1 R H GH CCERCI VI TY MULTI FI LM HARD MAGNETI C LAYER FOR
'\NK@NETICALLY STABI LI'ZI NG A SPIN VALVE SENSOR

BACKGROUND OF THE. | NVENTI ON - 1. Field of the Invention The
present invention relates to a high coercivity multifilmhard magnetic

| ayer for magnetically stabilizing a spin valve sensor and nore
particularly to a high coercivity nmultifilm hard nagneti.c | ayer at each

si de edge of a spin valve sensor wherein the sensor has a nickel oxide
antiferromagnetic pinning layer for pinning a pinned | ayer of the sensor.

2. Description of the Related Art  -I- A spin val ve sensor is enployed
by a read head for sensing magnetic fields on a noving nmagnetic nedi um
such as a rotating magnetic disk. The sensor includes a nonmagnetic

el ectrically cHIGHOOERCIVETY BACHFILM/HARIEMAGREEIC BANKRFOR
ferromagneti c pi NNEAGREEICAULYSTABNIZEIG A SPIN VAR VERSSENSORN
antiferromagnetic pinning |layer interfaces the pinned |ayer for pinning the
magneti ¢ nonent of the pinned | ayer 90[err] to an airbearing surface (ABS)
which is an exposed surface of the sensor.that faces the magnetic nmedi um

‘First and second | eads ar t @Ne sensor for
conducting a sense curren?%ﬁgrgﬁrougﬁf e magnet1c nonent of the free
| ayer is free tolot atﬁ‘kldofqmintanmenand negative directions from a zero

bi as point positi n |n respanse W ne c fle|dS
froma noving ma 18“1 tgstggr ciogrs?mkg ?@}rﬁlagdﬁg% i on of -

t he magneti cfofmmtlcalify stabitizifig @spih eqhtememioemdhﬂme pammlnﬂylt@a lugh eoemm@s cent
state, nanel he e se co duct thro sensor .

wi t hout any tlxllg ‘%gf L# gﬁgeﬂgg 4% sﬁ’&%&% & SHEY. The
magneti ¢ normasta macepbﬁ‘deaﬁﬁbmmegnaud pinning IAyhefoﬁlis&nmgahanamaﬁcoe_me stat'e of
the sensor. |f the nmagnetic nonment of the free layer is not substantially
parallel to ¥R®"ABS in the quiescent state, there will be read signal

asynmet ry upon tle oc@eseriptivn ofthgRelated vt and negative magnetic field

| neursions from 6}\ gﬁg%gllvg gengérsig employed by a read head for sensing magnetic fields on

a moving magnetic medium, such as a rotating magnetic disk. The sensor includes a
nonmagnetic . electrically conductive first spacer layer sandwiched between a
ferromagnetic pinﬁed layer and a ferroiﬁag_netic free layer. An antiferromagnetic pinnihg
layer interfaces the pinned layer for pinning the magnetic moment of the pinned layer
90° to an air bearing surface (ABS) which 1san exposed surface of the sensor that faces
the magnetic medium. First and second lcads_are connected to the spin valve sensor for
conducting a sense current therethrough. The magnetic moment of the free layer is free
to rotate in positive and negative directions from a zero bias point bosiﬁon in response
to positive and negaﬁve magnetic fields from a moving magnetic medium. The zero bia..s.
position is the position of the magnetic morhent of the free layer when the sensor is in
a quiescent state, namely when the sense current is conducted through the sensor without
any magnetic field incursions from a rotating magnetic disk. The magnetic moment is
preferably paralle] to the ABS in the quiescent state of the sensor. If the magnetic
moment of the free layer is not substantially parallel fo the ABS in the quiescent state,
there will be read signal asymmetry upon the occurrence of positive and negative |

magnetic field incursions from a rotating disk.




2-" The thickness of.the spacer layer is chosen to be less than
.the nean free path of el ectrons conducted through the sensor. Wth this
arrangenent, a portion of the conduction electrons are scattered by the
interfaces of the spacer layer with the pinned and free | ayers. Wen the
magneti c nonents of the pinnéd and free |layers are parallel with respect to
one another scattering is mninml and when their nagnetic nonments are
antiparallel scattering is nmaxim zed. Changes in scattering changes the
resi stance of the spin val ve sensor as g%function of cos [err], where [err]
Is the angl e between the magnetic nmonmentS of the pinned and free layers. A
spin val ve sensor has a significantly higher magnetoresistive (M)
coefficient than an ani sotropic nagnetoresistive (AVR) sensor. For this

A

reason it is sonethathisknessafithespacenlayer inchpsenio belsnben fearesn froepationz)
sensor. electldh® dofdiicd BiduR tRPkdhsord! MAhS@RSAFanfhdm, d pertion b é&gggggd

si de edges that are generally perpendicular to the ABS. First an

hard bias anecrduetipnelsptrers aap foaderphitthe interfoes /f the spacer layrer Wittbepinaedle edges
of the sensoinq Fhfayeld Whéite RESRACmbRRAL bAHE bimELRE ek 14yBR aRGPaRAL UT T ent
through the sensor "and the first and second hard bias layers stabilize the
magnet i ¢ donwithzespdct toane eupthersegfieningds mijmaland whemtheis magrgtic mpmentsatmet i ¢
domai ns have bt 6ot RAPR biochdiith, Ehged in U0 Mol € réllskaifd i, OF t he
magneti c spi ﬁ@?ﬁe%lesl n. The magnetic dog%ai ns I nterface each‘ o%ﬁdef(r&%al ohg
domai n wal | sspihaelvasensonasefupctinnsificos Aewherr OHs the anglgibietwezn thegnagnesfion t he

occurrence o | (Gl | e gﬁg% | Shab R ¥Bni pon
removal of t gﬁlﬁaﬂg’%gﬁécﬁ?ﬂneggﬁlﬁgﬁﬁﬁﬁ ﬁo[rai nﬂ\?\/a\éﬁsg my¥%€%§?ﬁe¢‘0 their
ori gi nal posimagreteresigtiverNiReosHisicntthan an anisptopip magnetasesistive GhMRYsensarsi ng
magnetic inc ' g 5 ' [ Sk ; bR’ do not
re'? urn to thgl&fd’%gﬁaé&%gg% %0?%%@9% ﬁeg@ggﬂdsﬁ%agg\gﬁgn%@ﬁ%?gﬁmw%ﬁ c bias on
the free |ayer calbs layers ofithespipriatvezssysombarmyfirstindisaeand sidecedgasitbatdosrai n

wal I s nove dyrd %&% ' hi LADQs i ' ignal. The
first and seg%dr?ggw:e ?%{ggf%%%géasbpﬁm?gﬂhnggnet%é@ﬁagﬁﬁd %ﬁagﬁeeéé%sor t hat
stabilizes t h@mmmﬂm@mtsndﬁmmiﬁ@ée# efythe sempory [The Siest and sdggndolead/ ent i ng

Second nard- BYSE oadust teBeilBuRE R bl R hendor SEPUEHRY anblonb g b OTC
is a hard nadayessistabriize dhd mbgngtic Homaing off vaciows mpgretiy layes @ thesersor.vThy i s
T L L g
second magnetic spins therein. The magnetic domains interfac_e each other along domain walls

that are loosely positioned without stabilization. Upon the occurrence of a magnetic
incursioﬁ,me domain walls move and then upon removal of the magnetic incursion the
domain walls may not return to their original positions or may subsequently move when
the sensor is sensing magnetic incursions from the rotating disk. When the domain walls
do not return to their same positions this can impose a different magnetic bias on the free
layer causing read signal asymmetry. -Further, when the domain walls move during a
reading cycle this can impose noise in the signal. The first and second hard bias layers
apply a magnetic field on the sensor that stabilizes the domain walls of the free layer of
the sensor by preventing their movement. .

) A material typically employed for the first and second hard bias layers is cobalt
platinum chromium (CoPtCr). This material is a hard magnetic material with a high
coercivity. High coercivity is desirable for providing a ﬁéld for stabilizing the sensor as
well as for sfabilizing the first and second hard bias layers. Should the first and second



23-" hard bias layers be subjected to a ficeld that exceeds their
.coercivity the atom c spins of the hard bias |ayers .can switch their
positions to the direction of. the field. These fields can cone fromthe
wite field of the wite head or the rotating magnetic disk. It is the
conponents of these fields that are perpendicular to the ABS that are
especially troublesonme. There is a need for high coercivity hard bias

| ayers for enmerging spin valve read heads. : '
SUMVARY OF THE | NVENTI ON | have discovered that the coercivity of
cobalt platinumchromum (CoPtCr) is seﬁrously degraded in a bottom spin
val ve read head. In a bottom spin valve read head a nickel oxide (N O

| ayer is enployed for the antiferronmagnetic pinning |ayer. The nickel oxide

(NiO pinni rtgudbnysn)aymbe suqugtedamdﬁslééhaﬁ@cqsqistthmetcmw thsatemig snleygfnd t he

si de edges prtoly étgre@ﬁlﬂx tﬁm@d pd atinum
chrom um (Coqé?gl?bﬁg |as tzzgﬁers a)?;ggﬂ%ocate on the first and second

portions of caneomediosl thewiritefigldiofihe piritthaad of thy cotatinpmagneficedisla Itistni um

seedl ayer is X‘%ﬂi t r 0, ni ckel
oxide (NN O cfoa;IH)r g%g?\’dqﬁf HS‘?lgt &hp% ggdr]\ . %a@tg ‘g@%ﬁa(r?\{}?ﬁ c%’reéd%fyum
(CoPt Cr) hartoublesem¢. ZBhereds atwdménghacoermyltbhardhies kyersfor emergwg spimdalvobal t
~plati num chr&EAH CoPt Cr) hard bias layers is seriously degraded by the
presence of e nickel oxide (NiO pinning layer. | have found that for a
. 72 Afree layer and 135 A first and second cobalt platinum chrom um
(CoPtCr) hard bias |ayers o }]Sﬁuélf!h ﬂfﬁﬁﬁ?ﬁi\n‘iﬁg' ayers the coercivity
of the first and second cob§ pla |£r?§?c rom um PtCr) hard bias |ayers
i s about 650 Ce. thb&swvnsddhwﬂwmmeiWQfm&pté&bmcmngmsCMés when the -
t hi cknesses ofe?neﬂfre naglg tto%['%nﬁ@ﬁvef ﬁlepﬁl%ﬂ}ereaﬁlbf:& num

chrom um (Co"'ﬁf:l |as aye s arere uce purposé o
i ncreasi ng taeickelrmedide (Nl@):layereadmp@ydbfos ﬂte;antlfenbimgtmpc pinngdg\leyer.eTble head.

For instance,. when. t f 5 A and
the thi ckness %Qof“n %ﬁld) eerglongg&{) nd% num c%ﬂgﬁeb ?(n;“%d'g
hard bi as | aside sd@sef ﬂmdpnedltemeﬁ@rAThmﬁfstamtsem ®baldpldtiifm fhrodaiumi um '
Iayer s the C&%P?ér\fharXb lagfedg.rquca oéﬁx%ﬁ%?and second portions of the nickel oxide

(NiO) pinning layer. Even when a chromium seedlayer is employed between the first

and second portions of the nickel oxide (NiO) layers and the first and second cobalt
platinum chromium (CoPtCr) hard bias layers the coercivity of the first and second
cobalt platinum chromium (CoPiCr) hard bias layers is seriously degraded by the
presence of the nickel oxide (NiO) pmmng layer. I have found that fora 72 A free layer
and 135 A first and second cobalt platinum chromium (CoPtCr) hard bias layers on 35
A chromiﬁm (Cr) seedlayers the coercivity of the first and second cobalt platinum
chromium (CoPtCr) hard bias layers is about 650 Oe. While this coercivity is acceptable
it gets worse when the thicknesses of the free layer and the first and second cobalt
platinum chromium (CoPtCr)'hard bias layers are reduced for the purpose of increasing
the linear track reading density of the spin valve read head. For instance, when the
thickness of the free layer is reduced to 45 A and the thickness of the first and second
cobalt platinum chromium (CoPtCr) hard bias layers are reduced to 75 A on ﬁrst and
second 35 A chromium layers the coercivity is reduced to 550 Oe.



