;[\ e3eNKL" n86nT38! - 1 d ANT MAGNETORESI STI VE SENSOR W TH PI NN% hm_EQU[]a
5 BACKGROUND OF THE | NVENTI ON The prese on rel ates gener

gi ant nmagnet oresi stive sensor for use\m r\bmwmmg ic read head. In

particular) the present invention rel gl ant magnet oresi stive read
sensor having inproved thermal and magneti68t ability. 10 G ant
magnet or eswexo0s57¢ GVR) read sensors are used in magnet i ®CTAISP/2900r age

systens to detect magnetically-encoded information stored on a magnetic

data storage nedi um such as a magnetic disc. A time-dependent nagnetic
field froma magnetic nmediumdirect!y.jpodul ates the resistivity of the GWR

read sensor. A 15 change in resistance of the GWR read sens
detected by passing a sense current through the GWR read se H@‘WW\W\“\“
measuring the vol t ageANMIOMABE TORESIS TR ENEGHOW RRIBRRING LhEr T esul t %?a can
be used to recover the encoded information fromthe magnetic nedi'f

typical GWR read sensor configuration is the GWR spin 20 valve, in which

the GWR read sensor is anulti-layered structure formed of a nonnagnetic
spacer | ayer positioned bet%@@%ﬂ@@@i@wﬁﬂd | ayer and a
ferromagnetic free |ayer. Thee praagnetiheatio® refited r@ngrdngeg) l2ypdnti s fixed in
a predeterm ned direction, typ| cally normal to an air bearing surface of

the GVR read senB@ePetFasisive Rensesipnupe inga Masnedic read hend. fin B%”'Plél?’é:r rot at es

freely in respongg droseHt uﬂféhﬁémaésate@wstgiawHaghdtoréfmwée&a@&@ﬁw of the GWR
read sensor varies as a function of an an%:]%l ormed between the

nmagnet i zati on di PadRg Bprevedthermal @ad magaetiapigbilitte nagneti zati on direction

of the pinngg |ayer. Thi 5dﬂHt%édr@Y&éﬁQw@RG’ﬂm’ﬁbé{@sérQJUré g @elggp al | ows for
a nore pr onounced magnet oresistive fect, i.e. greater sensi tivi ty and

hi gher total chafgenetis data stteraee, SB{SI"\%{HS it9 getest Uﬂégwt'ﬁﬁ"Yaﬁ"ﬁcﬁ’éW opi ¢

magnet or esi sti vejnfRliof %%eé%sé’rrﬁagr}@*ﬂb %t&%ﬂﬁég’ﬁ Hédﬁf?ﬁ‘%héﬁ Rfaa single
ferromagnetic | ayer. A pinning |ayer i's tnfpl cally exchange

coupled to the pinAgeRiiq diser %d'W%Qeﬁ%eﬁ*agﬁéﬂ?t%W'é YT 3 [eaghetied | ayer in

a predeterm ned gih@ef diffbtly MURAURIEYINBGebiSNAY of thel GMMFCAIahYschesed of an
antiferromagnetic material. In antiferromagnetic materials, the nmagnetic

monent s of 55adj $19EEE AtreHstapet 9f the COMpJerd sepsaran b etasted Phus) t here

i's no net rragnet;bé:ssmg@ggnsbr&uﬁrbmtﬁmuﬁhw GMR ©a8dehadr@ihdinsedsyiphgal | y used
to pronote the texture and enhance the grain growth of the free | ayer

consequent | y gr R VBleasRrTess the CMRdeadensoay be fRsUBing#9EECaMBR en” such
that its atom c gdedusireddver the epodéd MMBMBEM froBQné RRDABEISMBEILM. t he
preferted crystallographi & Ol G &R foad sencer confiouration 1s the GRIR spm | €€ 1 aver
20  valve, in which the GMR read sensor is a multi-layered structure formed
of a nonmagnetic spacer layer positioned between a ferromagnetic
pinned layer and a ferromagnetic free layer. The magnetization of the
pinned layer is fixed in a predetermined direction, typically normal to an
air bearing surface of the GMR read sensor, while the magnetization of
25  the free layer rotates freely in response to an external magnetic field.
The resistance of the GMR read sensor varies as a function of an angle
formed between the magnetization direction of the free layer and the
magnetization direction of the pinned layer. This multi-layered spin
valve configuration allows for a more pronounced magnetoresistive
30  effect, i.e. greater sensitivity and higher total change in resistance, than
is possible with anisotropic magnetoresistive (AMR) read sensors, which

generally consist of a single ferromagnetic layer.



