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[0001] This application claims the benefit of priority of Singapore patent applicatio’n number
200905929-6 filed on 7 September 2009, the contents: of which is hereby incorporated by

reference in its entirety for all purposes.

Technical Field

[0002] Embodiments relate to a sensor arrangement or a magnetic recording read head, in
particular, to a differential current perpendicular to the plane (CPP) dual spin valve magnetic

recording .read head for perpendicular rhagnetic recording.

Background

[0003] Current magnetic recording read head may include two shields at both sides of the read
head. Shield fo shield spacing (SSS) of the read head shall generally be smaller than two bits
length td avoid reading flux from adjacent transitions. The minimum SSS may be determined by
total thickness of _the read head multi-layers. | | |

[0004] The read head may generally iﬁclude a seed layer, an anti-ferromagnetiq (AFM) layer,fétA
pinned layer (PL), an anti-ferromagnetic coupling (AFC) 1ayer, a reference layer (RL), a spacef -
layer (SL), a free layer (FL) and a capping layer (CL). The seed layer may be used to develop a
suitable lattice structure of read head layers and the AFM layer may be used to pin the PL
magnetization by exchange coupling between the AFM layer and the PL. The respective PL,
AFC layer and RL may form a synthetic anti-ferromagnetic (SAF) coupling structure. The SAF .

coupling structure may provide a highly stable unidirectional anisotropy when the PL may be -



[ 0004] The read head may generally include a seed | ayer, an
anti-ferromagnetic (AFM |ayer, a pinned |layer (PL), an anti-ferromagnetic
coupl i ng WwORO)1/d28488r, a reference |layer (RL), a spacer lpaysG20®loposza free

| ayer (FL) and a capping layer (CL). The seed |ayer may be used to devel op
a suitable lattice structure of read head | ayers and the AFM | ayer nmay be
used to pin the PL nmagneti zation by exchange coupling between the AFM | ayer
and the PL. The respective PL, AFC layer and RL may form a synthetic
anti-ferromagnetic (SAF) coupling structure. The SAF coupling structure nay
provi depianét By the AFM et M haktiivh dRtes 6O R EPhithendylalWBys BE antidO
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elimnating biasing.or shifting fromthe operating point of the read head.
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t hrough annealing the read head at a tenperature higher than bl ocking

t enper Rfua watenigl) may berselepteite by almost hesame g dhay et megnetsiate dield omghgPL
tenperature bel ow TB under a magnetic field. The PL nmagnetization may thus
be fi xeandghe R &|the FLanaypprquali td pespdeftiicively icbminhting bipsing carshiding frgm the
process. The pinning direction nmay be either pointed to or away froman air
bear i ngopstatingpeint ABBle read beadi Ty magnrtizatical pipning d@6Gion|of theaRL brd thak the RL
established that all these respective |ayers nmay be playing their unique
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be generally larger than 20nmin today's technol ogy, |inear density of the
read he@dy) whythd A Mniayead then redoding nhentamapaisnnef toab aerhpétbit: KEpiv Tg under a
(bits-per-inch). 100061 Differential CPP dual spin valve magnetic recording

read heasgnety flehl HecRn npizAgtatich mayaliey bofiRed paalél themodpplicd feld dirdceion by
the SSS, as the magnetic recording read head with the differential CPP dual
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bearing surface (ABS) in a single spin valve.
[0005] It may be .well established that all these respective layers may be playing their unique
roles in read head performance.' Since total thickness of these layers may be g_en&_erally larger than '
20nm in today’s technology, linear density of the read head may be limited to a maf(in:lum value
of about 2540 Kbpi (bits-per-inch).
[0006] Differential CPP dual spin valve magnetic recording read head may have been proposed

to overcome linear resolution limited by the SSS, as the magnetic recording read head with the .

differential CPP dual spin valve structure may not require any magnetic shields.



[0007] Differential CPP dual spin valve magnetic recording read head may
i nclude two spin val ves separated by a gap |ayer. To achieve a differenti al
ef fect, twe wmgnetsszati on of the reference |ayer in theptwscapionosssi ves nmay
have to be aligned in anti-parallel (AP). Sone ways may have been proposed
to achi eve the AP magnetization state of two reference |ayers. One way may
be to grow the two AFM | ayers at opposite magnetic fields. However, this
process may denonstrate difficulty in control of good pinning directions
and thus pinning field may be | ow. Another way nmay be to use different AFM
mat er i ajgoomp mﬂeraﬁﬁ/alf@wedﬁfdl%ﬁ{ Qhllve bﬁégﬁléﬂidﬂgecbﬁﬁﬂ%efeaﬂ He@$ malBchde two spin
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recordi ng read head which nay overcone or _at |east alleviate sonme of the
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arrangenment nmay be provided. The sensor arrangenent nay include a sensor
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di sposeticldvdarectioreatilpwen temperatyres/dewent Tae Tut bighernks) aHewewr, in this case, the two
anti-ferromagnetic |ayer disposed over the first pinning structure. The
sensor bleykifigtethpsratires |shoed beswelbnepasgiech sy dhay @0 iedersaenmdy dgi qaused| dugingay
i nclude a second free |ayer structure; a second pinning structure di sposed
over t heettirerainckchamge biasydirecgonsudtdiffgpntahliMdayss dihd issat imaydrertbarebo ktwer Trayer
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separ at may abvt bctoulew poschi¢vertegh pahingatabiliteg Whilesthe higher Tmndg nanisk tohdighetoond
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for deposition of the read head multi-layers.

[0008] Therefore, there is a need to provide for an alternative magnetic reader-or magnetic
recording read head which may overcome or at least ‘alleviate some of the aboVé-mentioried

problems.

Summary

[0009] In various embodiments, a sensor arrangement may be provided. The sensor arrangement |

may include a sensor including a first spin valve. The first spin valve may include a first free



[00101ln the drawings, like reference characters generally refer to the
sane parts throughout the different views. The drawi ngs are not necessarily
to scal e,wephagkfsi nstead general |y being placed upon ipllriggbi@iobésds t he
principles of various enbodinents. In the foll ow ng description, various
enbodi nents of the invention are described with reference to the follow ng
drawi ngs, in which: FIG 1 shows a schematic of a differentia
current perpendicul ar to thhe plane (CPP) dual spin valve magnetic recording
read head including two spin valves physically separated by a gap |ayer,
with pal'éngéeﬂ FucfiBg efist ﬁdnﬁ& ShRbFS d{%{)ostewcbvtaf afe fidY fke BREMGHIERES; Add 4 Gt WO

spin valves and biased by a pair of permanent nmagnets accordlng to an
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S|nulated S|gnal out of a differential P.du spi.n val ve magnetic
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an enbodi nent ; FI G 5A shows a graph of a conparjson of a
magnet oYRSIUES MAY. e j pactavithethe firy feee AavsF stmqtue and she sepond fjeq kger(sopeiyse-
according to an enbodi ment; FIG 5B shows a graph of a comparison of a
magnet oFhesfist pining strscsiream®e inshuda renaefideaurabes| ofshish faypmagnetisDaysrs ad dheli ng
to an enbodi nent;

second pinning structure may include an even number of second ferromagnetxc layers so as to

enable the sensor to provide a differential signal when a current flows through the sensor.

.
<
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Brief Descriptio_n of the Drawings

[0010] In the drawings, like reference characters generally refer to the same parts throughqut
the different views. The drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of various embodiments. In the following descriI')tion,: :
various embodiments of the invention are described with reference to the following drawings, in :
which:

FIG. 1 shows a schematic éf a differential cufrent perpendicular to the’ipiane (CPP) -
dual spin valve fnagnetic recording read head including two spin valves physically sééérated by a: :
gap layer, with parallel magnetization states of two free iayer structures in the two .spin valves
and biased by a pair of permanent magnets according to an embodiment;

FIG. 2 shows a graph showing magnetoresistance (MR)-magnetic field strength (H)
curves for two differential CPP dual spin valve magnetic recording read heads with rgspective

first further pinned layer of different thicknesses according to an embodiment;



FIG 6 shows a schematic of a differential CPP dual spin valve nmagnetic
recordi ng read head including two spin val ves physically separated by a gap

| ayer, wWiwb 2ebd2gikaral | el magnetization states of two fpegsi@yRivosss uct ures
in the two spin valves and wi thout hard biasing according to an enbodi nent;

FIG 7 show an illustration of a working principle of a differential CPP
dual spin valve magnetic recording read head for perpendicul ar recording,
showing differential effect on the transverse magnetic field for adjacent
tracks according to an enbodi nent; FIG 8 shows a schematic of a
di fferential CRIGdusl ($BDNHE ¥ ézﬁg@ﬁws&aﬁ&fm%&ﬁn%mq Fe%%f'a”fih‘éx%ﬂﬁ two
spin val ves physically separated by a gap |ayer, th antr-parallel '
magnet i i : . r 3 in. \es
and bi acrh i Bl A%e HachlR, (cEBRMHE npd HF pUbETTan LN FRBETL Y
accordi &ﬁm%%,enbodinent; and FIG 9 shows a schematic of a
differentra P dual spin valve magnetic recording read head including two

spi n val ves physi.cally separated by a | ayer, .wit.h ir of side

shi el ds accord%ﬁ%&t N %ﬁﬁ@ﬂ?ﬁgﬁPfo98ﬁ§ﬁT§¥ﬁ?gﬁ§5ﬁ%ﬁﬁ§%§6¥ﬁﬁoﬁﬁ§§ﬁ°fa
Description . [ - The follow ng detai.led a scription refers.to tg '
accoma&#ﬁ@t‘?}rg&lﬁ SPHaY2 Ehgaenay r 188 193 ﬁ’lﬁ@‘{ ?"gf"? Wﬂ‘%ﬁg@ﬁmsd’ géﬁal 'S
and enbodi nents in which the invention nmay be practiced. These enbodi ments
are deskaticHsorfdiagte pp pERediAERti | to enable those skilled in the art to
practice the invention. O her enbodinents may be utilized and structural,
| ogi cal, and elF#ét $AchPWe Ragigal ofdycompapseieolp tHAgetotsistanes Rerformanre pEa
scope of the invention. The various enbodi ments are not necessarily

mut ual | diffeseatizlsduabspinyalys (PRSI scondmestoraayenthodiraentyi F&H 5B showsrregieph abre
ot her enbodi ments to form new enbodi nents. [0012] Various enbodi ments

provi deccampagison ofd glagnatensbistanerpegioifencermfianladGdRluwapspin valve éADSY] abeadingi t h
hi gh pinning stability. The high pinning stability may be achi eved using

t he sante aAlMbodinent;al s for two spin val ves by introducing a doubl e SAF
structure in one of the two spin val ves.

FIG. 6 shows a schematic of a differential CPP dual spin valve magnetic recording
read head including two spin valves physically separated by a gap layer, with anti-parallel .
magnetization states of two free layer structures in the twb spin valves and without hard biasing :
according to an embodiment;

FIG. 7 show an illustration of a working principle of a differential CPP dual spin-
valve magnetic recording read head for perpendicular recording, showing differential effect on
the transverse magnetic field for adjacent tracks according to an embodiment;

FIG. 8 shows a schematic of a differential CPP dual spin valve magnetic recording
read head including two spin: valves physically separated by a gap layer, with- anti-parallel
magnetization states of two free layer structures in the two spin valves and biased‘i by a pair Qf _

synthetic anti-ferromagnetic biased structures according to an embodiment; and

FIG. 9 shows a schematic of a differential CPP dual spin valve magnetic recording

r

read head including two spfin valves physically separated by a gap layer, with a pair of side

shields according to an embodiment.



[0013] FIG 1 shows a schelrnatic of a differential current perpendicul ar
to the plane (CPP) dual spin valve nagnetic recording read head 100

i ncl udi ngwoworispsssval ves 104, 132 physical |y separ at ed poy/sa2g@modayer 126,
with parallel magnetization states of two free |layer structures 124, 128 in
the two spin valves 104, 132 and biased by a pair of permanent nagnets 148,
150 according to an enbodinent. [0014] In FIG 1, the differential CPP dual
spin val ve magnetic recording read head or sensor arrangenent 100 rmay

i nclude a sensor 102. [0015] The sensor 102 may include a first spin valve
104, the first spin valve 104 including a | ayered arrangenent. The first
spin valve 104 may include a first free layer structure 124; a first spacer

llayer (SL1) 122 disposed over the fipusdidddne | ayer structure 124; a first
pi nni ng structure WO 2011/028185PCT§SG£%IU7000331 106 di sposed over the
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may be made without departing from the scope of the invention. The various embodiments are |
not necessarily mutually exclusive, as some embodiments may be combined with one or more
other embodiments to form new embodiments.

[0012] Various embodiments provide an ultrahigh resolution differential CPP spin valve read
head with. high pinning stability. The hjgh pinning stability may be achieved using the same
AFM materials for two spin valves by introducing a double SAF structure in one of the two spin
valves.

