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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 nagnetoresistive sensors,
and nore particularly to 5 magnetic stabilization of a
pi nned | ayer in a self pinned magnetoresistive sensor.
BACKGROUND OF THE | NVENTI ON 10 The heart of a conputer
is a magnetic disk drive that theludes a magnetic disk,
a slider where a magnetic head assenbly including

Wi ' t i f
an S S PINNED REAT SENSER RISIGNTWITH
armtoward the surface of the magnetic disk. Wen the

netic disk rotates, the rotatin netic disk
ENHANGED [:hAD SFARIBIZING MECHANISM
slider, causing the slider to 15 fly on the air
bearing When the slider flies on the air bearing, the
actuator armsw ngs the suspension armto place the
magneti ¢ head assenbly over selected circular tracks on
the rotating nmagnetic di sk, where signal fields are
witten and read by the wite and read heads,
respectively. The wite,and read, heads are connected to
processing circuitry tﬁ2££285€E§£$§2§¥¥%rding to a
COHDUteng granwto i mpl ement wite_and read functions.
-2- An <3t PvetigR “Hé‘F? KY RACIOTGSISHYE FROBRTS AR IMFe particularly to

magnet or esi stive read
magnetic stabilization of a pinned layer in a self pinned magnetoresistive sensor.

BACKGROUND OF THE INVENTION

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 rotafes, the rotating magnetic
disk moves air adjacent an air bearing surface (ABS) of the slider, causing the slider to
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.



el ement for sensing the signal fields fromthe rotating
magneti c di sk. A magnetoresistive sensor detects
magnetic field signals through the resistance changes
of a read elenent as a function of the strength and
direction of magnetic flux being sensed by the read
elenment. 5 In the |ast decade, such read el enents have
been predom nantly in the form-@f- gi ant
magnet or esi stive sensors (GWR). Mre recently, Tunne
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t he qther is, bi 3ed but free to rotate in
r es’ptgﬂ?’é’“t" the SFFE%’@W@ irgctipg of magnetip flup beigg sensed by the read element.
dependent scattering of electrons through the spacer

&] a)lé the lagy decade, spetoigad plemgnin havecheen peedeminant)ein the fremod giant
upon the relative orientation of the magnetizati on of

t handgnetereaistivelEnpirn((@dR)mNlvet fecentlay Bumel Ductiandenddrokave een
at a maxi mrum when the free and pinned |ayers are
magmektighed foruiiselak alagh@icaesl danédier, whereas current
flowis at a m ninumwhen the nmagnetizations are
anti-parallel. The free and pinned | ayers are generally
set at 90 degrees to one another in the absence of a

magnet| & GV et Aid3érehd S9AHcHas'a g iV madrRfsRdsistive

resi stance ange 1 n response to
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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.
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sensor terned 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 i s based on

t he phenomenon of spin-polarizéd el ectron tunneling.

The insulating tunnel barrier layer is thin enough 5

t hat quantum nmechani cal tunneling occurs between the
ferromagnetic | ayers. The tunneling phenonenon is

el ect r on: Magretid TRAA M ctioNBnsBIAM TS i REPEEELof RS IR HRagnetic
of the MIJ a function of the relative oOrientations and
spi . :
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sensors an ensors reqaire a mec
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AIthouph an antiferromagnetic material in and of itself

i s UHBElingERfisBemenon ik elsctesncpirdsperdsnh malingithqymagneig rspense of the
material it very strongly fixes the 15 nagneti zation of

t h& Hegghvaetion af sheelative onigntiasions andefpirepstlarizetignsfdfithet thve

magneti zation of the pinned |ayer, the

anférfopsagoetiegagrs.c | ayer nust be very thick as conpared

with the other |layers of the sensor. Ever increasing
recording density requirenents require ever snmaller

gap height and therefore thinner sensors. The thick AFM

10l ayer i Both GMBNechiorPatld TR ksefsBrsirBfuire a mechanism for maintaining the
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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
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
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.



