; €3eZZ4AN86T} 29 JUL 2004r GVR COEFFI Cl ENT ENHANCEMENTOF A qg&yhnﬁtyg
STRUCTURE BACKGROUND OF THE I NVENTION 1. The Field of the IhveM¥en 8&&
present invention relates generally to spin valve magnetic transducers for
reading information signals froma nmagnetic nediumand, in particular, to
novel structures for a spin valve sensot, and to magneti c recordi ng systens
whi ch incorﬁghﬁte such sensors. 2. The Rel evant Technol ogy Conputer systens
general | 1y Ree GOEFFAEN For ENHA NG MENEO IhavAng SRIN a2 $TA WMVED
data can be witten and fromwhich data can be read for later use. A direct
access stor RYGEE LICK aS a disk drive, incorporating rotating
magneti c disks Is comonly used for storing data in magnetic formon the
di sk surfaces Data is recorded on concentric, radially spaced tracks on the
di sk surfaces. Magnetic heads carrying read sensors are then used to read
data front the tracks on the disk surfaces. In high capacity disk drives,

magnet oresi stive read sensopa.ciE@RMINY OFMEIE SVENRROAR heads, are now
the nost common type of read sensors. IS i e to the capability

of MR headslof reigLi%ﬂgﬁgﬁpﬁg_%Fggfk of a greater linear density than that
whi ch 2°9 J ~{¢ 0> e ;OVERTOR ously used thin filminductive heads
are capable of. Al MR sensor detects a magnetic field through a change in
resi stance ia—its TWRpseasiingntiay edat¢agsoralgiespiedalvonagnan tMMRiekament ") as
a function of the strength and direction of the magnetic flux being sensed
by the MR | ayeing ARemao6Y 8ptdl9neh NRa SRl LRt 85pd he I.8.0f . t he
ani sotropic magnget oresisti \Q/e (AVR) efég&éﬁ%ﬁg%?@ﬁﬁgﬁ}%ﬁ& teér)rlgozateﬁsr“éus“lug?sance
varies as the squar e cosine of the . angle bet n the magneti zation
of the MR epg&é%ﬁ?gﬁgg%ﬁ%ﬂd?yg%f?%%m%?mg%ﬁg@%éﬁppﬁHmﬁ%PB%FﬂﬁﬂFﬁF@b@ﬁB?%e MR
el enent. Recorded data can be read froma magnetic nmedi um because the
external magnetic field fromthe recorded magnetic nmedi um (the signa

field) causes a change in the direction of nagnetization in the MR el enent,

which in tufn caufheRelavhatifechinnlogesi stance in the MR el enent and a

correspondi ng change in the sensed current or voltage. Another type of M
sensor is the gi aObmpPRENSLERNBTeRLANEEIAYRISENSAr If8stlng, the GWR
effect. In GWR senso?gg ?ﬁe rziistgﬁcé of tH@SNR se s?ﬁx Ié@g?S@%fT%s as a

function of _t. i - endent transm ssion .of the conduction el ectrons
bet ween nagﬁ%??b agggggggg%?%?@ﬁﬁBﬁgéﬁﬂBﬁaﬁabﬁﬁ?F%lW%W%@ﬁ¥§ﬁ§6§ﬁ)Pand t he

acconpanyingAigin-dependent,scatterin whi ch takes place at the interface
of the magnBFe 2558S riorspaghes sech asyehsk difg, ceprting eotaargnet giett alyss s r
2 9J al 200~r 3 GWR sensors using only two |ayers of ferronmagnetic
materi al sepin@pel usyd fors@yieg doth imongnagfetn on ¢eeltdl due@kdsy IERNAUESLI NE!

material are generally referred to as spin val ve
on concentric, radially spaced tracks on the disk surfaces. Magnetic heads garrying read
sensors are then used to read data from the tracks on the disk surfaces.
In high capacity disk drives, magnetoresistive read sensors, commonly referred to

as MR heads, are now the most common type of read sensors. This is largely due (o the

capability of MR heads of reading data on a disk of a greater lincar density than that which
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(SV) sensors manifesting the GVR effect. 111 all SV sensor, one gitfk| 200
ferromagnetic |ayers, referred to as the pinned |ayer, has its
magneti zation typically pinned by exchange comupling with an
antiferromagnetic (e.g., NiO or Fe-M) |ayer. The magneti zation of the
other ferromagnetic layer, referred t@ as the free |l ayer, however, is not

fixed and il® fregigudlp ustBingi i ind&IROASKIsPe LDFLkI0E! AnNR: g&5Qpded
magneti ¢ nmedium (t hg signal fi gl d. In §V ser1 sorso, tﬁe SV ltégtafg%g&ggri es as

t he cosi ne,pf, L | e between the magneti zatjon of the pinned | ayer and

t he magnet |n§ Plgtgcnﬁ%?%%rﬂu tf]fﬂr%}a‘r'?ﬁ(éi}’erre?ls[ﬁg%cdfld‘ém&‘és‘% 5"Hé“frs%éﬁ§c’1“’rdotmﬂé
magneti c mdi"% because the external magnetlic field fromthe recorded
magnet i ¢ nBdi Wi B5msels) as aivaris of e tsasdind citeeironod! naigneteliz Atk drirign t he
free layer, which in turn causes a change in resistance of the S V sensor
and a correspenty fg )Rdnge i n the sensed current or voltage. It should be
noted that the AVMR effect is also present in the SV sensor free |ayer and
it tends to redu Bl gure shows a typical prior
art SV sensor 1Og&c%d$§?1?§6:ﬁé\lg{/ﬂg S%r%g%r%%% nrﬂkegl‘glrlssojfilfféfmésr‘i)ém&‘(ﬁG separ at ed by
a central regi on 102. mg{gce tral region 102 is forned by a suitable method
such as spUPERFPIRGSHMC ) Qee5t Hewhichan i ickment rratsteace varmes eagsamidh and
abut the edges of the central region. A free layer (free ferromagnetic

| ayer) 110thegosingopthg agle betwead O Magepartmhed tfdom derpémadd Laverec(ai sed
ferromagnetic layer) 120 by a non-magnetic, electrically-conducting spacer

| ayer 115. schhe cii@neloivzat ihedheffihd ' QS fd r.ough
exchange coupling with ggn antgi fer%&ﬁﬁgggtﬁﬁ%&?gglg& ﬁé{&&iﬁ[h@ Free | ayer
110, spaceg,; r . SLopln | ayer ;120 and. AFM | ayer 121 are all fornmed in
the cent raflfm g%{?orﬁé(%wibe %L}quﬁea\}é/e” aéﬁ}’ealggglf%fﬂ)d%%“ %%r‘i’:i;:}?dﬁ‘é&migﬁett%ée‘é’ﬁﬂ“

regi ons 104%1 and éotﬁ respectively, provide |ongitudinal bias for the free
layer 1 10°0F ¥g0Y 1ehd) captes pabanasrifgs Birehomefraagrietizationye the MBClemeht135,
respectively, provide electrical corrections for the flow of the sensing
current | Svhrcbrmauoganent chaede reb6nce inf the MIR et 0indlO8rdh &g Ng devi ce
170 connected to the | eads 140 and 14~ senses the change in the resistance
due to chaaglageiilﬂdlu(g@@eij@u&aﬁof(,(gedg[e.ayer 1 10 by an external nagnetic field
(e.g., afield generated by a data bit stored on a disk). IBMs U. S

Patent No. 5,206 nted-tao Dieny et al. and i.ncorporated herein by
reference, di scl%lgcztgerg%& Sensor Sgé? §{ailﬁ‘aa%lﬁt?rﬁ%3tﬁlé‘§i( MK tereersy ef f ect .
Anot her ter (%f .sgi n (\_4Tal ve sensor recently devel oped is an antiparallel

( AP) - pi ned P IPEIRECYEheGict I Gififesepsahdhgrestancepftbs MR atrisiog 1ARrpi ned S
V sensor 200, The AP-pined SV sensor 200 has a pair of end regions 202 and
204 separ at®iesfap erfiedioh obtheepirbyepandrantraainissegi eMth20hduding ARiphoaed SV
sensor 200 is also shown conprising a Ni-Fe free |ayer 225 separated from a
| ani nat ed B@wpemhegndtR)efer2kBahiedd L 1R zdar - spacer | ayer
220. The magnet i zatgi on %15 t%\eg | am %é&“@éﬂ%ﬁ%?‘hﬁﬁr @é@cgfj%g?gﬁei s fined by an
AFM | ayer L e LS T f. N.O . The .|.am nated AP-pi nned | ayer 210

i ncl udes a%{‘eiglrniy?h}fqg% l?@lrlmr% egltdlg%t ﬁcg%élﬁlgéﬁﬁolb&%sdﬂﬁ?etaté}i‘?d“%?rfg%"c‘éfﬁ magnetic
ferromagnetic |ayer 2] 6 of cobalt separated from each other by a ruthenium
(Ru) anti pHafireinagniisiianse angyithin the magystinRyeisayer 208, AP-pi | ned | ayer
21 0, copper spacer 220, free layer 225 and a cap |ayer 230 are all forned
sequentially in the central region 206. A pair of hard bias |ayers 235 and
240, fornmed in the end regions 202 and 204, provide |ongitudinal biasing
for the free | ayer 225.



