-1 A SELF-PI NNED READ SENSOR DESI GN W TH ENHANCED LEAD STABI LI ZI NG
MECHANI SM FI ELD OF THE | NVENTI ON The present invention relates to

magnet oresi stive sensors, and nore particularly to 5 magnetic stabilization
of a pinned layer in a self pinned magnetoresistive sensor. BACKGROUND OF
THE | NVENTI ON 10 The heart of a conputer is a magnetic disk drive that
includes a magnetic disk, a slider whergja magnetic head assenbly including
wite and read heads is nounted, a suspension arm and an actuator arm The
slider is biased by the suspension armtoward the surface of the magnetic
di sk. when thA SEEFPINNEDREAD SENSQRAIESIGNi Wiibkbs air
adj acent an air bearing surface (ABS) of the slider, causing the slider to
15 fly on the air bearing. Wen the slider flies on the air bearing, the

actuator arm S A i enbly
over selectedgggﬂgéilgezEagiIEEZASDESyrg%ngL3§ﬁ£é£€iH@PEﬁ:&aJ&Egigﬂgigna
fields are witten and read by the wite and read heads, respectively. The
wite and read heads are connected to processing circuitry that operates
according to a conputer programto inplement wite and read functions. -2-
An exenpl ary high performance read head enpl oys a nmagnetoresistive read
el ement for sensing the signal fields fromthe rotating nmagnetic disk. A
magnet or esi sti ve

FIELD OF THE INVENTION

The present invention relates to magnetoresistive sensors, and more particularly to

5  magnetic stabilization of a pinned layer in a self pinned magnetoresistive sensor.

BACKGROUND OF THE INVENTION

10 The heart of a computer is a magnetic disk drive that includes a magnetic disk, a
slider where a magnetic head assembly including write and read heads is mounted, a
suspension arm, and an actuator arm. The slider is biased by the suspension arm toward
the surface of the magnetic disk. When the magnetic disk rotétes, the rotating magnetic
disk moves air adjacent an air bearing surface (ABS) of the slider, causing the slider to

15  fly on the air bearing. When the slider flies on the air bearing, the actuator arm swings the
suspension arm to place the magnetic head assembly over selected circular tracks on the
rotating magnetic disk, where signal fields are written and read by the write and read
heads, respectively. The write and read heads are connected to processing circuitry that

operates according to a computer program to implement write and read functions.



sensor detects magnetic field signals through the resistance changes of a
read el enment as a function of the strength and direction of magnetic fl ux
bei ng sensed by the read elenment. 5 In the |ast decade, such read el enents
have been predom nantly in the formof giant nmagnetoresistive sensors
(GWR). Mre recently, Tunnel Junction sensors have been investigated for
use as magnetic read elenents. A GWR elengnt also referred to in the art as
a spin valve magnetoresistive 10 el enent includes a pair of ferromagnetic

| ayers separated hy AMONRENELEGnE Ak fabloniGeRdSh LR ARRGRI | Bver

The magneti zation of on ayers is ti1xe I'1'e the other

is biased but, free.to rotate.in.re nse,to.a. magnetic,field. e t.o.the
spi - depend leCLy SuiE oy e BERY BRE h o TS A PingaiSrelifieon
flow through the spacer |ayer depends upon the relative grientation of the
magnet i zat i offeRPr deiecty mé@eaﬁﬁelf@l%ﬂsﬁl@raugha@ﬁé%ﬁéanp%%g?s arpadleminbas | s at
a maxi mum when the free and pinned |ayers are magnetized parallel to one
anot her, wheradugrction of thetstrengsinandsdizgction of magngtie Wk heing eensechpnthe irsadelesient.ar e
anti-parallel. The free and pinned | ayers are generally set at 90 degrees
t o one andt hdn therlast Hecaddy secicead élememn favetticen predbudinantlyomdbe farm ofgraat at e t he
nost |inear resistance change in response to a nagnetic field signal. Most
GWR sensors imiagustereai@tiwi'erb@ﬂfo@@?@\‘AR).amwIreemlyj TureBR@ctitiSdedsor{ kdvEbednn Whi ch
current flows fromone side of the sensor to the other in the plane of the
llayers descrijbrdiaRavs: uhR iighetio bR Mm@ sensor terned a current
perpendi cul ar to plane (CPP) Sensor has a design in which current flows

t hrough the sensor in a direction perpendicular to the plane of the sensors.

A GMR element also referred to in the art as a spin valve magnetoresistive

10  element includes a pair of ferromagnetic layers separated by a non-magnetic electrically
conductive spacer layer. The magnetization of one of the layers is fixed or “pinned”
while the other is biased but free to rotate in response to a magnetic field. Due to the spin
dependent scattering of electrons through the spacer layer, current flow through the
spacer layer depends upon the relative orientation of the magnetization of the free and

15  pinned magnetic layers. Current flow is at a maximum when the free and pinned layers
are magnetized parallel to one another, whereas current flow is at a minimum when the
magnetizations are anti-parallel. The free and pinned layers are generally set at 90
degrees to one another in the absence of a magnetic field in order to generate the most
linear resistance change in response to a magnetic field signal. Most GMR sensors in use

20  incorporate a current in plane design (CIP) in which current flows from one side of the
sensor to the other in the plane of the layers described above. Another type of GMR
sensor termed a current perpendicular to plane (CPP) sensor has a design in which current

flows through the sensor in a direction perpendicular to the plane of the sensors.



-3- A Magnetic Tunnel Junction sensor (MIJ) is conprised of two
ferromagnetic | ayers separated by a thin insulating tunnel barrier |ayer and
is based on the phenonenon of spin-polarized el ectron tunneling. The

insul ating tunnel barrier layer is thin enough 5 that quantum nechani cal
tunneling occurs between the ferromagnetic |ayers. The tunneling phenonenon
is electron-spin dependent, nmaking the negnetic response of the MIJ a
function of the relative orientations and spin polarizations of the two
ferromagnetic |layers. 10 Both GWR sensors and TMR sensors require a

mechani smfor maintaining the pinned layer in its pinned state.

