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Cross-Reference to Related Applications) This application clains t Beh MAR 2004
benefit of the filing date of U S. provisional application 5 serial nunber
601 162, 438womi3tased "A Structure to Achi eve Thermal | y StPEBIUSOEM4MENnced GVR
Responses Utilizing Electron Specular Scattering Effect,” which was filed

on Cctober 28, 1999. Background Magnetic sensors utilizing the GWR effect,
frequently referred to as "spin-valve" 10 sensors, are known in the art. A
spi n-val ve sensor is typically a sandw ched structure consisting of two

f err omagnedgiR.v AYGE SERSORT at ed by a thin non-nmagnetic spacer layer. One of
the ferromagnetic layers is called the "pinned | ayer"” because it is

magnetically pinned or oriented in a fixed direction by an adjacent
antiferromagnetic |ayer, CedtrRgfirepes teRelafedpnplicationhe " pi nni ng | ayer, "

through exchangg, Ganlbtlaim 1 el uleHib PIRENTS. GrovRAH afpficih | € the 1 S

“free" or "unpinn because t gnetization is allowed to rotate

i n respdnswrizl gumbre 6¢ @8R enditled “AeKirusturrdp AHsdhermally BrtisEnhpneeGMBI n- val ve
sensor, a gRARER UtiNzihEBlkdlon BFRuIRS Scaucriay EHRE” WREIWsifledo80RQberi28, Used to read
data froma nmagnetic nmedium This change is attributed to a spin-dependent
transport BP%conduction el ectrons between the free magnetic |ayer and one
or nore pinned magnetic |layers through the non-nagnetic spacer |ayers. 20
Spi n-val ve sensors benefit from t Backeneunge of resistance exhibited by the

devi ces, which depends on the re |V, i gnment. bet ween. t he pagneti zati ons
of the two fer ﬁ’%&ﬁéeﬂqfoés ‘f“;‘?g? e EW ﬁﬁtga/il reﬁg?@? feieé'ieggopﬁs ns-p{?é‘iasé GMR heads,

t he | ayer ssehwsears bt dnr thagrt. 24 sifvealNgeensetas fypisally hadndivichedtsgudtlve si ze of the
GVR. This occurs ~hi . € s ith or
smal ler thaR waongﬁﬁef#ﬁ?*%%mg%’%%%%?&fﬂ% oy A L SHETIRLE Y ot

conduct i onthefegomsaetioleimesitrelied the "ginsed lpverrdatspsy itinmeasgiralbhrinnsdguient i al

spi n- depengentq 8GakkLdileBShnibh ah Mfactt 8RR REnctid b8 <bANSHI) RRACElo ok Nt er f ace,
spacer/ pi nned-l ayer 1nterface and the The nore interfaces the

i hned | ayer.
el ectron ghePirnHEdtY§h tHorsisHthapasicpvpliag 8&&’ ,e"‘%/’h‘é'“i“&}aﬁgr‘“ﬁ ®S\R val ue. In
the exiist i fge'SPMipiatd Gerdp@hicaint hapnaizativh Stallofedith Rt g edspoasao ke scatt er ed

after entering the netallic ping |l ayers or aptiferro netic |ayer and
no | onger B&* CSHF?"itWE?E E’a%"St“‘t%ngd{?ﬁ%@’f"f%@? senser, acgan ell{}ﬁﬁ's%‘%f?%pecul ar

r ef | ect i onkyeaimmdgeetiolsénadrimadedyy raad diatgfrorms mhgoetr sedasn. Clshange sayer s and
antiferronmggnet i L.nni ' t (VR:has been
denonst ra’?@gmlﬁ%& téSP Bﬁla agdghﬁ}ség{pﬁ_{t Sgﬁa&ggﬁwﬁﬁ%&ges%t eefnghnt %J:r omagnetic
pi nni ng | alper and opp exmors pinped\magless lay g Reovelt the pagymagasis SRACY dIFaNt ages when
used fgp GVR heggl \aRPLdnsont TS frot theleBank\W¥irésisPA@TexfiiiRl BRIhe 3vided,| i ty. Summary
In spin valve sensorsthfif?gﬁgoYied erformance i s partgéfmeasured by i ncreased

sensi ti vi t YHckEpeEds Py BRPP D™ En e ZRgeBraiens OfBE B nagnet or esi sti ve
changes i nfegomBgeRtlayersmnchanpradi®alspinesive GMRi Headssthdlewiry tald satteongat nd ways to
i nprove th ensitivity.of spi t L n val ve
sensors t hg'f g?“é@aﬁlg?]t até%’r’%&‘é?’% é}ﬁ%ﬁ%ﬁ'p?@gicg%gwg&gﬁagg%g%ﬁ%éﬁg ‘IQ%: fields are
desi red. | is coepueablel withionsnotler thanglegmean fraepathrnf thatcpnguctioe aleetionss /e

magnet ok esEaki Kb SERSPfemembtes iIBSRA Hemb Y Ghrbk s thededuititial Picdependent €€ | ayer, a
space layer, a pinned |ayer, an oxide |layer, a pinning |layer, a seed |ayer,
and a subs$gsrias indldree-layRe freadaxes pacss Hegr@ges spafer/pifeedlayst intgtfaes anddhescent to the
}‘ree | ayer pindddgaybd. G@e hﬁbé@ftqﬁaSesgﬁ{e&mtgoésﬁMB@ vﬁtﬂ?ﬁlﬁé’iné RARFed, tFCIi_d_”Ie spacer )
ayer is adjacen 0 fhe pinned |ayer. The, pinne er. i s adjacent to the
o G | ayo TR o) e A SRR RS BR LR G RYER  The pi i g
| ayer i s asjateainiitedtatetifisthsmaallit apping laganchr tuiifers@pghetialppar andiodhgercent to t he
substrat.e. Angther.a C f the invention features a nmethod of