- 4- | have discovered-.that by enploying a bilayer seedl ayer of
tantalum (Ta) and chromum (Cr) between the first and second cobal t
pl ati num chrom um (CoPt Cr) hard bias |layers and the first and second ni ckel
oxide (NNO |layer portions that the coercivity of the first and second -
cobalt platinumchrom um (GoPtCr) hard bias layers is significantly
i ncreased. For instance, for a 45 [err] free layer, 35 A tantalum (TA)
first and second seedl ayers on the first and second nickel (N O |I|ayer
portions, 35 A first and second chrom um | ayers on the first and second
tantalum (Ta) layers and 75 [err] first "and second cobalt plati num chrom um
(CoPtCr) hard bias layers on the first and second chromum (Cr) |ayers the
coercivity of the first and second cobalt Bl ati num chrom um (CoPt Cr) hard

A

bi as | ayers was i Adpeeditsgvered thabbsemplayipg g bilayer sqedlager of fantalum €Er)apdit | can
decrease the dhiinfiltt{EDHTetvibn H3lRst AREsHoaFdobaliMEtinint eHrorfatt @6PrcipiiRg ant i al Iy

Tl
the sanme coercivity for 75 A first and second cobalt platinum chrom um

(CoPt Cr) har Pigsilaystsiand the first and second micke}\pxide Q) laygeportigns that the coertivityess of
each of the sgodh I’ snd Secofl Ma&a@lﬁtﬁ‘{oﬁrﬁﬁ CRBfRinY i(CYPRY) Kad s ]a%'%rj[«; lfi§t and

second cobal t  plati num chrom um ( ard bias ]Jayers is s about

900 Ce. Si nceéignificantyingreasedy Forinsamrenfar 44bh e i, Ioa ity )ifisstiapdi cal | y
thi cker than sh@dseidlyddlontns fREMG se&&maﬁé@ﬁmeflaw ;row‘ré,%sgl\ aﬁ'rxlég%@ard bi as

| ayers reduces the stép between the sSensor and thé hard bia ead

| ayers. This speomdclmgmisinelsyernenthe Srsband sepond daniali €12 layprsand &% S dustgad | ayer
for protecti ngednlGobsl aﬁﬁﬁﬁcﬁraﬁmmér)pﬁh\m&naw@%%t&%%& aﬁ?g&%g?l ayer

and the | ead |ayers. e Invention s applicable to sinp tom spin
val ves and arfhrqsaine| (Co)layerythe premivty af ghet firsh and secondipapels platipyan sipopiummed | ayer

doscri bed i n CLCTHard i TR R St o O SRERR a0 Bl Tcall®
herein depgrassifhe dhickyesseshef patle seerlayern pud stilbachieye substantiallyibe Isage
For ot abi 11 218G b R AT aRpolin CSlalatn ool COPlC I bt AUBRRY U 01
Anot her obj ect is Iﬂl@"frﬁ%m thet wheadhetpiskeess hﬁQaCIppﬂhw@thghiS@.@é: thawthey of
EL Lo SRRSO A D o bR SB CoRONEL u5e 201
spi n val ve sdfsti} about 900 Oe. Since the first and second hard bias and lead layers is typically
thicker than the spin valve sensor, this reduced thickness of the hard bias layers reduces
the step between the sensor and the hard bias and lead layers. This reduced step ensures
better coverage of the second gap layer for protecting the read head from shorts between
the second shield layer and the lead layers. The invention is applicable to both simple’
bottom spin valves and antiparallel (AP) pinned bottom spin valves. The AP pinned
layer has a ruthenium (Ru) film between first and second cobalt (Co) films as described
in U.S. Patent 5,701,223 which is incorporated by reference herein.
An object of the present invention is to provide high coercivity hard bias layers
on nickel oxide (NiO) pinning layer portions for stabilizing the magnetic domains of a
bottom spin valve sensor. - . |
Anpther object is to provide seedlayers that promote high coercivity of spin valve
‘scnsor stabilizing cobalt (Co) based hard .magnetic bias layers that are located on nickel

oxide (NiO) pinning layer portions of a bottom spin valve sensor.



S5- A further object is to provide seedl ayers with a total e
.thickness of substantially 45 A for pronoting high coercivity of spin valve.:
sensor stabilizing cobalt (Co) based hard magnetic bias |ayers that are

| ocat ed on nickel oxide (Ni O pinning |ayer extension portions of a bottom
spin val ve sensor. Still another object is to provide m ninal

t hi ckness high coercivity hard bias |layers for stabilizing a bottom spin
val ve sensor. Q her objects and advantages of the invention wll
becone apparent upon reading the following description taken together wth
.the acconpanyi ng draw ngs. e BRI EF DESCRI PTI ON OF THE
DRAW NGS : Fig. 1 is a planar view of an exenplary magnetic disk
drive; Fig.. 2 is _an end view of a sljder taken.along plane 2-2 with
a magnetic head %MCTWJ?#G&EPWYI%WYWW@amﬂ‘é‘.“’k%“?%fs&ﬁs@“é%ﬁ on vi ew
of the magnepigg p%rﬁé’ﬁxﬁ%ﬁhﬁ:o%ﬁr‘i@ oPspiiVdtieNeisofl btakifizia g SobaR YOS ased RS are
enpl oyed; . Flg. Is an isonmetric illustration of an exenplary
suspensi on sagnetic bias layeppbiat 3 doopted oa mickel oxdriYiRY) RinIng layes gxtension Fig
5 is an ABS jdiipildralbbbm Rhinvike sdsgler taken al ong plane 5-5 of Fig. 2;
Fig. 6 is apartial elevation.view of the slider and nmagnetic head as seen
in plane 6-6 of FSty! another object is tqprgvide minimal fhigkness highawerpivify hord bipe s| i der
t aken al ong 10§ Eig read and wite el enents of the
magnetic hea%?ég?orztagﬂﬁﬁggagoéssﬁgv\a}il%g%ntkgﬁen al ong plane 8-8 of Fig. 6
with all materi al Othbrobiectsiand adypntages gfthe inventigewill become apparpptgporpreading,

th al | mater al Ot _ IS RURGIIDAGR
Fro 10 15 am R e e e B s el il S

val ve sensor with a 72 A thick nickel iron (Ni.Fe) free |ayer; Fi g.

11 is the sane as Fig. Mﬁcﬁﬁécﬂﬁﬁdﬁbﬁﬁmmﬁl iron (NiFe) free

| ayer is enpl oyed,
Fig. 1 is a planar view of an exemplary magnetic disk drive;

Fig. 2 is an end view of a slider taken along plane 2-2 with a magnetic head
shown in hidden lines;
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 system for
supporting the slider and magnetic head; .
Fig 5 is an ABS illustration of the slider taken along plane 5-5 of Fig. 2;
Fig. 6 is a partial elevation view of the slider and magnetic head as seen in plané
6-6 of Fig. 2; _ '
" Fig. 7is apartial ABS view of the slider taken along plane 7-7 of Fig. 6 to show
the read and write elements of the magnetic head; |
- Fig. 8 is a view taken along plane 8-8 of Fig. 6 with all material above the coil
layer removed; '
Fig. 9 is a schematic isometric illustration of the present spin valve read head;
Fig. 10 is an ABS illustration of one embodiment of a bottom simple spin valve
sensor with a 72 A thick nickel iron (NiFe) free layer;
' Fig. 11 is the same as Fig. 10 except a 35 A thick nickel iron (NiFe) free layer is
employed; |



-B- Fig. 12 is an ABS illustration of an antiparallel (AP) pi nned
bottom spin valve sensor with a 72 A nickel iron (N Fe) free |ayer,
Fig. 13 is the same as Fig. 12 except a 45 A thick nickel iron (N Fe) free

| ayer is enpl oyed, Fig. 14 is an ABS illustration of an anisotropic
magnet or esi stive (AMR) sensor with a hard bias filmand a seedl ayer ‘on a
first gap layer (4d); - Fig. 15 is an ABS illustration of a bottom

spin valve sensor with a 72 A thick nickel iron (NiFe) free,layer and hard
bi as | ayers and seedl ayers on pinni ng Iaggr ext ensi ons of nickel oxide

(N O; Fig. 16 is the same as Fig. 15 except a 45 A free layer is’
enpl oyed and the hard bias |ayer has been reduced in thickness; Fig.

17 is the sane as Fi g{ .16 excegt dual seed| ayers have been enp|loyed for the
hard bias |ayers; Fig 218atFAESﬂleu?@ntqﬂénefg}?ém&sl(#?gpmﬁd%@@%wet ot al

thi ckness of d.hayditla 725%embN fbs QiRS) MRAsyesi gni ficantly decreased wi thout
sacrificing coercivi Bg of the hard bias |a Figs. 18A-18E

1Ly, ! rs;. and . . ¢
are el evation vi efg.dB isthesamerasig W’GW‘P&%Z\‘E“*B“’%H@? (MYFe) fcedpyenisyal ve
sensor with fdgsbyeand second hard bias layers and seedl ayers connected
t hereto. ) _DESCRI PTI ON OF THE PREFERRED EMBODI MENT
Magnet i c' Di sk Dri Vg 14 is an ABS@pstratipn of aARiseoRin wagheiarpsitiye (WRA poanser ke
reference nu s @ b idegr fla Frdt Bhp RI&E1Y; hroughout the several
views there img{ﬂ?%’ﬁatfgf%r&gt gﬁ&ﬁ% Fi gggérf-g a %a%ngfr}(c ;o’li sk drive 30. The drive
30 incl udes ‘a spi rig-cdl53s an ARS illugirstion of abpitorypin walvesenson Withiad2dh ticks4. The
spi ndl e 32 i sy it 8 nhldWiad Ryér®Bhd SeliBlerd on it fa
controller 331.1151%&2{8%) qe°aa&rée§§5§%h‘§ vvraélate majéneti_c heag 40nﬁ)s m)%ntygrd on a
slider 42 thagxténsiopsipfrickebokideNiQ);suspensi on 44 and actuator arm 46. A

plurality of di sksg, Sl L Sanfld | A R¥e REer® ¥add o ]{fﬁf ge
capacity direct ac%é le|6 “gt?\(%r age ﬁ?ge %%%Sr%) as s 5\/\%‘% @gﬂh{ T 1he
suspensi on 44biagldyadiasibaen reduced in ¢higkmedst i on t he slider 42 so that the
magneti c head 40 i,§_ i3 sdue] | LD Y - t he
magnet i ¢ di sk 34. 1% 612 1%}1% AR, T@eﬁc@ﬂt%ﬁ%ﬁ&ﬁﬁ&&s Wive'beéh siffidyaf for tie
hard bias layers;
Fig. 18 is the same as Fig. 17 except the total thickness of the dual seedlayers has
been significantly decreased without sacrificing coercivity of the hard bias layers; and
Figs. 18A-18E are elevation views of the formation of layers to construct a spin

valve sensor with first and second hard bias layers and seedlayers connected thereto.

PESCRIPTION OF THE PREFERRED EMBODIMENT
Magnetic Disk Drive '

Referring now to the drawings wherein like reference numerals &esignate like or
similar parts throughout the several views there is illustrated in Figs. 1-3a magnetic disk
drive 30. .The drive 30 includes a spindle 32 that supports and rotates a magnetic disk
34. The spindle 32 is rotated by a motor 36 that is controlled by a motor controller 38.