T o ARG NG SR R R e

an an err IC eria as for
exanple PtWh, Although an antiferromagnetic. material in and of itself is not
et . wh eI EHGLOEH TR A A HEHE LSt g i Ta3pd 71 G @hSPoBERShg! y
fixes the 15 magneti zation of the_na%netic | ayer, In order to effectively
fix the magnéf spirpplavizedrelactren tysnelingd Theyrsulating Bingekhapriar layeaistainiepoygy er  nust
be very thick as conpared with the other |ayers of the sensor. Ever
i ncreasi n§ r ¢wmbgeanhgn thectsiniopl uengling epems betweapthe termumgnetivdhyesy. Thgap hei ght
and therefore thinner sensors. The thick AFM Il ayer is a significant cost to

the thi cknesmnblihgtienoridma,is eladtionespinatepertehi, making alid mbgnetio sdpdsevfthe
antiferromagnetic 20 properties at a given tenperature called the bl ocking

t enper at ur e. Mives RAQIGR of @RS reRLive offdheifbfs MACRirATolRkaBdRUffIRStwat | ¢ di schar ge
or a slider contacting the disk can el evate the

ferromagnetic layers.

10 Both GMR sensors and TMR sensors require a mechanism for maintaining the
pinned layer in its pinned state. Traditionally, this has been achieved by depositing the
pinned layer such that it is exchange coupled with an antiferromagnetic material such as
for example PtMn. Although an antiferromagnetic material in and of itself is not
magnetic, when exchange coupled with a magnetic material it very strongly fixes the

15  magnetization of the magnetic layer, In order to effectively fix the magnetization of the
pinned layer, the antiferromagnetic layer must be very thick as compared with the other
layers of the sensor. Ever increasing recording density requirements require ever smaller
gap height and therefore thinner sensors. The thick AFM layer is a significant cost to the
thickness budget. Also, antiferromagnetic materials lose there antiferromagnetic

20  properties at a given temperature called the blocking temperature. Therefore, certain
events such as an electrostatic discharge or a slider contacting the disk can elevate the
temperature of the AFM sufficiently to lose the pinning of the pinned layer. Such an

event renders the head useless.



tenperature of the AFM sufficiently to | ose the pinning of the pinned |ayer.
Such an event renders the head useless. -4- In order to further inprove

pi nni ng of the pinned | ayer, heads have recently been constructed with
anti-parallel coupled pinned | ayers (AP coupl ed pinned layers). In such a
sensor the pinned | ayer consists of a pair of ferromagnetic |ayers separated
by a non 5 magnetic coupling |layer such ag-Ru. The ferromagnetic |ayers are
usual ly constructed to have nagnetic thicknesses that are close to each

ot her but not exactly the same. The antiparallel magnetostatic coupling of
the two ferromagnetic |ayers greatly increases the pinning, and the slight

difference in magneti.c thi cknesses creates . ,a net net i that _allows
magneti c ori ent at Prb?'fd?)rfto eﬁﬁ“@%ﬁ‘&ﬁ‘“ﬁf’ﬁ%@l@%}@g{’ ﬁe@élﬁé\éﬁmfﬁ?ﬂg bﬁgbneti c
field. 10 In such an AP cqupl ed pinned, | ayer, the ferromagnetic |ayer
furthest frofPasHuctedigand-p ée@rlplpiy@ﬂefr @Y%rﬁ&Iﬁﬁﬁ@@l@oﬂw}e@ﬁws{)h?%wcm as
di scussed in the preceding paragraph. Even nore recently, in order to

m ni m ze seng@enshetbg mnna@ghypwwy of mpriceklerramagnetie tayersysepagated e 80trave been
made to construct sensors in which the pinned | ayer does not 15 require
exchange 6oupmlagneictoouplingABdr sidht a3 Rug T he dereorsagnktis lapare as useally cessithetedtthi n
seed layer of PtMh to initiate the desired crystallographic structure in the

pi nned | ayer havd hgrietié thidkassedthat e clBiM ehdh Sthiebus fdtfexitynBdsaaNsSes i s much
too thin to exchange couple and pin the pinned | ayer. Such self pinned

sensors achi yg,apiIRMNnAgn M QBupting ©F IRt férindbhnetid ThdrD gleGtlPihc Al oy  Of
the pinned | ayer, magnetostatic coupling, and
pinning, and the slight difference in magnetic thicknesses creates a net magnetism that
allows magnetic orientation of the AP coupled pinned layer to be set in a magnetic field.

10 In such an AP coupled pinned layer, the ferromagnetic layer furthest from the sensor’s

spacer layer is exchange coupled with an AFM as discussed in the preceding paragraph.

Even more recently, in order to minimize sensor height and thereby increase data

density, attempts have been made to construct sensors in which the pinned layer does not

15  require exchange coupling to an AFM. Although some such sensors have used a thin
seed layer of PtMn to initiate the desired crystallographic structure in the pinned layer,
the thickness of the PtMn in such self pinned sensors is much too thin to exchange couple
and pin the pinned layer. Such self pinned sensors achieve pinning through a
combination of intrinsic anisotropy of the pinned layer, magnetostatic coupling, and

20  magnetostriction. The two antiparallel coupled ferromagnetic layers are constructed to
have as close as possible a magnetic thickness. The closer the magnetic thickness, the
stronger the magnetostatic coupling between the layers. The antiparallel coupled layers

are also constructed of a material having a strong positive magnetostriction.



20 magnetostriction. The two antiparallel coupled ferromagnetic |ayers are
constructed to have as cl ose as possible a nagnetic thickness. The cl oser

t he magnetic thickness, the stronger the magnetostatic coupling between the
| ayers. The antiparallel coupled |ayers are also constructed of a materi al
having a strong positive magnetostriction. -5- Magnetostriction is the
property of a material that it is nagnetiged in a particular direction when
pl aced under a conpressive stress. The construction of the head generates a
certain anou essl v h : ' : mbi ned with
the magnot r MtEReisSEFRGTE Blaifiald 15 aplertd ha? RS RAgndhtiln MO T0 T
sensors have shown romse |n greatly decreasing the.thickness of the
sensor . howe BB reET et o ersds Ty ThpRnauRset g Bl efpertt
sensor have been prone to flip direction, a catastraophic event which
renders the RESHAINIBOBOT compreasivy Eress octhe senspravhish, avhsa sembised withikshani sm
for decreasing the thickness budget by using a self pinned | ayer while

provi di ng i nmpragpetdicieradfithé pipneddaydns apsisisipidningy Sucht sslfpirgied senspisibpyighown
flipping. 10 -6- SUMMARY OF THE | NVENTI ON The present invention provides a
magnet or eS§i Siprondissinrgiedtiyrdecreasing thp thickadsspofilnd segsordfonavearahéy quiffenfdml ayer in a
magnet oresi stive sensor. The invention includes a sensor built 5 upon a

shi el g_ havi ngnseabilay STEE Piakdd 1@yerabthubiR ks Have BRRAGEETR tb BgdisRdoRr t i Ons
ext endi ng

catastrophic event which renders the head useless. Therefore, there remains a need for a
mechanism for decreasing the thickness budget by using a self pinned layer while

providing improved stability to the pinned layer to avoid amplitude flipping.

