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exenpl ary hi gh performance read head enpl oys a spin valve sensor f

sensi ng the magneic disk gyslider fthas|has réadoand: weiter haads,i ansuspenpiaa imn gbeve. thhe

sensor {ncludes a,.non netic elecgtrically con lve fir r.. layer
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the pinned | hipses the slider inte confaetaviththasurfase of thegdisk whepthe diglsdy 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

20  distance from the surfacé of the rotating disk. When the slider rides on the air bean'hg
the write and read heads are employed for writing magnetic impressions to and
reading magnetic signal fields 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.

25 An exemplary high performance read head employs a spin valve sensor for
sensing the magnetic signal fields from the rotating magnetic disk. The sensor
includes a nonmagnetic electrically conductive first spacer layer sandwiched between
a ferromagnetic pinned layer structure and a ferrorhagnetic free layer structure. An
antiferromagnetic pinning layer interfaces the pinned layer structure for pinning a

30 magnetic moment of the pinned layer structure 90° to an air bearing surface (ABS)
wherein the ABS is an exposed surface of the sensor that faces the magnetic disk.

First and second leads are connected to the spin valve sensor for conducting a sense
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20  structure to an antiparalle] position with respect thereto and R is the resistance of the
sensor when the magnetic moments are parallel.

In addition to the spin valve sensor the read head includes nonconductive
nonmagnetic first and second read gap layers and ferromagnetic first and second
shield layers. The spin valve sensor is located between the first and second read gap

25 layers and the first and second read gap layers are located between the first and
second shield layers. In the construction of the read head the first shield layer is
formed first followed by formation of the first read gap layer, the spin valve sensor,
the second read gap layer and the second shield layer. Spin valve sensors are
classified as a top or a bottom spin valve sensor depending upon whether the pinning

30  layer is located near the bottom of the sensor close to the first read gap layer or near

the top of the sensor close to the second read gap layer. Spin valve sensors are further
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20  between the top and bottom of the transfer curve. When the 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 asymmétxy. When the readback signals are
asymmetrical, signal output and dynamic range of the sensor are reduced. Readback

25  asymmetry is defined as
' _Vi=Vy
max (V; or Vy)
For example, +10% readback asymmetry means that the positive readback signal V;
30 is 10% greater than it should be to obtain readback symmetry. 10% readback
asymmetry is acceptable in some applications. +10% readback asymmetry may not

be acceptable in applications where the applied field magnetizes the free layer close



max (V 1 or Y¥2podeevor@wsypl e, +10% readbagk asymetry neans that the
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between the AP pinned layer structure and the pinning layer is increased for

20  promoting high stability when the spin valve sensor is subjected to unwanted
magnetic fields in the presence of elevated temperatures.

Unfortunately, however, the AP pinned layer structure degrades the
magnetoresistive coefficient dr/R because of: (1) the presence of the antiparallel
coupling (APC) layer and (2) the second AP pinned layer which has a magnetic

25 moment oriented antiparallel to the magnetic moment of the first AP pinned layer.
As stated hereinabove, a portit)n of the conduction electrons are scattered at the
interfaces of the spacer layer with each of thé pinned and free layer structures, and
when this scattering increases the resistance of the spin valve sensor to a sense current
increases. When the pinned layer structure is an AP pinned layer structure the

30  interfaces are the spacer layer with the first AP pinned layer and the spacer layer with

the free layer structure. Accordingly, the first AP pinned layer interfaces the spacer
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20  pinned layer and the free layer structure. With this arrangement the AP pinned layer

is remotely located with respect to the spacer layer instead of being immediately

adjacent thereto. This, in turn, removes the ruthenium (Ru) antiparallel coupling

(APC) layer from the spin-dependent scattering region so that it has no impact on the

magnetoresistive coefficient dr/R of the spin valve sensor. Further, the second AP

25 pinn_ed layer is further removed from the spin-dependent scattering region so that it

does not degrade the magnetoresistive coefficient dr/R. It should be understood that

the pinning laye,’ pins the magnetic moments of the first AP pinned layer and the

single pinning layer parallel with respect to one another which causes the magnetic

moment of the second AP pinned layer to be antiparallel to the first AP pinned layer.

30 In a preferred embodiment the magnetic moment of the second AP pinned layer is

greater than the magnetic moment of the first AP pinned layer and yet is less than the
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current field assists the
Another object is to provide the aforementioned spin valve sensor wherein the

20 sense current can be appropriately directed so that a sense current field assists the
pinning of the AP pinned layer by the pinning layer.
Other objects and attendant advantages of the invention will be appreciated

upon reading the following description taken together with the accompanying

drawings.
25 )
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an exemplary magnetic disk drive;
Fig. 2 is an end view of a slider with a magnetic 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;



pi nni ng of t | d Iéyer by the pipning |ayer. Qher objects and
at t endant - adggrﬁ)ggfgw the invention wi 'l be appreciated upon reading the
foll owi ng description taken together with- the acconpanying draw ngs. 25

BRI EF DESCRI PTI T o FLg. 1 kS a plan view of. an _exenpl ary
magneti ¢ di sk dﬂ\glg: 4$Weﬁi§n ﬂéur‘?h%&lﬁne\?){“ i eﬁ@?f@eﬁuwwoﬁ_sﬁaﬂe‘r?’fc head
of the disk sippuingthediier aidmigmetiehed? of Fig. 1; 30 Fig. 3 is an

el evation view of _the magnetic disk drive wherein nultiple disks and

magneti ¢ heads arBgefif apARS veyreibomegurticbeadtakenplony planehns iof Bigey i ¢

illustration of ag.e : S| system for . su rting the slider
and nmagnetic headﬁgFﬁgg.Tybg%l ‘é@%@m\ﬁ?@ﬁf%’?%wgﬁ?ﬁ @?E’ge ﬁéﬁ%‘??sdiggﬂ"bl ong
pl ane 5-% of pleng6-6fFig-2g. 6 is a part i al view of th_e sli der_ and a

pi ggyback magnetic head as seen in 5§§I ane 6-6 of Fig. 2; Fig. 7is a
partial view of tHe ¢4|is adertighyiesw pbihg dﬂ'a?gldeitm@rgfié@@Bgastlcsh@dlasrseeipllrane g-g
of Fig. 2; Fj 3 %1 artial ABS view of the slider taken along plane 8-
of Fig_ 6 toﬁlg%%ﬁ'zo?ﬁg'raéad and wite elenments of the piggyback nagnetic

head; 10 'Fig. 9 Fig. 8iparmphitial ABZSvivwel thE shdt® tilleh G8Ing! FKRNS-8! (TG 06 fne 9- 9
of Fig..7 to,  showthe read and wite elements of the nmerged magnetic head;
Fig. 10 is ahowdhe readand srdhejemenis ef the piggybackmagsetichesd; 7 with al | materi al

above t coil | r ed . Fi 1 is,an enl ed .S tric
! ustr a0 on of Mg 9 308 rRAREARSCTRY G ol Wi Skeh G Sl R0 B 00T ¢ 5,
ABS i | | ust r ativerthefead ahd teite dehatts 0Pt nirgddlitagpe@sipal; spi n val ve sensor;