t hi ckness budget. Al so, antiferromagnetic materials

| ose there antiferromagnetic 20 properties at a given
tenperature called the blocking tenperature. Therefore,
certain events such as an electrostatic discharge or a
slider contacting the disk can elevate the tenperature
of the AFM sufficiently to | ose the pinning of the

pi nned | ayer. Such an event redders the head usel ess.
4 In order to further inprove pinning of the pinned

| ayer, heads have recently been constructed with
anti-parallel coupled pinned | ayers (AP coupl ed pi nned

| ayers) In bfllePtéHirthé? iRFro90 pinhihg oF itl’[b‘]ﬁ&eldg%gf, h@ﬁlﬁsh'ﬁ{_vl%c&ftly been

a pair of ferromagnetic |ayers separate y a non
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he two ferro netic |layers greatl

coupling of y
S} ndhagaeticoupling laystipeiups Rihdlhererramagmetic Bysts areistally gonstructed to

magnetic thicknesses creates a net nagneti smthat

al IhavismagigHe thickngsseethatare elasoto epeheother by ngtlesactlyithqeame. The

| ayer to be set in a magnetic field. 10 In such an AP
coaplipdallsi magektdstariecoupling of drertendematagnetialppers preatlh asteases the
fromthe sensor's spacer |ayer is exchange coupl ed

Wi tpinndnig, AddMhaslight diffescheel in Magrtic Hick@eseHgeNay Dt alnetism that
Even nore recently, in order to mnimze sensor height

andilbhemainetic BEERATH FMAAP doupied PinnAlIhRIRS Be 2846 BESTRtIC field.

made to construct sensors in which the pinned | ayer
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Al t hough sone such sens e use

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
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
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.



seed layer of PtMh to initiate the desired
crystal |l ographic structure in the pinned | ayer, the

t hi ckness of the Ptin in such self pinned sensors is
much too thin to exchange couple and pin the pinned

| ayer. Such self pinned sensors achieve pinning through
a conbination of intrinsic anisotropy of the pinned

| ayer, magnetostatic coupling,'gnd 20 magnetostriction.
The two antiparallel coupled ferronmagnetic |ayers are
corMdagnatosigidtionis tirapreparty of laosateréad thpo#t 34 thhgnetizedeiq aphiticular
t hi ckness. The cl oser the nmagnetic thickness, the

st rdire¢titin Wi plavgd ehdes h dbmpresauttiel TRiceRRMclidiof tAY Rdad generates
The antiparallel coupled |ayers are also constructed

of adeRHEih Qfnodht dTRY¥InP&sstvedire®\¢h 1A $risbMPhich, when combined with the
magnetostriction. -5- Magnetostriction is the property
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in greatly decreasing the thickness of the sensor,
ho®@ggrorhissyend ytrey repdesithe hpad ussless. tKherefore, thera peraains a need for a
| ayers of such sensor have been prone to flip
di mechansam fog dereasing thobiikoess\budget iusing r eellipinaed lagerivduls
usel ess. Therefore, there remains a need for a
e pivendisgrinipovedetabdig ionthe pinaed hivarkinessid bmghmtle Rippirgi. ng
a self pinned | ayer while providing inproved stability
10to the pinned layer to avoid anplitude flipping. 10



-6 SUMVARY OF THE | NVENTI ON The present invention
provi des a magnetoresistive structure for inproved
pinning of a self pinned | ayer in a nmagnetoresistive
sensor. The invention includes a sensor built 5 upon a
shield having a raised portion and laterally opposed
recessed portions extending laterally there from The
i nvention al so includes a magneforesistive el enent
formed above the raised portion of the shield. The
magnet or esi stive el enerfummaryor tex e a GWR
sensor (CIP or CPP), or a TMR First and second
conpressive |ayers are formed above the recessed

por t i ONFh@presd€invBiktRInbrovi Hés%tmé’gﬁgto%fs@i@sthﬁﬁﬁie f@?%ﬁx‘d.v@d pinning

| ayers are 10 formed over the conpressive |ayers
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t he conpressive |ayer epos
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pr S sive nat ri,al s, such as far, 15 exa
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tend to expand into the  discontinuity rather retract
fr é'i’ﬁvetthfa@w%n%‘ﬂel@ REthe ghieldy iTae sagnegpresistéye clameent panchet for example
have found that such conpressive materials, when
c o ASIME denapr (C1P loe CRB nee ddut Figst prdbgeond @enpressive lqyiersreeel formed
| ayer, greatly enhance pinning. The inventors have al so
di sooe direadcdskeatpottivms of theghield. tHiat andrspeond hakdembgaige laysrs are
the greater the assistance to pinning will be.

10 Theorakd beer tOcompRessive tdyefs. conpr essi ve | ayer al | owed by
the recessed areas of the shield provide greater

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.
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pi nni ng assi stance than woul d other w se be possi bl e.
-7- The sensor of the present invention can be a GWR
sensor (CIP OR CPP) or could be a Tunnel valve (TMR).

