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STRUCTURE FOR SPI N VALVE SENSOR BACKGROUND OF THE | NVENTI ON Fi el d of the

| nventi on e invention relates to a seed | ayer a
spin val vem%% ,mwmml nore particularly, to a trilayer lgdﬁwezﬁ&
structure s the magnetic and gi ant nagnetoresi stive properties
and the thernmatissgability of the spin valve sensor by inproving.its

m crostructure. Description of the Relatled Art The heart of a conputer is
an assenbly that is referred to as a magnetic disk drive. The nmagnetic disk
drive includes anQlAlHNgrEBORHE WrdlruRe Sdrd8brihirinsesore and read
heads, a suspension armtﬁat supports the slider above the rotating disk
and an actuator that sw ngs the suspension armto place the read and wite
heads over selected circular tracks on the rotating disk. The suspension
arm bi ases the slider int | ge of the disk when the
disk is not rotating but, B Bk EIQ‘H'O'?%?%NST@HII’ is swirled by the
rotating disk adjacent an air bearing surface (ABS) of the slider causing
the slider to ride on an air bearing a slight distance fromthe surface of
the rotating disk. \Wen the slider rides on the air bearing the i 21 N
OV 2002 . ~ 2 Wit@%@%ﬂ%@%@—eml oyed for writing magnetic

i npressions to and readi ng pagnetic inpressions fromthe rotating disk. The
read and wite t?é’fd@rﬁﬁénl':o’ﬁh‘é?dtté‘d’nw poeRd AgSERT clAMsYy Sttﬁét:tg‘b rHtes
according to a co yter Qr%g’l_ | ement

L0 di
functions. THE Fead H&aa ? §‘°§ n "’u'ﬁtltctln1 F%Fgléé ) ang &2% L0k

| oca

nonmagnet | o & &01dd,GakLe | ottt gar ZolblStnaHlAge PO Ll gap ayers and

the first a secon read gap s are ocate etween ferronagnetic
first and sgeand shisekdilay ﬂépermes%haetﬂ@%ekﬂaiugeﬁoﬂﬁ bfl 8¥&'spin
enbedded in first) second and third insulation layers (insulation stack),

t he insul atvanvestsagk okebpoitaringhedsbei sasstrhicksteand second pol e pi ece
| ayers. A wite gap is forned between the first and second pol e piece

| ayers by a nonmagnetic gap layer at an air bearing surface (ABS) of the
write head. The pole piece Iayers are connect ed at a back gap. Current
conducted to the cé & RBERE field into the pol e pieces
that fringes across the ga between the poI e pieces at the ABS. The fringe
field wites i nfOthdeRsl Ph ® reREISH ABVIhPSRsEPraY Shh %sreﬁeEF?éu‘F%r

tracks on a rotati n dis n_recent ad heads val ve sor
enpl oyed f BF BZEET éflﬁaén@%l%“f‘fee‘l dér r BTt g%ﬁ? %@”ﬁhdﬁ‘@ eﬁl%k The

sensor inclpudes, ﬁag}"g& QQSE'&&Q”%‘J his¥ey | Ay hageg?%@@‘f&n% JeBhehEesk L g, as
a spacer layer, san between first and second ferromagnetic Iayers,
her ei naf t ersigf@idimh b@mashar Plupistsayse ahed hbeee| AYLImot@SpgCaiMel Y.
first and second | eads are | T 21 NO V 2002 3 connected to the spin

val ve sensoand can Ganthatbirnghat senisgysc theestsgeneienhaongie plleentgaetéadt i on
of the pinned_|ayer is pinned perpendicular to an air bearing surface (ABS)
of the head2aAdviHe hegdst pyer | onlaftecheireekny syecks sonritentrogapanal l el to
the ABS but free to rotate in response to external magnetic fields. The

magnet i zat i OhSHf tThe ﬁ“ﬁﬁéast%‘/e‘tm évwﬁﬁcat? vloRRedm By mﬁg@l%u’m ng

Lo an antifersprmanet | PLONKNG LGl ollR LI0KNe88.00n8 RSP30S, LAYST TS

disk rotates, air is swirled by the rotating disk adjacent an air
bearing surface (ABS) of the slider causing the slider to ride
‘on an air bearing a slight distance from the surface of the

