Title: G ANT MAGNETORESISTIVE SENSCR WTH A OrMhPt PINNING LAYEROGTDIN -
Ni FeCr SEED LAYER [err] [err] [err] [err] [err] [err] ~Abstract [err]
[err] A giant magnetoresistive stack (10) for use in a magnetic read head
includes a NiFeCr seed layer (12), a ferromagnetic free layer (14), a
nonmagneti c spaecwssridayer (16), a ferromagnetic pinned | ayePCTU8YI9HRd a
CrMhPt pinning layer (20). The ferromagnetic free layer (14) has a
rot at abl e magnetic nonent and is positioned adjacent to the N FeCr seed
| ayer (12). The ferromagnetic pinned | aygr (18) has a fixed magnetic
monent and is positioned adjacent to the CrMiPt pinning |layer (20). The

okl X Spacer | ay I ANPMAGNETORESISTIVE SENSORCWITSEA ayer (14)
- pinned | ay@EppAM{PT PINNING LAYER AND A NIFECR SEED LAYER

BACKGROUND OF THE INVENTION
The present invention relates generally to a giant
; 5  magnetoresistive sensor for use in a magnetic read head. In particular,
3 the present invention relates to a giant magnetoresistive read sensor
having enhanced giant magnetoresistive responses and improved
magnetic stability.
Giant magnetoresistive (GMR)’ read sensors are used in
10 magnetic data storage systems to detect magnetically-encoded
information stored on a magnetic data storage medium such as a
magnetic disc. A time-dependent rhagnetic field frdm 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

J 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 resistance, than

30  ispossible with anisotropic magnetoresistive (AMR) read Sensofs, which

generally consist of a single ferromagnetic layer.
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| NVENTI ON The present invention relates generally to a giant 5 :
magnet or esi styweeseeor for use in a nmagnetic read head. | np@gudogehar ,

the present invention relates to a giant nagnetoresistive read sensor

havi ng enhanced gi ant nmagnetoresi stive responses and i nproved nagnetic
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possible with anisotropic magnetoresistive (AN oA RRN R Extuld e

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 ratio are the materials used

as the pinning layer and as the seed layer.in thé 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
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- 2 PCT/US99/ 19278 A pinning layer is typically exchange coupled to e
pinned layer to fix the nmagnetization of the pinned layer in a
predetermned direction. The pinning layer is typically forned of an
antiferromagr¥@p¥e3’Hat erial . In antiferromagnetic material FCHYRYHETneti c
nonents of 5 adjacent atons point in opposite directions and, thus, ‘there-
is no net nagnetic nonent in the material. It is desirable for the pinning
| ayer material to have a high bl ocking 3-enperature, the tenperature at

whi ch the exchange coupling disappears. It is also desirable for the

pi nning |ayer natatitke seed ieyee aad|frae layeedinterigce dngreasasuthe, change in
temperature al 10 wolighoddis 17b BRI FLdifibRLPRARN AYEESEHE GNRNANgS coup! ed
during manufacturing, to conirol nagnetic behavior and prevent diffusion
between thin layers in the @QdRogingly, ikdreds amesdddr BGMR resd sgpsaravithy used
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that its atom c5 st rhlorkingee mperature sargieadow ,anaealires fmplsrature Hort ise ps af er r ed
crystal |l ographic di.rect‘i on of the magnetization of the free |ayer
material. One pri ncﬂ'%’?g 8%cern in the performance of GVR read sensors is

t he maxi mum absol ute change BRIEESUMMARY OF THE NBYRNTEAN 20 sensor, . which
directly affects the GWR ratjo. GWR,ratio (.the, m%xi wnLo{abstol ﬁe (Iihange in
resi stance of the GV\R read s St PVEIRIPTYS 2 GiANt MAgnelr S IRIVeSIAYY avR
read sensor mul ti plusethdyiadMiredtieariniThe gidnhmagia@resistivestadiivauddst ect  of
the GWR read sensor. igﬁéi mat el y,