[0013] FIG. 1 shows a sche}natic of a differential current perpendicular to the plane (CPP) dual
spin valve magnetic recording read head 100 ‘including two spin valves 104, 132 physically_
separated by a gap layer 126, with parallel magnetization states of two free layer structures 124,
128 in the two spin valves 104, 132 and biased by a pair of permanent magnets 148, 150
according to an embodiment. : |
[0014] In FIG. 1, the differential CPPE dual spin valve :m:agnetic recording read head or se_ns_(:)rf : .
arrangement 100 may include avsensor 102. | -

[0015] The sensor 102 may include a first spin valve 104, the first spin valve 104 including a

layered arrangement. The first spin valve 104 may include a first free layer structure 124; a first

spacer layer (SL1) 122 disposed over the first free layer structure 124; a first pinning structure . -



[0017] The sensor 102 may further include a separator structure 120
positioned between the first spin valve 104 and the second spin valve 132
such t hatwohergepssat or structure 120 may be in contact poirisic20fmoedszt st free
| ayer structure 124 and the second free | ayer structure 128. [0018] The
first pinning structure 106 may include an odd nunber of first
ferromagnetic | ayers 103 and the second pinning structure may include an
even nunber of second ferronmagnetic |ayers 105 so as to enable the sensor
102 to provide a differential signal when a current flows through the
sensor 1682dishéed Uver B first Spacéialerl B2F anRETRE sl RMBMaddddicangtrti(AEMICIA8d
anti-ferromagnetic |ayer 142 may be of the sanme material. [0020] The first

Pi NNi Ngdighdsed birehd Rt prMinkWirh&igfe 108C| ude an even number of first .
anti-ferromagnetic coupling | ayers 107, wherein each of the odd nunber of

first f rpRned ] 3i vEr i
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first f SthIcRIRY taI S%ccgn%yﬁggér }eg'%/ ééllsaﬁ :Eg@ ﬁlsﬁ(\é%a f]%rq&ﬁ? rsec%Ild ffrl £ ?atyer structure 128;

anti-ferronagnet’i'c coupri ng e second prani'ng structure

134 may_further include odd nupber .of second anti- ferro netic
coupl © 1 RUE Ponir e T et SR R o PEPARGr BRe SRCLEE GG 2nd a Second
ferromagnefic WO 2 11/2&ﬁ%ﬁg?&;/5€20 0/ 000331 | ayers 105 may Qe separ at ed
f r om anBEHiEFOBRERGIE a\FE &1 GPQEd 81T Lt OMBIYARIPR SYSYErIS* 105 by at
| east one_of the odd nunber of second anti-ferronmagnetic coupling |ayers
109. Th@%‘@c%eﬁ?‘ﬁﬂp?né‘“’é’ti{‘ﬁb?rdP‘é“ 3% SSRATALQT SEREES 120 nositignechbriwpgy the ik or
of the even nunber of second ferromagnetic |ayers 105 than the odd nunber
of secoWin ¥pive 194 apd tgysrepnd S%d’ﬁi‘ienézl wyle that thyysepprtz Zfrugtiee SHUMAYPBR of
first ferromagnetic |ayers 103 may include a first pinned |ayer (PL 1 a)
108, a gontast with the-fast fseaJarer spragtare (2d4|ang thejseoongrfseedaydr sacturgfldBence | ayer
(RL1) 116 and the even :

[0018] The first pinning structure 106 may include an odd number of first ferromagnetic layers

103 and the second pinning structure may include an even number of second ferromagnetic
layers 105 so as to enable thé sensor 102 to provide a .di.fferential signal when a current flows
through the sensor 102.

[0019] The first anti-ferromflgnetic layer 118 and the second anti-ferromagnetic layer 142 may
be of thé same material. |

[0020] The first Ajpinning structure 106 may further inciude an evén number of first anti-
ferromagnetic coupling layers 107, wherein each of the 6dd number of first ferrqmagnetic layers | :
103 may be separated from anpther of the odd number of first ferromagnetic layerS 103 by at
least one of the even number of first anti-ferromagnetié c::oupling layers 107. The_..ﬁrst pinniﬁg :
structure 106 may include at leaét one more layer of the odd number o_f f&st ferromagnetic layc:ersb
103 than the even number of first anti-ferromagnetic coupling layers 107.

[0021] The second pinning structure 134 may further include an odd number of second anti-

ferromagnetic coupling layers 109, wherein each of the even number of second ferromagnetic -



3 nunber of first anti-ferromagnetic coupling layers 107 may include a
first sub-anti-ferromagnetic coupling | ayer (AFCla) 110 and a first further
sub- anti -wernomagmnst i ¢ coupling | ayer (AFClb) 114. [ 0023 T1/Raofoioness1
sub-anti-ferromagnetic coupling |ayer 110 may be di sposed between the first
pi nned | ayer 108 and the first further pinned | ayer 112 so as to form an
anti-ferromagnetic coupling between the first pinned | ayer 108 and the
first further pinned |ayer 112 such that the first pinned | ayer 108 may be
of a different nagnetization direction fromthe first further pinned |ayer

112. ThRyékNob thay b edpatailtt 86l arfofier OMRE Sleh CnuabieP bi B oh@Y&forlddhei®layeR
di sposed between the first further pinned |ayer 112 and the first reference

layer 1165 6§ affeabtQredMhaddad Humbbe bl %ﬁ@%ﬂl.@em%hbngc&%m@%&moé IRt
further pinned |ayer 112 and the first reference layer 6 such that the

first f é&:&ﬁtﬁﬁmﬂing REdcdAY Bi4 H&? inlfHe Q?legst o%e%érlf ?‘%@p%f IRAV&L h&rﬂf)er% seco fl

direction fromthe first reference |ayer 116 The even
136 anct R |6 Bas ot pdFRh 1 e a AR réj%i)ééfﬁ%?% ea?% JOQ-RLZ)

anti - f e(o'b? i nEtddC %%P f Ay ke(xy o3 étoglgyer%/ 6%%9%: Lfe 255 rﬁt d)mned layer (PLla)

sub- ant onagne ayer e Sseco

sub- ant er etlc C | i a e di en
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anti-ferr 2011/ 028183PCI/ S 0/000 cou n tween the
Second TG Shoet gﬁ\?* ci SURBME LU O WG T o hsrt P Ragneifc
second plnped Iayer ig 8 P %Hglfferent magneti zati on direction from
t he seconglipglaypiHelkCl ylép apde first further sub-anti-ferromagnetic coupling layer (AFCI1b)

114.

[0023] The first sub-anti-ferromagnetic coupling layer 110 may be disposed between the first
pinned layer 108 and the first further pinned layer 112 so as to form an anti-ferromagnetic -
coupling between the first pinned layer 108 and the first further pinned layer 112 such that the
first pinned layer 108 may be of a different magnetization direction from the first further pinned
layer 112. The first further sub-anti-ferromagnetic coupling layer 114 may be disposed. between
the first further pinned layer 112 and the first reference layer 116 s0 as to form an anti-:
ferromagnetic coupling between the first further pinned layer 112 and the first reference layer
116 such that the first further pinned layer 112 may be of a different magnetization dir_ection:
from the first reference layer 116. |
[0024] The even number of second ferromagnetic layers 105 may include a second reference
layer (RL2) 136 and a second pinned layer (PL2) 140 and the odd number of- second anti-
ferromagnetic coupling layers 109 may include a second sub-anti-ferromagnetic layer (AFC2)
138.

[0025] The second sub-anti-ferromagnetic coupling layer 138 may be disposed between the

second reference layer 136 and the second pinned layer 140 so as to form an anti-ferromagnetic



100261 The first anti-ferromagnetic |ayer 118 may be di sposed in contact
with the first pinned |ayer 108 such that the first anti-ferronmagnetic

| ayer 1ll8womyiinmesmenfigured to fix a nagnetization direetirec2of/onéss:fir st
pi nned | ayer 108 t hrough exchange coupling between the first
anti-ferromagnetic |layer 118 and the first pinned | ayer 108. [0027] The
second anti-ferromagnetic |ayer 142 may be di sposed in contact wth the
second pinned | ayer 140 such that the second anti-ferromagnetic |ayer 142
may be configured to fix a magnetization direction of the second pinned

| ayer 14fdpliky BetgReeiehri@Rl refdict N4yeb et evarnihehecond gantbdanyer 14e shcegnat i C
| ayer 142 and the second pinned |ayer 140. 100281 The first reference | ayer

116 andsebbifa pifkccandydrakomenaR JravdifertSomambtiPRior dididdnor R thd REARE e feddricOn

directions. 70029] In an énbodinent, the first anti-ferromagnetic |ayer 118
and thﬁa?%ﬁ@@ﬂ anti-ferromagnetic layer 142 may be of the sane material and
may be of the sanme magnetization direction. Therefore, the first pinned

| ayer ?‘@g%f’]nﬂleyﬁllr%te g@%?&%gggﬂggcdlggéyﬁrs iy bgl‘gi?’s ﬁ%e%l%%n&@t LA REFR pinned

magnet on 1on change tou between the respective
first anti- ro ti.c layer .1 n he fi.rIstiopinned. | r 108 a

bot veodatdre 1B CRIRARE, e (AN ChnkAGro B b1C el TP CH, | BB 10T

| ayer 140. 100301.The first . furthe i |-ayer 112 may . ncl ude mgnetic
Y ckendRenelipion fireiion SR At pRe! LSHORR duroRib frstrte bl BT ot
pi nned Ia&gr 108 an th? %iﬂﬁ% reﬁereqfﬁﬁta r 116 so that the magnetic

t hi cknefdd-fgrompgnefigdayer {18 and the first pipned {ayes 1 106 nay be close to zero to

enhance the pinning field-(the pinning field is inversely proportional to
t he nadﬂ@%?lch}{eh‘ie&R%é%“'&"%n?tﬂcr byenih Ry ba digeqsed an fFoBipct Wigpthe second

2011/ 028185PCT/ SG2010/ 000331 . .
pinned layer 140 such that the second anti-ferromagnetic layer 142 may be configured to fix a

magnetization direction of the second pinned layer 140 through exchange coupling between the
second anﬁ-ferromagnetic layer 142 and the second pinned layer 140.

[0028] The first reference layer 116 -and the second reference layer 136 may be of different ‘_
magnetization directions.

[0029] In an embodiment, the first anti-ferromagneti:c layer 118 and the second anti-
ferromagnetic layer 142 may be of the same material and may be of the same magnetization
directioﬁ. Therefore, the first pinned layer 108 and the second pinned layer 140 may also be of |
the same magnetjzation direction due to exchange coupling between the respective first anti- .
ferromagnetic layer 118 and the first pinned layer 108 and between the sgcond antj- '
ferromagnetic layer 142 andjthe second pinned layer 140.

[0030] The first further pinned layer 112 may include a magnetic thickness substant:ially equal to.

a combined magnetic thickness 6f the first pinned léyer 168 and the first reference::léiyer 116 so
that the magnetic thickness of the total first pinning structure 106 may be close to zero t_o.
enhance the pinning field (the pinning field is inversely proportional to the magnetic thickness of

the first pinning structure 106).



[ 0031] In various enbodi nents, the nmagnetic thickness may be defined as the
product of the saturation magnetization (M) and the physical thickness (t)
of the | ayensii/ndsisan exanple, it nmay not be necessary techaceodooaspl etely
cancel l ed magnetic thickness in the respective first pinning structure 106
and second pinning structure 134. In this regard, using the first pinning
structure 106 as an exanple, a slightly larger magnetic thickness of the
respective first pinned | ayer 108 or the first further pinned | ayer 112
than the first reference layer 116 may be beneficial to reduce the nagneto

static fooskpin v&aouk enHodingdnts)ithe) ia@néic! titkiése mfbbeatfintd Rntht peoduct 8t tfer €€
| ayer structure 124. Simlarly, for the second pinning structure 134, a

sli ght | ¥anhahi & ha FRABSICONLY iaﬁd(ﬂﬁﬁﬁlgﬂf:alttﬂﬁ@klﬁe‘é'ﬁ:ﬁpgf i aRes. h\aRlexddtPle! i@yt he

second reference | ayer 136 nmay be beneficial to reduce the magnetostatic

field f C - - e c - ickne sh cti ir
Gt ruot P OTd BEREERNS INEH Boinplelohf LHIENdP haffidd hidel sy BECALLE Ty e
108, th j i fi I th

irot fioaine bt 16 of 08669 bithele ddbnr T30, 1l Bl JB8! UL AT pibdfhy "
refer en&ﬁ}cﬁa}g (21‘66 %g‘ gn%Q?rlnélP,,e a E@&gﬁdlg%re%}alg?&%r %ﬁctké%sgi% rtﬁe %eéﬁeg@?? \gllésr}]%:irl#rge the

same or erent nate o ea ere
[ d 10 he.first. furth [ 112, th [ f
Payer 116 ToR " pie GPC g papl b 2 indha bR Kimend meetd 1 i g bRag il 1 0,

the second,reference | ayer an he second free |ayer structur 28 may
ol udcodRgcR FLERETsHO TR s Garne FRLp BREBRTHHVt 100G ane ohitedirrcs v
orders, |like the first fU£th r pinned | ayer 112 may inc) ude CoFe/ CoFeB, and
the firSHcrEs drdnSimilane, 0{1‘36 PE§ONh BInGHIE BBEEBE e %0 plightive Jacasr opgagnetic
Further, the respective first pinned | ayer 108, the first further pinned

| ayer 1thicknessofthe sacopdopippechlayen Hpathan ths seeqnd referance {ayse 13Gupay bs bengficial e
124, the second pinned | ayer 140, the second reference |ayer 136 and the
second tPorreduce Meapagnetastatig field frem thg/seaprrbpinniak guectared BA grting enytée senond free
multilayer structure, for exanple, CoFe/N Fe for the first free WO