rotating disk. When the slider rides on the air bearing the
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of thersense current and a nmagnetic coupling between the free and pinned

| ayers-are mnimzed. This thickness is |less than the nean free path of
conduction el ectrons through the sensor Wth this arrangemh, Nzé) oZ'@%)n of
the conduction electrons is scattered by the interfaces of the spacer |ayer
with the pinned and free |ayers. Wen the magnetizations of the pinned and
free layers are parallel wth respect to one another, scattering is m ni mal
and when the magnetizations. of the pinndd and free |ayers are
antiparallel, scattering is maxi m zed. Changes in scattering alter the

resi stance of the spin val ve_sensor in Ej)roportlon t,o cos A where O is the
angl e bet vve‘éﬁl‘f?]ea‘ffgg??é‘ﬁ ?éﬁﬁ%r?sreoﬁmpljr@ gRnheH “éﬁfd:lF‘Pe@a?%?/té‘r% In a read
node the resi stance of the spin valve sensor changelé}B ortlﬁlnal ly tq the

magni t udes YIPXHES RSO & ’é‘?%npr B‘E\Gf“ﬁélFo%’Bﬁlier?& LYk
current is cpnducted thrqugh_the spbg val ve sensor si stance changes cause

|, Z 1 N OA902 We Fsedherd) Wi §‘dt'5h8Fea‘F%mbe§tt§ 5§ BhF et sed as

pl ayback si nals by t processing circuitr |n val ve _se sor |s
characteri z H b ra“@ tgﬁ‘[ TRGhe ot %gc&rgﬁ l\‘/ CFEPERY Tha

substanti aIl fe h eagmtl lenanl £r.9 |l ngtt_oornesm stance (AWR)
coefficient” Sensor - IHe’ coe f| CI ent 1's ~/ R~~ where ~R~ is the

di fference oo et;lgeadf%%gat@@;&g@ﬁeuts%qsﬁ@e@hqun&gesﬁa&%é Lpf the

pi nned and free T'ayers are an W th respect to one another and the

resistance {&p)a e d *zeqemﬂ@éiﬁﬁtm%aa@wghflpwrmf@e@oﬁaeleeA%ec{pS are

parallel with respect to one another. A spin valve sensor is sonetlnes
referred to13ses QYR SBRS@Hrs WHH 2okl Yah¥eySeNSRler8MRL8YBodatsddlgl €
pinned layer it is referred to as a sinple spin valve sensor. Another type
of spin val veteesns ofertron@dignani¢ painaitd elnd ARropd nsteicklsipilayeas ve Benaritelhe
AP pi nned spin val ve sensor differs fromthe sinple spin valve sensor in
that an AP bemfethelydest ar eohdslandn iepleddridnini findtay eesondsanddivird
single pinned | ayer. The AP pinned structure has an AP_coupling | ayer,

sandwi ched BREWRRF IR ryexsd ‘é’é%‘b]lﬂflfoé’r FoREGhet FRe pintiidatl ay ef S2CiriRemd st

d | t t t ted f t t b
Cxchange CotBT ‘?Si.’gé?%d VR FLF 0 ARgh ECE ) HRERG ] Sfer Y The: S dFE- i nned

Iayerlsu@g? ]__rﬁég C I IS I
exchange coupled to t %%?g%eﬂo?ﬁéieleﬁ %53 %gémgqg)l& ﬁ%géép%%éicr 0SS
the AP couphbh@adiyeic (faviagea dhimknass vebrifg OirRice0f(nBsP) obetween the
first and second pinned | ayers. Accordingly, the magnetization of the
second pi nneditaykeads Oicepbéd piecee decmyd direectirmrticdabti 8 laatk maIaJ | el
to the first direction_of the magnetization of the first pinned |a Jy