- A combined read and write magnetic head 40 is mounted on a slider 42 that is supported
by a suspension 44 and actuator arm 46. A plurality of disks, sliders and suspensions
may be employed in a large capacity direct access storage device (DASD) as shown in
Fig. 3. The suspension 44 and actuator ann 46 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



-7- disk 34 is rotated by the notor 36 the slider is supported on a thin
.(typically, .05 um) cushion of air (air bearing) between the surface of the -
di sk 34 and the air bearing surface (ABS) 48. The magnetic head 40 may then
be enployed for witing information to nultiple circular tracks on the
surface of the disk 34, as well as for reading information therefrom
Processing circuitry 50 exchanges signals, representing such information,

wi th the head 40, provides notor drive signals for rotating the magnetic

di sk 34, and provides control signals fgr noving the slider to various
tracks. In Fig. 4 the slider 42 is showi nounted to the suspension 44. The
conponent s described herei nabove may- be nmounted on a frane 54 of a housing
55, as shown in Fig. 5 is_an ABS view of the slider 42 and

3. Fig.
Uhe magnet | sy rfated s s mefer 36 s sides i pgporiedon asbin(yakal fokTs the
Tagnet 'c_heagdl offta bfingPehcen BB e 6o i 34 #d o Hbcaify Aiflo60_oX! o1

froma cross rail 62." Wth Tespect to rotation of the magn 34, the

cross rail GABS) 48t Theinagnetinghead 48 ngw then behemployedefor wriging infomatiomts ¢ head
40 is at a t[l&ild LS kdes . .
Magneti c Rearlé&“d’le ggc‘ﬁ%?%c&gn:&ge S ?g h%?%%?—“é %scvtv?%?\saf T ev%&nifocgrr?a UO%w of the
-magnet i ¢ hedtleréffomh iPedvessitg circiitrytS enclmdggsaignalnrepdsantidg suchdafdrhstiod, porti on

72, the read head.portion enploying a spi.n.valve sensor 74 of e present

i nvention. Fry 8‘7}@3({%91 p@%wrﬁvﬁfﬁlﬁforﬁ%g%ﬁg&a 16;diskq %ﬂgﬁ?cgd
Ibet weeg L i rqiroﬁd?&ﬁﬁaﬁtgnghd moﬂmmd gthaaiarfbmpammghmmlmﬂmrme

ocate etween first gnd_ second, shie ayers 80 a 2..ln response to
external madh gﬂ“@ ‘?‘?‘E‘F"aé‘? the ﬁ‘EP?IEQPQT‘ ajﬁﬂ*‘ewﬁmﬁ??és &ﬁ@&? ﬁefﬂ“@ﬁ&?ﬂé’ége A sense
current |'s (&t dh a PameSeRitoasing bs, apsivwidia FR€3s0r causes these '

resi stance changes taq be manj.fested as4§otent|a changes. These potenti al

changes are t hen % gde¥sABS yiewof theslider 44 padithe sagpetichead, 4 CRheslideg bas r cui try
50 shown in Fifbter l?ail 56 that suppo}_t@ﬁleﬁﬁiﬁéﬁcﬂ{eﬁd W0, dn@ stae 2138 ahd 66 ‘Pile il

magneti c head I ncludes a coil |ayer 84 | ocated between first and second

i nsul ati on |¥y8% andg¥® extend Som asrashrail$2; NGth respeetto rofgtian afthemagnbiic &gkl oyed
for planari zing.t.hi pﬁﬂf& L 47 ' | “ﬁﬁﬁ | I on
I ayeP causedj4b§ﬂlletqfh1(§scm l%ggl%rg&(gﬁé]&#ﬁgrt??@lsesﬁdésrg%%ﬁlg a &Fﬁﬁeﬁwﬁgﬁ ation

| ayers are atrailing édge 66 of the slider.

Magnetic Head

Fig. 6 is a side cross-sectional elevation view of the magnetic head 40 which has
a write head portion 70 and a read head portioh 72, the read head portion empioyipg a
spin valve sensor 74 of the present invention. Fig. 7 is an ABS view of Fig. 6. .The
sensor 74 is located bet,wéen first and second gap layers 76 and 78 and the gap layers are |
located between first and second shield layers 80 and 82. In response to external
magnetic fields, the resistance of the sensor 74 changes. A sense current I (see Fig. 9)
conducted through the sensor causes these resistance changes to be manifested as
potential changes. . These potential changes are then processed as readback signals by the
processing circuitry 50 's;hown in Fig. 3. '

The prior art write head portion of the magnetic head includes a coil layer 84
located between first and second insulation layers 86 and 88. A third insulation layer 90
may be employed for plané:izing the head to eliminate ripples in the second insulation
layer caused by the coil layer 84. The first, second and third iﬁsulation layers are



-8-" referred to in the. art as an “insulation stack". The coil |ayer 84
.,and the first, second and third insulation |layers 86, 88 and 90 are | ocated
between first and second pol e piece layers 92 and 94. The first and second
pol e 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 wite

gap layer 102 at the ABS. As shown in Figs. 2 and 4, first and second

sol der connections 104 and 116 connect |eads fromthe sensor 74 to | eads
112 and 124 on the suspension 44. Third_gand fourth sol der connections 118
and 106 connect |eads 120 and 122 fromthe coil 84 (see Fig. 8) to |leads
126 and 114 on the suspension. |t should be noted that the magnetic head 40

enpl oys a single |layer 82/92 0 serv ubl.e. functi a seqgond shield
| ayer for thEEds ﬁ‘e‘éﬂa‘&ﬁ&“ag‘s‘&a‘f"f‘ﬁ%’ﬁp E%Fléxeé%gﬁf‘gﬁ‘ﬁ?%m #B%d. This
type of magneéiitdinhf@ibnileycrs86; 88 Ed DO ateloddfed tktweenSirst andeéwad pblepikce A

pi ggyback head enpl oys two separate | ayers, for these functions. . '
Fig. 9 shows laYrs; %4 Jdhgdicstiapgd ﬁ???‘g%/?lﬁ)ﬁmﬁtf {aé{e"ﬁgit”ﬁﬁlr?g prermagaeirally ead head

200 wherein thgicith vk isp 86 RA® havd(stiid sBRdna poRIApRMSSINANI0 wWikin ar¥al Ve
sensor or a bottom anti parall el AP)tglnned spin valve sensor which wll be

di scussed i nsengrateddast aFritegapdayralfest the ABS. it hewm dpFigshpndet, fevignd t he
antiferr Omggg%g&??ﬁd%'?wm tiGH%ﬂﬂah@Yl%rco&% 1643 B Iesensdr TELNQARHAGLAC Pi nned
e erelnarter) in th

| ayer (descri ~the spin valve sensor 202 for pinning the
magnet i ¢ nond24 onthet suspensiomdd Thipdandienytie saldes gpanectionstli@ an\B¥ canpedt he

I nvention ni ' | | S ; Melel 4.
The spi n val SEL I 124 bt S BEBLHECS) B latil Prfb 118 By RS Ekpesitch.
"bet ween fir stlt aimmilGbenoted thatnthe gragadtic heasiosmpleytsi asingialayérs82492g0 2@6e and 208

ayers 206 afaohnding ¥ siciob{rHE e ke nnfond st ot PR PRRRARGE, ¢
shi el d | ayer writd Readn Ghi3 kpedTincdgnétizshedibis éferkedl to inf the arft bk Feherged Iadjust . The

di stance between, t fjrst and second shigld | ayers 210 and 212 determ ne
the read gapP&ﬂgYPngF@aﬂnm‘é‘ﬁdW%@mﬁqf‘mE’rgﬁﬁﬁea%ﬂ"dﬁpﬁg to reduce the gap so

that the read heagighashévicinaasmestid ABSahusttaGatlof Bottd@Rpintvalve aRabkddidog. This
is * acconplished by reducing the thicknesses of the |ayers between the
first and sectwtsinthe enimvalsensor 202gnayhy apgtom simple spin valve'sensor or a bottom

antiparallel (AP) pinned spin valve sensor which will be discussed in more detail
hereinafter. In a bottom épin valve sensor the antiferromagnetic (AFM) pinning layer
204 interfaces a ferromagnetic pinned layer (described hereinafter) in the spin valve
sensor 202 for pinning the magnetic moment of the pinned layer perpendicular to the.
ABS. In the invention nickel oxide (NiO) is employed for the pinning layer 204.

The spin valve sensor 202 ixicluding the pinning layer 204_afe located between
first and second nonmagnetic nonconductive gap layers 206 and 208 which may be
aluminum oxide (ALO). The first and second gap layers 206 and 208 are located
between first ana second ferromagnetic shield layers 210 and 212 which may be nickel
.iron (NiFe) or Sendust. The distance between the first and second shield layers 210 and
212 determine the read gap of the read head 200. Efforts are ongoing to reduce the gap
so that the read head has increased linear read bit density capability. This is

- accomplished by reducing the thicknesses of the layers between the first and second
shield layers 210 and 212.



-9- The spin val ve sensor 202 has first and second side edges 214
.and 216 which are perpendicular to the ABS. First and second hard bias and
| ead | ayers 218 and 220 have side edges which interfacially engage the
first and second side edges 214 and 216-of the spin val ve sensor 202 in
what is called in the art -as a contiguous junction, as described in U S
Patent No. 5,018,037 which is incorporated by reference herein. The first
hard bias and |lead | ayers 218 has a first nultifilmhard bias |ayer 222 and
amltifilmfirst |ead | ayer 224 and the second hard bias and | ead | ayers
220 has a second nultifilmhard bias |e®d | ayer 226 and a nultifilmsecond
| ead | ayer 228. Each of the hard bias |ayers 224 and 226 i nclude a high
coercivity hard magnetic filmwhich |ongitudinally biases the magnetic

| ayers of the spiFhesninmalvesenser202bas first and secgndsgidafdpes2d4 epd2lowdichare domai ns
of these nagﬂgﬁ' ; I JBHAG il dnlTeal dyerat i0hatbe
magneti c spihs %lglcbﬁﬁﬁc}gen%ii%?ﬁ%h conglmlédedgt i On'ialsygx%tzrl]g?ﬂh[%gh_ gﬁai' n

wal | s at t hesifigedses whick intdrfacinlly engagei thesfirglnd secondhside edgesstlddnd 31Gef the oi d
h ) th . . . . t . i Ne th
changi ng esﬂkao Gyt 205 irf tisré;algeds i?Xﬁég na?rp{s. a éaﬁugﬁﬁh{buﬁa \?\eﬁ,eagﬂb?ﬂéd or the

i ntroduction norse 1nto the read s ] i scovered that
when t he har th USgPaserit Nof 5,008,037 whibleislingorpopstedby mferance ez¢in 4 Kbl fsthand e

| ocated on t P ' fi s PPN .1 Whi ch
ext end beyon@%%{g l%gr@%&,ﬁ?ﬁ%{& %trﬁg{‘%%ﬁg&%btdfh%ﬁ%gh ﬁgr rragrqgs? fégdfi | s
are seriousl layeld3# addthe sethidhand bibs andil¢ad laygrsi220 hasaiseopndmultifilnt hard kiaess of
the hard mag | ol | uced
along with aﬁgé)ira %1];%28%9%%u?%%%o%ﬁ?ﬁi#ﬁ?ﬁﬁ%ﬁ@néfs@%?ﬁéi’a&%géﬁ?ayer of
fj he s{ai n }/altarz]mdﬁ&ﬁwisnohuéé!@hihgh@nexfh_ﬁypar;lmeﬁn‘ﬁMhiehkingigudirtaﬂylb:]@mliher ead f
ensity o e head.  Further. ere | e . e { hicknesses o
the filnms of mtaﬁ%e%ﬁga}ygslg% §SP139’5$’§§?§ Szé’gaggsz@ s%@ﬂ%ﬁ%%ﬁaé%gggwo n order
to provi de athesemagnkfic layers)t Thedeyd maggetiodilme erient el giathd niagaeticlspiyeofthand t he
and 220" ad] aRERERRA Prpen dnied s SR F R e S iR RARS el 1
and 220 adja S e spin
\t;al ;/ﬁ sensor cdio ﬁ:btehilst Munﬁhgs%vbmccmﬂgmg&lthdﬁmoﬁubf;ﬁkﬁei lajt(eraﬂmqsﬁhe?lgev?r ag'(e]I
y the second ga e of prevepting shorting between the first an
second | ead F%g@%gﬂ%%ﬂ&gﬁﬁg?y§ﬂ§%ﬁnyﬁgw§§@3ﬁﬁmghieId | ayer. 212. | have
di scovered cert ai hhdve di¥eovaiet fthat etetcthe hirll neighetiviims 6Hhe hird biwa layeii2ag | ayers

222 and 226 4k 84 Lol ek B SR SRS RSt L9504 BEA " ©1 1O

. extend beyond the sensor, that the coercivity of the hard magnetic films are seriously
degraded. This problem is aggravated when the thickness of the hard magnetic films of
the hard bias layers 222 and 226 are reduced along w1th a cén:esponding reduction in the
thickness of the ﬁ'ee layer of the spin valve sensor 202 for the purpose of increasiﬁg the
linear read density of the head. Further, there is a need to reduce the thicknesses of the
films of the hard bias layers:222 and 226 as much as possiblg in order to provide a more
efficient coupling between the hard bias layers and the free layer step between the first
and second hard bias and lead layers 213 and 220 adjacent the first and second side edges
214 and 216 of the spin valve sensor. Steps at these locations pose a risk of inadequate
coverage by the second gap layer 208 for preventing shorting between the first and
second le_ad layers 224 and 228 -and the second shield layer 212. I have discovered
certain films with reduced thiclcness&e for the hard bias layers 222 and 226 that will

stabilize the spin valve sensor without sacrificing coercivity.



