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(57) Abstract

A giant magnetoresistive stack (10) for use in a magnetic read head includes a NiFeCr seed layer (12), a ferromagnetic free layer
(14), a nonmagnetic spacer layer (16), a ferromagnctic pinned layer (18), and a CrMnPt pinning layer (20). The ferromagnetic free layer
(14) has a rotatable magnetic moment and is positioned adjacent to the NiFeCr seed layer (12). The ferromagnetic pinned layer (18) has
a fixed magnetic moment afd is positioned adjacent to the CrMnPt pinning layer (20). The nonmagnetic spacer layer (16) is positioned
between the free layer (14) and the pinned layer (18).




Ni FeCr seed layer (12). The ferromagnetic pinned |ayer (18) has
magneti c nonent and is positioned adjacent to the CrMiPt pinning |ayer
(20). The nonmagnetic spacer |ayer (16) is positioned between the free
| ayer (14) and the pinned |ayer (18). 01 OCT 2403 WD 00/63714 "
PCT/ US99/ 19278 - 1 G ANT MAGNETORESI STI VE SENSOR W TH A CRWNPT PI NNI NG
LAYER AND A NI FECR SEED LAYER BACKGROUND OF THE | NVENTI ON The present
i nvention relates generally to a giant 5 nmagnetoresistive sensor for use
in a magnetic read head. In particular, the present invention relates to a
gi ant. magnetoresi stive read sensor having enhanced gi ant nagnetoresistive
responses and i nproved magnetic stability. G ant nagnetoresistive (GWR)
read sensors are used in 10 nagnetic data storage systens to detect
magneti cal | y-encoded information stored on a nagnetic data storage nedium
such as a magnetic disc. A tinme-dependent nagnetic field froma nmagnetic
medi um directly nodul ates the resistivity of the GWR read sensor. A change !
in resistance of the GVR read sensor can be detected by 15 passing a sense
Eﬁégent t hrough the GWR read sensor and neasuring the voltage across the
read sensor. The resulting signal can be used to recover the encoded
information fromthe magnetic nedium A typical GVR read sensor
configuration is the GWR spin
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~val ve, ‘in which the GWR.read sensor is a.nulti-lI ay‘er‘ed:‘s»t.,.r\;v‘u.c‘tﬁr‘\eﬁfﬁrm\i‘?‘20»«,&;
of a nonmagnetic spacer |ayer positioned between a ferronmagnetic pinned

| ayer and a ferromagnetic free |ayer. The nagnetization of the pinned

| ayer is fixed in a predetermned direction, typically normal to an air
beari ng surf aveoe37tshe GVR read sensor, while the nagneti zRCTERIGP278t he
free layer rotates freely in response to an external nagnetic field. 25 The
resi stance of the GVR read sensor varies as a function of an angle forned
bet ween the magneti zation direction of the free | ayer and the :
magneti zation direction of the pinned layer. This nmulti-layered spin valve

configuration allows b&é@PAGNEWR@gnVEeSEWg WITH Affect, i.e.

greater sensitivit g @&L&Gfﬁegﬁﬁ% ﬁﬁégﬁ@%% \,\ﬁk

possi bl-e with ani s

general |y consist of a si ngl e BATKQ IoF TREeNVENTIONCT 2003 WO 00/ 63714
- 2 PCT/US99/ 19278 A pinning_layer 1s t%é cal Ily exchange oupl ed. t? t he
pinned layer to fix the nmaghRq i¥&sedn yentien slakie@engiAly ©naad

predetermned d4ir ‘?’n‘?éq Ebreg_gl‘?\/e@e'ﬂ@b%r Lsymra mé%ﬁé(le'r% peadt M patlcar, an
antiferromagnetic erial. I'n antiferromagnetic materials, c}he magneti c

mpents of 5 adj ac&if PERSSAEINYBNAN felptep Ko aidant MagseloreTietivakeed sefOT t her e
I's no net magneti (ﬁﬁgﬂ\}g's@ﬁhén@e& E@O%hﬁ‘ddn@{oreéﬁtlvbsregs&'\§e§bé&! frfprove@ Ppi nning

| ayer material to ahlq ing tenperature, the tenperature at
whi ch the exchangenagnetistapildy.sappears. It is also desirable for the

