lu ff11a1a1121ait1 22222V EEEIE *159159*  MAGNETI C SPIN VALVE SENSOR
HAVI NG AN EXCHANGE STABI LI ZATI ON LAYER RECESSED FROM THE ACTI VE TRACK EDGE
BACKGROUND OF THE I NVENTION 1. Field of the Invention The snvention relates
to a magnetic spin valve sensor typically used in a rragnluﬂmmnwmlmml ve;
and, nore specifically, to a magnetic spin valve sensor 'Mé

antiparallel tab structure with an exchange stabilization | ay®ererecessed

fromthe i r 2 ri, pil ground_Art Di sk
drives usﬁ%%ﬁ%gﬁéegﬁgnggQYEiﬁaﬁgéﬁdk§§#§$ R&n#g&ﬁgﬁﬁgnSEFBF@I§6§FO§f t he
data in contenporarx conguter systens. A disk drive has at |east one
rotating disk withPAEFECRECESEBRCERPH THE, AERSVEf TRAFK. ERGEh disk drive
al so has at |east one recording head typically having a separate wite
el enent and read element for witing and reading the data on the tracks.
The recording head is constructed on a slider and the slider is attached
to a suspeCKGROUNDhOF dnEhimaENTION the recording head, slider, and
suspension is called a head ginbal assenbly. In addition, there is an
actuator which positions the recording head over the

1. Field of the Invention

The invention relates to a magnetic spin valve sensor
typically used in a magnetic disk drive; and, more
specifically, to a magnetic spin valve sensor having an
antiparallel tab structure with an exchange stabilization

layer recessed from the active track edge.

2. Description of the Background Art

Disk drives using magnetic recording of digital
information store most of the data in contemporary computer
systems. A disk drive has at least one rotating disk with
discrete concentric tracks of data. Each disk drive also
has at least one recording head typically having a gseparate
write element and read element for writing and reading the
data on the tracks. The recording head is constructed on a
slider and the slider is attached to a suspension. The
combination of the recording head, slider, and suspension
is called a head gimbal assembly. In addition, there is an

actuator which positions the recording head over the
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1 ~11~Hf 1101101J1 M111021AVIIIVIII *GO00QZ* s .~ specific track of
interest. The actuator first rotates to seek the track of interest. After
po&itionming the recording head over the track, the actuator maintains the
recording head in close registration to that track. The disk in a disk
drive has a substrate and a magnetic |layer forned over the substrate for
magnetic recording. The slider carrying the recording head has a disk

facin surfa upaon i an air bearjng is constructed. The air bearing
al | ovvg t FESS it dér pﬁrréc\rﬂ%n 6’%] %’%efeﬁ?s‘hi 8%‘@0@%”:3%&&1 TP heF PRFET orfed cl ose
the disk surface. Alternatively, the slider surface facing the disk can be
adapt ed £k pay itarcd HortitIessE cotfd@r wasi iR idiskchevagnetic spin

val ve sensors are used as the read elenent in nost contenporary disk
drives. AKegagddrioc hepich oveal diesdnsmk i $he sartdwitehr ofa dreyeeirss itried udi ng a
ferromagnetic pinned | ayer, a nonmagnetic electrically conducting |ayer,
and a feteosagiel Geledr ayese Hegigtesitsionned afhdhe . vale sensor

changes with respect to the direction and nagnitude of an applied nagnetic

field sughiasrt he dfis® drfin@mm Ve th e crRgRetdt tf 30R)dd o Ohyder
formed over the substrate for magnetic recording. The
slider carrying the recording head has a disk facing
surface upon which an air bearing is constructed. The air
bearing allows the slider to float on a cushion of air and
to be positioned close the disk surface. Alternatively,
the slider surface facing the disk can be adapted for
partial or continuous contact with the disk.