A pallI 'of electrical |eads 245 and 250 are also formed in end r o] 2
and 204, respectively, to provide electrical current (10111 a c%]rgegﬂL%Ulr
source (not shown) to the SV sensor 200. In the depicted exanple, the
magneti zation direction of the free layer 225 is set parallel to the a it
bearing surface (AB S) in the absence3of an external field. The
magneti zation di i : ;
are al so set to g’%%@g@ﬁ %lgg%ﬁlrj torlﬁ%}r4 %@&%@%@ﬂgﬁ}%;ﬁ@%ﬁ rec§| ons
of the pi nnglh ayers. are shown as com ng ut of the Figure at 260 and going
in at 255 A-ragrdicie L“*SFICB B 1ﬁté"ef‘?fé‘é”1 AeftnopayY f"ée e gip Velyebe
parallel to the ABS The di sk drive industry has been engaged in an ongoi ng
effort to [(WCrwmases theifestiepabd Ghahsifdct. vintay, S\bsen&RowoeTthe ferenbgnafc t he SV
sensors in order to permt the drive head to read smaller changes in
magnetic flalyérs H'fegﬂs@rto MR pRglel i elanlrf@lt@ﬁ‘@r W&z % GRiNRYS R by eleehard T

~ ~~1 nore I'[S%J |n ormati on on any |ven sk su ace

The GVR co cie SV senso he change in

magnet or esi%s{plm Wlo’fanthll eéTeCW’s”'&“c% Cer E&r§GM€E‘ﬂy the overal |l resistance
of the material. The GWR coefficient is dependent on both the "softness" of
the material andlhaBagnesiation of dig etherdereomapmetisloyernsfsredfio anthsltesbrysor i s a
nmeasurenent of the threshold Ievel of a magnetic field needed to change the

nmagnet or eshswevec s abt fiketdhe s @de BYotateGh YR PordBRIME feldyRirg @ld iYcdrdtat required
to nove the magnetic nonent of the material from one orlentatlon to

anot her, off.s f a. mat
Feferred to B @%@R@}e Sﬁg{lﬁ SR Moy PR Lb A eyt Fefiia
and nore gﬁ)ﬁera[&}é property magnet ocrystal line anl sotro y, H ;. The
change in HEGHELS é‘%‘?eé’tﬂé\ E“ég“e)“@“‘?%"félﬁedﬁi&“tdl larapnd depprenshztige of therfiggnet i ¢
flux multiplied by the softness of the material. A high degree of softness
i s i ncr eastagl yReoapsisddantcande diaglidian i vegdersitdies becaretsexaend] ihegnagnet i ¢
field strengths of the recorded materials correspondi ngly decrease. A

change in fielsifsinadeac@idddiga GRAS alcdit Qfuka a SaNgdR BaGidYiopBASUred only if
the change is Iarge conpared to the overall reS|stance R of the material.

Thus, a lo a hl n
magnet or eS%IMSa gﬁgzg 1313 Ezetﬁ!e ﬁfi?ﬂgg“ B’hlc%qpmqrﬂ%%% lange eméplpccg%ﬂlﬁee§v
properties relevant to the. performance of a GWR head i ncl ude

magnet ost r F€tFo %%%Wé%’éhqﬂo@ﬁpgw theteReschrurmsrt carRitagsd Lt houlsi isewtecayer or
| ayers, and 29 J UL 2QD~ the electrical resistivity of the AFM

Magnet ost r et lemMIMR efferbiasisogrokntinghslY essonirecdefomnnattitanisos reduomther i al
when it undergoes a change in magnetism It is desired in the construction
of spin vabvesll GRefpctnmagnet oscriction to a m ni num because defornmati on of
the GWR head materials can cause poor interfacing between |ayers and

nonlinear perforpguge e cou bet ween
the AFM and t he ]?n%nned ayer ipél%lrlr%l—)%?tsgr%t%ﬂ ezg%g&éqﬁa ret %ediaqief’gmthe

ATM must r er th a mum of rel uct ance or | eakage in
order to kzgf)a?izgﬁ ’@?‘% ??Bﬁf‘ TGgtop H@ p{r%‘é’ﬂtriﬂdﬂj’%@n ap2 1 fomned &t @nt
orientation. An inadequate exchange coupling nmay cause poor pinning,

t her eby reéllﬂéﬁb&ﬁgmﬂheds@qiimstspuitqryugamdthhedczﬁmd hedckgiont tlias aml coatigicnahvitthat t he
current through the spin valve sensor be confined to the pinned and sensing
portions ofind higutsiy dig¢abMBe seHt®PFegidnl ACHES BN (rée ﬂ@ﬁfn%%ﬁé’?ig l'ﬁﬁr)slh'éqg through
the AFM | ayer, the nagnetoresi stance recorded by the sensor ‘w’l

artificially low, thus producing a |lower GWR coefficient and a nonI i near
signal. Thus, the material selected for the AFM | ayer nust possess a high
el ectrical resistivily in order to prevent shunting. Drive heads have been
produced by formng a seed or buffer |layer on or near the substrate, and
then formng the remaining |layers on top of the seed |layer. The crystalline
structure and orientation of the seed | ayer determ ne the configuration of
t he renai ni ng

||9vvalls



- JUL ~~0~ | ayers. Materials such as N Fe have previously b ' u F
formall or part of the seed |ayer. Unfortunately, bottom ayerSzags!eﬁ?—nggolr

the past tend to form al ong uneven crystall ographic planes, sonetines even
producing a jagged interface with a m xture of nonparallel planes.
Consequently, the atons that formthe ‘boundary of the seed | ayer are spread

far apart, sguttdfrens finidEaycpsiMeed BroneaMEHL dyer) 128 RidbnatiBgyen texture
and weak bonding. The result is a | ower nmagnetic softness and poor exchange

coupling b : ) he. pi | aver .or. | ayers. e-- It is. believed
by {he | nvertaen AR e P oL L ey B Bl Bl Syt s
hom)geneOUf ,bcghmda y 'vi/oul d pronote even-textured growh of the layers above
it, as wel ™% ??L@ﬁitek? Hi&F FPags pathiderikaioamenelid @ydfslayerids, the GWR
coefficient of the spin valve sensor would be enhanced by the higher

sof tness and | owelie fresigt d@epuer tayer ISt pimue et | JoetveemMiier $SNsidg)

| ayers. I n addition, the exchange coupling between the AFM and the pinned

layer or | ayees inilcehRe ridipl edifianiR il fier U netihc. .
sensitivity The sel ect i on ggqg structures L}}gebdhﬁélllgﬂggtg%ljg{lfiﬁggﬁeﬁ%éiﬁ‘f’%er or

| ayers is ieved to be critical. N.,Fe is also used in man rior art
pi nned | ayzdgégé.?n néy“?:sa?cr“é’hlt"l Droyide “[&?fH‘HBg ‘1’%%? die fregdavae! Hb Isqagﬁ?x/ﬁea@t
barrier toﬁg (fctri cal current. Thus, the electrical resistance of materials
such as Ni O5Mgd Ay ApTd dbipniagess b3 end B Sprepenivelyuproeidt ekbiintli cognecsna
result, current that should encounter higher resistance as it travels

t hrough t hier the f2ovd oftht)sénsarpQur@nsSk AsinnG ukakeiourRd b he RINIREE. dRYE5. A
layers is permtted to take a "shortcut" through the AFM Accordingly, )R

decr eases anhd < r I i i-n_the GWR coeffjcient

Ther ef or e, S%Ptg m\%ﬁ?&i\sﬁéé sg& ngﬁgcgfs?l:‘tgg&g gsdfzgd 41131?1%)5 °p5y SI° LB hereneinehat

has a hi ghdéaltecbri cal }é‘es' st Enﬁg. Such a | ayer woul d prevent current
shunting and QIFSgess " e%’lii“"e G el gy pnguisaial mpengts fekhtsges fisldmagnet i c
flux, thus further inproving the GWR coefficient. OBJECTS AND BRI EF SUMVARY
OF THE | NVEINFIated by a data bit stored on a disk). IBM’s U.S. Patent No. 5,206,590 granted to

Dieny et al. and incorporated herein by reference, discloses an MR sensor operating on the
basis of the SV effect.

Another type of spin valve sensor recently developed is an antiparallel
(AP)-pinned spin valve sensor. Figure 2 shows one representative AP-pinned SV sensor
200. The AP-pinned SV sensor 200 has a pair of end regions 202 and 204 separated from
each other by a central region 206. The AP-pinned SV sensor 200 is also shown

comprising a Ni-Fe free layer 225 separated from a laminated AP-pinned layer 210 by a




The aiopar atus of the present invention has been devel oped in rzsgﬁzm% g
the present state of the art, and in particular, in response t Ui”
probl enms and needs in the art that have not yet been fully solved by
currently avail able spin val ve sensors. Thus, it is an overall objective of
the present invention to provide an i Rproved spin val ve sensor that

over cones sepper Sface lhyedb2d NeLPQ %%Eﬁio@%?%bﬁ%ﬁ%a@@ﬂﬁgﬂﬁm&ﬁg@{ %ﬂﬂi.siﬁr,\"e& he

art. To achieve the fooregoing obfect, and in accordance wt e 1 nvention
as enbodi ed, and Ry oadl y, . descri bed, herein in the preferred enbodi ments, a
spi n valvegkggsor ??“ﬁﬁ@ﬁ?@&%?ﬁﬁﬁﬂﬁﬁﬁﬁ gured wth a bottom structure
enhanced through the addition of one or nore crystallographically aligned,
el ectrical ly resihgtlpmmalegysl-pinned Jayer 210gneludes-a ROOfctomTpestis pivar VEl ofe sensor
of the present invention in one enbodi ment conprises a seed |ayer including

a layer of cdiaFedt aaaebnd (érayteignefic Béral 16 colalt sspaftc@srol Qech biheh{ £rnate
enbodi nents of the invention, a |layer of a heavy netal, such as lI'a, pl ay be

sandw ched Nl PeNb, l,,oxkde rs s.part aof the seed
| ayer. Sel %@%\é\ﬁgﬁ%wﬁ#&?gyﬁp o@ﬂ@g‘ﬁ%’e?g‘%f&%@ﬁﬁﬁ fprﬂmi}eﬁéaﬁrnned

| ayer. In %{HS configurati gn, the Ni FeNo | ayer acts as a high resistivity
buf fer | ayer” £oPPY SASFS24MnHEs ke 47> 2rAipSanilayrr $3kare all fermpd seiteatiallyaper nmay
be provided with or without the use of NiFeNb in the seed |layer. The spin
val ve sensie coniyalcempr 2Ge A mamflhaydeias laydrs 885 hiay/ 240, fanepacel chaygfionsa

pi nned | ayer of ferromagnetic material as di scussed above, an

ant i f er r one@natd 2040 oM deayehinddadbidsing RS tiAk& 1, Neves t hel ess, the seed and
high resistivity buffer |ayers of the present i'nvention are intended for