manuf a%iourlco é"%f'{%]z"tﬁﬁéﬁﬁ{t%freée{si stive sensor. This nethod includes forming a

| ayered structure. The layered structure includes a cap |layer, a free

| ayer, a spacer l|layer, a pinned |ayer, an oxide |layer, a pinning |avyer. a
seed layer, and a substrate |ayer. |nplenentations may incIﬁﬁMM@“ﬁﬂﬁummDre
of the following features. A second pinned | ayer can be ins n
the oxide |ayer and the pinning |ayer. A second free |ayer adjagemt* to a
second oxi de | ayer can be inserted between the cap | ayer and the free
layer. A Ru layer adjacent to a thitd pinned |ayer can be inﬁMﬂmmmmmmMmmen
t he second pinned | ayer and the pinning |ayer. A second pinn _
second oxi de layer, a second pinned | ayer, each respectively adj-aent, can
be inserted between the cap layer and the free layer. A second pinning

| ayer, a third pinned | ayer, a second Ru layer, a fourth pinned | ayer, a
second oxide layer, a fifth pinned |ayer, and a second spacer |ayer, each
respectively adjacent, can be inserted between the cap |ayer and the free

PP




"Fig. 4 is a spin-valve read sensor wwth a synthetic anti-ferrorragneétic

| ayer, Fig. Sis a dual spin-valve read sensor. 10 Fig. 6 is a dual 4 MAR 2004
spi n-val ve read sensor with a second oxide layer. Fig. 7 is a dual

spin-val ve read sensor with a synthetic anti-ferromagnetic |ayer. Detailed
Description The present _inventiqn relates to spin-val ve sensors) ichin
sone i npl enent at Q?ﬁ‘élarnrﬁge“rt‘gp%l‘fa@q?c?%ﬁm?ﬂ?’PI-“@‘&?\‘fgulg@ﬁss%?rcawlf'% agerﬁf"ﬁ%\?ng | ayer
conpri sing aktifakdrdgnetiu Pindsy daPdis. 1 Phibaskdn@nleny )toatd WMRXhake Yeayer, such
as an antiferromagneti ¢ oxi de Iaye‘(r‘?‘,13 \évhi_ hNibses t he el ectron specul ar

scattering demenstrated ingee(Cupased sl 35S BITGFRMagnehs AP ng

t her most abi |yt¥. THsS spih-valRYShowelBRT RRY Ha®S WishdWftapRadhdheadd itbd GMR at i ng an
i mpl enentati on of a spin valve sensor in accordance with the present

i nvention. Bpadeppligagensgap othein peprithcemalgeabiliyy.cap 20 | ayer 101, a free | ayer
102, a spacer layer 103) a pinned |layer 104, an oxide |layer 105, a pinning
| ayer, 106, a seed l|layer 107, and a substrate |ayer 108. The sensor
consists of the cap |layer 101 adj acSwmmang free |ayer 102. The free |ayer

102 adj acent the; spacer. | r. | T cer . ' he pi nned
| ayer 104. The pllnn g’d l‘éey%%k%fso}fg é'gjv%%ﬁt Htﬁzhhgg 6)&%@ P%%g?eaclyggﬁ& SeeCE oxi de

| ayer 105 asknaitieity, whieh ioithmnatility lofyler sei®@ to detect piagndtorgsistg eharg@$i2d adj acent
the seed layer 107. .And , the seed.|aye Q% adj.acent t 108.

| mpl enent at %3%"6 f “%eSIuHI-’ R RYiaes élnlssoa?eyli%lf ]t%é?é‘g)%sl %ill{lp?g%%héggnzsy@%gguI ar
reflecti on aiintvaReisahsorsd avmsdyesnige spih halve rsemsotsather rekfichdasudnglyenabg | ayer
101, and the inter%&ce betmee? t he @%nngd | ayer 104 and the oxide |ayer

105. The coRWHIES griesramagnsis iPlds fFEdPd¥%pet ween these i nterfaces back into
the active spin-gled@al myseaspett; @R ihv@yesn féitdres 8 pREMIorkAYRE sdl3d, TAnd pi nned
30 layer 104) retain their spig‘ nory and can re-p&itici atg k& t he

spi n- depend&meordpeipqes aicaR) layer a &ie LYerrf Pase [AYET A PfMned {aYei an gxide et nt er f aces
effectivel Yatﬁiﬁnﬁhg:]ﬁ?er:[ h 38sIPRYdr, RIOPSEYsirfte 18kr. ATHSRkAsY 3btkatd &t @e lchat of a

mul ti-layer that 'haS a | arger GVWR response. - 3 2 4 f~1 AR 2004 WO

01/ 31357 PChryersoaceygoghefree dayen-Thalfire 1avendopdjacsnt ©athe seacealdysrcdbed usi ng
PVD et hods o, 3UGR 2% ddReRGS MeStteli Fhyel The PidnBl 125845 L@hédOio B Hxige gun. The
oxi de | ayers can be grown by reactive sputtering or natural oxidation on

t he sputt er demFhaptifelayeryerdiactiidgo hewpinnére laepoietpinnng lexss if agipsentd? ot her

spi n-val ve ri ' - I S 5 layered
structure sgg?%%?%%%hhgﬁggg%%ﬂ*ﬂgq%?&%%ga@J %%gg?%eI%$§$*%é§?”%2ﬁTomed by
the seed | ayeentid7{eamiasnd methaly eff mbho@actusigl thel mpgnetarGistivpisamsed Thiyer 104,
spacer layer_ 103,. free Javer 102 i I I 0l1..The sane
et act ur | RS TRARUAES SR « 8 € QR o, B Eluaded cod

i npl enent at layas adfectliner,pr gmeditlayenvepihnalnlayds] gn oXddes hagers a pimirpelayer, a

i npl enent ati on . of awighﬁ;valye sensor 200 in accordance with 10 the present
i nventi on. §§Qﬁ9$ﬁﬁ SNEHF Y0 i ncl udes a cap layer 201, a free |ayer
202, a spacer | aggilerdéhationls fnhy ficlude bieet marg BLthe Colloairy fe2frks. Agecond de | ayer