2011/ 02l8y85PoMtnSd2810/ 000331 | ayer structure 124; the second free |ayer
structure 128, CoFe/ CoFeB for the first reference |layer 116; the second

r ef er eni9832]dnen eirdodinidi 3B¢ respective &rsbputnedlayer e thedirsttfiuehar pamed layeel ¥4, r st
anti-ferromagnetic layer 118 and the second anti-ferromagnetic |ayer 142
may | ncthedestaefesmte 1dyer 1 boyalyen Btst dreoddyer stalctwe| 1241 thd sécond panrgd dayer dd0,sthet i ng
of Irivn, Ir2Wn, PtM1, FeM, for exanple. [0034] In an enbodi nent, each of

t he resqeaid wferbndeslhydrer3coamthet secordaftes taydOsnamde 18 wHLC diethdb ahe eammgnet i C

| ayers 105 may include a ferromagnetic material selected froma group

consi stdiffereaff mhfedABS iAlsi ApNexa@ph), Sachist thé Bispectivt Gy piril flay@ndo8,uhé fike fiskier

all oys for exanple. The transition netals and their alloys may include Fe,

Co, N, pifsfdelay&OTeB thNfiF® rEfkerR¥ A8k 8 18N thet i@t Bat flayapdirhisihle Hashekecdhd 0y
may incl ude CoMhAl, CoMhSi, CoMhGe, CoCrAl, FeCrSi,” Ni MhSbh, Ni2CQuSi ,

Co2CuSi pihd 18¥EH0E thel QESRI rdf@6ieOhydrN 67 RARKE LibAd fileb Ay RrhethRy TRRGPet i C
coupling layer 107 - and the second anti-ferromagnetic coupling Iayer 109 ma
al so i b [ j j ak: il
2150 . DEHEARS oGl LCRIAIRGNEI By GQUA BRI Sl ol ELEIPHET!
par ol 1 &l TREER 15 AT i At Bt o TR e C11EEY REluge
exanpl e~i4.rk 1 Lrst ofre [ Stru re 1 may: nbngl ude -
mgnet (LI T P CHPECOEER. PR, W Rl ShI Rl Rl a0k i b B o
Tayer (Hejednagh RYE e B SHsrerts JERE 076 hsohher bt ar o, (Y o Serdnd ™

| ti -] f I '
e e ok U S o PR Eon LY R 3

also include a single layer or a multilayer structure, for example, CoFe/NiFe for the first free
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[0038] In an enbodi ment, each of the respective first spacer |ayer 122 and
the second spacer |layer 130 may include an insulator, a netal or a Heusler
al | oy forwexanpl2e18sThe gap | ayer 126 WO 2011/ 028185PCTrEERCG20H0MOB381 may
i nclude a non-magnetic electrically conducting material. As a further
exanple, the gap layer 126 may include netals such as Ta, Ru, Al, C and
Heusl er alloy such as CuCrAl for exanple. [0039] In an enbodi nent, each of
the respective first free layer structure 124 and the second free | ayer
structure 128 may includeleither a single layer or a nulti-|layer of

f er r omagiet dtfuctiié €24; ahSscbrdEitERyér DcRrd128) CoFSTDFER ifetahe first kefB@hdd @fer -
netals and their alloys, half and full Heusler alloys for exanple. [0040]

As an expdihéEsebbndieferente 14y3€134.r st pinning structure 106 may include three
first ferromagnetic layers 103 (i.e. the first pinned |ayer 108, the first

furth } : i fist . fi
urther [@B?ﬁﬁ)d ah Wde:.Hel%_t, LR df fstre cﬁgf(?\:;ee ﬁﬁ?tahgﬁgxfr?rgl%gqpen@querrMS addSthe

anti-ferronagnetic coupling layers 1 e.

bant i - i . | . - ‘ ‘
Subat ! SAL5AT AR n S A yo WG o b ERRE st omp,
pi nni ng %L{)?Sﬁs‘i'sruﬁnégﬁgr | Q%E%EFIMGFCW $¢: efi{%%f%rragnetl c layers 103 and two

first aftIrereryo ouplng layers As an exanple, the first

pi nni ng ructure 10 i nclude only. o ferromagnetic | aver 103 (i.e.

P Pt AL PR pachiat GE s @Pecky? T CHOARRRES ok Y ind BF g
structure may include five first ferromagnetic |ayers 3 and four first
anti -f efeFBW&éﬂ%Ficl&y"é%&@ Ay “Pcé‘s‘/%r"sf%i’@?’.ag _ "F‘it?'éf’? S%F‘H Ergmsft PIOUP PS8 may
i nclude any suitable odd nunber of first ferromagnetic |ayers 103 and any
sui t abl & B3nsH! als ¥ their alloyghalf and, Hﬁl@ﬂqr&%e& i xgplg; dihe tagpition
wherein each of the odd nunber of first ferromagnetic |ayers 103 may be
separ at Bgtalsranchthgiotlioys mey ingledeoiry Goulb &roFss CokeBs NiFefor sxappie and thedyplfrasd 103
by at |east one of the even nunber of first anti-ferromagnetic coupling

| ayer s fudl7Hepgdggalloyshmay apelide fravingy GeMnei (FeMnGe FaGrAlndeGad, t Mdin¥y ond
ferromagnetic layers 105 (i.e. the second reference |ayer 136 and the
second Bi:6n8d Cexfrubi foneyampld one second anti-ferromagnetic coupling |ayer
109 (i.e. the second sub-anti-ferromagnetic coupling |layer 138). As a

f ur t her [0833inich, oftthe respeaived fpsnanitinfpromagurticre@upldal kager 107cinddthefsecomdsantiond
ferromagnetic | ayers 105 and one second anti-ferromagnetic coupling |ayer
109. Asfearoyagndtigrcohplingebaperpll08, mazhalso INEIUAO bil /206 F&rB8oR(FheSR2AplihH aidRikl sesond
pi nni ng structure nmay include four second ferronagnetic |ayers 105 and
three smehfat@ribl sefeeted droaga gioup consifingdg CuglRe)Cr, A@dfor Thenglecond pi nni ng
structure 134 may further include any suitable even nunber of second -

f er r ome@o84]i Thd fefise lHYer andnao )24 wiaydhdledos ehagheetiondiréc8oR Parallel or anti--
anti-ferromagnetic coupling |ayers 109, wherein each of the even nunber. of

second fR4llPIBRIRNEEdcond IyeeNayek QaubMie PES. SOPa akafplE iRMIeNA! AR' fikf flehgayRyeEN
nunber of second ferromagnetic |ayers 105 by at |east one of the odd nunber

of secofgicaRid 24 %a&qwgﬂ@ﬁi&agﬁgﬁ%kibﬂﬂirb&i(ﬁrﬁa:ﬂ@ to the second free layer structure

128 as shown by the arrows.

[0037] The separator structure 120 may include a gap layer (GL) 126. The separétbf strué:turc B
120 may include a single layer structure or a multi-layér structure for example Ruw/Ta/Ru or
Ru/Cu/Ru depending on user and design requirements.

[0038] In an embodiment, éach of the respective first spacer layer 122 and the sécénd spacer

layer 130 may include an insulator, a metal or a Heusler alloy for example. The gap layer 126

11



[0042] The sensor 102 may further include a seed | ayer 144 di sposed on the
first anti-ferromagnetic |ayer 118. In an enbodi nent, the seed | ayer 144
may i ncl e 2a1mesms sel ected from a group consi sting of pCaSGhIO®P0BI ,

Ni FeCr, , CrRu, for exanple. [0043] The sensor 102 may further include a
capping | ayer 146 di sposed on the second anti-ferromagnetic |ayer 142. In
an enbodi nent, the capping |ayer 146 nmay include any conductive nmaterials
such as Ta, Ti, Ru, Au and Cr. [0044] The sensor arrangenent 100 nay
further include a first permanent nmagnet 148 and a second pernanent magnet

150, whgfa@idtlidea ddnihhgiREE BRORRAIYEGHARE inkABatBBN. RS a Frilth 9RmME, tﬁ@gaﬁia% of
the sensor 102 and the second permanent magnet 150 may be arranged on” an

0pposi NgHEinde ikfudk BetAE SxW as YA2RE OAla@rEJ‘Ri Hb@derallSy ttdhsats cfu"c‘?ﬁi fo‘i‘)é? le.
structure 124 and the second free | ayer structure 128. [004 rP

nbod | .
:nt?-tgﬁmb gnef%@k@%ﬁ %ﬁﬂgkﬁ%f%%égggﬁg?ﬁggq%&a e ségéﬁégggﬁﬁ&%gf¥§ 132
my i nci g 1%0(%#1 giéa m%?; %ﬁ&\&eﬁqt&%p a smfgﬁ e 1hyer By et | uthi-1 l If@%'g%gtlxcn terlglé at ed

structur |rst spln aIve

on the bot and the seco al ve to
Fouever it TR & el SRR SRt tn gty pd s fiowsn 6 v BAIsHGIL Ry

val ve 1%? may .be exchanged dependi ng on user and deS|gn requi renents. WO
2011/ 02 igﬁﬁé%?SG2010/000331 [0046] The first spin valve 104 including the
doubl e synt hetic antl-ferronagnetlc coupli.ng nning structure and the
second E'ﬁf' N dsu3pecx2mple de) B4 n theefisst rPQ‘Fé“%;PE’PWé{q 30%ﬁtlty frslpdsrryee fire
coupling pinning structure nmay provide a natural solution to pinni g
directi fgﬁgmaanqtﬁéayqrt 493 §in- rthfvﬁr%umedt layige 19$ethe S furthgsipinngd | lgyer 132, the

w t hout the need of using different anti-ferromagnetic materials and

gr owi ngfishraferergerlayridd ) and tyee Brst antsfermemegndticrconplingmlgsiers 107 {(i-e the first sub-
directions. As the anti-parallel magnetization states of the first

r ef er enandi-feaypmeagnetic congling dayseddpdtheefinst &uther Isaly-enti-f@®mrgpetive cauphing aykrwi t h
the sane pinning direction of the magnetizations of the first pinned |ayer
108 andliheAsebothdr pxamdel thafist pibalg strhetusamey alude fiee fistdgmenagnetiatagers al
may be used for the first anti-ferromagnetic |ayer 118 and the second

ant i - f er@3oamiy nved ifostl ayteferrbdiagnétOdatiplibgiayees 107.hAs dauddampdey nthé dirstCpinning
anti-ferromagnetic couplinRg pinning structure may provide a simlar pinning
st r engtdiruatird h@6 may dhctudeyoiilyehd ferdhiaindtera@EQB €l.d. diretatfetdnde lageMNic)YAS a
structure through a proper selection of the magnetic thickness of each
first fgwifoRgrRimple] ti¢efirsdfidnApdirasufean thd e RHRE forfonlaaneic 1:9&s 1p9048]
Yet further, the output signal of the differential CPP dual spin valve

magnet i gdrfeeOfrd diﬂ-feﬁ@ﬂaa?ﬁbi cl;@ﬁufgﬂ){yel?ﬂ@f The G Birhi thurdfegNincRABar ed

to the conventional singl'e spin valve nmagnetic recordi ng read head but yet

retain fyShithtdbdd AaRBers¥hiSBirbRAR S 18/es P03 £1d RINHWAHIL tevénttatwetl ef first
readback "signal of the convention fead head in |ongitudinal nedia.

anti-ferromagnetic coupling layers 107, wherein each of the odd number of first ferromagnetlc

- layers 103 may be separated from another of the odd number of first ferromagnetic layers 103 byi
at least one of the even number of first anti-ferromagnetic coupling layers 107.
[0041] The»second pinning structure 134 may include two second ferromagnetic layers 105 (i.e.
the second reference layer 136 andz the second .pim_lcd layer 140) and -one :Eeeond anvti-i ’_ A
ferromagnetic coupling layer 109 (i.e. the second sub-antj;ferromagnetic coupling leyer 138). As ‘
a further example, the secgnd pinning structure 134 may include. four second ferromagnetic

layers 105 and one second anti-ferromagnetic coupling layer 109. As a yet further example, the