f
use with any type of in.valv SO Vi n sui.tabl e constructjon. The
spin Val ve senso’g pglf Of ﬁ%gﬁ?azé%‘ﬁf 3?%%41%% ef’r@ﬁ el g o ??g‘éftl%éé%\i“ﬂqw?(?fha
di sk drive system conprising a magnetic recordi ng disk; an anti-parallel
(AP) - pi | | | 1C8RFCENEL 9 RIQvedeobgricabpgennt Gomfa Quealdolreet(het shrawmeto tai S¥ussed
above; an actuator for noving the spin valve sensor across the magnetic
recordi ng shnsdk X0. tihéesppitedahvapkeths atagiayzaaecésstidh bf ek ent 14egpons  of
magnetically recorded data on the magnetic recording disk; and a detector
el ectri cal dey jeump @dnt @ir BRI ) es in
resi stance opr ., 2 ~J U L%%gfﬁdfﬂt%ﬁzﬁg%ﬁi}%{ngggﬁg{e%\q d)}nghggcgi?ﬁ%n of the
magneti zat | xis of the free ferrgmagnetjc flyer relative to the fixed
magnet i zat Lllng %eq%'lri&%rhéeueﬂggn@psi qf ?eédellega‘@Fegsl ﬁltiraé’éipzc}ﬁsﬁeslf%uﬁﬂ&n“é? g0 $51d9 B from
the magnetically recorded data. These and other objects, features, and
advant agesPBPeRFRIH e S B nlemnpeietigition diseans oftieepifined|lgyeappaskentn iy om
the follow ng description and appended clainms, or may be |earned by the
practice ofomihg obhoféht Fignreas 26@tnd goingirhest na@ht efagndRZhfidn SESCREPRLEN OF
THE DRAW NGS I n order that the manner in which the above-recited and ot her
advant ages225d sBbive 6430 BE pirhli& tb theesg on are obtained will be readily
understood, a nore particul ar description of the invention briefly

descri bed above i r.ender ed reference to speclfic. enbodinments

t her eof whi ch arrltel}g:({l%kui)rﬁ ’reautﬂ;uagr?'ﬁai ‘?b%'“5’6%%%‘?@&alb?lmf%g%foﬁtﬁﬁ&y%%Hm ng that
t hese draw ng depict only typical enbodiment of the invention and are not
therefore ¢ ‘ﬁleseeélﬂgif}d@f GofEcientypithe § Vornsorsingsdpdo perat thadeine hemd wi | |
be descri bed and explained with additional specificity and detail through
the use of totrasl sndbnplamgeniy agnaiiafex.i Highti GRIR &degivi@tslerialedhe storage of
cross-sectional viewillustrating the conposition of a spin valve sensor of
the prior art; t t nz9J UL 200+ 12 Figure 2 is a cross-sectional view
illustrating the conposition of an AP-pinned spin val ve sensor of the prior
art; Figure 3 is a schematic block diagramillustrating one enbodi nent of a
magneti c recording disk drive system of the present invention;



Fi guré 4 is a perspective view of a m croscopic port'i on of a fi‘fg WLegg‘d,
cubic (FCC) seed layer for an SV head according to the inventi naj’
(111) plane parallel to the substrate of the head; Figure 5is a

cross-sectional view illustrating the conposition of one enbodi nent of a
spin val ve sensor incorporating an inﬁr oved seed | ayer according to the
present i numind biyof iffolHatash Gy pivesh RduraES ﬂfe@l@ﬂ@@d&m&&ﬁbf 2
illustrating |ayers that play 0n11 the i rrproved seed | ayer Vlhng\ﬁsep%or

figure 5; i a cro cti Vi ew i e

conposi t i O?]ng{ﬂ:o(%gﬁeg%n n nJngen f rcsw‘?mo% 3P t%lcvgnsgewg 'rm]s ﬁbvd‘ﬁcﬁioqgé ‘51[5 Ayerah

i nproved pined | ayer accor d| ng toth resent invention. DETAILED

DESCRI PTI ONSEfen¢¢ef thrrptarriEDT mm tiigdepgndinbos bohehesmints” of (& di sk
drive 300 enbodying the present invention. As shown in Fig. 3, the disk
drive 30U ouateonl sebitadvetdbztis@ne. r ot at abl e magneti c di sk 312 ~ 9 JUL 200g
13 supported on a spindle 314 and rotated by a di sk drive notor 3l8. The

magnetic recordifg §5§gé§§ o 83N, 58?951? w%u?én% nAt @rfél%h%{ég’?lf%rém %

concentric, annular data tracks not r 313 is
posi ti oned_an thef% % Each sl i der 313 su ports one or nore nagnetic
read/ wri t e"HBAGY nefed Ipdrags the lﬁaﬁéet@wskz"‘é?f’s‘éf@ BRieHHdYpY yenmomvent i on.
As the disks rotate, the slider 313 is noved radially in and out over the
di sk surf abeicabp thapraghaed toheotrshelmag@dicnaymat ofgs niitéda eat oosidnensnof the
magneti c di sk 312 where desired data is recorded. Each slider 313 is

attached t o aaothReofBétGronR I f#4by0l MBS fALssdF S USRG
suspensi on 315 provides a sli ght spring forsge |chp§?sgrgg§é?ﬁ%1£ It der 313

agai nst th ce. 322 tuyator arm 319 is attached to an
agt uat or rrgaﬁés“%@Z%H é] %1&“&15?8? )ﬂ'ﬁg‘% &é’ﬁg‘l%ﬁ@&h PR Ny sengratRy byéca voi ce

coil nmotor (VCM .. The VCM conprises a coil novable withina fixed magnetic
field, andPPREGOINAERYEYSHR ypdrpitie Haeebingemvegeabesatnecgdiytisol | ed by
the notor current signals supplied by a controller 329. During operation of

the di sk spopagenslys tienhahgeinneipabiofuohulipeedBe Htsh fndlk %l‘t s gq@gNerat es an
air bearing between the slider 313 (the surface of the slider 313, \ﬁ'ul ch
high degree of softness is increasingly important as disk drive densities increase and the
magnetic field strengths of the recorded materials correspondingly decrease.
A change in resistance of the sensor material can be easily measured only if the
change is large compared to the overall resistance R of the material. Thus, a low overall
resistance R, combined with a hi gh change in magnetoresistance, )R, will produce a high
GMR coefficient.

Other properties relevant to the performance of a GMR head include

magnetostriction, exchange coupling between the AFM and the pinned layer or layers, and




includes head 321 and faces the surface of disk 312, is referr tolz wama4
air bearing surface (ABS)) and the disk surface 322 which exert 4 E
force or lift on the slider 313. 29J Ui_ ,~~~~ 14 The air bearing

t hus counter-bal ances the slight spring force of the suspension 315 and
supports the slider 313 off 111d slightlly above the disk surface by a
smal |, sub The vari ous
component s f Crpereal SRtanl she APRE IR S {Bice RRPLAME Bess $7Ey

control Slqgi enerated b ihe control uni t 329 The contral S|gnals

i ncl ude acc @“E’ﬁ?@@ﬂng“ﬁﬁ PECH EABIETHPESAAINE] WaRadeETRI &.is deaiicdan e, t he
control unit 329 conprises l ogic control circuits, storage neans and a

ni cr opr oces®ostruction of spit velves i kee 2Miggendraticesto eoninioim degnad efbamapmtdrol
vari ous system operations such as drive notor control signals on a line
323 and heatle PR Hedd ARG A REEK FRRI8! inkh@BRL Dee 1dyRG 3 28n1i e control
signals Ol1 the |ine 328 prOV|de t he desired current prof l'es to optimally
nove and po%g h?Q th t W%é to the desired data track on the disk 312.
Read and witée ]‘@ﬁéﬁ§m§W8‘ 8 Wi€%ted to and fromthe read/wite heads
321 by means of a recording channel 325. In the depicted enbodi nent, the
read/ write heads B3ghangscey émdF@VﬁMGNRAEEh@EHhﬁncmgdkquassmumMMabuﬁu§§ t he
present invention. Referring to Figure 4, nany of the materials used in the

read/ writ e theadsic Sk ffvavdecF NGRSt Bfac Fﬁh@@m@%ﬂtlaﬁ_,feﬁdfu@lébhl%mﬁ{lrolﬁ%lHJt%ncelotl has
been discovered that atoms in an FCC structure are nost tightly and

consi stent| l¥'\1\alg5 anged, 31opg tﬁehﬁﬁx@f}r&ﬁo)ne%yﬁﬁf?]k ln(?%fd%? 1 é)]?‘sns én (Thus, the

read/wite hea functions o erals™t'n the
read/ wite hea 1 ar.e rlenteq SO that the (111) plane is parallel to the

3
substrat e. qr}?ng‘t@“ Ag) 1jaq§apats SR BEGEYRERS Bay ﬂ‘%?ﬁt?éorslﬁalﬁiéﬁ Bergpy eedgyiog of

FCC material is shown positioned over a substrate 372. The (11 |) plane
374 is positht evetiparcaliediMiohaale substrate. Three corner atons 37( and
three face-centered atons 378 within the cube-shaped sanple 37U are | ocated

within the (1 1 II)isplisangaBiét lh@ﬂdrr&ft@hr&@%ﬁﬁg s@ﬂ%tversﬁls@P %2 @Adﬁn@&' ?rmh)é with
smal | di stances between adjacent atons en the ) pl ane

exposed to ﬁifﬁqé@ Y 469&1% I)&?i%l]g Hthe HQﬁ GRVE E'éns!)raﬁ?gurfent is permitted to shunt

through the AFM layer, the magnetoresistance recorded by the sensor will be artificially
low, thus producing a lower GMR coefficient and a nonlinear signal. Thus, the material
selected for the AFM layer must possess a high electrical resistivity in order to prevent
shunting.

Drive heads have been produced by forming a seed or buffer layer on or near the
substrate, and then forming the remaining layers on top of the seed layer. The crystalline

structure and orientation of the seed layer determine the configuration of the remaining




'tfle‘cfystalline structures of the new |layers are forned in aliqupgﬂJrﬁZQU4
that of the seed |ayer. Interfaces between | ayers have few di scont’i rut ti

- (msaligned sets of atons) or interstices (open spaces where atons shoul d
be). Consequently, the (111) plane 374 is an effective foundation for the
growm h of tightly bonded, even-texturgd |ayers. Figure 5 shows an air
bearing surfac ABS) view_ of one enhodinent of  a in valve 400, provided
with an itﬁj‘ﬁ?révg@(t?féﬁ?i AP NIEE BE DIECEHS brgnised mﬁ& auonparf Al BstsPeh. Whil e
an AP-pil1lllled spin valve sensor 400 is depicted, and is preferred for use
with the lagproved bottom structure of the present invention, neverthel ess,
the i nproved bottom structure of the present invention play also be used
with other typagn@fuaftbl, NAoNE1a§&9 8MdSIn 18HUSR RAd id@ndidB iRl valve
sensor 100 of Figure 1. The spin valve sensor 400 of Figure 5 is shown wth
a pair ofceqd regHons 402 seﬁarateg fromeach otgen q% a,ﬁentral_[e ion
404. The FENPPA PUGPERCHSATRELCHFD REU SNG4 jiTE I eT e Wil raigivenst 202
forma contiguous junction with and abut the edges. The .L  n'" zo0o~a
~ 200 16 %@n@wlehgﬂanm Ganisequengprihaatowd shat fre Weboundancdl thayedddaymyre

sui tabl e substance, including glass, sem conductor material, or a ceramc
mat eri al , sggeehfagspat, WAt N efsAbrhbd) abo T e SeddSh Yt te8hiB A G n MRAYvedl tSQUEONRT | se a
shield | ayer and a gap |layer as is known to those skilled in the art. In

t he foll owi.ng i Bt | ! " ‘ . rate; 406,
and "beIo&%ﬂhggﬁgﬁélg%gggﬁgm?ﬁg%gu12@?@?3&“&%%%&%é%?g%ﬁg%gigﬁﬁg%g | ayers
are chose, cl osest t therfubstr te 406, and the "top" |ayers are those

fuyt hest petaien Hig yddberampel lajerosdyiSayer 407 is formed on top of the
substrate 406. The seed | ayer 407 may be configured in a nunber of

di fferent ways laecloalgdivergbit detilmenion e piogrdindgrhecegdyramythfadeotéramdofioteche seed
| ayer 407 is to forma foundation for the growh of layers on top of it.