“Principal concerns in the performance of GMVR read sensors are the Qfgrifj| 2003
and nmagnetic stability of the GVR read sensor. \Wen the pinning |ayer Is
exchange coupled to the pinned | ayer during IS nmanufacturing, the GWR read
sensor mnust not experience diffusion between thin |ayers in the GWR read
sensor. After the pinning layer is exchange coupled to th 8’ nned | ayer to
fix the magWewO¥sssts on of the pinned layer in a predeter mPREYSWH®Lion, a
suf ficient exchange coupling field, or pinning field, is required to keep

t he magneti zation of 20 the pinned | ayer unchanged duri ng the operation of
the GWR read sensor. Key determ nants-@ the thernal and magnetic stability
of the GWR read sensor are the materials used as the pinning |ayer and as
the seed layer in the GVR Addrnirgiayeris tymipallyaxabanderguplediprihapinned2s of the
pi nni ng | ayer matgréal, ﬁfth%hﬁaérf‘émﬁt\'cﬁatél‘rtﬁe inrda! 16ierliRG PHeRBieRgRAd Pinned

| ayers are exchange coupl e uring manuf uring. esirable for the
pi nni ng | ayer nat@ractpn.t dhe aipaing lamwamnlealmfngn@@nfpmantmreom@grmﬂt r ol
magnetic behavi Ormgfé‘f]iaprW%Hflfe%%%ﬂﬁ%&n?%fgr%e@hé I?r'légwleﬁé’ Higmbhtside GVR spin
val ve. The bl ocking tenperature o material is the
tenperature at whadjacant@teame hainye enpopite dgeailpgappéahhgs. therei is noderwitr abl e for
the pinning |ayerp, h bl ocking tenperature to prevent

t he magneti zati on %&&Lerﬂ%qq%ﬁtegﬂ?/avgte%g - 3 from changi ng during the
operation of the GWR read Amdﬂayemsﬁnplcalhwsgeé@prme theatexturalandf f ect s t he
strength of the ey f i pod

desirable for the segggﬁqecg'gplr%rggm %fﬁb%l}rﬁ%?aﬁ& P%% uéﬁtfyeé}gkl:] < th%l nation to
have a hi gh pi nniofgt. sfhees@tdﬁam nhatenial ishehcsensyoiethiat #s atﬂmlofstrutterepl nned
|'layer unchan d c : eqd f [ mat eri al
with a high g ockﬁngﬂ?qér%g!rﬂﬁt uéogl%gﬁd*d% %t\av g%n Q%feﬁagtégper r§¥I§§ and for a
seed | ayer nmat er iditectitradf thetmeagnetzationiof thet frae lpyentatgriblayer nateri al
produces a hi gh pinning Stbﬁ&ﬁ% cfn%eﬁlRl ﬁFth§U qug TA?EGWI%%G\I The
present invention is a gian gne oresi St Ve St ac use I'n a magnetic
read head. The glmsommétedh@mad;amd/magmamlstabﬂd}'aﬁbsGa/lFR\IrdéelGenseed | ayer, a
ferromagnetic fr g%gr f etic

pi nned | ayer, angﬁagﬁ‘tﬁﬁ&nﬁnﬁﬁd‘&gﬁg%gélﬂe%ggv\gﬁagdi pinrfed '?’ﬁéf% or Pd. The
free |ayer hd§ a manufeetyring, rt’agr@wﬁ?deadmemoran@stur@tmgememetﬂﬁmi@racent to
the NiFeG seed |ygEen fﬁh?lag%rgr\?g\e@&ﬂﬂrreg?%r%op &tﬂégmdgﬁﬁag@ﬁ?”t and is
posi tioned adjacent to pi nning Iayer e spacer is

posi tioned bet weesxchanrgd eaupladaipethe pinhedHayssitafiadhe apgnetizaiion of ithes t
preferred enmbodi nBideq § t,r,eg Ast ] ¢4 QFRidH | @¥Rbngd Ne spacer
| ayer is forned oﬁ ceopp , ! drﬁ[y érlrﬁrg'?\ee d%gdghr IS for;re é%(:éo?__ In a
second preferred Bl ﬁ%tor P!ﬂﬁ@gffeéfb i3 eppuire to kpepjthe magnetizatipager . t he
spacer layer 7S fiRg Bathedf 1agQPRRIhan@R dbf men abay%f tHeS GMEERESR] Ru/ CoFe
synthetic antiferromagnet. BRI EF SCRI P E DRAWNGS 25 FIG 1 is a
| ayer di agram of ¥MFP% st enbodi nent of a gi ant magnet oresi stive stack of

the present invention. Fl Gl(e)zdétérn"’?inbf%%ifth@'tﬁé}ﬁﬁﬂbﬁﬁ m%gﬁ@&%&b(ﬁggpd' ment of
a giant magnetoresistive stack of the present invention is a graph

of the bl ocking ttBensMRreadsensondiesthe ainterialorsed #% oRPIHIRGIaNer aner) where
X is either O orasRfe seed layerin the GMR read sensor. The annealing temperature
25 of the pinning layer material is the temperature at which the pinning and
pinned layers are exchange coupled during manufacturing. It is
desirable for the pinning layer material to have a low annealing
temperature to control magnetic behavior and prevent diffusion between
thin layers in the GMR spin valve. The blocking temperature of the
30  pinning layer matenal is the temperature at which the exchange coupling
disappears. It s desirable for the pinning layer material to have a high

blocking temperature to prevent the magnetization of the pinned layer



- 4 FIG 4 is a graph of the pinning strength neasurenent of the fHri§t
enbodi nent of a giant nagnetoresistive stack of the present invent 20%"”4"62003