12



[0049] FIG 2 shows a graph 200 show ng nmagnet oresi stance (MR) -nmagnetic
field strength (H curves for two differential CPP dual spin valve magnetic
r ecor di ngwoeat/hemds 100 with respective first further pcmsedodoayess: 112 of
di fferent thicknesses according to an enbodi nent. Here MR is defined by the
maxi mum r esi stance as MR=(R-Rmax)/Rmax . [0050] One differential CPP dual
spin val ve magnetic recording read head 100 may include the first further

pi nned | ayer 112 with a thickness of about 3 nmwhile the other read head
100 may include the first further pinned |layer 112 with a thickness of

about  6sebbdB pinflp2fAubaide m&m&&%m&&@o@%mg@&ﬂhyw 1bhiafd TERE YEQHANT |

CoFe may be used for the respective first pinned | ayer 108, the first

fUr e ol fU8habAYRS cobbing 14¥8rs! 1055 Th SEGATHifhih @Yl 634thgy Firdist idlBe

| ayer structure 124, e second free layer 'structure 128, the second

refer enaﬁl? Jg?t){@rﬁ e%?r? nﬂx@lgert secoid oBiaE‘H&g: llagénfg 1 9%%9d a;[)h gl.(ljjfa%Feo&ﬁf hlyxﬁbelr of

t hi cknes e 1i1rst reference layer 116 e second reference layer
136 may_he fixed at about ‘3 n ' e first pin I r

second e SR BB el ice? 1002 whbic! ol tle K e B SeLchS
reference layer. 116 may,be nuch nore stable in a anced doubl e SAF

S uct UPEOTRRGTE PRPRKICoEr O HEPFRIER: Pl PRI ptaiieae ey BFM R S0t 46ropd

oi nned FEPEREITS R ol aBOE ISty R AIRG Ao SR RGP PRI of
the first reference layer 116 and the second reference layer 136 in FIG 2,

it may ©WPLReRYEd0% he bal anced doubl e SAF structure may provide a simlar
pi nning strength as that of the single SAF structure. Another l|ikely
advant o842t Thensensar 4R emayidupher mamdst # seed)dayeralt4bdispasad amdhee fistyaiot be
a net magnetostatic field fromthe double SAF | ayers at both the first free
| ayer sferrompgresiclayerdid. tInensapbadimentethe] sgod fayey i/%v@venqlm a e selepiedy
overcom ng an asymretry effect. It shall be noted that the double SAF

st r uct ufrem jargroupeconsistng efila) Nikd, s, NieCangrRih dorsixagple. SAF structure in the
second spin valve 132 may be exchanged, i.e., double SAF structure in the
second [943] Tel seasdr3X2amdy Sumhprendide s tcapungllayer 44 despbsedsin thpisecand| andi- 104.
[ 0053] FIGs. 3A to 3D show respective illustrations of working principles
of a difefremegidtiallaysPR42 Ukl ansgnbodiabntothergpitg tayee t46 thap gnawkkchnlyeaddidi®ef or
per pendi cul ar recordi ng according to an enbodi nent.- [0054] FIGs. 3A to 3D
may al | myvensls sich dsMaeTE RanduhadvCrhe differential CPP dual spin val ve
magneti c recording read head 100 works. FIGs. 3A and 3C show two typical

cases Wiog44 THiEsensor arrangement 100 may further include a first permanent magnet 148 and a
second permanent magnet 150, wherein the first permarieﬁt magnet 148 may be arrénge’d on one-
side of fhe sensor 102 and the second permanent magn'et‘E 150 may be afrénged on::érfl'oppo"sing' -
side of the sensor 102 so as to bias the first free layer structure 124 énd the second free layef:
structure 128.

[0045] In an embodiment, the first spin valve 104 may include a double synthetic. anti-
ferromagnetic coupling pinning structure and the second spin valve 132 may include a single
synthetic anti-ferromagnetic coupling pinning structure. As an example in FIG. l,iv;thg ﬁrst‘spin
valve 104 may be located on the bottom and the second spin valve 132 may be léc_:éted on the

top. However, the locations of the first spin valve 104 and the second spin valve 132 may be

exchanged depending on user and design requirements.
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read head 100 may be adapted to read perpendicular recording bits. It may
be known in the art WD 2011/028185PCT/ SG2010/ 000331 that the read head 100
may be cowbigureasisso read a data "1" in FIG 3A and a data/sGatioinosl G 3C.
For clarity, only cross-sections of the first free layer structure 124 and
the second free layer structure 128 in the differential CPP dual spin valve
magneti c recordi ng read head 100 nay be shown above a rel evant
perpendi cul ar nedia, where the arrows nmay indicate the magnetization
direction of each bit. [0055] FIGs. 3B and 3D show nagneti zation responses
t o nmagnpio46) Thelfds $piPValke]PEIRAHLE thed HowBREl isgnthb®d) ahti Pertdrhaphefic RBuplRBer
structure 124 and the second free |ayer structure 128 may be located in the
transit haRmeGRLERRPAAGhO bR Sk Falvd 13201 dRHgAhe Angle's$RREGL AntRle¥romaQtEeR] ~ AS
shown i% FIé.'BA, when the figgt free Iayerﬁ%?ructﬁre§?g4 and fﬁg second
free |l a . : . i . it Q. LSt
froe | auPiappHERH] Srsie R OO SR T DR o} hRARY RS Ean T FRLPRS) e

Free | ayave 04 ARy kaCqsR ARIE Tl LRt e eI Rt BBty

rotat Edmlél e\ll'lvaaifs%ng nd own 1-29 Or{lase%%% g Blia%éelalg ‘n é@‘fefr%ng}[’r\ﬁaalgig&igﬁecl{g Hfr@?tw&xggésc %lﬁ q

magnet i 2at1 ons of bot A the i T Fee layer
free layer struycture.128 r Qt at ovwar ds paral.l el ates with their

F espect e maeapieEin Ses pl e Bt EiETete B 1 arand Sapad ety Tayer

t her eby_ causi decrease in resistance. . Therefore, total resistance
change Liftimay 3% aFbigyRdttn (efamsRige %éfﬁff&]n alghe magherizatios offthe fest pinned
respectjve signal output of each of the first spin valve 104 (AV1l) and the
second $¥inl0§and dhersgoondmypyed lpyer1dQ, the same ypi-feromagreticanatenigl maydediseding
spin valve 132 may have the sanme GVR effect, AV1I=AV2, then the total output
si gnal thadrst apti-ferremagnetie layer | 18| anditie sggend angirfsrrompgnetisddyisei4% recor di ng
read head 100 may be about twi ce that in the single CPP spin valve read
head 10[9047loBstHer, g danbipagyathege anti-ferrpayagpeticsesainling pinning GEuct@E nagyprovide e he
first free layer structure 124 may be driven towards the parallel

magnet i similao pinoingf $trpnetht asothe single syethietts angi-femomagnétist eovpbing pinniineg trycttre spi n
val ve 104, while the second free layer structure 128 may be driven towards
t he antthrough a proper selection of the magnetic thickness of each first ferromagnetic layer 103 and/or

second ferromagnetic layer 105.

[0048] Yet further, the output signal of the differential CPP dual spin valve magnetic recording
read head 100 may be of a double amplitude when conipared to the @:onventionél'séingle spln -
yalve rﬁagnetic recording read head but yet retain a sinﬁlar shape and may requtijre‘: a smallerﬂ
bandwidth than the readback signal of the convention read head in longiﬁdinal media.

[0049] FIG. 2 shows a graph 200 showing magnetoresistémce (MR)-magnetic ﬁeldvstrength_ (H)
curves for two differential CPP dual spin valve magnetic recording read heads 100 ’withj
respective first further pinned layer 112 of different thicknesses according to an e;nbodiment;'
Here MR is defined by the maximum resistance as MR=(R-Rmx)/Rmx )

[0050] One differential CPP dﬁal spin. valve magnetic redording read head 100 may ihclude thé E
first further pinned layer 112 with a thickness of about 3 nm while the other read ﬁead 100 may

include the first further pinned layer 112 with a thickness of about 6 nm.
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WO 2011/ 028185PCT/ SG2010/ 000331 parallel configuration, thus increasing
resi stance of the second spin valve 132. The resistance change of the first

spi n val weoboti/pest he second spin valve 132 may conpensgigceaehossziner,
therefore, the output signal (AV) of the differential CPP dual spin valve

magneti c recording read head 100 may be substantially zero if the

resi stance response of the first spin valve 104 and the second spin val ve
132 to a magnetic field nay be the sane. [0058] FIGs. 4A to 4C show
respective illustrations of a simulated signal output of a differential CPP

dual = spjodsyEn\BisRGRfenent, €oPE tlayberuBarfop facrediRRLVERt HiRACH RTert 1VREACHRES
of data patterns according to an enbodinent. [0059] FIGs. 4A to 4C show. .

respect fi¥@ed Yinh&hlayet Tubatnedas Stdkn@UiaR $14, RNEEDS & faf &' QRIchat 19FPudual
spin valve for respective data patterns 000000, 111111 and 010101. I'n the

Secona S0 EAPLLENBLARS Pl L AEORL el A5k 1ORL 1 S8 8P g iRl Fao.

pat t e nr ORI Cliiialh GBIt Pabrch(ater 1Y 18 WORANEH ek A0S Y 46 By, Th

per pendi cu roduce a uniform rea e

t tizati i ti th i f I t 124
e R b b Bk ST b SR N ASAE S B 2821,
as their Lgigective ref erence | ayer magnetization (i.e. first reference

layer 1208 D8kcond reference layer 136) nay be opposite. The respective
resi stance change nay ancel each other and therefore no signal output my
0 (&

be foun@953dpaif: g shreferenesy laver1ld pimay pe much mosp §able; it Qalapiesd dgublput
when the read head 100 may be novi ng al ong down track direction. The right
part of SAF gruchge{whers thigkness pf tedpst thpherininned layer d hd may bgrabpytlenmytihap an
structure 124 and the second free | ayer structure 128 over the
per pendinbalapeedrangi Gvhere dickmpss of|the rst drthes pinngd dayieny 1D smaydie| abguiph ngy eBy
showi ng extrenely high | i near density. [0062] To further explore the |inear
r esol utdospaghg theswiiching fiehdsi of [thet r¢lraencs payer Vi arel thesgrend ceferendsrlayend 36 ead
head 100, FIG 4C shows the signal output fromthe differential CPP dual
spi n  in FIG. 2, it may be seen that the balanced double SAF structure may provide a similar pinning
strength as that of the single SAF structure. Another likely advantage of the balanced double
SAF structure may be that there may not be a net magnetostatic field from the double SAF layers
at both the first free layer structure 124 and the second free layer structure 128, thus likely
overcoming an asymmetry effect. It shall be noted that fhe double SAF structure in the first spin
valve 104 and the single SAF structure in the second 'sp:in valve 132 may be exéhapged, .i.e.,j.j
double SAF structure in the second spin valve 132 and single SAF structure in the first spin-
valve 104.
[0053] FIGs. 3A to 3D show respective illustrations of working principles of a differential CPP
dual spin valve magnetic recording read head 100 for perpendicular recording according to an
embodiment.
[0054] FIGs. 3A to 3D may allow one to understand how the differential CPP dual spin valve
magnetic recording read head 100 works. FIGs. 3A and 3C show two typical cases where thé

read head 100 may be adapted to read perpendicular recording bits. It may be known in the art
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WO 2011/ 028185PCT/ SG2010/ 000331 val ve magnetic recording read head 100 when
passi ng through the data pattern 010101. Wen the read head or reader 100
may be | ogatefl/Ry¥RE a transition (data "1"), the read heagsEQMomByszghow an
out put of either positive or negative, while nearly no output may be found
for no transition bits. [0063] As can be seen fromFIGs. 4A to 4C, the
signal output fromthe differential CPP dual spin valve nmagnetic recording
read head 100 nmay be quite simlar to that froma typical read head 100 in
| ongi tudi nal recording nedia. Therefore, a conventional read channel may be

used f O%’S @? {deﬁeﬁé ‘?g% hﬁk bQE’g’ntﬁgﬁ%d SRt é’@état’el”"m?ﬂ?‘tj& ﬁﬁc?Q 8£t9i“§9&ﬁ6d %\Bead

100. t he signal profi own I n

wint h§°§re A R S A T A TR e Y S Sk

be anot her ad ta enbod Jrents have over conve nal read
nead. [ UBRFE {284 R SHERREERAY Bl GRa e Earahef Kol fﬁag?’ﬁ%f WEPRY e o
CPP dual valve netic ordlng ead head 100 i.n ,.an |forn1f|eld
(s shotlirrabersa Tayd pemengibSomeiiar PheE oo 82w oy intiH Mt meeniliray

[0066] EIG. 5A shows a graph 500 of a conparison of a nagnetore5|stance
per f or ndiFeEop Pt ﬁwgbpferentlal dual spin valve (DDSV) 504 according to an
enbodi mrent and FIG 5B shows a graph 502 of a conparison of a

nmagnet ol0889lsk1&isc 3B ethr HAnOvomagnetizaiion msarnsshi e wmasvetiq Apily fomy the
accordlng to an enbodi nent. [0067] The DDSV 504 may include a doubl e SAF
coupl i neerpandisiutay media vthan éhe irsh fieg dayer stioturg d2¢ @nd dlae saeands free fayer stopture
coupling pinning structure in a second spin valve 132, the ADSV 506 may

i ncl udel28mhyy be bratgd i BAFanstigrisicogesponding ¢o data (i€t andalajai 08 arsbpegfiveline fi r st
spin val ve 104 and second’spin valve 132 and thus the RL magnetization of
t he ADIU056]6A srelovire irpBIG 3Ag | whenrthb dirst frod@a e sirhGRE1BRRGH th&2ebod 30 38yer

structure 128 may be located in the transition where the first free layer structure 124 may face an
upward ﬁeld and the second free layer structure 128 may face a downward field, the
magnetizations of the first free layer structure 124 and the second free layer structure 128 may be
rotated upward and downward, respectively. As shown in FIG. 3B, the magnetizations of both
the first free layer structure 124 and the second free layer structure 128 may rotate towards
parallel states with their respéctive first reference layérz 116 and second referené:e Elayer il36;
thereby causing a decrease in resisténce. Therefore, tbtél resistance céhar}ge and s1gnal ou.tpuf‘
(AV), may be equal to an addition of the respective signél output of each of | the first spin valve.
104 (AV1) and the second spin valve 132 (AV2). If the first spin valve 104 and th¢ second spin
valve 132 may have the same GMR effect, AVI=AV2, then the total output signal (AV), in the.
differential CPP dual spin valve magnetic recording read head 100 may be about miée that ih the
single CPP spin valve read head 100.