Thus, it hemPgkedd ®hndAgeIodINBroRiRSSRh-1éxtveA bt @Rh b tle 1h18s AR%LNH 3k $vepsed
to formthe seed | ayer 407 have an FCC structure that forns with a (111)

pl ane paral |8l : r at a - 111 .connection with
Figure 4.° %ghééggégﬁt%ﬁ%%%ﬁgpg%ﬁgﬁg?'ﬁpggﬁgg%gﬁgcﬁ%ﬁ%%gﬁgﬁﬁfﬂ¥%éa§éed

| ayer 407 is parallel to the substrate 406, subsequent FCC | ayers fornmed
over the S&RF Waydesnbanget by ther Helr spltgstyMsiovieersiskings oueRemerpmet lur e
and orientation. The seed | ayer 407 preferably has a thickness ranging from
about 25 Detreembouensi8s lapersaia addinor, ¢hqpmehaige eduplhigdichess tbé Adbdund5ie: D t o
about 80 D. An antiferromagnetic (AFM |ayer 408 is preferably formed over

the seed bayed 14870 IB%érbﬁ/oGElﬂieriﬁiprd\@@ ifra AKer WObEtEA RBlah Y@l densiikey AFM | ayer
408 may be formed in both the central region 404 as well as the end regions

402. The AFM | aygl Q% 0h 8¢ sthile@Bused to produce the pimned layer or layers is also

believed to be critical. NiFe is also used in many prior art pinned layers. Many currently
used pinned layers provide no significant barrier to electrical current. Thus, the electrical
resistance of materials such as NiFe is generally inadequate to prevent current shunting.

As a result, current that should encounter higher resistance as it travels through the



2 s ~a ~ 200 17 enbodinent, formed of IrMvh, with a thickness in a range of
bet ween about 40 D and about 100 D. A thi ckness in a range of b 'Un%m!*
50 D and about 80 D is nore preferable. A thickness of about 60 D i S
preferable for the IrM enbodiment. Alternatively, in order to maintain
better pinning at high tenperatures, RfMh May be used to formthe

antiferro a referabl th a, thickness in a
range of ggt %}i&éﬁ% e the Uqﬁeaaﬂgm Oﬁl)ﬁ'{jrséf)ﬁerﬁlp{% tPéﬂ%&? SROTR ] ghbat 125
D and about 5 Dis nore preferable. A thickness of about 150 D is nost
pr ef er abl e qwrdnwlvrﬁ% desrasennd Ganges acaresnonting deglincoh IRtGNR s t hat t he
antiferronagnetlc | ayer 408 nmust be thicker than Irivh when IrM is used.
O her mat ecodlisiensuch as PYPdWvn, NO N M, and CrPtM, may al so be used to
formthe antiferronagnetic | ayer 408, with simlar tradeoffs. A | am nated
anti-parallel , ' fo Qver F er 408.
In the deplcted g%%ggf%?pu&ﬂﬁﬁkoﬁé%eéﬁb% 8w§nhrhggdw@dﬁ$?fgggpbﬂ$ X
second, g hi rd |Ined | ayers 412 414, and 416, respectively.
Al ternativ lg\j “l‘é‘“g‘ﬁl\ égl"mcﬁeéu‘Fhaﬁ/]éi/er v P%F’el{tél‘m‘é}}éiﬂlllm aofl epweatiet R coul d
be used in place of the |amnated AP-pilned | ayer 410. In the depicted
enbodi nent rerodies hight seasidvs eodnnpeAlh pianeid fluay®os iddher & ﬂdoéxﬂ;ér tiRr@vgepar at ed
fromeach other by a |ayer 418 that is preferably fornmed of a netallic
mat eri al haydfigiest hi gh resistivity. An anti-parallel coupling (APC) | ayer
420 is preferably formed of a nonmagnetic material that allows the first
and second AP-pimed layers 412 and 414 to be strongly coupl ed
anti ferromagnetically to the third AP-pilned | ayer 416. Y, , 29J UL
.Z~~4 18 The | ayer 418 nma be formed of any suitably resistive material,
such as NireNob, N r@BIECISAND BRIEFISIM)EAR YNDFANBE INVERNEIGNr ed to be
particularly effective due to a high electrical resistivity and a

honmogeneous FCC $he agtauttes ofAhé Prabegln irdkhtyonsik thad &ev@l@béﬂ‘ﬁg@ﬁ%h% gaherial my
be used to formthe anti-parallel coupling |layer 420, Ru is preferred. The

first, SeCQfBé‘ent%&Qe Bﬂ' £ AR RL Y xﬁgufaaﬁéﬁ %%pé‘ifsg tQ ﬁl% b‘fil?m a%jﬁ %eﬁga é tﬁgﬂ{tor med

of SU|tabIe naterla s such as Cte t he

first AP-p r yer of Co |ch is deposited on and
in contact l%‘r‘ 1hvet lhOt y%ﬁmep g@@'rsohvﬁg Iby ?H‘Ee"éléf(%?f LePi K lyesenparpi Thiad 11 iayer s
41 4 and 416 play also be forned of CoFe. The anti-parallel coupling |ayer
420 is for ﬂ‘éf‘da%éméféw ef e Rrezesh tveritbntipiprayidaRnpinpredd bpiyenbre 4ddboaridt 41 6.
Preferably, the first and second AP-pilnmed |ayers 412 and 414 are pinned in
a directi onvef@@nepposd drelltdfehdprobieit ditcdddd ffovt Beetiftifgdn A £t | med | ayer

416. The entire pinned |ayer preferably has a thickness in a range of

bet ween about 34THagnek-ak0 Hﬁg%og% &apec@ g rﬂ)ru% ch,ee\{/ﬁlp I 111\%11?913 yt 56 D. The

first AP-pilnmed | ayer 412 pretera has a t ness 1 n of between

about 5 D nore preferr e of between about 8 D
and about %@gﬁﬁgﬁgﬁdéFmgbégg?&gghPﬁng egﬂgsag? Ipgnts, a $Rin valvp pestser r ed
that the high resistivity layer 418 within the pinned.|ayer 410 have

t hi ckness fsd?rPV‘ﬁﬁd nd Pﬁlﬁygarqdawgea bttovestisenc afoutedshdugh theadaditionld oe A
thickness in a range of between about 6 D and about 10 Dis nore preferred.
Most pr ef epaiploy criystelldpirgphically afigned;electA@0yk&idtReilfkisvi ty |ayer 418 is about
7 D thick. The second AP-pinped layer 414 is preferably 111 a range of

bet ween about 5 D and about 25 D in thickness, with a nore preferred range
of between about 5 D and about 15 D, and a nost preferred thickness of
about 5 D. The thickness of the anti-parallel coupling |ayer 420 is
preferably in a range of between about 4 D and about 10 O, with a nore
preferred range of between about 6 D and about 9 D, and a




nost preferred value of about 8 D. The third AP-pitned | ayer 4%ﬁEL§H4 2004
preferably in a range of between about 15 D and about 30 D in thi gs,
with a nore preferred range of between about 22 D and about 28 D, and a
nost preferred thickness of about 26 D. The thicknesses O the first and
third AP-pilned |ayers 412 and 416 nugf be sinultaneously adjusted because
t he performance Oﬁhéﬁﬁ %%QQ valvq%ﬁen%or ﬁggt%gpends uggf the difference
between them Thi s ditFop enEESOLeT (PRREFH! HTRRLR I prG eRbaqiment campsisey 2

| ayer 412 subtracted fromthe thickness of the third AP-pilnmed | ayer 416,
shoul d be k&pd e pghiding adnyer offNifelineaha dyouel maetD) caftt, svbus NIO. Dn  The spi n
val ve sensor 400 as depicted also includes a spacer |ayer 426 forned over

and in cont alé¢malicembbhiendo sfdhARvpitdonedlabey®n hdd6. mIhe sshacer. hayer 426 is
preferably forned of a GVR pronoting material such as copper (Cu%, al t hough

it play al searlgiél F@Nﬁ e terials.such as gold (Au)
or silver (Ag). T%gq?ﬁf(%&r%gigﬁ% t lg%g%g%élrdg?@%r ?i%l ?fs[ﬁ? ﬁ%gﬁ‘ﬁ)ﬁﬂt to the
invention, and iscpreferably in a range of hetween v i Y 1 29 JUL 2004 20
about 15 D and ab%‘ﬁ‘ig%‘ge‘%&%“?lﬁs amﬁf&{géﬁweéPENrF@BJbr\aWQ@ (reaprdddlayrg. &bdug 18
D and about 25 D, and a nost preferred val ue of about 21 D. A free

f er r omagnet PR 1gagasionAthg NiEeh bwer foty avechiglyessisavigy adjeabeat fof Ryt ensHAERHR,

| ayer 426. In order to provide the advantages of the present invention, the
free ferromigetiph rédstyieity $38er 18yP Ll &6 dRIVYdHQFTEG Wikt fieTRE §F Nﬁ'lc way! ng a
hi gh degree of mmgnetoresistance. One exanple of such a material is a Co-Fe
alloy. Pref ﬁ%%@é%’a ihe free ferromagnetic |ayer 428 maintains magnetic
softness H,; wt 2'Structure 111 1~V111Cll the Co- Fe alloy of the free

| ayer 428 is lam pated with a second material. In the depicted enbodi nent,
the free layer 4289%"F GHHe¥IFRIRAYLORPERSE Palayaye freel3gerof si@okelapda a

| am nation | ayer 432 fornmed from N Fe, which is selected for its high
magnet or esi BhagEleyerd ftrowmamgnenostinl stdienssed heoleam dilﬂtf&@cﬁné%\éﬁ& BAFRf and
432 of CoFe and N Pe assist in achieving nagnetic softness. Preferably, the

free | ayer 428, hasa audseh@! NREGKIRSShé el aL@RYE QR uf. 25 D and
about 75 D. A thickness in a range ofl bgt \iéeni%aéoﬁstlb%%ﬁg%r%g%g %)fu“eSS D 1S

nore prefer : . .C f, -about .45 D is pnost preferred. Accordingly,
the resisti @géeﬁéi}ﬁf ﬁ@ébh?glﬁgl}%fcl eﬁ?ra Py “iﬁr:‘n‘n(yatyﬁjﬁr‘?ggg”(’)f"?}ﬁ%?%@hhféﬁ%ﬁﬁ sigtapleand
about 15 D in ghickness, with a nore preferred range of about 10 D to about
15 D, and aMdSt“"WPeferred t hi ckness of about 15 D. Furthernore, the

| ami nation |ayer 432 is preferably formed with a thickness in a range O
n~a' 21 frombetspeeyrleboutor 20D paeentabexitioiay Be ot RePWVRARI L €d) I ange
i s between about 25 D and about 40 D. A nost preferred thickness is about 30

