt- M, a PRVidetbedesited smyensrefilesito apsimallyimovecandawsition thaoslidge2the thexi num
pi nni ng. For an AFM | ayer forned of Ir-M, tSAT 1S approximtely 80 A while
for an AFNediragdataftaackred thof dibk 212, ReddAmdiveritapipnalsianashmuRivttedso adefr&baM

| ayer thickness is decreased, its exchange coupling strength decreases due

to the degieqasritfiRiads Z2Ey Meas T thé'cl@ingd chuffiel 225, Reb&ididsQhdfiil 996 t he
desi red weaker exchange coupling to the bias |ayer required for pinning the

I
AP-t abs i i L.l I ah j bVl V _senspr,. t.he AFM | ayer
560 15 f ort e Aol bthe i ahnFRhiOd L) bk o SR BergligRanic
Alternatiyely, .the AFM | ayer. may. . be formed of lr-Mh, N -M or other
el ectri ca#ﬁ?x?ﬁbﬂﬁiﬁmp ¢ %&?@é‘r‘%&ﬁgb‘ﬂ’@f‘? § ﬁrgtvgql{lg}ogyn myihe fitand 19 PRASHRS i el d
due to the thin AFM Il ayer is particularly effective at the interfaces of
the trackskilled in theaitoHi thegrefesed embedimant, seserstinr ghasneh225riegPORL wher e t he
bias | ayer ends. At this discontinuity of the bias |ayers, denmagnetization
fields cachaneglult in destabilization of the free |ayer magnetization in the
absence of a pinning field. A weak pinning field renoves this instability

wi t hout si gni f Th@govetdesdripfion 8f @tydidH nfapR&tid AWEStoRE BedtéR dridQRe 544 I n the
track field region. After the thin AFM ["ayer has béen deposited, a first

cap | ayer b Sui AF . j e | eads
117528 andf R E IR EaRth of e S ¥ el Rl aChrmtontlubbict by 4L BEERLGS oo ons
532 and 534 and.over. the end regi ons 502 apnd 504 overl.appi ng the central
regi on 50 pgfén?ﬂgyglglﬁgtg}'ageﬁygﬁrggmayscpn@%a W%ggp\?gg? Edor A space
between LI 528 and L2 530 in the central region 506 of the sensor defines
t he trackalde%ina Ga5h petHaten By SUPRATT HBUMbOfSHERR wi dth of the read head
and whi ch can have subm cron di mensions. The first cap layer 536 in the
track w dth rebigohitBgdbetosesartibial atavati® viswradmdpaggybyckdi nspputtier et ch and
reactive ion etch (RIE) process followed by a sputter etch and oxidation

process tead/omitehéad300, Ahidhindleddsal whthead fortidg 302 hh® AL E psRR! | al s of
bias | ayer 522 into a nonmagnetic oxide |ayer 538 in the tracE wi dth region

536. A sesgp j ; OV I : 530 i
t he endsr _egi’ gﬁga ;ESHO%‘?&)‘1 Sgagﬁ%@?ﬁie’ﬁ%gg g} ve re_eggepgorﬁsﬁ g%EC&égggg%%qgséeer& t he "
nonmagnet jcepignd el“hle%&?sro% 366 %s! sﬂn&\bﬁ}f‘)&c[ ﬁ%&’&%@ ﬁél}%{%&l%ﬁlﬁ&éﬁ%ﬂ {-{%ga - pi nned

| ayer 512 has the magnetizations o | ayer

2
=

519 pinned in, ditrectjons r icular to the ABS as indicated by arrow
tail 542 %?ﬁ‘&f‘da‘iﬁ?%ﬁ%lé’aafséﬁg aﬁggﬂb’i%%“fﬁe&d giRylayers ap sapdwiched Retwsen t he
paper, respectively, In the track width region 536, the magnetization of
the free feHpBRgset firsiandseeandshicld layens3ddagd 314.sIn ieepamee tonexgerasli zat i on of
the ferromagnetically coupled first and second free

magnetic fields, the resistance of the sensor 306 changes. A sense current Is 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 of the data recording channel 246 shown in Fig. 2.



-subl ayers 520 and 521 and is free to rotate in the presence of an external
(signal) magnetic field. The magnetization 544 is preferably oriented
parallel to the ABS in the absence of an external magnetic field. In the
-first and second passive regions 532 and 534, the free layer 516 is
strongly AP-coupled to the bias |ayer 522. The nagneti zati on 546 of the
bias layer 522 in the first and secong) passive regions 532 and 534 is the

net magneti zation aof .the ferr tically coupl ed fi an 14 second

bi as subl ayer sfgawmaéfsﬁl%?ﬁ%‘%ma@%géﬁ@ww Wﬂiﬁ&%@cﬂgyéﬁ 8%3 whi ch
allows the free layer 516 to be strongly AP-coupled to the bias |ayer 522
in the palg¥enid6sapdwished betweemnfitsbend-seeonshinsuiatior layers 3B8 and B2§:eA thitd or i ent ed
antiparallel to the magnetization 545 of the free layer. The effect of this
AP- coupl i ingulaSorsiagdyi 122 2ady snemployddefor patiziyig theFiead toelihmaragsplesdn tiggi ons
532 and 534 since the magnetization 545 does not rotate in response to

external {dcehdimshibtion 1aEEF niotdaﬁ@dwlﬁé boikRiyer 316 erHesmdi, 8ol ahdhifdet at i ng

magnetic di sk. The weak pinning field from AFM | ayer 560 provi des

addi ti ona; i 1] ' I g i h L second
passi ve ?lélaﬁﬁ%%@ ﬂggégg%e?@fdgggle@%g Ia§%§1?£stu %é%fl rS%ﬁ%'i ? P%lr:l&gfeaty\j\&g%nﬁ e
passi ve regions and, the track field regj 53 nd regi.o ayers 548 and
550 abuttti%géﬁﬁrlhﬁfc%[ﬂﬂ?fl Q*rgénsluk\?@%ayﬁ&gyﬂogg? a or sé‘i“g"é‘P}lr‘]‘?dlc%ﬂt'f"?eq fg"éhl ating
material such as al unmi na, or alternatively, may be formed of a suitable
hard bi asandeseeendnole picee lwers334 gndI2eieThe fitshand segpmbipolpipiese layersd2danihe
free layer 516 to ensure a single magnetic domain state in the free | ayer.
An advant 32feare inagastically cowplédhatch tizick gapra2@ andhaviedirsi and stdundgiote tiga3don | ayers
548 and 550 is that these layers are rempte fromthe track w dth region 536
so that thgy3daviien amgg@hﬂege laYwr$te ighp Biyet 554 ARBOABSZIY0. A Rdda@én t he free
i

