WD 01/ 31357 PCTRTS00/ 29408 SPI N-VALVE SENSOR Cross Reference to Rel ated
Application(s) This application clainms the benefit of the filing date of

U S. provigj pplication 5 serial nunber 60/162,438 k| "A
Structure'?ggggﬁﬁgve Thermal |y Stabl e Enhanced GWR Re35§ﬂ§g@n%ﬂFlizing

El ectron Specul ar Scattering Effect,” which was filed on October 28, 1999.
Background Magnetic sensors utilizing the GWR effect, frequently referred
to as "spin-valve" .10 sensors, are known in the art. A spin-valve sensor
is typically a sandw ched structure consisting of two ferromagnetic |ayers
separ at ed SBIN-YALIVESENSORmagneti ¢ spacer |ayer. One of the ferronmagnetic

| ayers is called the "pinned | ayer" because it is magnetically pinned or

oriented in a fixed di regl i gﬁﬁg%ngqog%gggﬁfpﬁ%%é@erromagnet ic layer,

commonly referred to as t I 'NNi N ugh exchange coupli ng.

The ot her fer rpBgpRéalién dayiSihe beneMat the likgddtd 0PU.S. pro@isionaPipplicatigti nned” | ayer
owed to. rota e to the presence

because the, nagnetization i.s all i n respan

of ext e naFraEERst ?@16%14é$ﬂ§a°dl fi Strugtpre fo @?h"&)’éﬁ‘é'ﬂg\yrsfﬁ’g’ F@ﬁﬁ’ﬁﬁ’é}% resi st ance
of a | ay RegniBRUARENLEIERES Speciild@ Stittedng Effecsravhichataa fifed 6OaoteRgs)et i ¢ medi um
Thi s chanqg |s attributed to a spin-dependent transport of conduction

el ectrons ween the free magnetic |ayer and one or nore pinned nmagnetic
| ayers through the non-nagnetic spacer |ayers. 20 Spin val ve sensors
benefit fromthe change of resistBakgrompdi bited by the devices, which

depends on the rel ative aljgnnen e th netizations of the two
ferromagnet i c YBgREPESensORs Uiz fﬁ?@ggleﬁgﬂmﬁﬁ%@‘?@w sﬁ‘@ﬁgige, the | ayers
have siat tsefsorggrenowd inahdmaot Ackpinivelve sdnsur is typitallg a sdndwished etnefurd he GVR. Thi s
occurs when the khickness t he | I s comparable with gr smaller than
t he nmean f??%gﬁa?ﬁ”% ?ﬂ%mg%"ﬁgﬁ?%%ggﬁ%% ?Hﬁ@faﬂmggﬂﬁ%m%%%tﬁﬁﬂ§electron
r enenber s thetferamgneticiayers is called the Gpinted ayert becewst itad magpéticallygpoatent scattering

in the freg: ree-d y ' -| ayer
|t ert ace AR fxed Pl SRAGE BRI RARIRARE WO C
t hr ough withel{pimminglayery trengh exchange coupling. [The ¢fber farfomaghralk lover iscalled thet he exi sting

. ' l . h R f
Zﬁlt gr ?’ﬁégvt?ﬁeeaa ﬁgtugﬁﬁﬁehoﬂ% bdlRRt fhg fnabdfizafbls hRRE 1 AbGte ireibhse oifl af t er

I C cappl ng] ayers or antiferronmagnetic layer and no
| onger  3resewat efieptgmal magnetiq Seldyyn a srinsyalve sensor, a ghengyin wsigage ¢fET/ USCON9408

layered magnetic sensor is used to read data from a magnetic medium. This change is

attributed to a spin-dependent transport of conduction electrons between the free magnetic
layer and one or more pinned magnetic layers through the non-magnetic spacer layers.

20 Spin-valve sensors benefit from the change of resistance exhibited by the devices,
which depends on the relative alignment between the magnetizations of the two
fem;magnetic Jayers. In many practical spin-valve GMR heads, the layers have scattering at
the boundaries that limits the size of the GMR. This occurs when the thickness of the layers
is comparable with or smaller than the mean free path of the conduction electrons. A

25 conduction electron remembers its spin memory through the sequential spin-dependent
scattering in the free-layer, free-layer/spacer interface, spacer/pinned-layer interface and the
pinned layer. The more interfaces the electron goes through without being scattered, the
larger the GMR value. In the existing spin-valves applications, most of the electrons are
scattered after entering the metallic capping layers or antiferromagnetic layer and no longer

30 contribute to the GMR effect.



Specul ar refl ections can be obtained by using insulators as capping | ayers
and antiferromagnetic pinning |layers. This enhancenent to the GVR has been
denonst r at &gb #13sEo/ Cu ‘based spi n-val ves with N O as t heperrusdoass®magnetic
pinning |ayers. These spin- valves, however, nmay have di sadvantages when
used for GWR head applications due to their 5 poor thermal stability.

Summary I n Spigeckal MBecBBRATAN Bo oblaiHRY Wﬁ‘s%gﬁﬁshfaf?&s% @zﬁ:ﬁmh fayB8bdd Y measured by
increased sensitivity, which is the abilit he senSor to detect

magnet or estSferQBagnEtGRjEEng ]Weé‘ (FHi ﬁ’ét"{l??meﬁé‘ﬂ%ﬁ WWS heep depgnstratediin o

desi rabl e £gchbaed W&lﬁe@wﬁﬁﬂf@é‘s&h&dﬂﬁfeﬁ&ﬂ@gh&ﬁc\ﬂlﬁﬁhgQﬁyeﬁ Pikesyspce 10 sensors.
Consequently, spin valv vé Hg@rs t hat respochﬁ rongly L n the resence of

el ect r omagYrbtes-hovever gay F‘P@Gsw o ugrefer £44 2pp|icatipos, e

i nventi gn f,&aﬂ,g,ﬁ,ﬁsstﬂ,ﬂ@gnet oresi stive sensor. The sensor i ncI udes an oxi de
| ayer, a pinned |ayer, a non- magnetic spacer |l ayer, a free magnetic |ayer,
and a pinning layer. This sensor i L‘éjﬁi the pinning | ayer adjacent to the
free magnetic 15 |l ayer. The free rragne 't |l ayer adjacent to the