D. The | anidiateisgstemayeiprAd? SmYRec 6B ¢ terial 4@ the preferred
s@stemayipridg piR€c 6RBRI SE6k: b a?ﬁ?@{q}ll?&(é\ﬁ ed

Ni -Fe alloy. for exanple, the addition of Co to e éﬁ”luby R85 been

found to suR$ieart LG e overal | nmagnetoresi stance of the free
| ayer 428,mhif§gngghgﬁﬂgggf I a P?QHE%F§5§§%6S WONRGRAETIaton Sranedag e,  of

the free Iq%pr 28. Materials such as ] .
I valve sensor across the magnetic recording disk so the spin valve sensor may access

different regions of magnetically recorded data on the ma gnetic recording disk; and a

detector electrically coupled to the spin valve sensor for detecting changes in resistance of




chromum tantalum rhodium and nolybdenum nay al so be added tPnth tﬁ-ﬁﬁ
alloy 10 increase resistance of the lamnation |ayer 432, and t bﬁj 2 4
enhance the anmount of current passing through the resistive |ayer 430.

Referring again to Figure 5, the spin valve sensor 400 is shown v~ith a cap
| ayer 435 fornled over the free Iayer1M28 to protect the material deposited

in the centheabnsoeghwad 4940@GeH sTihe A% bBRLARID: axik VT (16:20:c! fBY&S:
preferably nade of taII?aILllll (Ta)g bLI t é? coursee ﬁlqéﬁﬁcl ‘e

mat eri al Val v l. SOr,,400. 1S a SO shown f rrred wth
a pair of | oqulgl:éttﬁgﬁgﬁ\eg J wn&m}lf’“s Ofﬂee ggé) meg JaRehiy fﬁSHOHéC eribagueys 3(%513402.

The bi asin yers 436 are preferably made of hard material such as
Co-Pt-Cr a WBQ 1R eastivalls egorded ditengi t udi nal |y biasing the central region
404. A pair of electrical |eads 438 are also shown fornmed over the biasing

| ayers 436 and drlesenmpd oyedbijetd, Goatares, Ghd @dﬂahla@@tdlftbﬂ?r\é‘é%ﬁ[‘mtvgﬁlo%m\ 1 val ve
sensor 400, a current source 442, and a sensing device 440. In

preferred gchi A 200 22 440
detects the ve?§§%%¥§§lﬁ§m“%gﬁwgghé@hhaﬁﬁgﬁ¥&§Fonﬂﬂ%%nﬁﬂé%%dﬁwgnﬁegmhnth

t he changl ﬁd$ c S|%nal on the disk. The sensed voltage signal arises
froma chanegle3 Rd DY deghra fhe nymntipnes yeb farihdiersylier on 404 as t he

magneti zation direction M- of the free | ayer 428 rotates i1l response to

t he applied magnetic signal (r0111 the recorded nmedi unmlfhe sensi ng device
may include a digital recording channel such as a partial response maxi nmum
likelihood (PRVML) channgiR@r DESKRIPWM AN OFtIRRDIRKIWINGSi n the art.

ALt ernatively, the senS|ng deV|ce may i nclude a peaK detect Channel as is
known to chose skij e sensi ng device
i ncl udes a di gi tgl L(#ezg%qrt X mam}?r H] ‘éﬁ““&fheoﬁéw ref’yﬁéié‘“ Iﬁélfeéflgi’%‘éﬂ&eéali gur e
6(a), the seed | ayer 407 may jtself be formed of a plurality of layers. In
t he depictiﬁﬂ@& f B1veguginite ghiatngy avill Be eeagdy updesttoqdi, p oot padinulnhe substrat e
406, with a texturing |layer 530 resting on top of the bottom|ayer 510 to
cont r ol h?@SQfeaétqnlr@sf,hQ)lﬁwtlayoerlmeﬂp desedbabrdwee tiitbseaderbdyere(d8ice tdhe
texturing | ayer 530 is preferably forned of a nateri al haV|ng a

f ace- cent ewpeefic ehie dinets thereySiRlch hRel %{ﬂ%tlh'[lﬁ a#?&%ehtdr”l\%n so consi der ed
advant ageous to formthe texturing Iayer a materi afF which causes

th 111 | t 0 11 Llel to th
sugsgratehﬂg%ﬁﬁﬁf %@pﬁt%;yémamﬁg %ﬁf Ppﬁgﬁ@ﬁ’ gﬁ@? ?épﬁaﬂ@?ﬁﬂiﬁ

sui tabl e char } i.stics may be used and play include
are not therefore to be cons1dered to be limting of its scope, the invention will be

described and explained with additional specificity and detail through the use of the
accompanying drawings in which:

Figure 1 is a cross-sectional view illustrating the composition of a spin valve

sensor of the prior art;



"'Ni FeMo and Ni FeCr. 2 9J UL 2004 23 The bottom | ayer 510 pref rﬁgjy hga
a structure conpatible with both the substrate 406 and the texturi [Ijé.y Ulf
530. Conpatible structures typically have simlar crystalline structures,’
crystal orientations, and lattice constants. 'The lattice constant of a
crystalline material is defined as th2z snmall est distance between adj acent
atoms in a crystghre ,srnArags-4eafiaﬂapeaemm&ranﬁ%me%mpssiﬁ&eomlmp.gﬁ,ﬁwaf

adj acent layers to align wth each other to produce honbgeneous grain
boundary \éviit Q, Lv%w i rregql arities. Thus, the bottom |l ayer 510 should

pref er abl YP'AI'E0REVET 811 PEE ¥lystal line structure with the (11 1) plane
parallel to the substrate 406. In addition, it is desirable for the bottom

| ayer 510 to haliguee 3 staschemaigrigpoekmdiagrmiillegtratiog phogrbafimthiefsubseate 406
and the texturing layer 530. Although NiO is the preferred fromwhich to

form the hebidig didy arivoben®bN@E péd abkgidmt erial s, such as N ML10, nay
al so be used. Confi gurec} inthis fashion, tile bottomlayer 510 preferably

has a thi cknessyi ‘ af.. bet: t 2 and.about 100 D. Mre
preferably, theﬂlg’g{e?ﬂ' o%%n%ysé)ri%&%&ﬁgga 12&? (%icg}é% é)rs“oilr?f %?arcgﬁbljger(?fi YRween
about 30 d ahout 70 D. _The bottom | ayer 510 shoul d nost preferably have
a thi ckne&ég} Seégg@ieré’ﬁamsvﬁﬁé‘dﬁ‘é% PE Hyhe dyeptiayitha (1 bF pambarallel ta range
of between about 5 D and about 30 D in thickness. The thickness of the

t ext ur i ngtheaybstra380f the hamt,e preferably in a range of between about 7 D and
about 20 D. Most preferably, the texturing |layer 530 is about 10 D thick.

~ 9 J UL 200 -righreRefser drbfdtel okl Gk §I1E(RYns SBQ 5L b -
alternative enbogiﬂmant of the seed | ayer 407of F?Ygﬁés}g@%%%nﬁ%gﬂ)s%ﬂl}%}% | ayer
S20 is shown inserted pelv~een the bottgrgel a%Fr S 10 .and the texturing
layer S30° THEMFERSFISCONPRYEH IS BRIy EEER W R LordHE PP Bt heen t he
bottomlayer S 10 and the texturing | ayer 530, and may provide a nore
suitabl e BOGREALI ol 1 fOr the antiferromagnetle layer 408. In one exanpl e,
the antifcll-olllagnetlc layer 408 is forned of PtMI|, and a transition
layer S2U i s prEfgereal(a) andclidedcdos-petioniat vibet flakst@igmaydro thadfa e hi ck
antiferromagnecic layer 4U8. Ta is a preferred material for use in forning
the transife iffprb @Y 8kt NIOWBYLHigu@Naly Suitabl e materials, SLich as Zr,
may al so be uSed. The thickNesses of the bott0111 |ayer S 10 and the

texturing layerp530,,as confi ureFI. Y .. :
Figlre 7 157a cfoss-sectional view illustrating the composition of one embodiment

of a spin valve sensor incorporating an improved pinned layer according to the present

mvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 3 shows one example of a disk drive 300 embodying the present invention.