23?nFI 9- 1318 A iBR ks & Veew aken along piane 1010 of Fipa 6 on' 7 with all aataiar
above the coil layer and leads removed;
o Fig. 11 is an enlarged isometric illustration of the read head with a spin valve
15  sensor;
' Fig. 12 is an ABS illustration of a first embodiment of the present spin valve
sensor; and
Fig. 13 is an ABS illustration of a second embodiment of the present spin
valve sensor.
20
DESCRIPTION OF THE PREFERRED EMBODIMENTS
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
25  30. The drive 30 includes a spindle 32 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 in a large
30 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



val ve sensor SJ@ozobss6iRsPTI ON OF THE PREFERRED EMBODI MENTS Magnetic Di sk
Drive Referring now to the drawi ngs wherein |like reference nuneral s
designate like or simlar parts throughout the several views, Figs. 1-3°

i | lustrate anigpaest héadd(is iffal thRsdudh QQlahaiﬁﬁlpd\VﬁlY 8 s@t@aderﬂflth’éiﬁlﬁ tieRiigd! e 32

t hat supports and rotates a magnetic dISk 34. e spindle 321 rotated by
a spindl e not3ér When ﬂ'@tdl$1@34:tsm0tamdl Iedhbypmdlmmﬁor 36 thetstided 1e|surijimed\oala der

suspens, on_ agIEeiERe, PO ad dhitiel BERE larbenah tbé}%t%ﬁﬁefswtasﬁ@ﬁtﬁs%%g
actuator 47. aAd the/sifbbdrihgfurbs KEBS)8. dﬁfeﬁnégﬁuéﬁéﬂe‘ﬂﬁ %e&t% 516y8 oy ed

in alarge 30 capacity direct access storage device as sh mn I'n Fig.
3. The suéperf@t Writing infermatinn teamultipler irculr facksnany the smyfacdwef thetdisk 34, %7 to

t th 42 that th 920000101US1 8 t head 40
Bt ansduci nd L+ 3PT SAGRE LRI R POl PORETHE SRELITBL TLOUP e Spdltnen
the disk 34 'répré&hﬁﬁ shdmnfohﬁaﬁ&t %'th‘i‘hé‘ﬂéaﬁ r403@gtvtaes gtlhdg ot GHRRALRI On a

thin (typically, cushion of air (air arin etween the Surface
of the disk é‘qfrctiﬁtfdlgt raagnebedmr@ smdfpmede(sA@ﬁ)roM&gnéﬂmeo negastdtor fiead 40

may then be Lo witin |nf n | e circul r tracks
on the surfa%g&?gﬁl% s%&lers \\ga&'loug 43? 55@85%% Vﬂ’rﬁ‘ﬁt“i‘tﬁ
therefron0 Psagpessioma4.cimhe¢oinpundats @%&i&ﬂgﬁ&uﬁw@hﬁy be MERMBAYH 4 RgmaUCh
information,” wth the head 40, provides spindle notor drive signals for

rotating the5ﬁﬁ§ﬁ@€’il%n%llaéﬁh03mlf‘-§raﬂ3prOV| des control signals to the act uat or
for noving the s t 9] | 4 the,sl r .42 shown
nounted to a 10 s#s%gtlglagﬁ&‘/%h#ﬁ%ﬁ@%ﬁ]b%ﬁéh @s@?%@&h@gﬁn%% eﬁay be
nmount ed on ahﬁmnmteﬁﬁﬂ@smaﬂs HOWERdI 4D, EhDsidSrailsis8-and 60S TRE ABS

vi ew of the Sliﬁ a(ﬂd the nma net| ead 40. The slider has a cent er
rail 56 that™® p%{ar Hsan @nr?eqesmmﬂ &hd Witlygespgetl © m@atignefede The

31 e ey ontd o i ot I B

the slider amgnmhead;gaatatcatfadmgedge%oﬂhe glider.ai | i ng edge 66 of the

slider. Fig. 6 is a side cross-sectional elevation view of a piggyback magnetic head
40,_ which includes a write head portion 70 and a read head portion 72, the read head
portion employing a dual spin valve sensor 74 of the present invention. Fig. 8 is an

20  ABS view of Fig. 6. The spin valve 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 these resistance

25  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 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

30 insulation layer caused by the coil layer 84. The first, second and third insulation

layers are referred to in the art as an "insulatioﬁ stack". The coil layer 84 and the



Fig. 6 is a gheposvoprpspectional elevatign view of a p| ggyback magnetic
"head 40, which includes a wite head portion 70 and a read head portion
72, the read head portion enploying a dual spin valve sensor 74 of the

present i ”VeﬁEﬁO%coﬁc‘fl]Qﬁd thitPindlakdh 1 ﬁgéﬁ 8b¥8 in 50 Gre andmeé BeRveka s

sensor 74 is sandw ¢ bet ween non etic ectr| cal I nsul ative first
and second r eadisgapd palegice IdemRE and 94a Atie fiost andamtogdipole Ipwy;e layersr®2 and

sandwi ched b tvveen ferro netic first ang_ se hield | ayers 8.0 d 82.
In response t 6"%‘3&”@% wﬁgﬂﬁﬁ‘?dca t2 Racky gap gﬁ %Yes sh ?ﬂ"o‘%/‘ﬁﬁo@ﬁﬁpﬁ al ve
sensor 74 chad96s whithSRE i@a{%‘ct)l{dr@rhtn\gxht? fgﬁs 'i‘QHPi@datttﬁE A/pgh Aﬂﬁs@%ﬂﬁ%&aus €s

t hese resistance 25 chang téd as potential changes hese
pot ent i al 5chadfjéslmatedtietweenpho sessd chiald lppadiaak the dimstildbpiech taypr 82 essi ng

' it 50 _sh Th It d ti 7 f th t
LS SR o i Sy BRSO RA R re WGTEREY ©
I nsul ation | %i&?héadgi@ K306 38 a pf g“%gsr’ﬂéquueh@sﬂkéﬁéﬁ{‘m Flﬁ% & a4, TR HA seRidoy ed

for planarizing the head to mnate ripples.int second 30 insulation
| ayer caused sbtldert ¢comnedtions 164 end 806 cmectﬂeadsﬁ;onsﬁmcspm alek sehisord74 todeddst i on

| ayers are r i,n the art n tack". The | ayer
82 and the SJ6EIBBASE SR SSPeiin 2 2B it S bR RoTtef Eoimset B 1186, "he,
88 and 9§gar ¢18 apshecCRads mtéfﬁqazfﬂoﬁ%e c8 g4 3R Enggle?{OQeﬁﬂsel@.ﬁ An@)e69n92 and
94. The first and second pol e piece |ayers 9 an 94 are magnetically

coupl ed at athmkp@aq@n% and have first and second pole tips 98 and 100

whi ch are separ at t th Iat

| ayer 5 103 is |O§ g Bgy ﬁ’g‘;ﬁ&e X:elﬁ’?d eafc? ﬁg %‘@#ﬂﬁﬁ@’eﬁ ?st
pol e piece | gy@theFRst oﬂﬁﬁ@eia?&%%@ﬁ‘dmﬁﬂbﬁ'] et. AV t¥hR oFMead B&knbivh ek apol €
pi ece layer 92 are separate | ayers this head is known as a gﬂ‘ggyback head.