5 is a graph of the GWR response of the second 5 enbodi nent of a giant
magnet oresi stive stack of the present invention. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS FIG 1 is a layer diagramof a first enbodi nent
of a gi antwongesstsor esi stive (GVR) stack 10 of the preseRETURYEMMoON. GVR
stack 10 includes a seed |ayer 12) a free |layer 14, a spacer |layer 16, a

pi nned 10 |layer 18, and a pinning |layer 20. Seed layer 12 is N FeCr. Free

| ayer 14 includes a first ferromagnetdec | ayer 22, preferably N Fe, and a
second ferromagnetic |ayer 24, preferably CoFe, and is positioned such that
the first ferronrfegnehangihnggeingiie operatipmotihe GMRgeatisdrmper AlsQ, thei nned | ayer

adi acent to p naty BTGt e PAloh SBAEpBph BTG S) er

Cr or Pd. Spaceroripiyéng $engih.alti®desitie foc thensead aler patefial/pibhing copper, and

5 20s1 L1 om DL ol b AL PRSI Sk < pRpIEL 2o o0

magnet i zati o ofmégretizhtioresf thd pinotdtayer @cHangedly i n response to an external
magnetic field emanati ng I\rorpiﬁ ,ma%nee;; C medén m ‘I}hrt;‘-,l mla?ci,ntrat ia%at ilon of

pi nned | ayer 18 is pinned B@P% ha Sé c?o%B?? Elfﬁ%ﬂi H% gyg} I wi t h pi nned
| ayer 18. Pi nni ngjth aaligh bakihg serapdratuck amda toangreTeating enpferatb@and@80C and an
anneal i ng tenperature gf about.270C The atom ¢ st.ructure of seed |ayer 12
is 25 face-cent ef%%seaiﬂ%erm#%rja%%ggfpe&ugﬁgyvgbfl-{e',PénTlaq %’F‘?‘?Pa'u ogr aphi c
texture and enhamodsceisiachigh pinningrstrehfthof free | ayer 14. The resistance of
GWR st ack 18 varies as a f i QN L0f can ~angl £ at i, formed between the
magnet i zat i R oof free | ayet—*4 2 = —tragret+zattom-of pi nned | ayer 18. 30
The conposition of seed | ayepredéntirveptiafie aalEnymagnétbeesistivgstack foabout

Ni (60) Fe(15) Cr(25) .t bout Ni (48 12) Cr (40 d,. f bl

a:0|(or ozd ren(at el)y (Ni 33’}gg’(aa?g%@r?%??gc{;ﬁi‘?g)a["ﬁé‘aﬂﬁ%gepsést'g%gt%cg{"augé%argnt heses
represent atom a NFEeCestadiayer]aéridmagneds freefayseacthdnmaghell®spatepr ef er abl y
inth f .about . 20A t bout A ef. bly iin th f
about 451 Lo abdatrsvierristebaated P Sho Aa PR Se BT aRe | < | ayer 22
of free 5 | ayer X aithepCebePablTie ifreetder hasgeotatatid oagnélid @bjreaf 15) to
bout N (80.5) Fe( 19 " [ v Ni Fe(18). Th
hi okness of 1 nentit Bpsd ARicRoPloThF Nt SRIREE (RS hhal ey () T

preferably in theasrsfivgd nodgrebio monhhahd Isyimsition&0 @djacemtdo they lRtMmEf er abl y

o froe layer 1anuIRu TR SbAce b8lis pORUAREAM eSO FBE SR nd VTl 20 70r
the second ferrdhagingeddayeay dn atustgireferred drayastimadt, the fpeiagenislay in the
range of ab?b't %Fé@o%@%éyﬁ%ﬁﬁg s%ér%{ ’é?é@? )F}{rﬁfe%ﬁgclalbeﬂ%%%é @Eﬁé;&by 13A. ~ The

t hi ckness of spacer Tayer nt ange out 20A to
about 35A, and rayes ipioshed abCoFe.ppr @geenndetrgfeped entiodinentpthe fréeon of pi nned

layer 18 is pref %p(? [ : Lckn of pi nned

| ayer 18 is preflgegg%%Nl n ﬁ?e%ir;qga%#é¥%%@%%gt§9§é%}?%n£§&§E?bé%ﬁ'ﬁgnd nor e

g[ E/Lg abl y apgr dhe p‘imnfed j;ayésis.a_ QQFéqp:gwmmai%ngﬁggg?m( Ifsig/g ( 28) w?en
is used is prefergbly beshipt B W > o]