As shown ianig. 3, the disk drive 300 comprises at least one rotatable magnetic disk 312



“in tHi§ enbodi ment, are preferably as described 111 CAIIlleCt 101 th
" previous enbodi nent. The thickness of the transition |ayer S20 pi%gytu$£hfb04
falls within a range of between about 20 D and abCOLIt 60 D. More
preferably, the transition layer S20 is in a range of between about 2S D
and about 4S D in thickness. The trangition |ayer S20 of this enbodinent is
rost pret ehalorted bR lpiilled 1l ¥ora B IEH AR ndi L1 Gl 1S
an altenl atl Ve elllbcﬁﬁ F ! Oq GgR sensrorl the §Pg§2%$@¢%%%§@"gﬁ In
t he enbodi nent ure seed I er 407 is.omtted, The hig
resistivit{® %iyoélreaﬁ'ig algB‘rH% qi%“ ]aznla g %B %fcfr‘?f"fe&m e g ardié’é‘l:‘rr?"bé(ﬁm?tn
colulection with Figure S. The antiferromagnetic layer 408, in this
confi gur at $hsavn)i s 2 9J UL 200g 25 preferably formed.of N O although
other materials nmay be used to carry out the pinning function O the

antiferromagneti gt leayt@he 40&r 3The gRMRLA d;lgthE@ysﬁrﬁza@qolﬁ?Q{H%P@?m ShpdRY be
formed as described in connection with Figure 5. The high reS|st|V|ty | ayer

418 and th e spec es mhe ut|I|zed

t oget her . &he dg%%lng¥m% (%gpﬁppﬁzpég?EP? Pv“%%ﬁ gﬁb“%@@‘ thedrare!
growt h, and hi gh exchange coupllng may lead to a unlquely hi gh GWR

coef fi ci ent?VeRtE: eibBdidhkAFotae, (rr glidor £13715| hovsdtrachialdsingindtout preer Uteldjai
resistivity layer 418 may function in the absence of a seed |ayer 407.
Simlarly, sufiee $e2do limytie 46 A ym@l ®oesk di fEtréropoitioneshddin@At s disk whi ch t he
pilllled | ayer 410 includes no high resistivity layer 418. Preferred alloys
and Concentvh%'d%&?e(f (@{ta LhecRi&ss ﬁ% h§ rﬁé?@“ %r‘itﬁﬁ%dqga?ﬁcttl?tlo} NP3 19613 gurrently
ijprzef erred exanpl e of the Co-Fe a use 1 n Second.” and
third AP-pjinned ers 4l 4 t he resi tlve | ayer 430, is
Co~Fe, 0. A'prerery %lﬁpe&?‘a? e gﬂ“e f‘ff@elﬁlw“&g AP YGesry ‘gﬂ}éﬁxi% fo¥ee Whath nat i on

| ayer 432 is NiB,Fe,9. A preferred exanple of the Ni-Fe alloy, for use in
the high r@apastt] 1¢/F1t1<§ﬁr P43 egaiait gheghsk hefaceXiAriash attayter a530) 9 issathkhedResaNog;
portions of Ni and Fe may be altered but preferably remain nearly equal and
| ar ger t haactwdier pedrdsian. of Nb. A preferred exanple of the N alloy, for use
in the antifel omagnetic | ayer 408 or the bottomlayer 510, is N so050. A

preferred exanplenofcofatst b faMs hs sHoWn 1H§3§ b g ARidd &qlégwgﬂ?d&ﬂ/ﬁ hgyer 408,

is Irz5ML1"; the portion of Ir may va bet ween about
VCM comprises a coil movable within a fixed magnetic field, and the direction and speed
of the coil movements are controlled by the motor current signals supplied by a controller
329.
During operation of the disk storage system, the rotation of the magnetic disk 312
generates an air bearing between the slider 313 (the surface of the slider 3 13, which

includes head 321 and faces the surface of disk 312, is referred to as an air bearing surface

(ABS)) and the disk surface 322 which exerts an upward force or lift on the slider 313.



1~i11~0JUL 2004 26 about 2S% and the portion O M1 plé%g Jlth%ﬂG4
simlarly vary between about 7S% and about 80% A preferred exanpl € of ‘
PtMI, for use in the antiferromagneti-c |ayer 408, is Pt,oMI|~a. The

portion of 1't play vary between abouH440@6and about S0% and the portion

O M1 may simlarly vary between about 50% and about 60% Fromthe

above- di scugR BMbeakihg ARLELABLLASREL Ih4 sAPRAHEAE 828 thd SuspPRN QVED tom
spin valve stricture of the present invention rnproves the GVR coetficient,
u

and therefore the ne I ensj.t.i vi of the spin valve. |nproved seed
and hi gh ré?PBWFVPFﬁﬁiﬁﬁé?gﬁzﬁﬁéh@@ﬁVhﬁv%ﬁﬁgﬁﬁéﬂﬁémﬂﬁkq?Pghéggﬁﬂéﬁ ¥s of
the free layer by inproving |ayer textures, increasing the nmagnetic

sof t ness ofcopfiantspeeing dyeng nentabordrnieent i | e coupl i ng between | ayers, and
reduci ng current shunting. The presentinvention may be enbodi ed in other

specific fornms wIhaautiodepaipohifs b @olisk b@rResetbinake &dhdioned B dpstdied LyThe
descri bed enbodi nents are to be considered in all respects only as |

illustratiy ' iotjye. S. f the jnvention.s, therefore,
| ndi cat od By e R AR e B PRRE o L BT E e Fersber pt i o
Al'l changes Wich come wthin the neaning and range of equival ency of the
clai ms ar e ©BUHSI@Y aoatemal kloak sigailp. Saugraly. the contgolungy 329 compnsey lagivs: 27
1. A spin valve sensor, conprising: a substrate; a seed |layer positioned
above the suwbstratceits tsheageaachsayén ncanp@cesstg Ehefcaaeolaearit oegdnewtes c
material selected to forma (1 11) crystall ographic plane situated

subst ant i aldoytroedi ghdl€lo bRirINArBHSlR! Gera®dls duch a8 Brihv@% R or®bn@ol signals on
ferromagnetic material positioned above the seed |ayer, t%e free Tayer

configured t e el ectrical, resistapce that changes.jn response to
changes inEh%ghe%ﬁg%ppﬂ%p?ﬂ&%ﬁﬁﬁ“?ﬁﬁc@ﬁﬁgmgﬁy%9§a%ﬁeggg Eb?ﬁ”WQFW&“@éH§or
of claiml, wherein the seed | ayer conprises a first |ayer containing

Ni FeX, whertBe Xng 328 proxide e desond evreenypofilss congtimalisngost andoposivion tamelider . 3.
The spin valve sensor of claim?2, wherein the seed |ayer further conprises
a second | ayjérto plasddsirehéda batieethetdisk F10r Kead ayewritndghideasubsiiai®ued e

second | ayer '
and from the read/write heads 321 by means of a recording channel 325. In the depicted
embodhﬁent, the read/write heads 321 incorporate a GMR sensor including a spin valve of
the present invention.
Referring to Figure 4, many of the materials used in the read/write heads 321 have
an FCC, or Face-Centered Cubic, structure. It has been discovered that atoms in an FCC
structure are most tightly and consistently arranged along the (111) crystallographic plane.

Thus, the read/write head 321 functions optimally when the FCC materials in the

read/write head 321 are oriented so that the (111) plane is parallel to the substrate. In



,C£1|t5|]||ng a N alloy. 4. The spin valve sensor of claimS3, mhezggn Lﬂ?
- first layer conprises N FeNb. 9 ~~ U ~. 2004 28 5. The spin val sé 0Q004

of claim4, wherein the second | ayer conprises NiO 6. The spin valve
sensor of claimb5, wherein the first: | pyer has a thickness in the range of
bet ween about 5 Angstrons and about 30 Angstronms, and the second | ayer has

a thi cknesgigjre Bef \(%Q%és]]_]g (%J%m%?% méfﬁﬁmlaMI @b %QQQ&FE%J%VEP Wbsfrate | 1€

spin val ve sensor conprising a thir yer between the

first and o] I rs, .third | ayer containjng a tal selected from
the or oun adheite (RS aime 3 IE ittt ongd Y B Ot TR or b ofes ey

wherein the third layer conprises Ta. 9. The spin valve sensor of claim8
wher ei n t hand Hireelfacapenteriad o taanst Hidckilgs shegfubbehaped namplo 370 26 1asmet watid and
about 60 Angstrons. 10. The spin valve sensor of claim3, further

conpr i si ng tie: @il Meplah@y ey, aR@Si JpRORChpRREVBERIY Aen§eedh ka¥R i ARded hewbiee

| ayer, the pined layer conprising a | ayer of a resistive material selected
to reduce t &1 e RPN of current traveling fromthe pinned |ayer to the
antiferromaghetic ?ayer. 2 ~UU~ 2a0 29 11. The spin val ve sensor of
Claim 10, wherein the pinned | ayer conprises N PeX, where X is chosen from
the group consi stWheg the (INB) phope 344 iscexpysed ipfompa igifreean sdseparidayas, cl ai m
11, wherein the pinned flyer conprises N reNb. 29 ~U1.. ~0~4 30 13. A
spi n val ve tisenggalline omutings bOthe aewUhgty @t rmad irpalignhent eimgne bl Ged ' 1 Vi)

| ayer positioned above the substrate;

o layer. Interfaces between layers have few discontinuities (misaligned sets of atoms) or
interstices (open spaces where atoms should be). Consequently, the (111) plane 374 is an
effective foundation for the growth of tightly bonded, even-textured layers.

Figure 5 shows an air bearing surface (ABS) view of one embodiment of a spin
valve 400, provided with an improved bottom structure according to the present invention.
While an AP-pinned spin valve sensor 400 is depicted, and is preferred for use with the
improved bottom structure of the present invention, nevertheless, the improved bottom
structure of the present invention may also be used with other types of spin valve sensors,
such as the simple spin valve sensor 100 of Figure 1.

The spin valve sensor 400 of Figure 5 is shown with a pair of end regions 402

separated from each other by a central region 404. The central region 404 has defined

edges where the end regions 402 form a contiguous junction with and abut the edges. The
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a pinned | ayer forned of a ferromagnetic material and pOSitionq?SPgﬂjE,2084
antiferromagnetic |ayer, the magnetic orientation of the pined r
substantially fixed by the antiferronagnetic |ayer, and the pined |ayer
conprising a layer of an electrically resistive material selected to reduce
t he amount of current traveling from the pi ned | ayer to the

anti f er r onsagrert 409 is dypdt ypaurasubsttdte 806, ayteeh mhy Be drgr suitapglo etllbsnmna,tiﬁahging

positi oned above the pinned |ayer, the free layer configured to have an

el ectrical gpgsi at6h Scekdh; ) aLl 25 Al etic flux
gla&s s§ﬁ1ﬁs@ﬁ@uc§&?ﬁﬂ€r{i}ﬂ,ﬂ&e§ceﬁ'ﬂnﬁ ﬁ%@&m,%uélpq§¥l§x@?ﬂs(Al iﬂ)é)fmi\?\}%

t hrough the free | ayer. . The spin valve sensor o aim erein the

pi ned layer .further conprises a first, antiparallel-pined | ayer adjacent to
Phe ant 1 evstihlsATh e Hyeioriring o bkt B ab » b Bt T RAned e skiled
conprising a material selected fromthe group consisting of Core and Co.
15. The spintheartyén §wrfelbowinf dedcaiptivid,4abaved meians fubidepirore dhd apatraté wos hat
conprises a second antiparallel-pined | ayer positioned above the first

anti par al | eel@imRand QYRE (o hBSuLstRte™ Lidwi2DAg Bbusac epersant inohal el
pi nned | ayer conprising a material selected fromthe group consisting of