non- magnet i ¢ Sﬂﬂgﬁ-lvakv%)éafsarsTxhﬁro%@eﬂﬁﬂ&%h@aﬂ@&ﬁﬁﬁfcd'bﬁﬁﬂfea@d] acent to the
pi nned | ayer. {:]] ﬂ)ll‘l@ﬁd I@g q%g{%&ant to the oxide |ayer. _ Another
aspect of PeREEYIRywhich is flie pbatiey of I TASnEIRTRTIStiNe FHaPS R aTpagnetic

nagnet or esingdiii{ CAs SRAHDI is dEditable RRindGays tﬁ(ﬁhptd&&ha‘ senisitivitg obspinayle ed structure.
The Iaéﬁred str;cé)ture nc .ud S an nned I yer, a

non- madHet FE€5%H ARG PP Yesg%s h’@fﬁ"ﬁ %%Ylntgerﬂesﬁ” ning 20 |ayer.
The pi nni ngedtxamegnencsﬁemijammemedto the free layer. The free |layer is adjacent

to the spacer r d t he nned | ayer. And
t he pi nned Iayér |s a ace ?&I%aem‘% O%fe e%ld'%ge%r%ﬁ‘sthg?se B pgiesglﬁ% may
i ncl ude onmcludesmmededﬁym hginbel lhmamgn-fneatem spacet Jays.adeachapnetinbyer, | ayer can

be insertegn Q?’gnt t p%gé&ﬂﬁiﬁ@ﬁﬁ @M&&&L@E@ﬁ%%%dmgﬁé@econd free

| ayer 25 a a second oxl yer can tween the cap
| ayer dfd 1am Thecfeee magrstic layer aﬂiacemetyéxe nontinagnetin spacsr layer-hTheqropmagnetic | ayer can

be insert e%mbeﬂapg%ajaéenﬁo 2R pRnsh 199:9 n&sh th@;mred &9& adjaéeﬁueuﬁ%awéyer A

second pin er._ a second oxid %ﬁl a second pi nned | ayer,
each respedén¢ P%Pﬂ‘éﬂfta?:@m““m&%ﬁ“‘ﬁ%a ‘i“ﬁ@ wﬁm&ﬁewmwmyer and t he

free layer snédrSHGoRehd m.sdagfohﬁxg:& layeled situdiste PTIRNSMrell &¥Rure idcIEREAND RU
| ayer, a fourth pinped |ayer, a se¢cond 30 oxide a fifth pinned

| a
| ayer, ando%de]ahaanapie al“&‘i/ﬁ'?‘g“e'é%ﬁ??f’ef laystedies (nagrp Y%l’&}"’é’c"éﬁ? Pinging, pe
i nserteg bejpseene pikkingdayer is adjsentadtle fréelafer. Chhelfidy Rier 1sTda,ao€nt Pehespacerr can

' helude a I l )ﬁ?e Spac\gﬂayer is alijgc totgH)re pxsnggd lg;erN I Knd tgenpqnneed }ayer is a%oacent t:;)Fe
1he oxide layer.
Implementations may include one or more of the following features. A second pinned
layer can be inserted between the oxide layer and the pinning layer. A second free layer
25  adjacent to a second oxide layer can be inserted between the cap layer and the free layer. A
Ru layer adjacent to a third pinned layer can be inserted between the second pinned layer and
the pinning layer. A second pinning layer, a second oxide layer, and a second pinned layer,
each respectively adjacent, can be inserted between the cap layer and the free layer. A
second pinning layer, a third pinned layer, a second Ru layer, a fourth pinned layer, a second
30  oxide layer, a fifth pinned layer, and a second spacer layer, each respectively adjacent, can be
inserted between the cap layer and the free layer. The free layer can include a bilayer, which
is comprised of NiFe and either Co or Fe.
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PCT/ US00/ 29408 | npl enentati ons may i nclude the foll ow ng advant age.

Theor et i cAVO@8HIZY] ati ons show that a 60- 100% enhancehent PERUSOBRMH@VR can be
achieved with such inplenentations of specular reflection. Description of.
Drawings 5 Fig. | is a spin-valve read sensor. Fig. 2 is a spin-valve read
sensor w t h t hinsetheheatibmsyeay ichude the dbiloovinpakivaneapge. t THeompficahettulatiyteishow Fi g. 3 i's
a spin-val r oSENSOor W i de er... Fig. 4.is spi n-val ve
read senso g\?\fﬁﬁgoagsyﬁ?ﬁe ?‘cptg%fs ?)ﬁf%g‘g%%'beﬁﬁqdr'?yﬁ“%l&p!&cﬁt&ns B‘ai s a dual
spi n- val vespecaladreflestionr . 10 Fig. 6 is a dual spin-valve read sensor with a
second oxide layer. Fig. 7 is a dual spin-valve read sensor with a
synthetic anti-ferromagnetic | pyRfiption StDFhwigs Description The present

i nvention relates to spin-valve sensors, which in some inplenentations may
rel at e § o Eig.dps mspimavale readisemser. wi t h a pi nning | ayer conprising an all oy,

such as a lﬁg& A%{’?p@i?%a;’wl% JQJd'sE}}éor vﬁﬁx&%ﬁﬁ]&ﬁifg\g&bﬁvﬁa@i g@#&éﬁ 143 pifihed

aritiferro e layer, 1 ron sBecuIl%?rer’sCat tering
ef f ect t o Eghiieyspireydineread senSinrwitheassoeond exidedayere. nai nt ai ni ng

therrmStati}ié.wié’aﬁ-&kbﬂe_r@ﬁ%aﬁdﬂ%?ﬁh&fc%ﬁﬁ-%?ﬁ efcdydpead illustrating an

i nmpl ementatTon of a spin- valve seisor in accordance with the present
i nvent i on.Figiina dual spin-valyedesd smser- i ncl udes a cap 20 layer 101, a free |ayer