205, a second pinned netic |ayer 206, pi nnj | ayer, 207, a seed | ayer
208, and a BB [sirean By Hersedcbervera tapkidelares and B ouingdaler <A stiopd | sed of
subst anti al ke 1a96r &ipd¥ent!t8 % SE®NADxIAD EayEiéan-béahéRe SISO AOCap Midrland he
addition of the second pinned | ayer 206 sandw ched between the oxi de | ayer

15 205 (oxi #¥ fresyayer- YoBY layspadisrentdp afhipkpinngddayenern bedpssHpd BeWESPEPe 106) .

Fig. 3s hov‘@cc@ﬂ@?ﬂﬁéd 1o £RBAL Db 19er.3A SBIoAd PRI IBRASHEec3RP okide
accordance wth the présent invention. Spin-valve sensor 300 includes an
cap | ayer 3dmyer, a spond pimmedlaypragech repectivalysadissent ¢rribgdnserbbetgesn the second
free | ayer 4 I r - i ; B st oxide
| ayer 307, ggpslg%oﬁg@gﬁﬁﬁgﬁ I)égﬁerég%éifn Jéﬁg li%r’lerﬁf)dnmﬁleg;@@%&%ﬁggecgﬁdeﬁdﬁ | ayer

310, and a XyesaHsurthapianddaygyar, Bdstondrorddeslayer.  Sifth Pirmed layer, @ndrpsecord of
substanti al | . - - i he

ddi 1 on of “HSe FyP S iRl e PRk, OB M e pRASRE g tRetbb il 12

303, both sémeeldyedh&be fred lpaman heludap bllayes whddlis ¢oaprisedgENiF@MY eithed t he
second freegI%%gr 304 (free layer 202). Fig. 4 shows an inplenentation of a
spi n-val ve s&f86F 400 with synthetic 25 antiferromagnetic pinned |ayers in
accordance with this invention. Spin-valve sensor 400 includes a cap |ayer
401, a free layer 402, a spacer |layer 493, a first pinned |ayer 404, an

oxi de | ayer 405, a second pinned |layer 406, a Ru layer 407, a third pinned
| ayer 408, a pinning |ayer 409, a seed |layer 410, and a substrate 411. The
spi n-val ve 400 is conprised of substantially the sane | ayers as the

spi n-val ve sensor 200 with the addition of the second 30 pinned | ayer 406
adj acent to the Ru |l ayer 407, both sandw ched between the oxide |ayer 405
(oxide layer 205) and the third pinned |ayer 408 (second pinned |ayer 206).

T e




medi.ates a strong antiferronmagnetic coupling between the neighboring pinned

| ayers 406 & 408, strongly scatters the conduction electrons. Thereif HaAqugm
strong scariering of the electrons fromthe pinned |ayer 406 next to the

pi nni ng | ayweo o7 whi ch has its nmagnetic nonent opposi tEcTwusob/peospi nned

| ayer 404 next to the spacer |ayer 403. Therefore, to utilize specular
reflection in spin-valves wth synthetic antifen omagnetic pinned | ayers,

|4 B 7! S geSIh r abl ejmigle nishﬁatxdﬂsirg% Inbﬁd&t@@ﬂﬂ&ﬁh@ﬂvﬂha@@tT}Qﬂﬁu&ma&ﬁla{tgls%ﬂwdgg I%er
and the er ne 0o the ant n omagnheti c aver e
conf i nement® Egéﬁgg‘g’) %1‘3%?’}5?/83“ i9yhe "L?M%f‘fni t’r‘id“ﬁ“f#ﬁﬁ“ ‘Hg’ef“ﬁ@}étfmﬂ 5 inside the

pi nned | ayeapecd@drefie@xitn.t 0 t he spacer |ayer 403. The conduction el ectrons can
thus travel only within the free layer 402 (which is capped by an oxide
layer 10 401 ), spacer |ayer 4Qgscrfpfigh bfiSraiinged | ayer 404. The thickness
and the material of oxide layer inserted inside the pinned |ayer should

pr obabl y5 beFig Hadsespinsvalyh raathsensorhere is suffici ent ferromagnetic coupling of
Its two neig la{;uag, \le@%&lsén%y@ftﬁthe-gﬂ@e ngev?anmeﬁwbweén% iHdigesSpecul ar
reflection can to the designs of Spi n-va ve sensors. For
the case offig ﬁesas,ﬁpwmaeeéfaéfené%wh%ﬁc ox{dply&pecul ar reflection can be 15

- achi eved byFis B$€4 dpin\@lIve Fea@enshe with b §ynthB: datiMiRehagrdl€kseras shown in Fig. 5.
Fig. 5 shows netoresistive read head illustrating an inplenmentation of
a dual spi rf‘glgl‘ix"e“q‘élesﬂgdf‘vwef‘#eaﬁ‘?’ oxide inserted into the pinned layers in
accordance Pig.ths 4 duel spinegivatead RuNVitionsccdipioridviayere sensor 500 includes a cap
| ayer 501, eco i nni.n .50 Q inned .| ayer 503, a second
oxi de Iayer]ﬁ%gisa&d] ﬁﬁ“rvafv" %ﬁéne%gs% glﬁhe%syg%gtfcag ngmﬁ%]em lac>e(r 20 | ayer 506, a
free layer 507, a first spacer Iayer 508, a first pi nned | ayer 509, a first
oxi de | ayer 510, a second pi nneoD‘l‘adS‘?%P”STI‘w“a first pinning layer 512, a
seed | ayer 513, séht SORR Rlafes ém-vmeseawwmd. ¥SomPfhple %gqeﬁﬁllU&E' sed of
substantially the 'sanme | ayers as the spin-valve sensor

addi tion ofmatyneatse@dn'a-vdVﬁmlwgwlayepmwzyeadq%ens an ghloy, [jech g Ma- pi nned | ayer

503. Thes t hjaged aldyn@dn bﬁd@ﬁye'@@é’ch'a&rﬁdﬂhﬁﬁ@ﬂégn&@ oﬁxh@laﬁ?qﬂmﬂ ussipde | ayer 504,
The second 25 oxi de Ia%/er 504 is %%WE %Ft(%ﬂghe four pi.nned | ayer 505.