Ant i f er r omagHEF FRE nFORBI<ifgh§aneRe qNiL WeeréﬁPﬁ%ﬁnWQQﬁ‘éﬁé t#t [ drntend

di h b t |
| ayers Tor BBERoS Rt e tkﬁtpfﬁﬁé’ﬁess%e%%%eg&gﬁ%%‘ tnet R RR ang
PN {11 mooSuste b A0ealied by gbAn APGG1al Lot JoR0SL gD ERUSE e

transformatton from a nonmagnet| ace- centere ase to an
anti f err omagnehbeih@cfedNt ehed- £§tix@99ir}?ﬂul(axfr07t)ca@b§5&x alRecapnggl ai sk not
needed for the Ir-Mh filmwhich contain an antiferromagnetic face

- cent er ed- cubi ¢ phasécait efeadepesds | HMEPITPivARIvVEl ¥enSeNSE empdbirgd afodNi - Vh
antiferromagnetic | ayer require post deposition anneals of about 12 hours
at 280C to develovp magmédia ditildaaframi ot nopetingl dadridgde disB22 Ted
however this extended anneal causes a decrease in the GVR coefficient from
5.8% to 2. 4%FRAen ancbadentd cwahagnett wwashedivgybayer deaginFhberf ore,

there is a need for an inproved seed | ayer
referred to as a spacer layer, sandwiched between first and

second ferromagnetic layexrs, hereinafter referred to as a pinned

layer and a free layer, respectively. First and second leads are



structure to allow Ni-M spin val ve sensors to be suitably annealed to

devel op a high unidirectional anisotropy field with good t W ity
wi t hout degradation of the GWR coefficient. 2 ~NOv 223%&@@ OF

THE | NVENTI ON we found by enploying a trilayer seed | ayer structure between
a sinple spin valve sensor having a nickel nmanganese (N -M) pinning |ayer
and an al um num oxi de (A1203) first read gap | ayer that the giant
magnet or esi stance coefficient (GWR) is B 4% as conpared to 5.80 and 6. 8%
when ‘singl e seed | ayers of Ta and Ni MnOx, respectively, are used. The
trilayer seed layer structure includes a first seed | ayer nade of

pol ycryst al kbAgedid&k@lo @xkdep{MNiWdlveal s2aE6Adf Seashridayeingidesdfse current
anor phous-1i ke ni ckel manganese oxide (NiMiOx) and a third seed | ayer nade

of copper (€nHpredidgh’.st TheEfad@MElzatAbAr bACESe tdiMn@du b e iax pdanedl 203)
first read gap | ayer, the second seed | ayer interfaces the first seed

|l ayer, and pbepétdidhiseedol ayedit batirspgsedr betae@p)hefsewonttaseatd ayer
and the free layer. The trilayer seed | ayer may be enployed in either a

si mpl e spi Nnmygh&el SRIISON ofif the finded Patyeall &k @riwmectd paraldéVeccsaeme:o0RBS ~ An
object of the present invention is to inprove the magnetic and GWR
properties bhtafsqe novalotetseirsoresgrarset he gipennal regertis fieddsf.r ofMhe
class of materials including nickel nanganese (Ni-M) and ni ckel manganese
based al | oymaghgtidationnhér ehel pinred Riavdr ks atyRicad/lynehenedidly &xchiangsi um
(Cr), iron (Fe), iridium(lr), paladium(Pd), platinum(Pt), rhodium (Rh)
and rut heni GMPRING to ap anfigerogronetignpirRIngbjayEE  -of the present
invention is to provide_a read head with a_spin val ve sensor that has

i nproved t her mal TR& diiRess sof UFRheTPGEF et BYSF 1h&ENe68eRe Fhrfe BT iRS to
provi de a se?d | ayer strtljlcture fo(ﬁ a _spin_val c\:/elh%@wi n es ni clg[elle n aréege
(Ni - Mh) pi nBEnEPT KBS SUREPEVERT 13 REGFELT SR ATRESFEE8Y t 1% With 2880d
ther mal Stapikﬁéa'layers are minimized. This thickness is less than the
mean free path of conduction electrons through the sensor. With
this arrangement, a portion of the conduction electrons is
scattered by the interfaces of the spacer layer with the pinned
and free layers. When the magnetizations of the pinned and free
layers are parallel with respect to one another, scattering is
minimal and when the magnetizations of the pinned and free layers