102, a)$Pa5e's it ANAI spiivhivedealistt3GiOvithadsedond Bdde 18y, 0Xi de | ayer 105, a pinning
| ayer, 106, a seed l'ayer 107, and _&é;ubﬂs)t,rate | ayer 108. The sensor

consi sts dfgt/isa dughspin-valveread sepsor yith asymtbeti; anti-femamagnetic laven>  The free | ayer
102 adj acent the spacer |ayer 103. The spacer |ayer 103 adjacent the

pi nned | ayer 104. The pi nned | aPetailddBesexiptioment t he oxi de |ayer 105. The

oxi de layer 105 adjacent the pinning layer 106, , The pinning | ayer 106 25
adj acent the scBPTSYdTveRipR relapiio S '."%lé%ﬁ“ °§y€?‘°ﬁ@?°‘gﬂi%ﬁm¥?§’é substrate

108. | | | RéyErethe td HspinovalveRendonwith\apimiirigdsyer doniprisiny arullby, Bidh ab AMreased
specu

flect| t .the interface bet th . 02 and th
a1 agbr pe S % ik i D BB ot b e SR e

oxi de | ay edlectrGbspechiine scatierohg cffecoto achievstenlzmeedGMIR exspanses whilomeintatnhgs e
i nt erfaceghg_ﬁégabh o the active spin-valve layers (free layer 102, spacer
p!

| ayer 103, an nhed
Fig. 1 shows a magnetoresistive read head illustrating an implementation of a spin-

valve sensor in accordance with the present invention. Spin-valve sensor 100 includes a cap

20 layer 101, a free layer 102, a spacer layer 103, a pinned layer 104, an oxide layer 105, a
pinning layer, 106, a seed layer 107, and a substrate layer 108. The sensor consists of the cap
layer 101 adjacent the free layer 102. The free layer 102 adjacent the spacer layer 103. The
spacer layer 103 adjacent the pinned layer 104. The pinned layer 104 adjacent the oxide
layer 105. The oxide layer 105 adjacent the pinning layer 106. The pinning layer 106

25  adjacent the seed layer 107. And the seed layer 107 adjacent the substrate 108.

Implementation of spin-valve sensor 100 may exhibit increased specular reflection at

the interface between the free layer 102 and the cap layer 101, and the interface between the
pinned layer 104 and the oxide layer 105. '_l‘he conduction electrons reflected betwéen these
interfaces back into the active spin-valve layers (free layer 102, spacer layer 103, and pinned

30 layer 104) retain their spin memory and can re-participate in the spin-dependent scattering
sequence. The multi reflections at the interfaces effectively turn the transport properties of a
spin-valve into that of a multi-layer that has a larger GMR response.
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30 layer 104) retain their spin nenory and can re participate in the

spi n-dependent scattering sequence. The multi reflections at the
interfacespffiggdsh vel y -turn the transport properties of QbAgsg@l ve into
that of a nulti-layer that has a | arger GWR response. 3 01 31357
PCT1US00/ 29408 The spi n-val ve sensor 100 can be fabr| cated using PVD

met hods, such Il on beam. s ter and un. The

oxi de | ayers c 515)3” ve\%ﬂ’s‘f)r%é ?a@gcapsg/[‘)lf} §er r’1ng 8 > %ia't’ﬁs‘g’f i dation on
t’he sputtespmtkrmgmflklisputtayte,randﬂgens'ﬁmoxlétl:lam#msbtgmwnbygedmeque, or ot her

| f ' . The 5 | d
SFr et ur o PAPpAS et BRadiBE A AMEScA Chdil bR IR MGG () O ued by
the seed |tegheique, dOdther spimmilvegmanufactoring6nigues fesmladayered s0BturgiThaed | ayer 104,
spacer %ayﬁ ere%@t’?uct&rg %slmqﬂe f%%g of%guljs{rﬁ@iagéf 1?&?({11%@94 ngecdllg The sare

manuf ac process can be ‘use
i mpl enent am7mmuf1axeh@6pm®émr10ﬁmm loyer 104, gpacer layeiolRB, fmqéﬂyhremz

i npl ement %?ﬁagfm@c Sﬁ%&ﬁﬁlmsmaafa&%grggmagwﬂmowr&m 40 the

present inventli I n-val ve _sensor 200 1 ncludes a cap layer” 201, a free
| ayer 202, thafollgwa&mlm@?onze@heW‘rl@temmnnned magnetic | ayer 204, an oxide

llayer 205, a S@s‘gommﬂhm&férm@ﬁeﬁﬁaﬁoﬁomm{.vm@mammcmdnmm 207, a seed
| ayer 208, and a substrate |ayer 209. I %as pi n-val ve sensor 200 is

conpri 4&d ®f PrEERIIRYEATqna SPif-ValNE sersor 200 <ap laypr20%, 5 frpe axenA82.@ensor 100,
wi _tg tlhe aﬂﬂéftélasaegéofén%ﬁfsgp@ﬁaaﬁsxemm dod, ag@brd@%mnﬂgbﬁm glg&f‘t \(Neen the
oxi de | ayer xi de in pi nni ng

| ayer ' 106)™agEFRyf; o%é‘“‘ﬁ‘?ég "hf F@r‘?sﬂ "& %/r?o%'a e sensor 300
in accolr da@&evaWek&sor]?b@wlﬁm?ﬁﬁéﬁoflsﬁbéﬁﬂiaﬂﬁﬂwszﬁﬁaliiyetsaikuﬁsﬁiﬂ-ﬂﬂﬁé’seﬁ@f) i ncl udes
an cap |lay lrs ree nd o er 303, a
second frngot ‘5\%‘1“ %dz?m fttg sseond p ‘%éa yeﬁ@é a@w?‘:ﬁ?@{eg%ef’hhéax’fl%’éef 306, a
first axi dZOSI(agderlay@ﬂw,S)mdﬂsmmmgﬂnyﬁr?@ﬂ(mmriayﬁﬂmﬁ).a pi nni ng | ayer 309, a
seed layer 310 Q\O%S %T%F)%}&Fﬁ efn@ﬁtﬁmn%y £ mg’\;a;vsa s%r%(gr m acc\:()% e 2910 s