The fourt h FAeheRcrEEreans Teg Qe TSRO gb*aeeﬁmnayer 506.

Thi s new stmmbswbﬁmi s sandw ched between the cap |ayer 501 (cap |ayer 201
), and the free ver 50 spi n-val ve can
al so be achi eve!&xgal S, owsarZag(-net,torgsFT‘suL/é%g nl{e%t?é%sl}rg{lr %Her{x;m)mentagon of 6 ;F ayers as in
Fig. 6. Fi gvalVGS@MMECW%WIM@@T@%WPMW I SPS!t-Y%{\thﬂgordQO BOludespkanent at i on
of a dug %weprmaflfve%la@eﬂm@rasmcmaﬁr f@mm@@e}hb‘teﬁw&@g@ﬁdsc pinning |ayer

in accordance w t present invent Spi n-val ve sensor 500 i ncl udes a
cap |ayer mlngéayéfec%nﬁsefﬂ‘ haysr gy P’ﬁl?éPbSB@?layﬁl%éo”ﬁaenﬁﬁ( censists gl cag03, a

fsecond pi nn@dri(mwjaceﬁxa&fma 15€CIORATIRARE & erl 18Y Rfackd the s@cérna@e loayge 606, a
i rst spacer

t 2 ~ h~AR
200 WO 01l 35%6 Eﬂgﬂééﬁ}"z‘g%’%"ﬂ)%"%gg‘? 4\}1§¥m&9§am 'Q?uai’lé“te"‘pi?erﬂ’ﬂdﬁg | ayer 610,
a seed | aydayeSl0b, Thrmtida layeri9f rdidcent @eDinnifip daysrdi06VERIewontag Giyerd0€ onpr i sed of
substantjal g iéf]ehtﬁeﬁ@dTgyelrWr/ﬁd%sgem’aiygrplggad/%l:nf%e%@tﬁﬁﬂg 00 with the

addi tion of seco piru~i acent e second oxide
| ayer 603. The Bmwwamuoaw-%%ersﬂwdoﬁdﬁwémt incesasel) epecla apildctinaned | ayer

604. The sagdRERE Ba@etnlt&mes 1a2é}4o§ana%e@§;era er { @, bliGheSREPREpbNRGRE | ayer 605.
This new structure is sand

etr\ﬁleen t he P | ayer 501 (cap layer 1 O
) and the fRined jaygy 04 3868‘6(’1“9%1@'?’5 epBfuctigRy é?? ’&‘?l’ﬁlj“ﬁ%‘&“’&?ﬁ’&h%pl n-val ve
wi th synt hahtbﬁacawaml%mmagaeﬁm-oalw lﬁbl‘éﬁsdfréeﬁlwéf Hp, 5p5\ﬁrl@9@rm dRyah&l need to be

i nserte Sld e. n ed ers.next er for the sane
reason g P.‘/eéﬁ)ésfe‘amri%‘e& SPij "§ §W§"%\°apée'mcépe?8 "é@g o/ dﬁpfqadg‘g $5F1%8g an

i npl enent atseqnanoef Tz miutatefld@ospi the ingekfaes sffmgely tum tile taysporhgrbpetties of a
antiferromg i t he present invention.
The sensor g@ﬁévgnﬁngﬁgguggxﬁ§§1%$h§8%?&g@§§§%%%ﬁglnnlng | ayer 702, a sixth
pi nned | ayer 703, a second Ru layer 704, a fifth pinned |ayer 705, a second
oxi de layer 706, a forth pinned | ayer 707, a second spacer |ayer 708, a
free layer 709, a first spacer layer 710, a third pinned |layer 711, a first
oxi de layer 712, a first pinned layer 713, a first Ru layer 714) a 15
second pi nned Iayer 715, a first plnﬁlng | ayer 716, a seed layer 717, and a
substrate 718. The spin-valve 700 is conprised of substantially the sane

| ayers as the spin-val ve sensor 400 with the addition of the second pinning
| ayer 702 adjacent to the sixth pinned | ayer 703. The sixth pinned |ayer
703 adj acent to the second Ru |layer 704. The second Ru | ayer 704 adjacent
to the fifth pinned | ayer 705. The fifth pinned | ayer 705 adjacent to the
second OX|de | ayer 706 20 The second OX|de Iayer 706 adjacent to the forth,
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- layer by the non-magnetic spacer; and a pinning |ayer conprising a Zg{/gﬁt\[{ 2004