[0057] For a data “0”, it may be seen from FIGs 3C and 3D, the first free layer structure 124
may be driven towards the parallel magnetlzatmn conﬁguratlon thus reducing the resxstance of E

the first spin valve 104, while the second free layer structure 128 may be driven towards the anti-

16



the first spin valve 104 and the second spin valve 132. As an exanple, the
structure of the ADSV 506 may be

Tab5/ Cul OwWelbiiN2ms2/ | r vh8/ CoFe3. 5/ Ru0. 8/ CoFe3/ PCT/SG2010/000331

Cu3/ CoFe3/ Ta3/ CoFe3/ Cu3r/ CoFe3/ Ru0. 8/ CoFe3. 5//1rNMn8/ Ta5/ Ru5 and t he
structure of the DDSV 504 may be Ta5/ CulO/

Tal5/ Ni Fe2/ 1 r Mh8/ CoFe3. 5/ Ru0. 8/ CoFe3/ Ru0. 8/ CoFe3/ Cu3/

CoFe3/ Ta3/ CoFe3/ Cu3/ CoFe3/ Ru0. 8/ CoFe3.5//1r M8/ Ta5/ Ru5. The nunbers in the
respective ADSV structure 506 and DDSV structure 504 nay be the thickness

of eachpiraN@reohfgitaficiIBheY inclddQf8redidtffce DR thBVecoH® Whinomilal #A1C erneafagsceof
the DDSV 504 at a | ow magnetic freld region (dynamc range). No hard bias

St uct ureay 85 M0 b SR 1A e B PR BRI ) coBPel RS St ey,
¢ ' . . X L ;

negat | vEsG e ofblt gl VPGP MIFRARECRP dhafolt Ve BEpREERRERG Hl] .

change ge%r% ltOB nt’lzgze edéufbfs rggzﬂ} szZél 0 %ftjxee Césistavn\?g pesltxgx%ese %?%efgllstc sd)fﬁrll ﬁ%lg\jlle EQX ]axtg(ﬁﬁxﬁ

reduced om positive i ve, WO Steps transiti

This may be, due t.0 | nt er| ayer upling between the respective first free
| ayer s%lelgﬂl?:qffr”é‘@ﬁi?% !z?n‘hm?%){lf’iﬁfgfmg%f?eeﬁgﬁ%e'l ayer 116 and between the
second fr er structure 128 angd the second reference layer. 136. As the
e rngriEBLE R EATe HAROh e Hluyion SOH BT ESbe U U Giesiva 152
may be in an AP state, the ferrgnmagnetic (FM_ coupl.ing may cause the first
free | a§BF duglspin Yalve mogpetip resprdips regdl hgad, M} whepareading gﬂ wﬁ;rpweoft%aa RAfiemIsd
free layer structure 128 may switch at a positive field. Wth the proper
desi gnetfcpuling tgjapsmbogdiniengf f ect may be suppressed or eliminated. Note that
perfect cancellation nay be found when the two FL nmagnetizations may rotate
coi nci dASlFISts. 4B0et 4G shew rrespeetivectypicel simylateédnsjgnal rapitmugs &bmt the diffepantial ¢
field fromnegative to positive value. [0069] As readi ng perfornmance of the
DDSV 50@PPrdyalispinevadveutor eepentivg data pattens 080000V &1 1 1Wiant 0301 Hs imthe, simulanery be
possi ble to deposit another dual spin valve with the ADSV structure 506 to
si nmul at the résestapee thangand ¢heofirst spen velxd 1A and eGetond spindwdtive t32amsy be assumled t he
ADSV 506, two RL WD 2011/028185PCT/ SG2010/ 000331 nmagneti zati ons may be

al i gnediodie the guateal | el state; the signal output under uniformfields may be
doubl ed, which may sinulate the DDSV 504 at the magnetic transition.

| nst ead[0060]0ffalatd gatfet0ED0B0) BIG.i 408hdws thiethad) e Bé nbirhapnbed trhditidne TUENY
performance of the DDSV 504, it may be possible to align the RL

magnet i gedpdnditalar "medih ahbhe|prodicd i Rifdnhf B dti @ledread\Shealdl 01OV, i TheFtdspedtiBe t he
anplitude of the ADSV 506 may be twice as high as the GWR effect in the

DOSV: 50fiagHetibtn( diRtéisns JHRE Bred el 19RL shrddtfie 19Wdh@ Ih&IGoBRY B8 14yBY Brichtte

128 may rotate along the same direction as their respective reference"la))er magnjétitzétion.:(v.i_.c_._
first reference layer 116 and second reference layer | 136) may be opp:‘osite. The Srespeeti,ve:: "
resistance change may cancel each other and therefore no éignal output rﬂay be f_ound; : |
[0061] For data pattern 111111, FIG. 4B shows the signal output when the read head 100 may beE
moving along down track direction. The right part of FIG. 4B shows the different locations of the
first free layer structure 124 Band the second free layer structure 128 over the perpendicular media |
bits. The signal of each bit may be well separated, showing extremely hjgh linear deiflsity. o
[0062] To further explore the l‘inear résolution of thé differential CPP dual spin va;lve magnetic

recording read head 100, FIG. 4C shows the signal output from the differential CPP dual spin
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[0070] FIG 6 shows a schematic of a differential CPP dual spin valve
magneti c recordi ng read head 600 including two spin valves 104, 132

physi cal Iwosgpangised by a gap layer 126, with anti-paralpglscaR@pessszati on
states of two free layer structures 124, 128 in the two spin valves 104,
132 and w t hout hard biasing according to an enbodi ment. [0071] The
differential CPP dual spin valve magnetic recording read head 600 as shown
in FIG 6 my be simlar to that as showmn in FIG 1 with the difference
such that the magnetization directions of the first free [ayer structure

124 and valve mhiggefid récdofling a34drhesd 106 e phaSngd Yol B Uhta PAfta! ®l0101 Whéa 6
but may be parallel in FIG 1. Further the flrst free layer structure 124

and t he teeradtedd Serehd@reD0ThASE Ikfed & d ﬁaﬂtféﬂ HatT®Y P eheS¥hLEAAl 100 Rhpsed
by the pair of permanent magnets 148, 150 while the first free [ayer

st ruct UgBow2th &sutt e 810
exter naISI y bi asegmbut elgge?%gllngi?g de?%%2%Flgq{El Cf éz&tﬂﬁ lﬁgfgegf)%gyor Iﬁ%
pai r of jpecman magnets 148, 150 previously used in the read head 100 in

FIG 1 for stabilizing the first free layer structure 124 and the second
f I d t
IR RO A e RO W i P

structure 124 and the sec r st uct re 1 the first fr yer
struct urg" Vfﬁve RIS & reco r?arde}ieapa@grmg ?18? émft 8“?7&57“ lgré’m a typical Gead”
antifer eticall Ie to forman. AP confi tio n addition, the
r espect 51932'1&%& 1?%%‘"%1“@8 recouAipe mefiae dhisrefore £ onve ’é’nf‘ rre Cl%*’ﬁ‘i“ﬁl ay be ugd
spin vaI ve I red Sé,l}l%é@agre 104 and the second free

2011/ 028 Tabiah §H‘nlvé£?’§ﬂna§f‘?%ﬁe&?réln£285‘ql}?aflﬂgosecond spin val ve
or spin vaI ve layered structure 132 may forma fl ux-cl osed self-biasing

st r uct ufi064irfanayng knowm thaigh %ﬁ%’éﬂ@f?ﬁ%éﬁ%ﬁ RIfs. 44 fos4C mag be leaserrto pracgsst ur e
124 and the second free layer structure 128 may be tuned by changi ng the
mat er i aRnhARYtI§QUiFh Jesk hardyvidth inheompapsomyith thow framehe tyni¢ahasad béadt 9 igap

| ayer 126 rr&y be determ ned by linear resolution roughly according to: 1
bit | enpemendignjarr mgdid. Thiscrards aothee sdeantigeethi i pretented eambaaljreents thavic buere
124 and second free layer ,structure 128 and half of the thickness of the
gap | ayeenvep@onaieadheéaskt i vel y adj ust the AFM coupling through the gap |ayer
126, the preferred thickness of the gap |ayer 126 may be from about 0. 7nm
to abou[OOBGhIn pTdetcyirtefnas, rreggneairesistaice (MR) bfiehgdjffdrentiat CIP¥6 dualyspie valve Cu
or Ta and Cr for exanple. [0073] In order to tune sensitivity of the read
head 10Magtétie rédelling vgdi legd bed weanurtifoemrfeides shoven fri FISL. 41A) ekall By/&Y small as
structure 124 and the second free |ayer structure 128 nust be controlled. A
met hod paessibbeninracdyntfés rfdd. coupl i ng between the first free | ayer: structure
124 and the second free |ayer structure 128 -may be to use a nultilayer

st ruct ufoBG6PFIC. A giadvd 2)e4ph1500. of T Corfifd¥ls6R P lal rﬂ%ﬂeﬂ)ré&lsﬁﬁﬁg p@ﬁ@gnalagg F@y be
mai nl y conposed of magnetostatic coupling (AFM, orange peel coupling: '

(f err onggfeedntisl duaMpif OMPE (IO VREGH £66FIMINS a6 QHNobEENt MRS sSBLEHS Qé{%@h( can
be both AFM and FM coupling, depending on interlayer thickness) noot h

read hegsh by @&ﬁ?aﬁshﬂ of ! iRt or Ak tdric P %Extf&‘?nﬂf;@ﬂgﬁn RER dabi ﬁgﬁ vgﬁx

uni npor t ant . he size of the read head 100 decreases, magn tost tic

coupl i nﬂ)d‘ﬁ%}éox‘di}@'t‘é%ﬁ%mb e?xt exchange coupling may be dependent on the
interlayer nateri al I ckness. Ru may be the best known material for

f:?,lﬁpl l” oS RBhs %Pﬁé’ 5.‘%“2%@%‘%%%? o SN PRI ERBIARRR o T g e
Depend: 100 B0 rﬁ‘i*‘l’f—’té“%%&coaﬁlmega% R Y ﬁsew‘r’r{*frlpagévrq%tﬁsafi\”mmay

material s

suc [Ta),. the AFM cou th be tuned.
V\D > 011‘P6]é‘gi§§ d-,sg:%o%f (?‘(96 pinning structure m eac fS tile lrgt spin leve 104 ang
second spin valve 132 and thus the RL magnetization of the ADSV 506 may be parallel for both
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[ 0074] Another method to control the AFM coupling between the first free

| ayer structure 124 and the second free |ayer structure 128 nay be to use
mul til ayewooruesisse for the respective first free | ayercstiscaetomwoessi24 and
the second free layer structure 128, e.g., CoFe/N Fe. As the AFM coupling
strength may be dependent on the interface between the AFM | ayer and the
ferromagnetic |ayer, the desired AFM coupling strength may be obtai ned
using different free layer structure materials. For exanple, when Ru may be
used for the gap layer 126, the AFM coupling between the first free |ayer
st ruct uthe fird4pandlid4smdandsceombspimy#ive $37. WatanleRarhglR, e ¥tri@uweiofthe ADSWL | y
reduced using a structure of CoFe/ N Fe/ Ru/ Ni Fe/ CoFe where CoFe/ Ni Fe may be

respect 50y Bé Tal5/@n10/ra1 $/Nisd2/IkNB8/CoR¥ £ 5/RuLISACIRME 124 and the second free
| ayer structure 128, instead of CoFe/ Ru/ CoFe. [0075] Finally, the AFM

coupl | NguDRlLRESTa3/08FEI/CaYCoRETRLEERTOFSE SHEMAREr5 A ARAd LhE SRRARE Jf 88
| ayer structure 128 may al so be controlled through biasing the first free

| ayer s ' RaPs/
ot par el arEl SRICLIG RERAIEY ERRSIGUES TR0 SRS OFRIoNY e
to the ' ; ] Gatd e f . read
ead 600 Hay T BLCSREREEORSRD Bckres g A7 e B8 SRR E e B,
free la tructu 12 he second fre ayer structure .128 form a