conpri sed of suf? antr a e sane |lay i‘Roval Ve sensor 200
with the aﬂidpmsemnmhmlhtgpmwﬂs‘zSeﬂsoeéoollm}@psmlalﬁré@bnﬁm&eqlmrwcond oxi de

| ayer 303, %z%ho Qwrsdfsegs ?h‘g%@pg&@&%g%maéﬁsﬁ%u&%ﬁﬂe&ﬁﬁ%o 01) and

t he second free aye an” i npl’enent ati on

of a spi n-¥Ausyoxids lyerdP7, 4@@0961 Rigped WFH@‘E» 2@inping &lefl 302 esenddaysedlfanganned

layerspn asaﬁ{ed@@pﬁxwﬁé}pﬁlmﬁenmemﬂp%d ombaan\aah tﬁeaﬁﬁ $krs 40 1 ncludes a
cap layer 401, a’free_|layer 402, a_spacer | ayer |rst pi nned | ayer

404, an  oSHwalve SepeQr 2%\3!* the addition of tb? frsiliee |laa(9répz a%emao e sch'ewdso 7, a
third pi nnggkrbedy Béth de@wicied between the cap layer 301 (cap layer 201) and the second free
layer 304 (free layer 202).

Fig. 4 shows an implementation of a spin-valve sensor 400 with synthetic-

...J

25  antiferromagnetic pinned layers in accordance with this invention. Spin-valve sensor 400
includes a cap layer 401, a free layer 402, a spacer layer 403, a first pinned layer 404, an
oxide Jayer 405, a second pinned layer 406, a Ru layer 407, a third pinned layer 408, a
pinning layer 409, a seed layer 410, and a substrate 411. The spin-valve 400 is comprised of
substantially the same layers as the spin-valve sensor 200 with the addition of the second

30 pinned layer 406 adjacent to the Ru layer 407, both sandwiched between the oxide layer 405
(oxide layer 205) and the third pinned layer 408 (second pinned layer 206).

Special care may need to be taken when applying the techniques of specular reflection

to spin-valves with synthetic-antiferromagnetic pinned layers. The Ru layer 407, which
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pi nning | ayer 409, a seed |ayer 410, and a substrate 411. The spin-val ve
400 is conprised of substantially the sane |ayers as the spin-val ve sensor
200 wi th tweos31d$% i on of the second 30 pinned | ayer 406 BEI/H$08/394080 t he Ru
| ayer 407, both sandw ched between the oxide |ayer 405 (oxide |ayer 205)
and the third pinned | ayer 408 (second pinned |ayer 206). Special care may
need to bgetliakensuhgemiifamoinggnetc ¢couplingdetweernthersighboringpinned layere4léstti on to

i n-val it tic- i f The Ru |
o v v Aot e Bl R ATDANR Be b ARE et BEERe [1° B 1 Ay
PCTI USOY Elgétﬁﬂs frore thepinped layes #péoneyt taﬂlemfnemgdﬁryerg%&twluchdmm nagpetiet ween t he
nei ghbor i ng g&.@né mﬁerop%m%%%émm& mssersa&gé iye? 563, tme.%forréﬂfo f@gduct i on

el ectrons. I'sS also stro scattering of t he el ectrons fromthe pi nned
| ayer 4065mudar reﬂ;cumn ppinrMalYRg mtby:evhene@f!fmrneﬁwmnwéamgﬁﬁét ic nonent

opposite tdQs:réltlgtogﬁl tﬁ@%ﬂ&ucﬂ%lé@ﬁﬁs ehteritgfe RIPRES 407 MAqke ;ﬂl@éd lay&er ef or e,
to utilize Specul ar

reflection in_spin-valves with synthetic

ant i f er r oBgmext fogheantifememagasticlayer 405. The ‘El’é@?‘l"&ﬁ‘lcé“P?)a°meYﬁer2@e’FH&aconduct i on
el ectrons gant 84d 1Rfer 4dshﬁs1d%uhéﬁamma§&mﬂ&t folie sphoariagbr 403/ €The cé.ﬂﬁctmaxt to the
antiferromagnetic |ayer 405. Th an be ch| eva%l i nserting a
thin oxi dél eF‘EP}‘éP“M“PYFéP‘H&“’f%%B erl g&ﬂh“’ ﬂcaﬂ%")gt Y{ag oxt ’é%acer | ayer
483 (me %o ipadet rapeé4g3 Qﬁdﬁ:ﬁﬁiﬁxaeﬂ&k{}eﬂ@ﬂs']’hdthithiesmﬂ ;he\tnatdmml ruae% free |OI ayﬁr

4 ich i's cappe e er er aer4 and t he
pi nned Iaﬁé’F"‘ﬂm mfide T\P‘E’Pﬁi‘! ]E’rﬁléjﬁﬁ’a é%‘?ngs“ &653’(5%% % i nserted

i nsi de the‘erwmagﬁdcbcﬁ:phigcﬁ‘h@ﬁodxegghhima@bmn@daxcbosen such that there S

sufficient fe r tL(‘:Jesc0 HB#@% gafr”éﬂte gﬁ bﬂi@@p%thgge%&?g?l ayers.

