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FREE LAYER FOR A SPI N VALVE SENSOR IN A MAGNETI C READ HEAD 5 10 15

35 40 Fi e $¥05¢388 | nvention The present invention relatef F@B&Hoﬁﬂﬁanced
free layer for a spin valve sensor and, nore particularly, to such afre
layer and a method of neking wherein & desirable negati mmmu lm t|c
coupling field is maintai ned when a copper |ayer is Ioca

free layer and a capping layer for the purpose of increasi ngsase

magnet or esi g b 08k GiveRt rordA/BrRfvaRe Sibor Rl ¥ eneRdMGer REABA ound of
the I nventi € heart of a conmputer 1s a magnetic disk drive which
includes a rotating magnetic disk, a slider that has read and wite heads,
a suspension arm above the rotating disk and an actuator armthat sw ngs
the suspens en wendwnplace the read and wite heads over selected
circular tracks on the rotating disk. The suspension arm bi ases the slider
into contact wth the surface of the disk when the disk is_not rotating
but, when th8heliPsRS§St BAVERtiaq Felates iy PR AP TNt THE ARVt SkS%d) acent
an air bgofl Beghsur iatendABR riatuldreysltdodeuchcausiengldvhe =idi devethod mfde on

an air Q?}?kl nﬂue@e%xla 'agIa&s1qja§I@-rr\€$aﬂ(1ernfért?@xna%ﬂé{ﬁc@oﬂfllh@efl’ém atsi ng di sk.

\e/%ngro;ggm?zd}. alned w enesa ggpptepela%ller is cl;éarilzgdtbe%ween rtﬁe q{lge l%?gr hﬁ%@das are

10 capping layer for the purpose of increasing a magnetoresistive coefficient

dr/R of the spin valve sensor.
Background of the Invention

15 The heart of a computer is a magnetic disk drive which includes a
rotating magnetic disk, a slider that has read and write heads, a
suspension arm above the rotating disk and an actuator arm that swings the
suspension arm to place the read and write heads over selected circular
tracks on the rotating disk. The suspension arm biases the slider into

20 contact with the surface of the disk when the disk is not rotating but,
when the disk rotates, air is swirled by the rotating disk adjacent an air
bearing surface (ABS) of the slider causing the slider to ride on an air
bearing a slight distance from the surface of the rotating disk. When the
slider rides on the air bearing the write and read heads are employed for

25 writing magnetic impressions to and reading magnetic field signals from
the rotating disk. The read and write heads are connected to processing
circuitry that operates according to a computer program to implement the

writing and reading functions.

30 An exemplary high performance read head employs a spin valve sensor
| for sensing the magnetic field signals from the rotating magnetic disk.

The sensor includes a nonmagnetic electrically conductive spacer layex
sandwiched between a ferromagnetic pinned layer and a ferromagnetic free
layer. An antiferrcmagnetic pinning layer interfaces the pinned layer for

35 pinning the magnetic moment of the pinned layer 90° to the air bearing
surface (ABS). First and second leads are ccnnected to the spin valve
sensor for conducting a sense current therethrough., A magnetic moment of
the free layer is free to rotate upwardly and downwardly with respect to
the ABS from a quiescent or zero bias point position in response to

40 positive and negative magnetic signal fields from the rotating magnetic
disk. The quiescent position of the magnetic moment of the free layer,

which 1s preferably parallel to the ABS, is when the sense current is
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witing magnetic inpressions to and readi ng nmagnetic field si gnal
the rotating disk. The read and wite heads are connected to proc %é[’ﬁgﬁ%
ci rcui t r yWOHR{0588%r at es according to a conputer program t BCT/GROYASHT t he
writing and reading functions. An exenplary high perfornmance read head

enpl oys a spin valve sensor for sensirg the magnetic field signals from
the rotating magnetic disk. The sensor includes a nonmagnetic electrically
conductive spacer |ayer sandw ched between a ferromagnetic pinned |ayer
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bl as poi nt” position 1n response to positive and negative nagnetic signal
fields from the rotating magnetic disk. The qui escent position of the
magnet i ¢ nonefhe eéngifyevitveef|tdpespin whivehs¢nsoprief apabiifi¢ghieal el to the
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and negatxqpeam@ppmgaxﬁrst petipppadlel) and R is the resistance of the spln
valve sensor at minimum resistance. Because of the high magnetoresistance

of a spin valve sensor it is sometimes referred to as a giant
magnetoresistive (GMR) sensor. Changes in resistance of the spin valve

15 sensor are a function of cos @, where f is the angle between the magnetic
moments of the pinned and free layers. When a sense current is conducted
through the spin valve sensor, resistance changes cause potential changes
that are detected and processed as playback signals from the rotating
magnetic disk.

20

The transfer curve for a spin valve sensor is defined by the

aforementioned cos # where 6 is the angle between the directions of the
magnetic moments of the free and pinned layers. The bias point should be
located midway between the top and bottom of the transfer curve. When the

25 bias point is located below the midway point the spin valve sensor is
negatively biased and has positive asymmetry and when the bias point is
above the midway point the spin valve sensor is positively biased and has
negative asymmetry. The location of the transfer curve relative to the
bias point is influenced by four major forces on the free layer of a spin

30 valve sensor, namely a ferromagnetic coupling field Hy between the pinned
layer and the free layer, a net demagnetizing (demag) field Hp, from the
pinned layer, a sense current field H; from all conductive layers of the
spin valve except the free layer, a net image current field Hw from the
first and second shield layers. The strongest magnetic force on the free

35 layer structure is the sense current field H;.

SUMMARY OF THE INVENTION

40 In the present invention a negative ferromagnetic coupling field —Hg
is obtained for the purpose of counterbalancing other magnetic fields
acting on the free layer so as to more adequately position the bias point

on the transfer curve of the spin valve sensor. In a preferred embodiment



| Y/ Bl not be equal which results in read signal as Iy i ¢ HGB91056
. dﬁ@ﬁs%ﬁe(? is@oﬂ%l qdetai |l hereinbel ow. The sensitivi tyﬁ%@ﬁ% éél%@% Vﬁ
sensor is quantified as nagnetoresistive coefficient dr/ R where dr é N 2005
<hange in resistance of = the spin valve sensor from m ni numresistance -
(magnetic nmonents of free and pinned |ayers parallel) to maxi num

resi stance (nmagnetic nonents of the free and pinned |ayers. antiparallel)

and Ris the resistance of the spin valve sensor at ni ni.rru[:r}mqeossiegtoafnce.
Because of the hi gg IRGDGIEr B igbannies obieiog FYFal P Setfs6F Nt I
sometines r@f&rted to as a glLant . dRIPeiane s shiate s¢@VRyYerefgmrese@minges in
resi st ance Wtin® SRPIPAGET Ve sensor are a_funcidenflercésmbseddogre 0 is

the angle beiIc\keEmanh@mg‘??%FFc(N%%ﬁf’s of 1 e.gtj‘ @QQ&LsaEfi'e feh eer lr3Y€rdap When
a sense CuUryghh1ds (candietad theEbtaghseee 186 Val ve sensor,  resj stance
changes cau ee?ot‘%@gﬁqls chpoges oftimimodéeeé%%ﬂ”anﬂ‘dpf%esse as :
pl ayback sigaﬁa 5 romﬁt@? A ggﬁitﬂ £1¥8E NRleti CLaes lend THE PiRpisf eteyetr VB efor a
spin val ve Bu#3os iL8° ﬁﬁ.eg' t-Igle af or Pk eNeMie0s sOlavheed toteent he

angl e bet wearvehhipnd Freder ons18ies A PRAGNET | ¢ oment s, of ; the {4 ¢eeandnly

pi nned | ayens. sFhe 1Ri-@s apdiantastiod! Ryse whegeiy 56° m y between fhe top and
bot t om of t-i‘ue LT ANShES. GHé Warpdthens tdie cdrpas (§8) M>YPS Bt 68 Del"ow, t he

m dway poi nt> eé{ipi n val ye sensal isyerpagatd iekyedseadedmafietAER 5b51% i ve
asymmetry aFRfSREh “Che" Bi s point IS 2howe:d el td:duayerpoedvcet hhespi n val ve
sensor is powfEivEmy Hi/%seFERE Has ngzge L1.Ve, asygrRidis wilhe Locatiben of

the {1 ansf cpaguruts oél dis vesarert FEPHS. 161 1 Ts' | nil yenged oby frauteaaj or

forces on t e ayserafalansimionof RVESSeIYSF: "NAREly a fer[omagpelic
coupling fi Q?uc?fh HEG BelyReD, thaeqisanehs Ly eponahia” %Qﬂré“f"reeéc’?r%?@lr’e,nmggﬁg
demagneti zi 'Eg‘;ye(rde g) fi elgaslgD fromthe pinned |ayer, a sense current
field H, fré’h‘itélalir%oﬁﬂtf@ffve 'ayers of the spin valve except the free
| ayer, a net image current field HHMfromthe .fjr; a6ead shield
l.ayers. The stromgeprenmgnetiest$ Sy EBV6H°T Hré?'glf’crtelg41 a%f/%%r]qgiéjgw&e vegotde
sense curre?_;_nfgmgé,;&hih.cﬁbﬂﬂ%ﬂeldﬁy?HEd#WﬁrFfﬁ\l"l nthe. pre ent_i.nyention
a negative terr %leg%%t'%& cQURkhENGvet £l dhis HEE Pej aceFPLished Fof e Bur p%se
of count er bAPERCT Ny "ot her NeLiGeLi ghds, Bci agnomts v thrme PERAENED s
to nore adedeR@ErADGEFtBn T e bi i '
cobalt iron, nickel iron (N
respectively and then introducin
sited layex. )
an unoxidized £ilm portion wherein the
ized film poxtion and

(38, Qs opa1t ixom (CoFe) or cobalt (CO)
g oxygen into & sputtering chambex for

dizing the top of the depo accordingly, the free layer has
oxidizin

an oxidized film porticon and
idd i i is loca ;
oxidized £ilm portion 1& -f 3 o e
ﬁhe capping layer. Tn experiments it has been shown that w1thoz; .t i%
| . : eti i i ~ i out -
filter layer the negative ferromiagnetlic coupling Eleld‘ Hee 18 e
0 that when the spin filter layer is added the negative ferromagn :
. ‘ the top of a
i g 0Oe, and that when
field -He 18 degraded to about . .
: Y layer is oxidized befoxe forming the capping layerxr
—He is restored to -16 Oe.

ted between the unoxid

couplin
nickel iron (NiFe) free
that the negative ferromagnetic

Further studies optimized the ma

nvention by appropriately sizing the thickness ©
ent dr/R was maximized when the

coupling field
gnetoresistive coefficient dr/R of the
f the copper
present 1 &

layer. The magnetoresistive ecoeffici

6
e copper layer wag about ' '
v copper layer and/or oxidizing top

h A. The invention also includes
thickness of ti
oxidizing fully or a top portion of the

of multiple films of the free layer and capping layers.