-10- - " Fig. 10 shows an ABS illustration of a first enbodi nent 300A
.of a bottom sinple spin valve.sensor -on the first gap |ayer 206. The spin
val ve sensor 300A includes ihe pinning | ayer 204 which has first and second
portions 302 and 304 which extend beyond the side edges 306 and 308 of the
spin val ve sensor.. A nonmagnetic nonconductive spacer |ayer 310 is |ocated
between a ferromagnetic pinned |layer 312 and a ferromagnetic free |ayer
314. A cap |l ayer316 maybe | ocated on the free layer 314. The pinning | ayer
204 may be 425 A of nickel oxide (N O, _jphe pinned layer 312 may be 10 A
nickel iron (NiFe), a GWR enhancenent |ayer 313 may be 15 A of cobalt (Co),
the spacer | ayer 310 maybe 20 A of copper (Cu), the free layer 314 maybe 72
A of nickel iron (N Fe) and .cap |l ayer.316 b A of taptalum (Ta).
Efforts are ongoi ﬁ@f@?ﬂﬂ&%ﬁgﬂg‘s‘%ﬁ%é .te&b%nﬁ@go%@&mgﬂgﬁpn Fig. .
10 so as to ispiavaR@SedsbEor the East gﬁ;ﬂr%r.ger(ieﬂ.s'il‘hdspﬁ vilbesensr 300w adludld e 11
shows a bottom sinple spin valve e odiHenL 300B whi ch eToons a
P ¢l xfrnd

f er r omagnet i ®nEgdayer204whighhas fiest and seeond portigns 302 and Q4 peyond
thi ckness of fd@dd Edaes BOY &id J08VPtHLspisfVdlve defisdri B n titthoficdnBudavg- 11

poses a chal |l enge for ﬁr ovi ding correspondingly thin hard bias |ayers which
have suffi ci pacerdesiesidlOtip logated hgtvregni s ferramaspetic pimsehdgyiset3le ndyers of

the spin val echeRadlc ath 16140 RIdI0I36 hiRg pOMRATG hjef3dd G which

has a strength thdt exceeds the coercivity ofthe har | as ‘|l ayers.
present i nvemitning lax¢e24 hiycet 426 Adefinickel iWethoninned kyerddd maydh 10ar d bi as
| ayers. A

Hi & el es, t ] ¢ \nped spin
val ve sensor 45‘5@\%#@@3 uﬁ%)hégteg';aﬂgﬁg%iea?'?}l?gt&%eaﬁa§gtr‘%g%.( tgw’AP
pi nned spi n \spdcerayer3®mayt 8620 Arfcompes(Ca),thafiéerigyer 314mayibe72hiothicked ni ckel
oxide (NO. .Th sof..further .include n ngt L ¢ nonconducti ve spacer
| ayer 404 mﬂ@ﬂ%@‘%?&é{pgaapg@(%ﬁm%g%@Spﬁﬁg{éﬁﬁg&éﬁi 406 and iffie # ree
|ayer 408, A cap Eses mé bhgoipto bedubatiehiiines of e 1os By 3146 Fi .Ofg)'sotbe AP
pi nned | ayer 406 inc) udes a spacer .| ayer phi is located between first
and second f & Igieasitas 15i9f fhe r%ﬂ‘e"‘a‘ﬁoel‘\gﬂg shows a-hqtigmeRHRlE SRIN
interface filvalvdb&ibbEmeRE300RCRhiSIHeREIbYRERbRABedetit ke RiyeRA if 49 Auddd and the
pi nning |l ayer 402 for the purpose “enhanci n%_2L x,chanqg couB\! ing and .

pi nni ng t he rbFAgRetiagrofithrethicknags °f)ﬂ‘g|@'€'éllab_’§5/@?m Infig 19ite 42 A igAig. 11

per pendi cul amotd 4 Bemakse fo?%r&&ﬁﬂ@@&%sﬁ&ﬁdﬂgﬁfwﬁm& iaE}S‘rs SAEQHhve
sufﬁéient coercivity to longitudinally bias the magnetic. layers of the spin valve sensor
without being switched by some magnetic field which has a strength that exceeds the
coercivity of the hard bias layers. The present invention, described in detail hereinbelow,

. provides such hard bias layers.’ . _ .
Fig. 12 illustrates a bottom antiparallel (AP) pinned spin valve sensor 400A
| which is located on the first gap layer 206. The AP pinned spin valve sensor 400A
includes a pinning layer 402 which is nickel oxide (NiO). The sensor further includés
a nonmagnetic nonconductive spacer layer 404 which is located between an AP pinned
layer 406 and the free layer 408. A cap layer 410 may be located on the free layer 408.
The AP pinned layer 406 includes a spacer layer .4'12 which is located between first and
‘second ferromagnetic binned films 414 and 416. A ferromagnetic interface film 418 may
be located between the first pinned film 414 and the pinning layer 402 for the purpose
of enhancing exchange coupling and pinning the moment of the first pinned layer 414

in a direction perpendicular to the ABS. By exchange coupling between the second



pinned film 416 and the first pinned film 414, the second pinned film 416
i1s pinned antiparallel to the first pinned film 414. The pinning | ayer may
be 425 A of nickel oxide (NO, the interface film418 may be 10 [err] of
nickel iron (NiFe), the first pinned film 414 may be 20 A of .cobalt (Co),

t he spacer |layer 412 may-be 8 [err] of ruthenium (Ru), the second pinned
film416 may be 20 A of cobalt (Co), the spacer |ayer 404 may be 20 A of
copper (Cu), the free layer 408 nay be 72 A of nickel iron (N Fe) and the
spacer |ayer 410 maybe 50 A of tantalum(Ta). Efforts are ongoing to
al so reduce the thickness of the free layer 408 in Fig. 12. In Fig. 13
there is shown a bottom AP pi nned spin val ve sensor 400B which has a free

| ayer 420 I r.ed d. | i Ss to .45 A .-..Again, .the

chzll | enge r@lﬁ%dgﬁ‘%‘v?ﬁ%atﬁ%ﬁ%? ,lgm?gia{i/@% g%"cﬁ?c%dlqm’}eg %35.‘%%!{1%‘91 bi as t he
free | ayer ofntipdvallefoithe first pisned diltn @ 4.i Thefpiring I8yeninaynb&4dsTA 6fi rdke] G@RY Ci Vi ty
magnet i o spi (ObHeEAat iy 1 48ey B WA o kel ot delipa e ok ptpesd Ripdidons e o
co Bd:Jct eld t Qnﬂ!,ebelr’.](ﬂri&rt_ﬁ' chbult (@&Wm sﬁapérﬁ@epﬂwmayws Afafrgtlhbﬁiaﬁ (Re ﬁ{ets hof
cobal t ati num chromi_um th one or nore seedl ayers. Further

i nvest i gat i &QCQHQ?MgE‘EﬂigO“FB%QQKWtM’ ﬂ’&lsl’%qﬂ'@)(‘ﬂéggég}’bﬁ%éedl ayers
for a cobal tofRbgHet (CH))thd s ThyeradsTak) der7k M&k@ﬂiﬁwﬁ(ﬁ@éﬁfn&%ﬁ#ﬁlg&% free

| ayer of a bottom spi rkval ve sensor was reduced to 45 r
t

i nvest i gat i dH9 maydesOA eigantplum(Ta) anpl es her ei nbel ow.
oS 98 : . : xanp: es n . -
anpl e Efdfs bre'of oxﬁé%%&to'r%%ﬁg étll@%ﬁ%s\ﬁ? e%%})e%&ﬁsﬁﬂ @iéﬁ 12

magnet oresi stive (AVR) sensor 500 ( ers froma-spin val®e™sensor in
that there i18Fig 13 thereid shawnea bottom AP piaRl spimaive senor #@iBewhick kasla frdeon (N Fe)

| ayer chang | tSn 85l ' S o fJcux incursions . froma rotating

magnetic di ?%'érﬁzosvﬁ%%ﬁa?n%%% gﬁuﬁﬁ’ﬂﬁﬁé&ﬁﬁﬁoggn ‘onggﬁlﬂﬁPsc {8t Ko%n a

1;1 i rzt gap | arevidébad bias Tyansi:rhgroheswﬂlj ld@i@&h@l@r?iidgh?ﬁbé )aty?]rlﬁf:ctl_ﬁatsp?wil@elcond :
ard magnet i e . 2AN0 wer e. separ romthe first, gap |ayer

502 by fi rstS%%Jr?gY’}sg%bﬁ'gwgg% PR, QeI RY 5‘51@““@?%?“‘?&%?‘“6@“? ﬁﬁ{dﬁéﬁ‘ n9fagnet i c

| ayers 504 amiditch@f oniastaticibofAhahagetialpinsiif #id HatdBiadla@md. um (CoPt Cr) and the

seedl ayers 508 and 510 were 35 A of chromium (Cr). It can be seen that the
first seedl ayer %ﬁergﬂs“wﬁg%at“@ﬂs B’Eﬁe\ﬁ@%ér?l‘cﬁ“&n@ frsgrppine the coercivities of various

hard bias layers of cobalt platinum chromium (CoPtCr) with one or more seedlayers.

1

Further investigation was conducted to determine minimal thicknesses of seedlayers for
a cobalt platinum chromium (CoPtCr) hard bias layer wherein the free layer of a bottom
spin valve sensor was reduced to 45 A. These investigations are set forth in examples
hereinbelow.
_ Example 1

The first investigation involves an anisotropic magnetoresistive (AMR) sensor
500 which differs from a spin valve sensor in that there is-no pinned layer. In an AMR
sensor a single nickel iron (NiFe) layer changes its resistance in respon_se; to flux
incursions from a rotating magnetic disk. As shown in Fig. 14, the AMR sensor 500 is
located on a first gap layer 502 of aluminum oxide (ALO,). Fust and second hard
magnetic layers 504 and 506 were separated from the first gap layer 502 by first and
second seedlayers- 508 and 510. Each of the hard magnetic layers 504 and 506 was 135
A of cobalt platinum chromium (CoPtCr) and the seedlayers 508 and 510 were 35 A of
chromium (Cr). It can be seen that the first seedlayer 508 is located between the hard .