If a CPP GWR or a TMR is used, then the shield will be
in electrical comunication with the sensor
Essentially the shield becones a | ead, although
further conductive |ayers may e -may not be included
between the shield and 5 the sensor. If the sensor is a

Cl P GVRTht b&Rortt dehSprefhflinvédtlonen B £GMR Gé}tsl)l}’(ldlp@ﬁ &P br could

from the sensor by an insulating gap | ayer n such

Ca%e alTRARS vARY (PRRY! AV @}eld?hﬁl ELPPMR is uSaH. [h%ﬂghe s?ueld wrll be in

opposite Iateral sides of sensor to pfovide a sens

cur, [eg{g{callt “L SEB3 Qien gl Bnldd. 08RG Olnidy O8N

there w e an 1 nsula |ng ayer
and n the case o MIJ sens
£ el R Can R Bvary ey Poey marabeﬁ'adw%g@.mgqen aes leld and

bet ween the shield and the sensor. Constructing a
pi MFsnsose bt sensariity CHP MRathapehe shisld swll be nlsqateg@lb\ﬁesulated from

Iayer at each side of the sensor would cause severe
ohsgenson by ab inselatitggapdaysr dosishecabalgeds may beprovided to conduct

structure woul d have to flare upwards severely from

eachrrad treoppositehletesa nides oftthe sens@nopadatide atsersetdnireitas the sensor.

conpressive 15 layer. This will create problens for

| ater |ithography processes used to construct the

upper shield and the wite head, which is generally

const r UTherh ié ERE of hEIP ?&goreth%fé&m] be afl iuBkAE ?ag'er between the

constructlng the sensor on a shield having a'raise
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¢ o%éreosr%lo\igyer 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
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

later processing steps.
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material greatly inproves the topography at the top of
the structure greatly facilitating 20 | ater processing
steps. -8 BRI EF DESCRI PTI ON OF THE DRAW NGS For a
full er understanding of the nature and advant ages of
this invention, as we | | as the preferred node of

use, reference should be made to the follow ng detail ed
description 5 read in conjunctﬁon with the
acconpanying drawings. FIG 1 is a sinplified, partia
schematic view of a BRREPDESCRIBIIONRFAHEAWINGG Whi ch
the present invention may be enbodied. FIG 2 is an ABS
view, taken fromline 2-2 and enl arged, of a slider;
Fig. 3is aview, taken fromcircle 3 of Figure 2 and

enl ar geggr PhulRr ﬁrﬁﬁfgta%@g%%rf the A&y ﬁg% oﬁ%éin’gaﬁion, as well as

enbodi nent of the pres I nventi on.

NV I S . .
B W B A IR
scarr out this.i ventlon This description is made
ot orm%‘/j %‘HW&‘?B with [F‘T FEemPUYingf i@y ener al princi pl es

of this_invention and is not neant to limt the

i nvent i §85-doti@&perlified; paryal acheamatc HiewrdpanagnAe Feree gystem in

FIG 1, there is shown a disk drive 100 enbodying this
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

according to an embodiment of the present invention.
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10 invention. As shown in FIG 1, at |east one rotatable
magnetic disk 112 is supported on a spindle 114 and
rotated by a disk drive notor 118. The magnetic
recording on each disk is in the formof annul ar
patterns of concentric data tracks (not shown) on the
magnetic disk 112. 15 At |least one slider 113 is
posi ti oned near the magnetic di®k 112, each slider 113
supporting one or nore nmagnetic head assenblies 121. As
the magnetic disk rotates, slider 113 is noved
radially in and out over the disk surface 122 so that
the magnetic hpad MeBEFBR\CARRVINGGUREAE FRVINTHET ent
tracks of the magnetic disk where desired data —are
witten. Each slider 113 is attached to an actuator arm
119 by way of a suspension 20 115. The suspension 115

provide I wh bi ases ider 113
Doar not The ol e SRiAig] i BE 66 Ea%fﬁﬁ gl R TR for
attached t actua y .means 127. The actuat or, neans
12‘%“9%“%?1‘83?{5 H’f‘"l*—tf% 18 HES)?“B%O%'S\?WE goré'aﬁ purpgiesf ilugiepng the
The VCM - 10- rises a coil novable within a fixed
magfetal eﬂfl?lgleao mﬁémﬁﬁn}l@% #1dof naffaeagptodimip thetineentiveedneepts
nmovements being controlled by the notor current signals
suplpimeddetyn.control | er 129. During operation of the

di sk storage system the rotation of the magnetic disk
112 5 generates an air bearing between the slider 113
and the disk surface 122 which exerts an upward force

or |iftReforring@osd tb FEG. 1, Theee BishowdeaHisRdrit W00 embodying this
count er - bal ances the sllght spring force of suspension

11vanbnS AP BWSin FIEAS4t 1de5Borl rhtatiBfk MAdn@hL bk IPPNSubP¥Eted on a

di sk surface by
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.