" portions

} £ gpacer layer
another aspect of the invention ks that when the copper SP _

lve sensor is nade thinner the &xr/R ‘
er is decreased rhe ferrommgnetic

ig increased. However,
of the spin va
when the thickness of the spacer Lay

- . » .
co llal L-"ld 1Creases v/ dl \ Ve Sel af ect b ain C:ﬁ l.he

AMENDED SHEET , y



on thestransfer curve of the spin valve sensor. In a preferred enbddi Hbraigs
. 1,5-04-2003 w. _ SJO00000 3 New Paget 15 April GB01056 22 JUN 2005 this

i s acconplYeR¥EHY provi di ng a pinning layer which i s conffS¥@BYfS64§| ati num
manganese (Ftrtn) and providing a first,seed | ayer conposed of nickel
manganese oxide (Nimao ) and a second seed | ayer conposed of tantalum (Ta)
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Other objects and attendant advantages of the invention will be
20 appreciated upon reading the following description taken together with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25
Fig. 1 is a plan view of an exemplary magnetic disk drive;
Fig. 2 is an end view of a slider with a magneti¢ head of the disk
drive as seen in plane 2-2 of Fig. 1;
30
Fig. 3 is an elevation view of the magnetic disk drive wherein
multiple disks and magnetic heads are employed;
Fig. 4 is an isometric illustration of an exemplary suspension
35 system for supporting the slider and magnetic head;
Fig. 5 is an ABS view of the magnetic head taken along plane 5-5 of
Fig. 2;
40 Fig. 6 is a partial view of the slider and a piggyback magnetic head

as seen in plane 6-6 of Fig. 2;
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Fig. 11 is an enlarged isometric illustration of a read head which

has a spin valve sensor;

15
Fig. 12 is an ABS illustration of a spin valve sensor wherein a

negative ferromagnetic coupling field -Hg is obtained;

Fig. 13 is the same as Fig. 12 except a copper layer is located

20 between the free layer and a capping layer;

Fig. 14 is the same as Fig. 13 except a top portion of the free

layer has been oxidized;

25 Fig. 15 is the same as Fig. 14 except a top portion of the copper

layer is also oxidized;

Fig. 16 is the same as Fig. 15 except the copper spacer layer is 6 A
thick instead of 10 A thick;
30
Fig. 17 is a chart showing the change in a negative ferromagnetic

coupling field -Hg in various Examples 1-4;

Fig. 18 is a chart showing the change in resistance R of the spin

35 valve sensor with various thicknesses of a copper layer in Example 3;

Fig. 19 is a chart showing the change in resistance dr of the spin

valve sensor with various thicknesses of the copper layer in Example 3;

40 Fig. 20 is a chart showing the change in a magnetoresistive
coefficient dr/R of the spin valve sensor with various thicknesses of the

copper layer in Example 3;




wherein a negatl ve ferromagnetic coupling field HFc is not degr addd’ \mﬂimﬂﬁ
copper Iay i s _enployed between a free | ayer and a cappin er for the
pur pose of O éé{’g?ng t he magnetoresistive coefficient dr/ %Cyﬁy“t“%s“é%l n

val ve sensor. Anot her object is to acconplish the foregoing object as well
as appropriately sizing the copper |layer so as to optimze the

magnet oresi stive coefficient dr/R O her objects and attendant advantages
of the invention will be appreciated upon reading the follow ng
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DESCRI PTI mh%agiﬁs%\éﬁc ggl Qg_‘ t}]re 'c%pl?esrph%ner V&l‘?vﬁxginplaen 3exerrpl ary magnetic

di sk drive; Fig. is an end view of a vmthamagnetlc head of the
disk _drive as seen in plane 2-2 of Fig. 1; Fig. 3 is an elevation view of
t he magnetic dFsk d@Riiseawtienge nin eadvt pplsecelrek¥itthde wighetpiin Wadselsseaser
enpl oyed; wHirgvafidus EHLAKkAEYRREIILC thd lcusidral ar 0f mxamgPeenpl ary suspensi on
system for supporting the slider and nagnetic head' Fi g 5 is an ABS vi ew

of the magnetic, head t aken al ong Erane 5-5 of 9"8 is a parti al

view of the sl FHer 2and 3" giB§gdae %@h@?.@%s’a %d%feeh ‘?fnt?ﬁ ane 6-6 of
Fig. 2; WhG2t05138Orésn5th) £ 20yR5h8) a3602 Z1iJUNopOSed oPCPPEB01L05645

Fig. 7 is(@marinizh view efp bheiistd gertiand a nerged magnetic head as
10 '
Fig. 24 is the same as Fig. 23 except additional films composed of
nickel iron (NiFe) and cobalt iron (CoFe) of the free layer have oxidized

portions; and

15 Fig. 25 is the same as Fig. 24 except the copper layer has a top

oxidized portion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Magnetic Disk Drive

Referring now to the drawings wherein like reference numerals

designate like or similar parts throughout the several views, Figs. 1-3
illustrate a magnetic disk drive 30. The drive 30 includes a spindle 32

25 that supports and rotates a magnetic disk 34. The spindle 32 is rotated by
a spindle motor 36 that is controlled by a motor controller 38. A slider
42 has a combined read and write magnetic head 40 and is supported by a
suspension 44 and actuator arm 46 that is rotatably positioned by an
actuator 47. A plurality of disks, sliders and suspensions may be employed

30 in a large capacity direct access storage device (DASD) as shown in Fig.
3. The suspension 44 and actuator arm 46 are moved by the actuator 47 to
position the slider 42 so that the magnetic head 40 is in a transducing
relationship with a surface of the magnetic disk 34. When the disk 34 is
rotated by the spindle motor 36 the slider is supported on a thin

35 (typically, .05 pm) cushion of air (air bearing) between the surface of
the disk 34 and the air bearing surface (ABS) 48. The magnetic head 40 may
then be employed for writing information to multiple circular tracks on
the surface of the disk 34, as well as for reading information therefrom.
Processing circuitry 50 exchanges signals, representing such information,

40 with the head 40, provides spindle motor drive signals for rotating the
magnetic disk 34, and provides control signals to the actuator for moving

the slider to various tracks. In Fig. 4 the slider 42 is shown mounted to



seen in"plane 7-7 of Fig. 2; Fig. 8 is a partial ABS view of the ??iﬂ r
taken along plane 8-8 of Fig. 6 to showthe read and wite el enents ﬁfwﬂﬁhe
pi ggybackWRH3M@Et3BE head; Fig. 9 is a partial ABS view of PHEGBIYESS t aken
along plane 9-9 of Fig. 7 to showthe_read and wite el enents of the
merged magnetic head; Fig. 10 is a vi el t aken al ong plane 10-10 of Figs. 6
or 7with all material above the coil layer and | eads renoved; Fig. 11 is
an enlarged isonmetric illustration of a read head which has a spin valve

sensor; f;ﬁrspé'i?siioﬁ an ﬁEeSc%ﬂdaaﬁt][sah}emiaféd al_eseirigbwé mgy%nﬁaﬁhtwhedrebn a
negative_ ferr netic couplin ield.- is obtained; Fig. 13 is the sane
~as Fig. ﬁ?méxggg’% 3 "osppEr ?safg?wnl %n?%l(,gét%d between the free layer and a
capping layer; Fi-g. 14 is the sane as Fig. 13 except a top portion of the
free |ayer hasy.beeis exixdiszeidn & ghelflidsr t4lcamhnbe avgkitdc lehdetleffbea top
: E%r;(on %ﬂcitdtﬁp%agogpgntei' ayef ls'sst@tfsgu%?&@'& Ztﬁg;mfgbgticlﬁeéﬁfzabh%nsameas Fig.

except_the_copper spacer. |ayer .is thic te thi.ck; Fig.

17 is a *&%&Fﬁ%ﬁb\% %Og'l %eer%hlfnég’ isrq_%1ndne0aﬁt3%é<ff%?$3n§g?ﬁ%t f%:lq ?%UBHEﬁg

field - HRePeAL Vidr FolR L EX &ipties nagne 1 Ei sk 13 /| §he SR F256di Ty 2E e change
in resistanreg Rak ¢hes spienslivat wadsems ergnsitih headi Puss tdti ekredsew of a

copper |aygr sknExgimheqed. Fig. 19 is a chart show ng the change in
resi stance dr of the spin valve sensor with various thicknesses of the

topper layer in Exanple 3; 40 Fig. 20 is a chart showing the change in a
ma_gnet or esi st J\./e GCPse];f éicdleenrtosgfs/e%tg atlhg éizgitgonvgg.é/v? 0P €39 -atcb various
t hi cknesses of *1'hé copper Tayer in arerfe 3; 2 2" JUN %og%wv\o 02/ 054389
PCT/ GBO1md B8645 MGafi (g, #ichsirgledrar & ‘wHEM Mgt aretEtran§erich 2 urfirdxhend
ani sot r opyrtfibgl 1, Hehe rvbd Readpbotisnt bilopessesdnall fdie coppesedsayerd ph
Exanpl e g(, BL8se?2; i nRi&NANGE b La3Yas@XbSuCOLEL Vid yride spfn dasid n val ve
§§H180r sensor 74 is sandwiched between nonmagnetic electrically insulative first
and second read gap layers 76 and 78, and the read gap layers are
sandwiched between ferromagnetic first and second shield layers 80 and 82.
In response to external magnetic fields, the resistance of the spin valve
sensor 74 changes. A sense current Is; conducted through the sensor causes
20 tﬁese resistance changes to be manifested as potential changes. These
potential changes are then processed as readback signals by the processing

circuitry 50 shown in Fig. 3.

The write head portion 70 of the magnetic head 40 includes a coil
25 layer 84 sandwiched between first and second insulation layers 86 and 88.
A third insulation layer 90 may be employed for planarizing the head to
eliminate ripples in the second insulation layer caused by the coil layer
84. The first, second and third insulation layers are referred to in the
art as an “insulation stack”. The coil layer 84 and the first, second and
30 third insulation layers 86, 88 and 90'are sandwiched between first and
second pole piece layers 92 and 94. The first and second pole piece layers
92 and 94 are magnetically coupled at a back gap 96 and have first and
second pole tips 98 and 100 which are separated by a write gap layer 102
at the ABS. An insulation layer 103 is located bétween the second shield
35 layer 82 and the first pole piece layer 92. Since the second shield layer
82 and the first pole piece layer 92 are separate layers this head is
known as a piggyback head. As shown in Figs. 2 and 4, first and second
solder connections 104 and 106 connect leads from the spin valve sensor 74
to leads 112 and 114 on the suspension 44, and third and fourth solder
40 connections 116 and 118 connect "leads 120 and 122 from the coil 84 (see

Fig. 10) to leads 124 and 126 cn the suspension.



5 wth various thicknesses of the copper layer.in Exanple 3; Fig. ZZZSJUNmy
ABS illustration of another enbodi nent of the invention wherein the free

| ayer has WOt@3{95438 m conposed of cobalt iron (CoFe) whi chPOBGRAINIERS

oxi di zed portion; 10 Fig. 24 is the sanme as Fig. 23 except additional filns
conposed of nickel iron (N Fe) and cob&lt iron (CoFe) of the free |ayer
have oxi di zed portions; and 15 Fig. 25 is the sane as Fig. 24 except the
copper layer has a top oxidized portion. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 20 %ggn'/eta?'xﬁ Pk el ya?neRg{(%&é ng, Q&A’Vst o:depe dl-avidigs whergin

i ke reference ner a , e5| nat e or_siml ar arts thr hout t he
several ViddGE, 8RR the- BLr st pqrst Pifcs Jaf‘yﬁﬁggﬁef‘f% dFeRGr A& 30: Thté'parl ve 30
i ncl udes ot s@amdbekr@széS tahm¢raed pporesicamhd: otz éeselaﬁagnéw%r dP38kf34. The

spl ndl e 34l Si g(g,ba&;eqegy indFsdd. nell panptieromd@tédat is controlled by a notor
troller 38 A slider 42 has a conbined read and wite magnetic head 40

and i's supported b}c;]c suspensi on 44 and actuator arm 46 that is rotatably
posi tioned by B¥- HctGatbrisgmetric gBgr HilpsiragionyiodiEhe spadidpad digshovn
suspensi ansFagsy. beorelpl Tyede80 head 42| mrcgedesaplaciprysahtr dofl aecigesslwt or age
device (DASEY:r 33 ShQWNiE NoEh@d o8 -anThR i S4SRABGIRA cAAraNGiaatiAl 8fear M 46
are m)vedj.h ditllfétagr;[d‘]gtg 4}Zartd0blao §111<§ Ilg d tlggexs Ilg?ranézlﬁoaLJ'%Em;&%Fd

nmagnet i c ransd g a surface o
nignet i c i ke ¥4 andwrERcthe ot §I?g%’s4 158 anFo]t4th &d tlS’)‘? e EHivRdFESRbt 5?‘136 t he
slider i sosuppdrnets Gnoer tihi he3bry mypi cantiguoudSupetgpncyshiorfudtyair (air
bearing) fetwara Erh%oﬁnudsrflé}rcﬁisélfgned e €i sktedd mndsf ey ahicHogari ng surface

(ABS) 48. ;Ln-lc_hfpoq%ngtbl Crgﬁ%gn theyln t’l{(ﬂ%nfﬂ%t ]Eg].J f:%agl(?ci &tllaggrs 134

i nformati circul ar tracks on ce o 34, as

wel | as figFlyadi ﬁ’grsltnlf‘%ﬁdnﬁf?soﬁa‘{eﬁe%q A2 fP‘F%‘CeE%‘? ngYe téuidpryt h§0
e)échangessespgmaﬂascﬁ rigpr@skehtidgagsurchlioniorlvde j precd@ ppidc bidre Lhgad 1490,
provi des s5pi HHLoADLREC dlay¥e 131|69nl&1|e3hefxﬁrbnl’a@t fdjery 14reandragneiause di sk 34,

and provid §ia%n&£9ﬂq5$w@a{lc Fﬁ%%uéﬁtayﬁ Qﬁréﬁrh PRV Pgn Lhs shider 139

varloustr I's sho nmoyn to WO O 54389
for stabilizing the magnetlc domains thereln \¥ﬁe sSin valve sensor:?gg

and the first and second hard bias and lead layers 134 and 136 are located

20 between nonmagnetic electrically insulative first and second read gap
layers 148 and 150. The first and second read gap layers 148 and 150 are,
in turn, located between ferromagnetic first and second shield layers 152
and 154.