| ayer in this region, ch stiffening nmakes the free | ayer i1nsensitive to

field si r; [ gaggﬁﬁﬂ ' - 530
deposi tegl@?‘l?lrs';t%éé)fegﬁ%@ggé%e%éh{o}%f an ﬁ,laqllreggo“eégﬁftgg 1)%5} pgfegj\}lgé(}eae ectrical
connecti o for the flow of sensi.n urrent Is. froma, current source to
the SV se 40r£%‘ffdge Aep ﬁlgﬁldgg}’eégiglagqvﬁ]ecff{% ROlePiges ﬁ?’E&%“yﬁrﬁé‘?ﬂ%"é? ed to the
| eads senses the changte of resistance due to changes induced in the free

| ayer 516lapsrs igreadivaits headis drewn @s pi'pigayaskyheads i e d generated by a data
bit stored on a rotating nmagnetic disk). The external field acts to rotate
the direction Kig. 4 sshesgness Bigt 3 exceptithe sécond ehietdlaydéraldrand 1l6e firsipoleel at i ve
to the direction of the magnetization 543 of the pinned |ayer 519 which is
pr ef er abl piegd Iy di2peEdosthiigh &yet. OThib eypdBS$ reatierifeiend ettriown 4fa SV 500 is
described with reference to Figs. 5 and 6a-d. The S V sensor 500 is

fabri cat egndrBed® HERYDG0." PRe FBHEHSG 1296 6 ihd Pige AR MERM ™! 5‘5ﬁ o%ﬁﬁ&?m to

sequentially deposit the nultilayef structure Shown in Fig. e sputter
depositi o [ | ut in the presence of a | ongitudinal

magneti c @it@%gﬁ%agﬁ%%%@%g%igme seed layer 509 is forned on the
substrate 508 by sequentially depositing a | ayer of alum na (A1203) havi ng
a thickness of about 30A a |ayer of Ni-Fe-Cr having a thickness of about 20
A and a | ayer of N -Fe having a thickness of about 8 A. The AFM | ayer 510
of Pt-M, having a thickness in theéirstdxpnple 4-150 A is deposited over the
seed | ayer 509. The AP-pinned |layer 512 is fornmed over the AFM | ayer by
sequenti al | y déigoSiepicts ah hir bedfing suyface BABS péie®@pndido beale,nd adeddrivelagss of
about 10 A, the APC | ayer 518 of ruthenium (Ru) having a thickness of about

8 A and dphveviilsdngdes00%t8ording®e affRsttiodiment L kifdpiesnt RivedRRAUITHES VA The
spacer |ayer 514 of copper (Cu) having a thickness of about 20 Ais

deposi t edseq &rsmgﬁbrgeys'@x%i (ﬁ%d.téag kiRt BYRT ca2d Bule? pOERARLAST OVer

t he spacer Tayer I'rs epositin Irs ree subfayer 520 of

Co- Fe havin hicknes feq@bout 10 A. | oywed by. the second free subl ayer
521 of iRm0l ?Yée i srBeabe a%%‘l}{a%%ss“ﬁga%%n%lﬁ%nﬁ 523 of Ru
having a thickness of about 8 A is deposited over, the second free subl ayer
521. The fsPHeondygier matepial, or gspigutic wgtesiabsuch s alupting (YlePs)s Iheisged faye
depositing the first bias sublayer 524 of Co-Fe having a thickness of about
10 A followed by the second bias sublayer 525 of N -Fe having a thickness
of about 20 A. The AFM | ayer 560 of Pt-WMh having a thickness in the range
of 30-100 A is deposited over the second bias sublayer 525. A first cap

| ayer 526 deposited over the 16 bias layer 522 conprises a first subl ayer
of tantalum (Ta) having a thickness of about 20 A and a second subl ayer of
rut henium (Ru) having a thickness of about 20 A over the first subl ayer.
Alternatively, the first cap |layer may be fornmed of a single | ayer of
tantal um (Ta) having a thickness of 40 A. After the deposition of the

o N~ o o . -, ~NNN Y L




-region 506 and then devel oped in a solvent to expose end regions 502 and
504. The layers in the unmasked end regi ons 502 and 504 are renoved by ion
mlling and end region |layers 548 and 550 of alum na (A12Q3) are deposited
-in the end regions. Alternatively, |ongitudinal hard bias |ayers nay be
formed in the end regions 502 and 504 in order to provide a |ongitudinal
bias field to the free layer 516 tojgnsure a single nagnetic domain state

inthe fr la tor Si st 04 hot 0 r OCesSes e used
Lo det i neSBHs FsE or IHRHePRRienio Befity i estelieranic Pt A B85t Ghe Sv
sensor 500. First and second | eads L1 528 and L2 530 of rhodi um (Rh) having
a t hi ckneths spbsegpeat fayatse qtdemomagnetc (4 BYBilaysa SbY isrdeppaitedrnyer dgiostls 502
and 504 and over the unnasked first cap |layer 526 and in the first and
second pathsisted lnpgyi dnsarfiparatiol A $imteddhyep S92, deondbetiviesphsee daylee 814 srehsor
overlap. After renoval of the photoresist mask 604 in the track wdth

regi on 53Bfred Kel SALRe Heﬂosﬁé’@se%'ﬂgnﬂﬁly%@r e ARN G5 R S1085KS ATM 15eSR4Y t er

etch and reactive ion etch process to reane he first cap | ayer 526

xposed L%‘dﬁ’é.%*%‘é*‘% SRty b Bl A STBY Pl 05 LY EF4SER | PR | 2,

vmdthreg S ched with an en con S to
Convert - CRE RN SR STt Presit SuBpd 5%@#{]@% 5 a
nonmagneti ¢ oxi de | ayer 17 538. The second cap | ayer 540 of rhodium (Rh),
or al t er nMnngethan desirabla forp rNg layer ang inusedite Rride af addiinnel sped Aayies
deposited over the leads L1 528 and L2 530 in the end regi ons 502 and 504
and t he ptadelpypromats mnsroblPprapettibSdf the susuguent gens of tiregseasdrc TheiAde | ayer
538 in the track field region 536. After fabrication of the structure of