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
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



a smal |, substantially constant spacing during nornal
operation. 10 The various conponents of the disk
storage systemare controlled in operation by contro
signal s generated by control unit 129, such as access
control signals and internal clock signals. Typically,
the control unit 129 conprises logic control circuits,
storage neans and a microprocedsor. The control unit
129 generates control signals to control various

Sy sbmpriges arcal] intvabls wéthiras fiid ii&gnetid 0éld RO Hirédtiof afi@edd of the
on line 123 and head 15 position and seek contro

Si goRkfovemehts Béind shtroMBEbF MR Rbr émhgﬁkaé.g%amuhslréﬁ b}%ﬁmmuer 129.
provide the desired current profiles to optimall

and position slider 113 to the desired data track on

disk 112. Wite and read signals are communi cated to

e hennes Dbk biath, f‘?‘% 588 daemb ety 9%5& Reneli disk 112

na netlc di sk _st.or acco .
HTE A e weetipe SHsr 1L mibe ARk evaire gt phispererts an
o nly. It shou apparent that di sk storage systens
yP%thfaliCﬁ Oallﬁ apglz@ shidero Ehe 8 besriag shug ﬁaula@rhﬁgqn@f:%the slight spring
each actuator may support a nunber of sliders. -11 Wth
r ef@eepicwspensiph § 15 @ncgsupmrtsmbsemléwffﬁndtshghtm dbdwee the Uik surface by
taken fromline 2-2 of Fig. 1, indicates the
ar pamgksebstarofally henstanyspating diméagindiibl operatioa. sl i der. The
magnetic head 121 typically is located on the trailing
edge of the slider, because this is the |ocation 5 of
the slider 121 which flies closest to the magnetic

10di sk.  The various components of the disk storage system are controlled in operation by
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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
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,

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.
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Figure 3 shows a greatly enlarged view taken from
circle 3-3 illustrating a magnetic sensor generally
referred to as 301 according to an enbodi ment of the
present invention. While the particul ar enbodi nent
illustrated with reference to Fig. 3 is a 10 Tunne
Junction Magnetoresistive sensor (TWMR), the invention
sensor could al so be enbodiedllr a head using a CPP or
CIP GWR 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

porti 0”W1§H§fer§1@2t& Ralred! & ABSWGHF.& Ok 3, ke ?rgm line 2-2 of

portion 304. 15 nagnetore5|st|ve el ement géner

depiLye n

cons SaaRRee B ekt i o %46**9 ffagid Pt -
rromrgnet i ¢ ar at ed . ,

B ST R R op ﬁé&éﬁ be it P CRire TS the ocation

Ia 1 cQu be formed of nany ferromagnetic
%gﬁhf" élll‘ger i%l Wﬁf‘:@ ?Sé?‘@P%kS‘P {hemAghelic d5K-" CoFe and have

magneti c thicknesses that are as close as possible to

one another. The 20 anti-parallel coupling |ayer, 317

can be fornmed of several non-magnetic materials and is

pr ef er abigyrecoshews agtetly oflaiRead himwi takgnardrh cicdle 83silodtrating a

around 8 angstrons. A non-magnetic electrically

I neuapadtic sgnsbagenetlly Irefyreed t3 18 305 adcordimthov@bobiteArof the present
pi nned | ayer 311, and is preferably formed of A12C3.

al fniventh. 'Rk RE Bﬁﬁcﬂﬁr@@ﬁﬁoﬁﬁﬁédt Ylldsﬁ‘&bﬂl Fth 'Féfet@'ﬁéeqﬁ IFg.3isa
could -12- be suitable as well. A magnetically free

| 2¥8hneP Ruhclish mFﬁ@&eﬁﬁf% s&&gr e *:%e 1h@éﬁﬁ5ﬂ §%§ ﬂﬁi dIsH be

preferably constructed of oug

rmgrﬁf)écﬁédsm\@méb@u&?g Y El’f’ %p bﬁ’ 8RR 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.