f1 ux-cl %)(g)resys LT é@e?mflﬁgggesg Ctﬁreeaﬁﬁéﬁ@’ ?F’eﬂ?’e E%%%‘r?%s T e?‘gh fé?' FBP BAHF S+ ovi de
di ffereptial fect on the field from adj.a tracks,. thus increasin B
rack. cmER FIRL S fnal Gy esiseinss e of 1 HSY, S0 Ipwihsael, BGR geion
wor ki ng, princi pl e_qf ifferential CPP dual in val ve magneti.c cardi ng
read ho@imumiégn %-@ﬁﬁg%&l?%m% BRI i Sikcrerhend 9 43 sprdsamat e Tree
recordi ng read head 6Q§£ for perpendi cul ar recording, showng differential
ef fect B¥erACHFesnLde t comin §a deralick todhe magpetizationeelific fespeqiye aelerspes iye®o an
enbodi nent. WO 2011/ 028185PCT/ SG2010/ 000331 [0078] . To avoi d reading .
magnet i EL6 i18pdWhep thomagnetis fidd may bg incrragqdnfiem negativeempsigpartq the Hositive
free layer structure 124 (with thickness of t1), the second free |ayer

st r uct umaxipeg, (thgre mayhpleose be nefresistynceghangehdueytepthe apderentied efigrt Wheni bkness
of tg), may be around two bit |engths, depending on the head-nedia spacing.
For a cangnetip ficldsmhybe aeduced fmomypdsiiviede megative, vl stepts afitraasition may betfeurnks

| arge as possible so as to increase the sensor stability. In practical

appl i cathismaytbe duediot4d meylayemgeplingbetwbenu thel mspetuveafist fred Gayex stRmture 424 t
may be better to have a val ue as small as possi ble so as to increase the

r esol utandnthe Hesveaference layerall 6heand ébetvoceh ehalgicendriree bhybasmdtuon 12&hand the second
consideration of the interlayer coupling between two FLs 124, 128. Bit

| engt h mdyreree 1siet i186dAbYhd RL rhabnatizhtiods b theefrst §fin Vhlee 104 ahd tid sdsoed spinf
the differential CPP dual spin valve read head (e.g. the magnetic recording
read headvel(¥2 sy bt AFRYRSLate; theefefroiafiibtic ¢BNI) REGslinG ARy cabiSe the fir§tdredNnsyet g -
may be as small as about 1 nm a bit length as small as about 1.5nm may be
achi evegrciid ¢y Bwifchldt @Sﬁ?&tﬁre’fﬁkl&, WHIRGRE sétonsd kY 186r difuchRé 159 Riay switch
(bits-per-inch). [0079] To further illustrate the differenti al ef?ect-on

the magnef ipsifibe!mdid." watht e AdhECagrel ARKS bidsl Ghis TefRBOWRyabd SERAESES BF the
FL magnetization to the longitudinal field fromthe adjacént tracks when

th ol i NGt | qﬁghxkp ' g@ﬁgyﬁ i ¢
rego;gﬁﬂg r%g%ﬁﬁggéh%ggg nggﬁ%%ﬁ?ggggﬁgkggﬁgfgﬂgg" |cﬁL%%1 %%? uce E&F

¢ el . . ) > e ¢

st ruct apay yfkEnd b SGRE DR FuBhhECHbA orkly BBice bF I REGIAEYA from,
bit 2, res ectiveh¥évqhe |l ongitudinal field effect on the respective first

free'ld?@?‘g?ngPure 0% magneti zati on and second free | ayer structure 128

ti i . b h . The | itudinal field may .
r v, 1B R FRding@erRRatee B e SRSV Y Feihs cofiardl iy eFa Pitest lefetvitBy e,
116, duci resist f the fi [ al 104, i t he - df
Fayer SPBERN My b AsSHE o PRt PoEr Bl b ba a BF ALSY e gt | o
reference | ayer 136, increasing resistance of the second spin valve 132.
The t otsiPulgis thePedprgannre phihegeadbead 19danadal trpeitiop In the ADSV 506, two RL
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WD 2011/ 028185PCT/ SG2010/ 000331 the differential effect. Therefore, the

di stance between the two tracks nmay be reduced to increase track density.

[ 0080] Flvo 2811939145 a schematic of a differential CPP dpgl/seRifecdeEsye
magneti c recording read head 800 including two spin valves 104, 132
physically separated by a gap layer 126, wth anti-parallel magnetization
states of two free layer structures 124, 128 in the two spin val ves 104,
132 and biased by a pair of synthetic anti-ferronagnetic biased structures
152 according to an enbodiment. [0081] The differential CPP dual spin valve
magnet i §agRtiehthing Gndyestalipaad aB)Pardlel SROWIhd ﬁﬁﬂl Gutp8t fRMer uRgdMIRelds %ﬁg%@r

102 simlar to that as shown in FIG 6. Further, the differential CPP dual

spi N vahysiRRUREh fay S§mAlA g DES 5b@agth§%gaai§mmohmnae@ oﬁomn@ﬁelagizde

nore selections to bias the FLs 124, 128 of the two spin val ves 104,

0082] 4: : | ] : 012 fal: f
bi asi ngerroes i g B At Ys Rtk RUURBHBmHE DEe 0G0 SORIPHAY AR iR
I 2 : . :

yer Skt HERUE 2 haNdial6 S5O0 A LRVGiTh HIE UAS 2 JERRG 88 he

pair of "bi ures e a synt a erromagne

(SAF) structure i be l.ti-] rstr re.  Each ‘ SAF
Strute orBtTbgE 8, RS T30 Baed ks iR i SBbFfeey TS B0V oty A ow

pi nni ng ructure . (inc]udin i nned .l ayer, (BL 1) 154, an

anti -f eﬁé@?’rﬁ" Eet‘?rﬂ)g & V?rrf@"q CEX?gfna(yiE(‘f‘Y‘é‘{féir) 156, and a further pinned

| ayer (BL2) 158), a cappjng |ayer (CL) 160 disposed on the furthes pinned
| ayer 1@8731311?!%&%@% rarsa#a'gm fa qhéfi;@rm%l dua spigti apsTBeEnGHe Fesardingirad

| ayer 154 and.a _seed |ayer 164 disposed on_ the anti-ferronmagnetic |ayer
162. Eaka3d §P0 incduding, eqisninyalves) EOf, 442 rhysacaly sennszted, by A€ap layge f 26, 36 thapgi-
include ferromagnetic materials such as CoFe, N Fe, Co, CoFeB or Heusl er

al | oys Basglleb magpstizatiothgatgnef todieed ayey seugtercs &b 128 ép thgywe snisaalygy 10hdBade
Ru, G or any conbination of nmetal nultilayers. The magnetic thickness
(M. t) ad wiwuphard bihsingyaeeording te ariembedimgnt her pi nned | ayer 158 may need to
be larger than that of the respective first free |ayer WO

2011/ 02|903BH PO dffeeaGd (IRP3@R] spinyelve meagh@tic wnetdinggcakhrad $00 re ehdvayarFIG.
structure 128, to provide a strong biasing field to the first free | ayer
st ruct us enay bk simdlar tdéhas as chavi ire #1G ay eviths theutifferencel A8h th&0B8]maghnetiZAkivh
coupling may al so be provided by magnetostati c and exchange

Ruder maditectiomel of K iisa fréohyetastraBtu kY anduld sengndafreeslagha \stra@ulech28lmayBecantiFM
coupling strength between the first free layer structure 124 and the second
free | gagdlles id BIG. 6t Iy begpardie] fiFIChar Flutdite thdfirschen@y&rstiubRrdrBdedridahe  of
the respective first free layer structure 124 and second free | ayer

Struct WeGont2fee faydr striBidrt HI28YiRIFIGUAhmap beRkemillyeiard byohe/paiFsiberhbtengap

| ayer 126 may include any netals such as Ru, Cr, Ta or Cu, which may -
provi demagheAFM8C 25 whilg (RAANERE: fah& stubdte [240mdl (BY Sdcord FUE IdEEsthiturands t he
second free layer structure 128. - . L o S

in FIG. 6 may not be externally biased but self-biased.

[0072] In FIG. 6, the hard bias or the pair of permanent niagnets 148, 150 previousiy ﬁsed iﬁ the |
read head 100 in FIG. 1 for stabilizing the first free layer structure 124 and the second free layer
structure 128 may be removed. Instead as shown in FIG. 6, in order to :st'abilize' the
magnetization directions of the first free layer structure 1.24 and the second free Iayer structure
128, the first fr_ee.layer structure 124 and the second 'freeb layer structufe 128 rﬁay be Ant_i-
ferromagnetically coupled to form an AP configuration. In addition, the respective AP first free

layer structure 124 in the first spin valve or spin valve layered structure 104 and the second free ‘



[0084] FIG 9 shows a schematic of a differential CPP dual spin valve
magneti c recordi ng read head 900 including two spin valves 104, 132

physi cal lyosgpangised by a gap layer 126, with a pair of pgirfle26faj08dsds 166,
168 according to an enbodinment. 7 [0085] The differential CPP dual spin
val ve magnetic recording read head 900 as shown in FIG 9 may include a
sensor 102 simlar to that as showmn in FIG 6. [0086] In FIG 9, a first
magneti c shield 166 and a second nagnetic shield 168 nmay be di sposed at
each respective side of the sensor 102. The first magnetic shield 166 and

the secgpd ARGARE 5B i%hh@&élo&@%ﬂ%lv% of é’;ﬁn aivt el sHh LR 0 mAPRRGT fuxd.| UX

fromthe” adj acent, thus reducing the SI de readi'ng and increasi'ng the track

d t Q % ﬁ,ll;n gll o!
fregfr: t%eosgnsggf%bl{w ﬁ{cm% P@%{Afﬁéu gts{f ah ﬁ%ggeeg%%dla a}% I C Sgl el d
168 may, he. SPRAr abath beom epetrﬁcgalr%%slnq fﬁgﬂ P Il R d 2 i0g 801 @

respect I ve e ect etween and

the sengor 102 nd b net| Id 168 ,and .th nsor
102. 0%5%1‘ Lo Rhe P, %erelggpgﬁ? ?Sr %?' 2§ i% %‘ﬁ”ﬁ @ cond
magnetlc hield 168 may .inclu t ferro etlc ayer .sel ected froma
gr oup ERRpen FoyeRy af émgeapg?mﬁlﬁ = 5rase eéeireﬂgp@rf IEE3t9% 09X560331
exanpl e. Each of the respective first insulator 170 and the second '

i nsul atSrctre 12hgnd srepriifres Ryesstpstuee | €t andhalt ofths tyslaiess ofohe isar faxgr bio-

SiOx, ALOx, MO Ti Ox, for exanple
To effectively adjust the AFM coupling through the gap layer 126, the preferred thickness of the

gap layer 126 may be from about 0.7nm to about 20nm. The preferred materials for the gap layer
126 may be Ru, Cu or Ta and Cr for example. |
[0073] In order to tune sensitivity of the read head 100, the AFM coupling between the
respective first free layer structure 124 énd the second free layer structure 128 must be controlled.
A method to control the AFM coupling between the first free layer structure 124 and the second
free layer structure 128 may be to use a multilayer structure for the gap layer 126. The AFM
coupling in a read head 100 may be mainly composed of magnetostatic coupling (AFM), orange
peel coupling (ferromagnetic (FM) coupling) and exchange coupling through interlayer (can be
both AFM and FM coupling, depending on interlayer thielqless). For smooth read. head layers,‘ .
the FM coupling from the orange peel effect may be u%lifnpcﬂant. As thebsize of t:he; read héad :
100 decreases, the magnetostatic coupling may increaee, while exchange coup!ihg may -be .
“dependent on the interlayer méterials and thickness. Ru may be the best kﬁown méteﬁal for the:
interlayer (i.e. the gap layer 126) to provide a strong AFM or FM coupling, depending its.
thickness. To further tune the AFM coupling, a multilayer structm_'e:which may include Rw/Cu or
Ru/Ta may be used. Depending on thickness of each‘ layer in the multilayer s‘t.ructure and

materials (such as Ru/Cu, Ru/Ta), the AFM coupling strength may be tuned.
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[0089] In addition, in FIG 9, the anti-parallel arrangenent of the first
free |l ayer structure 124 and the second free |ayer structure 128 nay be
formed bywenoankstser ronmagneti c i nterlayer coupling andpeT/segan®ioossti atic
coupling. As a result, thel first free layer structure 124 and the second
free |l ayer structure 128 may be biased by each other, formng a flux close
structure. This nmay be different froma conventional reader structure where
t he sensor 102 may be biased by the hard bias. As there nmay not be space
for the side shield in the conventional reader structure, there may be a

rel ati vajoyspARstheNtnetod 1B BATANBOATM cOPIAYIRERRN the Bk Free Rer strGirePizuch
may be much |arger than the track wi dth of 'the sensor 102 to reduce the

interfe j A=Y\ [ ic
A e R R
sensor Lher ' Lan.sLgRkflgca £ 0090} 1

gonr al 0% layEPURuckliE 197 bR (R0 B85 ol Wik A0, 57 GobyNIES K0k AFM
magneti ¢ _recording,read head 10 600,, 80Q, 900, as sh o FLGs. 1 , 8
and o, {RUefiES SenELRRT, REMephlar B mse praR bV eR AT ARME IR hpafe,
103 (thg first pinned |ayer 10 the first further pinned | ayer. 112 and the
first 1 Eromasnel BYE oeuied Aing' Piplag SionelfpoCie Rorine o ditem e, o
spin val ve 104 and two, second ferromagpetic |ayers. 105 (the second pinned
oyer | e el gl PR oY Raer Myl et Lhiethe &b < 1o g AFM
structure 134 of the second spin valve 132. However, it may be noted that"
the sentplingbetiysen the fustdreeJayps singgterg 126 andhthe sgepnd dics hayen strtséire 428 may be
ferromagnetic |layers 103 in the first pinning structure 106 of the first