10



| aterally there from The invention also includes a nmagnetoresistive el enent
formed above the raised portion of the shield. The nmagnetoresistive el enent
can be for exanple a GWR sensor (CIP or CPP), or a TMR First and second
conpressive |ayers are fornmed above the recessed portions of the shield.
First and second hard nmagnetic | ayers are 10 formed over the conpressive

| ayers. The recessed portions of the shigfd advantageously allow the
conpressive |layers to be deposited thicker than woul d ot herwi se be possible

and wi thout creating topography irﬁal §rT3 1f i hot ol i t hogr aphy
processes. Conpressive materials 9£4E§i@§§#£|e Cu are materials
that when formed with a discontinuity tend to expand into the discontinuity
rather retract fromit as sonme other materials mght do. The inventors have
found that such cbhgpresest paentiongrovades a magastoresisHyhEmCre for inpronedPlaRisgt at i ¢
properties of a pinned | ayer, greatly enhance pinning. The inventors have
al so di scovepéasdfipinngdiayertimha piagnetorgistiversprses sThednyeayion inciudeh e sepsechudlt t he
assistance to pinning will be. Therefore, 20 the thicker conpressive |ayer

al | oned by t lnport £shicld Raling £ eadsedipoition andiatdrallypsppesadiarecyssdipertions iertending

assi stance than would other w se be possible. -7- The sensor of the present

i nventi on cambhalPhEYRone TBIRY intakiBn §Ro SRRMe 94 maghktsrebistive clenivie foralive (TMVR) .
If a CPP GVR or a TMR is used, then the shield will be in electrical

communi cal! OfpWekk e SEASPHE hESHER! Tk mchd6re SR ek CAIPS: fr bEATDle

al though further conductive layers may or y not be In n the
shield and a GMR sensor (CIP or CPP), or a TMR. First and second compressive layers are formed

above the recessed portions of the shield. First and second hard magnetic layers are

10  formed over the compressive layers.

The recessed portions of the shield advantageously allow the compressive layers
to be deposited thicker than would otherwise be possible and without creating topography
problems for later photolithography processes. Compressive materials such as for

15 example Cu are materials that when formed with a discontinuity tend to expand into the
discontinuity rather retract from it as some other materials might do. The inventors have
found that such compressive materials, when combined with the magnetostatic properties
of a pinned layer, greatly enhance pinning. The inventors have also discovered that the
thicker the compressive layer is the greater the assistance to pinning will be. Therefore,

20 the thicker compressive layer allowed by the recessed areas of the shield provide greater

pinning assistance than would other wise be possible.



5 the sensor. If the sensor is a CIP GWR, then the shield wll be
electrically insulated from the sensor by an insulating gap layer. In such
case | eads may be provided to conduct current to opposite lateral sides of
the sensor to provide a sense current to the sensor. The In the case of a
ClP sensor, there will be an insulating | ayer between the 10 shield and the
sensor, and in the case of a CIP or MIJ sepnsor there will be a conductive

| ayer or no layer at all between the shield and the sensor. Constructing a

sel f pinned sens?%e &%ycgr%?tl% éﬁggef’?lli%#e%lt%n tc%”%ka gﬂlﬁ?ge?lgcﬁi(&ﬁ’ bﬁy(ﬁfl’.)%li‘ chgh side

of the sensor wou cause sSsevere topogra above the ‘conpressi've | ayer,

since the structure ul et u ds sevgre r ch _edge of
t he sensor t es@&%ﬂ&@é{? ETB?ﬁ {fﬁ@lﬁeéﬂ/@%?fpaﬁl@@g@gse%&l%%rs& ‘i"l‘iﬂ?ﬁilﬁ Create
problens for Jater |ithography, processes_used to cqQn uct th upper shield
and the wri tsfeﬁ@aﬂ,comwapgn zyéﬁél}eaﬁewr-cﬁﬁgw%t%ﬁ%ﬁ@ hecoes adkadd el ement
Therefore, constructing the sensor on a shield having a raised portion on
whi ch t he sepklsugh fusthed penductistedayessaiay ecaaseal bs iuaféqug beiwsas theshigldamdnodat e
the thicker conpressive material greatly inproves the topography at the top
of the st b ucthersensgr.eHitheysehsorid a CHY GNR, B@enltlxt shielp milt bs electrjcallyapsilatedfroBRI EF
DESCRI PTI ON OF THE DRAW NGS For a fuller understandi ng of the nature and

advant ages OthetsBhsor by uEiHsulating @p 1k Ind6ch dabelepdsah @y begstovidetbtoabondise,
reference should be made to the follow ng detail ed description 5 read in

conj unction Whrkdht td\6ppRSIEHRAN ¥idBGo fAREWN G S0 provide a sense current to the sensor.

The In the case of a CIP sensor, there will be an insulating layer between the

10  shield and the sensor, and in the case of a CIP or MT]J sensor there will be a conductive
layer or no layer at all between the shield and the sensor. Constructing a self pinned
sensor having a relatively thick compressive layer at each side of the sensor would cause
severe topography above the compressive layer, since the structure would have to flare
upwards severely from each edge of the sensor to accommodate the thicker compressive

15 layer. This will create problems for later lithography processes used to construct the
upper shield and the write head, which is generally constructed after the read element.
Therefore, constructing the sensor on a shield having a raised portion on which the sensor
is constructed and recessed side portions to accommodate the thicker compressive
material greatly improves the topography at the top of the structure greatly facilitating

20  later processing steps.