about Pt (48) Mh(51 )Cr (1 %T—'an‘g—nvrﬂ%%‘y—mmtely

Pt (44) Mn(5525%) Cr (0.5). ThelG Riiz&tayssdiafirao afw figgt empedin2dt pha glans case i s

preferably in t Of t .. 300A, and nore 25 preferably

approxi mately 2gﬁ%&?ﬂgs'g@rﬁ%@%ﬁ?fé'g&@fe%g?ﬁﬁ%tgo ayer 20 when PtMhPd is used

is preferably in the rangeGof ialadayerrtiggram)airg Se0ond (e@Bodimentd a

Pt { 25) Mh(50) Pd( 2& ' ely Pt (20) Mh(50)Pd(30).

The thi ckness Oﬁpqtﬁb%g@%sj%&é%&%ﬁ%ﬁ%‘ @Bg%rg)e'%@{@r'ef erably in the range

of about 150A to about 3004 &nds 3@ guph pfetrs ablbokizppreoxienatued y 250A.

prosent 1 nudht anes et APRIEHERVE" LBE x ¥ eifeftRoPbacic 20 of The

Ay, .




- layer 32, a free layer 34, a spacer l|layer 36, a pinned | ayer 38)
pinning |ayer 40. Seed |layer 32 is NiFeCr. Free |ayer 34 incl udeszgfar!‘gr 2003

ferromagnetic | ayer 42, preferably N Fe, and a second ferromagnetic | ayer
44) preferably CoFe, and is positioned such that the first 5 ferromagnetic
| ayer 42 is adjacent to seed |ayer 32. Pinned |ayer 38 i hetic
anti fer r omYAMSFAd i ncl udes first and second ferronagne??@”?%@éop‘g 46 and
50, both preferably CoFe, and a coupling | ayer 48, preferably ruthenium
positi oned between first and second ferromagnetic |ayers 46 and 50, and is
posi ti oned such that the second 10 ferfomagnetic layer 50 is adjacent to
pi nni ng | ayer 40. Pinni ngﬂlj_.? r. 40 ig VhX, where is either Cr or Pd.
Spacer layer 36 is a nonmddiefiit? #@PBaf e,""b’?'@?é'r’%’l‘ﬂ)&}“?ﬁ?ﬁﬁme”éﬁa is
posi tioned bet weetie filseembalipiendf asantintyRdidresistiveIRackIdfahapesteht zat i on of
pinned layer 38 iis fixed in a 1 S predeterm ned direction while the
magnet i zati on of i¥eBEONYayer 34 rotates freely in response to an external
magnetic field emanating fFi@MsasRgaphict the GNIR redishsBBENRE isdabrnddn of
pi nned | ayer 38 is pinned P% _exchan'g% co,uPI in @Fi nning |layer 40 with pinned
| ayer 38.  Pi nhi n§MByneni@t fgantmpogriRiesty 'Yee’i"f% akthe ereseNiBIIttiossoC and an
anneal i ng 20 t enppEFANED DESTRIRTION OF. THH PREFERRED EMBODMENfS seed | ayer
32 is face-centered cubi cd:(lfcﬁ wWhi C ronot es the gll,l] EéfySt'al | ographic

r

h .p .
texture and enhances the driSi f %R Riehdiggram ¢fe firglembadimenhel & @iapist ance of

GWR stack 30 var inea@na@r@siétwe§em sfick a0 oftha Redditinviehtiddr ORI digdveen t he
magneti zation of free |Jayer 34 and the magneti zation of pinned | ayer 25 38.

The conposition &P incditesiaseer layer 15 afesrlayesrftya shaqshyeR @ Rirnesoout
Ni (60) Fe(15) {3 ( ?&}el’r 98, piNhing3ayer 06 256k4 Ader 120EINIFRICR, &S @g@rm y
approximately Ni (48) Fe(12)Cr(40). The thickness of seed |layer 32 is
preferably in thd4ingiies afirst fsipmanngtic lgyenssuprelryably Mifee. aod @ s&ePngr ef er abl y
in the range of ahRitha laYePRP Ptef@r8bly CHRB, £RITPPSsiidrY sokh tHaetHel I St

ferromagnetic Iaﬁer 42 of free layer 34 is preferably in the range of about
Ni (85) Fe(15) to ﬁéiﬁ"omagn_ef'?f'mr%%@.wqf@(’i . 8ped layRy o inpdde®rabl y

approxi mat el y N 4823 ke éckfimaghetic trhatetdle peeferhbly NCofd, I sid fseposiipr@aet i ¢ | ayer
42 of free layer 34 is Breferag in the_range of _about 20~ to about 100k
and nore preber aBPFCEHIP AaHRA Vér 3HAPINAiNg @¥enpedis PO rwheie %siscond