the SV sepigned RYE 512 ORTPRISES £rst FlRANEHANA 1 1537988 aSecdngat the bias
| ayer 522ﬂ1| S pi gned i nﬁiamlsongl {Sudl nal gg(%rectl o)ﬁg%'lr'o set 'Eahe AFM | ayer 560,

e g E‘%} Bdic G 595‘?9%9#%“@%%%‘1’@09‘1@??&{&? ERRPcRLayp ERONC! ! ©
hocr B 20r Rl qtlols SRR P 1P 3hg q%MQEwergﬁa%t@@ﬁ@ﬁ-cf@?@s dhed bgf ore

renovi ng t he
indicated by the antiparallel magnetizations 542 (represented by the tail of an arrow

pointing into the paper) and 543 (represented by the head of an arrow pointing out of the
papet), respectively. The AP-coupled layer 512 is designed to be a self-pinned layer as is
known to the art. The free layer 516 comprises a ferromagnetic first free sublayer 520 of
Co-Fe and a ferromagnetic second free sublayer 521 of Ni-Fe.

A bias layer 522 separated from the free layer 516 by an APC layer 523
comprises a ferromagnetic first bias sublayer 524 of Co-Fe deposited over the APC layer
523 and a ferromagnetic second bias sublayer 525 of Ni-Fe deposited over the first bias
sublayer 524. An antiferromagnetic layer 560 of Pt-Mn, or alternatively of In-Mn, Ni-
Mn or other conducting antiferromagnetic material, is deposited over the second bias
sublayer 525. The APC layer 523 allows the bias layer 522 to be strongly AP-coupled

to the free layer 516. The AFM layer 560 is exchange coupled to the bias layer 522



-magnetic field. An alternative process for defining the AP-coupl ed
antiparallel tabs in the passive regions may be used to replace the process
of sputter etching with an oxygen containing gas to oxidize the AFM | ayer
-and ferromagnetic bias layer materials in the track width region. In the
alternative process, the step of using a sputter etch and reactive ion etch
(RIE) process to renove the first cap 1;ayer 526 in the track width region
536 is continyed to also.r t he, AFM.| ayer 0 _and the bi yer 522 in
the trackPif" W?gﬁ%ﬂ{mﬁ%ﬁ%ﬁeﬁenf H’él\gﬂﬂ@\é‘”} %ﬁg? %@W@Hﬁ?ﬁﬁéi@&&@ etch
and R E piocess a secondary ion mass spectroneter (SIMS) installed in the
vacuum ch r of the sputtering systemis used to provide endpoi nt
detection for the ruthenium (Ru) form ng the spacer |ayer 523. The second
cap |l ayer 540 &he Alrddilayer $6is fornredaiftadayenhiviap y thivkriessnlegsrthaRnpededayi ng a

t hi ckness of about 40 A is deposited over the leads L1 528 and L2 530 in

the end rp@ivites: h&dnARt(sbfated) Birdiey RATSIFYE 87i6 digRiphicaPrpAdtntRdch §NHe Over
t he spacer |ayer 523 in(the Eadr)g)ck field reggi on gg%ﬁ 1§ Second Exa?rpl e

L6 spacer. : : . | e le. | ead
781 1, OB EAEn S in 38 OV PRRCASES) kIR0l A SRR ATR] 020
o) T AR Ry e AP 4PtnaT s e 0o b

pinned in a transverse direction, or alternatively, in a canted direction
oriented #fengh npreasesintiba saturatgd or ragipem pinning Belgiis eached at adayer r ansver se
directions. The layer structure and the nethod of making the SV sensor 700
i s the sathicknsssidgacrFdred AlVidayerdinmed ofiPt-Mm,esthiekhess Gtshf)@f Sbowdo d is500 of
the first exanple. Only the process of setting the AFM | ayer 560 so that
the bi as heeded tdpEdvids tid Iﬁﬁﬂﬂadl‘rﬂ%ﬁhninrga FRY 8 AEMIidyector@Bd ef IraviaaR)£d
direction is different for the SV sensor 700. Fig. 9 is plan view, not to
scal e, of ' ir ndi j NI i.ent.at | .

ongi 1 udi ORISR SRISRE o AEM e BBl o MM (G 5bBRE ey 250 ng
surface (ABS) 4. SV, sensor. has an praxi matel y. rectangyl ar shape
with front"e ng%wg’y at@}g?cg%saés %ﬁe,as%%gteﬁg’aggﬁ‘éo gstr %19 qu{gasp§ ont
edge is dsfi neﬁ Ry t he | apped ABS 904 which fornms a pl ane perpendicular to
the pl ane®torthpdeseaset grgin yiz6,Qfrthe thinner laver. dngentpmchisve thecdegiredhay from
the front edge 906 by a distance that defines the stripe height of the SV
sensor. AWEdgiexahdhgeatoupling tof the bihshapesr sequied &ntpanriiog therARtabs pthdlee of the SV
sensor layers and directed parallel to the ABS 904 and to the front edge
906 as i notiainadimidg hight easitivityir WS Yeemsor, tige ABM hgerr §60HE forfedfPemat i vel y,
in an opposite direction as indicated by the arrow 913 pointing to the
left. A tREAMSYSHeknbs i i i i the SV
sensor | ayers and diersggttﬁeddﬁiﬁgig%%%-?gg%rﬁ{ﬂ%ﬁ%%@Aé% éigg« Iaakgr}tﬁ%}mé%e front
edge 906 LadE fé Wit r el P [ a from 19 the
ABS), or g’ tg@gg@?@g%?ﬁ%&;ﬁﬁ%g%@% gy g?é@%W%%rﬂgé@?rﬁﬁé"fﬁ?ébm%w% he arrow
915 poi nt} dqwnwar d rd. the. Al A canted bias_field has an

ori ent atijgﬁquﬁa E{&nlﬁﬁé—‘%@(}%‘?@ tPhe ngﬁfjslayerll'é?%‘?lﬁul&mj e&%‘l"tb"&aégleat some angl e
(err) to the_plane of the ABS 904 internedi ate between the directions of