The sane techn on“‘can be o the
desi gns ofspidtvalve see.ﬁ:m -Fvaihv eass efitbasinple fupl spithealatbe spsfulartrefletionshwbel ual

spin-vgl Veb}flﬁvegkﬁfﬂge?tg'lg% okid infothe eﬁwerpgssh&\gn i?ﬁ’::_ﬁl gved by inserting an

oxi de 1'nt l'ayers as_ shown I n g 5 shows a
magnet or esi st i Fig. ¥ shawis srmagmrcioresistive read hord i aam% preimplrmentation ofp dgal du g

spi n- val VoS &30 kentr With alloxfdd ifkriédifs "tﬂe%nbcmaﬂré m@cﬁfaaa&%{hy%ﬁmn
3

accordance W th the present i nve&;t ion. ’pgg val ve seps I ncl udes a

cap | ayer imntiong SB'@'C’G'H‘Eiser"H AP%igeipdss & papdayst 50 Ringing r 503, a

Eggond ?X'fgﬂml ;hﬁiéelagéfsés adedohd 6)ddepayeﬂm implgggﬂayeﬁsfwec?mdsm&elr 20 l%gr A
a free layer cer r a ) ayer

a first0 odEedley %‘T’"’qayﬁﬁgﬂ aaf‘ ‘b“% ﬁé?aﬁﬁl‘h%‘}“%“ﬁ' §oé afqrgé’?gf)?ﬁﬂl ng | ayer

512, a sgeﬂola&y%hdﬁﬁ&dl@afsla,sﬁrktsﬁmatgéayeﬁﬂm » a stxlayep5 18, v asebshal® | s 00

conpri se ubst an sensor

with the 3583 fecfﬁm'vlafvfgéed'g(éoé’g pi NN ngﬂg er @Q% §=’gikace H’?‘o the third

pi nned sensor 200 with the addition of the second pinning ]ayer 502 adjacent to the third pinned

Jayer 503. The third pinned layer 503 is adjacent to the second oxide layer 504. The second
25  oxide layer 504 is adjacent to the fourth pinned layer 505. The fourth pinned layer 505 is

adjacent to the second spacer layer 506. This new structure is sandwiched between the cap

layer 501 (cap layer 201), and the free layer 507 (free layer 202).

The simple dual spin-valvé can also be achieved by using compound

antiferromagnetic pinning layeré as inFig. 6. Fig. 6 shows a read head sensor illustrating an
30 implementation of a dual spin-valve sensor with a compound antiferromagnetic pinning layer

in accordance with the present invention. Spin-valve sensor 600 includes a cap layer 601, a

second pinning layer 602, a second oxide layer 603, a second pinned layer 605, a second

spacer layer 605, a free layer 606, a first spacer layer 607, a first pinned layer 608, a first
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| ayer 503. The third pinned | ayer 503 is adjacent. to the second oxide

| ayer 504. The second 25 oxide |layer 504 is adjacent to the fourth pinned

| ayer 505. wid@sasmart h pinned | ayer 505 is adjacent to thereswendsspacer

| ayer 506. This new structure is sandw ched between the cap [|ayer 501 (cap
| ayer 201), and the free layer 507 (free layer 202). The sinple dual spin

val ve can &h&é}aﬁ?é@cmfﬁmﬁn@aﬁsmga @amfwapl ardRlshfs@4té OITAgMEgie Pi Nni ng
layers as in Fi a rea sensor |IIu360rat|£eg an 30

ol erment atAttPOYis B OCBIFERULD i B S
antiferr Orf&m&i%hloi:mssdam:lrpgmh:@y@ér 60D adjsemnneltha seondiokide laha 6p3 eBenrécohdivent i on.
Spi n-val ve sensor _60Q. i ncl es a ca l ayer 6 1 a sec ning | ayer

602, a secﬁ’ﬂg‘ &?fﬁ%ﬁgﬁﬁe@fm $econd @ e(‘;r%'X ‘{Oﬁ el'loéggsecond spacer
| ayer 6@5, adjackit@etht segend sﬁe@&lay&r 605r This Bmﬁmlctuicég/mdvﬁﬂid bawéenttistcapi nned | ayer
608, a fir e FErrrrerrer rrrrrrrril WO
01131357 Pffﬁ'ggtéfégy g()l 3’)’<d|t F‘Te ‘A;) éoégggel%eﬂ&tt pi nni ng | ayer 610. a seed
| ayer 611, and Whenukisg thethal @hﬁvalv‘ﬁrvethsmﬂ_mhcmaifmnﬁﬂﬁtidﬁnupdﬂwcmshad of

S At ! ke fis AT ok AXRERnARe Bl BnRRINE LS BAPRM 1ag 0 Rorllelllnd 1

addi ti on of® second pirnning laye acen second oxi de | ayer
603. The sessngivematiode Euayelw“@@seadbfaé@mrxtl@tmthearsmmntpﬁmméeldwaéyer 604.
The seggnd At Amneblest Ginhdd thrsh dhayer 605. This
new st?‘gct ﬁ*@‘?%%ﬁ’ydﬁ&‘c ’Eeat ween ?en %g% q‘fyglsse}fr)&Sél Eca llayer 101) and
the free | aspeentiggrstiqn ﬂ@esm@yeqnmmzﬁacan\hw'febuaﬁ@medrmmmeéweg m$PEhve with

synthetic ghddl @ww%anumy&%ﬂ alfms%ﬁedmﬁwosoa@ee&dlowera erN66;d 10 be
inserted inside'the p nned“gﬁ yers next to the s ace | ayer, fTor the sane

reason gi v&sthwa%laverﬂg a scQnd Sepcer Jaye 08, 4-feegdpy Grlirgt F?aﬁ%’tl‘?yé'fﬂﬂg"‘ an

i npl ]frmi‘nt aftira Pingdd wyeﬂmlaﬂ;&oimb Rysh 3, fﬁﬁbﬁﬁh’d lWelt‘h?:,%hmﬁth&xtlkﬁr?M a
antiferroma netlc nn er.s i rdan t he |nvent|on
The sersor S &%ﬁgs EQ%t Fioning. ayfﬁil% %s§£% p?’ﬁ‘r‘?lsHB’BFt& a sixth
pi nned | aye;xin-w&'foaxs&emmdd Rlsuﬂs&yMlyMamﬂaid’sfds khe phinvalde éeﬁgoemﬂﬂﬁu "a second
oxi de | ayer, ort e ond a 708, a
free |ayer % &Eﬁ"g of fhe §et°°% yﬁ? 5)1“69 '%the el kr'?ﬁ z‘%r éljh%%g’%ll, a
first oxi deinhadgyer 703 3djacnifto ﬂ:ssecmdrmdebfet Wer‘fhﬂeaqndxuﬂaypslo‘tmmtemyer 714, a 15
second pin a . 717, and a
substrate %%ﬁlﬁﬂdlzpl > TIF fé’%p %Eﬁ?@%gd@ 817031% l')lgtg’gget]%%ﬁ@ t he sane

| ayers s ffheseg}nﬂnxtdalhm7@éﬁmﬂm‘4@!}fmmmeﬁ hwé%lwmn%@%econd .

pi nning | a¥gfad)7a9%t t%%e%@c%ﬂ&sp‘h&rfaﬁ?éﬁs %&h‘&@ﬁ‘&bﬁﬁ%ﬁm@ﬂéﬁ be #¢ xth_ pinned

| 'ayer 703 acent second Ru er 704. The second ayer 704
adj acent t @ layer 701 (cap layer 401)and the free Iayer 09 (free layer 402).