a_hi gher ratio-yields g GWR read
Sonsor wi th a gP oatMFRREARRATPIEL: & et aBsett 1iee 1o & HOTBegasinbacts
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llayer material w tRoanht QFEENSRID RYet €MTRR GihHE® 18PdrCRad b 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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interface increases the change in resistance of the GWR read sensor which’

i ncreases the GVR ratio.. Accordingly, there is a need for a GWR read sensor
wi:th. a higher GWR ratio and for an antlferronagnetlc material with a high.
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of: a giant nagmet @beﬁbﬁédw;aebmctb ;ﬂﬁn*nbea rERENPinhiMga8)dr @0 isArlnPE 15 a
graph of the GWR re[é&)ponse of the first enbodi ment ‘of a gi ant

magnet or esi stive s Eeb\‘ay?hesb?@é‘é’ﬁf“qgﬁﬁ%maé?ﬂal pretarably cepRer affkiS di agr am
of a second enbodi eBitioRéd 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

A

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 Iayet 22 of free
layer 14 is préferably in the range of about Ni(85)Fe(15) to about
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EMBODI MENTS FIG 1 is a layer diagramof a first enbodi nent of a giant
magnet oresi stive (GW) stack 10 of the present invention. GWR stack 10

i ncludes a seed |ayer 12, a free layer 145.a spacer |layer 16, a pinned 5
| ayer 18, and a pinning |ayer 20. Seed layer 12 is N FeCr. Free |ayer 14
includes a first feNi(80ayratt®.6), and exorapre?@ablyaebmxihdtyly Ni(B2)Fett®). The second

ferromagnetic naterj 4 b CoFe. . and,l s, bositioned uch that
the first ferrorragn@?‘likgé?%?/ﬁﬁgggf‘eﬁoé'&?gé‘c?gmay%zésgggeeﬁ@?é%fé’.refseﬁ ed
layer 18 is a ferromagvetrangenaf exbicalt ,2Q% &b eatsdut y100d-eandantbré préfradhsi ti oned
'S & nonmagnet o mePRRPRmEtaY 30A 1P SorBESter oLk SR AT RS PUEE ween
;_reedl ayer 14 agd pﬂﬂmdaéegba%r 1_8.isBﬂ@fer&tgylﬁtpbi@dm&@!yotﬁo(pb)ﬁé?‘?b){c amfl 18 is
ixed in a predetermned direction ile the netjzation o ee | ayer
14 rotates 15 freelJCKRSS Qéﬁ%%ééc?%‘y\g?ﬁg}??g?ﬂgﬁ Vr%rgk‘éto} dreg;i layel Wthat i ng
froma magnetic nmedpreferabiyen ﬂ%@ﬁ%bbﬁhb@uﬂﬁto@ﬁ@u@dﬁ%f@rmé@ gréfefdbpned by
exchange coupling pinni n'?f}_:al gyer 20 with pinned |layer 18. Pinning |layer 20
has a bl ocki ng tenp@PRIPHFEt 138pout 340C and an anneal i ng tenperature of

about 230C. The atom c st rucCtieghigknssRes shaodilayb? 16 & plélelaBfiAn fRMARJLd cubic
(fcc) which praonotes, the &1&1 cryst%lag‘%ra hi ¢ texture and enhances the
~grain growh ofi0fr c@&f 4031t 20AL0 abpt 33400 Rere Preferaflrerpraxbately 44fti es as a
function of an angle that is 1ihar EeemdeRitwReRf éihﬁeara,gg&t igald Preffably €e

| ayer 14 and the nmagnetizati on_of )pl nned | ayer  18. 5 The conposition of
seed layer 12 is pr@@@pgma}ely >e(Ra F,e&}@e The thickness of pinned layer 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
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i nvention. The graph shows both the ratio and the resistance
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tack 10 equal s
Stempc-:rajfure og agout 230°C. The atomic structure of seed layer 32 is

face-centered cubic (fcc) which promotes the [111] crystallographic
texture and enhances the grain growth of free layer 34. The resistance
of GMR stack 30 varies as a function of an angle that is formed between
the magnetization of free layer 34 and the magnetization of pinned layer
38. )