-12- magnetic | ayer 504 anda first edge 512 -of the AVR sensor and that
the second seedl ayer 510 is | ocated between the second hard magnetic | ayer
506 and a second side edge 514 of the AMR sensor. Accordingly, the hard
magnetic |layers 504 and 506 are magnetostatically coupled to the magnetic

| ayers of the AMR sensor 500. It is this coupling that stabilizes the
magneti ¢ domains of the AVR sensor. In this exanple the coercivity of the
first and second hard magnetic |ayers 504 and 506 were 1400 Ce. This is a
desirabl é | evel for coercivity since itJEs above any expected strength of a
magnetic field incursion applied to the hard magnetic |ayers 504 and 506.
This exanple is presented to show that the coercivity of the hard nmagnetic

| ayer 504/50 ' 0 0 _whi LS, in.turn, on an
al um num oxi %ﬁﬁ[@%%é@?&%@ﬁgﬁﬁe@e%%W&%%B‘Féﬁ’?@d?ﬁ‘@?ﬁvi. ty.
Unf or t unat el 510 isilscatedldeiwicen thy second hayd ifagmatio ldygr $08cind @decohdsideedpe 5kg!  OXi de
(NiO antiferropag Ic pinning layer Jis.enployed for pipning the pinned

| ayer of the °£p‘F§ %é"“g%nsﬁg%ﬂ‘i‘%&’ ithe B%‘HE%%F ?éﬁyefsgs&ﬂén oPf A ng
exanpl es. magnetostatically coupled to the magnetic layers of the ANREn€r300. Itis this! N this
exanpl e the si‘gij e,t@t)iptgb,i'al ve 300A.in Fi,g. .10 and the AP pinned spin valve

400A in Fig. “Q¥Plge ositpnasetig amatns of e AV Bsensgy, dp thinexamplathe kness of

72 A the spicher¥igh &m&m&%a%&%awmé%ﬁécta erd 90454 hF@l ! Hk N Fi O
15. The pinni.ng I(ger 204 or 402 was 425 A gf ni ckg-\lwggi&gga?(f\h@é@m%'he

pi nni ng | ayens hdesirphle lavelfarcogriatyginge itds ehexe oy expectadsirenath bEamaghetine si de
d 600 : : ' | C ard magnetic
edages an(ﬁeﬁpgxcﬁfsmhghﬁgﬁﬁnﬁ%? ﬁ%gﬁl‘gifg[qgt% lg?érg Sbhae ﬁlﬂl@ 566 %ﬂ%bm‘ 9

| ayers 604 and 606 were 135 A of ¢ [nam chr om u SRt D)™ and
first and se®psenteideshow thatthe@ercivift obthe hird megnstic {dyer 04506 nmg cledminn ayer s

604 and 606 PN yer ext ensi 4/ re 35 A of .chrom um
(Cr). The cog‘?‘gil%){g?')s/&é tﬂ%#?’r% a %‘%}gonguﬁgfgégégﬁgtlﬂ?r Bediehl%04 and
606 was 650 @eceplablecasrcivitys dinfortunatielyt this coereivityy\is signifitantlp eeduasdiwh@onet i c

| ayers 604 ang, ' .606 ped. dramatj.cal l.y from 1400 i n Exanpl e |  because
of their | chgzlk E')Ir?%odr?%t(lgg aﬂ?%ﬁ@@%?“%%“’?‘ﬁﬁ B}'erp}f ﬁﬁgﬂﬁfﬁmﬁ‘f’ﬁ@ﬂ?‘i Wi | e
this |evel oflayeoeftht spin yalvesensor whichliedentbasttstddan tie fildwing anshpidsux i ncur si ons
tending to rotate the coercivity of the hard :

Example 2

In this example the simple spin valve 300A in Fig. 10 and the AP pinned spin
valve 400A in Fig. 12 were investigated wherein the free layer has a thickness of 72 A,
the spin valve sensor 300A and 400A being shown generically in Fig. 15. The pinning
layer 204 ‘or 402 was 425 A of nickel oxide (NiO). The pinning layer has first and
second portions which -extend beyond the side edges 600 and 602 of the sensor
300A/400A. First and second hard magnetic layers 604 and 606-were 135 A of cobalt
platinum chromium (CoPtCr) and first and second seedléyers 608 and 610 between the
hard magngtic layers 604 and 606 and the pinning layer extensions 204/402 were 35 A
of chromium (Cr). The coercivity of the first and second hard magnetic layers 604 and
606 was 650 Oe. It can be seen that the coercivity of the hard niagnetic layers 6_04-and
'606 dropped dramatically from 1400 Oe in Example 1 because of their location on the
nickel oxide (NiO) pinning layer 204/402. While this level of coercivity may still be

adequate to withstand flux incursions tending to rotate the coercivity of the hard



13- magnetic | ayers the probl em occurs when the thickness of the free
.layer is reduced to below 72 A, as shown in the foll ow ng exanpl es.

Exanpl e 3 : In this exanple (Fig. 16) the spin val ve sensors 300B and
400B of Figs. 11 and 13 were investigated which have a free layer with a’

t hi ckness of 45 [err]. The pinning |ayer 204/402 was 425 A of nickel oxide
(NNO. The first and second hard magnetic | ayers 700 and 702 were 75 A of
cobalt platinumchrom um (CoPtCr) and the first and second seedl ayers 704
and 706 were 35 A of chromium (Cr). Unf_g%tunately, the coercivity of the
first and second hard magnetic |ayers 7 and 702 dropped from650 Ce in-
Exanple 3 to 550 Ce in this exanple. This |evel of coercivity is considered

to be too |l ow to w,thstand netic i ncyrsi.qns t i to switch fhe
rgnet | o s i HEEHE MyaAr grolaty epins Wi the S Spsa Ao A thver Bediddd lo

Exanpl e 4 below72ll\r,la§dhbﬁfn@:x&mmv(i@'@cmnﬁﬂﬁ. t he spin val ve sensors 300B and
400B were once again investigated with a free layer 45 Ain thickness. The
spin val ve sensor includes a pinning |ayer 204/ 402 which was 425 A of

ni ckel oxide (NNQ. The first and seggmghiogrd magnetic |ayers 800 and 802
were kept at 75 A of cobalt platinumchrom um (CoPtCr) and first and second
seedl ayers 804 arid tigoexampieFigep) the spimvalvesensors 3998 gnd QB of Higsdi banser ed

t hat by addi i : égiﬁﬁ ant al um
(Ta) bet vveenﬂﬁ{%ﬂe .rsﬁ%ﬁg%ﬁﬁﬁ?‘gﬁﬁ%%ﬁﬁﬁ%%@n gjgﬂ;nd t he
ni ckel oxi de2G440Qwas 2N nfnitlee) oxideo®UDN The fitshandiseond basd wiagrietiy lapérs 70 har d

The har d g 12 Voo g ol duoiilly o0 EANRC sl R SRGE L Y ©

Signi'ticant
i ncrease fr osaetlagers 304 G 708 wexa3 ol of Gromhinne(Ce). Utfortunaeiyathechrcikitgsts of 70 A

of the bilayer .seed] ayer,s can be.r.edu fourther t e e. hard bias
Tayers 800" S SRS S sohEU A g Pl 100 g T onp P aiig pad BF i Dhelle °°
magnet ost at i 8 t€ 950 Derig thik exe13d. \WEKiR level of coercivity is considered to be too low to
withstand magnetic incursions tending to switch the magnetic spins of the hard magnetic
layers 700 and 702.

Example 4
In this example (Fig. 17) the spm valve sensors 300B and 400B were once again
investigated with a free layer 45 A in thickness. The spin valve sensor includes a piniing
layer 204/402 which was.425 A of mickel oxide (NiO). The first and second hard
magnetic layers 800 and 802 were kept at 75 A of cobalt platinum chromium (CoPtCr)
and first and second seedlayers 804 and 806 were kept at 35 A of chromium (ér). I
discovered that by adding first and seéond seedlayers 808 and 810 of 35 A of tantalum
; (Ta) between the first and second chromium seedlayers 804 and 806 and the nickel oxide
(NiO) pinning layer 204/402 that the coercivity of the hard magneﬁc layers 800 and 802
were significantly increased. The coercivity of the hard magnetic layers 800 and 802 was
900 Oe which is a significant increase from the 550 Oe in Example 3. However, the total
thickness of 70 A of the bildyer seedlayers can be reduced further to get the hard bias

layers 800 and 802 closer to the free layer (F). for more efficient magnetostatic coupling
therebetween.



-14- : Exampl e 5 The spin val ve

sensors 300B/400B were still further investigated, as shown in Fig. 18, .
with a free layer that had a thickness of 45 [err] The sensor includes the
pi nning | ayer 204/402 which is 425 A of nickel oxide (NO. The first and
second hard nmagnetic | ayers 900 and 902 were nai ntained at 75 A of cobalt
pl ati num chromium (CoPtCr), the first and second seedl ayers 904 and 906
were 20 [err] of chromum (Cr) and the third and fourth seedl ayers 908 and
910 were 20 A of tantalum (Ta). The tota) thickness of the chrom um (Cr)
and the tantalum (Ta) seedl ayer was 40 |err]. The coercivity of the first
and second hard nagnetic |ayers 900 and 902 was 900 Ce which is the sane as
the coercivity in Exanple 4. This | |9£I y acceptable coercivity for the
hard magnetic | ayers and wl | efflc 3’ tabilize the magnetic domai ns of
the spin val ve seHsmpin vilterehsanB00BHI0OB ivere stitl fusther isveétipated S8 shWALRIUS
fields. Fi gs.
1A - 19D i1 FifslS 3= fie faypriie e tigeaginof 45 Ry 1R pesosiiaivdet fhe isging o ve

read head. ItayE12@4/4OBv¢<hmhfslmsﬁogﬂhkdlagdde(bhommhoﬁirﬂmu Mnddﬂﬂ%dgh&ﬂ; on a
Sputt er ol 800 S VAR Mierh 7 & of o bt Shrdpplos (oBrhgier & 1004
arle sput t er ﬂspﬂﬁllsbcmdd@&dtabaspomﬂid!wﬁ&&yﬁoﬂeﬁauél rlfglufnq lgaﬂéﬂﬁxegﬁllréﬂﬁ spin

val ve sensor r n Fi a bilayer

phot or esi st fé"@&?eﬁ@a %8&&5{] “?‘?ﬁ%z‘ié‘ﬁ‘ﬂ?ﬁ% gg?t% ?@W@@%Mlch has
under cut s 1088oiiuch (Lja)]&. dmtsdmmw@@aﬁylerl‘,@ymﬁ m&@lﬁ?gfﬁgﬁg{&d n a

subsequent ste 19C io s Jnplemented to renove | ayers of

the spin val ?fé’g%dehgrslzl ‘é"playffﬁggp aPﬁé’ogl"Yaé)?@P Peovieteis e samoes tenis wil |’

mll s||ght|yodr¢awfh®campmm Mhid 8% QighlPRBerfAblSockcivi§ IBIhE hird MieRlR I eroval
of the spin t/al ve enﬁteﬁ@q%ﬁers 1004g beyond t he sensor regqi or;t,.,‘”g?rg%:Fl g. 19D
1

the various 12§&r28d §ft Y Stabilize ﬂ%ﬁ’n‘ﬁ“‘@éﬁ‘d“ﬁ&?@? Qfﬁlﬁépglp‘@ﬂ‘teeﬂen%pom t ed
onto the subgjthddrd mdshettd ifeurdi&is fdnfedtlahabii€ felgflot or esi st 106 is renpved,

t hereby renoving (lifting off) the unwanted | ayers | eaving the conpl et ed
hard bias and | ead | ayers connected to side edges of the spln val ve sensor.
This process is described in U Syefipti®fMdieng 5. 018, 037 which is

i ncor por at ed by reference herein.
Figs. 19A - 19D illustrate various steps of making a portion of the spin valve read

head. InFig. 19A a first gap layer 1000 is sputter deposited on a first shield layer (not
shown). Next, a nickel oxide (NiO) layer 102 is sputter deposited on the first gai) layer
1000. Next, multiple layers 1004 are sputter deposited on the pinning layer 1002 to form
one of the spin valve sensors 300B or 400B in Figs. 11 or 13. In Fig. 19B a bilayer
photoresist is formed on top of the spin valve sensor layers 1004 which has undercuts
1008 and 1010 so that unwanted layers can be lifted off in a subsequent step. In Fig. 19C
ion milling is implemented to remove layers of the spin valve sensor except under the
bilayer photoresiét 1006. This will mill slightly into the pinning layer 1002 so as to
ensure eoinplete removal of the spin valve sensor layers 1004 beyond the sensor region.
In Fig. 19D the various layers of the hard bias and lead layers are sputter deposited onto
the substrate. In Fig. 19E the bilayer photoresist 106 is removed, thereby removing
(lifting off) the unwanted leyem leaving the completed hard bias and lead layers
connected to side edges of the spin valve sensor. This process is described in U. S.
Patent No. 5,018,037 which is incorporated by reference herein.



I't shoul d be understood that the hard magnetic material's may be a materi ai
other than cobalt platinumchrom um (CoPtCr) and is intended to include all
cobalt based hard magnetic naterials such as cobalt platinum (CoPt) and

cobalt platinumchrom umtantal um (CoPt CrTa). Cearly, other
enbodi ments and nodifications ofthis invention will occur readily to those
of ordinary skill in the art in view of these teachings. Therefore, this

invention is to be limted only by the follow ng clains, which include all
such enbodi nents and nodi fications when_jLewed in conjunction with the
above specification and the acconpanyi ng draw ngs.