Magnetic spin valve sensors are used as the read
element in most contemporary disk drives. A magnetic spin
valve sensor is a sandwich of layers including a
ferromagnetic pinned layer, a nonmagnetic electrically
conducting layer, and a ferromagnetic free layer. The
resistance of the spin valve sensor changes with respect to
the direction and magnitude of an applied magnetic field
such as the field from a written magnetic transition on a
disk. To detect the change in resistance, sense current is
passed through the sensor.
The free layer in a magnetic spin valve sensor is

usually operated in the presence of a constant weak



di sk. To detect the change in resistance, sense current is passed through
the sensor. The free layer in a nagnetic spin valve sensor is wusually
operated in the presence of a constant weak 2 magnetic field to insure
magnetic stability and prevent spurious signals. The application of a weak
magnetic field to the sensor is sonetines referred to as magnetically

bi asi ng the sensor. One structure which may effectively be used for

magneti c biasing is, air of magnetic tabs ich are antiparallel coupled
o port | GRS e teh iy o LT e it o1 il S, (B FREL ude o

ferromagnetic biasing |ayer and an antiferromagnetic |ayer exchangg
coupl ed tSPWHEYersighRyfet i T Mgl dafifan ahias wegludragreetic i¢déti ve;
however, when the biasing |ayers are conpletely covered with the

ant i f er r gradiinet iscerisayeri s tdmane tsiemso rrdfeooned tmgretnaaietyical Iy and the
sensitivity is degraded. Thus, with conventional sensors, sensitivity
decr easediassisicahiid taerisomchi@uedt AvdRgRetwlt @pinky & ffe SEN8OI y | 5e Needed

whi ch has antiparallel coupled biasing tabs and does not sacrifice

sensi ti Vidae RNt aidpidt N9 wiahidd tis SYMARY O dited IWVENILONh i ch
are antiparallel coupled to portions of the free layer.
The antiparallel coupled tabs include a ferromagnetic
biasing layer and an antiferromagnetic layer exchange
coupled to the ferromagnetic biasing layer. This structure
is effective; however, when the biasing layers are
completely covered with the antiferromagnetic layer, the
sensor becomes magnetically stiff and the sensitivity is
degraded. Thus, with conventional sensors, sensitivity
decreases as stability is achieved.

A magnetic spin valve sensor is needed which has

antiparallel coupled biasing tabs and does not sacrifice

sensitivity when attaining stability.

SUMMARY OF THE INVENTION

A preferred embodiment of the invention provides a
magnetic spin valve sensor which has novel antiparallel
coupled biasing tabs. Each antiparallel biasing tab
includes a ferromagnetic biasging layer and an

antiferromagnetic layer exchanged coupled with the



A preferred enbodi nent of the invention provides a nagnetic spin valve
sensor whi ch has novel antiparallel coupled biasing tabs. Each
antiparallel biasing tab includes a ferromagnetic biasing |layer and an
antiferromagnetic | ayer exchanged coupled with the 3 f t ferromagnetic

bi asing layer. The antiferromagnetic layer 1is laterally recessed fromthe
ferromagnetic biasing layer. A nmagnetic spin valve sensor thus provided is
magnet i Car’EJ I st abl e and has high sensitivity. Another enbodi nent of the

i nvent i ort FrENAEEE H QiRIAHIY e TERA ng BG S HSeatagniry 1”1 MY e magnet i ¢
spin valve sensor having antiparallel coupled end tabs with a laterally

r ecessed i%maﬁee?al&mgﬁmeaschy@qm Qe rf exspraetonednicc dehesitagekaydrt he
invention will becone apparent fromthe follow ng detail ed description,

whi ch, whaemacalesnid rspcionjweicte crenddh tthes drmowiindssd dd Insdriet ecdylpway of
exanple the principles of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 ildussdlreat-em el Skidh is@isitiirid | | IA3uIRte enbd BGREH Ngr head on a

slider;

invention provides a disk drive having a read element
including a magnetic spin valve sensor having antiparallel
coupled end tabs with a laterally recessed
antiferromagnetic layer.

Other aspects and advantages of the invention will
become apparent from the following detailed description,
which, when taken in conjunction with the drawings,

illustrate by way of example the principles of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a disk drive;
Fig. 2 illustrates a recording head on a slider;

Fig. 3 illustrates the recording head on the disk

facing side of the slider; and,

Fig. 4 illustrates a spin valve sensor having a

recessed exchange stabilization layer.