FIG 1is a sinplified, partial schematic view of a magnetic storage system

“in which the present invention may be enbodied. FIG 2 is an ABS view,

taken fromline 2-2 and enlarged, of a slider; Fig. 3 is a view, taken from
circle 3 of Figure 2 and enlarged, of a read sensor 10 according to an
enbodi mrent of the present invention. -9- BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON The follow ng description is th&e-best enbodi nent presently
contenplated for 5 carrying out this invention. This description is nade
for the purpose of illustrati P ESCRSIE6RbF Rtk PRAWIREs Of this invention
and is not neant to limt the%mmmmm@md herein. Referring
nowto FIG 1, there is shown a disk drive 100 enbodying this 10 invention.
As shown in FIG 1, at |east one rotatable magnetic disk 112 is supported on
a spindle 114 and rotgted by a.disk. drive mytqr 118. e .magneti c recordi ng
On ench di sk i o1 & HEerrgHRSBRdaR Al e g aieriecs orBB T Eohar well e ks
(not shown) on the magnetic disk 112. 15 At |east one slider 113 |s,

posi ti oned ndrPreterEedragdrafiuse. dpferenge shouldhermadeitejthe follawing defaidsd desgyinine or
nore magnetic head assenblies 121. As the nmagnetic disk rotates, slider 113
i s nmoved P adread linycanjungtieh with thevascorprayigsikaviings ace 122 so that the magnetic
head assenbly 121 nay access different tracks of the magnetic di sk where
desired data FIG. 1 is a simplified, partial schematic view of a magnetic storage system in

which the present invention may be embodied.
FIG. 2 is an ABS view, taken from line 2-2 and enlarged, of a slider;
Fig. 3 is a view, taken from circle 3 of Figure 2 and enlarged, of a read sensor

10 according to an embodiment of the present invention.



are witten. Each slider 113 is attached to an actuator arm 119 by way of a
suspension 20 115. The suspension 115 provides a slight spring force which
bi ases slider 113 against the disk surface 122. Each actuator arm 119 is
attached to an actuator neans 127. The actuator nmeans 127 as shown in FIG
1 may be a voice coil notor (VCM. The VCM - 10 conprises a coil novable
within a fixed nagnetic field, the directdon and speed of the coi

novenents being controlled by the notor current signals supplied by
controller 129. During operation of the disk storage system the rotation
of the magnetic disk 112 5 generates an air bearing between the slider 113
and the disk surface 122 mhlch exerts an upmard force or lift on the
slider. The air bearing tBES : RRYINGUT ENHONpri ng force of
suspensi on 115 and supports slider 113 of f and sllghtly above the disk
surface by a small, substantially constant spacing during normal operation.
10 The various conponents of the disk storage systemare controlled in

operation by conThdfoliswiipaleScripabe [sah&BesPdmbsdihem! pratehtly dodmpidtedifors access
control signals and internal clock signals. Typically, the control unit 129

conprisessgl o I [ 8RS B 0 G HRREAGRSROr - The
control un| t%éﬁ%gﬁé@g%@gﬁt?gn?@gpgc Bnal gngg ?%ntr@fﬁovgrsoué ggsttem
oot £1 on anata PeibESeTBlsghubOOL iR i Rt cHiul RSP RORVERARES 1°) | e
128 provide the qw3|red current profiles to optlnally nove and position
slider 113 t6limsdhgsdtred data track on disk 112. Wite and read signals
are communi cated to and fromwite and read

Referring now to FIG. 1, there is shown a disk drive 100 embodying this
10  invention. As shown in FIG.1, at least one rotatable magnetic disk 112 is supported on a
spindle 114 and rotated by a disk drive motor 118. The magnetic recording on each disk
is in the form of annular patterns of concentric data tracks (not shown) on the magnetic

disk 112.

15 At least one slider 113 is positioned near the magnetic disk 112, each slider 113
supporting one or more magnetic head assemblies 121. As the magnetic disk rotates,
slider 113 is moved radially in and out over the disk surface 122 so that the magnetic
head assembly 121 may access different tracks of the magnetic disk where desired data
are written. Each slider 113 is attached to an actuator arm 119 by way of a suspension

20  115. The suspension 115 provides a slight spring force which biases slider 113 against
the disk surface 122. Each actuator arm 119 is attached to an actuator means 127. The

actuator means 127 as shown in FIG. 1 may be a voice coil motor (VCM). The VCM



heads 121 by way of recording channel 125. 20 The above description of a
typi cal nmagnetic disk storage system and the acconpanying illustration of
FIG 1 are for representation purposes only. It should be apparent that

di sk storage systens may contain a |large nunber of disks and actuators, and
each actuator may support a nunber of sliders. -11- Wth reference to Figure
2, an ABS view of the slider 113, taken frgpamline 2-2 of Fig. 1, indicates

t he arrangenent of the magneti c head 121 on the slider. The nmagnetic head

121 typicall e this is
the | ocati on)éognsrl%egtc‘;l %éﬁgff&nblg %ﬁl&' mxedhlg?%% ?tgcsﬁ%i{ic}é‘gg écltmﬁj?%d sp@?&@f@?c di sk.
Fi gure 3 shows, reatly .enl arged view t aken from cj ing a
magnet i ¢ sen<BH nlj’gﬁr@?rﬁ? g‘g}ng 89’@%ﬁ8‘bb5f e&@%‘(ﬁ‘"ﬁ@@&ﬁ“ﬁkﬁbpﬂ l?gé?ﬁ cg%cﬂfyf ﬁﬁn of
the present invention. Wiile the particular enbodinment illustrated with
reference to Fig. 3 is a 10 Tunnel Junction Magnetoresistive sensor (TMR),
the invention sensor could also be enbodied in a head using a CPP or CIP
GWR sensor. The h&mdingoperatigl aftleesdisk ftonage systshi, dedotation ofbe magnasicdlikdd2 whi ch
has a raised center portion 304 and laterally extending first and second

si de port songed@ates @0alr bdagihg betvesrethe sisded 113 and thb disk sugeed 10D whichrexSislan 15 A
magnet oresi stive el enent generally depicted as 309 in Figure 3 includes an

anti - par al | ehpGadtbRE oPlifRR%hd e, TR dir b&ﬁ'ing hhds%bﬂt&e&liﬂcéssﬁle Sisht § d
ferromagnetic |ayers 313, 315 separated by a anti-parallel coupling 1ayer
317. The fer rf&%@gf]&tsﬂ)e%smﬂ)ﬁg and supports slider 113 off and slightly above the disk surface by

a small, substantially constant spacing during normal operation.