25 Example 1
Fig. 12 shows a spin valve sensor 200 which is located on the first

read gap (Gl) 148 wherein the first read gap is composed of aluminum oxide
(A1,0,) . The spin valve sensor 200 includes a pinned layer 202 which has a
magnetic moment 204 which is pinned by an antiferromagnetic (AFM) pinning

30 layer 206. The magnetic moment 204 is pinned perpendicular to-the ABS in a
direction toward the ABS or away from the ABS, as shown in Fig. 12. In
this example the pinned layer was an antiparallel (AP) pinned layer which
included an antiparallel coupling layer (APC) 208 which was located
between ferromagnetic first and second antiparallel layers (APl) and (AP2)

35 210 and 212. A spacer layer (S) 214 is located between the second AP
pinned layer 212 and a free layer 216 which has a magnetic moment 218
which is oriented parallel to the ABS and parallel to the major thin film
surfaces of the layers when the bias point of the spin valve sensor is
located midway on its transfer curve. The free layer 216 includes first

40 and second free films (F1l) and (F2) 220 and 222. On top of the second free
film 222 is a cap layer 224. First and second seed layers (SLl}) and (SL2)
226 and 228 are provided between the first read gap layer 148 and the
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conponent s descri bed herei nabove may be nounted on a franme 54 of a

housi ng, d%08HEWBY n Fig. 3. Fig. 5 is an ABS view of the PIT/GRU/NO3ASand t he
magnetic head 40. The slider has a center rail 56 that supports the
magnetic head 40, and side rails 58 and 60. The rails 56, 58 and 60 extend
froma cross rail 62. Wth respect to rotation of the magnetic di sk 34,
~the cross rail 62 is at a |eading edge 64 of the slider and the magnetic

head 40 is$nAin I bhdr Q1 ofd s Lder i daBed b3t fRn
oS nid galg%@ boGiriedge K804 Lbe slidens & g?ilgb 'h Eaﬁb%‘gie%mm

cross-secti onal evat I view of ,a pi ggybac magne

HincIudesgﬁrﬁﬁf?ggﬁfgar5%?ﬁ¥@n&%bp§WH“§ %éﬁa. ¥ad portion 72, the read head

porti.on enpl oyi ng- a dual spin valve sensor 74 of the present invention.

Fig. 8 is an ARSmpisew tfickiegsed of Thie: 3piopn At/ @ead@pOlayéd 145 sad1conched

-bgtween moRFRGNECLAL (£l BALLdGALIY mbASULRL I0¢CLHd bEler 00k, 305ONDorLRE gap

| ayers 76,aq%_78, and the readrggp Ia¥ers,ar§ S%ﬁquCh%d b%tgeen

ferromaghatie FRPEeahE* 8T INU™ER 810 HPayerst §6°AndYe2.%“®%1 > BsPonse to

ext er nal taRgplem ¢T4)| &pnishe sheondespet darer 8£8.t RaS dph Raltimun sermoesy4

changes. (Atenger ciher@nhiddS1ep1ducst ed 7t Arc@ugibal he rsenERire £ sz etne EhaSe

resi stangg Ghagdes. ke A8, MRl {L3Hetk A5 PAleMHdAlnC 1ARGRTa110156,,100) ent i al
anges are tg 0 p%ocessaﬁﬁis,rea ack ﬁ%%n§%§ QY thE pr.ocessi n %erU|try

a0 Ponn trseans, HekEE Gttt Hrond Goaet SPeP e Byt &2 Fad 40

i ncl udes 28 k@l conrgyefCudsfosahifniseress bevaredH f i$ gt cdnepbsdedmdni Folitlat i on

| ayers 8@oanthe8BirstAfidei fidm AEYl 2t i0B£] @iyeel AQotraywibe) evpl pesedoan

pl anar i Z1e08e tfﬁ@mhﬁ_’%darIQOSO A of tantalum (Ta) for the cap layer 224.

15 A sense current Is may be directed from right to left or from left to
right as shown in Fig. 12. When a field signal from a rotating magnetic
disk rotates the magnetic moment 218 upwardly into the sensor the magnetic
moments 204 and 218 become more parallel which reduces the resistance of
the sensor to the sense current I; and when a field signal from the

20 rotating magnetic disk rotates the magnetic moment 218 downwardly out of
the sensor the magnetic moments 204 and 218 become more antiparallel which
increases the resistance of the sensor to the sense current Is;. These
increases and decreases in the resistance of the spin valve sensor are
processed as playback signals by the processing circuitry 50 in Fig. 3.

25

As discussed in the Summary of the Invention various magnetic forces
affect the positioning of the magnetic moment 218 of the free layer. The
free layer is properly biased by these magnetic forces when the magnetic
‘moment 218 is parallel to the ABS, as shown in Fig. 12. A negative

30 ferromagnetic coupling field —Hpe is desirable for counterbalancing one or
more of these magnetic forces for properly biasing the free layer 216.
This negative ferromagnetic coupling field has been achieved by employing
the pinning layer 206 composed of platinum manganese (PtMn) and the first
and second seed layers 226 and 228 which are composed of nickel manganese

35 oxide (NiMnO) and tantalum (Ta) respectively. Further, the first seed
layer 226 must interface an aluminum oxide (Al.0;) first read gap layer 148
or be located on an aluminum oxide (Al,0;) seed layer which is
approximately 30 A thick. The spin valve sensor 200 in Fig. 12 was tested
for its ferromagnetic coupling field -Hg and it was found to be -16 Oe,

40 which is shown at Example 1 in Fig. 17.



elimnate ripples in the second insulation |ayer caused by the coZIZJ

84. The first, second and third insulation |ayers are referred to in the
art as an WPA30F389 on st ack”. The coil | ayer 84 and the fipet/Gspessl and
third insulation layers 86, 88 and 90 are sandw ched between first and
second pol e piece layers 92 and 94. Thetfirst and second pol e pi ece layers
92 and 94 are magnetically coupled a a back gap 96 and have first and
second pole tips 98 and 100 which are separated by a wite gap l'ayer 102

at the ABS. And ngulal bgmolt@e/%aé%ﬁea TabJgAted aeLieay (De.a5000d o )

| ayer nd, t he flrst I ece | ayer secon Iayer
82" and thg‘lfﬂeﬁs btte By &Ean %sris§ﬁveaF8efsféﬁé?’§t gr{ByérrqrRpeechead i s

known as Fevprygyybaek theaﬁPaCﬁs lehowAld risFiggeasedannl thicknesst tisnd second
sol der C%B%{d&@ﬁl&%u@ﬂ@g1@.@1@@3&9%&5%@&5#1 ré)gbg:{'@.vﬁpdl'}eg@lo\ﬁes‘%ﬁggﬁr 74
E:g)nhggslsgér%éz %@sé 4f¥§e%o§lnazsgs egsjcogfﬁezéolgﬁ%r é S?ﬁqlﬁgij%m e84 (see
Fig. 10) "8t esasearnagmatit uphirghtieddspensf ot 22 {PURKPOS MDs02/ 054389
PCT/ GBOde65648 e8bdsratfe the2thi2kn3@ 35 th dpager ldvandl® anenth@eSAHRcES
Figs. 6 a;ladu&:x@&eepihet he/ RS 8EDORAe S..lﬂtbﬁéade 1r?}£ﬁé af%@r&%n&% Ebﬁpi&n&oﬂrlgé@' ece
(0]
| aéﬁret iC tﬁﬁ%ﬁg%ﬁ%ﬁ%%eﬁ Im féré{%oge Tffs'%athe pI gpgy avgztﬁ g ‘Figs. 6
and 8 is omtted. Fig. 11 is an isometric ABS illustration of the read head
72 shownExprplid g§s. 6 or 8. The read head 72 includes the present dual spin
val ve  sensor rid. Wy 6hodsSal 681 RAvO AR ARbb 3L ERTRIBRL IGnf ARMLPIPI NY
layer valve sensor 200 in Fig. 12 except a spin filter layer (SF) 302 is located
between the second free film 222 and the cap layer 224. Upon testing the
15 spin valve sensor 300 it was found that the negative ferromagnetic
coupling field —Hf was -8 Oe as shown by Example 2 in Fig. 17. It can be
seen that the negative magnetic coupling field of Example 2 had dropped by
50% as compared to the negative ferromagnetic coupling field ~Hy for
Example 1 in Fig. 12. The thickness and material of the spin filter layer
20 302 was 10 A of copper (Cu). While a negative ferromagnetic coupling field
—Hec of —-B Oe may be desirable for biasing the free layer 216, it is too
low to provide any offset when the thickness of the spacer layer 214 is

decreased for the purpose of further increasing the dr/R.