- 16- CLAI V5 1. A spin valve

read head that hag; d‘ﬁ&ﬂabée‘“?ﬁ%%a%? Fﬁﬁ'&&a&éﬁam&%lmaﬁ'bggg}a};e%%gt, c

nonrragnet i ¢ nonconduct.) I'Tst

ni ckel oxide t(lakieﬁbaltplatmung:thnymn(@Pt@ﬁandmhﬁéndghtommderaﬂoobaltbasedﬁarapl n
val ve sensor includ i.nned | ayer

ma
exchange coupP¥dt% ma&ﬂ sﬁflﬂh%@"l}aﬁf&m“m (%r°i)8 "cobalt pgﬁﬂ% FREFERNC spacer
layer and a figitilome@ORICITa)f I ee | ayer; t he spacer |ayer being
bet ween t he pinned Iayer and the free layer; and . . . first and
second end edges %Y-é}ﬂ?r%?me’ﬁﬂnémd@ﬁﬁ@y?fmﬁmmﬁphmm@CWMﬁly spacer
and free | ayq iose of ordinary 61 Bl RO e S % Ortlons
t hat extend beyo?nedo toﬁe first and second eua%ggéazr}g% eg?‘ ﬂﬁ$&9?1ng'

val ve sensor ;is to be limited OMWhSTthafwﬂowmgohdns, whmhﬁmtucblallysum‘gﬂgﬂﬁndn&rﬂdbl as and

lead layers; modifications when wewcd in conjunction with the above specification -and the

accompanying drawings.



each of the first and second hard bias | ayers including:. . a -
tantalum (Ta) filmon and interfacially engaging arespective one of said :
first and second portions of the pinning layer and interfacially. engaging a -
respective one of the first and second edges of the spin valve sensor;
a chromum (Cr) filmon and interfacially engaging the tantalun1(Ta)

film and a cobalt (Co) based hard _nag
interfacially engaging the chromium (Cr) film mm”" w read
head as clainmed in claim1 wherein the-¢ebalt (Co) har magnet |

fromthe group conprising cobalt platinumchrom um (CoPtCr), cobal t

pl ati num (CoPt) and cobalt plati numchrom umtantalum (CoPtCrTa).

3. A read head as ‘clainmed in clai grAmMEerein fhe cobalt (Co) based hard
magnetic filmis cobal{ platinumchrom um (CoPtCr).

- 17- a. T p A gy valesgadiead tha hes an siRbearing swrfsca(ABS) pempfrisingeach har d

bi as | ayer the thiﬁ&ﬁ@%ﬁe&fmﬁaﬁauﬁfveme 4 ea.l um (Ta) filmand the chrom um
(Cr) filmis substantially 20[err gheA1ey A read head as cl ai med

in claimil wherei # st&momiagres W@PH@@@)WEYPEWC(W)@DIWQEd I ayer

t hat i ncl udes: a spin vilvd fhsoR IRAGEONd ferromagnetic fil ms;
rut heni um (Ru) spacer film sandw ched between the first and second

ferromagnetic films; 2feromagngtic pippedilayerexchanggsennled toithapitningleyari ng t he

pinning layer with its; (FamAgieE spReaMNer MdWRHoRYeREHR B9 | ayer in a
first direction; and EA elgggco%rferrorrggn%{el cﬁ?é %lnterfam ng the

spacer | ay er withits %@q@qr ,lqyer being between the pinned layer and the free layer; and
- first and second end edges that are formed by end edges of the pmmng,
spacer and free layers; ' - |
the pinning layer having first and second portions that extend beyond thé: i;rst 'af:d
second edges respectively of the spin valve sensor;
a first and second interfacially engaged hard bias and lead layers;
- each of the first and second hard bias layers including:

a tantalum (Ta) film on and interfacially engaging arespective one of said
first and second portions of the pinning layer and interfacially engaging a
respective one of the first and second edges of the spin valve sensor;

a chromium (Cr) film on and interfacially engaging the tantalum (Ta)
film; and . -

a cobalt (Co) based hard magnetic film on and mterfaclally engaging the
chromium (Cr) film;

2. Aread head as claimed in claim 1 wherein the cobalt (Co) hard magnetic
film is from the group comprising cobalt platinum chromium (CoPtCr), cobalt platinum
(CoPt) and cobalt platinum chromium tantalum (CoPiCrTa). -

3. A read head as claimed.in claim 2 wherein the cobalt (Co) based hard
magnetic film is cobalt platinum chromium (CoPtCr).



nmorment pinned by the first: ferromagnetic f|Im|n a second direction that is
-antiparallel to said first diregtion. ' 6. A read head as cl ai ned
in claim1l including: a ferromagnetic first shield | ayer; t he
first gap layer being on the first shield-layer, "~ a nonmagnetic

nonconducti ve second gap |ayer, the second g the .
spin val ve sensor, the first and second hard bias axmlmm Iﬂmmﬂmlld t he
first gap |ayer; and a ferromagnetic second <hi el d-| ayers on the
second gap | ayer. 7. A reafh_head as clained in claim®6 wherein
the pinned layer is an antiparallel. (AP) pinned | ayer that includes:

first and second ferromagneti c filns; a ruthenium (Ru) spacer film
sandw ched bet wegn th

d, { foi |
the first ferromdgnet] ‘W‘%’ﬁdlaﬁf %Ogﬁléuﬁéew %?“C Mﬁ?ﬁrlﬂfe

magnet i ¢ norkickneps fvach dfithd tastaluin (Ta)fin adahe éiroraiut (C3) fileh is ealistantiallyand

the second fer omagneti c filminterfacing the spacer layer with its
magneti c no - pinned by the first ferromagnetic filmin a second
direction that is antiparallel to said first direction. 8. A
read head as clainmed in claim?7 wherein the cobalt (Co) hard magnetic film
is fromthe grouf conmpr read rhgad @b glaimesd in ¢laigmlcwhesein the pidoed Byyr iscabal t

pl ati num'( CoP[lgmgﬁleq (Rp)bﬁmed%ﬁ;mg&%ﬁggspm um tantal um (CoPt CrTa) .

ﬁxst and second ferromagnetic films;

a ruthenium (Ru) spacer film sandwiched between the first and second
ferromagnetic films;

the first ferromagnetic film interfacing the pinning layer with its magnetic_
moment pinned by the pinning layer in 4 first direction; and

the second ferromagnetic film interfacing the spacer layer with its magnetic
moment pinned by the first ferromagnetic film in a second direction that is antiparallel

to said first direction.

6.  Aread head as claimed in claim 1 including:

a ferromagnetic first shield layer;

the first gap layer being on the first shield layer;

a nonmagnetic nonconductive second gap layer;

.the second gap layer being on the spin valve sensor, the first and second hard bias
and lead layers and the first gap layer; and

a ferromagnetic second shield layer on the second gap layer.

7. A read head as claimed in claim 6 wherein the pinned layer is an
antiparallel (AP) pinned layer that includes:

first and second ferromagnetic films;

a ruthenium (Ru) spacer film sandwiched between the first and second
ferromagnetic films;



9. ° Aread head as claimed in claim8 wherein the cobalt (Co) based hard - -
.magnetic filmis cobalt platinumchrom um (CoPtCr). 10. ‘A read
head as claimed in claim9 wherein for each hard bias |ayer the thickness
of each of the tantalum (Ta) filmand the chromum (Cr) filmis

substantlally 20 A and the thickness of the free layer is substantlally 45

corrpr| i ng“"m, ",I"Iwmﬂgﬂ",]gage?ﬂai hﬁ]clhﬁeg'n air bearing sur ;ace ( ABS)

ferromagnetic $irst "shfeld | ayer; 18- a nonnmagneti c
nonconductive first gap layer on the flrst shield | ayer; an
antiferromagnetic nickel oxide (NiO pinning |ayer on the first gap

| ayer; ve seps@r i.ncluding: . . P | .

f erromagneti.c pi nﬁgé{]rft ég? ﬁ%%ﬂr@ @%ﬁgﬁ%&g}eo" 'Thes ?ﬁrnwﬁlg‘] s Jagnetic

a nonnmagnet i ﬁloﬁiéﬂqﬁﬂndd&y@lie;ﬂmdn@lai'&ﬁm oﬁa;gmmon,fandae | ayer;

t he spacer | ayer gel n et ween the@?ﬁ nned Iayer and .t he ft;lee | ayer; and

first and second derqmagne Morging e, TR3ce Jepet YsHRagIetimi ng,
spacer and f p@feht5iiied by the first ferromagnetic film in a second direction that is antiparalle]

-19- the pinning |layer having first and second portions that

ext end beyont salddfirstdizeetionnd second edges respectively of the spin val ve
sensor; a first and second interfacially engaged hard bias and | ead
Iayers; each of the first and second hard bias |ayers including:

a tantalum (Ta) f8!m oRreadteddns elaieediratlhin kn@a@hﬁgcabalte(@p)ﬁmtdm@neme of said
first and segond portions of the pi | ay and i.all ngaglng a
respective oﬁgﬂﬁfﬂp"t“hé‘ WBP"%%&%’EW?%H E%’fm‘f“f'lé i gﬂ/%l

a chrom um (@@tjﬁd%m@mmﬁaﬁlm{mmqmm the tantal um (Ta)
film and

9. A read head as claimed in claim 8 wherein the cobalt (Co) based hard
magnetic film is cobalt platinum chromium (CoPtCr).

10. A read head as claimed in claim 9 wherein for each hard bias layer the
thickness of each of the tantalum (Ta) film and the chromium (Cr) film is substantially
20 A and the thickness of the free layer is substantially 45 A.

11. A magnetic head that has an air bearing surface (ABS) comprising:

a read head that includes:
a ferromagnetic first shield layer;
a nonmagnetic nonconductive first gap layer on the first shield layer;
an antiferromagnetic nickel oxide (NiO) pinning layer on the first gap

' layer;

a spin valve sensor including:
a ferromagnetic pinned layer exchange coupled to the pinning layer;
a nonmagnetic spacer layer and a ferromagnetic free layer;
the spacer layer being between the pinned layer and the free layer; and
first and second end edges that are formed by end edges of the pinning,

spacer and free layers;



é.cbbaLt (Co) based hard magnetic filmon and interfacially engagi ng the
chrommum (Cr) film a nonmagneti c nonconductive. second gap | ayer on
the spin valve sensor, the first and second hard bias and | ead | ayers .and

the first -.gap l.ayer; and second shield layer on the
second gap | ayer: a weit Wl Hlllflﬁifﬂﬂl il first and

second pol e piece |layers and a witecgap lvayer; the first
and second pol e piece |ayers being separated by the wite gap ' | ayer
at” the ABS and connected at a back gap .jfiat is recessed rearwardly in the
head from the ABS; an insul ation stack having at |east first
and second insul ation |ayers; at |l east one coil |ayer

enbedded in the i Eﬁ] &bl iop stack
and the at |east %1‘?1 cor ﬁpﬂ%erégres?%g sfco Wrgorgél%a\}\gxet%ﬂdfb%ydd&%tﬁ%taﬂ{fl rst and
second pol e gecemkedgesmespestively of the spin vabve senswrragnet i ¢ head as clained in

claimll Merel n J}?&‘Q{(ﬁg& dmg%}f“?gﬂékg@ﬁ*@%@%ﬁ%éﬁéﬁ’p' nned | ayer that

i ncl udes: Secon magnet | c a rutheni um
(Ru) spacer fil mmhdﬁﬁleﬁmdmmemdﬁmtdmasrlammalndin@econd ferromagnetic

filnms;
t he f| rst ferronagneti cw% N Rtﬁ(lanrlf’%%rlldnlatet 1a11 e 5alres§ecuve&?eh°fs?s

magneti c noment pfirshend bscond goptions ofi thel Iax)mng |layeaa1ﬁd mserfagiatly engaging and

t he second ferro | thits’

- magneti ¢ nonent ;@%&Sﬁ‘} oneoh{ﬂe Ifsgél]: erro O?B%%?ﬁﬁ‘}r%ﬁ’f%ﬁgrg%econd

direction that is ant wprzhr@miuai (Qrbﬁlmnnl afd nmrfagnaﬂxeengaamg the tantalum (T3, A

magneti c head as i.ed in clai.m12 wherein the cobalt (Co) hard nagnetic

filmis fromthe grdéup conprising cobalt platinumchrom um (CoPtCr), cobalt
a cobalt (Co) based hard magnetic film on and interfacially engaging the

chromium (Cr) film;

a nonmagnetic nonconductive second gap layer on the spin valve sensor, the first

and second hard bias and lead layers and the first gap layer; and
a ferromagnetic second shield layer on the second gap layer;
a write head including:
first and second pole piece layers and a write gap layer;’ _
the first and second pole piece layers being separated by the write gap
layer at the ABS and connected at a b_ack gap that is recessed rearwérdiy in the
head from the ABS; S
| an insulation stack having at least first and second insulation layers;
at least one coil layer émbedded in the insulation stack; and
the insulation stack and the at least one coil layer being located between

the first and second pole piece layers.