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
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



well. A second shield, or upper shield 323 is forned
over the free layer 321 and extends |aterally outward
as indicated in Fig. 3. The second shield is preferably
formed of the 5 same material as the first shield, but
could be forned of sone other magnetic material as

wel | . Although not required, if the first and second
shiel ds 303, 323 are constructe?of an electrically
conductive material, inproved conductivity can be

ac tvieauieabldys welb VA eiaggeticall e laga|32Y iCRAATIVeY thelbAAHS layer 319
325, 327, disposed between the read el enent 309 and

fi 1afdl is FRORrabBCRRSNRBIIVI CDFSRBFe, 3BRough Behel FARSIAR Y] P/ suitable as

can be constructed of many electrically 10 conductive

Matedil A Secombhidd Sor Rpfdr Shigh! 32?89&)?!15«? ﬁ%e?&eq{'ee%re:? B%f‘%nd extends

Wth continued reference to erronagne

| AR o, Rl 13 8 s PRy s ot

S SRB BheEAbtdPeoh ot e be e o bria e snagaicteral o

313 hei %-i to the page and the top 315 bei ng out of

t h& ag’g, OpgHENQS FequifEdf e Sirst ewe&mefbsw@s&@eg@?» app gonstructed of an
positive magnetostriction of the material assists

pi §lertigalby canductive ayaterial, 3mproved songdhetivitytean bagehieved bg providing

pl aced under a conpressive stress as indicated by

ar ebesicalfBcongd@dive feads B2F, 3RT,milposedaeoi<eh arcead demem\d08aad first
by annealing the pinned |ayers in the presence of a

magndcond shidids 303, 323) EThetlends 825,328 chRBN@InkSucdill TRhAngRYectrically
of the layer 313, 20 315 perpendicular to the pl ane of

10t heoRRgtve miteridls, ®at ﬁr@)ﬂ%‘feraﬂ% chsrutedBP0EbE ABL I ON that
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IS biased perpendicular to that of the pinned | ayer 311
as indicated by arrow 337. Wiile the arrowis shown as
bei ng oriented

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
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,

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
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- 13 toward the right, it could al so be pointed toward

the left. While the nmagnetization of the free layer is

bi ased as shown 337 it is free to rotate in the

presence of a magnetic field. The nmechanismfor

biasing the free layer will be discussed in greater

detail below. 5 Wth further reference to Fig. 3, first

and second insulating | ayers 338 and 341 are formed on
top of the recessed side portions 305, 307. Wile the

vi dowardphectight, it eoulid giso Be painteld tevaed theteft.i Méhilealid agnetization of the
| ayers as being two distinct |ayers, those skilled in

t hdrearayenislHiasedpysheen 3B ittik frbe folietatedy @ieSpreseidecbdanagnetic field.
connected at a point which would be into the plane of

t heThpaghantén Rirbidsingnke #&CIONG Wil b8 UicREeCiaTPLRs AeMf below.
materi al 343, 345 fornmed above the insulating layers

provi de conpressive stresses 333, 335 to assi st pinning
of the pinned Ilayer 311. A conpressive material is a

mat er i akg:whi f i i scontinuity, ch

as t hat lv%l\rﬁg{\i/ll %rﬁ%ge “ﬁg{éﬁ 'ojrl’mggag?‘il \gjeé: ° Cﬂgﬁ}gﬁ ng&%’ée,rs fiebnad'g 341 are
to want, tQ expand intp.the 15 dj sc ipuity rather. than_.

o HR op gt B ot oprons BT Bl e iRorepigied i Fig. 3
for ..exanple, exhibits such a conpressive behavior, )

al tTHBGRIS toe Welatanlayersasbemg g distingtdayers thosqiilied mrlee art will
conpressive force 333, 335 provided by the conpressive

ma EBRIEEate thes thedayprs epuidhhe apnegsitesiat e poinhwhish Woupd benintughe plane of
the pinned | ayer 311, and advantageously prevents

anmpheipagele f1i pping.

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
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.

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



20 First and second hard bias |layers (HB) 347, 349

fornmed above the conpressive material |ayer provide
biasing to naintain the free nagnetic orientation 337

of the free layer 321 oriented as desired. As will be
appreci ated by those skilled in the art, the HB -14-

| ayers 347, 349 shoul d be di sposed substantially

adj acent the free layer 321 to- Bthieve effective

biasing of the free |ayer 321 The HB | ayers 347, 349
canlaygss 3&t, 3¢% shopldbeChsposed sahstarsipily ddjacent thel drea 14FeMd2 1ste @chieve
| ayer. The HB | ayers 347, 349 could also be CoPtCr, and
coulffEciivichiasdiey of k¥ fracclager|3ay eThe B 1dyber34Y BA9ichl BO Fdr @Rample CoPt,
contenpl ates constructing the HB 5 | ayers of stil

ot had chalddndiRigRatiMo 884 ﬁaé;le@'"ﬁhe Hip ldyers 389 3494b4iA also be CoPtCr, and
conpressi ve layers 351, 353, which coul d be for exanple