pinning layer material to N@Ke: md ABtABHGRKI g@/lﬁqaﬁ’@ééﬁé&@aretd%@d in

tenperature at 10 which the pinning and plnned | ayers are exchange coupl ed
dur| ng manuf at® ur inagnetio datat rsmfaﬁﬁgﬁ)é&tﬁ?fas b@h@@tf@i Aaanalicalye?iCodre f usi on

information stored on a magnetic data storage medlum such as a

magnetic disc. A time-dependent magnetic field from a magnetic
medium directly modulates the resistivity of the GMR read sensor. A
change in resistance of the GMR read sensor can be detected by
15 passing a sense current through the GMR read sensor and measuring
the voltage across the GMR read sensor. The resulting signal can be

used to recover the encoded information from the magnetic medium.
A typical GMR read sensor configuration is the GMR spin
valve, in which the GMR read sensoris a multi-layered structure formed
20 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
the free layer rotates freely in response to an external magnetic field.
25  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 pfonou.nced magnetoresistive
effect, i.e. greater sensitivity and higher total change in resistange, than
30 is possible with anisotropic magnetoresistive (AM R)read sensors, which

generally consist of a single ferromagnetic layer.




to pronote the texture and enhance the grain growh of the

consequently grown on top 15 of it. The seed layer material is chosen such
that its at omye @lstet ure, or arrangenent, corresponds w thpdiesopierer red
crystall ographic direction of the magnetization of the free |ayer

material. One principal .concern in the performance of GVR read sensors is

t he maxi mum absol ute change in resistancg of the GVR read 20 sensor, which.
directly affects the GVRratio. GWR ratio (the maxi mum absol ute change in
resi stance of the GWR read Sﬂgﬁﬁfn %%&Q%l@lﬁb?@waﬁgﬁoﬁbﬁﬂ%tﬁg pikrE GWR

read sensor nultiplied by 100% déterm nes t magnet oresi stive effect of
the GWR read sensorlaYQDltPfPFéh%F‘iﬁQ"ﬁ“#ﬁ“@ﬂ@f thmnﬁét‘ﬂ?ryiﬂeﬁ geedgtenmingdead

sensor with a great !
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of data. Key deternﬂlﬁ@ﬁals bfamtﬁerrmaurreérpma@n@lamermmahal@on@e@ ohs the
pinning layer aRd ag (A8, S 0 ng

| ayer materi al \r'/a’\nth éé{b%t%goﬁ%eg N CJItpgc’é'{e}!recejaltur eﬁgrr%ad ﬁ{‘u% Q‘S’ébss'g‘? Elgie to use
a { hinner free Iayemagwmlchﬂmneab‘&mat@elaf el isdegiedlefor tbmlr@m le¥ed sensor

whi ch h
Causes Specul ar scalFETFHE arn BF etk E1E e ALBtc SERTB Bl | 1!
00/ 63714 PCT/ US99/ 18& BRchareabupling disappehay ot iscaisb tiesieatiiayathe pingicace
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10  which the pinning and pinned layers are exchange coupled during

between thin layers in the GMVR spi n val ve. A seed Iayer 18 yfgﬁ\ Z@/ﬂéused
I

manufacturing, to control magnetic behavior and prevent diffusion
between thin layers in the GMR spin valve.

A seed layer is typically used to promote the texture and

enhance the grain growth of the free layer consequently grown on top

15  of it. The seed layer material is chosen such that its atomic structure,

or arrangement, corresponds with the preferred crystallographic

direction of the magnetization of the free layer material.

One principal concern in the performance of GMR read

sensors is the maximum absolute change in resistance of the GMR read

20  sensor, which directly affects the GMR ratio. GMR ratio (the maximum

absolute change in resistance of the GMR read sensor divided by the

resistance of the GMR read sensor muitiplied by 100%) determines the

magnetoresistive effect of the GMR read sensor. Ultimately, a higher

GMR rétio yields a GMR read sensor with a greater magnetoresistive

25  effect which is capable of detecting information from a magnetic
" medium with a higher linear density of data.