surface separated fromthe pinned | ayer by the oxide |ayer. a seed
conprising a first surface contacting a second surface of the pinning |ayer
and a seconwosusmsice contacting a first surface of a substresmeds The
sensor of claim1 further conprising a second pinned |ayer conprising a
first surface contacting the second surface of the oxide |ayer and a second
surface cont actTHe@pihRavd defisdt 1 D@k RABbriofted R g PVDMSIBAS, )R Gs ioB beakNe Sensor of
claim2 further c Iising: a second oxi | ayer._comprising a first surface
cont act i ngsi“ﬁté"’égeﬁg&fs ﬁ{;g%gc%"d g‘i”hgh‘?‘}x §?ﬁ¥?{§§aé‘tbférop“§>%ﬁa°‘§ﬁd a second
surface corpaefingrynaurhlioxslhticawn fhecputiofed metgldic pet. Thesputteayepositieh. The sensor of
claim?2 furt c riSi-ngd: -aanet | rising a first
surface con cg@hehﬁ%g'el{s%iggﬁge g’ﬁ'rﬁl?%g@q%@mtgwg& f !r;%eg ‘g’é"g‘ﬂgﬁg‘“?g{% and a second
sur f ace Scoryered strvgtuee sfarty with heyformiog ofghe wibstrate laterg DR elbwedhethe sead Brrond oxi de
llayer conpnidipigingiabd186, oRidE s P05 PinhedtybN@s ApREARRA1BULSAGR R, @ third
pi nned | ayer ‘and a Second surface contacting a first surface a forth pinned
| ayer; and and fimliythe caplayprd8ly The same BARPIASIURRS PIBCersLoRpe Wehipfordianyofa f i r st
surface comfeasiiowig iRplsRemdlidnssdf te deegenOfvéntién. f or t h pi nned layer. 5. The
sensor of claim.,1l further conprising: .a secqnd pi d |l ayer conprising a
first surface (r%ﬁtzafﬁ?‘?'sﬁﬁm{’%gnr@%’&eghggéﬁff%{ﬁ'éa 5‘?58'5)5812%@%? %fé‘yf(f?%%w nd a second
sur f acellc onliegedsérm grventibi. rSpin-wive fens@ 200 includs a kapyleyer 204 redfres I4yki 200, 0i nned | ayer
conpri sing i I i 4 . Ru | ayer and
a second sﬁ%é&@%@?ﬁt@é?%ng&?%ﬁﬂcr@% zgu’??gggg%%p?%gg%‘f%ipﬁ{%@q ayer. 6. The
sensor of alagietic By.frl;pq,h@mni@g)hwizg'l,ﬁ@qed layer 208, and a substrate layer 209. The

spin-valve sensor 200 is comprised of substantially the same layers as the spin-valve sensor

100, with the addition of the second pinned layer 206 sandwiched between the oxide layer
15 205 (oxide layer 105) and the pinning layer 207 (pinning layer 106).
Fig. 3 shows another implementation of a spin-valve sensor 300 in accordance with
the present invention. Spin-valve sensor 300 includes an cap layer 301, a first free layer 302,
a second oxide layer 303, a second free layer 304, a spacer layer 305, a first pinned layer 306,
a first oxide layer 307, a second pinned layer 308, a pinning layer 309, a seed layer 310, and a
20  substrate layer 311. The spin-valve 200 is comprised of substantially the same layers as the
spin-valve sensor 200 with the addition of the first free layer 302 adjacent to the second oxide
layer 303, both sandwiched 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-
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 layer 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



" a second non-nmagnetic spacer conprising a first surface contacting g smnﬂ)
surface of the free magnetic |ayer and a second surface contacting 4f t 04
surface of a forth pinned |ayer; and a second oxide |ayer conprising a

first surfakeopyns’acti ng a second surface of the forth pPeFERHIEr and a
second surface contacting a first surface of a fifth pinning |layer. a

second Ru | ayer conprising a first surface contacting a second surface of

the fifth piedinech drayeamtiendmanescorptingbatvean the pogibauts prgedlajars 46 &sur f ace of a

SIXUN PInnggy LR%EN scalidnd cHRGABIRLON Aflerl RURS stﬁﬂ@R‘éﬁén‘nggﬂ first surface

contacting a’sec SR he 'si xth pi nned |ayer e sensor of
claim 1 f ueletteops Gomide P@Wﬁ’da)’e’a“oé@%F?dhmﬁuﬁﬁdﬁfﬁb"@?cw@ﬁ’d@éﬂs B¥APICi sing a first

surface Co%ﬁgﬁﬂof)}g)s@e 18 Bfe PiicleIbyet ﬂﬂ%eﬂio th&\gader Bfer BB Mhtreford, AYAlizeaNd a second
surface contacting a first surf second pi nni | ayer; a second

oxi de | dyerreedirpticeiondn %P"%‘Yafvﬁ w@lﬁ’?‘gﬁ@ a&&fﬂ'{%@gf?eﬁgm&ﬂ%gﬁ Bdt'Surface of the
second pi nQ&gatieyeinimi i caeiaains elsamroﬁmenﬁgmhe nmtayeagonanﬂn}res;innwaiaace of a

S econd pi M Qgéj x&clégix Ei‘éﬂ‘étkf“g’g‘ rT5ne§1cs la%er 4%5 le%e ccfn meme t can Ee aCRlCVC% bé Hus?rll cr?m]' ¢ Lgr ther

conpri sing surtace separat
non- nagnet itkén mdmr@ylnswetltkrpwddagn@mnw m&r@apaceelayeTh@ Sémsmduatipn cl ai m 1

wher ei n th%xe@oﬂ%ﬁm gy\goww tﬁeeéeeaamwméh iS %ﬁéﬁt@% B{,&Wehe group

consi sting 0 et hod manuf act Uri ng
magnet oldes481i specelayes #i3, @Grﬁ?rPP@FMQW 1+ H?lﬁ@wbneﬁ%yé phe maleueltoﬁ%dec onpri si ng:

an oxide '%xéfms'aﬁéel Rlie QRABENGyel iHosil pRBEbISIRGASEh S hAGRSs is sufiiigned | ayer
conprising a first surface cont aéﬁ)(lfr?r% the first surface of the oxide |ayer

and a secofdrBaFrITEREACHE AL Pneqfp¥Bce of a non- magnetic spacer. a
free magnetic |'ﬂ))é@dfme(lajmﬁlhesbflgmﬁsﬁebﬂl&tref&blioﬁaﬂﬂ)eaﬁ;pﬁﬂ atirddebip3of tdak pi nned

layer by t an—ggve sens rs }:or(ihe cgs ?{hé simple dual spin-valve, the specular reflection can be
15  achieved by inserting an oxide into the pinned layers as shown in Fig. 5.