Rh, coukidiAclig ' C | i
fol lowed by “‘-'?E“’%S% ’S“?’%‘S%&é‘?@e i %J,‘@ﬁ‘g“r?.ﬁtcﬂ'?’%“easgéﬁﬁt?‘é’ﬁ“gathe HB
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| ayers 251, 353. These additional conpressive |ayers
351, 353 can provide further pinning assistance for

avoi di ng, anpl itude flipping. Insulation |ayer 359, 361
are pr oa}hgggn‘é)(tf@FthPH‘@P’F&S‘Ef‘aﬁﬁb‘?rﬁ 851, dpdrwhigh eqdd pecfor pxample Rh,

sense current flows only through the MR el ement 309 as
de$7R Bejproyiled peerithp, SR loyers B 349 duthevadtt Taxappingdilaygrss3ss, 357.
conpressive material 343, 345 at the sides of the self
pi Amadditgn thimiapprogidsitely 2@ angsyroin) T'r seesidayet hmy buiptovidedginder the
field that would
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.

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
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



be required to cause undesirable anplitude flipping.
Furthernore, the inventors have found that the greater

the thickness of the conpressive |ayers 343, 345, the
greater this switching field becones. Whereas magnetic
heads are generally constructed with 20 relatively flat
bottom | eads, such a construction would not allow for

thi cker conpressive layers. ImlSuch a case, providing

thick conpressive |layers 343, 345, 351, 353, would

caug®vating reqreses pettioss 339381 tnoorfiérad prosidedbym Wgr thé crysressive layers
sides, leading to unacceptable topography for

sul3ss, cmsmsmnsmfvﬁndw sdchficiE A6REEPRY. B uildineand RisSlalidyByers 339,
i ncluded the - i nnovati ve recesses portions 339,

34341 mt@ﬂﬁ%ceﬁééd @bﬁMh@'@os" 807b1 @E shibR 309 m%fs%‘ﬁhiéﬁoﬁ ?Mﬁhﬁe
333, 335, 351, 353 without sacrificing topography.
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control |l ab 5 fashion to the extent that the

sePfeSSPIINRY: | ayer can be adequately pinned by the

added stress provided. The magnetic sensor 301 can be
formed by first depositing a magnetic |ayer, such as

Ni Fe onto a substrate (not shown). The N Fe can be

deposi t ¢le mggretiv agniset 301afan e foarowd by first depasiding@ magnetic layer, such
el ectroplating. The |layers of the MR el enment 309 can

t henNBe cleposibsteale @t Shown). The Nilleaye be dgpditédigna variety of methods
patterned with a photoresi st nask over the area that is

10t oirkhgiiripeelédneplatify. eTlRITBYrs SQRe MReleMBnt'B0P khntied bOGGFSited as full
can be used to renove MR and shield materi al

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



in a controllable manner creating the MR el enent 309

and recessed portions 305, 307. Following up with a

high angle ion mlling step nmay be desirable to renpve
redeposited 15 material fromthe sides of the sensor

309 and raised portion 304 of the shield 303.

Thereafter, the insulation layers 339, 341, first and
second conpressive layers 343,-1845  hard bias |ayers

347, 349, third and fourth conpressive |layers 351, 353,

c apheindeeleposdedbiull fBm/ ancathel pheotorekiat daa e liftyd 6 I35 fhg iddlation layers
can be deposited. 20 An alternate process for

C0B39,134¢! Foljowihg upaghatplmatisiag si3P dudhne lehélRizaldpdaaitdl PBlishing
the shield 303, then depositing a masking |ayer (such

as citIproPide ah advanRY¥&dus pliBadduiBicd ANhicE to fofn }ﬂ?ecs‘ﬁﬂ?eﬁgﬂﬁ kga.eyers.

rai sed portion 304. An ion mlling process can t

PERIAE k1S, he PGS TRIPEA bé RnloBEdTbMR deBHEH of the full film

portion 304 of the's nsulati on
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Fol | owi n wi.t h l,anari zi step.such_as chem cal . .
rro SRR Al from g Faised popioa, 04 an hichsbe MR glemeat 303 wil be bult
pl anar surface on which to formthe subsequent | ayers.
Alternatively, the photoresist |ayer could be renoved

bef ore deposition of the full film5 insulation |ayer

and a Cvwilpeeppseciatedibylthose skiléed in thelzutt thatghaprasenrimventon can be
structure and renove insulation fromthe raised

pontilized w3tha GMRenson as vell ba FMRelit MR sendot whee used &g the MR

It will be appreciated by those skilled in the art that

10 t helepests mollatinpeydrs, armed firdd@nd sdcbhd Zpdaydr! Woridd E/rovided between
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sensor as well as a TMR |If a GWR sensor were used as
t hgheRR 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 309. 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.