Fig. 3 illustrates the recording head on the disk facing side of the
slider; and, Fig. 4 illustrates a spin valve sensor having a recessed
exehange stabilization |ayer. 4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A
magneti c spin val ve sensor according to a preferred enbodi ment of the
invention includes a free layer with antiparallel coupled end tabs each of
which has a laterally recessed antiferromagnetic |ayer. Enbodi nents of the
i nvention provide a sensor which has good nagnetic stability w thout
sacrificing sensitivity. Referring to Fig. 1, a magnetic disk drive 100 has
at |least one rotatable magnetic di sk 102 supported by a spindle 104 and
rotated by a notor (not shown). There is at |east one slider 106 with an
attached recording head 108 positioned over the disk 102 surface while
reading and witing. The recording head 108 includes a wite elenment for
witing data onto the disk 102. The recording head also includes a

magnet i ¢ CHETATLDED \DESCRISOTII G GOF drHE) INvENEIoNr esent invention (shown in
detail below) used as a read elenent for reading data fromthe disk. The

slider 106 is a afdprhed tg an SHSRARNSIA I O and-d ey SUSRENSE Ofe 41041 S

embodiment of the invention includes a free layer with
antiparallel coupled end tabs each of which has a laterally
recessed antiferromagnetic layer. Embodiments of the
invention provide a sensor which has good magnetic
stability without sacrificing sensitivity.

Referring to Fig. 1, a magnetic disk drive 100 has at
least one rotatable magnetic disk 102 suppbrted by a
spindle 104 and rotated by a motor (not shown). There is
at least one slider 106 with an attached recording head 108
positioned over the disk 102 surface while reading and
writing. The recording head 108 includes a write element
for writing data onto the disk 102. The recording head
also includes a magnetic spin valve sensor according to the
present invention (shown in detail below) used as a read
element for reading data from the disk. The slider 106 is
attached to a suspension 110 and the suspension 110 is
attached to an actuator 112. The actuator 112 is pivotally
attached 114 to the housing 116 of the disk drive 100 and

is pivoted by a voice coil motor 118. As the disk is



attached to an actuator 112. The actuator 112 is pivotally attached 114 to
the housing 116 of the disk drive 100 and 1is pivoted by a voice coil notor
118. As-the disk is 5 rotating, the actuator 112 positions the slider 106
along wth the suspension 110 along a radial arcuate path 120 over the
di sk 102 surface to access the data track of interest. Referring to Fig.
1, during operation of the disk drive 100, the notion of the rotating disk

102 relative to the slider 106 generates an air bearjng between the slider
106 and RS ISR /16D AAREE IR SRS st K0 o KE sl i der
106. This upward force is balanced by a spring force fromthe suspension
110 ur gi g tbhéhs isgepersd on didr iy surfastie lofanchatd flatin2L20
Alternatively, the slider 106 may be in either partial or continuous

cont act owetch thiee ddiskk 1002 ssurffaaee tduraarg sapertet idata Kmack dff l ustrates a
nore detailed view of a slider 200. The recording head is preferably
constructiedeelrstthe trailing surface 206 of the slider 200. Fig. 2
illustrates the upper pole 208 and the turns 210 of the coil 214 of the

wite ?lenentR%Ee&QQn@e%Q{QH@Q Hga%ufmﬁ§!5§@}é%ﬁaﬁﬂgfiehef&¥§@d bet ween

the slider 200 and the wite el ement and is
drive 100, the motion of the rotating disk 102 relative to
the slider 106 generates an air bearing between the slider
106 and the disk 102 surface which exerts an upward force
on the slider 106. This upward force is balanced by a
spring force from the suspension 110 urging the slider 106
toward the surface of the disk 102. Alternatively, the
slider 106 may be in either partial or continuous contact
with the disk 102 surface during operation.

Fig. 2 illustrates a more detailed view of a slider

200. The recording head is preferably constructed on the
trailing surface 206 of the slider 200. Fig. 2 illustrates
the upper pole 208 and the turns 210 of the coil 214 of the
write element of the recording head. The read element is
formed between the slider 200 and the write element and is
thus not illustrated in Fig. 2. The electrical connection
pads 212 which allow connection with the write element and
read element are illustrated.