10 The various components of the disk storage system are controlled in operation by
control signals generated by control unit 129, such as access control signals and internal
clock signals. Typically, the control unit 129 comprises logic control circuits, storage
means and a microprocessor. The control unit 129 generates control signals to control
various system operations such as drive motor control signals on line 123 and head

15 position and seek control signals on line 128. The control signals on line 128 provide the
desired current profiles to optimally move and position slider 113 to the desired data
track on disk 112. Write and read signals are communicated to and from write and read

heads 121 by way of recording channel 125.

20 The above description of a typical magnetic disk storage system, and the
accompanying illustration of FIG. 1 are for representation purposes only. It should be
apparent that disk storage systems may contain a large number of disks and actuators, and

each actuator may support a number of sliders.



313, 315 could be formed of many ferromagnetic nmaterials and are preferably
formed of CoFe and have magnetic thicknesses that are as cl ose as possible
to one another. The 20 anti-parallel coupling |layer, 317 can be formed of
several non-nmagnetic materials and is preferably constructed of Ru having a
t hi ckness of around 8 angstrons. A non-magnetic electrically insulating
barrier layer 319 is formed over the AP_gjoned |ayer 311, and is preferably
formed of A1203, although many other electrically insulating materials could
12  be suitable as well. A magnetically free layer 321 is formed over the
barrier layer 319 and is preferably constructed of CoFe/N Fe, although
other materials would be suitable_as well. second_shield, or, upper.shield
323 is formed ovelififgferenegto Eigiae 2a9mARS yie Af\éh‘“dﬁl‘deT %&%F%F‘P §f°‘8d’cf\ﬁ/§r%°%s
indicated in_Fig. 3. The second shield is preferably formed of the 5 sane
material as Figelfindigatessthe atrangement of dhe magneti¢ beaddd1 oh thethiderot e magagfitet i ¢
material as well. Although not required, if the first and second shields
303, 323 ar eheadridl typidallgl ivlocated orethe trhailing &tigeyofahaslidet, beeausthisiis tie lodatipx oved
conductivity can be achieved by providing electrically conductive | eads

325, 327,5 di sfxas slitleb €2M@Bieh flie closed teihe mRighetdfiskand first and second
shi el ds 303, 323. The | eads 325, 327 can be constructed of many electrically
10 conductive materials, but are preferably constructed of Cu or Au. Wth
continued reference to Fig. 3, the ferromagnetic |ayers 313, 315 of the

Bl ane of the pagiiats ARHCERIAR LARRC UBh G A IR R i th the

magnet i zat | Orrrllaggetitc rs]gnsor generally referred to as 301 according to an embodiment of the present
invention. While the particular embodiment illustrated with reference to Fig. 3 is a

10 Tunnel Junction Magnetoresistive sensor (TMR), the invention sensor could also be
embodied in a head using a CPP or CIP GMR sensor. The head 301 includes a first

shield or lower shield 303, which has a raised center portion 304 and laterally extending

first and second side portions 305, 307 that are recessed from the raised portion 304.

15 A magnetoresistive element generally depicted as 309 in Figure 3 includes an
anti-parallel coupled pinned layer 311, which includes first and second ferromagnetic
layers 313, 315 separated by a anti-parallel coupling layer 317. The ferromagnetic layers
313, 315 could be formed of many ferromagnetic materials and are preferably formed of
CoFe and have magnetic thicknesses that are as close as possible to one another. The

20  anti-parallel coupling layer, 317 can be formed of several non-magnetic materials and is
preferably constructed of Ru having a thickness of around 8 angstroms. A non-magnetic
electrically insulating barrier layer 319 is formed over the AP pinned layer 311, and is

preferably formed of Al,O; although many other electrically insulating materials could



15 bottom 313 being into the page and the top 315 being out of the page, the
orientations could be reversed. The positive nagnetostriction of the

mat erial assists pinning of the |ayers 313, 315 when the layers are placed

under a conpressive stress as indicated by arrows 333, 335. Further pinning
assistance is provided by annealing the pinned |ayers in the presence of a

magnetic field in order to set the magnetjx. ani sotropy of the layer 313, 20

315 perpendicular to the plane of the page. The free |layer 321 has a

magnet i zati on that | hase L i cul -1 ' er 311
as gi nd: éat Ied %Sﬁmgaﬁb}%\% Vgéﬁs‘l\ &%E‘f eél%weiﬁegeﬁ? vrv3|&g 155@?;}1\,\%00(2\? ' E’gibﬁgleg !h S'grn%rgé - 13
toward the right, i uld als olnted toward the left. ile.the

magnet i zat i ofNd{S Ar ragB’rcé?BStW?gr"?ggpﬁ%altg@végﬁﬂ%n@?ﬁa]istwqu ersélgal{’]ﬁ Fotate
in the presence of a nmagnetic field. The pechanismfor biasing the free

layer will bévedk fecspserdishigld,pr uppesshighdi323is foemedoves theyfree layer Rband @tedsnce t o

Fig. 3, first and second insulating |ayers 339 and 341 are forned on top of
t he recessed laerddy patwaidmassndioBed Bd7g. 3WHihe secand shielshis grsfrrahly dorined pf the 3
indicates the insulation |ayers as being two distinct |ayers, those skilled
in the art wishhe mappiaksithd Brst stadld tbnecddd B¢ formed bflsdre: ather mexphetit mitedal poi nt
whi ch would be into the plane of the page. 10 First and second | ayers of

conpressi ve RpdierAltlougfisot reifhired Qf (K dirs2 RAY SecbRE shiélBS303RB2 st kays@ste®bOM de
conpressi ve stresses 333, 335 to assist pinning of the pinned
electrically conductive material, improved conductivity can be achieved by providing
electrically conductive leads 325, 327, disposed between the read element 309 and first
and second shields 303, 323. The leads 325, 327 can be constructed of many electrically

10 conductive materials, but are preferably constructed of Cu or Au.