spi n vahgaifigaily(isduqsd tusing & piryeturg|of SoFsAHFeRWNTe/CofF e ardheran GabeNiks mgedend
ferromagnetic |ayers 105 in the second pinning structure 134 of the second
spi n valesrectively (uged apheshish figallayey strycterer @i ragidythe serond feag laysd dyrupiure 28, of
the first anti-ferromagnetic coupling (AFC) layers 107 may be used for the
first pinstaadef GelieRw/GpEe.106 in WO 2011/ 028185PCT/ SG2010/ 000331 the first
spin valve 104 and the odd (even). nunber of second anti-ferronmagnetic

coupl i n@ovslyEinally] Gig: ABYI bmiplisg tetrgen thedirseftenklyqi somctage EX4r anclt the secbdd fiea t he
second spin valve 132. [0091] It should also be noted in FIGs. 1, 6, 8 and
9 that ke saatturep28unke lalsodwgrehirclleiohfaugh ibidsingrtie Gfst filee layes pewdtur¢ d 28 iandt
reference layer 116 and the second reference | ayer 136 may be realized

usi ng tdhe s&cane firaldyef @rucar@yP®in 4 antitpardlial eristitdtion ak giowal inrdither F1IGe b @r FIG.
Further, it may be noted that the magnetic thickness of the first pinning
structuge 106 or the second pinning structure 134 regardl ess of whether it
may  be used for the first spin valve 104 or the second spin valve 132

shoul d [9076)8DuctOHE abfné 6P hhd HE INEME. 8, tHeUHabidafibh PebckistdfGhne kHAY%hd VOo ! €
the invention has been particularly shown and described with reference to

speci fig.¢ PRt R Ssimpler SBRPhdd RS HAPIEERE. OO A shke HRP SR et Et‘?\ﬂ:tﬁr@ 154 %ﬁ@r t

that vari‘ous changes in formand detail nmay be nmade therein wthout

q i o e . e he

appondel” S ST S TP L@ NI THARE i AOISY SRURRK) 80 8 G0 LI el tific
g | a , G2 v pean a6 of

cqui val Sne APl ARRARSE AL AR TR B e TRl B g0 ©

2011/0%%%%%R%;%§G2%10/000331

cantly.
[0077] FIG. 7 show an illustration of a working principle of a differential CPP duél spin valveng
magnetic recording read head (e.g. the magnetic recqrding read head 100 or the magnetic
recording read head 600) for perpendicular recording, showing differential effect on the.

transverse magnetic field for adjacent tracks according to an embodiment.
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Clainms 1. A sensor arrangenment, conprising a sensor, conprising: a first
spin valve, conprising : a first free |ayer structure; a first pinning
struct ur ewdizspagenssover the first free layer structure; pemgcaofoioness:
anti-ferromagnetic | ayer disposed over the first pinning structure; a
second spin valve, ponprising : a second free |layer structure; a second
pi nni ng structure di sposed over the second free | ayer structure; and a
Sﬁgond anti-ferromagnetic |ayer disposed over the second pinning structure;
° [0078] To avoid reading magnetic field from other bits, total thickness of the respective first free -
layer structure 124 (with thickness of t;), the sécond free layer structure 128 (with thickness of
t2), and the gap layer 126 (with thickness of t;), may be _aréund two bit lengths, depending on the_
head-media spacing. For a certain resolution, it may be bétter to select t; and t; to iae :aé large as .
possible so as to increase the sensor stability. In practicai application, t; and t; méy range from:
about Inm to about 10nm. For tg, it may be better to have a value as small as possible so as fo
increase the resolution. However, it may have to be determined based on the consideration of the
interlayer coupling between two FLs 124, 128. Bit length may be defined by t;, t; and t, instead
of the total thickness of the differential CPP dual spin valve read head '(e.g. the magnetic .
recording read head 100 or the magnetic recording read head 600). As t;, t; and t, may be as
small as 'about Inm, a bit length as- small as aBout 1.5nm may be achieved, which may
correspond to a linear density of 16,864 Kbpi (bits-per-inch).
[0079] To further illustrate the differential effect on the magnetic field from the adjacent tracks,
FIG. 7 shows a response of the FL magnetization to the longitudinal field from the adjacent
tracks when the read head (e.g. the magnetic recording read head 100 or the magnetic recording
read heéd 600) may be reading a data “1” which may produce transverse fields w1th opposite.
directions at the ﬁrét free layer‘structure 124 and the sec::Ohd free layer $ﬁu§mre 128 Efr:om theblt :
1 and bit 2, respectively. The longitudinal field effect dn Ethe respective ﬁfst free layer strucfﬁréi
124 magnetization and second free layer structure 128 magnetization may be as shbwn by ‘dash'
arrows. The longitudinal ﬁé:ld may drive the first free layer structure 124 towards the first.
reference layer 116, reducing resistance of the first spin valve 104, while the second free layer

structure 128 may be driven towards anti-parallel to the second reference layer 136, increasing

resistance of the second spin valve 132. The total output signal may be kept unchanged due to .
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a separator structure positioned between the first spin valve and the
second spin val ve such that the separator structure is in contact wth the

first fregohamansisructure and the second free |ayer st pgisdheroodsgiei n the
first pinning structure conprises an odd nunber of first ferromagnetic

| ayers and the second pinning structure conprises an even nunber of second
ferromagnetic | ayers so as to enable the sensor to provide a differenti al
signal when a current flows through the sensor. 2. The sensor arrangenent
of claim1, wherein the first anti-ferronagnetic |ayer and the second

ant i - f efifeiBEYRAtial Cficdty TherdfoRe, the 4iB@NGHBWERIBE il tracks mAYeIEMRLA to increase
arrangenent of claim1 or 2, wherein the first pinning Structure further

conpri sggciflenSifen nunber of first anti-ferronagnetic coupling |ayers,
wherein each of” the odd nunber of first ferromagnetic |ayers is separated

from anﬁ]deﬁﬁL\P/‘gfrif %%@?gscﬁgﬁﬁé of L difkerrflftiaf epp ?r} {lglvé ﬁé%&icq}éco@&ingiég&rhe

one of (0} rst anti - erromagnetrc coup ayers.

cenor  BRkAS IRty 0% R b AR, G

| ayers E)Qrgﬂeltrrrl]z?gngt\{%%orq légi?e% of ?\{'o tr‘riecg atyerasrt]rtuict_ufreesrlrﬁ,nﬁ%nlgttlilect\xpooslil)ﬁl $a’f95s'1"iﬁ¥f’ {3
and biased by a pair of synthetic anti-ferromagnetic biased structures 152 according to an
embodiment.
[0081] The differeﬁtial CPP dual spin valve magnetic recording read head 800 as shown in FIG.
8 may include a sensor 102 similar to-that as shown in FIG. 6. Further, thedifferential CPP dual
spin valve rﬁagnetic recording read head 800 as shown in FIG. 8 may provide more selections to
bias the FLS 124, 128 of the two spin valves 104, 132. |
[0082] In FIG. 8, the AFM coupling may be _further tuned through a pair of biasing structures
152 respectively located adjacent to the first free layer structure 124 and the second free layer
structure 128. Each of the pair of biasing structures 152 may include a synthetic anti-
ferromagnetic (SAF) structure which may be a -multi-layer structure. Each of the SAF structure :
may inélude a typical synthetic AFM coupling structure or a pinning structure -(including a
pinned layer (BL1) 154, an anti-ferromagnetic coupling layer (AFC layer) 156, and a fl.u’_t_hel;.j
pinned layer (BL2) 158), a capping layer (CL) 160 disﬁpéed on the fuﬁher pinned ia};e'rv 158,'511: :
anti-ferromagnetic layer (AFM) 162 disposed on the i)ihned layer 154 z‘bind‘ a se';c(:lzlaye’r 164
disposed on the anti-ferromagnetic layer 162. Each of the pinned layer 154 and the further‘
pinned layer 158 may inc{ude ferromagnetic materials such as CoFe, NiFe, Co, CoFeB or
Heusler alloys for example.; The anti-ferromagnetic coupling layer 156 may include Ru,‘ Cr or
any combination of metal multilayers. The magnetic thickness (M;.t) of the pinned layer 154 and

the further pinned layer 158 may need to be larger than that of the respective first free layer |
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WO 2011/ 028185PCT/ SG2010/ 000331 5. The sensor arrangenment of any one of
clains 1 to 4, wherein the second pinning structure further conprises an

odd nunbegoabh1igRe@Rd anti-ferromagnetic coupling | ayerspciResgionogaeh of
t he even nunber of second ferromagnetic |layers is separated from anot her of

t he even nunber of second ferromagnetic |ayers by at |east one of the odd
nunber of second anti-ferronmagnetic coupling | ayers. 6. The sensor
arrangenent of claimb5, wherein the second pinning structure conprises at

| east one nore | ayer of the even nunber of second ferromagnetic |ayers than

A e

any one o ereint I rst

ferromagne '«?ri#@?ﬁﬁez}%?agﬁéﬂéesf%gﬁqErfif%ﬁ.z/efpsitrﬂ&elpe 1I2§yer, a first further pinned

| ayer antg® &Y% "The sensdr arrangenent of claim3 and
HRA T LT A AR e T
further Kisttlzlatlj—-l(%glg)ia_—;gsriéao(weg icc():up i(r)lg '%'t iarzlgvilcea Ye%ref. The AFM coupling strehgh between |
the first free layer structure 124 and the second free layef structure 128 méy be furthér tuned by
changing the materials of the respective first free laye; structure 124 and secoﬁd free layer'
structure 128, e.g., multilayer such as CoFe/NiFe and CoFe/CoFeB. The gap layer 126 may
include any metals such as Ru, Cr, Ta or Cu, which may provide an AFM coupling between the
first free layer structure 124 and the second free layer structure 128. |
[0084] FIG. 9 shows a schematic of a differential CPP dual spin valve magnetic recording read
head 900 -including two spin valves 104, 132 physically separated by a gap layer 126, with a pair
of side shields 166, 168 acc?rding to an embodiment.
[0085] The differential CPP dual spin valve magnetic recording read head 900 as shown in FIG.
9 may include a sensor 102 similar to that as shown in FIG. 6.
[0086] In FIG. 9, a first magnetic shield 166 and a second magnetic shield 168 may be disposed
at each respective side of the sensor 102. The first magnetic shield 166 and the secgnd magnetic.
si)jeld 168 may serve as the shielding of magnetic flux fr@m the adjacent, thus redtiéiﬁg the si:d_e'j ‘
reading and increasing the track density. | | -
[0087] Further, the first magnetic shield 166 may be séparated from the :sensor 102 by a ﬁrst
insulator 170 and the second magnetic shield 168 may be separated from the sensor 102 by a,
second insulator 172 to avoid respective electrical shunting between the first magnetic shield 1665 ‘
and the sensor 102 and between the second magnetic shield 168 and the sensor 102.

[0088] Each of the respective first magnetic shield 166 and the second magnetic shield 168 may

include a soft ferromagnetic layer selected from a group consisting of NiFe, CoFe, NiFeB, for
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9. The sensor arrangenment of claim38, wherein the first
sub-anti-ferromagnetic coupling | ayer is disposed between the first pinned
| ayer andwoheiffi2sss further pinned | ayer so as to form &a0T/5G2010/000331
anti-ferromagnetic coupling between the first pinned | ayer and the first
further pinned | ayer such that the first pinned layer is of a different
magneti zation direction fromthe first further pinned |ayer. 10. The sensor
arrangenent of claim8 or 9, wherein the first further
sub-anti-ferromagnetic coupling |ayer is disposed between the first further

pi nned  kayele FUdhtdrehd deksdctiv@ TRk @RGRIIrAY6and thedsecdd hQKIMADN72 may include an
anti-ferronmagnetic coupling between the first further pinned | ayer and the

first rghak eheQed AYRa sHEScdliRling BESiOX! gio)t,gin;(b,eﬁdai pRedadfiyer is of a

di fferent magnetization direction fromthe st reference Tayer. WO

/02 3 - f
clai o DUROT padigety dh MGy g an RRNECARREo AR I IRERR, 185 R BRG8 120

COMpri S &,SEeaf fre%f lgiryegr,nsﬁn&flf% 958 anrl]gy Be sfggrr?e%db iarﬁna?n i-%ea I%ragnejfl% ’ in;lér;ll%yer .