In any of these implementations, the pinned layer can be of CoFe, NiFe, Co, or other

suitable materials. Similarly, the free layer can be of CoFe, NiFe, Co, or other suitable

25 materials. The spacer layer can be of Cu or other suitable materials. The pinning layer can
be composed of either PtMn or NiMn. The use of either of these materials for the pinning
layer can result in the sensor stack having a higher blocking temperature. The oxide layer
can be formed using an antiferromagnetic oxide. Similarly, the cap layer can be formed
using an oxide cap. The electron specular scattering effect occurs at the metal/oxide

30 interfaces. The spin-valve layers sandwiched between the oxide layers form a conducting
channel through which the electrons travel.
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the fifth pinned | ayer 705. The fifth pinned | ayer 705 adjacent to the
second oxi de layer 706. 20 The second oxide | ayer 706 adjacent to the forth
pi nned | ay@0IAB7 The forth pinned |ayer 707 adjacent tRETUSMI2Bond spacer
| ayer 708. This new structure is sandw ched between the cap |ayer 701 (cap
| ayer 401) and the free layer 709 (free |layer 402). In any of these

i npl ementations, the pinned | ayer can be of CoFe, N Fe, Co, or other

sui t ablle Mﬂéﬂilﬁl@fﬁ‘lgjﬂﬁlsarly, the free layer can be of CoFe, N Fe, Co, or.
other suitable 25 materials. The spacer |ayer can be of Cu or other
suitable materials. The pinning | ayer can be conposed of either Ptih or

Ni Mn. The use of either of these materials for the pinning [|ayer can

resul t 2 n It hdmagnetpmsisUYeLERSONGOMPHYD® hi gher bl ocki ng tenperature. The oxi de

: ayer 3canbbef Mﬂ%@ﬁé%ﬁgﬁg%&%ﬁﬁrﬁgﬁ@%ﬁﬁagiﬁf&%& de. Sim : arly, EPe cap
ayer can be formed “using .an oxide cap. e ctron specul ar scattering
ef fect bccurs a?mq#éwﬁwmpwwﬁf%ﬁffﬁfm@? E‘Wsé‘rfgcﬁpﬁ‘iﬁal ve |ayers
sandwi ched bet ween gkiag 19uiat@a baymrstrfice eshuatipaRistehifgof £ hannel t hr ough
which the electrons travel.. i his Sheet Has Been Replaced - 6 -
1111111611111111111 Perrppenetic spacer, -- WD 01/ 31357 PCT/ US00129408 | WHAT
| S -CLAIMVED | S: a Beelmaghetitagieéonipfisingd firsesurfave Separated ifiomi thd phgied Biyerby thei de | ayer
conpri sing opposi nﬂ‘f’fi rstm.andcg,eaggnd surfaces; 4:.a pinned | ayer conprising
a first®surface colPACPFITY  tMEtTFst surface of the 5 oxide layer, and a
second sur f acea pinmihglaydr ngmprisingadirst sufafcssparaiéd fFonGthe pinneddayierhyithe spacer; 7 a
free netic Iayeroxﬁg gri'si ng a first surface separated fromthe pinned

| ayer the 8 non-nmagnefic spacer; and 9 a pinning |layer conprising a
first surface separated fromthe pinned |layer by the 10 oxide layer. 11 2.
The sensor of claim| further conprisinga second pinned |ayer conprising a

first rf.ac i t : s OX r and a
second?turﬁaghees%(%ﬂ ogc#a?'?lz;h‘?ﬁgcg@%%?g%ﬁﬁléﬂaégg‘ygco%lﬁgslﬂggntﬁﬁng gyer. 14 3.
The seitBor of contsictingthe seeand swriacepfithe axidsdayenand a secepdyyefacs epmiactingipe r

conpri $4 Ng aghd r st siuict afMe pinmbglaydrng: t he second surface of the

14 3. The sensor of claim 2 further comprising:

15 a second oxide layer comprising a first surface contacting_;_th__e second surface of the
16 free magnetic layer; and N
17 a second surface cdntagting a first surface of a second free layer.

18 4. The sensor of claim 1 further comprising:

19 a second pinned layer comprising a first surface contacting the second surface of the
20 oxide layer and a second surface contacting a first surface of a Ru layer; and
21 a third pinned layéf comprising a first surface contacting a second surface of the Ru
22 layer and a second surface contacting the first surface of the pinning layer.