are antiparallel, scattering is maximized. Changes in scattering

alter the resistance of the spin valve Eensor in proportion to
cos O, where 0 is the angle between the magnetizations of the
pinned and free layers. In a read mode the resistance of the spin
valve sensor changes proportionally to the magnitudes of the
magnetic fields from the rotating disk. When a sense current is

conducted through the spin valve sensor resistance changes cause



O her objects and advantages of the invention will becone apparent upon
reading the foll ow ng description taken together with the acconpanyi ng
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a plgf vhﬁyvfé ﬁz
exenpl ary magnetic disk drive; Fig. 2 is an end view of a ﬂd i ﬂ
magneti c head of the disk drive as seen in plane 2-2; Fig. 3 is an

el evation.view of the magnetic disk drive wherein nultiple disks and
magneti c heads are enployed; Fig. 4 is & isonetric illustration of an
exenpl ary’ suspensi on system for supporting the slider and nagnetic head,;
Fig. 5is an ABS view of the magnetic head taken al ong plane 5-5 of Fig. 2;

Fig. 6 i pal. vi f | id ' '

Ceon in pl aRECE b} “pRfiol, LB d Hes AR SO YRRRARONE il TP
f th l'i det ' ‘ [ I 7-7 of Fig. 2;
Fio 5 s aspaitiaPhasoaiear i SHBAr Y aken ol ong plane 8.5 of Fig. 6
h h ' f ' ;LG head; Fig.
to showthe read,ghd. i (B18kepBAlsy of; ha RLOGYDACK PANgLbgehead: Fig. 9

is a partial ABS vie S er taken along plan
magnetoresistance (GMR) coefficient that is substantially higher

than the anisotropic magnetoresistance (AMR) coefficient of an
AMR sensor. The GMR coefficient is AR;/R) where AR; is the

difference between the resistance measured when the
magnetizations of the pinned and free layers are antiparallel
with respect to one another and the resistancé {(Ry) when the
magnetizations of the pinned and free layers are parallel with
respect to one another. A spin valve sensor is sometimes
referred to as a GMR sensor. When a spin valve sensor employs a

single pinned layer it is referred to as a simple spin valve

sensor.

Another type of spin valve sensor is an antiparallel (AP)
pinned spin valve sensor. The AP pinned spin valve sensor
differs from the simple spin valve sensor in that an AP pinned
structure has multiple thin f£ilm layers instead of a single
pinned layer. The AP pinned structure has an AP coupling layer
sandwiched between first and second ferromagnetic pinned layers.
The first pinned layer has its magnetization oriented in a first
direction by exchange coupling to the antiferromagnetic pinning
layer. The second pinned layer is immediately adjacent to the

spacer layer and is antiparallel exchange coupled to the first



9:9 of \,Fig. 7 to show the read and wite elenents of the nmerged nmagnetic
head; Fig. 10 is a view taken along plane 10-10 of Figs. 6 or 7 with al

mat eri al above the coil l|ayer and | eads renoved; Fig. 11 is an isonetric
ABS view, not to scale, of a read head which enploys a simf@d NOV 280%2e
sensor Fig. 12 is an isonetric ABS view, not to scale, of a first exanple
of a sinple spin valve sensor investigated by us; Fig. 13 is an.isometric
ABS view, not to scale) of a second exanple of a sinple spin valve which is
one enbodi'nent of the present invention wherein a trilayer seed |ayer is
enpl oyed between the free layer and the first read gap layer; Fig. 14 is an

i sometric ABSnveeW]lapet 10-sAlt®e BP Aoldliing exaspl ghaminghai shicleeeond £
enbodi ment of the present invention wherein a trilayer seed |ayer structure

i s enpl oyed thet weaa,t be é'AFtbegﬁRsehaXﬁé @ﬂ@!;tt hedf Ee6oh@YAmnel afyers.
antiparallel pinned spin val ve sensor 21 NO V zZ002 9 Fig. 15 is a graph

of the GWR Qh.%fofrh‘ihﬁﬂf VIS Y Ne® i EhE 5dn Scﬁfetihtea¥@éoﬁ&1lﬁm%88199@@ae{s ng
sinple Ni-Mh spin valve sensors having N 0/ Cu(14A) bilayer and