The composition of seed layer 32 is preferably in the range
of about Ni(60)Fe(15)Cr(25) to about Ni(48)Fe(12)Cr(40), and more
preferably approximately Ni(48)Fe(12)Cr(40). The thickness of seed
layer 32 is preferably in the range of about 20A to about 60A, and more
preferably in the range of about 45A to about 50A.

The composition of the first ferromagnetic layer 42 of free
layer 34 is preferably in the range of about Ni(85)Fe(15) to about
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
44 of free Iayer 34 is preferably approximately Co(90)Fe(10). The
thickness of the second ferromagnetic layer 44 of free layer 34 is

0A, and
ayer 20
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2 35 0/ sq 25 = G 3is a Iayer d| agram of a- second enbodl rrent of a GlVR
“stack 30 of the present invention. GWR stack 30 includes aﬂs]eag]’ mﬂger 32
a free layer 34, a spacer layer 36, a pinned |ayer 38, and a pinning Iayer
40. Seed layer 32 is NiFeCr. Free layer 34 includes a first ferromgnetic
| ayer 42, preaveoaédrys N Fe, and a second ferromagneti c 30 | R¢FUSHWAI278
preferably CoFe, and is positioned such that the first .ferronmagnetic |ayer
42 is adjacent to seed layer 32. Pinned layer 38 is a synthetic
antiferromagnet and includes first and second ferromagnetic WO 00/63714 - 6
PCT/ US99/ 19278 | ayers 46 and 50, both preferably CoFe, and a coupling |ayer
48, preferably rutpreferably mrmSIrarngBmHmﬁtﬁée@abMt%Aaadd FRe®pferably
ferromagnetic |ayers 46 and 50 . and is positioned such that the second

f erromagneti c | ayer®PBEPNaEY %Nt to pinning layer 40. Pinning |ayer 40 5
is G MPt. Spacer Iayer 36 l$h@tmaméagaﬁ§pa@enawr36aéprefyr@slsernai@écengéopper
and is positioned cﬁ en fsyree la Lﬁgr (g é) ed | ayer 22

magneti zati on of pi gui 28/s 1o alput S5A; grgimoy Hreg‘?réﬁléta@PfﬂXW@}eQ{l Bcti on

whil e the magnefization of fﬂ'ﬁ@cbﬁ’%b%&utlaﬂs bPiRL M8t arld &&lovd iferrérRagtiee to an

ext er nal magnetlcfleld emana%qg magneti c nedi um

magnet i zation of pilAYREE4P RiRned 'ﬁﬁ%rd?‘%?‘eé&%EWaE'M@BP’%@“%P'Mned

| ayer 38 with pi nnlwgbmé@ o4&heﬂhwkhegsésaafeﬁe fikOahR e dnB fE¥FdrhAghetic
tenperature of about 340C and an anneal i n nperature of abou 230C The

atom ¢ structure oflaysdotiangd0 of pinned laygr, Bc%ﬁtb@ﬂ‘e@fefﬁﬂi?'tm(tf‘éé?"%rﬂ ch
pronotes the [111] ﬁ%?iﬂk@&f&ﬁhbﬁ é@h@@%ﬁer%?m@ﬁ@%@%ﬁthSﬁ' n

grow h of free |ayer 34. resi stance 30 varies as a
function of anl@nglte atbh'at3955. Tloe thicknsss wé epupling tavend® of pipped Bieroid i1 ee

| aver 32 1 profer SAPETIA i R b bR B ot 2 Y Fe( 1) Or (25) fo
about Ni (48) Fe(12)Cr(40), anahmﬂo@'\q@s@pérOélﬂT;ﬂ"}ﬂoEV@'x‘}QTﬁt@ﬁSﬁfab‘y in the
()P 12) 1 (40, BB g bR 0466 SpRSPAGS, Sk 11
more preferably approxumately 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