Fig. 3 illustrates a recording head 300 (not

necessarily to scale) as viewed on the disk facing surface



thus not illustrated in Fig. 2. The electrical connection pads 212 which
al l ow connection with the wite elenent and read elenent are illustrated.
Fig. 3 #llustrates a recording head 300 (not necessarily to scale) as
viewed on the disk facing surface 6 of a slider 302. The recording head
300 is constructed on the slider 302 and is usually encased in an
insulating material (not shown). The read el enent sensor 308 according to

t he present invention is sandw ched pbetween _t magneti ¢ shi el ds 304, 306
to inpr 0\‘?(% ?péﬁilgﬁr B@@ol utlisn FeERF Bmg a%‘riag”\r@tl SarE i€ al so
commonly used_as one of the poles of the wite head. The wite el enent

i ncl udes theseddfgrpslle ang dmd usualilve egegses g0 [@rg. ingyligtugi at es an

enl arged view (not necessarily to scale) of the nagnetic spin valve sensor
400 r eadmackereit (acotorstiongr)t.o tThe preeske’l amergntdeorsorTidd &Sensor 400

i ncludes a pinned | ayer 402 which may be a single ferromagnetic |ayer.

Al t er nat avebydinbe tpi thed grayent4dQhvamyi e ia |sfRdElerkStddigiddre whi ch

includes two ferromagnetic |layers and an intervening |ayer, suitably of

rut heni ugoWRiagheRROMHES 130 130N, aldlo’] (P URldRE Delpsran 1t he
resolution. One of the magnetic shields 306 is also
commonly used as one of the poles of the write head. The
write element includes a second pole 312 and a write gap
310.

Fig. 4 illustrates an enlarged view (not necessarily

to scale) of the magnetic spin valve sensor 400 read
element according to the present invention. The sensor 400
includes a pinned layer 402 which may be a single
ferromagnetic layer. Alternatively, the pinned layer 402
may be a laminated structure which includes two
ferromagnetic layers and an intervening layer, suitably of
ruthenium, which promotes antiparallel coupling between the
two ferromagnetic layers. The pinned layer 402 may be
self-pinned; or alternatively, the pinned layer 402 may be
exchange coupled with an adjacent antiferromagnetic layer
(not shown). A conductive nonmagnetic layer 404, suitably
of copper, is formed over the pinned layer 402. A

ferromagnetic free layer 406 is then formed over the



two ferromagnetic |ayers. The pinned layer 402 nay be self-pinned; or
alternatively, the pinned [ayer 402 may be exchange coupled with an
adj acent antiferromagnetic layer (not shown). A conductive nonmagnetic
| ayer 404, suitably of copper, is formed over the pinned |ayer 402. A
ferromagnetic free layer 406 is then formed over the 7 conductive
nonnmagnetic | ayer 404. A |layer 408 of ruthenium is fornmed over the

roma i & fr.ee |ayer 406.. Referring to Fig. 4, the free layer 406 is
Stabi 1| gg??t“dqr#e?gtr%e"t‘? ¢a r%f‘%‘%%“t VAR 1404 2l (ol L6 408 st usReBi R zat i on
tabs 422, 424. The first antiparallel coupled bias stabilization tab 422
i ncl udes 18 HAREEA 3% Rt e R Magne tHye rf e et @ end 412 di sposed
over the ruthenium|ayer 408. The first ferronagnetic bias |ayer 410 is
antiparal | el &edsiedng te gurd.i on 4k dradeayareadayiy Hbacinss the
rutheniumlayer 408. The nmagnetization 418 in the portion 414 of the free
| ayer 406agoppdsiatld vt hd thi nsio fergigeaenatdic dbasld@ia#410 is in the
opposite direction fromthe magneti zation 416 in the first ferromgnetic

bi as | ayetasiQizHke dn ksbaRtdNarald el reounled @Wrﬁﬂl‘é ation tab 422
al so includes a first antiferromagnetic |ayer 42 Ich’i's Tormed over and

coupled bias stabilization tab 422 includes a first
ferromagnetic bias layer 410 having an end 412 disposed
over the ruthenium layer 408. The first ferromagnetic bias
layer 410 is antiparallel coupled to a portion 414 of the
free layer 406 across the ruthenium layer 408. The
magnetization 418 in the portion 414 of the free layer 406
opposite the first ferromagnetic bias layer 410 is in the
opposite direction from the magnetization 416 in the first
ferromagnetic bias layer 410. The first antiparallel
coupled bias stabilization tab 422 also includes a first
antiferromagnetic layer 420 which is formed over and
exchange coupled with the first ferromagnetic bias layer
410. The first antiferromagnetic layer 420 establishes the
direction of magnetization 416 in the first ferromagnetic
bias layer 410.