CoFe and iLn.valve sensor .of ¢laimd5, wherein e | ayer of

el ectri cal §S§§%F§¥?%§BH%P§rf%ﬂ1?‘*%%gﬂ%ﬁ%ﬁg§W%3?m%QWSgﬁﬁﬁﬁ%%gbent to the
first and second antjparallel-pinned | ayers. 17. The spin val ve sensor of
claim 16, wher ei Stgtelayayidy inforapden opeathasuprite Q6 el hepeed laggr 403npay ses a
material chosen fromthe group consisting of NifeX, where X is selected
fromthe gboumligoresiianimgbef ofNdffeth, wandciding & thEheveapbn Viad prengensor  of
cl;aim 17, wherein the |layer of electrically resistive material conprises

N FeNL~. 1@nctIfiorsRE E‘ee\ﬁ%%‘? 4_§¢|[§Stﬁ Tor¥ a Mol Bor tW%I E%)%l@ of ﬂ?erégﬁt%ps&f it.

electrically resistive naterial has a thickness of “between’a

Angstronms ﬂ[ﬂgs, ?tqg B}efe]fﬁad'afg] grt S grse'scnt ir12\/eﬁti€)]n ;hgt tlﬁe %%?e%af’szused to form the seed

layer 407 have an FCC structure that forms with a (111) plane parallel to the substrate
406, as described in connection with Figure 4. It has been discovered that if the (11 1)
plane of the seed layer 407 is parallel to the substrate 406, subsequent FCC layers formed
over the seed layer 406 will form with a consistent crystalline structure and orientation.
The seed layer 407 preferably has a thickness ranging from about 25 to about 185 D, and a
more preferred thickness of about 50 [ to about 80 ).

An antiferromagnetic (AFM) layer 408 is preferably formed over the seed layer
407 in the central region 404. Alternatively, the AFM layer 408 may be formed in both the

central region 404 as well as the end regions 402. The AFM layer 408 is, in one



20. The spin val ve sensor of claim19, wherein the first and sezd%qJUL’2004
alltlparallel-pinned | ayers each | eave a thickness of between about 5
Angstroms and about 20 Angstrons. ~~JUL Iv 33 21. A disk drive system
conprising: a magnetic recording disk; an anti-parallel-pined spin valve
sensor for reading data recorded-on tHe recordi ng di sk, conprising: a

substr at e; embséigttnt, Ry@riedUTHNIA, Q@ R8s ine @h@)ﬁéﬁlﬁﬁ\%elﬂa[}&u%Qth%%ﬁﬁt
conprising: a first layer conprising Ni FeX, where X is chosen fromthe

group consigtpn Nb, .Md, and.Cr: and a ond .l a osi tioned between
Phe Fi ror 1EOLIA Blablhs B f S Bl fL ey SR Epalt BN B vt mirtane” 4T oy:
an antiferromagnetic (Al'M |ayer positioned above the seed | a~~er; a pined
| ayer of allf@pesheipbent @0 hameas prefosdds for SrdaMatsowediprtant i f er r omagnet i c

| ayer, the nmagnetic orientation of the pined |ayer being substantially

fixed; a spacer hayeriRdpiihbRReM BRAVE bAiR:r BirRBY dt AYSN emBerh[ 88, PAVEN,Rf 2
ferromagnetic material positioned above the spacer layer, the free | ayer

changes i n haseb oA s Gk B¢ RIR 25 Rayarb BRI B v H 4 o
cap | ayer ositiongd‘above the free layer; an actuator for noving the spin
val ve sensor¢ ' I NgRHo \:{2¢ u gpich val ve
| 2 Hoes o5 bstwechakpne d Q) anecabor 119 Vais kange obbatweerf drout hed Bpich val
sensor to access different nmagnetically recorded data on the magnetic

recording abhak22a8hd more preferable. A thickness of about 150 ) is most preferable for PtMn,
The tradeoff involved in the use of PtMn is that the antiferromagnetic layer 408 must be
thicker than IrMn when IrMn is used. Other materials, such as PtPdMn, NiO, NiMn, and
CrPtMn, may also be used to form the antiferromagnetic layer 408, with similar tradeoffs.
A laminated anti-parallel (AP)-pinned layer 410 is shown formed over the AFM
layer 408. In the depicted embodiment, the AP-pinned layer 410 comprises first, second,
and third AP-pinned layers 412, 414, and 416, respectively. Altematively, a single pinned
layer, similar to layer 120 of Figure 1 could be used in place of the laminated AP-pinned
layer 410. In the depicted embodiment, the first and second AP-pinned layers 412 and 414
are separated from each other by a layer 418 that is preferably formed of a metallic
material having a high resistivity. An anti-parallel coupling (APC) layer 420 is preferably
formed of a nonmagnetic material that allows the first and second AP-pinned layers 412

and 414 to be strongly coupled antiferromagnetically to the third AP-pinned layer 416.



a detector electrically coupled to the spin valve sensor and confiesu
def ect changes in a resistance of the sensor caused by rotati oanfQJIJQ?. 2604
magneti zation axis of the free ferromagnetic |ayer relative to the fi.xed
magneti zati ons of the AP-pinned |ayer _in response to changing magnetic
fields induced by the magnetically re&%rded data. 22. The spin val ve sensor
of claim 21, whaheildyet MR hix 4 ' ' ST | ayer
conprises NiO 23. HTyhe spi nyeglfd\@ggggsggngi‘l %&gg\%eggl?te\?\]ﬁgrsg%nasﬁﬁlee i'tst
llayer has \@rLid.CKRERS: tween, about. 5 Anstrons and. apout 30 Angstrons,
and the sé\?g%}gf"r éyerﬁﬁgs“ g‘%‘ﬁﬁ%{k’ﬁ@g"g@? st irEiHo R gty rigsfestive fie tmal

about 100 Aqgstro,m;. 24. The spin valve sensor of claim 23, wherein the

seed | ayeMg¢leHeral semiivitg @ad a homogenepus&r C strucharep ddihoinginexy Qehigen t he
first and second | ayers. WC ~~1i Vv 2saa~ zood4 35 25. The spin valve
sensor of nohmngndié,mawréx] endy dehgedtoord tlean@rpatallel BRIIGLN i@ﬁﬁR?xiL ayer of
electrically resistive material selected to reduce the amount 'of current
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&al] c&a] ca] ca] ca

B"| &0, ! 10% U&' () -310% U& ()-3@ 10% W& ()-!S! 1094JU& () - S! 10% U& ()-" 10%

u&' () - RIE@™$911094yURy et 4 & i, aboutt Dhshisk. (Dhe, second G9B-pigned lag@10%isjgrefrality il %

Uu& ()-0,,!10% U& ()-Z<xnmb@V$ +10%"& ()-1 10 U 10 U 10 UL$910%

U& () - @*410%nde dDbetydedYob& LD and-abdQ%85 D in thickness, with a more preferred range of

between about 5 ) and about 15 ), and a most preferred thickness of about 5 ). The
thickness of the anti-parallel coupling layer 420 is preferably in a range of between about 4
D and about 10 ), with a more preferred range of between about 6 ) and about 90, and a
most preferred value of about 8 [,

The third AP-pinned layer 416 is preferably in a range of between about 15 ) and
about 30 D in thickness, with a more preferred range of between about 22 ) and about 28 ),
and a most preferred thickness of about 26 ). The thicknesses of the first and third
AP-pinned layers 412 and 416 must be simultaneously adjusted because the performance
of the spin valve sensor 400 depends upon the difference between them. This difference,
or the thickness of the first AP-pinned layer 412 subtracted from the thickness of the third
AP-pinned layer 416, should 143e kept v'vi'thin a range of between about 3 ) and about 20 0.

The spin valve Sel;éér 400 as depicted also includes a spacer layer 426 formed
over and in contact with the third AP-pinned layer 416. The spacer layer 426 is preferably
formed of a GMR promoting material such as copper (Cu), although it may also be formed
of other GMR promoting materials such as gold (Au) or silver (Ag). The thickness of the

spacer layer 426 is important to the invention, and is preferably in a range of between
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), and a most preferred value of about 21 D.

A free ferromagnetic layer 428 is shown formed over and adjacent to the spacer
layer 426. In order to provide the advantages of the present invention, the free
ferromagnetic layer 428 is preferably formed with a material having a high degree of
magnetoresistance. One example of such a material is a Co-Fe alloy. Preferably, the free
ferromagnetic layer 428 maintains magnetic softness Hy with a structure in which the
Co-Fe alloy of the free layer 428 is laminated with a second material. In the depicted
embodiment, the free layer 428 is formed with a resistive layer 430 of CoFe and a
lamination layer 432 formed from NiFe, which is selected for its hi gh magnetoresistance
and low magnetostriction. The lamination layers 430 and 432 of CoFe and NiFe assist in
achieving magnetic sofiness.

Preferably, the free layer 428 has a total thickness in a range of between about 25 )
and about 75 . A thickness in a range of between about 35 ) and about 55 ) is more
preferable. A thickness of about 45 D is most preferred. Accordingly, the resistive layer
430 1s preferably in a range of between about 5 ) and about 15 ) in thickness, with a more

preferred range of about 10 ) to about 150, and a most preferred thickness of about 15 ).

Furthermore, the lamination layer 432 is preferably formed with a thickness in a range of
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substan increase the overall magnetoresistance of the free layer 428, while not

substantially decreasing the magnetic hardness H of the free layer 428. Materials such as
chromium, tantalum, rhodium, and molybdenum, may also be added to the Ni-Fe alloy to
increase resistance of the lamination layer 432, and thereby enhance the amount of current
passing through the resistive layer 430.

Referring again to Figure 5, the spin valve sensor 400 1s shown with a cap layer
435 formed over the free layer 428 to protect the material deposited in the central region
404 against oxidation. The cap layer 435 is preferably made of tantalum (Ta), but of
course, any suitable material may be used. The spin valve sensor 400 is also shown
formed with a pair of longitudinal biasing layers 436, formed in the end regions 402. The
biasing layers 436 are preferably made of hard material such as Co-Pt-Cr alloy and are
used for longitudinally biasing the central region 404.