ferromagnetic | aggierTrét Pl Spaeer lagaters iS4 noBmbgRéRS MmbleyiappRfersbiat el y
Co(90) Fe(10). The thickness of th secon& f rronfgngti C I?%er 44 of free

| ayer 34 is pref 8?%Hﬂryarfdr1'stpﬁé't'9%‘?f§téetm§e% geitaysr 14 #gd pieat 188 18.and nor e

pr e; er ag: y apprﬁxi nat el ylg%% m'ﬂgﬁeﬂiz*a'tigﬂ;rtﬁsﬁingéd S@%ﬁ?21{8|i§)éﬁ3{ed3ﬁ BS Cor abl
refera in the range. about t 0 about ,_.an re prefera
gpproxi ma%/el y 24RrE0P Eﬁ@?f’tﬂ‘?’b Iec?;ti’e PRANgtzAlen %fgffeé@f%ﬂg?‘?t@tregonagnetig

| ayers 46 angb 50freélyphmaspbrisayter a3 @x@freal beddhefic dles ablaypatimpron gat el y
Co(90) Fe{10). The_ thicknesses 'ﬁ{?the ftj rst afnd s%clond 1f en-omagnetic | ayers
46 and 50 of pi nHRYNPUSRPAE. Sthe PAGHLUSAIGNQTANNED IaYarHi8 15 BRNEAHY 15 about
15A tohaboEt iOAex@m?gaﬁbeglnlinQ@irFﬂr@hyeriZDM]Eith@irfrmﬂg@/emﬂ8ab’muﬁngz5y‘krt]9 abgrt
30A. The thickne of ¢ L N ayer, 48 i.n ayer 38 is preferably in
the range of aboé@ hgs ?3)?‘2‘3‘51&9‘ /ﬁfafﬂ”r?e°€8H€ s?fﬁicgjnaé‘? H ﬁﬂ?‘??d'%i?ayer 40 when
Pt MiCr i s used i senyeratreadi 3boun2T0ME. r Biegstomic sthetire I8f 684&) liéow) ier (>0) to

Pt (44) (55 3 Or Fooesenorm cbhiodiina o0y Parain s LRF BBRoBhe case i s

preferably in thextireasdehhainestheldaif grovtaldiree BYBa1 AnThamsistapcef er abl y

approxi mately 200 h onposi tion_of . pinnin er. 40 wh Pt MnPd i s used
is preferably i nO{]‘ﬁMR*‘S{%ﬁ%@‘P"%%? f”@ﬁ“‘%[c( aT@%B/{'f?%ﬁ)'ﬁj&(@gﬁl g‘? e&Bout

Pt (25) Mn( 50) Pd( 2the magbtingtich g7 freé eiyaibi Aarainhe esignstizatiyn Bt diddvaegz0) Pd( 30) .
The thickness of pinning layer 40 in this case is preferably in the range
of about 150A to'8bout 300X, and nore preferably approximately 250. FIG 3

is a graph ofo the bl ocki ngrhb%mbgtiw@‘saadlaﬁ@elanﬁ;sfemraminahﬂa & pinning

I , Wh i i ther d. . Th . sh f th
exthange coupl i ng o6Bf HEGFRIAKTIa o 8o ePeRiahTiadl v Mg ssoc

the strength of pheeaNGhaRHEISKIRaLR/ ggmmswemmcg, @BerdHihe ndmbérsan gr aph of

the pinning strength nmeasurenent of GWR stack 10 of the present invention.
The graph shows the strength 5 of the exchange coupling (Ce) as a function
of the thickness of the pinning |ayer (~) at a tenperature of 270C. FIG 5
is a graph of the GWR response of GWR stack 30 of the present invention.
The graph shows the GVR ratio (the nmaxi mum absol ute change in resistance of
the GWR read sensor divided by the




10 resistance of the GWR read sensor nultiplied by 100% of stack ?g %ﬂgg 2003
function of an applied magnetic field (Ce). The GVR ratio of GVR sT&cK

is about 10.3 % In summary, the present invention introduces a GMR read
sensor with a PtMnX pinning |ayer, where X is either Cr or Pd, and a 15
Ni FeCr seed | aye The pinning |ayer has a high bl ocki ng dre of
about 380C Wgoﬁf%nt the exchange coupling from di sapped) %%ﬁ{’ t he

pi nning |l ayer has a | ow anneal i ng tenperature of about 27OC to control
magneti c behavi or and prevent diffusion between thin layers in the GWR read
sensor during manufacturing. In additirén, the seed 20 | ayer/pinning |ayer

conbi nati on produces hi gh |nn|n st rengt h. e resulti read sensor
produces a high W?@??‘?ﬁg@f’ tgpgr tage ]H-%Egﬂcm‘?ésﬂpg%egxg’qrnventi on
has lraleen desplr: betb w pﬂéférgblzrnemeﬁrdr@emf@fmt QdA&mﬂ?OASand\ﬁgfdééf S Iski Il ed
inthe art w rec at chagnges in forman et ai