In like manner, the second antiparallel coupled bias
stabilization tab 424 includes a second ferromagnetic bias
layer 426 having an end 428 disposed over the ruthenium

layer 408. The second ferromagnetic bias layer 426 is



exchange coupled with the first ferromagnetic bias layer 410. The first
antiferromagnetic |ayer 420 establishes the direction of magnetization 416
in‘the first ferromagnetic bias layer 410. In like manner, the second
antiparall el coupled bias stabilization tab 424 includes a second _
ferromagnetic bias |ayer 426 having an end 428 di sposed over the ruthenium
| ayer 408. The second ferronmagnetic b: as Iaygg3 426 i s 8t ﬂ.ntl pﬁ]al lel I
coupled to ,a portion 430 o he free | ayer 4 acr oss e ruthenium | ayer
408'.O The ar?h“g%%ﬁ T o A% ?Cﬁm EerR pRFEiom 430 of the free layer 406
opposite the second ferromagnetic bias layer 426 is in ;he opposite

di rect i orfCHII thfe Tigretiymtlayen3208 n tHee seagmet fzatbomgaed i tnbi as

| ayer 426. The second antiparallel coupled bias stabilization tab 424 also
i ncl udes thes guordioramid est aripgnetés layer 486 shpehits f10s nBd-oyer and
exchange coupled with the second ferromagnetic bias |layer 426. The second

anti f err dagRAlddhdBieb 43d Rsfablishess {he wl rgetdon of s ponetization 432

in the second ferronmagnetic bias |layer 426. Again referring to Fig. 4, the

portions it R0 Wignd e {¢ fsh | AYLr: FAG ML EHLA e SOURlegh Wi LD Lhe,

ferromagnetic
layer 426. The second antiparallel coupled bias
stabilization tab 424 also includes a second
antiferromagnetic layer 436 which is formed over and
exchange coupled with the second ferromagnetic bias layer
426. The second antiferromagnetic layer 436 establishes
the direction of magnetization 432 in the second
ferromagnetic bias layer 426.

Again referring to Fig. 4, the portions 414, 430 of
the free layer 406 which are coupled with the ferromagnetic
bias layers 410, 426 contribute little or no signal upon
excitation from an external magnetic field. Therefore, the
distance 450 between the end 412 of the first ferromagnetic
bias layer 410 and the end 428 of the second ferromagnetic
bias layer 426 determines the physical width 450 of the
active portion 442 of the sensor 400. The physical width
450 is also referred to as the physical trackwidth. As
viewed in Fig. 4, the location of the end 412 of the

ferromagnetic bias layer 410 in the first bias tab 422

determines the rightmost active track edge, and the



bi as | ayers 410, 426 contribute little or no signal upon excitation from
an external magnetic field. Therefore, the distance 450 between the end
412 of the first ferromagnetic bias |ayer 410 and the end 428 of the
second ferronagnetic bias |layer 426 deternines the physical wdth 450 of
the active portion 442 of the sensor 400. The physical width 450 is also
referred to as the physical trackwidth. As viewed in Fig. 4, the |ocation

of the e 412. e.ferr etiLc bias layer 410.in the first bias tab
422 detgg%gne@g%H%Pr?%%t%%gggggt?tet ?agﬁr JRINGhECt RLas §6¥§F|6E6o;4the
end 428 of the ferromagnetic bias_ |layer 426 in the second bias tab 4

det er nmi nes™® the® | 2§ ¢ ?b%%§i9%b tthckeeepBingnethe r sefamest eaebignet i ¢