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
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.



10 el enment, insulating |layers, terned first and second
gap | ayer, would be provided between the M el enent
309 and the first and second shields 303, 323. Leads
woul d then be fornmed to provide sense current to each
| ateral side of the MR element 309. In that case both
t he upper conpressive |layer 351, 353 and the | ower
conpressive | ayers 343, 345 coldd double as a Iead for
provi ding sense current. 15 It can be seen that the
present invention overcones many of the difficulties of
the prior art, by providing a pinning schene for

i mproving resistance to anpliCugdgus ! ipping in a self
pi nned MR sensor. Wiile various enbodi ments have been
deswhiatheélaialegig, it shoul d be understood that they
have been presented by way of exanple only, and not 20
limtation. Thus, the breadth and scope of a preferred
enbodi nent should not be limted by any of the

abover dgscr | | ary.enbodi nents, but should be
10 LG AL S Barib

def i ned W& with the fol | owing claims
and their egujvalents.. -17 AIMS What, is_ clained is: 1
21, A nagnét first masnehy gh'elsglﬁercéﬂawag 9 ra3jsadipogtionang disstiapd second

shield | ayer having’a rai sed portion and first and
3second 3 | alasrally gPRaAsprbEssessepastionsexisading dateralby therectrony

laterally there from
4 a magnetoresistive sensor formed above said raised portion of said first

5 magnetic shield layer, said magnetoresistive sensor having an anti-parallel
6 coupled self pinned layer, and having a free magnetic layer; and

7 first and second compressive layers formed above said first and second

8 recessed portions of said shield.

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

4 assisted by a combination of magnetostriction and magnetostatic coupling

5 between said first and second ferromagnetic layers,

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

2 the assistance of exchange coupling to an antiferromagnetic material.



4 a magnetoresistive sensor formed above said raised
portion of said first 5 nagnetic shield |ayer, said
magnet or esi stive sensor having an anti-parallel 6
coupl ed self pinned | ayer, and having a free magnetic

| ayer; and 7 first and second conpressive |ayers forned
above said first and second 8 recessed portions of
said shield. 1 2. A magnetic selor as in claim1,
wherein said anti-parallel pinned |ayer includes 2
Ifirkt ardmagietinderfser asamalpitetl ivcherey said fishendgeendomeiprésviee layers
magnetostriction separated 3 by anti-parallel coupling
2 ayer, anooiprikeeCei n pi nning of said self pinned layer is
4 assisted by a conbination of magnetostriction and
magnet ostatic coupling 5 between said first and second
ferromagnetic |ayers. 1 3. A magnetic sensor as in

Iclamla l‘ﬁﬁ?feﬁb Ber3@d £ i8 €lafm RIFARE cd Iﬁinéuigﬁspélﬂr}»@éjond metallic

wi t hout he assi stance of exchan Ing t

2antiferqﬁgg ar:h

as in cl |mq§§ﬁvﬁwdgore I’??cgg_l da'}d- nd]kri?%rssé?co c r?%? glsager\?e
| ayers 2 conprise Cu. 1 5. A nagnetlc sensor as in
claim1l further conprising first and second netallic 2

| ayers fornmed .over said first and second | ayers of hard
Lt T RSl Smeorpsgh clai S SHBI S EL B secand et agers

wherein said first and second netallic |ayers 2
2conpr i s&omgrise Rh

1 7 A magnetic sensor as in claim 1 further comprising first and second hard

2 magnetic layers formed above said recessed portions of said shield, said first and

3 second hard magnetic material layers comprising CoPt, and further comprising

4 first and second CrMo seed layers.

1 8. A magnetic sensor as in claim 1 further comprising first and second hard

2 magnetic layers formed above said recessed portions of said shieid, said first and

3 second hard magnetic material layers comprising CoPtCr and further comprising

4 first and second Cr seed layers.

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

2 each have a thickness of at least 200 angstroms.