t he | ongi Wirafagey offheitrackawisiibregionginddhe fiest ard sesondipassine serions whase drer ow 916,
or alternatively, in an opposite direction as indicated by arrow 917. The
angl e (erbips laygr dndv.c Aathis diatantinbity vetha bixsdmetrs] 88magictieatidroficldcedni resulof t he
structure of the SV sensor 700 is conpleted, the AFM | ayer 560 is set so

that the iidestabidiygtioroo¥ahé fre@iaperedagnetidationdn SvedbsencdiotaGliniig 6. A
alternatively in a canted direction. To set the AFM | ayer 560, the S V

sensor 70ediepilkerid @niheuthi ARty Wit g@@?@ﬁﬁﬁtggepﬂ}gfs@?eﬁﬁﬁg%re' d of

about 13 kOCe oriented in the transve pl ane of

t he | ayer : di qul ar .t he. AB | t ively.in cant ed
airect ] ortpEraRrar SR T Aol B Aperghc B ATRElEal ne iRt i  n
respect to_.the B%géggd hel d for_ about 5 hours. Wth the nagnetic field
still apptfiEshcan ecrfdy formed op dheAFNElBerS60enovi ng the nagnetic field. It
shoul d be understood that the antiparallel coupled tabs with AFM pinning in
the | ead/ sensor overl ap regions (passive regions 532 and 534) of the
present invention nay be used with any bottom spin val ve sensor (SV)
(sensor having the pinned | ayers | ocated near the bottom of the stacked

| ayers). In the bottom spin valve structure, the free |layer can be easily
AP-coupled to a bias |layer and oxidation of the ferronmagnetic bias layer to
forma nonnagnetic oxide in the track width region can be easily
acconplished. In particular, the antiparallel coupled tabs wi th AFM pi nning
bias in the | ead/ sensor overl ap 20



-regions may be used with AFM pi nning sinple pinned or AP-pinned SV sensors
and with self pinned SV sensors. Wiile the present invention has been
particularly shown and described with reference to the preferred

-enbodi nents, it will be understood by those skilled in the art that various
changes in formand detail nmay be nade w thout departing fromthe spirit,
scope and teaching of the invention. @gcordinglr, theddisrlosed invePtign
is to be considered nerel s_illustrative an imted only as specified in
t he appended c}g’é?tri%‘.d Sec"?ﬁﬁ?ﬂ%&ﬁ%’éz agf 4230 pre g?r%lﬁﬁl Rverdhe ean 183’%')5£éﬂsor
having first and second passive regions and a central track wi dth region

t r ansver stheypasivpuegions 532 ambiddariddver thetend megiensciIcandHd4ioverlappinoths, sai d
SV sensor conprising: a pinned |ayer; a ferromagnetic free |ayer; a spacer

| ayer saneuitabfgidie30sashsgntorih ksl adaecamichassive rdgi@B. |AayRce bétween
ferromagnetic bias layer in said first and second passive regions; an

anti par al L?!szﬁ%ﬂ&’th%@o'i@ rceﬁt?a{l‘i‘%igﬁﬁ‘géﬁ BEYRER 0P @dithek &ﬁ%&mﬁt@ jonal d

ferromagnetic bras layer for pro ng strong anti parall coup g between

" eot ons. SHEBIPRNREHF sabCRARE bathd g and My AEnFETENBRRR'

ferromagnetic bias | ayer, said AEM | ayer exchange coupled to the_ .
ferromag nétm%lswnasTheaf)‘@F canlaperaPode the track Ay regien 836 gettW?énlgilﬁldlLeNér 2.
The SV sensor as recited in claim1l wherein said AFM | ayer is nmade of
Pt - Vn, removed by a sputter etch and reactive ion etch (RIE) process followed by a sputter etch
and oxidation process to convert the AFM material 560 and the ferromagnetic materials
of bias layer 522 into a nonmagnetic oxide layer 538 in the track width region 536. A
second cap layer 540 is formed over the leads L1 528 and L2 530 in the end regions 502,
504 and the passive regions 532, 534 and over the nonmagnetic oxide layer 538 in the
track width region 536.
The AP-pinned layer 512 has the magnetizations of the FM1 layer 517 and the
FM2 layer 519 pinned in directions perpendicular to the ABS as indicated by arrow tail
542 and arrow head 543 pointing into and out of the plane of the paper, respectively. In
the track width region 536, the magnetization of the free layer 516 indicated by the arrow
544 is the net magnetization of the ferromagnetically coupled first and second free
sublayers 520 and 521 and is free to rotate in the presence of an external (signal)
magnetic field. The magnetization 544 is preferably oriented parallel to the ABS in the
absence of an external magnetic field. In the first and second passive regions 532 and
534, the free layer 516 is strongly AP-coupled to the bias layer 522.

The magnetization 546 of the bias layer 522 in the first and second passive

regions 532 and 534 is the net magnetization of the ferromagnetically coupled first and



-said AFM | ayer having a thickness in the range of 30-100 A. 3. The SV
sensor as recited in claim1l wherein said AFM | ayer is chosen froma group
of materials consisting of Pt-Mh, In-M and N - M. 22 4. The SV sensor as
-recited in claim1l wherein said pinning field is directed in a |ongitudinal
direction parallel to an air bearing surface. 5. The SV sensor as recited
in claiml wherein said pinning fielld is directed in a transverse direction

erpendi cyl ar, 10 an,air beari suface. 6. The S r as. recited in
a1 kPt bits Sihyficrs SEEEGRSY PuelSTho weseds pithe X ba™Shd Whichon
intermedi ate between a direction parallel to an air bearing surface and a
directi onalifé\’sﬁéﬁ&eé dAvsF Stototheastranglyireounedsiorthe bigs layer §hkingbe passiser as
recited in claiml1l wherein said AFM | ayer has a thickness greater than zero
but | ess tegims;the naghetiaatian Séfeefibd bias lpreois atentedatiparaliélan tiwal ue of sai d
pinning field to the bias layer. 8. The SV sensor as recited in claim1l

wher ei n - siaghdizator S45°61 thé fredlalybi. CRIdSTFecOs AP LHMinghe sthbilickiissr (RE sai d
free layer. 9. A magnetic read/wite head conprising: a wite head

i aye ' | g - K il
bei g enbLy e in A pESe B S ala 3 bR TR ARBIARN S Bl | ayers

819 ngﬁcg??r :}ég?r} rr%g;():oléﬁ? ?(Q@%grgﬂggﬁsntgug gx!hleblttirlxgp Enc%lgsitreﬂ)lg gi S ?eafd?nrgngnnt%e a portion

rotating magnetic disk. The weak pinning field from AFM layer 560 provides additional

stabilization of the free layer 521 in the first and second passive regions 532 and 534
especially at the transition between the passive regions and the track field region 536.