With continued reference to Fig. 3, the ferromagnetic layers 313, 315 of the
pinned layer 311, have magnetizations that are pinned into and out of the plane of the
page as indicated by symbols 329, 331. Although shown with the magnetization of the

15  bottom 313 being into the page and the top 315 being out of the page, the orientations
could be reversed. The positive magnetostriction of the material assists pinning of the
layers 313, 315 when the layers are placed under a compressive stress as indicated by
arrows 333, 335. Further pinning assistance is provided by annealing the pinned layers in
the presence of a magnetic field in order to set the magnetic anisotropy of the layer 313,

20 315 perpendicular to the plane of the page.

The free layer 321 has a magnetization that is biased perpendicular to that of the

pinned layer 311 as indicated by arrow 337. While the arrow is shown as being oriented



| ayer 311. A conpressive material is a material which when fornmed with a

di scontinuity, such as that provided by magnetoresistive el enent 309, tends
to want to expand into the 15 discontinuity rather than retract fromit as
sonme other materials would do. Rh, for exanple, exhibits such a conpressive
behavi or, although other materials could be used as well. The conpressive
force 333, 335 provided by the conpressi.vyg-material 343, 345 greatly
enhances the self pinning of the pinned | ayer 311, and advant ageously

prevents aggclvé/a&&'ﬁ% é@l&% %ioﬂﬁ'sals%%e 'f)io{r?édrt?g?rdstﬁg RRI Wiid g@inngggls@%ﬁ&? of tHB) 347,

349 forned ove ressiv mat e | 'ayer provi sing to maintain

the free magnetic arientation 3 f the free. layer 321 _oriente

desi red. e fiet [pas hirsirua 3y Pisfieeto W i Fentg oA moEpuE BT 4.

| ayers 347, 349 shoul d be disposed substantially adjacent the free |ayer 321
to achieve dht Beehapismiorbiasige die freqdayer Bl P%l?/‘é‘i“s%"gin ﬂ?éteHéetP‘g?@P%’- 347, 349
can be for exanple CoPt, and could include a CrM seed |ayer. The HB | ayers
347, 349 could also be CoPtCr, and could include a C seed | ayer. Further
the invention contenplates constructing the HB 5 | ayers of still other hard
magnet i ¢ frat eri al WithThrthet refeatnéetorfig 3¢ Orspaebecasl ihayamg [8kts 33958d 3dhaech
could be for exanple Rh, can be provided over the HB | ayers 347, 349,

foll owed by TsmedpRitdpbfltiyREdssedide pbations 308, 3ddWHiRh@vieWw depicdps Big. Bat el y
20 angstrom Ta seed | ayer nay be provided under the
indicates the insulation layers as being two distinct layers, those skilled in the art will
appreciate that the layers could be connected at a point which would be into the plane of
the page.
10
First and second layers of compressive material 343, 345 formed above the
insulating layers provide compressive stresses 333, 335 to assist pinning of the pinned
layer 311. A compressive material is a material which when formed with a discontinuity,
such as that provided by magnetoresistive element 309, tends to want to expand into the
15  discontinuity rather than retract from it as some other materials would do. Rh, for
example, exhibits such a compressive behavior, although other materials could be used as
well. The compressive force 333, 335 provided by the compressive material 343, 345
greatly enhances the self pinning of the pinned layer 311, and advantageously prevents
amplitude flipping.
20
First and second hard bias layers (HB) 347, 349 formed above the compressive

material layer provide biasing to maintain the free magnetic orientation 337 of the free

layer 321 oriented as desired. As will be appreciated by those skilled in the art, the HB



10 third and fourth conpressive |layers 251, 353. These additi onal
conpressive layers 351, 353 can provide further pinning assistance for

avoi ding anplitude flipping. Insulation |ayer 359, 361 are provi ded over
the Ta capping |ayer to ensure that sense current flows only through the MR
el ement 309 as desired. 15 The inventors have found that providing a
conpressive material 343, 345 at the si-dgs of the self pinned MR el enent
309, greatly increases the switching field that would be required to cause

undesi rabl e [ f &L DRELDY: : Y& R FVSachi®dnd t hat
t he greater %lslt:ﬁyt r?eégglﬂgp th ﬁg@éé%&%@?@eacﬁ%&%ﬂrs §43,9§3r}52, tﬁce greater
this swtchi field. be . \We tic ar.e general |
constructed \Xﬁ? HIv5 ((.??’arsgllgé)? ﬁ\?ng%g? I?Xeég‘f‘gifﬁngﬁlﬁ‘%%{& gwggéc ﬁanabec%ﬁg)farm it (1:? %68%’ woul d
not allow for thicker conpressiv | ayer In s case, ovi ding t.hick
conpr essi ve PBYE} dSﬁ@@egggyﬁ@%%fh%§8¥%ﬁggﬁByﬂﬁgﬁgéi?ﬁ@ﬁﬁﬁﬁgﬁeéﬂggﬂdeZS to
flair wwldly up at the sides, |eading to unacceptable topography for
subsequent ma&pwf drdludeiar(er specdblerers Fyrtherike inmerdion spriemplates constreting theHB. 15

i nnovative recesses portions 339, 341 in order to provide roomfor the

conpr essi Ve llaygeraf stilB8der IBBSmaghetic nBSial. t hout sacrificing topography. By
building the insulation layers 339, 341 into the recessed portions 305, 307

of the shield 303 the stabilization structure forned thereon, can be
manuf actured with increased thickness and in a controllable 5 fashion to the

extent that the sqhfrd RhdYILAR chBYREsiFARYRE3 NI 833Ny coRld¥eadr Béniperpdded
stress provided.

can be provided over the HB layers 347, 349, followed by Ta capping layers 355, 357.
In addition a thin (approximately 20 angstrom) Ta seed layer may be provided under the
10 third and fourth compressive layers 251, 353. These additional compressive layers 351,
353 can provide further pinning assistance for avoiding amplitude flipping. Insulation
layer 359, 361 are provided over the Ta capping layer to ensure that sense current flows

only through the MR element 309 as desired.