Ni O/ Ni MnOX(3Q1bhkCU(IAA ddddrRY B re€eson AR 3k HEEAS11810t0 16hé SE B aph
of the ferromagnetic coupling field (Hp) versus Ni.O first seed |ayer

thi ckness c@ipakitAgnSofptiee Madgid tsphdimalofe thengorst haivneg Mapétu(14~)

bilayer and a a Ni O/ Ni MnOx(30A)/ Cu(14A) trilayer seed |layer structures;

Fig. 17 is a graphtofetbenddvRtdeehitkebniandanhede (Wigedd platinum
manganese (Pt-Mn) and iridium manganese (Ir-Mn) films have been
used extensively as pinning layers for both simple and AP pinned
spin valve sensors. The Ni-Mn and Pt-Mn films must be annealed
at about 280 C after deposition to cause a transformation from a
nonmagnetic face-centered-cubic (fcc) phase to an
antiferromagnetic face-centered-tetragonal (fct) phase. The
anneal is not needed for the Ir-Mn film which contain an
antiferromagnetic face-centered-cubic phase after deposition.
Spin valve sensors using an Ni-Mn antiferromagnetic layer reguire
post deposition anneals of about 12 hours at 280°C to develop a
unidirectional anisotropy field (Hy,) of 622 Oe, however this
extended anneal causes a decrease in the GMR coefficient from
5.8% to 2.4% when a conventional tantalum seed layer is used.

Therefore, there is a need for an improved seed layer

structure to allow Ni-Mn spin valve sensors to be suitably
annealed to develop a high unidirectional anisotropy field with
good thermal stabkility without degradation of the GMR

coefficient.



| ayer thickness conparing sinple Ni-M spin valve sensors having

Ni O(330A)/ Cu bilayer and Ni 0(3301~)/N MhOx(30A)/Cu tril ayer seed | ayer
structures; Fig. 18 is a graph of the ferronmagnetic couplipng field (HF)
versus Cu seed |ayer thickness conmparing sinple Ni-M spi \iiaIN/@VsébQ‘a_rs
having Ni 0(330A)/ Cu bilayer and N 0(330A)/ N MhOX(30~)/Cu trilayer seed

| ayer structures; Fig. 19 is a graph of the ferromagnetic coupli.ng field
(HE) ,versus anneal tine at 280C conparin@ sinple Ni-M spin valve sensors
havi ng single seed | ayer structures of Ta(30A) and Ni MnOx(30~)) a

Ni O(330A)/ Cu(14A) bilayer seed layer structure and a

Ni 0(330~)/ Ni MhOx(30A)/ Cu(14A) EPMHMBREOFs 88 EHYRNTEN uct ure; and 21 NO V
20u2 to Fig. 20 is a graph of the GWR coefficient versus anneal tine at
280C conpari ng dierdoanti bivhesplayival aetsElhmons slkeadi ngysy ngimicseed | ayer
structures of Ta(30A) and Ni MhOx(30A), a N 0{330A)/Cu(14l~) bilayer seed

| ayer struchetweanc aiaphk0$330A)/INeVa&x$B0AICnulaArickel aypaigaseed | ayer
structure. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Magnetic Di sk Drive

Ref erring no¥i+dn)t pdndiawgi hggemirareian hlleimef erddee (ALl afisrsdesiegdat e

i ke or simlar parts throughout the several views, Figs. 1-3 illustrate a
magneti ¢ di 8kp dkrawer 3batThhe dviand 3OINAEPYRIHS ANSS] ﬁé?gfggiqmt(Ggﬂbpéﬁt S
and rotates a magnetic disk 34. The spindle 32 is rotated_by a notor 36
that is confrbblad asyraradt bp Ttk @OE| &r 88ghen §ipgdr a%editayexscefbThed

read and vvrit% magneti c head 40_is sugported bg a_suspensi on_44 and
actuat or ar PPANIRG (F&TRSSF eIy sRES WSYer SPENHE n$FEAs ST be

I di I it y~di [ devij DASD h
T R, 3. TR COSFrC RS Gl 5CRr T Th A6 oS Et PO CHEARP 42 S0

t hat the i (LS ran i | atsi.onshi 1 a face
of the magrareed R WhE 1 SeddBUSEUS 1 &P e ORE Moo st SKE BC
slider is syppesi ethrdRnasthbRidd YEHeRbLY ard @5 cAMaCcasdd aryet Bhde (¢ T

bearing) between the surface of the disk 34 and the air
copper (Cu). The first seed layer interfaces the aluminum oxide
(Al,0.) first read gap layer, the second seed layer interfaces
the first seed layer, and the third seed layer is disposed
between the second seed layer and the free layexr. The trilayer
seed layer may be employed in either a simple spin valve sensoxr
or an antiparallel pinned spin valve sensoxr.