25 Example 3
The spin valve sensor 400 in Fig. 14 is the same as the spin valve

sensor 300 in Fig. 13 except a top portion 402 of the second free film 222
has been oxidized. Accordingly, the second free film has an unoxidized
portion 222 of nickel iron (NiFe) and an oxidized portion 402 which is

30 composed of nickel iron oxide (NiFeO). The oxidized film portion 402 is-
located directly between the unoxidized film portion 222 and the spin
filter layer 302. After sputter depositing the second free film 222 oxygen
was exposed into the sputtering chamber and the second film was exposed to
the oxygen for 30 seconds at approximately 2 x 10°% Torr. This exposure

35 caused the oxidized portion 402 to develop. The spin valve sensor 400 was
tested for its negative ferromagnetic coupling field -Hy and it was found
to be -16 Oe which is shown at Example 3 in Fig. 17. Accordingly, the
present invention, shown in Fig. 14, completely restored the negative
ferromagnetic coupling field to a value obtained in Example 1 so that the

40 spin filter layer 302 can be employed for obtaining the advantages of the
spin filter layer as explained hereinbelow. It is speculated that the

increase in the negative ferromagnetic coupling is due to the fact that



-and second hard bi as and | ead | ayers 134 and 136 azrze"%%orqseﬁmm&

flrst and second side edges 138 .and 140 of -the spin valve sensor. This
connectlon is known in the art as a contiguous junCWMEWHaﬁdlﬂsrﬁwNaﬂf2003'
described in commonly assigned U S. Patep{ 5, 018,037 which is
incorporated by reference herein. The first hard bias and | ead |ayers 134
i.nclude a. first hard bias layer 140 and a first |lead |layer 142 and the
second hard bias and lead | ayers 136 i ncl ude a second hard bias 1Tayer 144
‘and a second | ead |ayer 146. The hard bias |ayers 140 and 144 cause

magneti ¢ figlds,ta.extand.Langhtudnald Yntdiroughet fiems pia 1upbee 2320801 130
for stablllzlng t he magnet i ¢ domai ns’ therein. The -spin val ve sensor 130

and the fi r¥¢-and -second hard bias and | ead | ayers 134 and 136 are | ocated
bet ween nonmagnetic .el'ectrically insulative first and 'second read gap
lLayers 148 and IfQ cHhembes sif and coppondayeadiyap Tigy e} wag geherdvased e,

n turn | ocated; 1%&!@&[1& }{]OQP&@@té‘thxli%hl%ds§€t910ﬁ€bl&|ﬁm®ddjnl agehs 152

d 154. EXanpl a
o e L ks oM o) Dy abies o R b Bl g o

r ¢ is r%g é} g e A PHRRS 8? ’

al tm num oxiadee r{eﬂEQCB) eTﬁW@%l‘W e PBILHREGT Ebﬁel REHUGae % 95 fined “ayer -

2021 whi ch fas wh1vBRgRRLEL thenanng20h whixtial Snpretredy iiead B of. the spin

antiferr om&eggl nﬁ—,@f'\&xdp wlcﬂglgel ﬁy%sg%s Thertpgret i-Co frame ndpi20dalive :

pi nned perpend! cu 588 19: go dLoR eum%,t Q‘Pﬁrglltcﬁlﬁes%BSfQiheaw from
I

the ABS, as°Efitin’ Fn ”i 9T s eX
anti paral | eﬂll(lﬁP)lapiFﬁr?@ Yag ERStET YS’H" hopf ﬁd?&naaﬁé"ﬁfﬁba ral %’)é]e-gh&@%

cou
| ayer. (APC)thzeﬂmanheekbﬂ/vaBeImat@dtelbéﬁmwffeﬁ* ohtdgneti & pr¢ &0 %nd’p’élé"é‘gnd
anti paral | ghel &y:6r 8: (ARl )+ and %AB2In 240 Fand 1B1EhatAtkpaeeisiaayerrk W8F 2414 is
| ocat ed bEtﬁE en. the,sec g%épcna&'ge%ﬂréman&laram a.d,r eeor ayer R16nathi ch

has a magnetl Hofent: 2 C oriented parallel;to, ~ABS and
par al | el tthH%asﬁ’ﬁf?ﬁestlﬁF’nvef f’?#“é’her ace}s}l 0 Fg ﬁj g‘ trgt V\h{ﬁ% Bélbl as. poi nt

of the spi mayekisd seimsgrodys fitkscHt #8e rﬁgd\?va%f“loff"i“‘t Elﬁi ré s‘l‘hé"rL Ertﬁ\‘? Y. PR free
-l ayer 216 |cBEi'¢hdﬁ$yfﬂcr\$&s 7anhesecendpfr geliax bayefF¥gs Antl (ESY P20 and 222

On top of. %ggdﬁ 66 f bhdNcR2de Bn arcGdf-anayen: @24 1. Fi rde and second

Seed ! ayers %s:.srl ve colés\é %ﬁg cﬁ'r}g %%88359% %L%leﬁh\éeefbﬂyhﬁléﬂdr BxI

read gap | %%grlo Qe anéjthe COErCZilUVlh weg 6.7 Oe, as shown in Figs. 20-22, : 3
‘resgpectively. when the thlcknnss of the: spln filter layer was increased Lo
10 A the resistance R was 22, the change in resistance dr was 1.75, cthe
fmagnetoreqistlve coefficient dr/R was 8.15, the ‘uniaxial anlsotropy fleld

“ Hy was 9.0e and the coerclulty He was 6.2 Oe, as shown in Figs. 20-22, '

" respectively. When the ghickness of the spin filtex layer was “increased to
‘15 A the resiastance R was 20.5, the change in resigtance dr was 1. 6, the

: maghetoresistive coefficient ar/R was 7.95, rhe uniaxial anlsOLropy f1=ld
Hy wés 9.5 Oe and the coercivity H. was 15 Oe, as shown in Flgs 19- -22,
.rnspectlvelv when the thickness of the spin fllter layer was further
“ipcreased to 20 A the resistance R was 19, the change in resistance dr was
1.45. che magnetoregistive coefficient dr/R was 7.65, the unlaxlal
anlsoLropy field H. was 10 Oe and the ceercivity He waz 6.4 Oe, as. shown in

. Flgs 1.9-22. It is ‘desirable that the thickness of the spin filter layel
be ODthlzed for maximizing the maghetoresistive coefficient dr/R as shown
.ln Fig. 20. Accordingly, optimiun thicknesz for the spin filter layer is
JpproylmaceTy 6 A which will achieve a magnetoresistive coefficient dr/R
of 8.45. 1t can also be seen from Fig. 21 that when the thlckness of the
spin filter layer ig & A that the uniaxial anlsotropy field H¢ is at a
.minimum ar 7.5 De. rthis is degirable so that the free layer has soft
magnetic characteristics -Eo.r responding freely to Field signals from the

rotatlnq magnetic disk. Further, the coercivity H¢ in Fig 22 is nearer its |

low p01nt when Lh° thickness of the spin filter layer ls abouh 6 A. This

- . AMENDED SHEET
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"with the seeond seed | ayer 228 being | ocated bet frended Ny et i TIStFebrRAGy Ig(y(g
226 and the pinning | ayer 206. Exenplary thicknesses- of- the A1203 fi rst -
‘read gap |ayer 146 are 200 A-700-A. The thicknesses -and materials of the .
other layers are 30 A of nickel manganes&?oxide (Ni.MO} for the first seed
l-ayer. 226, 35 A of tantalum (Ta) for the second seed | ayer.228, 175 A of
pl ati num manganese (PtMi) for the pinning-layer 206, 17 A of cobalt iron a

(CoFe) for i eyl &,%alca/éps peha@ggée' e A%%%r hﬁsﬂso% fadnBeld Wi Eu: of Ofnichhe

antiparal | coup I|n t% a§ ron gCa,\Fe)s {nor %@e second
AP- pi nned I%ffeii“szféb e. 26 sdf%ﬁé?ge( &N 18 - 1&?5“ ager S5 A o
cobal t- i r onlay€oFenld fasr betweehi §-Jt Af rase Shoyamiyen Figs &R"o‘fhel‘h lk%l llF)S"rFs(sNP%e)
‘for the secadspfd ee1 deirl na_&&&:wd BOc1A. refistamieaRinvas Ta) therchdngechp | ayer

2288 A SNt R ol WalBY aBP ﬁerﬁgén%@oééamfva?aseﬁﬂciant aprs s it to
ri ght as shown en.a.fleld s r ;

di sk .rot at et H‘é‘%@ﬁ@f‘??%ﬂ’érﬁleﬁ ?d%l i f do%%e&g;éns‘}orwt}ﬁagﬁigéngt ic
nonent s 204eanas Maﬂrbeaomsnoi‘b-“farﬂﬁswéﬁl\mibh reduces the resistance of

the sensor to the sense currelit S and when a field si gnal- fromthe
‘rotating m i £di sk rotates t he magnetic nonent 218 domwardly out of -

t he sensor e nagnetic m)mants 204 and t i ch
i norkeases the r d&EFsTRIRCEPOF f‘?ﬂé‘°§e?1°§’o%nt% thiejf"3 eg‘saheng%fer 2 B%QJal%'

i'ncr eases - @edseedRdsesiy n 1t hrcresisran@erbior AR G ﬁh?/asF’\’/‘é ﬁs@ﬁgﬁrlaéf’é
processed as:phaybask osidiats Apyotdimgpy OcbssInig £ilreni Yavpr 58S ABFi g. 3. As

di scussed I k8 - FIRA Yok idd'@ ! ERRRLT Q) VAId @i SonTagna £l @beeson of
. copper oxide (CuQ) 502. The oxidized film portion 502 is Jlocated between
18 - the unotldlzed £ilm porLlon 302 and the cap layer 224, Upon testing the
" - gpin valve sensor 500 it was found that the negative ferromagnetlc
coupling field -H; was -15 Oe as shown in -Example 4 in Fig. 17.
.Acdordingly, the negative ferromagnetic coupling field of'Example 4 is
substauntially the same as the negative ferromagnetic coupling fielq of

20 Example 3.

Example 5 .
The spin valve sensor 550 in Fig.. 16-i8 the zame as the spin valve

.- sensor 500 in Fig. 15 except the-spin £ilter layer 552 in Figk'lﬁ iz only
25 . & A thick and is shown oxidized throughout its thickuess: As stated in
| .Example:B this thickness is the optimized.and preferxed thickness fox the
spin -filter layer. This islsnown by Figs. 17~23.

-

-~

Ennmplu 6
30 The spin valve sensor 600 in Fig. 23 is the same ag the spin valve

senéor 550 in Fig. 13 except a free layer 602 is’ prov;deq whieh has 2
third free f£ilm (F3) 604 which was dcposited as 15 A of cobalt ixon
(CoFe). The third free f£ilm 604 has an unoxidized £ilm porticn of cobalt
! iron 604 and an oxidized f£ilm portion 606 which is cobalt irom erde
35 (CoFeQ).
Example 7 _ .
The spin valve sensor 700 in Fig. 24 is.the same as the spin valve
sensor 600 in Fig. 23 except each of the first and second free films 220
40 ~and 222 have an unoxidized portiom and an gxidized portien. The first free
£ilm-220 hag an unéxidized_ﬁilm portion of cobalk irop (CoFe) and an
oxidized film portion 702 of cobalt iron oxide. (CoFed). The second film.

AMENDED SHEET



af f'ect 't'he positioning of the magnetic moment 218 of the free |ayk} JUN 5
free lay j rQperly biased by these magnetic forces wh eti
nonent 2?@"!"2"’%’?& lel to the ABS, as shown in Fig. 12. Asﬁgjéglt%y@%%
ferromagnetic coupling field -HFc is dgsirable for counterbal anci ng one or
nore of these magnetic forces for properly biasing the free | ayer 216.

Thi s negative ferromagnetic coupling field has been achieved by enpl oyi ng

t he pinning |ayer 206 conposed of platinum nanganese (PtM1) and the first
and secoRR dwedan ayexrisli 26 fahd p228iashReh aad encogidget] foflm morkidn MaNgeEnese
oxi de (NcdhQr arwh bandeaksunebya) respectively. Further, the first seed

| ayer 226 nust interface an al um num oxi de (A1203) first read gap | ayer 148
or be located on-an al um num oxi de (A1203) seed |ayer which is

appr oxi nB¥¥@R}e3®H A thick. The spin valve sensor 200 in Fig. 12 was tested
fer its ferromegreint vateplhsiy Boelih FiddFEs andthe sais abotid shbn Raivel6 Ce,
which is ; I L Fi 0 2/ 0 9

PCT/ @017%%3@7@616%%%&8&%5 L eséz? h%f.z tevlfhué\!??% ? hgszs\;??c@?w %gr% 214 s
decr ease@H Y% hi ckness that the magnetoresistive coefficient dr/R is

i ncreased. However, when the spacer |ayer 214 is decreased in thickness
the ferromagnetic coupling field -Hrc increases in a positive direction,
y\ﬁ,i ch 5 gRy..2dy&l sely affect biasing of the free |ayer 216. Accordingly,
the negative ferromagnetic coupling field -HFc of -16 Oe in Exanple 1 is
desirabl e 'because the thickness of the spacer |ayer 214 can now be reduced
to increase the @f/Reapgidehéiimicraadbe farmedhdnf der sFmegReriar eoulei eridei el d
due to theidt homner rspacer ka1 e brddabiset thy anpapimily bhenel6 OCe. 10

15 20 25v§r9.o%§ ﬁ@ef&%ﬁ?'tﬁé gccomplished in any type of sputtering system, such

15 as RF or DC sputtering, ion beam sputtering or magnetron sputtering. It
should be understood that the tantalum (Ta) 224 in all embodiments may be
fully or partially oxidized.