Key determinants of the GMR ratlo are the materials used

as the pinning layer and as the seed layer.in the GMR read sensor. A

pinning layer material with a low annealing ‘temperature makes it

30 possible to use a thinner free layer which decreases the resistance of
the GMR read sensor which in turn increases the GMR ratio. Also, a
seed layer material that causes specular scattering and spin filter effect




and for an antiferromagnetic material with a high bl ocking ure and
a | ow annealing tenperature for use as a pinning |ayer. BRI EF SUMVARY OF
THE | NVENTI ON The present invention is a giant magnetoresistive stack for
use in a magr¥eP¥ETHad head. The gi ant magnetoresistive st FYSH¥IRBes 10
a Ni FeCr seed |l ayer, a ferromagnetic free |layer, a nonmagnetic spacer -
| ayer, a ferromagnetic pinned |ayer, and a CrWhPt pinning |ayer. The free
| ayer has a rotatable nagnetic noment ad is positioned adjacent to the

Ni FeCr seed | ayer. The pinned | ayer has a fixed magnetic nonent and i's
posi ti oned adj acentatttie sked GrienRndgreeniaygr lintpdace Thereasessthwcehangeyidr i's
posi ti oned between e I st
preferred enbodi rren{"g&? {‘168 rﬂé%%@gérgal %&goﬂhﬁf&f go{:@égé? tgee(?Mﬁ 'ra#e". spacer
| ayer is fornmed of copper, amtotdinglypitmereds baeed fnsanl‘leEdad)fseanéth In a

Cocond Pretert o, CTRSRSR AP SRR 44 iaRd R RER AN 1
CoFe/ Ru/ CoFe syt hatackingrtemperaturesaymies lovBlahREalDicSeithparatire @r dsdEaDBRAW NGS
FIG 1 is a layer diagramof a first embodi ment of a giant

magnet or esi sti ve stﬂ%gﬁ? Y&'he present invention. FIG 2 is a graph of the
GW\R response of the first ZEHEBQMNWARYOCDFJHEMVENE@ toresi stive. stack
of the present invention. _,lG 3 ing t@/ diagramof a. steco d rrbodl ment
of a giant magnetoresistive GPIRIEDINVERIOYP B QATE Maang ?%ﬁnveg%g is a
graph of the GWR rQﬁﬁwmagﬁetkh@cﬁﬁa@ndhegrﬁmdia@aatoréélsta/e@taﬁktmcludes

t t t f th 30 FI G h of
{nﬁgn& SLE,SIHS {\éﬁpzraglg Epgr seedelayerreas erron%a%\{xgp Ic free layer, anonmagnétlsc S%agrap ©

Accordingly, there is a. n;e'éd‘;ffc')r, a GIVRread sensor Wit ha h't) 'G?@y at io '
enper a

‘layer, a ferromagnetlc pinned layer, and a CrMnPt pinning layer. The
free layer has a rotatable magnetic moment and is positioned adjacent
to the NiFeCr seed layer. The pinned layer has a fixed magnetic
moment and is positioned adjacent to the CrMnPt pinning layer. The
15  spacer layer is positioned between the free layer and the pinned layer.
In a first preferred embodiment, the free layer is a NiFe/CoFe bilayer,
the spacer layer is formed of copper, and the pinned layer is formed of
CoFe. In a second preferred embodiment, the free layer is a NiFe/CoFe
bilayer, the spacer layer is formed of copper, and the pinned layer is a

20  CoFe/Ru/CoFe synthetic antiferromagnet.

| BRIEF DESCRIPTION OF THE DRAWINGS

"FIG. 1 is a layer diagram of a first embodiment of a giant

magnetoresistive stack of the present invention.
FIG. 2 is a graph of the GMR response of the first
25  embodiment of a giant magnetoresistive stack of the present invention.
FIG. 3 is a layer diagram of a second embodiment of a
giant magnetoresistive stack of the present invention.
FIG. 4 is a graph of the GMR response ‘of the second
embodiment of a giant magnetoresistive stack of the present invention.
30 FIG. 5 is a graph of the blocking temperature
measurement of a CrMnPt pinning layer.
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1 is a layer diagramof a first enbodi nent of a giant nagnetore3|st|ve
(GWR) stack LQoQhsdrie present invention. GWR stack 10 inclpydess %ﬁﬁ

| ayer 12, a free layer 14, a spacer l|layer 16, a pinned 5 layer and a
pi-nni ng | ayer 20. Seed l.ayer 12 is NiFeCr. Free layer 14 includes a first
ferromagnetic material 22, preferably Ni Fe, and a second ferromagnetic
material 24, preferably CoFe, and is posﬂtloned such that the first