wi t hout 25 depart?rﬁégébbm ﬁéa@&q h‘i?g@o%@nggg'%he i nventi on. -9
CLAIMS: 1. A giant magnet Oﬂ'ﬁéb&hbdﬁtuﬁcﬁ%fir@lrfeﬁﬁmagﬁ'etﬁ:lﬁmnﬁtdffreéead head,
the giant nmagnetoresistive stack conp a N FeCr seed | ayer; a

ferronmagnetic3freayeralfels Héﬁf?’ﬁa'ya'"rtﬁﬁ af?ﬁ%? @f r?é’QHEN‘@{SWt oW i oned

adj acent to the Sﬁ@b $)Flé€1r9 5)3aridahé R PrBRblyapploxMstely ABL)Feqyd)ngha i xed
magneti c nonent; a inning | ayer positioned adj acent to the pinned

| ayer, where X | shigtyassiag SO TERAgNetE [YBT2 20l fedmien d4dTPreieratiy | Nb,  Re,

Rh, and Ta; and anmﬂemaetéfcawcm;\Itay@croupomow ofd nleeé VieBfarddlg free
Iayer and t he pinned Iayteeiry530§5 he gi ant nagnetoresistive stack of claim

1 wherein the frcPPre? di hP&QE’rPOE'B%‘P“E? E%CO”Q fagreraagngfistaygbsi t i oned

adj acent to fybe Sziﬁdf fra¥ 84yer aadisSprefirsbly AyBroxMeRbly| @ﬂ@d)@éi(ﬁceﬂﬁeto the
spacer layer. 20 3. The giant nagnetoresi st| ve stack of claim 2 wherein:

the Ni Fe |ayer hd8icknqssi %fk?’i‘@s%ecpﬁd defremaenalie 1oy 4% Oéﬁr@ﬁt laygio imand t he

CoFe | ayer has a drbjefdtiiemsthé Parye’oR BESUtHA @%@m%tme}h&@?r@%m The
gi ant nmagnet or esi stl ve stack ,of claim1l wherein the pinned |layer is a 25

synt hetic anti f er3PprRigRately ‘53A The gi ant magnetoresistive stack of claim4

wherein the synthetic ant'ﬁ@ét’hm&}ﬁfbﬁaé‘e@@éfﬁ§pré¥eﬁabf fﬁth@QEﬁ’gé ayer
positioned adjacent to the space%i er; 30 a second %&rd posi ti oned
adj acent to the AfFRPHEI Petboul é"ﬂd?‘?f@rﬂr%fﬁﬁb%p'%@?ﬁ% bet ween t he

first and second CoFe | ayerige Compdsq.oﬁ oﬂ'kﬁn@@néydfagaetsorrﬁgfeﬁgmwe stack of
claim5 wherein: the firs Fe | ave thickness in a range
of about 15~ to eﬁ?@[ﬁx'rﬁéﬁek %aﬂgﬁlge ?ﬁ’e qﬁf"h‘@ﬁ SI g Ewnﬁﬁgaﬁertm &kness in a
range of about 8/Avéferatioirtthelrange of about 18A to about 30A, and more preferably
approximately 25A.
20 The composition of pinning layer 20 when PtMnCr is used
is preferably in the range of about Pt(36)Mn(64)Cr(>0) to about
Pt(48)Mn(51)Cr(1), and more preferably approximately
Pt(44)Mn(55.5)Cr(0.5). The thickness of pinning layer 20 in this case is
preferably in the range of about 100A to about 300A, and more
25 preferably approximately 200A. The composition of pinning layer 20
when PtMnPd is used is preferably in the range of about
Pt(15)Mn(50)Pd(35) to about Pt(25)Mn(50)Pd(25), and more preferably
approximately Pt(20)Mn(50)Pd(30). The thickness of pinning layer 20
in this case is preferably in the range of about 150A to about 3004, and
30  more preferably approximately 250A.
FIG. 2 is a layer diagram of a second embodiment of a

GMR stack 30 of the present invention. GMR stack 30 includes a seed



7. ‘The gji ant magnetoresistive stack of claim1 wherein the seed |
‘thickness in.a range of about 20A to about 60A. 10 8. The giant azg' Jﬁt ?003
magnet oresi stive stack of claim9 wherein the thickness of the seed | ayer

is in a range of about 45~ to about 50~. 9. The gi ant magnetoresistive

stack of cl‘g{')@és.)gher ein the seed |ayer has a G atomi c pgrspsiha@s of
bet ween abou and about 40. 15 10. The gi ant nagnetoresistive stack of

claiml1 wherein the pinned | ayer has a thickness in a range of about 20A to
about 30~. 11. The giant magnetoresistive stack of claim~ 1 wherein the
pi nning |layer has a 20 thickness in a range of about 100A to about 300..