End region layers 548 and 550 abutting the spin valve layers may be formed of
electrically insulating material such as alumina, or alternatively, may be formed of a
suitable hard bias material in order to provide a longitudinal bias field to the free layer
516 to ensure a single magnetic domain state in the free layer. An advantage of having
the hard bias material forming the end region layers 548 and 550 is that these layers are
remote from the track width region 536 so that they do not magnetically stiffen the
magnetization 544 of the free layer in this region, which stiffening makes the free layer
insensitive to field signals from the rotating magnetic disk.

Leads L1 528 and L2 530 deposited in the end regions 502 and 504, respectively,
provide electrical connections for the flow of a sensing current Is from a current source to
the SV sensor 500. A signal detector which is electrically connected to the leads senses
the change of resistance due to changes induced in the free layer 516 by the external
magnetic field (e.g., field generated by a data bit stored on a rotating magnetic disk). The

external field acts to rotate the direction of the magnetization 544 of the free layer 516



.23 the insulation stack bei ng sandw ched between the first and second pole

pi ece | ayers;

and a wite gap | ayer sandw ched between the pole tips of the

first and second pol e piece |layers and formng a portion of the ABS, a read
- head including: a spin valve (SV) sensor, the SV sensor being sandw ched
between first and second read gap | ayers, the SV sensor having first and
second passive regions and a centrajstrack width region transversely

di sposed beitween a%.d first, and secon,dﬂgggsive regions, said. SV sensor

conpri si nff

atéver}p

rch%p?thg magneiizatio of thegpinned Jayer 549 syhichds | ayer

sandw ched between said pinned |layer and said free |ayer; a ferromagnetic
bi as | ayepraferablyipintfedpsrpeadigulaetoothd ABSsi ve regions; an anti paral | el

coupl ed | ayer sandw ched between said free |ayer and said ferromagnetic
bi as | ayer for Thefabridatich 6f $V500 ydesqritied|wie refeneitd idses WRE Ba-wi Thebi as

| ayer and said free layer in the first and second passive regions; an

anti f er r oOR®WORALdrS00 A Pbrib /Y EIn ﬁﬂh%&%‘%g s ﬁ’tte?ﬁ%&rfaﬁ'icgrp%%lﬂn‘éri% tdrRY €'

said AFM | ayer exchange coupled to t erro

ghetic aye 0 provide

a pinning,f] th i | aver . and an,insul atian. ayer disposed between
the s econgtJLI #"'Z‘gg"%@ﬁé de %Sgtrtﬁgp@ngye{réﬁﬂa}\gggogﬂdn ?We fi §¥P‘ﬂ}8’1f é‘eﬁ?sétb"é‘ | ayer
of the wr Ip;o%eshs%zsigérried out in the presence of a longitudinal magnetic field of about 40 Oe.

The seed layer 509 is formed on the substrate 508 by sequentially depositing a layer of

alumina (A1;03) having a thickness of about 30 A, a layer of Ni-Fe-Cr having a thickness

of about 20 A and a layer of Ni-Fe having a thickness of about 8 A. The AFM layer 510

of Pt-Mn, having a thickness in the range of 4-150 A, is deposited over the seed layer

509. The AP-pinned layer 512 is formed over the AFM layer by sequentially depositing

the FM1 layer 517 of Co-Fe having a thickness of about 10 A, the APC layer 518 of

ruthenium (Ru) having a thickness of about 8 A and the FM2 layer 519 of Co-Fe having a

thickness of about 19 A. The spacer layer 514 of copper (Cu) having a thickness of about

20 A is deposited over the FM2 layer 519 and the free layer 516 is deposited over the

spacer layer 514 by first depositing the first free sublayer 520 of Co-Fe having a

thickness of about 10 A followed by the second free sublayer 521 of Ni-Fe having a

thickness of about 15 A. The APC layer 523 of Ru having a thickness of about 8 A is

deposited over the second free sublayer 521. The bias layer 522 is deposited over the

APC layer 523 by first depositing the first bias sublayer 524 of Co-Fe having a thickness

of about 10 A followed by the second bias sublayer 525 of Ni-Fe having a thickness of

about 20 A. The AFM layer 560 of Pt-Mn having a thickness in the range of 30-100 A is

deposited over the second bias sublayer 525. A first cap layer 526 deposited over the



24 10. The magnetic read/wite head as recited in claim9 wherein said AFM
| ayer is nade of Pt-M, said AFM | ayer having a thickness in the range of
30-100 A. 11. The magnetic read/wite head as recited in claim9 wherein
-said AFM | ayer is chosen froma group of materials consisting of Pt-WM,
In-h and Ni-Mh. 12. The nagnetic read/wite head as recited in claim?9
wherein said pinning field is directggl in a longitudinal direction parallel

to an air bearing surface. 13. e magnetic r /wite head a ecited in
Carm o \HIES BYH 2 Chmpie hret rORIEer G rlabn GE Rt isko e 88 abpl et | on
perpendicular to an air bearing surface. 14. The nagnetic read/wite head
as recit edl and aseedng sgblaierafimthsrino (Ruh havigg fitlitkhessofiibout2@d dver thecant ed

direction internedi ate between a direction parallel to an air bearing

surface afigt sublayee cAltommatiesipahel ficsutay layer thiebadormbé af 4 i@gkUajer®E. 15. The
magnetic read/ wite head as recited in claim9 wherein said AFM | ayer has a

t hi cknesstaffafigh €r'a) AR 2N Rk of 8¢ Rt han the thickness needed to provide a
saturation value of said pinning field to the bias layer. 16. The magnetic

iy ckness. gr eat 8 PR ePddiior df fs Sl rofEst s P MeliyinoidiéGl 4553 ¢

drive system conprising; a nmagnetic recording dj.sk; a magnetic read/wite
head f or m&ﬁé@pn@g:moge E‘c%?llﬂt‘%ljﬁ%?@yotﬁo a3k gricssneor 0gp dasepnfiakk and for
sensing nmagnetically recorded data on the nmagnetic recording disk, said
magnet i ¢ Tegioay/SA6iand theneadevelongd insd sedvenhtomxippse ¢ndadgione SQandS04. The

layers in the unmasked end regions 502 and 504 are removed by ion milling and end
region layers 548 and 550 of alumina (Al,O3) are deposited in the end regions.
Alternatively, longitudinal hard bias layers may be formed in the end regions 502 and
504 in order to provide a longitudinal bias field to the free layer 516 to ensure a single
magnetic domain state in the free layer.