| ayer 420 is laterally recessed fromthe first ferromagnetic bias |ayer
410 by a t¥ha%f adeerepresented with reference nunber 440. The second
antiferromagnetic layer 436 is laterally recessed fromthe second

ferromagnet i c Thasf 1myeradRbf dyronsséeneel ayepr £seni edl néha1 efer ence
nunber 444. Since the ferromagnetic |ayers 410 and 426 are fornmed froma

soft  ferfewmenad | frdmtend af i rdher dBENRIITA 1 OMhi S | BSpeti £ 6l Y, pinned

near the ends 412, 428 which are not directly
distance represented with reference number 440. The second
antiferromagnetic layer 436 is laterally recessed from the
second ferromagnetic bias layer 426 by a distance
represented with reference number 444. Since the
ferromagnetic layers 410 and 426 are formed from a soft
ferromagnetic material, the magnetization is less rigidly
pinned near the ends 412, 428 which are not directly
exchange coupled with the antiferromagnetic layers 420,
436. Parenthetically, if the ends of the antiferromagnetic
layers were not laterally recessed from the ends of the
ferromagnetic bias layers, the active portion of the free
layer would be adversely affected by the more strongly
nearby antiparallel coupled portions of the free layer: the
sensor becomes magnetically stiff and loses sensitivity.
To prevent this loss of sensitivity, the ends of the
antiferromagnetic layers are laterally recessed from the
ends of the ferromagnetic bias layers as illustrated. For

each biasing tab the lateral recession distance 440, 444,

is preferably about 0.5 pm; and, a useful range of the

10



exchange coupled with the antiferromagnetic |ayers 420, 436.
Parenthetically, if the ends of the antiferronagnetic |ayers were not

| aterall'y recessed fromthe ends of the ferronmagnetic bias |ayers, the
active portion of the free |ayer would be adversely affected by the nore
strongly nearby antiparallel coupled portions of the free layer: the
sensor becones magnetically stiff and |oses sensitivity. To prevent this
| oss of ensitivi%y, t he ends .of the ﬁg}iferrona netic |layers are

| at er al | yA-EFELs EFFEFHAhELSEARC DR T HF TR AR gribtd dhitd aRfir s as
illustrated. For each biasing tab the |lateral recession distance 440, 444,
i s prefefaflip.ab8be Aesds 4&2d, 4&4usefigh manpgd yofsertsee kOirtzer dlo rdoessi on
distance is fromabout 0.3 mto about O0.7m The | eads 452, 454 which

suppl y sers@ceumkrenpried drdadh ] s erdd - Arieyrpefverablohesaelddalignediad t h t he
ends 412, 428 of the ferromagnetic bias |ayers 410, 426. Alternatively, the

lateral sgpanat irel s DeJiRen ayidie ands, 445 448 of the anti
ferromagnetic | ayers 420, is préferably about 0.6 mto about 1.4 m

436
e 4 18 AR SIS0 S AR AR Sl L, seneo
antiferromagneti c Lavers A2 130 it S il Aot i c layers 420, 436

is preferably about 0.6 pum to about 1.4 um wider than the

physical width 450 of the active portion 442 of the sensor

400. The lateral separation distance between the ends 446,

448 of the antiferromagnetic layers 420, 436 is the sum of

distances represented by reference numbers 444, 450, and

440.

The materials and methods used to manufacture the

magnetic spin valve sensor provided by the invention are

known to those skilled in the art. The bias layer in each

antiparallel coupled tab is formed from a soft

ferromagnetic material such as a nickel-iron alloy, or

other suitable binary or ternary alloy formed from nickel,

iron, and cobalt. Because a soft ferromagnetic material is

used for each bias layer, the magnetization in each bias

layer is not as strongly pinned for those portions of the

bias layer not in contact with the antiferromagnetic layer.