12. The giant ma 1St I i i and has
an atom c per centg:;ll gg‘gero“{;%bﬁéﬁgﬁﬁgﬁﬁ?ﬁéeg}ﬁbg%gu%piﬁﬁg%gy%éfygBT neocéi ant
magnet or esi sti ve Rinrioglayer 4. sfendlayerdfés MiFACK free fyyepddiinglidean figgtoni ¢

percentage of betyeep gho IEQ?”%O@)%&Q%N Nie, afld a'%e%ﬁ@?ﬂg%rﬁégrfe%m ng a

gi ant nmagnet or esi stive stac use in‘a magnetic read , the method
conprising: 30 ddpysri #fngreferablyd Coligeandf isNpeait@neddepwdltithatnthea firstee | ayer
of a ferromageeti bt b i 1% the seed
| ayer; deposi tg i ngﬁggg%gﬁée?:lll?%\g?q%?@g%n%rr%x%ecr?elta]/%-s#ét eria Iag%//rga '% he free
| ayer; depositi ngasynfietineatifeagmagagdt aad instudeafitghand scoond éarfamadnelic ng a

magneti ¢ nonent t e : e Lt : i | ayer of
Pt MnX over the pﬁ% ed a?é‘?%\hﬁgﬁg%%f?rsaggg?é%%eﬁgf?oﬁ@ﬂ@g gér ourf{égonsi sting
of Cr, Pd, Nb, RejrefeRrabhanduteniums. pbliioned hbetwesn f tinshi mgda sgicand
magnet or esi sti ve : i r.ein. ] t hi ckness
in a range of abgg{r%égﬁétgqﬁéutééﬁq\ﬁg agnrc]igs R‘E}Jhﬁ%‘é%g%ﬂﬁﬂﬁmﬁﬁgfﬁe;%g? as a
t hi ckness i nl@ r dagemegnetisdaper $0 (adiaceabiopinda®iayerid). FiheingyRo40 of f or ni ng
a gi ant magnet or gsbai,l I 4 L el has a Cr
at om c percent aggégﬁwﬁ%’ﬁ”m%téﬁggsb%he?%b%% Sa%{%fé% a .%A@gﬁ%t hod of
form ng a gi ant rmatedaloprefarahly eeppst.@ok iossionedbativeah&eeillayex34 sndCr and has
an atom c per cen:@g{%dqg fefgween about 0 and about 1. 18. The nethod of
gnet ofes| st

formng a giant ive stack of claim 14 wherein X is Pd and has
an atomni c percentage of befh®enagietzatiopsobmitngdolayedss is fixed in a

15 predetermined direction while the magnetization of free layer 34 rotates
freely in response to an external magnetic field emanating from a
magnetic medium. The magnetization of pinned layer 38 is pinned by
exchange coupling pinning layer 40 with pinned layer 38. Pinning layer
40 has a blocking temperature of about 380°C and an annealing

20  temperature of about 270°C. The atomic structure of seed layer 32 is
face-centered cubic (fcc) which promotes the [111] crystallographic
texture and enhances the grain growth of free layer 34. The resistance
of GMR stack 30 varies as a function of an angle that is formed between
the magnetization of free layer 34 and the magnetization of pinned layer

25 38

The composition of seed layer 32 is preferably in the range
of about Ni(60)Fe(15)Cr(25) to about Ni(48)Fe(12)Cr{40), and more
preferably approximately Ni(48)Fe(12)Cr(40). The thickness of seed
layer 32 is preferably in the range of about 20A to about 60A, and more

30  preferably in the range of about 45A to about 50A.

The composition of the first ferromagnetic layer 42 of free

layer 34 is preferably in the range of about Ni(85)Fe(15) to about
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#910%& ()-tE R S 4l bk ﬁ'é’é(@)}erjfpl is preferably approximately Co(90)Fe(10). The
thickness of the second ferromagnetic layer 44 of free layer 34 is
preferably in the range of about 5A to about 25A, and more preferably
approximately 13A.
The thickness of spacer layer 36 is preferably in the range
10  of about 20A to about 35A, and more preferably approximately 24A.
The compositions of the first and second ferromagnetic
layers 46 and 50 of pinned layer 38 are both preferably approximately
Co(90)Fe(10). The thicknesses of the first and second ferromagnetic
layers 46 and 50 of pinned layer 38 are both preferably in the range of
15  about 15A to about 40A, and more preferably in the range of about 25A
to about 30A. The thickness of coupling layer 48 of pinned layer 38 is
preferably in the range of about 8A to about 12A.
The composition of pinning layer 40 when PtMnCr is used
is preferably in the range of about Pt(36)Mn(64)Cr(>0) to about
20 Pt(48)Mn(51)Cr(1), and more preferably approximately
Pt(44)Mn(55.5)Cr(0.5). The thickness of pinning layer 40 in this case is
preferably in the range of about 100A to about 300A, and more
preferably approximately 200A. The composition of pinning layer 40
when PtMnPd is used is preferably in the range of about
25  PY{15)Mn(50)Pd(35) to about Pt{(25)Mn(50)Pd(25), and more preferably
approximately Pt(20)Mn(50)Pd(30). The thickness of pinning layer 40
in this case is preferably in the range of about 150A to about 300A, and
more preferably approximately 250A.
FIG. 3 1s a graph of the blocking temperature
30  measurement of a PtMnX pinning layer, where X is either Cror Pd. The
graph shows the strength of the exchange coupling (Oe) as a function
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of temperature (°C). At 380°C, the strength of the exchange coupling
becomes 0 Oe.