15 The inventors have found that providing a compressive material 343, 345 at the
sides of the self pinned MR element 309, greatly increases the switching field that would
be required to cause undesirable amplitude flipping. Furthermore, the inventors have
found that the greater the thickness of the compressive layers 343, 345, the greater this
switching field becomes. Whereas magnetic heads are generally constructed with

20 relatively flat bottom leads, such a construction would not allow for thicker compressive
layers. In such a case, providing thick compressive layers 343, 345, 351, 353, would
cause the upper shield 323 to flair wildly up at the sides, leading to unacceptable

topography for subsequent manufacturing processes. The inventors have included the



The magnetic sensor 301 can be fornmed by first depositing a magnetic |ayer,
such as N Fe onto a substrate (not shown). The N Fe can be deposited by a
variety of methods 10 including electroplating. The |layers of the M

el ement 309 can then be deposited as full filmlayers and then patterned

wi th a photoresist mask over the area that is to becone the MR elenent 309.
An ion mlling process can be used to rengve MR and shield material 1in a
control | abl e manner creating the MR el enent 309 and recessed portions 305,

307. Fol | owi.n lin e to

remove r ede\g)mb %{8’ efgceﬁsﬁf B?m§PS g}g%ﬁ rgeré%g} gi © r%ergggﬁps{%? ?%‘ggﬁlvreggr %I sed
ti 304 303. ft I I 3

Frrst “and seothd ot sxby i we%él%gi@o%éw g the Peup Bt 3 45,

third and fourth conpressive |ayers 351 cap layers 355, 357, and

i nsul ati on | 3¢bino @159606%4P@Iélﬁnfbéﬁialé?fb@ftthe@lelﬂéﬁg\ﬂleﬂ%bérmﬁ?lb“ﬁlc%%ss f or

constructing the magnetic head 301 includes depositing the shield 303, then
deposi ting a foreeHithegednagaarbe(nsanufactgedowish orcemsesitthickvess andiip azostiolldblt is to
beconme the raised portion 304. An ion mlling process can then be perforned
to renove ndEshionad tHe@xfedt tutthesdlBpinsidg pyet ¢anrbeIddquatelyt pignaltyethéela®iza .

I nsul ation material can -16- then be deposited full film and the

phot oresi st gR&shgvidelit ed of f | eaving insulation layers 339, 341. Follow ng
up with a planarizing step such as chem cal nmechanical polishing can
provi de an advant ageous pl anar surface on which to formthe subsequent

| ayers. Alternatively, the photoresist |ayer could be renpoved before

deposition of t heTLéJ }nlagneltllc Sensor 301 can be formed by first depositing a magnetic layer, such

as NiFe onto a substrate (not shown). The NiFe can be deposited by a variety of methods
10  including electroplating. The layers of the MR element 309 can then be deposited as full
film layers and then patterned with a photoresist mask over the area that is to become the
MR element 309. An ion milling process can be used to remove MR and shield material
in a controllable manner creating the MR element 309 and recessed portions 305, 307.
Following up with a high angle ion milling step may be desirable to remove redeposited
15 material from the sides of the sensor 309 and raised portion 304 of the shield 303.
Thereafter, the insulation layers 339, 341, first and second compressive layers 343, 345,
hard bias layers 347, 349, third and fourth compressive layers 351, 353, cap layers 355,

357, and insulation layers 359, 361 can be deposited.

20 An alternate process for constructing the magnetic head 301 includes depositing
the shield 303, then depositing a masking layer (such as photoresist) over the area that is
to become the raised portion 304. An ion milling process can then be performed to

remove material to form the raised portion 304 of the shield 303. Insulation material can



5 insulation |layer and a CVMP process could be used to both planarize the
structure and renove insulation fromthe raised portion 304 on which the MR
elenent 303 will be built. It will be appreciated by those skilled in the
art that the present invention can be utilized with a GWR sensor as well as
a TVR If a GWR sensor were used as the MR 10 el enent, insulating |ayers,
terned first and second gap | ayer, woul dge provi ded between the MR el enent
309 and the first and second shields 303, 323. Leads would then be forned

to provide sens urren each, | at eral .side.of..t he el enent. 309. 1 n that
case both t ﬁl?eenﬁ’ﬁ @Osﬁgwlggg*r g tllhﬁyg?torfglit, cagggfhgﬁ%l O{f%:;vfnm ul%‘(?ﬂ*g%ygrsssi ve
| ayers 343, 345 could double as a |l ead for providing sense cyrrent. 15 It
can be seen PAZBSHHEOKVEBGHP “’l“ﬁ\%’r‘l‘ﬂaﬂﬁmé\?@l’ SRS ald?e"’?‘ﬁ%‘“ﬂipf’ﬁ? ties of

the prior art, by providing a pinning scheme for inproving resistance to
anpl i tude f | icprppregide gn adyagtaggous iplanacsukfres@nwhich tafprndhe mbseguentdaisedi ment s
have been descri bed above, it should be understood that they have been
present ed by Almynativelpxhaphotoresistylayeanahldib¢ reg®ved befomtdepositionhafshe fulldilipr eadt h
and scope of a preferred enbodi ment should not be limted by any of the

above- deseri edlatise Hptednd LOMPAroERE Souldbd ussl @ibsth BRnstedeithedruetiry/aridn
accordance with the tollowing clains and their equivalents. -17- CLAINM

Wat is clai i&floveSnsulation from the raised portion 304 on which the MR element 303 will be built.

It will be appreciated by those skilled in the art that the present invention can be
utilized with a GMR sensor as well as a TMR. If a GMR sensor were used as the MR
10  element, insulating layers, termed first and second gap layer, would be provided between
the MR element 309 and the first and second shields 303, 323. Leads would then be
formed to provide sense current to each lateral side of the MR element 369. In that case
both the upper compressive layer 351, 353 and the lower compressive layers 343, 345
could double as a lead for providing sense current.
15
It can be seen that the present invention overcomes many of the difficulties of the
prior art, by providing a pinning scheme for improving resistance to amplitude flipping in
a self pinned MR sensor. While various embodiments have been described above, it
should be understood that they have been presented by way of example only, and not
20  limitation. Thus, the breadth and scope of a preferred embodiment should not be limited
by any of the above-described exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.