As shown |n megﬁpd magnetic head ﬂFl@tmmog&yshw efdhepigeyhaek dead BiSes 640dnd 106

connect §§ jhe spin valve sensor 74 to leads 112 and 114 on the
suspen3|on 4 third and fourth sol der connections 116 and 10 118
connect | eads 120Fg:d13i€2nﬁsromaﬁm&BS®ihhstxﬁﬁoxisemelféagl,hehﬂm)tsho{vﬁads?xgs% and

the second st 31 1ha tepd heasht insihattibe ppsRlsGPEos T bo Euptgthseomndliad figommon
ol at 1 on' | Syerd yEE A Bd 106K Ay R TR TG s R 1388 140
of the spin valve sensor. This connection is known in the art as a contiguous junction
20 and is fully described in commonly assigned U. S. Patent 5,018,037 which is
incorporated by reference herein. The first hard bias and lead layers 134 include a
first hard bias layer 141 and a first lead layer 142 and the second hard bias and lead

layers 136 include a second hard bias layer 144 and a second lead layer 146. The

hard bias layers 141 and 144 cause magnetic fields to extend longitudinally through
25  the spin valve sensor 74 for stabilizing the magnetic domains therein. The spin valve
sensor 74 and the first and second hard bias and lead layers 134 and 136 are located
between the nonmagnetic electrically insulative first and second read gap layers 76
and 78. The first and second read gap layers 76 and 78 are, in turn, located between
the ferromagnetic first and second shield layers 80 and 82.
30



15 8 is Omttsgégzoﬁkﬂmu%i. I's_an isonmetricy@BS illustration of ‘the read head
40 shown in Figs. or 9.'The read head 40 includes the spin valve sensor
74. First and second hard bias -and | ead | ayers 134 and 136 are connected

to first and secongy sig £d98 1&@&%31@&901{14%5':%{11&% ﬂ%gdr atsﬁx%xﬁfdnl Thi's

connection is knomn in the ar as a contr guous Junc
descri bed i nvwiemimieypresat spiedalick sﬁso%emlocﬁg@h&n@&? thMﬁrstlhnd Second read

i ncor por at ed bé refe c 1]"|er ,n. The first h bi aé and Ie% | ayers 134
include a f i8R ayex ‘a P40 VAIYS S§RFOf glidey gy eptiiparomagpeticn e

d hard 144
o8 second T EMHnkL 5 ’%‘? 2O (o fckps 2%*%%%??%%@&%@%%%@
magneti ¢ §i eladsntiparaliel ¢AH) pinngi layetistrattine 2061 dhe Ipm&Ed ldyer 2(p miaylbd: ¥ ginglensor

' spi.n_val ve . sepnsor 74

oo The't ?Pékﬂé'n&g@é{im”ﬁﬁﬁs?t The A% Bivacd b Tpire 206 Bcies PagniPRelidont od
bet ween t he n@ﬂi@; SR l:ilxs 1@&@%@5%&%% r@@f;gigsggﬂ%éaﬂﬂ gap

| ayers 76 and 78. st an secon gap are
turn, |ocat ednﬁqwd@rpmmdda}fem (Ahiggmdt(AP2] 216G tndhAIR. s Eacndf tHei pitutd| layer s 80

d 82. 30 20 O 10 10 F ABS i | | ust t f f t
Zgbodi ment ?#6? 8 %’ﬁ’ nPWiligﬁyergﬂlgflﬁ%‘%faPﬁ %Pég’z?&r ‘g’:ﬁ?% gzﬂ-‘searé(raflsor
200 is | pgat %Qc}f&ﬁéé"&ﬁﬁ'ﬂédﬁﬁe&ior SA cﬁf'ﬂl &89 Gé"‘ﬂvcatg@gxz E@’&E@dﬁ%% 48- The

spin val ve sensor 20071 ncl udes an an | ferrorfagnetic ayer
202 whi ch i sldyer2lZeftr pretectiog itdren sugiseq‘pnmredbsmagmps( P) 204 and 5 an

ti I1el (AP d | a .206. The 04 b
Sl i or R SecrSea e Sirercdsul (S 51cs Beales 8RR udes.
an anti paral u@pmﬁwayerrm(aﬁ&’@)ﬁéeqm s@&%ﬂemsh'rha ﬁ‘e@?@bﬁﬂr&ﬁh&@

ferromagnetic first and second antiparallel pinned |ayers . (API) and (AP2)

210 and 212. I@M%ﬂqmdéeemdr@mﬂ(ﬁy)eand (E@M%Ormdtm fihessecond fpserd nmmyer

210 int 0 h th t

cap | ayer o1sePl s 1B 2160 2 B SO HCAR 9 S5 wegre
protecting i firstreatl gapoROEUEN ind HRCRSS Bg 1FEETZ0 fob pOMOBALE deSiradleiidrbcal | y
conductive spacer layer (S) 216 is |ocated between the pinned Iayer 204

and a free’l &1 9tutee Javer deposited therean and, a rcopparulayerr 225 x@y ngy located
between the layers 224 and 220 for promoting magnetic softness of the free layer

structure 218. .
20 Exemplary thicknesses and materials of the layers are 10A of copper for the

layer 225, 10A of tantalum for the seed layer 224, 354 of nickel iron for the first free
layer 220, 10A of cobalt iron for the second free layer 222, 23A of copper for the
spacer layer 216, 20A of cobalt iron for the single pinned layer 204, 1254 of
platinum manganese for the antiferromagnetic pinning layer 202, 20A of cobalt iron
25  for the first AP pinned layer 210, 8A of ruthenium for the antiparalle]l coupling layer
208, 35A of cobalt iron for the second AP pinned layer 212 and 50A of tantalum for

the cap layer 214. |
Exemplary pinning of the magnetic moments 226 and 228 of the single' pinned
layer 204 and the first AP pinned layer 210 respectively are directed into the sensor
30  with the magnetic moment 230 of the second AP pinned layer being directed out of

the sensor, as shown in Fig. 12. With this arrangement the sense current Ig may be