Photoresist 604 and photolithography processes are used to define the track width
region 536 in the central region 506 of the SV sensor 500. First and second leads L1 528
and L2 530 of rhodium (Rh) having a thickness in the range 200-600 A are deposited
over the end regions 502 and 504 and over the unmasked first cap layer 526 and in the
first and second passive regions 532 and 534 which provide the desired lead/sensor
overlap. After removal of the photoresist mask 604 in the track width region 536, the
leads L1 528 and L2 530 are used as masks for a sputter etch and reactive ion etch (RIE)
process to remove the first cap layer 526 in the track width region 536. After removal of
the first cap layer, the exposed portions of the AFM layer 560 and the bias layer 522 in
the track width region 536 are sputter etched with an oxygen containing gas to convert

the AFM layer and ferromagnetic bias layers materials into a nonmagnetic oxide layer



.at least one coil layer and an insulation stack, the coil |ayer being
enbedded in the insulation stack; first and second pol e piece |ayers
connected at a back gap and having pole tips with edges formng a portion
-of an air bearing surface (ABS); the insulation stack bei ng sandw ched
between the first and second pole piece |ayers; and a wite gap | ayer
sandw ched between the pole tips of the first and second pol e piece |ayers

and form ortiaon of th BS. a.re head incl udi ng: .a spin valve (SV)
sensor. (1 SRS eaRlner S0 REheBivbti iy ke Y e BB B g6

| ayers, the SV sensor having first and second passive regions and a central
track w d"lﬁ"%@“&f@@&r@v&%@ sitrd-QysE the 1@@@%&48%@&2@&1@ thafmdsecond
passive regions, said SV sensor conprising: a pinned |ayer; a ferromagnetic
free | ayeregions 362 sphf@4 arldthe passtvedtegions=58 2oai\i3d and adver themoarhagagter and sai d
free layer; a ferromagnetic bias layer in said first and second passive

regi ons; @iidenyers3sahltied traskuidl@fbelciysy6. Yamaitiiatobef the eftugatcdbithesvl ayer
and said ferronagnetic bias |layer for providing strong antiparall el

coun 1 B A SRS G 8 BRI
ferromag nl%}ligi(t:udinal direction. To set the AFM layer 560, the SV sensor 500 is heated to about
265° C in the presence of a magnetic field of about 13 kOe oriented in the longitudinal
direction (that is, in the plane of the layers and parallel to the ABS) and held for about 5
hours. With the magnetic field still applied, the sensor is cooled before removing the
magnetic field.

An alternative process for defining the AP-coupled antiparallel tabs in the passive
regions may be used to replace the process of sputter etching with an oxygen containing
gas to oxidize the AFM layer and ferromagnetic bias layer materials in the track width
region. In the alternative process, the step of using a sputter etch and reactive ion etch
(RIE) process to remove the first cap layer 526 in the track width region 536 is continued
to also remove the AFM layer 560 and the bias layer 522 in the track width region. To
protect the free layer 516 from the sputter etch and RIE process a secondary ion mass
spectrometer (SIMS) installed in the vacuum chamber of the sputtering system is used to
provide endpoint detection for the ruthenium (Ru) forming the spacer layer 523. The
second cap layer 540 of rhodium (Rh), or alternatively ruthenium (Ru), having a
thickness of about 40 A is deposited over the leads L1 528 and L2 530 in the end regions

502 and 504 and the passive regions 532 and 534 and over the spacer layer 523 in the

track field region 536.



.bias layer, said AFM | ayer exchange coupled to the ferromagnetic bias |ayer
to provide a pinning field to the bias layer; and an insulation |ayer

di sposed between the second read gap | ayer of the read head and the first

- pol e piece |ayer of the wite head; and an actuator for noving said
magnetic read/ wite head across the magnetic disk so that the read/wite
head may access different regions of the magnetic recording disk; and a
recordi ng channel coupled electrically to the wite head for magnetically
recording data on the nmagnetic recordiygg disk and to the SV sensor of the
read head for detecting changes in resistance of the SV sensor in response
to magnetic fields fromthe magnetSeeend Exampler ded data. 18. The di sk drive
systemas recited in claim17 wherein said AFM | ayer is nade of Pt-M, said
AFM | ayer havi Fig. & dehictkamesisbéaning berface(gBSyiie30 ndOB sbale, ofledPovethg di sk
drive systemas recited in claim17 wherein said AFM | ayer is chosen froma

group of BWt®Rhic!790eeHFHREIteen BferitiviemboRimMht 69%'}%«;&&&- in¢éhtiohherrdisik drive

systemas recited in claim17 wherein said pinning field is directed in a

| ongi t udi ' i i I Ng St 21, e disk

ari ve systaseblICEIRATRRIRY §Flolsh: 8 & he BRELkBRIEH hATS HEAPTRST ot e
in atran rse direct,i.o erpendi cul to an air, bearing surface. 22. The
di sk dri vgg‘iﬁts%ﬁtraég“er‘éﬁ%gﬂ 5\32 ILPINGH A tghsyerss disegtign, orakergtively) ig 4 s
directed in a canted direction internediate between a direction parallel to
an air besgatethdisestipn eaerind abandinteswediate apglepetvdicouhalongisudihg aail trabearseng
surface. 23. The disk drive systemas recited in claim 17 wherein said AFM

| ayer hasdaedtionskiibshyerstiactire aftbthe netloduftmdkéigstht I83hsenber 200iis kireameneeded
to provide a saturation

as described herein above with respect to the SV sensor 500 of the first example. Only

D)

the process of setting the AFM layer 560 so that the bias layer 522 is pinned in a
transverse direction or a canted direction is different for the SV sensor 700.