Fig. 5 shows a magnetoresistive read head illustrating an implementation of a dual
spin-valve sensor with an oxide inserted into the pinned layers in accordance with the present
invention. Spin-valve sensor 500 includes a cap layer 501, a second pinning layer 502, a
forth pinned layer 503, a second oxide Jayer 504, a third pinned layer 505, a second spacer

20 layer 506, a free layer 507, a first spacer layer 508, a first pinned layer 509, a first oxide layer
510, a second pinned layer 511, a first pinning layer 512, a seed layer 513, and a substrate
514. The spin-valve 500 is comprised of substantially the same layers as the spin-valve
sensor 200 with the addition of the second pinning layer 502 adjacent to the third pinned
layer 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-valve can also be achieved by using compound
antiferromagnetic pinning layers as in Fig. 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



- a pinning layer conprising a first surface separated fromthe pi nne?i ﬁ/
by the oxide |layer; and a seed | ayer conprising a first surface contatc %2004

a 'second surface of the pinning | ayer and a second surface contacting a
first surfa@@0BNIF substrate. 11. The nethod of clai m 10PGFBI08RMH0& he | ayer
structure further conprises a second pinned |ayer conprising a first
surface contacting the second surface of the oxide |layer and a second
surface conk@elhyamg0s Aérsf pinning layer 6 Weeseod layen 61 Ippndmisphgrtegi@r Thapin-The net hod

of claim 11,uhe&joqd &n{phfcd bPYiBHanBiyURd i 1afdiE dsHRTspiG ABIDE deRfS 100awiaROoNd oxi de
| ayer conprising a first surface contacting the second surface of the free

magnet i ¢ | dgdition o4 Sepordiming 145y 404 adiacepiie Qéfﬁc?ﬂj‘ oxidg Jayer 60%  Ihe sgeandot 2 second
]1: r eeh mag netobcﬁe ia?éf%m adjaBem {6 tHeae bRl piahedGdyar 6TY. 1'ﬂlhe\%tﬁﬁnﬁ]b1ﬂ1eﬂ ey er structure
urther conpri secon neti.c spacer

conpri sihg ag’a‘fef“rtgfheé’ﬁ?‘fdaf’%“r layst 605 ﬁd"&“’%‘ BRGNS Sg‘ﬂé]“f“g‘ﬁ‘gg PR % ee magneti c
| ayer and aayse00(dp BiyerflapendheafreedayengPodfréelayst 108)ir f ace of a third pinned

| ayer; a secon xi de C ng a second
surface of a thi r‘a‘usmﬁth%ég{l g??@&en\ﬁ{hggrglzeéxg%:gﬁémé féfgc p?gn%?ﬂ%%ﬁﬂg a first
surface of oaidé byftrhnepfﬂ Wrbewwrﬁ?é’ﬁlde the gingeddayers next i thaspargr layey & thedamsr | si ng a

first surfgg & %WAL%W&@ asmqn&dwﬁs@fﬁ@f iffstrdth8 af RipletheRhitA@da hayer . 14.
The net hod o alm 10 erein the layer structure further conprises: a

second Hl n rfé‘d'VFlé%/SSFsobUﬁ‘b%yP@?‘Hg"méfe’f‘?"i‘aé?e"é pinped dayers fraccprdancigithike second
surface of grdign P¥éntlen. Ty eernsoaladusiaxs secap thy&rof, ac&osdyiinaetiayeg70a, 4 dixtist  sur f ace

f Ru | d t hi t
gonfl acti ng%glrngdelg’?fﬁ sfbsre!foé' (We %ﬂé %%PHV%@%BZ‘JSW%&%‘Sﬁa‘ﬁ%ﬁf#z‘ie cont acti ng
the first dHorHpmed kafert]dwea fecovrdi spagerl IayeeT08, dlffee loker 9P, adulst sfaca layen Q.4 wher ei n
the layer SEldifiel Gy v D8k &Pmagaw a fiist SRR AR SRENR Ly ARSCET

conprising a cont
15  second pinned layer 71 5 a first pinning layer 716 a seed layer 717, and a substrate 718. The

spin-valve 700 is comprised of substantially the same layers as the spin-valve sensor 400 with
the addition of the second pinning layer 702 adjacent to the sixth pinned layer 703. The sixth
pinned layer 703 adjacent to the second Ru layer 704. The second Ru layer 704 adjacent to
the fifth pinned layer 705. The fifth pinned layer 705 adjacent to the second oxide layer 706.

20  The second oxide layer 706 adjacent to the forth pinned layer 707. The forth pinned layer
707 adjacent to the second spacer layer 708. This new structure is sandwiched between the
cap layer 701 (cap layer 401) and the free layer 709 (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.