Fig. 13 shows a spin valve sensor 300 which is the sanme as the spip Jnﬁlye
sensor 200 in Fig. 12 except a spin filter layer (SF) 302 is Iocate% 2005
bet ween the second free film222 and the,cap |ayer 224. Upon testing the
spin val ve sensor 300 it was found that'? e negative ferronagnetic
coupling field -HF was -8 Oe as shown by Exanple 2 in Fig. 17. It can be
seen that tKéaimsgati ve nagnetic coupling field of Exanple 2 had dropped by
50% as conpared to the negative ferromagnetic coupling field -HF for
Exanmple 1 in Fig. 12. The thickness and material of the spin filter |ayer
302 was 10 A of copper (Cu). Wile a negative ferromagnetic coupling field

-HFc  of - 810R mimm¥tibRadAsid @RRisingf bi asing the free layer 216, it is too
|l ow to provide any of fset when the thickness of the spacer |ayer 214 is

decreased f : i i .dr/ R Exanple 3 The
S QBnﬁlggneslg 8&?@%?1 Qd;tllvE Wi DRE ts%g:@ﬁ(ﬁ fed 'gQ;glaﬁ'Qx‘%, m

. d .
spin val ve sens n kg 14 s e saneas the spin valve sensor 300

[ ig. [ f.th d.f £l h b
o i ved®  ABeDIRelyor Reale 8RR plrhy SRR s BB s da ™ por 1) o 222

of nickel iron (N Fe) and an oxjdized portion 402 which is conposed of

ni ckel i ron f@Qqraenets fresbpnd serendoshicdd Jayersy 319m portion 402 is | ocat ed
directly between the unoxidized filmportion 222 and the spin filter |ayer
302. After ¢pufinsemddepmslircadgpptihgersesinnipcitedbetiebmih2 22staxgd gesondwshisldexposed
into the sputtering chanber and the second filmwas exposed to the oxygen
for 30 secomggrsat approxi mately 2 x 10-5 Torr. This exposure caused the
oxi di zed portion 402 to devel op. The spin val ve sensor 400 was tested for

i ts negatiVvend @ik CARIRAEIGnARUREI g field -H Fcand it was found to be -16
Ce which is shown at Exanple 37in Fig. 17. Accordingly, the present

i nventi R, I . Q. I I t t he negative
ferromagﬁet ?@%@Bh |eﬁgg¥llné€}:?y§r§%a{h@%ﬁlﬁagégt?ca@%rg ti n Exanple 1 so that the
spin filter layer 302 can be enp] oyed for obtaining the advant ages. of the
Shin 11t er ARMBRTR PRy o axpegseotined o e ats S ToRaf e
increase in the negative ferromagnetic coupling is due to the fact that
12- 02- 2003 mapnginnoEest ctewsned Ingsrstrpeigis; : 11 February 2003 the
oxi di sation caused a snoother. interface between the -layers 222 and

a free layer;

a nonmagnetic conductive spacer layer located between the free layer and the pinned

15  layer;
a capping layer;
the free layer being located between the spacer layer and the capping layer; the free layer
having an oxidized film portion and an unoxidized film portion with the oxidized film
portion being located between the unoxidized film portion and the capping layer;

20  the unoxidized film portion of the free layer being a nickel iron film and the oxidized film
portion of the free layer being a nickel iron oxide film,
a copper layer located between the oxidized film portion of the free layer and the capping
layer;
first and second seed layers with the first seed layer being composed of nickel manganese

25  oxide and the second seed layer being composed of tantalum;
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302. The thickness of the copper layer 302 in Fig. 14 was then va ?d in.
order to deternmine' the effect of this thickness on resistance FQO# tJHY 2005
spin val ve sensor, the effect on the change in resistance dr of the. spin
val ve sensor, the change.on. the nagnetd esistive coefficient dr/F. of
the spin val ve sensor, the change in uniaxial anisotropy field H of. the
in valve se}nfssncbnchsaddﬂdyer beinglpeated betwsyn theifissteeed loyeriang thq pingingflayeriand pi n
val ve sensor, as shown in Fig's. 17-20, respectively: '"i'he thickness of
“the spin fhd fiRe rdad ey lﬁ%elﬂmm@sw@rmmmutomm spin f| lter |ayer and
then with thicknesses of the spin filter layer of 5 10 A, 15 A and 20 A
without .the spin filter it can be seen fromFig. 18 Chat _ the resistance
R was 24, that fromFig.. 19 the change iii resistance dr was 1.8, from

Fig. 20 that th tQresistive .. -from Fi 21
LS 20 A METRERRLSH BT i R i sObRES, O Lom Bl 2
th ty th . 5 A
thi ck ﬁéax;tggpcgfpgg@ggr'@%gﬁggomd% cE R oo APl Bt g, 0, the

nmagnet oresi stive' coefficient dr/R was 8.3, the uniayial anisotropy field
Ei,; was 10unOgidiged filingoctémax ci vity 9, was 6.7 Qe, as shown in Figs. 20-22.
respectively,. Wien the thickness of the: spin filter' |ayer was |ncreased
to 10 A the resistance R was 22, the change in resistance dr was 1.75, the
.nagnetoresistive coefficient dr/R was 8.15, the uniaXi al anisotropy

field Hr. e?i@‘i‘eédhﬁa&@?élﬁim@dtlﬁ claim 1Weterdin The@pp&@daydt @10 iAnthick.
igs..20-22, resp ctively., Wen the thickness of the spin filter |ayer was

increased to 15 A the resistance R was 20. 5, the change |n resi stance dr
was 1.6, the magiietoresistiv e coefficient dr/R was t he

s chowrl0 | 11 Appinctrgeashest ps SRinet i oltn et R EhFink, aieglsorm Bapin

filter Iayer was further increased to 20 . A the resistance R was 19, the
change in resistance dr was 1.45. the magnet ore& .stive coefficient dr/R
was 7,.65, the wuniaxial anisotropy field H; was 10 GCe and the
coercivity |5.eA magaeticGeat] he@d as dlsimeshiowhimd wirirgjs thepigneglayqrtis prsardipaiatigh| e
that the thickness of the spin filter Iayer be optim zed. for nmaxim zing
the magnet oq(pgqlp';fﬁneueaﬁ@gfaf inciuded: dr/ R as' shown in Fig. 20. accordingly,

opti mum thi ckness for the. spin filter layer is approximately 6 AA which
wi T achi evegdIBRRRIREERI SEoKE antehildl CAR Yinttd/ fifms with the first AP pinned
15  film interfacing the pinning layer and the second AP pinned film interfacing the spacer
layer; and

an antiparallel (AP) coupling film located between and interfacing the first and second AP

pinned films.

20 6. A magnetic read head comprising:
nonmagnetic nonconductive first and second read gap layers;
a spin valve sensor being located between the first and second read gap layers;
ferromagnetic first and second shield layers; and

the first and second read gap layers being located between the first and second shield

25  layers;
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of 8.45. It can also be seen fromFig. 21 Shat when the thickness ofzzrygNmﬂs
spin filter layer is 6 Athat the unia;.ia anisotropy field H; is at a
.mnine at 7.5 Ce. 'Phis is desirable so that the free | aver has soft
magneti c characteristics for respondi ng'il eely to field signals fromthe
rotating magnetic disk. Further, the coercivity Fic in Fig. 22 is nearer
its | ow poitl spivneatve $easarhinadwdiegs of the spin filter layer is about 6 A
Thi s AVENDED SHEET 1.2:-02-2003 12 2 2 JUN 2005 GBOLOS5E Anended page- 11
Fel bruary' 2QQ8rrémagrie€e pinned higérahattiaat niagretfcrreemérdyer . has . soft, i nagnetic
properties which are desirable. A desi3~abl e rar~g e for the thiclaiest
of "th d sp-difhif i fSrpindinge &R Hi@enc nfoh@mt 6X 9.
*9-- Wien t%éh{l}ﬁfl%b%igxc%@é@?ﬂ%ﬁ%ﬂp@ﬁﬁf?lmr ayerﬁvi ags 0 t{]ggx resi stance

R wan 22, -{lhe.ch(g1 a-~g{§ ti n. rdsistance dr waz 1.85', the

magnet or esi $89 RECORYTiSEPERAY> dr/R was B. 45, was 7.5 00 the uni axi al
anisotropy field H -and the ¢ o6rcivity Hc was 6.3 ©Ce, as shown iu ,

Fi gs. redpedfiéedryer; 10 The spix ~ valve sensor 500 in.Fig. 15 is the same
as the spinv . alve sensor 400 in Fg . i4 except_ a top portiaon 502 of
the spill fidnoamagastisrcond@pivh spackidayer docatedibeirpen theclesrlayqigng themanedyi n
filter layer has an utioxidized . filmportion of copper (CU and an

oxi di zed filiayegporti on of copper- oxide (CuQ) 50.2. 111h oxid.J.;_,e d
film-portion 502 is jocated between is the unoxidized filmportion 302
and the cap d@a}ﬂﬁfng-lz?yef—’;“- Upon testing the . Spin valve sensor 500 iz was

found that the negative ferré6ntagnetic coupling field -ii r was -15 Ce ~
as shown in. o ' ' hieehid gk - Le 4 is
Accor di ngl y,thgﬁ%gerﬁkgrglgcﬂ 8&%&6}%%@%%%@8%0%7 subs? plI;%(jm’tg’al’l y the sane

"5 1 SS9 LSt BTG S S ) Sl BbogB SR il "
oxidized film portion being located between the unoxidized film portion and the capping
layer;
the unoxidized film portion of the free layer being a cobalt iron film and the oxidized film
portion of the free layer being a cobalt iron oxide film;

15 the free layer further including a nickel iron film wherein the nickel iron film is located
between the spacer layer and the cobalt iron film; and

a copper layer located between the oxidized film portion of the free layer and the capping

layer.

20 7. A magnetic read head as claimed in claim 6 wherein the free layer further includes a

nickel iron oxide film located between the nickel iron film and the cobalt iron film.
8. A magnetic read head as claimed in claim 6 wherein the free layer further includes a

second cobalt iron film and a second cobalt iron oxide film with the second cobalt iron

25  film being located between the spacer layer and the second cobalt iron oxide film and the
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sensor 500 in Fig. 15 except the- spin filter layer. 552 in Fig'. y Uﬁ
only 25 G A thick and is shown oxidized througb oi,~t its thiclmessj. ,2\@5
stated in, ExWp | e 3 this thickness s the optim zed. and preferred
thiémess for the spin-filter.layer. Thu?'s is shown by Figs. 17-23. 30 The

sDin valve sensor 600 in Fig. 23 is the sane a2 the spjn val ye. Xi sor'
5~0 in rig. sacyndgelaltiren Wéfegllnh%% loaategb%‘{eelbﬂw&f%éwobﬂt Een }éf{% a%‘ft €t hird
free filin (T,'3) G4 which was deposited as 15 A of cobalt iron ( CoFe)
The t 1ii metkeBraefilnl m Q4 has an i noxdi zed 1-U m -portion of cobalt
iron 604 and an o.cidized filmportion 60.6 which is c obair- iron o7cide
35 (CoFeO) rwanWe 7 The spin valve sensor 700. jx. Fig 224 is the
sanie as 1~he apln valv~-~ sens . or 600 in Fig. 23 e =ept each o jI| _

the first andsSRERMHc héfGsiddIPhavidgsh aifDéhring JurfAtR-(ABSI tonpiRitgdi 7zcd
portion and@én o?@?cflf]zeas porﬂutlz)vrlll?g?Thael fi rs% . Er e(e S?? I %2& has an
unoxi di zed filmaportipn.ot cobalt iron (CoFe) and an oxidize-6 film
Portion $02. v%rfteclzl(% cgllnfﬁlg}n bn oxide (CoF ) , The second filill AMENDED
SHEET WD 02/ 054389 2 JUN, 1005, PCT/ O1/ 05645 13 15 222 has, .an

unoxi di zed fFFHMABIEES Grst aasbscamm pale BiepezE O bww%e@ﬂﬂ% oged tEenny
iron oxide (CoFeQ . Exanple 8 The spin valve sensor 800 in Fig. 25 is the
sane as the apoletivporien asdabeaok gADPOIPNFi g. 24 except the spin filter |ayer
552 of Fig. 16 is enployed. Discussion All of the oxide filns may be
formed in thaopamgnetizge gas ldyliclocatedisetwedd tive #4612 tiprpoRiians of the first mldoul d be
understood that the form ng of the various |layers may be acconplished in

any type of spyatRld flecetyydr@m such as RF or DC sputtering, ion beam
sputtering or nmagnetron sputtering. It
10  aninsulation stack with at least one coil layer embedded therein located between the yoke
portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap portions; and
a read head including:
a spin valve sensor;
15  nonmagnetic nonconductive first and second read gap layers;
the spin valve sensor being located between the first and second read gap layers;
a ferromagnetic first shield layer; and
the first and second gap layers being located between the first shield layer and the first
pole piece layer; and
20  the spin valve sensor including:
a ferromagnetic pinned layer that has a magnetic moment;
a platinum manganese pinning layer exchange coupled to the pinned layer for pinning the
magnetic moment of the pinned layer structure;
a free layer;