FIG. 4 is a graph of the pinning strength measurement of
GMR stack 10 of the present invention. The graph shows the strength

5  of the exchange coupling (Oe) as a function of the thickness of the
pinning layer (A) at a temperature of 270°C.

FIG. 5 is a graph of the GMR response of GMR stack 30
of the present invention. The graph shows the GMR ratio (the maximum
absolute change in resistance of the GMR read sensor divided by the

10  resistance of the GMR read sensor multiplied by 100%) of stack 30 as
a function of an applied magnetic field (Oe). The GMR ratio of GMR
stack 30 is about 10.3 %.

In summary, the present invention introduces a GMR read
sensor with a PtMnX pinning layer, where X is either Cr or Pd, and a

15 NiFeCr seed layer. The pinning layer has a high blocking temperature
of about 380°C to prevent the exchange coupling from disappearing.
Also, the pinning layer has a low annealing temperature of about 270°C
to control magnetic behavior and prevent diffusion between thin layers
in the GMR read sensor during manufacturing. In addition, the seed
20  layer/pinning layer combination produces a high pinning strength. The
resulting GMR read sensor produces a high GMR ratio of about 10.3 %.

Although the present invention has been described with
reference to preferred embodiments, workers skilled in the art will
recagnize that changes may be made in form and detail without

25  departing from the spirit and scope of the invention.
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16 2. The giant magnetoresistive stack of claim 1 wherein the free layer is a bilayer
comprising:
a NiFe layer positioned adjacent to the seed layer; and

a CoFe layer positioned adjacent to the spacer layer.

20 3. The giant magnetoresistive stack of claim 2 wherein:
the NiFe layer has a thickness in a range of 20A to about 100A; and
the CoFe layer has a thickness in a range of about 5A to about 25A.

4. The giant magnetoresistive stack of claim 1 wherein the pinned layer is a

25 synthetic antiferromagnet.

5. The giant magnetoresistive stack of claim 4 wherein the synthetic
antiferromagnetic comprises:
a first CoFe layer positioned adjacent to the spacer layer;
30 a second CoFe layer positioned adjacent to the pinning layer; and

a ruthenium layer positioned between the first and second CoFe layers.
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5 the ruthenium layer has a thickness in a range of about 8A to about 12 A,

7. The giant magnetoresistive stack of claim 1 wherein the seed layer has a

thickness in a range of about 204 to about 60A.

10 8. The giant magnetoresistive stack of claim 9 wherein the thickness of the seed

layer is in a range of about 45Ato about 50A.

9. The giant magnetoresistive stack of claim 1 wherein the seed layer has a Cr
atomic percentage of between about 25 and about 40.
15
10. The giant magnetoresistive stack of claim 1 wherein the pinned layer has a

thickness in a range of about 204 to about 30A.

11. The giant magnetoresistive stack of claim 3 1 wherein the pinning layer has a

20 thickness in a range of about 100A to about 300A.

12. The giant magnetoresistive stack of claim 3 1 wherein X is Cr and has an

atomic percentage of between about 0 and about 1.

25 13. The giant magnetoresistive stack of claim 3 1 wherein X is Pd and has an

atomic percentage of between about 25 and about 35.

14. A method for forming a giant magnetoresistive stack for use in a magnetic
read head, the method comprising:
30 depositing a seed layer of NiFeCr;

depositing a free layer of a ferromagnetic material having a magnetic
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15. The method for forming a giant magnetoresistive stack of claim 14 wherein:
the seed layer has a thickness in a range of about 20A to about 60A; and
10 the pinning layer has a thickness in a range of about 100A to about 300A.

16. The method of forming a giant magnetoresistive stack of claim 14 wherein the

seed layer has a Cr atomic percentage of between about 25 and about 40.

15 17. The method of forming a giant magnetoresistive stack of claim 14 wherein

X is Cr and has an atomic percentage of between about 0 and about 1.

18. The method of forming a giant magnetoresistive stack of claim 14 wherein

X is Pd and has an atomic percentage of between about 25 and about 35.