Thus, the free layer is less strongly affected by the

antiparallel coupling near the edges of the active portion

11



di stances represented by reference nunbers 444, 450, and 440. The

mat eri als and net hods used to manufacture the nmagnetic spin valve sensor
provi ded by the invention are known to those skilled in the art. The bias
| ayer in each antiparallel coupled tab is forned froma soft

ferromagnetic material such as a nickel-iron alloy, or other suitable
binary or ternary alloy formed fromnickel, 1iron, and cobalt. Because a
soft ferr netic erial i used for each bias |ayer, the nagpetization
in eachlﬁ%ﬁ?kqea ?éT%9¥ﬁE'asfg?r%ﬁ@ﬁ?rp¥%ﬂ%ﬁn?o?t?h€§e BBW?VSﬁng? t he

bi as layer not in contact with the antiferronmagnetic |layer. Thus, the free
| ayer is RS GIS AP RRRFPSLAPEY GPETPARRAL | el coupling near the
edges of the active portion 11 of the free |ayer. The sensor renains
stabl e, however the sensitivity is not appreciably degraded. 12 CLAIMS 1.
A magnetic spin valve sensor, conprising: a free layer having first and
second |l aterally disposed portions; a first bias stabilization tab
including a first

12



ferromagnetic bias layer and a first antiferromagnetic |ayer, said first
ferromagnetic bias stabilization tab being antiparallel coupled with said
first portion of said free |layer, a second bias stabilization tab having a
second ferromagnetic bias |ayer and a second antiferromagnetic |ayer,
said second ferromagnetic bias tab being antiparallel coupled with said
second portion of said free |ayer, wherein the |ateral separation between
sald flrsé second antiferronmagnetic layers is in the range of about
%ou 1.4 mgreater than the lateral separation between said

flrst and second ferromagnetic bias layers. 2. A magnetic spin valve
sensor, conprising: a pinned |ayer; a nonmagnetic conductive |ayer disposed
over said pinned layer; 13 a ferromagnetic free |ayer disposed over said
nonmagnet} ¢ lAayeagneaid fpinovayvet sentoee taypribehgg magnetically
stabilized by first and second antiparallel coupled bias stabilization
tabs; a layer @ffres hesyem dhepagedisyerasdi de&6hrf0MRIBLLL Ey

disposed portions;

a first bias stabilization tab including a first

ferromagnetic bias layer and a first antiferromagnetic

layer, said first ferromagnetic bias stabilization tab

being antiparallel coupled with said first portion of said

free layer,

a second bias stabilization tab having a second

ferromagnetic bias layer and a second antiferromagnetic

layer, said second ferromagnetic bias tab being

antiparallel coupled with said second portion of said free

layer,

wherein the lateral separation between said first and

second antiferromagnetic layers is in the range of about

0.6 um to about 1.4 pum greater than the lateral separation

between said first and second ferromagnetic bias layers.

2. A magnetic spin valve sensor, comprising:
a pinned layer;
a nonmagnetic conductive layer disposed over said

pinned layer;

13



free layer, wherein said first antiparallel coupled bias stabilization tab
includes a first ferromagnetic bias |ayer disposed over said ruthenium

| ayer and antiparallel coupled wth a portion of said free | ayer across
said ruthenium layer, and a first antiferromagnetic |ayer disposed over
said first ferromagnetic bias |layer wherein said first antiferromgnetic

| ayer is laterally recessed fromfirst said ferromagnetic bias |ayer, and
wherein said second antiparallel coupled bias stabilization tab includes a
second ferronaﬁng?FEoﬁﬁﬁgetFSyéFeﬁi§EB§€ddé§EPS§§i@Vﬁﬁtﬁéﬁﬁun1Iayer and
antiparallel coupled to a portion of said free |ayer across said

rut heni uni'Payagneahd da¥etondaadt feerpoaagatiicc frapelayeirspeded over said
second ferronmagnetic bias |ayer wherein said second antiferromagnetic

| ayer is hagrebitylipgcessbilifednbyséidsendndf seecnddasaiigat-annemagnetic
bias layer. 14 3. A magnetic spin valve sensor according to Claim 2

wher ei n* sabablédshiast st &bl DMRgPebhcehByer is laterally recessed about 0.3
gmto about 0.7 gmfromsaid first ferromagnetic bias |layer. 4. A nagnetic