25  anonmagnetic conductive spacer layer located between the free layer and the pinned
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shoul d"be understood that the tantalum (Ta) 224 in all enbodi ment g gy @%
fully or partially oxidized. 2 2 JUN 2005 -14 Claims: 1. A magnetic rea
head conprising: nonnaegnetic nonconducti @eflrSt and second read gap

| ayers; 5 a spin valve sensor |ocated bét¥een the first and second read gap
| ayers; ferronagnetlc first and second shield | ayers; and the first and
second readayﬁb | ayers being | ocated between the first and second shield

| ayers; the spin valve sensor including: 10 a ferromagnetic pinned | ayer

t hat has a amgppatg layerpnent; a pl ati num manganese pi nni ng | ayer exchange
coupled to the pinned |l ayer for pinning the nagnetic nonent of the pinned

layer strucitérfise layek béifig IatuRa bebvdRATAGaC layef aittie tapingapagr | ayer
| ocat ed between the free layer and the pinned 15 |ayer; a capping |ayer;

the free | aygisde) a,g}ss hkAGELE 0 ABLAREN bR SPAGR inbAYFEd ﬁmg&laen GARRhA

| ayer; the VI ng an oxi | zZe I'm portion and an unoxi di zed

tnox i zba PECRERS] rp.psﬁwg * Zeﬂac%ai%%tﬁ” BB B B AR MRSl

portion of the free |ayer being a nickel iron filmand the OXI di zed film
portion of {a&:free |ayer being a nickel iron oxide film a copper |ayer

| ocat ed between the oxidized filmportion of the free |ayer and the capping
| ayer; firstheamgxislized fidmpeortidn of g getwlayﬁﬁ being aniekel irge 8 jang Be axidizag film
conposed of nickel nmanganese 25 oxide and the second seed | ayer being
conposed of pbmiohalf thel frdeRayek bEk 4 hldkel derco¥dtilng 2 JUN 2005 -15- the second
seed | ayer being |ocated between the first seed |l ayer and the pinning

| ayer; and gb driidyet 1065@@1)&%(3:& BRI R TGRS Ofredllayél MU ThOetbiRe 2 A
magnetic rea ad as claimed in claim1l further conprising:
10 layer;
first and second seed layers with the first seed layer being composed of nickel manganese
oxide and the second seed layer being composed of tantalum;

the second seed layer being located between the first seed layer and the pinning layer; and

the first read gap layer being composed of aluminum oxide.

15
10. A magnetic head assembly as claimed in claim 9 including:
a ferromagnetic second shield layer;
a nonmagnetic isolation layer located between the second shield layer and the first pole
piece layer.
20

11. A magnetic head assembly as claimed in claim 9 further comprising:
the copper layer is fully oxidized or has an oxidized film portion and an unoxidized film

portion.

25 12. A magnetic head assembly as claimed in claim 9 wherein the copper layer is 4-10 A
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5 the copper layer being fully oxidized or having an oxidized film portion
and an unoxidized filmportion. 3. A nagnetic read head as cl ai neg | 200
claiml1l wherein the copper layer is 4-10 thick. 10 4. A magnetic rea% d
head as clainmed in claim3 wherein the céﬁblng | ayer is tantalum 5. A
magnetic read head as clained in claim4 wherein the pinned |ayer is an
anti par al | elthick.AP) pinned | ayer that includes: ferromagnetic first and
second antiparallel (AP) pinned filnms with the first AP pinned 15 film
interfacing the pinning |ayer and the second AP pinned filminterfacing the
spacer layer; and an antiparallel (AP) coupling filmlocated between and

i nterfacing BhA rhagnetic Rédd aSRAMMad¥ainfeld MDE1Gind 12 WhereBDthe cappin@rpEtisc read
head conpr|5|ng nonmagneti ¢ nonconductive first and second read gap

| ayers; hﬂ @l ve sensor being |ocated between the first and second read
gap Iayers erromagnetic first and second shield | ayers; and the first
and second read gap | ayers being |ocated between the first and second
shield 5 layers; [ R\L.I1BU141160.do ¢c: RV H 22 JUN 2005 - 16 the spin
val ve sensor including; a ferromagnetic pinned |ayer that has a magnetic
moment; a pildnArgagnsyeheadasseaidracdupicddn elain h%waplﬁﬁb@e PHYee 19Y8F iSgiinni ng

t he nagnetlc nonent of the pinned |ayer structure; 5 a free |ayer; a
nonmagnet i ¢ antpatali¢li(he) pippaklaydrahaindlateat ed bet ween the free | ayer and the
pinned |layer; a capping |layer; the free |layer being | ocated between the
spacer | ayerfeghdagretic €iagd phdisecbid &itipaallel (AP) bimmed Fiayewithahd gt AR pintiedi zed
filmportion and an unoxidi zed filmportion with the oxidized filmportion
bei ng | ocat eflnbiaidMaeR &ﬁbeplﬁmg a?bnzeﬁ‘{é the éaab,apAp Eﬂﬂle@ﬁﬂntﬁk@rf&&ﬂ@tﬁég padegyer

t he unoxi di zed f|In1p rtion o he free |l ayer being a cobalt Tron film and
}PFnSXIqozeqaféJJHd portion of the free |ayer being a cobalt iron oxide

an antiparallel (AP) coupling film located between and interfacing the first and second AP

pinned films.

15. A magnetic disk drive that includes at least one magnetic head assembly which has a
15  write head, a read head and an air bearing surface (ABS), comprising:
the write head including:
ferromagnetic first and second pole piece layers that have a yoke portion located between
a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of the first and
20  second pole piece layers;
an insulation stack with at least one coil layer embedded therein located between the yoke
portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap portions; and
the read head including:

25  aspin valve sensor;
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15 the free layer further including a nickel iron filmwherein the ??gﬁﬁl
iron filmis |ocated between the spacer |ayer and the cobalt iron 'H{Y 2005
and a copper |ayer |ocated between the oxidized filmportion of the free

| ayer and the capping layer. 20 7. A magi¥etic read head as clained in
claim6 wherein the free |layer further includes a nickel iron oxide film

| ocat ed bet wesmaghaticmootaiductivefirsi dndsacmohdtrbad gapdayers;i ron film 8. A
magneti c read head as clainmed in claim6 wherein the free layer further

includes a thegsindaloobaisbr beinnlotitbdbendenthedisndd sedoal treajdrgaE 18%tdle film
with the second cobalt iron 25 filmbeing | ocated between the spacer |ayer

and the secongd 6R88hdiciAfrQEhd @6ed bldn and the [R\L.I1BU 4l 160.doc: RVH 2
2 JUN 2005 -17Er segttk)nlg (fobafé'?d ??%h oxi de filmbeing | ocated between the

second cobalji_ kron filmand.the.  nickel (ir film 9 A tic head
assenbl y havtbenkgirsgﬁmg%ef OIE)@%?? B gaél'?r!sislé‘g(l%@%&,bet%%F’i?esﬁﬁbémglg%ayeﬁﬁ e head
i ncl udi ng; fgréomaglgeti c first and second pole piece layers that have a
yoke por Pi orth¢ BEshPlg PHEEYER a4 pole tip portion and a back gap portion: a
nonmagnetic wite gap |ayer |ocated between the pole tip portions of the
first and dbesmuvpse senspriweludimgers; 10 an insul ation stack with at | east
one coil layer enbedded therein |ocated between the yoke portions of the
first and secfernndmpgieticpireed ldyey thashasandagnetdc friokeht;and second pol e pi ece

| ayers being connected at their back gap portions; and a read head

i ncl udi ng: aa;ﬂairmnvﬁﬂaﬁmsmﬁﬁihgwepa&mgg@%hﬁe@me?%‘em rfdr&eerill?%'[ﬂg

second read gap | ayers; the spin val ve sensor being [ocated bet

first and Sﬁﬁé)@g‘iéﬁﬁg’ggg@ﬁtégéﬁ‘ég%gﬁJ‘ﬁ?‘rc{“p’ gnetic first shield | ayer; and

the first a con ng l'ocated between the first shield
| ayer aﬂg t he filr st pole piece |layer; and 20 the spin val ve sensor
incl uding: & ¥ P¥fagnetic pi nned | ayer that has a nagnetic noment: a

pl ati num manganese pinning | ayer exchange coupled to the pinned |ayer for
pi nni ng t he 3 AREHERTHIC GopeEGitve SPacehiayer Incaber bedyyesn the frge fayerand the pinned

layer;
a capping layer;
the free layer being located between the spacer layer and the capping layer;

15  the free layer having an oxidized film portion and an unokidized film portion with the
oxidized film portion being located between the unoxidized film portion and the capping
layer;
the unoxidized film portion of the free layer being a nickel iron film and the oxidized film
portion of the free layer being a nickel iron oxide film:

20  acopper layer located between the oxidized film portion of the free layer and the capping
layer;
first and second seed layers with the first seed layer being composed of nickel manganese
oxide and the second seed layer being composed of tantalum;
the second seed layer being located between the first seed layer and the pinning layer; and

25  the first read gap layer being composed of aluminum oxide;
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a free 'layer; 25 a nonmagnetic conductive spacer |ayer |ocated between the
free layer and the pinned [R\LIBU 4 | 160.doc: RvH 22 JUN 2005 -18 Za}oﬁr'
a capping layer; the free layer being | ocated between the spacer Iag/ b0
the capping layer; the free layer having24n oxidized filmportion and an
unoxi di zed filmportion with the 5 oxidized filmportion being |ocated

bet ween t he ahvaxingj zed fil m portion and the capping |ayer; the unoxidized
filmportion of the free layer being a nickel iron filmand the oxidized

film portlqnn@gnehbalsf(f&@tabl@«}é@ﬁpob@urmehehﬁkgal iron oxide film a copper
| ayer |ocated between the oXidized | m portion of the free layer and the

capping 10 ] sgl¥§(§rt moh{}t%.c{l irfE 3 ESR Sggr §L§)%§rtln§yt§5 ﬁ‘nhgﬁettila HeB@ adshiy fyl @elegal(%)ayer

bei ng conpose nic mangane second see ayer” bei ng

conposed of t he second seed | aye Ioc ted bet ween the first
seed | ayer a&@gk %E}‘ﬁma&@etw%so that ghe ‘PK@CPFE éjéﬁ)‘“l g‘t?é‘?&g

conposed of al um num oxi de. 15 10. A magnetic head assenbly as clained in

cl ai m 9 Bnclrelgtiorship witl hemmgneticedisks second shiel d | ayer; a nonnagnetic

i solation |layer |ocated between the second shield layer and the first pole
pi ece | ayer .a pihdldimotar fxgotating the eagnetisdistyl y as clainmed in claim9 further
conprising: the copper layer is fully oxidized or has an oxidized film

portion and aamctia®x pe¥idéing ks PRfidctedno R support ﬂsrﬂWx@g!h@ mpackicsagTbl y as
claimed in claim9 wherein the copper layer i1s 4-10

[RALI .BU] 41%%&11?9%&%@&&%530%&%3&99 reségcttt(m %&etm’%lﬁpgﬂcﬂ ic head assenbly

as cl ai ned rein the capping laye

a processor connected to the magnetic head assembly, to the spindle motor and to the
10  actuator for exchanging signals with the magnetic head assembly, for controlling
movement of the magnetic disk and for controlling the position of the magnetic head

assembly.
16. A magnetic disk drive as claimed in claim 15 including:

15  aferromagnetic second shield layer;
a nonmagnetic isolation layer located between the second shield layer and the first pole
piece layer.
17. A magnetic disk drive as claimed in claim 15 further comprising:

20  the copper layer being fully oxidized or having an oxidized film portion and an
unoxidized film portion.