Sensor arrangenen I) : _
coupling and a magnetostatic coupling. As a result, tljlez first free lay;er Structuré 124 and the_z
second free layer structure 128 may be biased by each other, forming a flux close structure. Tﬁis
may be different from a conventional reader structure where the sensor 102 may be biased by the
hard bias. As there may not be space for the side shield in the conventional reader structure, there
may be a relatively substantial interference from adjacent tracks. The track ﬁitch may be much
larger than the track width of the sensor 102 to reduce the interference. With the flux close
structure énd thereby the side magnetic‘shields 166, .168, the track pitch may be close to the track
width of the sensor 102, thus increasiﬁg track resolution significantly.

[0090] In general, referring to the respective differential CPP dual spin valve magnetic recording
read head 100, 600, 800, 900 as shown in FIGs. 1, 6, 8 and 9, it may be shown that there may be
three first ferromagnetic layers 103 (the first pinned layer 108, the first further pinned layer 112
and the .ﬁrst reference layer 116) in the first pinning structure 106 of the first spin \(aiye 104 and. :
two second ferromagnetic layers 105 (the second pinned layer 140 and the second réfcfence layer
136) in the second pinning structure 134 of the second spm valve 132. However, it may be ﬂotgd 5
that the sensor 102 may be easily modified to any oddz(even) numbgr of first ferromagnetlc o
1%1yers 103 in the first pinning structure 106 of the first spih valve 104 (6r bottom spm 'valvle)‘ and
any even (odd) number of second ferromagnetic layers 105 in the second pinning étructure 134 

of the second spin valve 132 (or top spin valve). Accordingly, the even (0dd) number of the first

anti-ferromagnetic coupling (AFC) layers 107 may be used for the first pinning structure 106 in
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wherein the odd nunber of second anti-ferromagnetic coupling |ayers

conpri ses a second subanti-ferromagnetic coupling |ayer. 13. The sensor

arr angenewd 20fr/ekssm 12, wherein the second sub-anti - f ercossgaeiooescoupl i ng
| ayer is disposed between the second pinned | ayer and the second reference
| ayer so as to forman anti-ferromagnetic coupling between the second

pi nned | ayer and the second reference |ayer such that the second pinned

| ayer is of a different nagnetization direction fromthe second reference

| ayer. 14. The sensor arrangement of any one of clainms 7 to 13, wherein the

first apbifirf@plovBened4 sd @Y 8ad géveﬂj RRAL Y1 s&oh@ AR Mot dghedd\Couplihs la tyQ}snnEd
| ayer such that the first anti-ferromagnetic layer is configured to

magnet i z@m%béhgea%m@ Q:fon&?ragne el el kR0 ¢ s%onH‘s[rva@i(ﬁqange coupl i ng

bet ween the Tirst antl- erro ayer an the first pinned |ayer. 15.

Th d
TR T 3@31;@ N L R
I f d fi
A e

coupll en. second ntl-fer r.and ond pi nned

ayor | ﬁ%? e SERF At MarpasB iRt g @%E.Pﬁgnagﬁ’l?? Rt P

t he flrst reference | ayer ?P thei§%p%nd reference IaY?{ are of foferent
thic the first pinning structure 106 o n

magnet i 2095t that the maghetic ess 0 r the second pinning

structure 134 regardless of whether it may be used for the first spin valve 104 or the second spin
valve 132 should be set close to zero to achieve a high pinning field.

[0092] While the invention has been particularly shown and described with réference to specific
embodiments, it should be understood by those skilled in the art that various changes in form and
detail may be made therein without dépaning from the spirit and scope of the invention as
defined by the appended claims. The scope of the invention is thus indicated by the appended
claims and all changes which come within the meaning and range of equivalency of the claims

are therefore intended to be embraced.
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17. The sensor arrangenment of any one of clains 1 to 16, WO

2011/ 028185PCT/ SG2010/ 000331 wherein the first anti-ferromagnetic |ayer and
t he secomsoantii28msr omagneti c | ayer are of the sanme nmagreriszatio®nos3sl
direction. 18. The sensor arrangenment of any one of clains 11 to 17,
wherein the first pinned |layer and the second pinned | ayer are of the sane
magneti zation direction. 19. The sensor arrangenent of any one of clains 7
to 18, wherein the first further pinned | ayer conprises a magnetic

t hi ckness substantially equal to a conbi ned magnetic thickness of the first
pi nned layais and the first reference layer. 20. The sensor arrangenent of
any one of clains 1 to 19, »

1. A sensor arrangement, comprising

a sensor, comprising:
a first spin valve, comprising :
a first free layer structure;
a first pinning structure disposed over thé‘ﬁrst free layer structure; and '
a first anti-ferromagnetic layer disposed over the first pinning structure;
a second spin valve, comprising :
a second free layer structure;
a second pinning structure disposed over the second free layer structure; and
a second anti-ferromagnetic layer disposed over the second pinning structure;
- and '
a separator structure positioned between the first spin valve and the second spin valve
such that the separator structure is in contact with the first free layer structure and the
second free layer structure;
wherein the first pinning structure comprises an odd number of first ferromagnetic layers and the
second pinning structure comprises an even number of second ferromagnetic layers so as to

enable the sensor to provide a differential signal when a current flows through the sensor.

2. The sensor arrangement of claim 1,

wherein the first anti-ferromagnetic layer and the second anti-ferromagnetic layer are of the same

material.

2

3. The sensor arrangement of claim 1 or 2,

wherein the first pinning structure further comprises an even number of first anti-fer'l"orhagne'ticA -
coupling layers, wherein each of the odd number of first ferromagnetic layers is separated from .-
another of the odd number of first ferromagnetic layers by at least one of the even number of first

anti-ferromagnetic coupling layers.

4. The sensor arrangement of claim 3,

wherein the first pinning structure comprises at least one more layer of the odd number of first

ferromagnetic layers than the even number of first anti-ferromagnetic coupling layers.
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wherein the first spin valve further conprises a first spacer |ayer

di sposed between the first free |layer structure and the first pinning
struct ur ewo2d11/0BBBssensor arrangenent of any one of cl aipos/st2010/08@31 wher ei n
the second spin valve further conprises a second spacer |ayer disposed

bet ween the second free | ayer structure and the second pinning structure.
22. The sensor arrangenent of any one of clains 1 to 21, wherein the first
free layer structure conprises a magnetization direction parallel or
anti-parallel to the second free |layer structure. 23. The sensor
arrangenent of any one of clains 1 to 22, wherein the separator structure

conpri ses 53 gRPsenfrrangemedtt of AForR VIR kpgement of any one of claims 1
to 23, wherein the sensor furthér conprises a seed |ayer disposed on the

first apti-LSrroMBangtic | a8 fundZompiEes s A mEbLANEIEN o8 any one of
ferromagnétic coupling layers, wherein each of the even number of second ferromagnetic layers
is separated from another of the even number of second ferromagnetic layers by at least one of

the odd number of second anti-ferromagnetic coupling layers.

6. The sensor arrangement of claim 5,

wherein the second pinning structure comprises at least one more layer of the even number of
second ferromagnetic layers than the odd number of second anti-ferromagnetic coupling layers.
) {

7. The sensor arrangement of any one of claims 1 to 6,

wherein the odd number of first ferromagnetic layers comprises a first pinned layer, a first

further pihned layer and a first reference layer.

8. The sensor arrangement of claim 3 and claim 7,

wherein the even number of first anti-ferromagnetic coupling layers comprises a first sub-anti-

ferromagnetic coupling layer and a first further sub-anti-ferromagnetic coupling layer.

9. The sensor arrangement of claim 8§,

wherein the first sub-anti-ferromagnetic coupling layer is disposed between the first pinned layer
and the first further pinned layer so as to form an anti-ferromagnetic coupling between the first
pinned layer and the first further pinned layer such that the first pinned layer is of a different. e
magnetization direction fron} the first further pinned layer.g ' S L

x

10. The sensor arrangement of claim 8 or 9,

wherein the first further sub-anti-ferromagnetic coupling layer is disposed between the first
further pinned layer and the first reference layer so as to form an anti-ferromagnetic coupling
between the first further pinned layer and the first reference layer such that the first further

pinned layer is of a different magnetization direction from the first reference layer.
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WO 2011/ 028185PCT/ SG2010/ 000331 wherein the sensor further conprises a
cappi ng | ayer disposed on the second anti-ferromagnetic |ayer. 26. The
sensor anggngfanegissof any one of clains 20 to 25, furtheprResvleseng a
first permanent magnet and a second pernmanent magnet, wherein the first

per manent magnet is arranged on one side of the sensor and the second

per manent nmagnet is arranged on an opposi ng side of the sensor so as to
bias the first free layer structure and the second free | ayer structure.
27. The sensor arrangenent of any one of clains 1 to 25, further conprising
a first nagn®hd ensdtiaplatgenmat af agcaedf cRine? tc1Ghi el d, wherein the first
magnetic shield is arranged on one side of the sensor and the second

magnet i ' i { i j ‘

hi'el d faosinthCele RFRS A ARoRRPRTIHeR Efhmblsel Rl R fang 183r ),
The sendfcont PAgEIR®R of claim 27, further conprising a first insulator
positi oned between the first magnetic shield and the one side of the sensor
and a secqﬁdrinsulator ositigaed Pﬁtween t he second magnetic shield and

t he opposilAig'| sy prepgemenfatclaippll, oi g respective el ectri cal shunting
between the first magnetic shield and the sensor and between the second
magnet i wherpinghejoddenmbes of sqeond antp Gerromagnetioroupling layers comapriseo b seaopd sute of

cl ai ms Fhli-fefrodfgnetic coupling layer. ' o T "

13. The sensor arrangement of claim 12,

wherein the second sub-anti-ferromagnetic coupling layer is disposed between the second pinned
layer and the second reference layer so as to form an anti-ferromagnetic coupling between the
second pinned layer and the second reference layer such that the second pinned layer is of a

. E .
different magnetization direction from the second reference layer.

14. The sensor arrangement of any one of claims 7 to 13,

wherein the first anti-ferromagnetic layer is disposed'in contact with the first pinned layer such
that the first anti-ferromagnetic layer is configured to fix a magnetization direction of the first
pinned layer through exchange coupling between the first anti-ferromagnetic layer and the first

pinned layer.

15. The sensor arrangement of any one of claims 11 to 14,

wherein the second anti-ferromagnetic layer is disposed in contact with the second pinned layer
such that the second anti-ferromagnetic layer is configured to fix a magnetization direction of the
second pinned layer through exchange coupling between the second anti-ferr(')magnqtiq layer and -

the second pinned layer.

16. The sensor arrangement of any one of claims 11 to 15,

wherein the first reference layer and the second reference layer are of different magnetization

directions.

17. The sensor arrangement of any one of claims.1 to 16,
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wherein each of the first pinned |layer, the first further pinned | ayer, the
first reference layer, the first free |ayer structure, the second pinned

| ayer, thwoecionsissef erence |ayer and the second free | ¢erscGaonwoedssre nay

i nclude the sane or different material .

wherein the first anti-ferromagnetic layer and the second anti-ferromagnetic layer are of the same

magnetization direction.

18. The sensor arrangement of any one of claims 11 to 17,

wherein the first pinned layer and the second pinned layer are of the same magnetization
direction. '

19. The sensor arrangement of any one of claims 7 to 18,
wherein the first further pinned layer comprises a magnetic thickness substantially equal to a
combined magnetic thickness of the first pinned layer and the first reference layer.

20. The sensor arrangement of any one of claims 1 to 19,

wherein the first spin valve further comprises a first spacer layer disposed between the first free
layer structure and the first pinning structure. '

€

21. The sensor arrangement of any one of claims 1 to 20,

wherein the second spin valve further comprises a second spacer layer disposed between the

second free layer structure and the second pinning structure.

22. The sensor arrangement of any one of claims 1 to 21,

wherein the first free layer structure comprises a magnetization direction parallel or anti-parallel

to the second free layer structure.

23. The sensor arrangement of any one of claims 1 to 22,
wherein the separator structure comprises a gap layer.
24. The sensor arrangement of any one of claims 1 to 23,

wherein the sensor further comprises a seed layer disposed on the first anti-ferromagnetic layer. .

25. The sensor arrangement of any one of claims 1 to 24,
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wherein the sensor further comprises a capping layer disposed on the second anti-ferromagnetic

layer.

26. The sensor arrangerrfent of any one of claims 20 to 25, further comprising

a first permanent magnet and a second permanent magnet, wherein the first permanent magnet is
arranged on one side of the sensor and the second permanent magnet is arranged on an opposing

side of the sensor so as to bias the first free layer structure and the second free layer structure.

27. The sensor arrangement of any one of claims 1 to 2:5, further comprising

a first magnetic shield and a second magnetic shield, wherein the first magnetic shield is
arranged on one side of the sensor and the second magnetic shield is arranged on an opposing

side of the sensor so as to shield magnetic flux from adjacent tracks to eliminate interference.

28. The sensor arrangement of claim 27, further comprising

a first insulator positioned between the first magnetic shield and the one side of the sensor and a
second insulator positioned between the second magnetic shield and the opposing side of the
sensor to avoid respective electrical shunting between the first magnetic shield and the sensor

and between the second maghetic shield and the sensor.
29. The sensor arrangement of any one of claims 11 to 28,
wherein each of the first pinned layer, the first further pinned layer, the first reference layer, the

first free layer structure, the second pinned layer, the second reference layer and the second free

layer structure may include the same or different material.
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