spin val ve SenéoiaféfoéﬁiP@tﬁ@ngﬁﬁjalgposed over said ferromagnetic

free layer,

wherein said first antiparallel coupled bias
stabilization tab includes a first ferromagnetic bias layer
disposed over said ruthenium layer and antiparallel coupled
with a portion of said free layer across said ruthenium
layer, and a first antiferromagnetic layer disposed over
said first ferromagnetic bias layer wherein said first
antiferromagnetic layer is laterally recessed from first
said ferromagnetic bias layer, and

wherein said second antiparallel coupled bias
stabilization tab includes a second ferromagnetic bias
layer disposed over said ruthenium layer and antiparallel
coupled to a portion of said free layer across said
ruthenium layer, and a second antiferromagnetic layer
disposed over said second ferromagnetic bias layer wherein
said second antiferromagnetic layer is laterally recessed

from said end of second said ferromagnetic bias layer.

14



wherein said second antiferromagnetic layer is laterally recessed about
0.3 gmto about 0.7 gmfromsaid second ferromagnetic bias layer. 5 A

di sk drirve, conprising: a disk; a wite element for witing data onto said
disk; a read elenment for reading data fromsaid disk; including a
magneti c spin val ve sensor, wherein said nmagnetic spin valve sensor

i ncludes a pinned | ayer; a nonnmagnetic conductive |ayer disposed over said

pi nned | ayer; omagnetic free layer disposed over said nonmagnetic

| ayer, sgly'd f%ﬁ?g@'%é%%]e?i%p*?e\éai‘é?e?e %‘?ﬁgacgféﬁ‘ﬁé?gc%%gl%%‘éb?l i zed by
first and second antiparallel coupled bias stabilization tabs; 15 a |ayer
of rutheMIFRHBpREY Hlest syl Ferromgpetic layer iaybatewhdlein said
first antiparallel coupled bias stabilization tab includes a first

f er r omagredasdrdsabayero . 3ligpasediaver Gai dut WReN sHn d ayers@and
antiparallel coupled with a portion of said free |ayer across said

rut heni uMerromagnetic bias layer.

4. A magnetic spin valve sensor according to Claim 2
wherein said second antiferromagnetic layer is laterally

recessed about 0.3 pm to about 0.7 um from said second

ferromagnetic bias layer.

5. A disk drive, comprising:

a disk;

a write element for writing data onto said disk;

a read element for reading data from said disk;
including a magnetic spin valve sensor,

wherein said magnetic spin valve sensor includes

a pinned layer;

a nonmagnetic conductive layer disposed over said
pinned layer;

a ferromagnetic free layer disposed over said
nonmagnetic layer, said ferromagnetic free layer being
magnetically stabilized by first and second antiparallel

coupled bias stabilization tabs;
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|l ayer, and a first antiferromagnetic |ayer disposed over said first
ferromagnetic bias |layer wherein said first antiferromagnetic layer is
laterall'y recessed fromfirst said ferromagnetic bias |ayer, and wherein
sai d second antiparallel coupled bias stabilization tab includes a second
ferromagnetic bias |ayer disposed over said rutheniumlayer and
antiparallel coupled to a portion of said free |ayer across said

rut henium | a , e d antiferromagnetic |ayer _disposed over said
second ferro>r/r:a[gnle i C gcf]isﬁ?%f/%r%l%e‘%e?%osg i%lv%’éc%%ﬂdaﬁfFF%W?Sﬁﬁéhétlg:

| ayer iséigteralhy recessed fromsaid end of second said ferromagnetic
bi as | aydrrcegaYer,

wherein said first antiparallel coupled bias
stabilization tab includes a first ferromagnetic bias layer
disposed over said ruthenium layer and antiparallel coupled
with a portion of said free layer across said ruthenium
layer, and a first antiferromagnetic layer disposed over
said first ferromagnetic bias layer wherein said first
antiferromagnetic layer is laterally recessed from first
said ferromagnetic bias layer, and

wherein said second antiparallel coupled bias
stabilization tab includes a second ferromagnetic bias
layer disposed over said ruthenium layer and antiparallel
coupled to a portion of said free layer across said
ruthenium layer, and a second antiferromagnetic layer
disposed over said second ferromagnetic bias layer wherein
said second antiferromagnetic layer is laterally recessed

from said end of second said ferromagnetic bias layer.
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