23 5. The sensor of claim 2 further comprising: | l“‘“! ml“ “lll “IL' | ‘||| |

-7 -



16 free magnetic layer, and 17 a second surface contacting a first surface
of a second free layer. 18 4. The sensor of claim1 further conprising: 19
a second piwaewBHyer conprising a first surface contact irogusiessmecond
surface of the 20 oxide |ayer and a second surface contacting a first
surface of a Ru layer, and 21 a third pinned |ayer conprising a first

sur f ace 1cont acta se@ndneeeameticspaiceaompiding d st Rhifac2cbntactingla sédsd sarfacond

surface,contacti.ng th irst.surface of inning | ayer.. 23_5. The sensor
of claifh2 furtHer %’S?fp"?ir’i"?%%’%'bcﬁ”{“? |a|sT°P?&%?’fer? el"‘?“%’ﬁ%“?‘%‘lsf‘ﬁf“rﬁ’fﬂ Il CLMS
7 i ~lI3. WO OIhigll 3pinndd@Aet)S00129408 | a second non- magnetic spacer

conprisigjng a fiyr ﬂ%ﬁ i . of. the free mag 1
tic Iaygr and fsgéé)g%ﬁ%ﬁs r g@g&lco%% gﬁ%@%%?@{&%‘lﬁnggﬁggﬁ}gﬁ 3 third

pi nned Bayer; 4 a spioesddaysdnd e s¢condemrfase nqntactrigradfirst sirfacs of adfontf geaed cont act i ng
a secong surface of @ tfrd 5 pinned layer and a second surface contacting
a first surface of a"forth pinned 6 layer; and 7 a second pinning |ayer
conprisi’ng a fiasseond pippingleye Geropising A frshsusfacs sontacting 4 seeand sirfachef the8 fort h

pi nned kayer. Yo didgedigesor of claiml further conprising: 10 a second
non- magneti c spacer conprising a first surface contacting a second surface
11 of the free magnetic |ayer and a second surface contacting a first
surface of a 12 second pinned |ayer, and 13 a second oxide |ayer conprising

a first gsugf gaesep@nbAgdin JurtheS@RPAGnS U f ace of the 14 second pinned | ayer
and a second surface contacting a first surface of a second 15 pinning

| ayer. 96 7. TiRSecorhRBrmagnetic|spaCH cAmprigingadirst susfaps qontasting a sepond sudfasond

non- magnet i ¢ SRACEr the BEAhdghtttJaydr dnil b SdeorfibhfRE BortRiHgAOiki e Re srgcONd surface
18 of tge freeggﬁ%g(?etl c |layer and, a second surface contacting a first
of al

surf acé th pPRAEH™E?Y . 20 a second oxide Iayer comprising a
first qarface aGadatdiidedaydr ®apeising Sfirktsafe Cntatblity a second surface of the

14 second pinned layer and a second surface contacting a first surface of a second

15 pinning layer.

16 7. The sensor of claim 4 further comprising:

17 a second non-magnetic spacer comprising a first surface contacting a second surface
18 of  the frec magnetic layer and a second surface contacting a first surface of a
19 forth pinned layer;

20 a second oxide layer comprising a first surface contacting a second surface of the
21 forth pinned layer and a second surface contacting a first surface of a fifth pinned
22 layer;

23 a second Ru layer comprising a first surface contacting a second surface of the fifth
24 pinned layer and a second surface contacting a first surface of a sixth pinned
25 layer; and

26 a second pinning layer comprising a first surface contacting a second surface of the
27 sixth pinned layer.

A
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21 forth pinned | ayer and a second surface contacting a first surface of a
fifth pinned 22 |ayer; 23 a second Ru |layer conprising a first surface
cont acti ng™PUBWAd surface of the fifth 24 pinried 1ayePCENS§00248cond
surface contacting a first surface of a sixth pinned 25 layer; and 26 a .
second pinning |layer conprising a first surface contacting a second surface
of thel 2B. sThesenseyiafslaim | fiyther comprising a cpplayer camprising a fisst surfadel 1 M 8~ WO
01/313%7 PCTI UR¥ud A6 the hofmaghefic spaets BY the freChanBichayet t her conprising a
cap layer conprising a first surface 2 separated. fromthe non-magnetic
spacer by the free magnetic layer. 3 9. The sensor of claiml further
conprising a seed layer conprising a first surface 4 contacting a second
surfaceg ofy, t1he seisétdr Bidind ﬂmera&ﬂprﬁing%@éadaywomﬁﬁn%@mc@g afirst 5
surface of a substrate. 6 10. The sensor of claim: erein the pinning

| ayer donpr icSWacting @stqapq syrfaceof the pisging fayer apd a sccondgpebace contastingsa finsly of Ni Mh
and Pt gh. 8 shfface A B4 fiBslraf nanufacturing a nmagnetoresi stive sensor
conprising: 9 forming a |ayered structure conprising: 10 an oxide | ayer
havi ng opposing first and second surfaces; 11 a pinned |ayer conprising a
first surface contacting the first surface of the 12 oxide |layer and a
second 6s unb.arme sensstlonelhiOwiterdin hé pinfitlg fap&rRomprises A¥Rflerial 1R ABMIge Spacer, 14
a free_magnetic |ayer ¢ risj a first surface separated fromthe pinned
15 | aydr by5FW@°ﬂ5ﬁ9Wﬁ6ﬁ@@P8mQ%§@er; and 16 a pinning |ayer conprising a
first surface separated fromthe pinned |layer by 17 the oxide |ayer. 18
12. The nmethod of claim 11 wherein the |ayer structure further conprises a
second _pi nned er rising a first surface contacting the second
surfacé o?pﬁ'@ég‘?d%émf“é@%gpnﬁﬁa‘aé OIEFISULTHIRPT ARAISBE contacting the first
surfac® of t hefoyminga lagerédosyrecture 2dmpitsing:The net hod of claim 12 wherein the
layer ot ructure f UGt B&\Je lgy%rnﬁ)a';rinﬁggposing first and second surfaces;

1n a pinned layer comprising a first surface contacting the first surface of the
12 oxide layer and a second surface contacﬁng a first surface of a non-
13 magnetic spacer;

14 a free magnetic layer comprising a first surface separated from the pinned
15 layer by the non-magnetic spacer; and

16 a pinning layer comprising a first surface separated from the pinned layer by
17 the oxide layer.

18 12. The method of claim 11 wherein the layer structure further comprises a second pinned
19 layer comprising a first surface contacting the second surface of the oxide layer and a
20 second surface contacting the first surface of the pinning layer.

21  13. The method of claim 12 wherein the layer structure further comprises:

22 a second oxide layer comprising a first surface contacting the second surface of the
23 magnetic layer; and '
24 a second surface contacting a first surface of a second free layer.