Include firssyandoseeergd film (Fl) and “222) 220 and 222. The second free

| ayer 222 15 interfaces the spacer |ayer 216. A seed layer. (SL) 224 nmay be
| ocat ed between the first read gap layer 76 and the first free |l ayer 220

for pronoti ngireded Som ¥H B AR Whic Wi %Eﬁge%éﬁoﬁdﬁ@ﬁY'ﬁb)égéé beRRP et REoddher eon

and a copper |ayer 225 may beé |ocate bet ween the rs 224 and 220 for -
pronoti ng nmadgdepinnedayeniddgo piovideesehseearteayBelds Bf which ussist 2HBpinging Bf éepl ar y

t hi cknesses and materi al s..of e layers are ,10A. of ¢ er fqor.the |ayer
205 Ton o AARRERERER. kot ersphd AP Hated 19shodtotihE kabon (s fofurbns
first free kL ' : A 2222,
23A of co peré’sfyﬁ %’gagkgg\g?é’?&‘?%ke?f%%&s%ﬁ%ﬁggﬁy |1t§ gﬁﬁ]g, ?)rﬁ*?ﬁ}a&lsi ngl e
pi nned | ayer wiieh isig®Ahesensen. aklierspin vedveysenss @00 dn Fighé2 svefeired to imtheatt ¢

pi nning layer 202, 20A of cobalt iron_ 25 for the fjrst AP pinned, |ayer
D10, 8oA of PREHERIH YOt SRRt gaF dieF dpveE ot 16 dg decaisBestoses jo B
cobalt iron ﬁ@gtrégaega?qgﬁmﬁﬁﬁn%ﬂfg%gcdnaygdg%f,gay@pylg_wl of tantalumfor the
cap layer 214. Exenplary pinning of the nmagneti'c nonents 226 and 228 oft he

singl e pinned | ayeshopBlbewndlerstawdithatsin aAppipalrantiparalia) ginred Gpineeabecsenser y ar e

di ted intg t 30, wi.th . [ { f d AP
i nett | ayer 5ot PERRS daven Sttt 2qis RERED Mtk BecRsh Al pe 1965 D 1 h
this arr angepRafadifie dResaBerCldydrets. | WiththeYes2dP BRLAMM HeUDD pldndi lapgt ed

fromleft to right which will cause the conductive |ayers below t he” second
AP pi nned | afi@ictores2Qispremptale lenatedewithirespaet i 18 dpader lapiar 2h6 osthet thehe

I nni ft j . : ' d | f
Phe sensor . iipetBAELE ARG Giifh LYHCARERATA. Kool Mm@ Bl O o
pi nned | ayer db mattdegpide e mbghetotdsistivé coétticient 8r/R N$fOthk hpirs QAIFE'sensbiGsSpi N

val ve sensor 200 in Fig. 12 is referred to_in the art as a top spin valve
sensor si ncedispissed diereinapaye. s tlf (should cbep noted.s hpwever.cthat [thss AP pined dayer r st

read gapj4 ayghycfdret I e.
understood that 1n égﬁ{gr%ﬁgg{"ﬁgﬁﬁggéaaf%@ﬁgﬂ %?%ﬁe%‘gg?&g\% érﬁi&%ﬁ@m&g& Fhe AP
pi nned | ayer hat beant mpeed@6thissreimealoeatios. t The AP pinnal lapdr pruonee stilhhas a210
10 i nterfaci n%?r]t he sgéacer. I}gger 216.. Wth the present. i nvention the AP

pi nned | ayer V&Y Q¥ R SregpeHq wopeptoviich Proseoiesd st antdapaeagnetc eonpli@gacer
llayer 216 sofitigabetivBén the pinning layer 202 and the AP pinned layer structure 206. In a-

preferred embodiment the sum of the thicknesses of the single pinned layer 204 and

20  the first AP pinned layer 210 are greater than the thickness of the second AP pinned
layer 212. If all the layers are cobalt iron, the sum of the magnetic thicknesses of the
single pinned layer 204 and the first AP pinned layer 210 are greater than the
magnetic thickness of the second AP pinned layer 212. A preferred difference in the
sum of the thicknesses of the single pinned layer 204 and the first AP pinned layer

25 210 as compared to the second AP pinned layer 212 is in a range from 3A to 10A.
This provides a net magnetic moment of the single pinned layer 204, the first AP
pinned layer 210 and the second AP pinned layer 212 which is small so as to enhance
the exchange coupling field between the pinning layer 202 and each bf the single
pinned layer 204 and the first AP pinned layer 210.

30
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rut heni um of SJpeogemippal l'el coupling | ager 208 and the second AP pi nned

layer 212 do not degrade the magnetoresistive coefficient dr/R of the
spin val ve sensor as discussed herei nabove. It should be noted, however,
that the AP pi nneigalBeis ai ABS fllustatios of lsédon@émbbdiﬁﬁnﬁdfﬁhdp‘ésdheﬁw&ﬁt&iﬁ i ty
for the spin val ve sensor_even though it has been npved to this renote
| ocation. Th&VDRERIpia,pRIA ValKpetensar 300t iglecated betwaens the ﬁr@bp@d sesanéh deadngapnet i ¢

Tt e B 8597451 TAOG AT SEEOTIANG! KR ol B Shieen
preferred enbtadrermxﬁortsime shenfreaflageh striidnine 06 dsksated clobee t6 thegeeondirsateghpl ayer

204 and 2 e fi %st AP pipned | ayer 210 are greater than the thi ckness of
t he secon A Y5 R Lo é%fegs@f@gqpfla%ﬁrlmt H‘é‘eISBWé’lak"cé?ré‘%%%Wt igrlgris thene sum

of the magnet Bﬂ”elg} rst
AP pinned | afgfrﬁe%? e ‘aﬁ%@‘?&t grllé%: ehfe%cﬂp@g ?@ﬁ‘ﬁegg”?@ €£[%ﬁ:l‘gésrlecond
AP pi nned | ayetwezhzhe é’eeﬂr]ejfeeaﬁ-edndhhéfcep myeﬁﬂmafehever&dﬁ’m tHeirt difert witle Rizesses

of the single |nne Iayer 204 and the first AP pinned ]| ayer 25 210 as
conpared to t eGSR 200 bed% Focﬁtfé dilf§°ti)’n01hﬂ$ sergelayer gt aa &h@WIIOA

et AP S?E’%é’}é\ ai/%&g%% BB hvef g 1 B e b AR S op i oo

smal | solfis ﬂweeﬁlﬁrasehowmmlégclnange coupling field between the pi nnl ng

| ayer 202 and each of the single pinned |ayer 204 and the first AP pinned
| ayer 210. 30 SJ. (0920000101 USI 12 Fig. 13 is an ABS illustration of a
second enbodi nent of the present mvengslcgghtﬂymerel n a spin valve sensor 300
is located between the first and second read gap |ayers 76 and 78. The

spi n val ve sensor It38hoild Henumdersteodt ﬂmahet thiskresdest andnmaterials Maﬂwelagamsor

i the f t t 206 at ed .cl th d
S ayer 76t REPDHT REIAOPLS o SXFRRY, i DIFGSTORr bty trom, 5 CvbmsE 300
in Fig. 18 iprdféifed fHoKa? irdf id Nﬁgﬁ?} dhd\Rd ﬂ&féﬁﬂ%%lngﬁ%é@afésg is %,I\’Frﬁs& et the

| ayers of .the spin valve sensor between the sSeed | ayer 224 an e cap
| ayer 214 ar heuwd e g@derstmd et eobaitd€io) wiay thet substityed yﬁorm@bdt frasy éeoEft)mmdt ure

rather than Tt ol BFR el Bl R B Be 5t ol P Pe Ty B e cced

10 | ayer 224nicksl aimgmelsél (Fian) b2.iridium manganese (XMn). It should further be
understood that the present invention includes the method of making of the spin valve
20  sensors 200 and 300 shown in Figs. 12 and 13.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

25  specification and accompanying drawings.