ferromagnetic | ayerD%%An?Eﬁ .
ferromagnetic materTa eo—adracent to

pi nni ng ![ayer t20 Pi nni ng | alikﬁ 121@alay@rdwg?am o&)mmewmsnﬂ:ﬁagiara .
nonnagneti c materi I itione en free ,
| ayer 14 and pi nne?‘ yecr?rfe%éﬁ\y)%hﬁ%ggt%&(@gf hc?rPrS%rﬁi'rWﬁ%oq a@@% S|k 5 £ xed’
in a predeterm nedOdncledes aseediayer tmefmgauﬁrlmaasme@fayén”@alp&yeu 14 .
rotates 15 fregly onse.to ap ex natlngfrom'
a magnetic medi 'AIJI%@ 1%&8%%?&%’”%%"& 5@ %ﬁgﬂrm%ygk '§L§'ﬂe§:rpﬂﬁr}?3

Qchangle clc:upl i tng pnnnflngei; a%lf&st @&o:w%gjr\gm mu;dnélﬁaai‘rpréf&abl?l mnﬁengnd a%/er 2]9
has a bl ocking temperat ure of -ahou and an anpe ure o
about 230C. The at 3%%”‘8%?(96?% 61‘“@@8@% fe'ﬁ??%’ gol%bap d%p%%n%'\? ed cubic
(fcc) which pronot each mt[tﬁéii}stfémtﬂﬁed;dmn@wmzq .staapawﬁtaoaaéd RpbaZ.es the

grain grow h of fr The resistance st ac O varjes as a
function of an angl q%{aypy?ésr ﬁgﬁ”ﬁmaﬁ)é%th? "lar"ﬁé"%ﬁf@fqbihppé Free

layer 14 and the nppsitibhé@tadpitent toDbiAAREG 14 &0. Pinning layer 20 is CrMnPt.
. Spacer layer 16 is a nonmagnetic material, preferably copper, and is
positioned between free layer 14 and pinned layer 18.

The magnetization of pinned layer 18 is fixed in a

predetermined direction while the magnetization of free layer 14 rotates

15 ~ freely in response to an external magnetic field emanating from a
magnetic medium. The magnetization of pinned layer 18 is pinned by
exchange coupling pinning layer 20 with pinned layer 18. Pinning layer

20 has a blocking temperature of about 340°C and an annealing
temperature of about 230°C. The atomic structure of seed layer 12 is

20  face-centered cubic (fcc) which promotes the [111] crystallographic
texture and enhances the grain growth of free layer 14. The resistance

of GMR stack 10 varies as a function of an angle that is formed between

the magnetization of free layer 14 and the magnetization of pinned layer
18.

25 The composition of seed layer 12 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), where the numbers in
parentheses represent atomic percentage. The thickness of seed layer
12 is preferébly 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 Iayei' 22 of free
layer 14 is préferably in the range of about Ni(85)Fe(15) to about




18. . 25 The corrposrtron of seed layer 12 is pref erably in the range of ‘
about Ni (60) Fe(15) Cr (25) to about Ni(48)Fe(12)Cr (40), and mare 29@3 any
approxi mately N (48)Fe(12)Cr(40), ,where the nunbers in parent

represent atom c percentage. The t hi ckness of seed | ayer 12 is pref erably
in the range WO WHI¢ 20A to about 60A, and nore 30 prefer BET/YSHMI2The
range of about 45A to about 50A. The conposition of the first ferromagnetic
| ayer 22 of free 1layer-14 is preferably in the range of about N (85)Fe(15)
to about 010CT2003 WO 00/ 63714 PCT/US99/ 18278 - 5 Ni (80.5)Fe(19.5), and
nore preferably approximately N (82)Fe(18). The thickness of the first
ferromagneti c | ayer NE80.S6)F(1285), Iaagﬁmorapreiferaplyerbproecbhately Nﬂszjﬁe(mngm of

about 20A to about er a | OA.. T
conposition of the égcg@ﬁaggﬂpgﬁ#gﬁ agq%?%aryepgﬁaﬁregﬁ ié'slpaﬁnga W1 is
]pref erably applroxr st G’ig/f@@(é)@} Faﬂolr@)ZOA“l’he aﬂmmkmm's and hm?]&ﬁ@fembly
erromagnetic | ayer_24 o a in the ra