Fig. 9 is plan view, not to scale, of a spin valve sensor 902 indicating the
orientations of longitudinal, transverse and canted bias fields relative to an air bearing
surface (ABS) 904. The SV sensor has an approximately rectangular shape with front
edge 906, a back edge 908, and two side edges 910. The front edge is defined by the
lapped ABS 904 which forms a plane perpendicular to the plane of the SV sensor layers.
The back edge 908 is spaced away from the front edge 906 by a distance that defines the
stripe height of the SV sensor. A longitudinal bias field has an orientation in the plane of
the SV sensor layers and directed parallel to the ABS 904 and to the front edge 906 as
indicated by the arrow 912 pointing to the right, or alternatively, in an opposite direction
as indicated by the arrow 913 pointing to the left. A transverse bias field has an
orientation in the plane of the SV sensor layers and directed perpéndicular to the ABS

904 and to the front edge 906 as indicated by the arrow 914 pointing upward (away from



_value of said pinning field to the bias layer. 24. The disk drive system as
recited in claim17 wherein said bias |ayer has a thickness greater than
the thickness of said free layer. 25. A method of naking a spin valve (SV)
- sensor having first and second passive regions and a central track width
region transversely di sposed between said first and second passive regions,
t he met hod conprising the steps of: 19 28 depositing sequentially a pinned

| ayer, a | ayer and a free | ayer; depositin ferromagneti c .bi as

| ayer” antTDAR): uHEEERr Sy R0 fiealier R ol By ARG PLF PRGHRE | ng

| ayer sandwi ched between the free |ayer and the bias |ayer; depositing an
ant i f er r sleagerd owardthe ABDr Anerniasdiias fiedd bas an erientasiongn shd plang efthe ayer ,
said AFM | ayer exchange coupled to the ferromagnetic bias |ayer to provide
a pi nni nSY saisdr lagers land Hirected atyserre anglzos to ithegplanecafitht ABS 90viaterinbéiadFM

| ayer; depositing first and second | ead | ayers over the cap |ayer, said

first anchetpednte HRediond¥Lihe 1VBAMRAPATrdndPerfd biad figlas S REARALIASAL Ve
regi ons, respectively, wherein the track h regi on between the first and

wi dt
second pagsiw I k I . of. i st econd
| ead | ayers; ?lq’ggr%@%ﬁ%ﬁ‘t% é?é:%*gg aé;%}e{? allr%&lt%ﬁgs?r T%%&g\nb% O‘Ir/'g%?'orrl;ﬁ%g?é\%en t he
first and_second | ead Lagbi%[ﬁf;e? mv&&%ng the antiferromagnetic material of
the AFM |'BY8FY BHE X1 Frve terial of the bias layer in the track
wi dth region into a nonmagnetic oxide Iager; and setting the AFM | ayer so
that the pinnihgerfplmention of the shuglyrg efithe SVsensor 300 éscompletegrthel FdM mi ned
direction. 26. The nethod as recited in claim25 wherein the step of

renovi ng layee S68is sehyethai thetblives laycaSR2 vd mhiedrie gitmnswesesdicectipnitdrer et ch and
reactive ion etch process.

alternatively in a canted direction. To set the AFM layer 560, the SV sensor 700 is

heated to about 265° C in the presence of a magnetic field of about 13 kOe oriented in the
transverse direction (that is, in the plane of the layers and perpendicular to the ABS), or
alternatively in a canted direction (that is, in the plane of the layers and at an angle -
with respect to the ABS) and held for about 5 hours. With the magnetic field still

applied, the sensor is cooled before removing the magnetic field.

It should be understood that the antiparallel coupled tabs with AFM pinning in the
lead/sensor overlap regions (passive regions 532 and 534) of the present invention may
be used with any bottom spin valve sensor (SV) (sensor having the pinned layers located
near the bottom of the stacked layers). In the bottom spin valve structure, the free layer
can be easily AP-coupled to a bias layer and oxidation of the ferromagnetic bias layer to
form a nonmagnetic oxide in the track width region can be easily accomplished. In

particular, the antiparallel coupled tabs with AFM pinning bias in the lead/sensor overlap



.29 27. The nethod as recited in claim25 wherein the step of converting the
ferromagnetic nmaterial of the bias layer in the track width region into a
nonmagneti ¢ oxi de | ayer uses a sputter etch process with an oxygen

- containing gas. 28. The nethod as recited in claim25 wherein said pinning
field is directed in a longitudinal direction parallel to an air bearing
surface. 29. The method as recited igoclaim25 wherein said pinning field
is directed, in a transverse direction perpendicular to_an air beari

sur f ace. l@slonsrn@wbstuwﬁwaé AbM pingying ﬂm@f Ippesior espisngd éﬁ%ﬁniﬂfﬁ?ﬁu{m tg. el d
is directed in a canted direction internedi ate between a direction parall el
to an ai rsefepinnatgSEserisatse and a direction perpendicular to the air bearing
surface. .A9y. A9 . A9r.A . A9. A9. A;
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10%& ()- ' P SR A spin valve (SV) sensor having first and second passive regions and a central

track width region transversely disposed between said first and second passive regions,
said SV sensor comprising:

a pinned layer;

a ferromagnetic free layer;

a spacer layer sandwiched between said pinned layer and said free layer;

a ferromagnetic bias layer in said first and second passive regions;

an antiparallel coupling layer sandwiched between said free layer and said
ferromagnetic bias layer for providing strong antiparallel coupling between said bias
layer and said free layer in the first and second passive regions; and

an antiferromagnetic (AFM) layer adjacent to said ferromagnetic bias layer, said
AFM layer exchange coupled to the ferromagnetic bias layer to provide a pinning field to

the bias layer.

2. The SV sensor as recited in claim 1 wherein said AFM layer is made of Pt-Mn,

said AFM layer having a thickness in the range of 30-100 A.

3. The SV sensor as recited in claim 1 wherein said AFM layer is chosen from a

group of materials consisting of Pt-Mn, In-Mn and Ni-Mn.
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transverse direction perpendicular to an air bearing surface.

6. The SV sensor as recited in claim 1 wherein said pinning field is directed in a
canted direction intermediate between a direction parallel to an air bearing surface and a

direction perpendicular to the air bearing surface.