A pair of electrical leads 438 are also shown formed over the biasing layers 436
and are employed to form a circuit path between the spin valve sensor 400, a current

source 442, and a sensing device 440. In the preferred embodiment, the sensing device
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The sensed voltage signal arises from a change in resistance, IR, of the central
portion 404 as the magnetization direction My of the free layer 428 rotates in response (o
the applied magnetic signal from the recorded medium. The sensing device may include a
digital recording channel such as a partial-response maximum likelihood (PRML) channel
as 1s known to those skilled in the art. Alternatively, the sensing device may include a
peak-detect channel as is known to those skilled in the art. In one embodiment, the
sensing device includes a digital recording channel of PRML type.

Referring to Figure 6(a), the seed layer 407 may 1tself be formed of a plurality of
layers. In the depicted example, a bottom layer 510 may rest directly on the substrate 406,
with a texturing layer 530 resting on tép of the bottom layer 510 to control the textures of
layers forimed above the seed layer 407. The texturing layer 530 1s preferably formed of a
material having a face-centered cubic (FCC) crystalline structure, and it 1s also considered
advantageous to form the texturing layer 530 from a material which causes the (111) plane
of the crystalline structure to form parallel to the substrate 406. NiFeND is most preferred,
although other materials with suitable characteristics may be used, and may include

NiFeMo and NiFeCr.
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structures, crystal orientations, and lattice constants. The lattice constant of a crystalline

material 15 defined as the smallest distance between adjacent atoms in a crystal. Similar
lattice constants permit the crystals of adjacent layers to align with each other to produce a
homogeneous grain boundary with few irregularities. Thus, the bottom layer 510 should
preferably also have an FCC crystalline structure with the (111) plane parallel to the
substrate 406. In addition, it is desirable for the bottom layer 510 to have a lattice constant
similar to those of the substrate 406 and the texturing layer 530. Although NiO is the
preferred from which to form the bottom layer 510, other suitable materials, such as
NiMnO, may also be used.

Configured in this fashion, the bottom layer 510 preferably has a thickness in a
range of between about 20 ) and about 100 ). More preferably, the bottom layer 510 has a
thickness in a range of between about 30 0 and about 70 ). The bottom layer 510 should
most preferably have a thickness of about 40 ). The texturing layer 530 is preferably in a
range of between about 5 ) and about 30 § in thickness. The thickness of the texturing
layer 530 is more preferably in a range of between about 7 ) and about 20 D, Most

preferably, the texturing layer 530 is about 10 [ thick.
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510 and the texturing layer 530. The transition layer 520 may ease the transition between

the bottom layer 510 and the texturing layer 530, and may provide a more suitable
foundation for the antiferromagnetic layer 408. In one example, the antiferromagnetic
layer 408 is formed of PtMn, and a transition layer 520 1s preferably included to permit
better formation of the thick antiferromagnetic layer 408. Ta is a preferred material for use
in forming the transition layer 408; however, other suitable materials, such as Zr, may also
be used.

The thicknesses of the bottom layer 510 and the texturing layer 530, as configured
in this embodiment, are preferably as described in connection with the previous
embodiment. The thickness of the transition layer 520 preferably falls within a range of
between about 20 ) and about 60 ). More preferably, the transition layer 520 is in a range
of between about 25 ) and about 45 | in thickness. The transition layer 520 of this
embodiment is most preferably about 30 ) thick.

Referring to Figure 7, shown therein 1s an altermative embodiment of a GMR
sensor of the present invention. In the embodiment of Figure 7, the seed layer 407 is
omitted. The high resistivity layer 418 remains, and may be configured as described in

connection with Figure 5. The antiferromagnetic layer 408, in this configuration, is
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formed as described in connection with Figure 5.

The high resistivity layer 418 and the sced layer 407 may provide special
synergies when utilized together. The combination of high resistivity buffering, even
texture growth, and high exchange coupling may lead to a uniquely high GMR coefficient.
The embodiment of Figure 7 illustrates that the high resistivity layer 418 may function in
the absence of a seed layer 407. Similarly, the seed layer 407 may also function in
embodiments in which the pinned layer 410 includes no high resistivity layer 418.

Preferred alloys and concentrations for the present invention may be as follows. A
currently preferred example of the Co-Fe alloy for use in the first, second, and third
AP-pinned layers 412, 414, 416, and the resistive layer 430, 1s Cowlew. A preferred
example of the Ni-Fe alloy for use in the lamination layer 432 1s NiwFe,. A preferred
example of the Ni-Fe alloy, for use in the high resistivity layer 418 or the texturing layer
530, is Ni,FeoNbs;, portions of Ni and Fe may be altered but preferably remain nearly
equal and larger than the portion of Nb.

A preferred example of the Ni alloy, for use in the antiferromagnetic layer 408 or
the bottom layer 510, is NixOsx. A preferred example of the IrMn, for use in the

antiferromagnetic layer 408, is Ir,,Mn,s; the portion of Ir may vary between about 20% and
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The portion of Pt may vary between about 40% and about 50%, and the portion of Mn may
similarly vary between about 50% and about 60%.

From the above-discussion, it should be readily apparent that the improved bottom
spin valve structure of the present invention improves the GMR coefficient, and therefore
the measuring sensitivity of the spin valve. Improved seed and high resistivity layers
enhance the measurable resistance changes of the free layer by improving layer textures,
increasing the magnetic softness of the free layer, enhancing the coupling between layers,
and reducing current shunting,

The present invention may be embodied in other specific forms withqut departing
from its essential characteristics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the foregoing description. All changes

which come within the meaning and range of equivalency of the claims are to be embraced

within their scope.
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a seed layer positioned above the substrate, the seed layer contamning a face
centered cubic material selected to form a (111) crystallographic plane situated
substantially parallel to the substrate; and

a free layer of a ferromagnetic material positioned above the seed layer, the free
layer configured to have an electrical resistance that changes in response to changes in

magnetic flux through the free layer.

2. The spin valve sensor of claim 1, wherein the seed layer comprises a first layer

containing NiFeX, where X is selected from the group consisting of Nb, Mo, and Cr.
3. The spin valve sensor of claim 2, wherein the seed layer further comprises a
second layer positioned between the first layer and the substrate, the second layer

containing a Ni alloy. '

4. The spin valve sensor of claim 3, wherein the first layer comprises NiFeND.
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6. The spin valve sensor of claim 5, wherein the first layer has a thickness in the

range of between about 5 Angstroms and about 30 Angstroms, and the second layer has a

thickness of between about 20 Angstroms and about 100 Angstroms.

7. The spin valve sensor of claim 3, further comprising a third layer between the
first and second layers, the third layer containing a metal selected from the group

consisting of Ta and Zr.
8. The spin valve sensor of claim 7, wherein the third layer comprises Ta.

9. The spin valve sensor of claim 8, wherein the third layer has a thickness of

between about 20 Angstroms and about 60 Angstroms.

10. The spin valve sensor of claim 3, further comprising a pinned layer positioned
between the seed layer and the free layer, the pinned layer comprising a layer of a resistive
material selected to reduce the amount of current traveling from the pinned layer to the

antiferromagnetic layer.
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11. The spin valve sensor of claim 10, wherein the pinned layer comprises

NiFeX, where X is chosen from the group consisting of Nb, Mo, and Cr.

12. The spin valve sensor of claim 11, wherein the pinned layer comprises

NiFeND.
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13. A spin valve sensor, comprising
a substrate;

an antiferromagnetic (AFM) layer positioned above the substrate;

a pinned layer formed of a ferromagnetic material and positioned above the
antiferromagnetic layer, the magnetic orientation of the pinned layer substantially fixed by
the antiferromagnetic layer, and the pinned layer comprising a layer of an electrically
resistive material selected to reduce the amount of current traveling from the pinned layer
to the antiferromagnetic layer; and

a free layer of a feromagnetic material positioned above the pinned layer, the free
layer configured to have an electrical resistance that changes in response to changes 1n

magnetic flux through the free layer.

14, The spin valve sensor of claim 13, wherein the pinned layer further comprises
a first antiparallel-pinned layer adjacent to the antiferromagnetic layer, the firsts

anti-parallel pinned layer comprising a material selected from the group consisting of

CoFe and Co.

15. The spin valve sensor of claim 14, wherein the pinned layer further Comprises

a second antiparallel-pinned layer positioned above the first antiparallel-pinned layer, the
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of CoFe and Co.

16. The spin valve sensor of claim 15, wherein the layer of electrically resistive
material is positioned between and adjacent to the first and second antiparallel-pinned

layers.

17. The spin valve sensor of claim 16, wherein the layer of electrically resistive
material comprises a material chosen from the group consisting of NifeX, where X is

selected from the group consisting of Nb, Mo, and Cr.

18. The spin valve sensor of claim 17, wherein the layer of electrically resistive

material comprises NiFeNDb.

19. The spin valve sensor of claim 18, wherein the layer of electrically resistive

material has a thickness of between about 5 Angstroms and about 15 Angstsoms.
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antiparallel-pinned layers each have a thickness of between about 5 Angstroms and about

20 Angstroms.
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21. A disk drive system, comprising;

a magnetic recording disk;
an anti-parallel-pinned spin valve sensor for reading data recorded-on the
recording disk, comprising:
a substrate;
a seed layer positioned above the substrate, the seed layer
comprising;:
a first layer comprising NiFeX, where X is chosen from the
group consisting of Nb, Mo, and Cr; and
a second layer positioned between the first layer and the
substrate, the second layer comprising a N1 alloy;
an antiferromagnetic (AFM) layer positioned above the seed layer;
a pinned layer of a ferromagnetic material positioned above the
" antiferromagnetic layer, the magnetic orientation of the pinned layer being
substantially fixed;
a spacer layer positioned above the pinned layer,
a free layer of a ferromagnetic material positioned above the spacer
layer, the free layer configured to have an electrical resistance that changes

in response to changes in magnetic flux through the free layer; and
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a cap layer positioned above the free layer;
an actuator for moving the spin valve sensor across the magnetic recording disk in
order for the spin valve sensor to access different magnetically recorded data on the
magnetic recording disk; and
a detector electrically coupled to the spin valve sensor and configured to detect
changes in a resistance of the sensor caused by rotation of the magnetization axis of the
free ferromagnetic layer relative to the fixed magnetizations of the AP-pinned layer in
response to changing magnetic fields induced by the magnetically recorded data.

22. The spin valve sensor of claim 21, wherein the first layer comprises NiFeNb

and the second layer comprises NiO.

23. The spin valve sensor of claim 22, wherein the first layer has a thickness of
between about 5 Angstroms and about 30 Angstroms, and the second layer has a thickness

of between about 20 Angstroms and about 100 Angstroms.

24. The spin valve sensor of claim 23, wherein the seed layer further comprises a

third layer of Ta positioned between the first and second layers.
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