12. A magnetic head as claimed in claim 11 wherein the pinned layer is an
antiparallel (AP) pinned layer. that includes:
first and second ferromagnetic films;
" a ruthenium (Ru) spacer film sandwiched between the first and second
ferromagnetic films; '



platlnun1(CoPt) and -cobal t platinum chrom um tantal um (CoPt CrTa).
.14, "A-nmagnetic head as-clained in claim13 wherein the cobalt (Co) based
hard magnetic filmis cobalt platinum chrom um

magnetic head as clainmed in claim14 wherein f ilﬁ ﬁu iﬂuﬂum,ﬂﬂl ayer the
t hi ckness of each of the tantal um (Ta) f|In1an ) filmis’
substantially 20 A 16. A magnetic di sk dr| ve' tHat % ncl udes at

| east one magnetic head that has an air .bearing surface (ABS), the disk
drive conprising: t he magnetic hegd including a conbi ned read head:

and wite head, a read head .that includes: o a
ferromagnetic first shield |ayer; a nonmagneti ¢ nonconductive

first gap layer Ohetf¥gt fdrfostla éﬁéﬁb%ﬁ\ inf¥f8&ing the pinning layer wi}
antiferromagnetic ni ckel oxi (N O, pi nnl?ngeI%lyer o?‘?’ WI Itsrrg%@é:u%

| ayer; momeappipnedhy the B@%&iaymélalﬁ& digection; and a ferr omagnet ic

pi nned | ayer exch@pa@csmalRhEtadretié Bfin Riteioliy thé¥fier layer with its magnetic &
nonmagneti c spacer |ayer and a ferromagneticC free |ayer t he

spacer | ayer ms@reRtpigaddhydhe fstleppmagngtis flppin assepndidirestionghat isyaotiparaiiet

first and segoasd gRedirdgss that are forned by end edges of the pinning,
spacer and free | ayers; the pinning layer having first and second
portions that extend beyond the first and second edges respectively of the

spi m val ve sensorys, A maghelit hédd aﬁeﬂuﬁaqﬁmmﬁwﬁe&fﬂ @b LGt hard
bias and | ead | ayers; . each of .the first and second bias | ayers
i ncl udi ng: magnetic film is from the group compnsmg cobalt platinum chromium (CoPtCr) cobalt

platinum (CoPt) and cobalt platinum chromium tantalum (CoPtCrTa).

14. A magnetic head as claimed in claim 13 wherein the cobalt (Co“;based
hard magnetic film is cobalt platinum chromium (CoPtCr).

15 A magnetic head as claimed in claim 14 wherein for each hard bias layer
the thickness of each of the tantalum (Ta) film and the chromium (Cr) film is
substantially 20 A.

16. A magnetic disk drive that inéludes at least one magnetic head that has
an air bearing surface (ABS), the disk drive comprising:
the magnetic head including a combined read head and write head;
_ aread head that includes:

a ferromagnetic first shield layer;
a nonmagnetic nonconductive first gap layer on the first shield layér;
an antiferromagnetic nickel oxide (NiO) pinning layer on the first gap

layer; '

* . a spin valve sensor including:

a fefromagnetic pinned layer exchange coupled to the pinning layer;
a nonmagnetic spacer layer and a ferromagnetic free layer;

the spacer layer being between the pinned layer and the free layer; and



a tantalum (Ta) filmon and.interfacially engagi ng a respective one. of

_said first and second portlons of the pinning |ayer and
interfacially engaging a "["mmr of the first and second
edges of the spin valve sensor; "mﬁm)ﬁm chrom um (Cr) filmon and
interfacially engaging thetantalu (Ta) ® s a
‘cobalt (Co) based hard magnetic filmon and i nterfaC| al I y engagi ng t he
chromium (Cr) film a nonnmagneti ¢ nonconductive second gap | ayer on
t he spin valve sensor, the first and segrnd hard bias and | ead | ayers and
the first gap | ayer; and a ferromagnetic second shield | ayer on the
second gap | ayer; the wite head including: first

and second pol e pi eceﬂr&}é&{sﬁc%s ésttﬁhtgﬁﬂ‘oxln?e\‘l é,,cg esofthe{; g b t he

first and second pol e piece I ng separate e W |
| ayer at the ABS spandr awsificedayeds;at a back gap that is recessed rearwardly in

t he head havi ng
at least first ar#psec g(%yl ng"q‘%’émtmdfmndpomonsmtéx{b%gbg&;ow&e%ﬁ léiast one
coil layer eneb:anlcbdgedmspbbterelylﬁmlh@pmalwtsansm, and t he

i nsul ation stack A gg 2y %s lﬁngn%gédhar@g&r laeéataqa eoc;at ed bet ween

the first and sedo & B? a|°§ %rsg e EEBSHd shi el d | ayer and
the first pol ekpldaaeoﬁtayﬁi%thﬁllsagmahaﬂrbmnayic&}lﬁﬂudmg a housi ng;

a magnetic di sk rotatab ed in.th usin

-22- a supporat'a% °‘fﬂl§"|‘f6‘§%“?aﬁ gingﬁEﬁEﬁ“FY‘Hﬁ‘ePﬁ%‘drmgnetl c

head with its AB%:Etaswgecaﬁ@pmeﬁLeaf fheQifling Pay&rhﬁ{d ﬁ&efaamw\e&gagmge@d isin

a transducing relationship wth the nagnetic means for
rotating the rragrreaneetlmogkofﬁmﬁrstanwg‘mdueémsméﬂmamfabreﬁmemed to the

support for noving th pect to

sai d magnetic di sk; d&@&ﬁkﬁ&; &‘fg%g‘s"g?‘hd;&r?%%&% 8’%2%%% g%st‘?%&lbﬁe&g)zgneti C

head, to the nearlﬂm‘androtatlng the magnetlc di sk and to the positioning

means for exchanging Slcggﬁt(%o% agne cglmonandmterfamallyengagmgthe
chromium (Cr) film;

a nonmagnetic nonconductive second gap layer on the spin valve sensor, the first

and second hard bias and lead layers and the first gap layer; and
" a ferromagnetic second shieid layer on the second gap layer;
the write head including:
first and second pole piece layers and a write gap layer;

" the first and second pole piece layers being separated by the write gap
layer at the ABS and connected at a back gap that is recessed rearwardly in the
head from the ABS;

an insulation stack having at least first and .second insulation layers;
at least one coil layer embedded in the insulation stack; and |
the insulation stack and the at least one coil layer being located between
the first and second pole piece layers; _
the second shield layer and the first pole piece layer being a common layer;
a housing;

a magnetic disk rotatably supported in the housing;



r;ag‘netic head, for controlling novenent of the magneti c di sk and for
.controlling the position-of the nmagnetic head. " 17. A disk drive

as clainmed in claim 16 wherein-the pinned | ayer, is an antiparallel (AP)
pi nned | ayer that includes: first and second ferromagnetic filns;

a rut heni um (Ru) ﬁmmamll""lmwnmm ched between the first ‘and second
ferromagnetic fil rst ferromagnetic filminterfacing the -
pi nning layer with" its rragnetl c nonent pinned by the pinni ng layer in a
first direction; and the second f22frromagnetic filminterfacing the

spacer | ayer with Its magnetic nonent pinned by the first ferromagnetic
filmin a second direction that is antiparallel to said first direction.

18. A di sk dri yguppsrt aloahte®h théhoukiag for suppehiag Gieindgh@ichediakith iGags har d
magnetic filmis fromthe group conprisi n cobalt platinum chrom um
(CoPt Cr), colfsping tbm@mw%cs@&yt thma%% %ad 1y I pitrsnsdueing Batignsbipawitlal um
(CoPt CrTa) . the maenetic didid A disk drive as clainmed in claim 18 wherein the
cobalt (Co) baseognh d1 magnet ic filmis cobalt platinumchromum (CoPtCr).

- 23- 20. meausfdrmlahdgﬂmenmetwldeaksred in claim19 wherein for each

har d blaslayert kil § & f t T f|Im ndthe
chrom um (Cr) Eﬁsotti%}m?ﬁ &ﬁ'ﬁcg %Woele shfffort @g&%bﬂgﬁ“@% icea ?(l ng a
magneti c heamtﬂﬁxﬂé pdmﬁorﬁmmlréspb&w saitgnsgnbﬁamek @ABS) conpri sing:
form ng a ferromagnetic first shield Iaxie
, grocessmg means connected to the magnetic head, to the means for rotating the
magnetlc disk and to the positioning means for exchanging signals with the merged
magnetic head, for controlling movement of the magnetic disk-and for controlling the

- position of the magnetic head. Lo

17. A disk drive as claimed in claim 16 wherem the pinned layer is an
antxparallel (AP) pinned layer that includes:

first and second ferromagnetic films;

a ruthenium (Ru) spacer film sandwiched between the first and second
ferromagnetic films; , '

the first ferromagnetic film interfacing the pmmng layér with its magnetic
moment pinned by the pinning layer in a first direction; and

the second ferromagnetic film interfacing the spacer layer with its _magnetic
moment pinned by the first ferromagnetic film in a second direction that is antiparallel
to said first direction.

-18. A disk drive as claimed in claim 17 wherein the cobalt (Co) hard
magnetic film is from the group comprising cobalt platinum chromium (CoPtCr), cobalt
platinum (CoPt) and cobalt platinum chromium tantalum (CoPtCrTa).

19. A disk drive as claimed in claim 18 wherein the cobalt (Co) based hard
magnetic film is cobalt platinum chromium (CoPtCr).



forim ng a nonnagneti c nonconductive first gap layer on the first shield . . .7
- layer; : form ng an antiferromagnetic nickel oxide (N O pinning |ayer

on the first gap |ayer; . formng a spin valve sensor including:
formng a ferromagnetlc pi nned | ayer exchange coupled to the pi nni ng

| ayer; nonmagneti ¢ spacer, | ayer and a
ferromagnetic !!mu uu““ mnﬂl‘a the spacer |ayer being between the
pi nned | ayer and tchelfrde fay®er; and with the layer formng
the spin valve sensor with first and segond edges; formng the

pinning layer with first and second portions that extend beyond the first
and second edges respectively of the spin valve sensor; form ng

first and second,pnter

form ng each of ?Re fﬁ%@%&#& secongﬁﬂcmg{%l as a%g%fhl nc Hﬁﬁxﬁréthe
forning a t aitiessnfedch)of thieltantabum §Fa) filom aust thedtirerhiugn (ékugag;hagnaauye@p%ct ive
one of said first and second portions 'of the pinning | ayer and

interfacially engagi ng a respective one of the first and second
edges of the spi p1val nemehiod of making a magnetic head tHad hag fgaifbeding Futfade( Cr) film
on and interfacially,engaging the tantal um (Ta) film

forming a céHBS) ceisii®ased hard magnetic filmon and interfacially

engagi ng the chr e 4 febrbmbgrelt ﬁ%@gneld layer; form ng a nonmagnetic
nonconductive second gap | ayer on-the spin valve sensor, the first

and second hard Hermingmuonmagoeticapuconduntive firsbgdpi layer oy the firstyshield layer;
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second gap | ayer fo%%g

I"ayer
insul ation dageek with a coil |ayer - enbedded therein on the second
shield | ayer so that t he .se ond shte{ ayer al so functions as a

first pole piece ?rB}m&‘h@‘W YeSREAYC forming a second pol e piece
| ayer on the insul at'%ﬁﬁgaé:fén@ﬁggﬂeﬁ@piﬁﬁé&l@y@%ﬁclﬁﬁgb&Qﬁl@@fdﬁgpﬂhrig back gap

to the first pol e piece.
layer; _
forming a nonmagnetic spacer layer and a ferromagnetic free layer with
the spacer layer being between the pinned layer and the free layer; and
| with the layer forming the spin valve sensor with first atnd second edges;
forming the pinning layet with first and second portions that extend beyond the
first and second edges respectively of the spin valve sensor;
forming first and second interfacially engaged hard bias and lead layers
forming each of the first and second hard bias layers including:
forming a tantalum (Ta) film ort and interfacially engaging a respective
one of said first and second portions of the pmnmg layer and interfacially
ertgaging a respective one of the first and second edges of the spin valve sensor;
forming a chromiﬁm (Cr) film on and interfacially engaging the tantalum
(Ta) film;
‘forming a cobalt (Co) based hard magnetic film on and interfacially
engaging the chromium (Cr) film; and
forming a nonmagnetic nonconductive second gap layer on ttte spin valve

sensor, the first and second hard bias and lead layers and the first gap layer;



- ~magnetic filmis fromthe group conprising cobalt platinum chromnmiyum:.