I claim:

30



Di scussi on $109stmuioalu$le understood t hat13t he t hi cknesses and nmaterials of

the layers described hereinabove are exenpl ary. The preferred cobalk 'on

is CogOFel O, the 15 preferred nickel ‘iron is N 53Fel7 and £td- ALt \
pl ati num manganese is Pt$oWvn50. It s@pAalMSbe under st ood théw“’"'gonal m (Oo
may be substituted for cobalt iron (CoFe) and _that other ant F\‘xfxelr‘r‘o_, gaet i C
material s may be bsed Agnagnstic psad headgvhigh has ag ainpeadng sk kel— 'ﬂ‘ﬁﬂ rive '
(Ni Mh) or !:od érv;%ﬁ%nganese (Irvh). It shoul d further be nd _g?.m
t he present FAv n includes the nmethod of making of the spifivalve 20
sensors 200 and 32@piahaive seidofinghding? and 13 CI early, other enbodi nents

and nodifications of this invention wll readi, IXI to those of
ordinary 3kill in the aferomagpetspipped tlﬁ& (?HP?‘%@“C oFEtefore, this

|nvention is to be |im %&@g@;@%u&%ﬁg&g&aqw@&uctWa'tﬁa HaSgle all

such enbodi nents and n-conjunction wth t
above 25 speci fi gaghait maideracconpanyi ng drawings. | claim 30 SJO920000 ]

01 US] 13 CLAIMS ~~ Cyi S ~, ~4ti 1, A nagnetic_read head whi as an air

'

bearing surf rv:-~ p7aKa1e(ﬂn§fen@m@gnet1°eRmn@gsbwr Ipghigd betyiesy an &P( HORG: 5 a
ferromagnetic pin h rq’gﬁg oopE [FalunsTatalc A w
antiparallel (AP) Qpl rlme Fa&e&%’?ﬁﬁnﬁr ﬁatg?cthas asﬁgfﬁlé%ggnet I C erritt())ment

an anti f B0 r omagnepinning dirdctignd aiyfhe rhagnaﬁemdnﬁmmémeapldn@ktayangei theaepl ed to
each of the p|nned Iayer and n d | ayer structure for 10 pinning
directions of the™?gBFHEL R Syer and the net rmagnetic

nmonent of the AP pi nnegﬁlegyag,grs?,tu&&?é,ldﬁ&

a nonmagpnetic conductive spacer layer located betweén the free layer

structure and the pinned layer.
15
2. A magnetic read head as claimed in claim 1 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.

3. A magnetic read head as claimed in claim 2 wherein the AP pinned
25  layer structure includes:
ferromagnetic first and second antiparallel (AP) pinned layers with the first
AP pinned layer interfacing the pinning layer and the second AP pinned layer;
an antiparallel (AP) coupling layer located between and interfacing the first
and second AP pinned layers; and

30 the first AP pinned layer interfacing the pinning layer.
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a free | ayersioeeeowsesl and a nonmagnetig} conducti ve spacer |ayer |ocated
between the free layer structure and the pinned layer. 15 2. A nagnetic
read head as clainmed in claim1 including: nonmagnetic nonconductive first
and second read gd4p | apemagnetibecadiliend usibiineddn stimiSewhereinotha metimbgrieiveen t he

first and second re g . layers; 20 ferromagnetic fir and ,second .shield
| ayers; and PREept ?g’?‘eaﬂgp’é’éﬁ% e hag ‘B%“Wby’g%" l%ﬁtﬁﬁrﬁ%l:%‘éenﬁ@f’ﬁé’én t he
first and Se&g%%‘wAﬁbﬁehﬁyﬁﬁéB@ﬁay gegnetic read head as clained in

claim2 wherein the pi nne r-structure includes: ferromagnetic
first and second antiparallel (AP) pinned |layers with the first AP pinned

I ayer interfacing_the pinning | ayer and the secqond AP pinned | ayer; an

antiparal¥el (AP)Scoup '%@Wg?@agﬁ@sé@@éqmmaﬁﬂmuﬁi@faci ng the first

and second AP pin ' ' i q)qim{ ' ci ng

the pinning | ayer ?&&dgggg%ﬁg}eﬁ%ﬁﬁ%{%ﬁé@@t‘?@ reae A éaéédﬂ%‘gﬁéc ai med

in clai m3 wmagmsstic théreemtet magneti ¢ nonent of the AP pinned | ayer has a
2

direction which is antiparallel  to a direction of, the etic._nmpnent of .
the pinned | ayer. 8548 ofﬁﬁmge%qccmp@aatsw 2o IR Jgyercmd; e dirsti AR pinmed

including: epglh lSéfinnaé g%g%t&i 98 fhe nPbREH ARGMbRL e selord P Eﬁxﬁngdr‘rggép pi nned

| ayers having a I'c nonment;” a sum of the -magneti| ts of the
pi hned | #er and the first AP pinned |ayer being greater than the nagnetic

monent of the second AP pinned | r., 10 .6. A .magnetic ,read head as cl ai ned
e o1 5 e o B 1 o Pagia et Bid, Sorbims 8 iigs 5 whesap e fiee 38vef oo
gap layer thgpchiie iS@6RPE thefirkt 3R gaf Yt than the second read gap layer.

7. A magnetic read head as claimed in claim 5 wherein the free layer
15  structure is closer to the second read gap layer than the first read gap layer.

8. A magnetic head assembly having an air bearing surface (ABS),
comprising: '
2 write head including;
20 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;
an insulation stack with at least one coil layer emBedded therein
25 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:
30 a spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

[
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7. A magneti gygeasbolgesh as clained in clggmb5 whereiri the free | ayer 15
structure is closer to the second read gap |ayer than the first read gap
layer. 8. A magnetic head assenbly having an air bearing surface (ABY),
conprising: a wite hegg incyaidé %so@&lﬁffo‘bﬂ’tgﬁggﬁ\tebﬁtﬁe' fisst aﬁ’d“%c%ﬁ&%h‘é pol e
pi ece |layers that have a yoke -portion 1ocated between a pole tip portion
and a back gap pogap layersa nonmagnetic wite gap | ayer |ocated between the
pole tip portions of e first pi ece layers; an insulation
stack with at |east on@??fm"?agns rséﬁ’b‘gggaé{a‘ptaﬂ rein 25 |l ocated between the
yoke portions of the fifestirsPath SB661EaPRiv6rsNe qoé@y@ﬁawee@mé filkestlislast and
second pol e piece |ayers being connected at th k gap portions; and
read headSi ncl udi hayer 8@ the fipsit pole plece layemand ; nonrragnet i ¢ nonconductive
first and second read. | ayers SJ™2000010J US1 15 the spin valve
sensor bei ng | ocat¥EdP H&‘ﬁ)@éﬁxf%éﬂcﬁqd}%ﬂ and second read gap layers; a
ferromagnetic first Shh?érfbn‘la'@i@ﬁo plﬂﬁgj 15§ré?tﬁa'th§staﬁ ?,eggﬁ%qlengap | ayers being
| ocat ed between the first shield " 5 |layer and I rst pol e piece |ayer;
and the spin val ve sensderémagnatic a@lpamllﬁbfAijagmﬁdtlayﬁrptmctam thatyles & beit has
a magnetic nonent; a fterroma netic antiparallel (AP) pinned |ayer structure
t hat has a net M ENt ; 10 an antiferromagnetic pinning | ayer
| ocated petween and ex 5119%ﬁ&no&&g@étﬁdpﬁﬁu@arabemochﬁe BitBad ahd@Yeichaipd t he
or