_preferably in the range of about 45A to about 50A. The conposition of the . .~
first ferromagnetic layer 42 of free 25 layer 34 is pr éf'er&bﬁ‘,ﬂ[}ﬂ'nzogljé' o
range of about N (85)Fe(15) to about Ni(80.5)Fe(19.5), and nore preferably
appr oxi mat el y N e(18). The thickness of the first fer 1C | ayer
42 of free Ia‘ygra(@%)‘{s preferably in the range of about 2(}{&‘}?{%92 ojtljstC 100A, .
and nore preferably approximtely 30A. The conposition of the second
ferromagnetic | ayer 30 44 of free layer 34 is preferably approximtely .
Co(90) Fe(10). The thickness of the secorid ferronmagnetic |layer 44 of free
layer 34 is 0 1 OCT_2003 WO 00/ 637 PCTLUS99/ 19278 -7-. pref bly .in'the
range of about 5A tbc%"%&%'B[J?"dzgﬁ"e%@ﬁH%P%bgﬁ'éﬁeé‘r‘im éye'éspﬁrtgﬁi 'Teé'd13A. The
t hi ckness of spacersenagreduridg maphufaotiringably in the range of about 20A to
about 35A, and nore preferab approxi mately 24A. 5 The c ositions of the .
first and second ferrorragnet'é‘%ouggw greggntajﬁ}ﬁerg@nd}aspl?qﬁ%ggs},)cgégéw@g are
both preferably appefetédtet @l preferdOembedidihts, Werkéfi sikines seshebrtt Wil first
and second ferrgmagneti C Iagegs 46 and 50 of EPi,n ed | ayer, 38 are hoth '
preferably in tRe rERRRRIZSr thak Khapgess Ray,be ypade 4nAcrm RfidstetailMee}apl y in
the range of about @&pArtihg fioth MBIt ARdscdpecofithe fveasisn.of coupling | ayer 48
of* pinned layer 38 is preferably in the range of about 8A to about 12A
The conposition of pinning |layer 40 is preferably in the range of about
Cr(30)M(67)Pt(3) to about Cr(50)Wn(35)Pt(15), and nore preferably ‘
approximately Cr(43)M1(50)Pt (7). The thickness of 15 pinning layer 40 is
preferably approximately 150A. FIG 4 is a graph of the GWR response of GWR
stack 30 of the present invention. The graph shows both the GW ratio and
the resistance (0) of GWR stack 30 as a function of an applied nagnetic .
field (Ce). The GVRratio of GWR stack 30 equals 12.0 % The 20 naxi nrum
absol ute change in sheet resistance of GWR stack 30 equals 1.9 C/sq. FIG
5 is a graph of the blocking tenperature




measurenent of a CrvhPt pinning |ayer. The graph shows the strength of the
exchange coupling (Ce) as a function ofytenperature (C). A1 Q6T 80T, the
strength of the exchange coupling becones 0 Ce. In summary, the present
invention introduces a GWR read sensor with a G MPt pinning layer and a
N FeCr seedaiger. This configuration exhibits a GVRratio of at least 12
% the highest ever reported in sinple top spin valves. In addition, the
Cr MhPt  pi nni hg A Ad9emaaneigresigive sRjR VE'IV%&(|UP®'”tCéW’Fﬁ§P%TIQIPé'd@?Géb'@ﬁtg'%ﬁoC to

prevent the extdyMRaSfefpuidimaald BXRIsHIFAR BRA o8 of & 168t 1DB&NEr MhPt  pi nni ng
| ayer has a | ow annealing tenperature of about 230C to control nagnetic O