18. A magnetic disk drive as claimed in claim 15 wherein the copper layer is 4-10 A thick.

25 19. A magnetic disk drive as claimed in claim 18 wherein the capping layer is tantalum.
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tantalum 5 14. A magnetic head assenbly as clained in claim13 Whef?i[] t he
pi nned |l ayer is an antiparallel (AP) pinned |ayer that includes: J N 2005
ferromagnetic first and second anti paral hgl (AP) pinned films with the
first AP pinned filminterfacing the pi"Ailng | ayer and the second AP
pinned filminterfacing the spacer 10 |ayer; and an antiparallel (AP)
coupling filmlocated between and interfacing the first and second AP
pinned films. 15. A nmagnetic disk drive . that includes at | east one magnetic

head assenbl2y. Amaphetiwdisladrivicaswidimed edsim B weadinhkaginaatagsr igbs bear i ng
surface (ABS), conprising: the wite head including: ferromagnetic first

and second paligardlictCAP) FNRIdSayeh &at IRURes YOoke portion |ocated between a
pole tip portion and a back gap portion; a nonnmagnetic wite gap Iayer

| ocat ed_ bet el hePRkPald R Ca&l lgnmhagpi)ﬁ‘gnk d Bl he‘hr?“?p BiipBiue

pi ece | ayers; nsulation's one o f

therein ed b t he.yoke rtlon t he S second pol e

pi ece | aéer zﬁmdﬂtdﬁ%‘ﬂ erpg’cm%%nla HH’SSE)‘P B‘(‘}éeJ E[F%F’ge rﬁ?gt B SRATECt ed at
their back ap portions; and the read head including: 25 a spin valve
sensor; [R Va¥eBW@Pd41160. doc: RVH 22 JUN 2005 -20- nonmmgneti c nonconductive
first and second read gap | ayers; the spin valve sensor being | ocated

bet ween t he ahiantspardtetl (ABconplingfiicth paged byteear andanfeefhciagagnirei mdfsecaid i el d
| ayer; and the first and second read gap | ayers being | ocated between the
first shiel gidn@y€ilmand 5 the first pole piece layer; and the spin valve
sensor including: a ferromagnetic pinned | ayer that has a magnetic nonent;

a pl ati num manganese pi nning | ayer exchange coupled to the pinned | ayer for
pi nning the magnetic noment of the pinned |ayer structure; 10 a free

layer: 19 91 A magnetic read head comprising;

a spin valve sensor including:
a ferromagnetic pinned layer that has a magnetic moment;
a pinning layer exchange coupled to the pinned layer for pinning the magnetic moment of
the pinned layer structure;
15  afree layer;
a nonmagnetic conductive spacer layer located between the free layer and the pinned
layer;
a capping layer;
the free layer being located between the spacer layer and the capping layer; the free layer
20 having at least two sublayers of cobalt iron and nickel iron, at least one of said sublayers
having an oxidized film portion and an unoxidized film portion with the oxidized film
portion being located between the unoxidized film portion and the capping layer; and
a copper layer located between the oxidized film portion of the free layer and the capping
layer.

25
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a nonmagneti c conductive spacer |ayer |ocated between the free Iayer&&d
the pinned |ayer; a capping |ayer; the free |layer being located b 12 2005
t he spacer layer and the cappi ng |ayer; the free layer having an

oxi dized filmportion and an unoxidi zed " m portion with the oxidized
filmportion_being | ocated between the unoxidized filmportion and the

cappi ng | ay2?-A magnalisssaddiead as ¢lpimadiin claira 31 wrhereirethe uaexidizgd filmh portignaf
nickel iron filmand the oxidized film portion of the free |ayer being a

ni ckel iron theifcbe ldyiek ima ékehiron fifre and teaxidiznddilmcpobtinvefahe frbelagxiishzed fil m
portion of the free |ayer and the capping |layer; first and second seed
layers with higRelfilohixidedRal, 1ha)8halPRONHINE BERORREe® hetMeb Bl sPRIEBRESH H?“ de
and the second seed | ayer bei ng conposed of "tantal um the secon see& ayer
bei ng | ocat egi.patiwaalimt he first seed layer and the pinning |layer; and 25
the first reag gap layer being conposed of al um num oxide; [R\LIBU4l

| 60. doc: RvH 22 JUN 1005 -21 a housing; a nmagnetic disk rotatably supported
in the housing; a support mounted in the housing for supporting the

magneti c head assenbly with said A ABS facing the magnetic disk so that the
magneti ¢ heatd - dsBegtl read head as ¢laimpgddn 2 Aythsr emprsiRship with the magnetic
disk; a spindle notor for rotating the magnetic disk; an actuator

posi ti oni ng theanpper tryekaver dnooxidiecdilppportion and anowniorglized dilmggntédr, ¢ head
assenbly to nultiple positions with respect to said magnetic disk; and a
processor connected to the nagnetic head assenbly, to the spindle notor and
to the 10 actuator for exchanging signals wth the magneti c head assenbly,

for control | 2N\ mARYRIRBED Hehd hd\QaRANE tiafm 91 SheRBhE Qhod i%c?(ﬁldﬁ })Qﬂioﬁ he
16. A 1S r

position of the nmagnetic head assenbly. magnet | c ve as

nonmgnel ¢ EET sk BEGBAT fon o1hE oo KB AREM ifon AR By BRI Mg Tre

first pole ]?cl)rggr? 0 t%g%rreé layer is a cobalt iron oxide film.

25. A magnetic read head as claimed in claim 24 wherein the free layer includes a further
cobalt iron film located between the spacer layer and the nickel iron film.

15
26. A magnetic read head as claimed in claim 25 wherein the free layer further includes a
nickel iron oxide film located between the nickel iron film and the first mentioned cobalt

iron film.

20 27. A magnetic read head as claimed in claim 24 in which the copper layer is fully

oxidized.
28. A magnetic read head as claimed in claim 27 wherein the copper layeris 5 A to 7 A

thick.

25
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17. A magnetic disk drive as clainmed in claim15 further conpri si ngZZZUNIm;
copper |l ayer being fully oxidized or having an oxidized filmportion and an
unoxi di zed filmportion. 18. A magnetic dj,sk drive as clained in claim15
wherein the copper layer is 4-101 thick. 55 19. A magnetic disk drive as

claimed in aim 18 wherein the capping.layer is _tantal um ..

[R\ LI RUL41 o AJBAENRE head sSsernlys bRIE Bnainbearing ﬁ&@m{l@sgp@vapwngze as
clainmed in claim19 wherein the pinned layer is an antiparallel (AP)

pi nned | ayera Whigthepdisiclydsg: f erromagnetic first and second antiparall el
(AP) pinned filnms with the first AP pinned 5 filminterfacing the pinning

| ayer and t Herrsmagnetic A8t pndiseeond pdlepicod Ruyéra chatpaveeyskeaoetion losated betwesh an
antiparallel (AP) coupling filmlocated between and interfacing the first

and second %ol@iiﬁlﬁ&@loﬁiaﬁd@back%faﬁ{aorti‘bnfragnﬁi c read head conmprising: a
spin valve sensor Including: a ferromagnetic pinned | ayer that has a

magneti c <nD X i .nni C . to t iL.nned' |.ayer for
o i ng- ¢he mandle i@ e BE 1R EONREC RL BB tsRilolf RN Lar LS
| ayer; a nonmagnetic .conductive spacer |ayer |ocated between the free |ayer
and the pi nrf@%‘g‘ |PYFRICCC4a¥Ehpi ng | ayer; the free |ayer being |ocated

bet ween the spacer_ |ayer and the capping layer; the free layer 20 having
at | east twendupilatipastackivithablenst ong eeil laver simbkadded thersin logated beieen the yoke sai d
subl ayers having an oxidized filmportion and an unoxidized film portion
with t he oxipsitrend of iHerfirstmod s¢cond pelerpieck dyatspdndet ween t he unoxi di zed film
portion and the capping |ayer; and a copper |ayer |ocated between the

oxi di zed fi lthe Aek tnddec®id poepitéelaydrapéing anthebieg ac@bRbAck gdpefions2énd R\ LI BU
j41 160.doc: R V H 22 JUN 2005 -23-
10  aread head having a spin valve sensor which includes:
a ferromagnetic pinned layer that has a magnetic moment;
a pinning layer exchange coupled to the pinned layer for pinning the magnetic moment of
the pinned layer structure;
a free layer;
15  anonmagnetic conductive spacer layer located between the free layer and the pinned
layer;
a capping layer;
the free layer being located between the spacer layer and the capping layer;
the free layer having at least two sublayers of cobalt iron and nickel iron, at least one of
20  said sublayers having an oxidized film portion and an unoxidized film portion with the
oxidized film portion being located between the unoxidized film portion and the capping
layer; and
a copper layer located between the oxidized film portion of the free layer and the capping

layer.

25
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22. A magnetic read head as clained in claim?21 wherein the unoxicifed film
portion of the free layer is a nickel iron filmand the oxidized N 2005
portion of the free layer is a nickel ir oxide film the cobalt iron
filmbeing | ocated between the spacer Ia?gg and the nickel iron film 5

23. A magnetic read head as clained in 22 further conprising. the copper

| ayer havi ng3&r mwguttie ddad assembly s rlemnesdna claim 28 ovhiesin & woxkidizsd tlinon. 24. A
magneti c read head as clained in claim21 wherein the unoxidized film
portion of pditibhef the ree layyeis ainickal wabfilnt and tha okidized ddingoendn dfdhd free hyekel
iron film and the oxidized film portion of the free layer is a cobalt

iron oxide figlaRickdPirodoXiBE AfA, the EQAMH iRAaIMDRiny 18¢di@TbdtRedt At Bpadér MhGTAHN

the free layer includes a further cobalt iron filmlocated between the

spacer | ayer kel iron film 15 26. A magnetic read head as
claimed in c}hgi%%k%gﬁm%i n the free layer further includes a nickel iron

oxide filmlocated between the nickel iron filmand the first mentioned
cobalt iton film 20 27. A magnetic read head as clained in claim?24 in
whi ch t he cog er layer is fully oxidized. 28. A nmagnetic read head as
clained in ¢ giWBané‘ﬁafi @ﬁsem%y@ésb@ned igp8futher SOMpFIgng: A t hi ck. 25

[ R U dBU] 41160. doc: RvH 22 JUN 2005 -24- 29. A magnetic head assenbly

havi ng an ai thelveppéritayeshavimgan (AESd Glonportien auyt an wnowidized fHaepbriiorc| udi ng:
ferromagnetic first and second pole piece |layers that have a yoke portion

| ocated between a pole tip portion and a back gap portion; 5 a nonmagnetic
wite gap | ayer |ocated between the pole tip portions of the first and

second pol e 9&.?&ﬁTagﬂéfﬁr11%éd £3erh DIy 4k BlalRd BB 20iWiktrah dleaaRkinR Mpi | | ayer
enbedded t herein cated between the yoke portions of the first and second

| [ I rS: h i j l. i
Conmoot ot at Prien Pt Adiet st b BNoT BRERA:G0L0 BLERRLANEG A0 IR |

val ve sensor i ch _i ncl udes: . . .
omized ﬁllm portion of the free layer is a cobalt iron oxide film.