AP pinned | ayer structure
coupled to each of the pinned layer and the AP pinned layer structure for

pinning directions of the magnetic moment of the pinned layer and the net

magnetic moment of the AP pim_led layer structure;

a free layer structure; and
15 a noninagneﬁc conductive spacer layer located between the free layer
structure and the pinned layer.
9. A magnetic head assembly as claimed in claim 8 including:

a ferromagnetic second shield layer;
20 a nonmagnetic isolation layer located between the second shield layer and the

first pole piece layer.

10. A magnetic head assembly as claimed in claim 8 wherein the AP pinned
layer structure includes:
25 ferromagnetic first and secongl antiparallel (AP) pinned layers with the first
AP pinned layer interfacing the pinning layer and the second AP pinned layer; '
an antiparallel (AP) coupling layer located between and interfacing the first
and second AP pinned layers; and
the first AP pinned layer interfacing the pinning layer.

R



pi nni ng di r ecY'PEHLOYPIYSEe magnetic nonent!éof the pinned layer and the net
magneti c nonment of the AP pinned | ayer structure; a free |ayer structure;
and 15 a nonrragneti&c cogductlve spacer | ayer |ocated between the free |ayer

structure and the ‘pirnne hgad assemphees elaaetim gl Oywhereiny the st i n
clai m 8 incl ydih@iic Rorh&h 'PTRIRS! 1ﬁne'°deﬁoé}gl1a§rh' 3}' tx}) YiHich #O @Qﬁﬂg‘a@st ngti.c

I sol ation | ayer | ocated between t e secC shi e ayer an pol e
pi ece layer. digction ofife etagoetivencines of thel ppursed layeni med in cl ai m 8 wherein the
AP pinned. | ayer structure includes: 25 ferromagnetic first and second

antiparallel (AP) pinned layers with the first AP pinned |ayer interfacing

the pinnisg |ayer gnd thembgieRhedlasliing ds bakRLd in i1l iRGidhg! o (AP)

coupling |ayer |ocated between and interfacing the first econd AP

pi nned | ayers; ancﬁaphl@fﬂlerlsnnedﬁawrrmédhfb ﬁymand necend AR pned daypisrimving 4 ayer .
11111111111111 Ilé 11111 11 1111 * CL S SJ0920000] O UsSI 16 11. A
magneti c head 3¢ %B}())lpeg clainmed in claim 10 wherein the net nagnetic

monent of the AP pi sanedf kiay@sededs noninke6f thepimdel Qhvel %n@@ﬂd BAt Al ShndP 2
direction of the nmagnetic nonent of the pinned | ayer. 12. A magnetic head

assembly as dméﬁrmgugfﬁaéqrmﬂlqmamlgmqm@meﬁ@nswpndHé’mnmdelaydrayer and the
first andgsecond AP pinned |ayérs having a nmagnetic nonent; a sum of the
magneti c nonents of the pinned | ayer and the first AP pi nned | ayer being

greater than the ernetAQanmiﬂﬂleﬁ adsbabResonaimdl ipidMifdld amerein 2 feb A
magneti c hea assenbl ' in claim12 wherein the free |ayer

as cla
structure is'® 6655?""‘\'%1 %@S‘aﬂolr'gg%%a‘a‘d@ébquﬁy@ﬁnﬂﬁéﬁ%@é@%&%‘lﬂyﬁead gap

| ayer.

14. A magnetic head assembly as claimed in claim 12 wherein the free

15 layer structure is closer to the second read gap layer than the first read gap layer.

15. A magnetic disk drive including at least one magnetic head assembly
that has an a write head, a read head and an air bearing surface (ABS) comprising:
. the write head including:
20 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;
an insulation stack with at least one coil layer embedded therein
25 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:
30 a spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;
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14. A nmagnet sxoRemdicassSenbly as clainmed im claim. 12 wherein the free 15
layer structure is closer to the second read gap |ayer than the first read
gap layer. 15. A magnetic disk drive including at |east one nagnetic head
assenbly that has an thewspihevdheasensar being loeatell dbtvean therfilseaniing surface
(ABS) conprising: the wite head including: 20 ferromagnetic first and

second pol e pi eceSRPLFedEARIaYfSve a yoke portion |ocated between a pol e

ti'p portion and a backagé{bn%gﬁcoﬁ}ﬁsqf @&g&g%ic w.ite gap |ayer |ocated
bet ween the pole tip portions of thelé?i rst and second pol e piece |ayers;

an insul ation stack w the fast srdastomdinead giyl layeary being dbatedchbtwémrthen 25

| ocat ed between the. ya ortiopns of the.first and second pole piece
| ayers; ind t he _fhlrsrtgl'luiélgdgyeg@&cg{ﬂaaﬁﬁ%pgﬂmxeé:géayp&% s being connected at
their back gap peHelspRiWalveaRfsor iRIddpge head including: 30 a spin valve
sensor; nonmagnetic nonconductive first and second read gap | ayers;

11111111111111111111114 ferromagngicsioeddacothat hisia magnetiemopient;val ve sensor

bei I ted bet t first. . I ;
Forramagnet i f1rat ohharigpesd At eE Ot il 1 R 0l Py 20t ayer
bei ng | ocated bet whghetichBoméntf i rst shield layer and the first pole piece

| ayer; and the spin valve sensor including: a ferromagnetic pinned |ayer
that hasl® nagnetic no#ermotiferomagnatienpinamgclagert logated| hetweepapd exeliasge | ayer

structure that haso@inele oRANSHE Gl o B0 A blbed I8RPYRGKLE AN N9

| ayer | ocated between and ex
pinning directions of the magnetic moment of the pinned layer and the net

magnetic moment of the AP pinned layer structure;
- a free layer structure; and
15 a nonmagnetic conductive spacer layer located between the free layer
structure and the pinned layer; |
a housing;
a magnetic disk rotatably supported in the housing;
a support mounted in the housing for supporting the magnetic head assembly
20  with said ABS facing the magnetic disk so that the magnetic head assembly is in a
transducing relationship with the magnetic disk;
a spindle motor for rotating the magnetic disk;
an actuator positioning means connected to the support for moving the
magnetic head assembly to mulfiple positions with respect to said magnetic disk; and
25 a processor connected to the magnetic head assembly, to the spindle motor
and to the 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.
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coupled to esa{gﬂm(g?mpﬂéslpi nned | ayer and 18he AP pi nned | ayer structure for
‘pinning directions of the magnetic nonent of the pinned | ayer and the net
magneti c nonment of .t he, AP pi.nn | ayer structure; free | ayer structure,
and 15 a nonrragne{@c c%mg?ti‘"v‘gg%ﬁ"é%‘é“aé‘}?‘%‘fmlci%g’tgdnﬁ@g\%en the free |ayer
structure and the, RiLRRRENdRYECEndENARMIRIHY; a magnetic di sk rotatably
supported in the housing; a support nounted in the housing for supporting