7. The SV sensor as recited in claim 1 wherein said AFM layer has a thickness
greater than zero but less than the thickness needed to provide a saturation value of said

pinning field to the bias layer.

8. The SV sensor as recited in claim 1 wherein said bias layer has a thickness

greater than the thickness of said free layer.

9. A magnetic read/write head comprising:
a write head including:
at least one coil layer and an insulation stack, the coil layer being
embedded in the insulation stack;
first and second pole piece layers connected at a back gap and having pole

tips with edges forming a portion of an air bearing surface (ABS);
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a read head including:
a spin valve (SV) sensor, the SV sensor being sandwiched between first
and second read gap layers, the SV sensor having first and second passive
regions and a central track width region transversely disposed between
said first and second passive regions, said SV sensor comprising;
a pinned layer,
a ferromagnetic free layer;
a spacer layer sandwiched between said pinned layer and said free
layer;
a ferromagnetic bias layer in said first and second passive regions;
an antiparallel coupled layer sandwiched between said free layer
and said ferromagnetic bias layer for providing strong antiparallel
coupling between said bias layer and said free layer in the first and
second passive regions;
an antiferromagnetic (AFM) layer adjacent to said ferromagnetic
bias layer, said AFM layer exchange coupled to the ferromagnetic
bias layer to provide a pinning field to the bias layer; and
an insulation layer disposed between the second read gap layer of the read head

and the first pole piece layer of the write head.
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11. The magnetic read/write head as recited in claim 9 wherein said AFM layer is

chosen from a group of materials consisting of Pt-Mn, In-Mn and Ni-Mn.

12. The magnetic read/write head as recited in claim 9 wherein said pinning field

is directed in a longitudinal direction parallel to an air bearing surface.

13. The magnetic read/write head as recited in claim 9 wherein said pinning field

is directed in a transverse direction perpendicular to an air bearing surface.

14. The magnetic read/write head as recited in claim 9 wherein said pinning field
is directed in a canted direction intermediate between a direction parallel to an air bearing

surface and a direction perpendicular to the air bearing surface.

15. The magnetic read/write head as recited in claim 9 wherein said AFM layer
has a thickness greater than zero but less than the thickness needed to provide a saturation

value of said pinning field to the bias layer.

16. The magnetic read/write head as recited in claim 9 wherein said bias layer has

a thickness greater than the thickness of said free layer.
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a magnetic recording disk;

a magnetic read/write head for magnetically recording data on the magnetic

recording disk and for sensing magnetically recorded data on the magnetic recording

disk, said magnetic read/write head comprising:

a write head including:

at least one coil layer and an insulation stack, the coil layer being

embedded in the insulation stack;

first and second pole piece layers connected at a back gap and having pole

tips with edges forming a portion of an air bearing surface (ABS);

the insulation stack being sandwiched between the first and second pole

piece layers; and

a write gap layer sandwiched between the pole tips of the first and second

pole piece layers and forming a portion of the ABS;

a read head including:

a spin valve (SV) sensor, the SV sensor being sandwiched between first

and second read gap layers, the SV sensor having first and second passive

regions and a central track width region transversely disposed between

said first and second passive regions, said SV sensor comprising:

a pinned layer;

a ferromagnetic free layer;
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and said ferromagnetic bias layer for providing strong antiparallel
coupling between said bias layer and said free layer in the first and
second passive regions;
an antiferromagnetic (AFM) layer adjacent to said ferromagnetic
bias layer, said AFM layer exchange coupled to the ferromagnetic
bias layer to provide a pinning field to the bias layer; and

an insulation layer disposed between the second read gap layer of the read head

and the first pole piece layer of the write head; and

an actuator for moving said magnetic read/write head across the magnetic disk so
that the read/write head may access different regions of the magnetic recording disk; and

a recording channel coupled electrically to the write head for magnetically
recording data on the magnetic recording disk and to the SV sensor of the read head for
detecting changes in resistance of the SV sensor in response to magnetic fields from the

magnetically recorded data.

18. The disk drive system as recited in claim 17 wherein said AFM layer is made

of Pt-Mn, said AFM layer having a thickness in the range of 30-100 A.
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20. The disk drive system as recited in claim 17 wherein said pinning field is

directed in a longitudinal direction parallel to an air bearing surface.

21. The disk drive system as recited in claim 17 wherein said pinning field is

directed in a transverse direction perpendicular to an air bearing surface.

22. The disk drive system as recited in claim 17 wherein said pinning field is
directed in a canted direction intermediate between a direction parallel to an air bearing

surface and a direction perpendicular to the air bearing surface.

23. The disk drive system as recited in claim 17 wherein said AFM layer has a
thickness greater than zero but less than the thickness needed to provide a saturation

value of said pinning field to the bias layer.

24. The disk drive system as recited in claim 17 wherein said bias layer has a

thickness greater than the thickness of said free layer.

25. A method of making a spin valve (SV) sensor having first and second passive
regions and a central track width region transversely disposed between said first and

second passive regions, the method comprising the steps of:
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layer, said AFM layer exchange coupled to the ferromagnetic bias layer to provide a

pinning field to the bias layer; l

!

depositing a cap layer over the AFM layer;

depositing first and second lead layers over the cap layer, said first and second
lead layers overlapping the first and second passive regions, respectively, wherein the
track width region between the first and second passive regions is defined by a space

between the first and second lead layers;

removing the cap layer in the track width region between the first and second lead

|

converting the antiferromagnetic material of the AFM layer and the ferromagneti¢

|

layers;

material of the bias layer in the track width region into a nonmagnetic oxide layer; and
setting the AFM layer so that the pinning field to the bias layer is directed in a

predetermined direction.

26. The method as recited in claim 25 wherein the step of removing the cap layer|

in the track width region uses a sputter etch and reactive ion etch process.
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27. The method as recited in claim 25 wherein the step of converting the
ferromagnetic material of the bias layer in the track width region into a nonmagnetic

oxide layer uses a sputter etch process with an oxygen containing gas.

28. The method as recited in claim 25 wherein said pinning field is directed in a

longitudinal direction parallel to an air bearing surface.

29. The method as recited in claim 25 wherein said pinning field is directed in a

transverse direction perpendicular to an air bearing surface.

30. The method as recited in claim 25 wherein said pinning field is directed in a
canted direction intermediate between a direction parallel to an air bearing surface and a

direction perpendicular to the air bearing surface.