“ second surface of the free magnetic |ayer and a second surface cont ?cﬁim 2004
first surface of a forth pinned | ayer; a second oxide |ayer conprising a
firTst surface contacting a second surface of a forth pinned | ayer and a
second surface contacting a first surface of a fifth pinned | ayer; a second
Ru layer conprising a first surface contacting a second surface of the
fifth pi "MBAT B EGLAIMEDASsecond surface contacting a.first surface of a
si xth pinned layer; and a second pinning | ayer conprising a first surface
contacting a second surface of the sixth pinned | ayer. 16. A nethod of
claim 10 wher el magieoresiytive sshedrcbmpsisihgsr t her conprises: -10 2 4 MAR 2004
a second non-nagnetic spacer conprising a fjrst surface contacting the
 deversgmen il

) f
second surface of @BROXHedeyergamensips PRRRsIELifat apdsse f%ace contacting a

first surface of a 2 SRAR ' L : [ onpri si ng
a first surface cor?t act Pg%e%ggﬂgggzﬁtggga%f&tﬁ ﬁgﬂggeg%rfg&s}lﬁﬁglmlcayer and
a second surface cont acthegxide fayesindsaisdcané saffacea coetotug pifinstisndfadeayfeor . 17.
A nmet hod of claim 10 wherein the |ayer. structure further conprises a cap
| ayer conprising a firstOBUR48RRC LS at ed from the non-magnetic spacer by

the free non- magnebieel Ryiktic kfer AP LfiRBhFTICY SepBASPIromINPpinfbdId: a
specul ar reflection |ayer conpfising opposing first and second surfaces; a
pi nned | ayer conpri si ng layef by e nonrmagnstic spacattandg t he first surface of the

specul ar reflection layer . and a second.surface contacting, a fir rface

of a non-nagnetic Sﬂ’é@?g, layer; Gomprising a6 fsgsqrga\f&sep(%%ﬁrgﬁnﬁae Bmpcl@fsatyglgurface

separated from the pinngg they@te Ryet he non-magnetic spacer; a pinning |ayer

conprising a first surface separated fromthe pinned |ayer tr)ty t he specul ar
2

refl ection; and a @seefl laggreompsising adfifstsusaeoeeiiaating aseemidrigripegefrthand a
substrate layer. pinning layer and a second surface contacting a first surface of a

substrate.

2. The sensor of claim 1 further comprising a second pinned layer comprising a first
surface contacting the second surface of the oxide layer and a second surface

contacting the first surface of the pinning layer.

3. The sensor of claim 2 further comprising:
a second oxide layer comprising a first surface contacting the second
surface of the free magnetic layer; and

a second surface contacting a first surface of a second free layer.

4. The sensor of claim 2 further comprising:

a second non-magnetic spacer comprising a first surface contacting a
second surface of the free magnetic layer and a second surface
contacting a first surface of a third pinned layer;

a second oxide layer comprising a first surface contacting a second surface
of a third pinned layer and a second surface contacting a first

surface a forth pinned layer; and



- 19. . The sensor of claim 18 further conprising a second pinned | ayer e 2004
conprising a first surface contacting the second surface if the speZ:L?I g&““
reflection | ayer and a second surface contacting the first surface of the
pi nning layer. 20. The sensor of claim 19 further conprising a second
specul ar reflection layer conprising a first surface and a second surface,
wherein the first sgedoad@inningloneraonmpnigingtidirsicwisioee sentaciios agecande free
magnetic | ayer and the second.sur e.ls;contacting a first surface of a
second free layer. -11 St Cﬁ%ﬁﬁéﬁﬁ@”ﬁﬁaﬁﬁ% sensor of claim 19 further
conprising: a second non-nmagnetic spacer conprising a first surface
contacting a second surface of the free magnetic |ayerand a second surface
contacting & The sensaiefiddaim bfur@efmmwsmgﬁned | ayer; a second specul ar
reflection | ayer c i i ' ’ig t urface of
a third pinned Iaygrqp‘%hgpg}&ggé%,ﬁgéénﬁéﬁé%g@rosggﬁap(g%%r%ﬂ%c‘ﬁ@??g%rn?ace of a
fourth pinned | ayer; a satepdf hervxidialayad acesondisaifag: cntdctiag a Siustf ace
contacting a second surface fqurth pinned | ayer. 22. The sensor of claim 18
further conprising: a s 8 op2 Rydayera conprising a first surface
contacting the sec f . a0 second
surface contacti ngggl11 ¥c?¢lg§&§l§¥?§gyb§fsﬁ§%guﬂ%@%§% &gﬁ%nggtaﬁ?ér/ﬁ{dps?ﬁ%ﬁ | ayer
conprising a first surfatthedonapatandg secadsorfdcesaomfasting dfe firsissuRiacd efyer and
a second surface contacting the first surface of the pinning |layer. 23. The
sensor of claim 22 furtHEPRYABIAYE ng: a second non- nagnetic spacer
conprising a first surface contacting a second of the free nagnetic | ayer
and a second surface contacting a first surface of a fourth pinned | ayer; a
second spedul dhe senspreftdlam § furder conprising:ng a first surface contacting a
second surface of the fqurth pinned Iaxyer and atsecorlltd surface contacting a
first surface of aaﬁ?cr(w an-ﬁ?f&qetllcav)éﬂFe, comprising a 118t surface contaciing a

second surface of the free magnetic layer and a second surface
contacting a first surface of a forth pinned layer; and

a second oxide layer comprising a first surface contacting a second surface
of the forth pinned layer and a second surface contacting a first
surface of a fifth pinning layer.

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

a second pinning layer comprising a first surface contacting a second

surface of the sixth pinned layer.

7. The sensor of claim 1 further comprising:

a second non-magnetic spacer comprising a first surface contacting a
second surface of the free magnetic layer and a second surface
contacting a first surface of a second pinning layer;

a second oxide layer comprising a first surface contacting a second surface
of the second pinned layer and a second surface contacting a first

surface of a second pinned layers.