t he magneti c heack noweagneyc isplation layeslacaedBsweeacihngetond shistfhlay¢rcandith so

t hat the rra%%iq head, assenbly is in a transducing relationship with the
magnetic di SESROIE BII8 ot or for rotating the magnetic disk; an actuator
posi tionisng nmeans connected to the support for noving the magnetic head
assenbly to nultiple positions with respect to said magnetic disk; and 25
a processor conneﬁ'l-ed Aonagnetiodigh dlrive ah elaimedsinaigimyl5 whereineths githginsedot or
and to the a]T%t uat or, for eéchangi ng signals with the nagnetic head assenbly,
for control ?’?{J{rﬁﬁt\lfﬁeﬁgﬂfl Bt the magnetic disk and for controlling the
position of the ﬁﬁﬁﬂﬁ%ﬁ&ie%@ﬁmﬁﬁ%ﬁiﬂ ntipaghlié] (APYlginAdd laybrds|viikH Helfif |1 C
L SJ0920000101UsSlI 18 6. A magnetic disk drive as clainmed in claim15

: ncl ud: ng: %Pgaérmeémmmr@cmmnsing&yar mmsecandnbﬁrp?gmtlmr;i sol ati on
t t . Jrst .
ayer . 807w nedhatireRel BN R i, R B ihERARENR FiEL

pi nned | ayeindskecoiit AP pinned layetesandf er r omagnetic first and second

antiparallel (AP) pinned |ayers with the first
ntp ( )thg Iﬁrst/ﬂ’ pinfied layevrvI interfacing tﬁuls pinning Jayer.

18. A magnetic disk drive as claimed in claim 17 wherein the net
15  magnetic moment of the AP pinned layer has a direction which is antiparallel to a

direction of the magnetic moment of the pinned layer.

19. A magnetic disk drive as claimed in claim 18 including:

each of the pinned layer and the first and second AP pinned layers having a
20  magnetic moment;

a sum of the magnetic moments of the pinned layer and the first AP pinned

layer being greater than the magnetic moment of the second AP pinned layer.

20. A magnetic disk drive as claimed in claim 19 wherein the free layer

25 structure is closer to the first read gap layer than the second read gap layer.

21. A magnetic disk drive as claimed in claim 19 wherein the free layer

structure is closer to the second read gap layer than the first read gap layer.
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AP pi nned | aSPP92000010F ¥ ci ng- t he pinni ng ayer -and the second AP pi nned
| ayer; 10 an antiparallel (AP) coupling |ayer |ocated between and

i nterfaci ng the first and second AP pinned | ayers Vghngkhhe flr AP pi nned
| ayer interfaci ng24-heApmeHiod p1 raglang a]?BagnAtl?rﬁ‘?j’ﬁelle?é Eﬁ?’?/é“ P%l med
in claim1l7 ic nonent of the AP pinned | ayer has’
a direction %ﬁgﬁt‘?%égg?ﬁgg?}%éﬁe%%% direction of the magnetic moment of

the pinned | ayer.a#king aspgnelvecsedios kompiising the stebaofred in claim 18
i ncludi ng: each of the pinned_ | ayer and,the fi rtat and secopd AP pi nned
layers having a 20 nefpieinee frgrmagnets PawRd iyes @ D38 g MAEPeUCGIBARARts of t he

pinned | ayer and the f} ;ﬁ?ﬂ ﬁﬁ%iﬁ Retulke pFRgnet i c
nonent o?yt he second Xbﬁg}gﬁggﬁkﬁ e?t.lé %ﬁﬂ'maﬂﬁfagﬂz)gé ""K‘I‘IB’@% \ee as clai nmed
in claim19 \/\hereharsdx’fwnfagﬁmclmmnem 25 structure is closer to the first
read gap layer than the second re | ay netic, di drive as
clainmed in claim19 Wné“@i‘}ﬁ P%@F‘%@'@%l E P’é"f“lnﬁilﬂﬁr e€('i’l B%Fx?sl@“gﬁe
second read gap lé‘ﬁﬁﬂ t Lr q B thayegr nggd %é]@gmq% usl 19
22. A net hod of neéi {aa’a%igq%ttlhc pr%engg ﬁ%agﬁv\hqlc ls an beari ngr
surface (ABS), copipningidirgctibmes tsﬁthpsnzrgneticammiemhgf ﬂlesmnmd/hbfﬂemﬁethsmet
conpri si the steps of: form erro i nned | ayer that has a
magnet i cﬂﬁomant glagxgﬁnﬁlm@'ngxtpg%c H’é‘? rsi{r\’%é'gal l el (AP) pinned |ayer
structure that has a RehidFRORE lafer SRRGRAE; aI;‘dorm ng an antiferromagnetic

pi nning | ayer between and exchange coupled to each of the pinned |ayer and
the AP pinned | ayer stfqnmmgr@nﬁrmnagnmmndgctmerse@qer tayer batweencthendiga dayiee
monment of the pi n éﬂé and th net 10 magnetic nonment of the AP pinned

| ayer structure; lpgg‘e?l 85’ structure; and form ng a nonmagneti.c
conducti ve spacer Iayer bet ween the free | ayer

15 23. A method as claimed in claim 22 including the steps of:
forming nonmagnetic nonconductive first and second read gap layers with the
spin valve sensor located between the first and second read gap layers; and
forming ferromagnetic first and second shield layers with the first and second
read gap layers located between the first and second shield layers.
20
24. A method as claimed in claim 23 including the steps of:
forming ferromagnetic first and second antiparallel (AP) pinned layers with
the first AP pinned layer interfacing the pinning layer: and
an antiparallel (AP) coupling layer located between and interfacing the first
25  and second AP pinned layers.