An cbject of the present invention is to improve the
magnetic and GMR properties of a spin valve sensor when the
pPinning layer is made from a class of materials including nickel
manganese (Ni-Mn) and nickel manganese based alloys (Ni1-Mn-M)
where M is a third metallic element such as chromium (Cx), iron

(Fe), iridium (Ir), paladium (P4), platinum (Pt), rhodium (Rh)

and ruthenium (Ru).



beari ng surface (ABS) 48. The magnetic head 40 may then be 21 NOV ZzO0-~ I1
enpl oyed for witing information to nultiple circular tracks on the surface
of the disk 34, as well as for reading information therefro 15@ﬁ%ﬁ3§kﬁ9
circuitry 50 exchanges signals, representing such informati®nt t

head 40, provides notor drive signals for rotating the magnetic disk 39,
and provides control signals for noving the slider to various tracks. Tn
Fig. 4 the slider 42 is shown nounted to7a suspension 44. The conponents
descri bed’ herei nabove may be nounted on a frame 54 of a housing, as shown
in Fig. 3. Fig. 5is an ABS view of the slider 42 and the magnetic head 40.
The slider has t il,.56:t t .magnet | @ﬁgg 0,

side rails 58 aﬁgﬁgggaTﬁéﬁggFlgf§g§§§§%§§§Eng%§§gﬁg ?goﬁga cro§§ Fa??g%Z.
Wth respec rahati Qo . of j S : r il 62 is at a
| eadi ng edgéeégxgghiﬁbggﬁ?dgéfg% t eEhggggtﬁ%gﬁ%%%%gsaigﬁéﬁﬁiytrajIing
edge 66 of thg s{jder. Fig. 6 is a side cross-sectional elevation view of a
pi ggyback magnetic "head 40, which includes a wite head portion 70 and a

read head portiof fgcHeleoksad: NGALHROL LB EMIRAHAEN A1 SPES Yl 4iRIeS NS0T
74 of the present invention Fig. 8 is an ABS view of Fig. 6. The spin

val ve sensogedd 1sy32RdWieREHe PEAMRERBAONTRIDE A iRlgeat hiRE] Wndrdeitedki Ve
first and second read gap |layers 76 and 78, and the read gap | ayers are
sandwi ched peiween Jiemiogagaget ctd i inffroaadiseciyhethicehial ayrernsr e rands82.
In 21 N a V ~uUZ 12 response to external magnetic fields, the resistance
of the spi wiehveosendeimad sbhalbiesty.A sense current | S conducted through
t he sensor causes these resistance changes to be manifested as potenti al
changes. These potlent idkjechanged atwmnthaesppbctssddvastieadbatk Eapmal s by
the processing circuitry 50 shown in Fig. 3. The wite head portion 70 of
t he magnet i 2PRRERPYUPHORCFgaEsng &ler | £9ldpwing4desidRité RBICREEME R TSt and
second insulation layers 86 and 88. A third insulation |ayer 90 may be
enpl oyed delﬁPagkﬁi%ﬁQﬂEpFﬁ¥lﬂ%a FG"¥%'mi nate ripples in the second
insulation | ayer caused by the coil |layer 84. The first, second and third
insulation layers are referred to in the art as an "insulation stack". The

coil layer 84 and the fi ggipr SSEictdnt BF" St TRAWEeN | ayers 86, 88 and
90 are sandw ched between first and second pole piece l-ayers 92 and 94. The

first and secondrpol @ pieeephayeyrsew ottt A4eApLaiPaRgheal! yisoupled;at a
back gap 96 and have first and second pole tips 98 and 100 which are
separated by a wide Dap laayehaliLewtots ke sABSer AR iSUAbhebit ayeda 33 i s