about 5A to. about 287" °§'H2ft?~%$8’k ﬁ?&?@ﬂf’?"”@ﬂﬁl‘s ?ﬁg%éer{prg@getxer%ger

t hi ckness of spacer24 a)féfeelﬁyers1ml§fp¢é@bébly iapptdXxmatalyoCo(98Fepfo) abma 20A to
about 35A, and nore_ prefera

pinned layer 18 is ?5‘.'%(‘8?%6’1 §’¥% éﬁﬁéﬁégé(:%)’ﬁe?%@f ?re?ﬁ%)l/?trlh lksness of

pinned | ayer 18 is pief@bbiyabine ﬂaﬁg\él@eab@umwam@gsxxmrh@req;b@réfab%DA and
nore preferably ap%goxr rratelx 25 15 The conposition of pinning layer 20
is preferably in thaPProximately 13

The thickness of spacer layer 16 is preferably in the range

10 of about 20A to about 35A_, and more preferably approximately 24A.

The composition of pinned layer 18 is preferably
approximately Co(80)Fe(10). The thickness of pinnedvlayer 18 is
preferably in the range of about 20A to about 30A, and more preferably
approximately 25A.

15 The composition of pinning layer 20 is preferably in the
range of about Cr(30)Mn(67)Pt(3) to about Cr(50)Mn(35)Pt(15), and
more preferably approximately Cr(43)Mn(50)Pt(7). The thickness of
pinning layer 20 is preferably approximately 250A.

. FIG.2isa graph of the GMR response of GMR stack 10

20  of the present invention. The graph shows both the GMR ratio and the
resistance (Q) of GMR stack 10 as a function of an applied magnetic
field (Oe). The GMR ratio of GMR stack 10 equals 12.9 %. The
maximum absolute change in sheet resistance of GMR stack 10 equals
2.35 Q/sq. |

25 FIG. 3 is a layer diagram of a second embodiment of a

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

layer 32, a free layer 34, a spacer layer 36, a pinned layer 38, and a
pinning layer 40. Seed layer 32 is NiFeCr. Free layer 34 includes a first

- ferromagnetic layer 42, preferably NiFe, and a second ferromagnetic

30 layer 44, preferably CoFe, and is positioned such that the first.
ferromagnetic layer 42 is adjacent to seed layer 32. Pinned layer 38 is

a synthetic antiferromagnet and includes first and second ferromagnetic




range of about Cr(30)M(67)Pt(3) to about Cr(50)NM(35)Pt (150, 1 &d 2803re -~
preferably approximately Cr(43)Mn(50)Pt (7). The thickness of pinning | ayer
20 is preferably approximately 250A. FIG 2 is a graph of the GWR response
of GWR stack wdook®nef the present invention. The graph shoyspHgbhebdre GVR
ratio and the resistance (0) of GWR stack 10 as a function of an applied
magnetic field (Ce). The GVR ratio of GWR stack 10 equals 12.9 % The
maxi mum absol ute change in sheet resistance of GWR stack 10 equals 2.35
0/sq. 25 FIG 3 is a layer diagramof a Second enbodinent of a GWR stack

30 of the present i|gy§,@tj;@rénd%_b%t(@gkﬁférgb{yngé#g:%%@gsgg&mwb%%ragé,r Zofree

| ayer 34, a spacer |ayer 36, a pinne aye
Seed | ayer 32 is Nipetgrablyr duthepipsr, Fositiooediddetwedn r $itst fard osagiet i C