1

1 A magnetic sensor, conprising a first magnetic shield | ayer, having a

rai sed portion and first and second |aterally opposed recessed portions
extending laterally there from a nagnetoresistive sensor fornmed above said
rai sed portion of said first magnetic shield |ayer, said nagnetoresistive
sensor having an anti-parallel coupled self pinned |ayer, and having a free
magnetic layer; first and second conprkssive |ayers formed above said first
and second recessed portions of said shield |layer; and first and second
hard magnetic bias |ayers fornmed above said first and second conpressive

| ayers; and third and fourth conpressive |ayers conprising Rh fornmed above
said first and second hard bias | aygr . A magnetic sensor as in claiml,
wherein said anti-parallel pinned |ayer includes first and second

f er r omagn®thacislcti@esd idhavi ng a positive nmagnetostriction separated by an
anti-parallel coupling | ayer, and wherein pinning of said self pinned |ayer
is assisted by a conbination of magnetostriction and magnetostatic coupling

bet ween sg_i d ferﬁ%%ng{}g%&g?gg?mgﬁghgmgneti c layers. 3. A magnetic sensor as

in claim2 whererl It sal econd ferromagnetic |ayers conprise a
materi al having a p@sirdtinvagnemgstaldSdyer daving. a thised poR@Meinddirseasiaec@sl | n
claim2 wherein at | east one of said ferromagnetic | ayers

laterally opposed recessed portions extending laterally there from;

a magnetoresistive sensor formed above said raised portion of said first
magnetic shield layer, said magnetoresistive sensor having an anti-parallel
coupled self pinned layer, and having a free magnetic layer;

first and second compressive layers formed above said first and second
recessed portions of said shield layer; and

first and second hard magnetic bias layers formed above said first and
second compressive layers; and

third and fourth compressive layers comprising Rh formed above said

first and second hard bias layers.

2. A magnetic sensor as in claim 1, wherein said anti-parallel pinned layer includes
first and second ferromagnetic layers having a positive magnetostriction
separated by an anti-parallel coupling layer, and wherein pinning of said self
pinned layer is assisted by a combination of magnetostriction and magnetostatic

coupling between said first and second ferromagnetic layers.

3. A magnetic sensor as in claim 2 wherein said first and second ferromagnetic

layers comprise a material having a positive magnetostriction.

4. A magnetic sensor as in claim 2 wherein at least one of said ferromagnetic layers

of said pinned layer comprises CoFe.

5. A magnetic sensor as in claim 1, wherein said self pinned layer is pinned without

the assistance of exchange coupling to an antiferromagnetic material.



of said pinned |ayer conprises CoFe. 5. A magnetic sensor as in claima1,
wherein said self pinned |layer is pinned without the assistance of exchange
coupling to an antiferromagnetic material. -18- 6. A magnetic sensor as in
claim1l further conprising first and second | ayers of hard nmagnetic materi al
formed over said first and second conﬂﬁessive | ayers, and first and second
nmetallic |ayers forned over said first and second | ayers of hard nagnetic
material. 7. A nmagnetic sensor as in claiml further conprising first and
second hard magnetic |ayers forned above said recessed portions of said

shield layer, sahshnefit &dsonRd iSeEAAD RANL: CRAPBLiLE fr@YVAliSsce P ldysisng CoPt
and further conprising first and second CrM seed |l ayers. 8 A nmagnetic

sensor as in chaad magnetie niatariat dompradsovey shidr Bist andl sewnd rednipaesdiventaymist i ¢
| ayers formed above sajd reces ortions of said shjeld |a sai first
ot second harerBight P BRETS farisd RE-CoRt G ioial 1 1B HABAS! ng
first and secogpgd fagh@RUnk@MErs. 9. A magnetic sensor as in claiml wherein
said first and second conpressive |ayers each have a thickness of at |east

200 angstrons. 10. A magnetic sensor as in claim1l wherein said first and

second Coppresy| I\I/ﬁgnelti%ys%rngoregsc ri]n hc g ¢ %u?t'hgrk ggl%%rigﬁ’lg aftlrs! %83 tsegoSan ﬁe‘i‘t%St rons.

magnetic layers formed above said recessed portions of said shield layer, said
first and second hard magnetic layers comprising CoPt, and further comprising

first and second CrMo seed layers.

8. A magnetic sensor as in claim 1 further comprising first and second hard
magnetic layers formed above said recessed portions of said shield layer, said
first and second hard magnetic layers comprising CoPtCr and further comprising

first and second Cr seed layers.

9. A magnetic sensor as in claim 1 wherein said first and second compressive

layers each have a thickness of at least 200 angstroms.

10. A magnetic sensor as in claim 1 wherein said first and second compressive

layers each have a thickness of at least 750 angstroms.

11. A magnetic sensor as in claim 1 further comprising an insulating layer disposed

between said anti-parallel pinned layer and said free magnetic layer.

12. A magnetic sensor as in claim 1 further comprising an electrically conductive
layer disposed between said anti-parallel pinned layer and said free magnetic

layer.

13. A magnetic sensor as in claim 1 wherein said shield layer is in electrical

communication with said anti-parallel pinned layer.



11. A magnetic sensor as in claim1 further conprising an insulating |ayer
di sposed between said anti-parallel pinned |ayer and said free nagnetic

| ayer. 12. A nagnetic sensor as in claim1 further conprising an

el ectrically conductive |ayer disposed between said anti-parallel pinned

| ayer and said free magnetic |ayer. -18.- A magnetic sensor as in claim1l
wherein said shield layer is in electrical comrunication with said
anti-parallel pinned |ayer. -19- 14. A magnetic sensor as in claim1l further
conprising an electrically i nsul ating | ayer disposed between said shield

| ayer andsai r I in claim
| wher ei nl4§al ??% %eggﬁ%éggggﬁg%%pi Zﬁs@?e\fe ﬁpééé &ﬂg{/égﬁgﬁ{?ﬂ?ﬁnesg of at

| east 17 angstlayarglisposed between said shield layer and said anti-parallel pinned layer.

15. A magnetic sensor as in claim 1 wherein said first and second compressive

layers have a thickness of at least 17 angstroms.