25. A method as claimed in claim 24 wherein the AP pinned layer
structure is formed with its net magnetic moment directed antiparalle] to the magnetic

moment of the pinned layer.
30
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structure and>OTRYPYAHEY 1 ayer. 15 23. A2fethod as claimed in claim22
I ncl udi ng the steps of: form ng nonmagneti ¢ nonconductive first and second

read gap | ayers w th spih val.ve sensor_J.ocated between the first and
second read gap | rs;Xﬂﬂl?qd&S@%eq@rcﬂﬁ E?IP@ngrhesqtepa#a second shield

| ayers with the fi : : gohd! ' first
and second shield ﬁo%ggycgg?%ym&ﬁﬁggﬁod gsﬁ%%ﬁ%g%%&glgﬁk%ail%ﬁudi ng
the steps of with@mapnkte nomeghehee 4 suns bf drdnagpetinthoarhispeithd pmned Rpyr
pinned layers with_the first AP pinned |ayer interfacing t pi Nni

ayor - and arPHikE? SEALY Biroeher B AL e maRiie Bemgs: oldbn St AP
interfacing thgnddhedy, 25 and second AP pinned layers. 25. A nethod as

clainmed in cl'aim 24 wherein the AP pinned |ayer structure is formed with
its net magnetic nmonment directed antiparallel to the nagnetic nonent of

t he pinned | ayer. ot e SJ 0000101 US I. 20 26. A pethod
as claimed in cl i B 25 At aﬁcllew& weﬂalax%ﬂgmméweé%lw FRETES fhed
layer and t hefohhEstlofh % SRR GedlzaP1ARPthah MeQeSond Wedd'bap 1RANEL | C MOMENT
where a sum of the magnetic nonments of the. pinned | aye and the first AP

pi nned | ayer is greater than the magnetic nonent of the second AP 5 pinned
I . 27 A nmeth ¢l ai in.clai.m 26 in.t I truct
/T or mo® ol oser 4t Ho TR 25 BaPeR Telpert rRER (e LEhYT YOG
layer. 10 28.fofinéEs1oRs tdthe Sb@dndBéhdigap tyet thur’ e @ k&IdbapMef.r €€ | ayer

structure is fornmed closer to the second read gap | ayer 'than the first
read gap |ayer. 29. A nethod of maki ng nagneti c head assenbly that has an

air bearing surfage (ABShs GOl habiic SR Sssllbly Bal B B9a7 ol Nead
i ncluding the stepsS of:
surface (ABS), comprising the steps of:
15 makihg a write head including the steps of:

_ forming ferromagnetic first and second pole piece.layers in pole tip,
yoke and back gap regions wherein the yoke region is located between the
pole tip and Back gap regions;

forming a nonmagnetic nonconductive write gap layer between the
20 first and second pole piece layers in the pole tip region;
forming an insulation stack with at least one coil layer embedded
therein between the first and second pofe piece layers in the yoke region; and
connecting the first and pole piece layers at said back gap region; and
making a read head including the steps of:
25 forming nonmagnetic nonconductive first and second read gap layers;
forming a spin valve sensor between the first and second read
gap layers; |
forming the first and second read gap layers between the first
shield layer and the first pole piece layer; and
30 a making of the spin valve sensor comprising the steps of*

forming a ferromagnetic pihned layer that has a magnetic moment;

I
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form ng ferr§1’ﬁ§ﬁ@10i'auﬁl rst and second pzll e piece .layers in pole tip,

yoke and back.gap regi ons wherein the yoke region. is |ocated between the
pole tip and back gap regl ons; formng a non netic nonconductive wite
gap | ayer between the foming ﬁsfbrrem&gmb@emmamlleg(IbP)ap'mnbdaWcssm‘mchhdh@Iol e
tip region; formrﬁg an insulation stack with at [east one coil layer
embedded 't her ei n Bet RESPAERRAC POMERS and second pol e piece layers in the
yoke region; and conneghiing ahNhtidrfont gﬁaﬂ: Eﬁhﬁlgm@aeb&@é@ﬁ%nate@ﬁa@eback
gap region; and nmakin dg a read head including the Steps of formng
nonmagnet i ¢ noncordiped e edchr of tharpinedcleyet andatie g'slp pﬁrmpdrlayer shmcmrmﬁpra spin
val ve sengor between.th I.r St second read for

first and second pg}ggl%glﬁecpg%pgﬁxg ﬁcgrppénqqt%g%l ﬁlpﬁ‘f&ayﬁﬁﬁ’r@ @%nﬂett he
first pole piece haggaétic AoEedOf the K pRdePlaydi@uéiie? Val ve sensor conprising
the steps of: form ng a ferrom netlc pi nned l'ayer that has a magnetic
noment; lilt 111 C SJOf@odma fige spuctprgt aidg a ferromagnetic anti par aI | el

(ATE) pinned | ayer str e nent ;

ant i ferromagnet i pi nniiptisy b TherdiSethaiGhe BHER b BRTRPL I 00 O

the pinned | ayer sisttire@nd\thepimieddayeayer structure for 5 pinning
directions of the magnetic nonent of the pinned |ayer and the net nagnetic
monent o}l t he AP pinned | ayer structure; formng a free |ayer structure;
and form ng a nongggne . et the free | ayer
structure and theggl nn}é%ﬁgo@e%g%ﬁﬁ&gﬂsc?%ﬁﬁgtlhgéﬁé B%: S\éﬁﬁg in claim?29

i ncl udi ng the st efismidg a fefromapngicaedond shiskidawgdrj ahdsecond shiel d | ayer; and

forming a nonmagnetic isolation layer between the second shield layer and the

first pole piece layer.
15
31. A method as claimed in claim 29 including the steps of:
forming ferromagnetic first and second antiparallel (AP) pinned layers with
the first AP pinned layer interfacing the pinning layer: and
forming an antiparallel (AP) coupling layer between and interfacing the first
20  and second AP pinned layers.

32. A method as cldimed in claim 31 wherein the AP pinned layer structure
is formed with its net magnetic moment directed antiparallel to the magnetic moment
of the pinned layer.

25

33. A method as claimed in claim 32 including the step of:

forming each of the pirned layer and the first and second AP pinned layers
with a magnetic moment where a sum of the magnetic moments of the pinned layer
and the first AP pinned layer is greater than the magnetic moment of the second AP

30  pinned layer.
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forming a norf@3H0RI81¥Yol ati on | ayer betdBeen the second shield |ayer and
the first pole piece layer. 15 31. A nethod as clainmed in claim?29

including the steps of: formng ferromagnetic first and second antiparallel
(AP) pinned | ayer s34ui t MA method py clainasd ini elaia 38 anherein hee fibe dayer stridurgiisni ng

| ayer: and f ] iRarallel (AP) .couplin ayer hetween and

i nterfacing 9%5“@?9?%“%2Bwﬁﬁﬁhgﬁﬁ%wdwﬁéﬂgpﬁﬁaﬁWﬁgbg%fga 3YTA et hod as
claimed in claim31l wherein the AP pinned | ayer structure is fornmed with
its net magnetic nmpment directed antiparallel to the magnetic nonment of
the pinned layer. 35 34 methediassdeimed dn slaimd33 wherein the3fred typustiueguretie st ep
of formng e i I r.and t irst. and second AP pi nned

| ayers vvigt hafgﬁnngég%%%?éghn%%gn nd} a?r‘%a%é%seﬂﬁﬁ%%%et et rﬁ%‘g%a@tel%ermnent s of the
pinned | ayer and the first AP pinned |ayer is greater than the nagnetic
nonent of the second AP 30 pinned layer. 1~rrlr~1~ L SJ020000I 01US1 22
34. A nethod as clained in claim33 wherein the free |layer structure is
formed closer to the first read gap | ayer than the second read gap | ayer.
35. A nethod as clainmed in claim33 wherein the free | ayer structure is 5
formed closer to the second read gap |layer than the first read gap |ayer.
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