| ocat ed between the second shield |layer 82 and the first pole piece |ayer
92. Since theeséetandisifteelad kayer ik he;first pole piece |ayer 92 are
separate layers this head is known as a pi ggyback magnetic head. As shown
in Figs. 2 and 4Fidi rstisame séevadisn|daw edntbethametiglidand 406V onnect

| eads fromthe spin valve sensor 74 to leads 112 _and 114 on the suspension
44, and t hi YBeaAs" fourtipleoddeks copdataqnntd cl1 bgadnpre 2rplrvedy 2002 13

1'1 8 connect |eads 120 and 122 fromthg coil 84 Sse Fi g. Sé to | eads 124
e SxEgL

and 126 on the shitperildh aoptgemeyr 4ndtdugteathe 2% and 8
re a

t th d_shield | 82 and the first. pole pi | 92
cormon | ayeF PAMELYY I HThags FUCRREHGINS FATge) THLMEPRE hedt " The

i nsul ation |ayer 3 of. the piggyback d i i 6 S 1 tt

Fig. 11 is an i sg%gt rfclsAB@ ?‘P?uéﬁ‘?gt?oﬁ%’oef n}qﬁeergg%(}l%agdggagfhsﬁg%éipﬁl%ﬁegs.
6 or 8. Thesggagfhgg 72. includes the present spin valve sensor 130 which
is located on"an insulating first read gap (Gl) 148. A ferromagnetic pinned
| ayer in the spi ivaI ew§%pso&t1§g, w@&qp kﬁm}%19§ed%ﬁﬁikpeq heﬁgéﬁafter,
has a nagnetizatlo%‘t at ispﬁinﬁe B§ exd%ange coupfing foPaf?y

anti ferromagnetic.pinni | ayer. .First and secgond hayd bias and | ead | ayers
139 and 136%§g8e§6§n %?%gm? f?%P‘Bgan%éggiéﬁggég’g%ges 138 and 140 of the
spin val ve sensor. This connection is known in the art as a contiguous
junction and is fully described in commonly assigned U. S. Patent 5,018, 037
which is incorporated by reference herein. The first hard bias and | ead

| ayers 134 include a first hard bias layer 140 and a first |ead | ayer 142
and the second hard bias and | ead |ayers 136 include a second hard bias

| ayer Z44 and a second lead | ayer 146. The hard bias |ayers 140 and 144
cause magnetic fields to extend longitudinally through the spin valve
sensor 130 for stabilizing



21 N OV 2002 14 magnetic donmains of a ferromagnetic free | ayer therein.
The spin val ve sensor 130 and the first and second hard bias and | ead

| ayers Z34 and 136 are | ocated' between nonnmagnetic electrically insulative
first and second read gap | ayers 148 and 150. The first andtzsICﬁmr?@j%gap
| ayers 148 and 150 are, in turn, |ocated between ferromagneid M5t

second shield layers 152 and 154. The present invention provides a trilayer
seed | ayer, structure bel ow the spin val we sensor for inproving its magnetic
and GWR properties and its thermal stability. Tn the foll ow ng four

exanpl es, various layers underlying a spin valve sensor and | ayers of the
spin val ve sensoriyere gdepophiedal rriews pift tBei BUisyStatid havengeDGamgitdicr on
sputtering and ion beam sputtering nodes of film deposition. Various

targets wer@esQULE eE&&h 11 ¥ aakoPm (A Figasaenvironnent in the DC nmagnetron
node or by xenon (Xe) ions in the ion beam sputtering node. Sputtered

material fromt hleig%a[%eits %%agg?é’fiﬂlﬁdﬁ@uﬂo UbRE " & R1eb O thREM A T¥hd NGRS