layer 42, preferablpmdhiZened ferr etic 3 r 44
preferably CoFe, and is agos‘[ﬁplg%éﬁsegggﬁa; 0‘t%gt'gEﬁ%ﬁcfrferd‘s:ﬁucgfté%&gﬁﬁﬁ?@?i c layer
42 is adjacent to sfeFamagpetic lager SPisadiacenatominidBg layer 40 SPmniretlager 40 .
anti f erromagnet sandi eSaf ] second ferromagnetic WD _00/63714 - 6 *
PCT/ US99/ 19278 aye?s@ ahdsé%)d,rétﬁ%%ﬂ% r'3faeP85WQ%'I*%%1a§ﬁ'diéiapﬁ%ﬁrﬁp‘yng | ayer
48, preferably rut¢eppenrandiogiditioned detvetendare ibyersi4 amtlpmaednaer 38.
ferromagnetic | ayers 46 and l.S._.posi tioned such at the second
ferronmagnetic layer 50 is ad?g%erﬁ?éjqegz%traﬂnPﬁé’"?'kﬁsje?ay&ﬁ.é%i 'ﬁrﬁ"ﬁ’g {Pafer 40 5
is OrMhPt. Spacer |predeteBfined disedtionwhimttieimagietigation of fleeehwsr 3l ratategopper ,
and is positioned n free |layer 34 and pinned_| ayer 38. The
magneti zati on of pﬁﬁé}%\g% é?@?“%%ﬂé"ﬁ’é%’&a'i ﬁl%gn 1% deideprPRatNd TPEL 8 on
Whl | e the nagndli zanhagmetiofmédien. Thy eiagddtizatibalofpinned layer 38 is pinned by
B exchange coupling pinned layer 38 with pinning layer 40. Pinning layer
40 has a blocking temperature of about 340°C and an annealing
temperature of about 230°C. The atomic structure of seed layer 32 is
face-centered cubic (fcc) which promotes the [111] crystallographic
15 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
38. )
The composition of seed layer 32 is preferably in the range
20 | 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
preferably in the range of about 45A to about 50A.

The composition of the first ferromagnetic layer 42 of free

25 layer 34 is preferably in the range of about Ni(85)Fe(15) to about
Ni(80.5)Fe(19.5), and more preferably approximately Ni(82)Fe(18). The
thickness of the first ferromagnetic layer 42 of free layer 34 is preferably

in the range of about 20A to about 100A, and more preferably
approximately 30A. The composition of the second ferromagnetic layer

30 44 of free Iayér 34 is preferably approximately Co(90)Fe(10). The

thickness of the second ferromagnetic layer 44 of free layer 34 is




freeI y. |n response to an external magnetl o f|eI d emanatl ng from a 10
‘ rragnetlc medi um The magnetlzatlon of pinned layer 38 is mqnag]’bmﬂgxchange
coupling pinned layer 38 with pinning |ayer 40. Pinning |ayer 40 has a
bl ocki ng tenperature of about 340C and an annealing tenperature of about
230C. The at ompoo/etrrauct ure of seed layer 32 is face-cent eP€l/USHNIZI8(f cC)
whi ch pronotes the [111] crystall ographic 15 texture and enhances the grain
growh of free layer 34. The resistance of GWR stack 30 varies as a
function of an angle that is forned between the nmagnetization of free
| ayer 34 and the nmgnetization of pinned layer 38. The conposition of seed
layer 32 is prefer gheferably inttae ramgeof aduobAababbut/d566andabidperdrably t o

about Ni (48)Fe(12)Cr re preferably approxi mately
Ni (48) Fe(12)Cr(40).2 #@Tﬁ?&(?&s of seed layer 32 is preferably in the

range of about 20A to about @ﬂé\thnﬂméssBﬂgpéceﬂé?ér@ﬁaé);brbfdréblifh&hé@hgé of -
about 45A to about 50A. b;e, co 05| |.on(£ the first ferromag l,C | ayer 42
of free 25 layer apgu 2h "}Oé?lﬁ@f?fﬁb'é{@@BfoxN"?t 5)92!9@( 15) to

about N (80.5)§e(19.5), a”dTﬁ@rc:@nfbbgft@ﬁ@Bf e and SEoRl Yebrhdghdtie ( 18) .
The thickness of the first ferromagnetlc | ayer. 42 of free |ayer 34 S

preferably in the [R¥aig40anda0nftrinted lpyeratibere bedopreferably #pp@Ximatel¥r abl y

approxi mately 30A. d&gomms'ﬁweqﬂ.&heé% SFUWONt bEd sTRENGTdRagraier 30 44
of free layer 34 is preferably approximately Co(90)Fe(10), The thickness

of the second ferrda¥aindbiandsQafpinnedJayerisare dpth praferably i the cxmgetios wo
00/ 63714 PCTI US99/ 1990815 1o Ridth A0ADhel by BeraraRg RS raHget abifitboAabout

25A and nore preferably approximte
3 10  to about 30A. The thuckness of couphng layer 48 of pinned layer 38 is

preferably in the range of about 8A to about 12A.