* [4 L M 1 *



22 a second oxide |ayer conprising a first surface contacting the second
surface of the 23 magnetic layer; and 24 a second surface contacting a
first surfaeeeudiasy secohd ‘free layer. | [TITIIIT THITTE | bekmokdonbdeg! ! 111 C
L.S 9 WD 01/31357 PCT/US00/ 29408 1 14. The nethod of claiml |I wherein
the layer structure further conprises: 2 a second pinned | aY6 honprising a

first Swf?:f?‘?h&ﬂaﬂﬁi‘ﬁficﬁgnilhﬂ?c&ﬁﬁﬂ@ ; 2. Oxi de layer and a
second surface contacti nga.a Tirst gh?%%?@%rféaﬁngéér; and 4 a third

pi nned Payer cengsendpiprgdfa¥Ehtomprisingraifiny surfoncontacting theacvad oxfdcexfitteace of t he
Ru 5 lgyer and a sgGdas)esiti b 8&ond@AbR et lngd § sl .94 the

pi nning layer. 6 15. A %et hod of claim 12 \/\;rléer‘elsns tiﬁéo%@?%g’targ%cture
further4conpri §_é‘§'fd piongd legsr Soreprising 2 fesheiacecontpriing ¢ segondysunfase offhelef i r st
surfacescontacting lﬁyé_@rﬂk@coﬁ&l&ﬁ'ﬁ&fbon@ctﬂétﬂelﬁ?st&ﬁﬁ@eo?ﬁﬁ‘ﬂﬁhfng]ag&yer and a
second surface contacting a first surfacé of a 9 third pinhed [ayer, 10 a
second oxide |ayer conprising a first surface contacting a second surface
of a third 11 pinned |ayer and a second surface contacting a first surface
of a fogt hiDARRKbA of dailrde WhercAME 1v3r Arustife FifheloBiplilde | ayer conprising a
first surface contacting a second surface of the” 14 forth pinned |ayer. 15
16. A nmbt hod off StePaf Repmiagnefis sRager fomprising g figst susfece poptantias ¢ sreondesirfasonpr i ses: 16

a secong non- magnetthefréehiaghdtic GOEARA & iebéhdIurfict 8dntashilpfa3rR «&rfBd GGt | N9 t he
second surface . 17 of e free magnetic layer and a second surface
contacting a firPst BRIFEEREE of a 18 second pinned layer; and 19 a second
oxi de ltayer comdcomnd oxiledayti domprisiiglalfRa SurbREEAREINRE secobERER? oBhihface of the
20 secqnd pi nned | ayer.and second surface, contacting a _first surface of a
second?p21 pi nni ng @{rgﬂ/e%gyerﬂ%aﬁ@”i“f’?@fﬁ?ﬂ“‘é"f“gélrﬁﬁ?Hr}i%q{ﬁ%ipﬁmf‘he | ayer
structu2e further dampmardes: 23 a second non-nmagnetic spacer conprising a
first rface surfac 24 of the free. magnpetic | ayer
and a chond sgg#g@%ng}%t]%gf‘%%ggﬁngﬁ Frgtsmgaﬁ? FopteEtng sgmnégﬂf’?fr‘?ﬂ’epi nned

| ayer; 196 a seéugihd pinsedileydrayer conprising a first surface contacting a
second surface of the

¥

15 16. Amethod of claim 11 wherein the layer structure further comprises:

16 a second non-magnetic spacer comprising a first surface contacting the second surface
17 of the free magnetic layer and a second surface contacting a first surface of a

18 second pinned layer; and

19 a second oxide layer comprising a first surface contacting a second surface of the

20 second pinned layer and a second surface contacting a first surface of a second
21 pinning layer.

22 17. A method of claim 14 wherein the layer structure further comprises:

23 a second non-magnetic spacer comprising a first surface contacting a second surface
24 of the free magnetic layer and a second surface contacting a first surface of a
25 forth pinned layer;

26 a second oxide layer comprising a first surface contacting a second sutface of the

27 forth pinned layer and a second surface contacting a first surface of a fifth pinned
28 layer;

P 0 RO 1
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27 forth pinned | ayer and a second surface contacting a first surface of a
fifth pinned 28 layer; lillilli 1111? 1113! 1111111111 s - 10 WO
01/ 31357 PEPOUBIEY 29408 1 a second Ru | ayer conprising BCTUS®29408r f ace
contacting a second surface of the fifth 2 pinned | ayer, and a second
surface contacting a first surface of a sixth pinned 3 layer; and 4 a
second pi nni ng alsespad Ro tayprdomprisinga firstrsetfacs vontaztng seamd sirfaeeofahsiftond sur f ace
of the ,5 sixth pinped | . Of im11.wherein.the |ayer,
structufe further c%’grr'gerdil%égg'éd%%%ﬁ&&%%ﬁ'%ﬁ@%‘%%e flarsé’&hg'ﬁ? ace
separatad fromthe hyersamdgneti c spacer by the free non- 8 magnetic |layer. 9
19. A ngthod of Ll U nprises a
seed Igger 10 caég%’?f‘@‘lﬁl’“é{éwi%ﬁ"gﬁé'{#?ﬁ ar%:tgyr%g%?&ggatl g‘ sgcoégygﬁgg%@%f ace of the
pi nni ng5l ayer aixth apinefllaystond surface contacting a first surface of a
substrate. 12 20. A nagnetoresistive sensor conprising: 13 a
magnet oresi stive sensor stack; and 14 oxide | ayer neans for enhancing the
RN

magnet oresi stive effect in the sensor stack. 1111111111111 I1lil |
111 * € L1& A method of claim 11 wherein the layer structure further comprises a cap layer

7 comprising a first surface separated from the non-magnetic spacer by the free non-

8 magnetic layer.

9  19. A method of claim 11 wherein the layer structure further comprises a seed layer
10 comprising a first surface contacting a second surface of the pinning layer and a
11 second surface  contacting a first surface of a substrate.

12 20. A magnetoresistive sensor comprising:
13 a magnetoresistive sensor stack; and

14 oxide layer means for enhancing the magnetoresistive effect in the sensor stack.
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