1 CCT ?0U3 WO G@Wmsm PCT/ US99/ 19278 -8- behavi or and prevent diffusion
bet weeg thin | ayers dNFddigedddysEatlingseittkhed i @ mgmwbaotwﬁi togbaodt t hough

t he present inygntion ha en de crlbdvmth renc referred
enbodi ment s, wégk‘é'?cgoéﬁf’f%'a peﬁce[nﬁ Pt %W??n "P%‘g*&grﬂ”?e“ afu?changes may be
made in form and debafédrombgm'emtfreed@mhnvnngdromblhm@etlcmmfscope of the

invention. 9 0 : gi ant nagnet or esi stive spin valve
s %dz&g deq;h g@seﬁchogg‘r p

for use in a mﬁ’gn Icr I'ant magnet oresi stive spin valve
exhi biting a GWR r atiferehagneticadrediaver hading ot MIggtic naneitFeCr seed

layer ;paving a thic P*Bmﬁm%ﬂfﬁ?h&ﬁnga@%kn@%f%oépMKTo%ouﬁQlﬂAa Cr

at om c per cent age of tween a about 40; a netic free

| ayer having a qn@t%‘f*&d@@'orﬁﬁj@@f@@e rbPRWeen GBOHt 3 Brkk aPaY 12cWher gt”dh? he seed

| ayer; a ferromlbﬁe [glgag,ﬂgné@a@iacamrbmg; BinhéXrRfetragamet i c nonment; 10 a
CrMhPt pinning | ayer ha

ving a thickness bout OA and a
Pt atom c percent agé‘oB‘f’“c’QB‘f"(EJ BFCEhFYR" 9?5' Cg%%\"feeTghe {Rﬁ%@éf’r CHES pi nni ng
| ayer is positignrmed i@dracent to the pinned | ayer; and
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




nonmagneti c spacer |ayer positioned between the free |ayer iﬂfcﬁ,ﬁﬁ pi nned
layer. 15 20 25 2. The giant magnetoresistive stack of cldi 03e| n the
pinned | ayer is CoFe. 3. The giant nmagnétoresistive stack of claim1
wherein the pinned layer is a synthetic antiferromagnet. 4. The gi ant
nmagnet or esi stive stag claim.3 wherein the synthetic antiferronmagnet
conprises: a first (Sloé% Ig\}%'rpog'h%r?é[qq%q@‘de’g&?ﬁlee%flc?ﬂ Y%e spacer layer; a
second CoFe | ayer positioned adjacent to the pinning layer; and a ruthenium
| ayer positign secan CaoFe | ayers. 5. The giant
magnet or esi s |jg gﬁw@%gﬁ%%wﬁc er elaﬁm th®¥1'rst and second CoFe | ayers
have t hi ckness i nthg Nigrigeerdios aliiigknetSn atrongabbukhout QR4 tanidodd00Aenaut her ni um
ayer Bas a thi CkigSorsliafr n8NEHAheRROU R RRPLA d epufasaThe df ant
nmagnet oresi stive stack of' claim1l wherein e fre ayer 1's a bilayer.

The gi ant magnetoresitive stack of claim®6 wherein the bilayer conpri ses

35 a Ni Fe | agerhggrint h@@ﬂg’ro?éilsﬁ\i‘ees'fﬁcktd?cmﬂ 15AReih BYEHinngNEy & Hbs@CT 2003 - 10
a CoFe | ayer positioned a qr,}:% t&ﬂéhe s ace | ayer. 8. The gi ant

magnet or esi st | @Clgieé%'[?adf’n T e FRFtP Uft3 W |ayer has a thickness in
a range of about 20A to about 100A; and 5the CoFe | ayer has a thickness in
a rang ? of about 5 A to about 25A. 9. The gi ant magnetoresistive stack of
claimI wherein the pinned | ayer has a thickness in a range of about 20A to
about 30A. 10