The composition of pinning layer 40 is preferably in the
range of about Cr(30)Mn(67)Pt(3) to about Cr(50)Mn(35)Pt(15), and
more preferably approximately Cr(43)Mn(50)Pt(7). The thickness of

15 pinning layer 40 is preferably approximately 150A.

FIG. 4 is a graph of the GMR response of GMR stack 30
of the present invention. The graph shows both the GMR ratio and the
resistance (Q) of GMR stack 30 as a function of an applied magnetic
field (Oe). The GMR ratio of GMR stack 30 equals 12.0 %. The

20  maximum absolute change in sheet resistance of GMR stack 30 equals
1.9 Q/sq.
FIG. 5 is a graph of the blocking temperature

measurement of a CrMnPt pinning layer. The graph shows the strength
of the exchange coupling (Oe) as a function of temperature (°C). At
25  340°C, the strength of the exchange coupling becomes 0 Oe.

In summary, the present invention introduces a GMR read
sensor with a CrMnPt pinning layer and a NiFeCr seed layer. This
configuration exhibits a GMR ratio of at least 12 %, the highest ever
reported in simple top spin vaives. In addition, the CrMnPt pinning layer

30 has a high blocking temperature of about 340°C to prevent the
exchange coupling from disappearing. Also, the CrMnPt pinning layer
has a low annealing temperature of about 230°C to control magnetic




~The thickness of spacer Iayer 36 is preferably in the range of about 20A Lo
to about 35A, and nore preferably approxi mately 24A. 5 The &dhﬁmglgo ns of

the first and second ferromagnetic |ayers 46 and 50 of pinned Iayer 38 are
both prefera ximtely Co(90)Fe(10). The thickness first
and second f2#¥5§§g%gtlc | ayers 46 and 50 of pinned Iayerﬁggﬂ%?%ﬂ‘m .
preferably in the range of about 15A to about 40A, and nore preferably in
the range of about 25A 10 to about 30A The thickness of coupling |ayer 48

of pinned | ayer 38 is preferably in the&Tange of about 8A to about 12A

The conposition of |nntn r A4Q.1s abI R t he of .about
Cr (30) Mh( 67) Pt ( 3) (B BiofEnd @85‘?\/&(’%%5”&”?{1"@9”@ 2Vt B (PP URAERY
app¥OX|g?tely Cr(43¥Tb?5ﬁngﬁ%bUﬁﬁhﬁmbhlCkneSS of fl?hplgnkng Iayer 40fléNR
preferably approximately ra r e o :
stack 30 of the present |n\/§ h‘h%@saﬁaﬁﬁ'gﬁaf}?%w ?W'Eﬁ&“{'}gti o and
the resistance ( 0)retéremosp@@freaoemsoantenmtwanen@f stamecam'plmeedrtnmnet i c

field (Ce). The GWR ratio stack 30 e )
absol ute change’i n ERRINZe g’éf g{Rﬂ ’g?‘geckn %é"@q%ﬂﬂ §etail y'tggv sq. FI G

5 is a graph of thedétiaﬁmblfmme@aﬁﬁah@ewpé@aﬁyrmn@nof a CrMiPt pinning
| dyer. The graph shows the strength of the exchange coupling (Ce) as a

function of tenperature (C). At 25 340C, the strength of the exchange
coupling beconmes 0 Ce. In summary, the present invention introduces a GWR
read sensor with a & MPt pinning |ayer and a Ni FeCr seed | ayer. This
configuration exhibits a GVRratio of at least 12 % the highest ever
reported in sinple top spin valves. In addition, the G MPt pinning |ayer
30 has a hi gh bl ocking tenperature of ‘about 340C to prevent the o




exchange coupling from di sappearing. Also, the CMPt pinning | ayer has a

| ow anneal i ng tenperature of about 230G to control magnet iﬂct(ﬂ@T%?OUS WO
00/ 63714 PCT/ US99/ 19278 -8- behavi or and prevent diffusion between thin
layers in the GWR read sensor during manufacturing. Al though the present

i nventi onchagveen described with reference to preferred enbodi nents,
workers skilled in the art will recognize that changes nmay be made in form
and detail witAdlient raegnaterenyive seifveiNe ff ppe ina BRENeliosedbeceBei I Ent i on. 9