2'2 A method as clainmed in claim2,1 wherein the cobalt: (Co) hard

" (CoPtCr), cobalt pl atlnum(CoPt) and cobal t plati num chrom um tantal um .
(CoPt Cr Ta) . 23. A nmethod as claimed in claim22 wherein the

cobalt (Co) based hard nmagnetic filmis cobalt plati nuwtmr,n um (CoPt Cr).
r

24. A nethod as clained in claim23 wherein for each !ﬂﬂlﬂ'l‘ﬁmf he

t hi ckness of each of the tantalum (Ta) filmand the ch
substantially 20 A and the thickness of-24-he free | ayer is substanti®al Ity 45

A 25. A nmethod as clainmed in claim21 wherein the pinned |ayer’
Is an antiparallel (AP) pinned | ayer made by: formng a first
ferromagnetic film on gha gueﬁ%ma@eeééécdnamEIdlayemnmeé@mgagl ett atfdreni um
(Ru) spacer filmon the first ferromagnetic film_ and ormng a

second ferromagnetic fibmingR vrite gapdever apd [apinsulation stack with a cqil layenod as

I d I f th

G oup. compr i 51 ng. FASAE el bil e SaRAMbide ol Ui [RIBRM fsbls i .aﬁamr??optse
and cobalt plati nﬁmmminsmﬁmpdmpx&afmtb@ﬁt(hei@and

- 25- 26 .Ih | t
based hard nagnetlibemingFﬁ?‘ioggeglﬁmefﬁﬁyeétof‘l 5 C I?Wﬁ?ﬁ?@(ﬁ%n A co‘f)a (

A nmethod as gdrkstBllatiabasit Sptd thé Akt b@lp[bcéor each hard bias Iayer t he
t hi ckness of each of the tantal um? Ta) filmand the chromum (Cr) is

substantially 20 A .
22. A method as claimed in claim 21 wherein the cobalt (Co) hard magnetic

film is from the group comprising cobalt platinum chromium (CoPtCr), cobalt platinum
(CoPt) and cobalt platinum chromium tantalum (CoPtCrTa).

23. - A method as claimed in claim 22 wherein.the cobalt (Co) based hard
- magnetic film is cobalt platinum chromium (CoPtCr).

24. A method as claimed in claim 23 wherein for each hard bias layer the
thickness of each of the tantalum (Ta) film and the chromium (Cr) is substantially 20 A
and the thickness of the free layer is substantially 45 A.

25. A method as claimed in claim 21 wherein the pinned layer is an
antiparallel (AP) pinned layer made by:

forming a first fexroﬁnagnetic film on the first shield layer;

forming a ruthenium (Ru) spacer film on the first ferromagnetic film; and

forming a second ferromagnetic film on the spacer film.

. 26. A method as claimed in claim 25 wherein the cobalt (Co) hard magnetic
film is from the group comprising cobalt platinum chromium (CoPtCr), cobalt platinum
(CoPt) and cobalt platinum chromium tantalum (CoPtCrTa).




and-the thickness of the free layer is-substantially 45 A ' "29.
_method of meking a magnetic disk drive that includes at |east one nagneti:
head that is a conbi ned read and i i an air bearing surface '
(ABS), the disk drive conprisi ng]wmmlﬂmﬁm nwmla ferromagnetic, first _
shield | ayer; form ng a norfima§neti & nédncenductive first gap |ayer on
the first shield | ayer; formng an antiferromagneti c ni ckel oxide
(NiO pinning layer on the first gap |ayer; form ng a spin val ve
sensor i ncl udi ng: _ form pg.a ferromagnetic pinned |ayer
exchange coupled to the pinning | ayer; ' formng a
nonnmagneti ¢ spacer layer and a ferronmagnetic free layer with t he

spacer | ayer betng DelifgRod 1€ oA clalX 96 Wifltkid 1S chbRP(CA] ¥iked 1

with the layer formng prn valve-sensor wt i rst second edges;
form ng t he mpagneiicfiln Byebaliplitinui chedmiam(CeREr)nd porti ons that extend beyond
the first and second edges respectively.of the spin valve sensor;

formng first and second interfacially engaged hard bias and | ead | ayers;

formng each of tige i mthadds SlemiGn bRIrGl 2P whsrelnof6P bathingRil Bish 18r the
formng a tantalum (Ta) filmon and interfacially .engaging a reagictl ve

one of said thickesss efiegchsef¢hnfantpumi(TOfimend theshromipm (Gr) ipspbstantislly
interfacial |éﬁdthe-ﬂﬁc]qms?ﬂﬂtﬂ%r@@la?erﬁ?sﬁﬂﬁ%ﬂaﬁ?4993@ of the first and second

edges of the spin valve- sensor; formng a
chromum (Cr) filmon and interfacially engaging the tantal um (Ta)

0T oy A bl B Wl 1 2

a nonmagnet i magheficiiad diat is ¥ Corfibifi el vdad)ymp writy/lisad Gvith ki 8ir 5@rig MatavEe(ABS),
sensor, .the first and second hard bias and | ead |ayers and the first gap
| ayer ; the disk drivgcommriiigonagnet i ¢ second shiel d | ayer on the second gap

layer; and forming a ferromagnetic first shield layer;
f&rming a nonmagnetic nonconductive first gap layer on the first shield layer;
forming an antiferromagnetic nickel oxide (NiO) pinning layer onthe first gap
layer; '
forming a spin valve sensor including:
forming a ferromagnetic pinned layer exchange coupled to the pinr_ﬁng _
layef; | '
forming a nonmagnetic spacer layer and a ferromagnetic free layer with
the spacer layer being between the pinned layer and the free layer; and
with the layer forming the spin valve sensor with first and second edgés;
forming the pinning layer with first and second portions that extend beyond the
first and second edges respectively of the spin valve sensor;
forming first and second interfacially engaged hard bias and lead layers;
forming each of the first and second hard bias layers including:
forming a tantalum (Ta) film on and interfacially engaging a fespective
one of said first and second portions of the pinning layer and interfacially

engaging a respective one of the first and second edges of the spin valve sensor;



form ng-a wite gap-|ayer-and. an insul ations stack Wi h a coil layer: :
enbedded therein on the second shield | ayer .'so that -the second shield layer -
) aI so functions as a first pol e piece for -the wite head; and

; forming a second pol e piece |ayer on t he insul ation stack and the
write gap and connected at a back gap to the first pole piece; :

providing a ot atably supporting a.nmagnetic disk in the
housi ng; D ﬂj)mm/ll ”MiH!&upport in the housing for supporting the
nmegneti c head*w cing the mpginetic di sk .so that the magnetic
‘head is in .a transducing relationship with the magnetic di sk;

provi di ng neans for rot ating the magnetic disk; provi di ng
posi tioning means con rhillfa ( Fﬁ%ﬁrhaﬁ@fnté?ﬁéﬁ head to
multiple positions wt respéehg? to sal d r?agnet I C d?g%n%% g&ﬁ&iu&pr ovi di ng

processi ng neans @eNfilested to the magnetic head, to the rreans for rotating

the magnetic disk and & 0.t he r axchan 0 als with
the merged magnetic hJ%IHI gSrcggﬁ%{c; 3%%ghrg?ncgve%°%f Th vn‘é?‘ di sk and
for controlling tdngagmsihe chdmiim (Crpfilmgnet i c head 30. A net hod
as claimed in claim?29 wherein the cobal%ﬂw(/‘fﬁ) rfa netic filmis from
the group conprising doHLPE 2 panmRERctEpengenducty SF‘@B%@ rE’bg‘&FﬁmW&‘il num
(CoPt) and cobal tsepdoRithd Wt £1aTs0Bnk arl s 3hd! Bad (a9Ets Ghd' @): first gap layer;

-27- 31. A method as claimed in claim30 wherei R the cobalt (Co)
based hard magnetforming pfgriomagassislsecopd shirld davier or Basensnd gurayer)and 32.

hi ckness of _eacroBrpASafedhs fayll i Sh hapiiof 365, WARR ol B ARk s
subst ant i al | ther2ih oft thewdcdndeahicld layjenssthat dlie setvnd fshield Idyay also fuacthmbad afiist al | y 45
A

pole piece for the write head; and EVERY

forming a second pole piece layer on the insulation stack and the write gap and
connected at a back gap to the first pole picce; | |

providing a housing;

rotatably supporting a magnetic disk in the housing;

providing a support in the housing for supporting the magnetic head with its ABS
facing the magnetlc disk so that the magneuc headisina transducmg relationship with
the magnetic dlsk,

_ provxdmg means for rotating the magnetic disk;

providing positioning means connected to the support for moving the magnetic
head to multiple positibns with respect to said magnetic disk; and

providing processing means connected to the maghetic head, to the means for
rotating the magnetic d.isic and to the positioning means for exchanging signals with the
merged magnetic head, for controlling movement of the magnetic disk and for

controlling the position of the magnetic head.

30. A method as claimed in claim 29 wherein the cobalt (Co) hard magnetic
film is from the group comprising cobalt platinum chromium (CoPtCr), cobalt platinum
(CoPt) and cobalt platinum chromium tantalum (CoPtCrTa).




33 A nethod:a win clai.m 29 wher ei n-it: pinned [ayer is an -
.antiparallel (AP)-p yer made by: “formng-a first '
ferromagnetic fil maon“the first shield Iayer ) formngarUthenium
(Ru) spacer filmon the first ferromagnetij formng a
second ferromagnetic filmon HMHW\%“,\LM@ ’l“! - 34. A fet hod as
claimed in claim 33 wherein t d rragnetlc filmis fromthe
group conprising cobalt platinum chrom um (CoPtCr), cobalt platinum (CoPt)

and cobalt platinum chrom um tantal um Pt CrTa). 35. A et hod
as clainmed in claim34 wherein the cob (Co) based hard nmagnetic filmis
cobalt plati numchrom um (CoPtCr). 36. A nethod as clained in ’

cl ai m 35 wher ei n for each hard, bi as yer_the thickness qof.each of the
tantal um (Ta) fidlm afymethe @HPB‘H’P‘E%“("%“}‘ swg%ﬁgﬁ%ﬂ%él E(Go)Xasedhard and t he

thickness Ohagdific filk & doBMEPlatidunPetbSthRRT (CRPLOR). 45 A -

32. A method as claimed in claim 31 wherein for each hard bias layer the
thickness of each of the tantalum (Ta) film and the chromium (Cr) is substantially 20 A
and the thickness of the free layer is substantially 45 A. .

33. A method as claimed in claim 29 wherein the pinned layer is an
antiparallel (AP) pinned layer made by:

forming a first ferromagnetic ﬁ.lm'on the first shield layer;

forming a ruthenium (Ru) spacer film on the first ferromagnetlc film; and

forming a second ferromagnetic film on the spacer film.

34. A method as claimed in claim 33 wherein the cobalt (Co) hard magnetic
film is from the group compnsmg cobalt platinum chromium (CoPtCr), cobalt platinum
(CoPt) and cobalt platinum chromlum tantalum (CoPtCrTa).

35. A method as.claimed in claim 34 wherein the cobalt (Co) based hard
magnetic film is cobalt platinum chromium (CoPtCx). "

36. A method as claimed in claim 35 wherein for each hard bias layer the
thickness of each of the tantalum (Ta) film and the chromium (Cr) is substantially 20 A
and the thickness of the free layer is substantially 45 A.