1 7. Amgnetic sensor as in claiml further conprising
first and second hard 2 magnetic | ayers fornmed above

said recessed portions of said shield, said first and

3 second hard nmagnetic material |ayers conprising CoPt

and further conprising 4 first and second CrM seed

|l ayers. 1 8. A nmagnetic sensor as in claiml further
comprising first and second hartP2 magnetic |ayers

formed above said recessed portions of said shield,

Isai . f i rAsagetic séhseLadn laima it GvHERGMSdid ArshRiddecdld domypRésSive layers
conprising CoPtCr and further conprising 4 first and
2second GhctsieRe akivgless ofht RastASUBRREbIG. Sensor as in
claim1 wherein said first and second conpressive

| ayers 2 each have a thickness of at |east 200

angstrons. _19- 10. A nagnetic sensor as in claiml
whgnrei n ,saj A onmpressi.ve |.ayers eagh
o ¢ Pkt séo i PRERT S ERY BraS it Rethe 1y Gposed
magneti ¢ _sensor..as.in claiml further conprising an

2 nsul at ?’ﬁté”ef’%%ﬁi a’&f'B?fB‘i“é(Emni‘} W?W@Bﬁa%ea “&\gf‘Fti"‘g'ﬁl"'éi | el

pi nned | ayer and said free magnetic layer. 1 12. A
magnetic sensor as in claiml further conprising an

el ectrically conductive 2 |ayer disposed between said
lantl2. padampgictip penserchslimglaim & fidthensamriséeg ansdrostdally conductive

| ayer. 1
2 layer disposed between said anti-parallel pinned layer and said free magnetic
3 layer.

1 13. A magnetic sensor as in claim 1 wherein said first and second ferromagnetic

2 layers comprise a material having a positive magnetostriction.

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

2 communication with said anti-parallel pinned layer.

1 15. A magnetic sensor as in claim 1 further comprising an electrically insulating layer

2 disposed between said shield and said anti-parallel pinned layer.

1 16. A magnetic sensor as in claim 1 wherein at least one of said ferromagnetic layers

2 of said pinned layer comprises CoFe.



1 13. A magnetic sensor as in claiml wherein said
first and second ferromagnetic 2 |layers conprise a

mat eri al having a positive magnetostriction. 1 14. A
magnetic sensor as in claiml wherein said shield |ayer
iIs in electrical 2 communication with said
anti-parallel pinned layer. 1 15. A nmagnetic sensor as
inclaim1 further conprising -&¥-electrically

insul ating layer 2 disposed between said shield and
1sail@. ant\i mggnetd bepkorpis ineldint hyhereinlsaibfirstandagididicompressive layers
sensor as in claim1l wherein at | east one of said
2f er r onapaetd thickeese obatJesf | Baigerghined | ayer conpri ses
CoFe. -20- 1 17. A magnetic sensor as in claiml
wherein said first and second conpressive |layers 2
have a thickness of at least 17 angstrons. 1 18. A
1maggeti g %511.%{?5 seSor'a iff 14 lfun{h&f é&@rgﬁgﬁpr Ising: first

Ias [ayer 0

and secon ard magnetic imed above said

first a econd . .conpressiye layers; and third.and

fourt - Dt ERERBRRERRERE: Bis VS Rimedtote el il g gecond
second hard bi as la¥ers. 1 19. A magnetic sensor as in
claim 18, wWhePHIESSWEIAYeBhtYy and fourth conpressive 2

| ayers conprise Rh. 1 20. A data storage system )
conpr i sthifg:and fourth compressive layers formed above said first and second hard bias

layers.

1 19. A magnetic sensor as in claim 18, wherein said third and fourth compressive

2 layers comprise Rh.

1 20. A data storage system, comprising:

2 a motor connected with said housing;

3 a spindle connected with said motor;

4 a magnetic disk supported upon said spindle for rotation about its own axis;

5 an actuator; and |

6 a slider supported by said actuator for pivotal motion across a surface of said disk;
7 a magnetic sensor formed on said slider, said magnetic sensor comprising:

8 a first magnetic shield layer, having a raised portion and first and second

9 laterally opposed lower portions extending laterally there from;



2 a notor connected with said housing; 3 a spindle
connected with said notor; 4 a magnetic di sk supported
upon said spindle for rotation about its own axis; 5
an actuator; and 6 a slider supported by said actuator
for pivotal notion across a surface of said disk; 7 a
magneti ¢ sensor forned on said slider, said magnetic
sensor conprising: 8 a first medmetic shield |ayer,
having a raised portion and first and second 9

101 at er al | y ;opppeedistiosnsensqrdoried adowdarndisedpdreibebBdald/first
there from -21 10 a magneresistive sensor forned

11above sai d r magedicRReld I8yer,GhidsRdgtdresistive dchsHBIRRIGI46 anti-parallel
shield | ayer, said nagetoresistive sensor having an

12anti - paral | eboupled se@PRHnEA 156! Imdoﬂa[@ﬂ'%% dﬁ%ﬁ@%ﬁgxgﬁ@ﬁ}f&?%fg

a free magnetic layer; and a first
. . . q
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laterally opposed lower portions of said shield.