33. A magnetic head assembly as claimed in claim 32 wherein the free layer includes a
further cobalt iron film located between the spacer layer and the nickel iron film.

15
34. A magnetic head assembly as claimed in claim 33 wherein the free layer further
includes a nickel iron oxide film located between the nickel iron film and the first

mentioned cobalt iron film.

20  35. A magnetic head assembly as claimed in claim 32 in which the copper layer is fully

oxidized.
36. A magnetic read head comprising:

a spin valve sensor including:

25  aferromagnetic pinned layer that has a magnetic moment;

[RALIBU}41160.doc:RVH



a ferromagnetic pinned | ayer that has a magnetic nonment; a pinning M‘VJ?N 2005
exchange coupled to the pinned |ayer for pinning the magnetic nonent o

the pinned | ayer structure; a free |layer;,, .15 a nonnagnetic conductive
spacer |ayer |ocated between the free Ia'?g? and the pinned I|ayer; a
capping layer; the free |ayer being | ocated between the spacer |ayer and
the cappi ng 4 Rlglénum mapgamesepinniye layprgxchings coupledto thepinsehlaygrdfppighing disal t
iron and nickel iron, at |east one of 20 said sublayers having an oxidi zed
film porti ormagndtiamoureakofdhe puinéd laperpomttuen with the oxidized filmportion
bei ng | ocated between the unoxidized filmportion and the capping |ayer;
and a coppera frgy/Ryert ocat ed between the oxidized filmportion of the free

| ayer and the capping layer. 25 [R\LIBU 41 160.doc:RV H 2 2 JUN 2005
-25- 30. A %&. [ ' ' j e

unoxi di zed film ; o‘rat?lle %ﬂdlg%?ﬁtg E;Se%c}f(rr %gerlqg%ga%?gwgn%ﬁg 1%??%28?}% ISrainm:iatérzlid t he
oxidized filmportion of the free layer is a nickel iron oxide film the
cobalt i r50n lla}'ef%m bei ng | ocated between the spacer |ayer and the nickel
iron film 5 31. A magnetic head assenbly as clainmed in 30 further

conpri si ng: 2 $@PEGIHEE: | ayer having an oxidized filmportion and an

unoxi di zed filmportion. 32. A magnetic head assenbly as clained in claim
29 wherei n tthe figatayeheiegilotitedbetweemibe spaser layer andthercappingleeer;i s a cobal t
iron filmadjacent to the nickel iron film and the oxidized filmportion
of the free thafiee laysr Ravixpml dxidizedfiloxpagor andrn uddxid&edréign @oitontvadothassenbl y
as clainmed in claim 32 wherein the free |ayer includes a further cobalt
iron filmlogakseh ket nﬁ&ﬁﬂn bliRg RRAECE betw¥ S The MGk lREd Nirk K6k tioh A8 tel dappind 5 34.
A magnetic head assenbly as clained in claim33 wherein the free |ayer
further 0' nclla?ges a nickel iron oxide filmlocated between the nickel iron
fil mand1 the 1itst nentioned cobalt iron film

a copper layer located between the oxidized film portion of the free layer and the capping
layer;

. first and second seed layers with the first seed layer being composed of nickel manganese
oxide and the second seed layer being éomposed of tantalum; and

15  the second seed layer being located between the first seed layer and the pinning layer.

37. A magnetic read head as claimed in claim 36 further including:
nonmagnetic nonconductive first and second read gap layers;
the spin valve sensor being located between the first and second read gap layers;
20  ferromagnetic first and second shield layers; and
the first and second read gap layers being located between the first and second shield

layers.

38. A magnetic read head as claimed in claim 37 wherein the unoxidized film portion of

25  the free layer is a cobalt iron film and the oxidized film portion of the free layer is a

[R:ALIBU41160.doc:RVH



20 35. "A magnetic head assenbly as clainmed in claim32 in which the copper

| ayer is fully oxidized. 36. A magnetic read head conprising: a éb?dUNﬂmye
sensor including: 25 a ferromagnetic piQ? d layer that has a magnetic
monent; [ RV.IB U 41160.doc: RV H 22 N 1005 -26- a pl ati num manganese
pi nni ng | ayer exchan upled to the pinned layer for pinning the

magneti c nnﬁ@ﬁ@tﬁ?“?%geﬁﬁﬁned | ayer structure; a free layer; a nonmagnetic
conductive spacer |ayer |ocated between the free |ayer and the pinned 5

| ayer; a capping layer; the free |ayer being | ocated between the spacer

| ayer and the capping |ayer; the free layer having an oxidized filmportion
and an unoxi3di Aadagnetienrdad htadoas oiinbd irheainn3@ dherenth the ree Pyt fuethetiaclades a

| ocat ed between the unoxidized film portion and the capping 10 |ayer; a

copper | ayem;tiQt #b@flir (hsRaNtht AR kMt MIgfs 16dafBdRRIWdeAIOdpabiiajer 8fd tRY €T
and the capping layer; first and second seed |layers with the Tirst seed

| ayer be%ngcggﬁp?§§ﬂl f nickel manganese oxide and the second seed | ayer
bei ng cofnposed o antal um and 15 the second seed | ayer being | ocated
between the first seed |layer and the pinning layer. 37. A magnetic read
head as clainmed in claim36 further including: nonmagnetic nonconductive
first and second read gap | ayers; the spin valve sensor being |ocated

bet ween t he 40 Aghagnstc ecad berfl schimgd i ¢laipsrwherein ther fisgerlayaa dwghar énofydes e and
second shield layers; and the first and second read gap | ayers being

| ocat ed bet waekel tromoxide fitm dovdted betovedn thei ratke! irbmfibn end 88.cobalhixgméitrn.c r ead
head as clained in claim 37 wherein the unoxidized filmportion of 25 the
free layer is a cobalt iron filmand the oxidized filmportion of the free
|l ayer is a [R\LIBU 41160.doc: RvYH 2 2 JUN 2005 -27

10 41. A magnetic read head as claimed in claim 40 further comprising:
the copper layer being fully oxidized or having an oxidized film portion and an

unoxidized film portion.

42. A magnetic head assembly having an air bearing surface (ABS), comprising:

15  awrite head including:
ferromagnetic first and second pole piece layers that have a yoke portion located between
a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of the first and
second pole piece layers;

20  an insulation stack with at least one coil layer embedded therein located between the yoke
portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap portions; and
a read head including:
a spin valve sensor;

25  nonmagnetic nonconductive first and second read gap layers;

{RALIBU)41160.doc:RVH



cobalt iron oxide film 39. A magnetic read head as clained in claim 38

wherein the free layer further includes a nickel iron filmwhereid JUN2005
nickel iron filmis |ocated between the ggacer |layer and the 5 cobalt iron
film 40. A magnetic read head as clained in clainms wherein the free | ayer

further includes a nickel .iron oxide fi i.ckel iron
filmand thdieSHavanE P%ﬁm'fl?‘ﬁ“}%%i%e“itftw é“n%a%ﬁgs? %“gc‘dsreg‘g‘%&%ga;ég‘g@ygpfai med in
claim40 further conprising; the copper |ayer being fully oxidized or

havi ng an ox @Fﬂgﬁglﬁqtllcrﬁrﬁég'teldo‘ﬁyeé?r@dan unoxi di zed filmportion. 42. A
magnetic head assenbly having an air bearing surface (ABS), conprising: 15
a wite headhe ficst aud segond gaprlayesgbeing locited betwaeroths Siesh shielsdpgerpng ghe firay er s
that have a yoke portion | ocated between a pole tip portion and a back gap
portion; a nwwpgechye; md te gap |ayer |ocated between the pole tip
portions of the first and second pole piece |layers; 20 an insulation stack

w th at |seasthe9§lﬁvﬁﬂie'sedséﬁ/iﬁéluﬁifﬂgedded therein | ocated between the yoke
portions of the first and second pole piece |layers; and the first and

second pol e Aofeﬁfﬁ.ﬁlﬁ'; f;crpz%?ﬁile{}rg{ﬁ?m%%trﬁ @ti%&gx%ieﬁt- back gap portions; and a

read head inc ve Senso nonmagneti ¢ nonconductive

first and second read gap | ayers; R \LIBU 4 60, doc: 2 JUN 2005
_28- the spihPlptipye maggansse panipg lay %g@gﬁg{)\}é%togh%plpp%pygnérglélegllg819€; ead
gap layers; a ferromagnetic first shield layer; and the first and second
gap | ayers bapgnstic oremeatiofshe poaed layer striugtyre; shiel d | ayer and the first pole
pi ece layer; and 5 the spin valve sensor including: a ferromagnetic pinned

| ayer that hafealagagnetic nonment; a plati num nanganese pinning | ayer
exchange coupled to the pinned | ayer for pinning the nmagnetic nonent of

the pinngd | a¥@&maphbticionaestive s%]arcenela&@meéa'xedmuaedmmg@ayé@naQm@lpméd/e
spacer |ayer |ocated between the free | ayer and the pinned
layer;
a capping layer;
the free layer being located between the spacer layer and the capping layer;
the free layer having an oxidized film portion and an unoxidized film portion with the
15  oxidized film portion being located between the unoxidized film portion and the capping
layer;
a copper layer located between the oxidized film portion of the free layer and the capping
layer;
first and second seed layers with the first seed layer being composed of nickel manganese
20  oxide and the second seed layer being composed of tantalum;

the second seed layer being located between the first seed layer and the pinning layer; and

the first read gap layer being composed of aluminum oxide.

43. A magnetic head assembly as claimed in claim 42 wherein the unoxidized film

25  portion of the free layer is a cobalt iron film and the oxidized film portion of the free layer

[RALIBUJ41160.doc:RVH



| ayer; *a capping layer; the free |ayer being | ocated between the spacer

| ayer and the capping |layer; the free | ayer having an oxidi zed fi QmmrmSon
and an unoxi dized filmportion with the ig oxi dized filmportion being

| ocat ed between the unoxidized filmport¥®n and the capping |ayer; a
copper |ayer |ocated between the oxidized filmportion of the free |ayer
and the capp$ Agobalibdyayoxidq filst. and second seed l|ayers with the first seed

| ayer bei ng conposed of nickel nmanganese 20 oxide and the second seed

| ayer bei ng conposed of tantalum the second seed | ayer being |ocated
between the first seed layer and the pinning layer; and the first read gap

| ayer bei ng £orNAsAR(HE heRl AdsEmblhPthidRd ift SainfMIRUBRI the FRBThyRPARING Y as
claimed in claim wherein the unoxidized film25 portion of the free

[ RIVL 1 By 420600 Tkt 51 el RSB Al SRR B A Baliri et 2 )

magneti c _head se as..clainmed in claim43 wherein the free | ayer
g s shel ol

further 5in i ron filmwherein the nickel iron filmis

| ocat ed between the spacer layer 5 and the cobalt iron film 45. A
magneti c head assenbly as clained in claim44 wherein the free | ayer
further includes a nickel iron oxide filmlocated between the nickel iron
filmand thetScdbabgnetic bead dssdnmhly a0cl4idred An olaigné4 ivbelcbritic diss dayist furtisr cl ai ned
in claim45 further conprising: the copper |ayer being fully oxidized or
havi ng an oxXhelud&cdh ditkeNirpR bkide filaNstated betwrex tidindei@! froh Alrpand terobalt iron

[R U IBU 41 160.doc: RV H
film.
10
46. A magnetic head assembly as claimed in claim 45 further comprising:

the copper layer being fully oxidized or having an oxidized film portion and an

. unoxidized film portion.
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