" a second Ru layer conprising a first surface contacting a second su} fia¢dARo2004
the fifth pinned | ayer and a second surface contacting a first surface of a
si'xth pinned | ayer; and a second pinning |ayer conprising a first surface
contacting a second surface of the sixth pinned |ayer. -12 2 ~ 1~An 2004
24. The sensor of claim 18 further conprising: a second non-nagnetic spacer
conprising a first surface contacting a second surface of the free nmagnetic

ayer: and % Sbe oot LA HRRL bifafbind p dhe Jiter REBeRyR £ FRERBERET ace

contacting a spamidl BothiRCRoromagittic 3paRRBy HefaRdnh@edt 1886 a second surface
contacting a first surface of a second pinning |layer. 25. The sensor of

claim18 further conprising a cap |ayer conprising a first surface
separated fgo et | r-hy. r t - AV 6. The
sensor of cglr' amrﬁ ?@13\%@; gﬁﬁﬂt%gﬁgﬁﬁﬁ?ﬁgplpg?gpg%%n%ﬁ@ggg r}rlr%%llé?}i %Fectseél ected
from t he groufromahs gsiuprgnsiftinyg dYINidMidaridtIMn. - 13
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ca] ca] ca] cal] ca] ca] ca] ca] ca] piapedlayer kyathe ape-aagapieainaedreal cal cal W VWAAKg XXXY
TYYYYY: 222222220[ [ [\ R T AR LL R Gohigu el bl cbalaahsalial cal cal cal c
a] ca] ca] ca] ca] ca] ca] ca] cgi car] &

a] ca] ca] ca] ca] ca] ca] ca] ca] capinatd myeetciat oaide 1 dyeR and3 Baaaa;
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ca] ca] ca] ca] ca] ca] ca] caf ée,ﬂidge(g comptising a first surface contacling a second surface

a] ca] ca] ca] ca] ca] ca] ca] ca] cal f i b xsnid_Z
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109 ()- @ 10%&' ()-Y 109%&' ()-109%& ()-'109%& ()-3s~*[ zX6)Y3lys 10%&' ()-!"ys
109%& ()-! ys 10%& ()-'ys 10%z& ()-!cys 10%& ()-Y10%& ()-u uV4aY!'10% /& ()-
& 10% & () -14. The method of claim 10 wherein the layer structure further comprises a second

\\\\\\

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

layer and a second surface contacting the first surface of the pinning layer.

12. The method of claim 11 wherein the layer structure further comprises:
a second oxide layer comprising a first surface contacting the second
surface of the free magnetic layer; and

a second surface contacting a first surface of a second free magnetic layer.

13. A method of claim 11 wherein the layer structure further comprises:
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igg//ag o og 8 - FI 2 %%ﬁi non-n}meligcé}s&w?wpmpnmg/@cfm&wf)wqﬂ@ontam% 8(o& ()-F!"
00'0 -Fl'q ‘()5 (e SR
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F 109V ()-"!YS10%& ()>F

10' 093: z10% 0& () - F"_$&sdtactingREirbt!sudBod df& third plrined 18/ES& () -, 10%W& ()-,!q
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O a se(c)ond pinning lqg}F/)er cg%npiélsi%gra flsrgttsggfggeégcnntacting a second

surface of the forth pinned layer.

14. The method of claim 10 wherein the layer structure further comprises:

a second pinned layer comprising a first surface contacting the second
surface of the oxide layer and a second surface contacting a first
surface of a Ru layer; and

a third pinned layer comprising a first surface contacting a second surface
of the Ru layer and a second surface contacting the first surface of

the pinning layer.

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

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

a second oxide layer comprising a first surface contacting a second surface
of a forth pinned layer and a second surface contacting a first
surface of a fifth pinned layer;

a second Ru layer comprising a first surface contacting a second surface of
the fifth pinned layer, and a second surface contacting a first
surface of a sixth pinned layer; and

a second pinning layer comprising a first surface contacting a second

surface of the sixth pinned layer.

16. A method of claim 10 wherein the layer structure further comprises:

-10 -
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10%2& () -110%¢& () ag @é’é‘%lawcﬁﬁw&“%?flf*l‘d%@?%‘)“t*’é‘&@éﬁ?ﬁ&?ﬁfh@“&ﬁebc
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MMVDC non-magnetic layer.

18. A magnetoresistive sensor comprising:

a specular reflection layer comprising opposing first and second surfaces;

a pinned layer comprising a first surface contacting the first surface of the
specular reflection layer and a second surface contacting a first
surface of a non-magnetic spacer;

a free magnetic layer comprising a first surface separated from the pinned
layer by the non-magnetic spacer, |

a pinning layer comprising a first surface separated from the pinned layer
by the specular reflection; and

a seed layer positioned between the pinning layer and a substrate layer.

19. The sensor of claim 18 further comprising a second pinned layer comprising a
first surface contacting the second surface if the specular reflection layer and a

second surface contacting the first surface of the pinning layer.

20. The sensor of claim 19 further comprising a second specular reflection layer
comprising a first surface and a second surface, wherein the first surface is
contacting the second surface of the free magnetic layer and the second surface is

contacting a first surface of a second free layer.
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surface fourth pinned layer.

22. The sensor of claim 18 further comprising:

a second pinned layer comprising a first surface contacting the second

surface of the specular reflection layer and a second surface

contacting a first surface of a Ru layer; and

a third pinned layer comprising a first surface contacting a second surface

of the Ru layer and a second surface contacting the first surface of

the pinning layer.

23. The sensor of claim 22 further comprising:

a second non-magnetic spacer comprising a first surface contacting a

second of the free magnetic layer and a second surface contacting a

first surface of a fourth pinned layer;

a second specular reflection layer comprising a first surface contacting a

second surface of the fourth pinned layer and a second surface

contacting a first surface of a fifth pinned layer;

a second Ru layer comprising a first surface contacting a second surface of

the fifth pinned layer and a second surface contacting a first

surface of a sixth pinned layer; and

a second pinning layer comprising a first surface contacting a second

surface of the sixth pinned layer.
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26. The sensor of claim 18 wherein the pinning layer comprises a material selected

from the group consisting of NiMn and PtMn.
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