0 1 OCT 2003 ChfidMatoreskstivdsci Ve BRUSHRIE EMSatiy ©f &Nbast ok vAdf or use in a
magneti c read head, the giant magnetoresistive spin valve exhibiting a GWR

ratio of at | e£8fPI9%G'and conprising: 5 a Ni FeCr seed | ayer having a
t hi ckngss i n a range NfeGhest Io¢orhdvingadMidknes A a edryeaof Gboat 454 1© greutent age

ot at abl o magndti EMBRBACTEGS TSR e angord Prbe R iyer e
ferr pmaglnet i ¢ pi nned feayreagtetici freg laydr hredg meigieedivie mugmeric mob@erd Cr MPt
Dt o ¢ per sont AgHIaBFaIkaroER Bt o0 12 Mnerein the pinni ng
| ayer is positionedcdeireroeaneticoinnas igyaihedinD gfked mggnetie MAIRRTEL i ¢ spacer
l'ayer ygosi tioned betyefihpt BRnhE RFel Riifidg @Rtlcinas of RioBETE0AaY @bout 250A,

and a Pt atomic percentage of between about 3 and about 15, wherein the

pinning layer is positioned adjacent to the pinned layer; and

nonmagnetic spacer layer positioned between the free layer and the
pinned layer.
15

2. The giant magnetoresistive stack of claim 1 wherein the pinned layer is Cofe.

3. The giant magnetoresistive stack of claim 1 wherein the pinned layer is a
synthetic antiferromagnet.
20
4. The giant magnetoresistive stack of claim 3 wherein the synthetic
antiferromagnet comprises:
a first CoFe layer positioned adjacent to the spacer layer;
a second CoFe layer positioned adjacent to the pinning layer; and
25 a ruthenium layer positioned between the first and second CoFe layers.

5. The giant magnetoresistive stack of claim 4 wherein:
the first and second CoFe layers have thickness in a range of abbouf 15A 1o
about 40A; and
30 the ruthernium Iayer has a thickness in a range of about 8A fo about 12A,

6. The giant magnetoresistive stack of claim 1 wherein the free layer is a bilayer.

7. The giant magnetoresitive stack of claim 6 wherein the bilayer comprises:
35 a NiFe layer positioned adjacent fo the seed layer; and




b

15 20 25 2. The giant magnetoresistive stack of claiml w%er%hﬁhtﬁﬁipinned
| ayer is CoFe. 3. The giant magnetoresistive stack of cl alm 1 Pl n the
pinned layer is a synthetic antiferronfgnet. 4. The gi ant nagnetoresistive
stack of claim 3 wherein the synthetic antiferromagnet conprises: a first
CoFe | ayer positioned j.acent to the spacer |ayer; a second CoFe | ayer

posi ti oned adj acent q%g%nlgy?fipr?ﬁ'f' GI]%?)Eg?r%EﬂH"ea%PG?H@Yﬁ’um | ayer positioned
between the first and second CoFe | ayers. 5. The gi ant nmagnetoresistive
stack of claipm in: L r and, second CoFe | ayers have thickness
in a range of gﬁ%@FﬁE§k£P8&£§%%Xﬁ3%%%?ngaggg“?ﬂg‘rutherniun1|ayer has a
thi ckness in a rathgeNitsf lagdrdas adicknessib ouronde of algout 204 tgalamit 100A; and
magnet gr esi stive feacdeQdyedt hal MtlcMBR ik Rt dior diRit b A% bl bi | ayer. 7.
The gi ant magnet or esi tievey st acg}%? c%ai mr']% ﬁ%r ebl%ﬁ %ﬁﬁ%’?ﬂﬁ&%ﬁ" conpri ses:
35 a NiFe | ayer positioned adjacent to the seed layer; and 0 1 OCT 2003 -10

a CoF;e Iayer?.pqsébitoﬂnﬁ@gfasioi?&sfme;&&bktdmomﬂaﬁﬁ{e%wgpin@ec%mem%%rg y _
magnet oresi stive stack of cla rein: ayer has a thickness in
a range of abo&t"olﬂ?ﬁ\s'%’rSB%%#%A%&W%‘?%é‘O&Fe | ayer has a thickness in
a range of about 5 A to about 25A. 9. The gi ant nagnetoresistive stack of

cl ai m@ wherein the pinned | ayer has a thickness in a range of about 20A to
about '30A. 10