After conpletion o e spi ve sensor) the spin valve sensor was

anneal ed 058 Dfefipd TgNNLdnBEr 0L Alad LI @k 8 PLRARNELTL Refl,) enper at ur e

in the presence of a magneticC tiéeld oriented in a transverse direction to

the ABS. Fol.. i i e sensors, the anneal tenperature was 280
Cin the pr%%éﬁggéggqgﬁﬁ%§%%t¥§g¥ieId of 800 Ce for 2 hours. For the

antiparallel pin [ a ; n Gel N
t he presence of gs%héﬁé?i%‘%%gfggg?&%bvagﬁ g? EF% %ﬁ%%%;@%géﬁoﬁﬁégfg%bge

hours. In each 9f I r apet kg f%ﬁﬁi doki gl d 2.a the
GWR coef fi c?ent an% hz%ﬁcrng(;isfﬁggt F}g%a{e%gl%ggt {r)’g%y fﬁge n{Ei—%J ﬁﬂleren(én_llg%gured.
The GWR coeffibrlent is.4letermned fromthe difference in magnetoresistance
when the magneti zations of the pinned and free | ayers are parallel and

antiparallel divigded by the wesi,stance (1Rxy perasuresl wher +hes. 6 or 7

magneti zati ons of the pinned and free layers are parallel. The

af orement i ongdnf £11 or@gNatdiC abeup! i Jdial dafbe) ahd 1dh@sl rehvexerted on
the free layer by the pinned | ayer due to exchange coupling between the
free and pinned Fayersl ikhias ficehét:shoned bédekepbot elatsicadky bHW 1samh as
10 Ce, so as to mnimze difficulties in controlling an optimal bias point
of the spi nheafivehsemsemylomseresingldisasimordvei sendmrpoi nt on a transfer
curve of the spin valve sensor when a sense current IS is_conducted through
the sensor withotit9am? sigge@ 1FPREEEITHEDVASEWpol At KhgRdebeof R atietFt

m dway on the trﬂnsfer curve and, if it is offset fromthe m dway position,

the read sefféBPPhEsCt ead™ RS FaFPARYYATEIT PEOFRE LPERSHERER V¥ Y879 a pl ot of
Lhe change in rnagnetps sl shange, versusad Aange.bn heanalisd {i8lding
Exanple 1 A first exanple of a sinple spin val ve sensor i sTshown 1'n
Fig. 12. ThexspbieVat Ve SERAQ <200 \%M&@ﬁﬁc@l kT LAUBgRek: feht €8¢ [ @yer 202
havi ng a magnetization 204 that 1s free to rotate i 21 N Ov zZ002 16 from
a first direebkeAti Inv&SPIYIS Ghk@edn Sd Adl1dyvied! deblolayerd HaCkmpioged Ot ati ng
magneti c di sk. The magnetization 209 is typically oriented parallel to the
ABS, as showetate@Odhéenffeqy.lal2r dhe t9pd fivaltveesdngay lalyed;i ncl udes a
ferromagnetic pinned | ayer 206 having a magnetization 208 oriented in a
second directi onFiFhelsetvrah disceetibn ABS twigwcahby persyeddi cafar tlivde
ABS and nay be directed away fromor toward the ABS) the preferred

di recti on beragragayhiebms e saBSnAhamPef iswnde ofuthe erasen] dnveewkod r om
left to right. The magnetization 208 is pinned and is not free to rotate
whi | e the ni{fieéEr2ati ﬁl¥ﬁﬂﬁqlﬁééﬂyl?¥ﬁ%u%§¥WQ¥uF§san%¥P¥Q¥e§iBﬁéwe??eﬁkﬁ
fromthe rotati ng magnetic disk en the magnetizatjpn 2 S rotafted,
upvar dl'y | nESTEROSBROLRY B S BRAPT e chi Th bni B F B grS LoBARAG T
beconme nore p. %%'E%L whi ch detcreases the resistance of the spin valve
sensor. \Wen the nagﬁ%flzation 204 is rotated dowmwardly or out of the
paper by a signal field, the magnetizations 204 and 208 becone nore
antiparallel which increases the resistance. Wen the sense current 1S 210
i s conducted through the sensor, changes in the resistance cause changes in
the potential of the sense current circuit which are processed by the
processing circuitry SOin Fig. 3 to produce a read signal. A nonmagnetic
el ectrically conductive spacer layex 212 is ' |ocated between the free

| ayer 202 and the pinned |ayer 206. An antiferronmagnetic pinning |ayer 214
interfaces and is exchange coupled to the pinned | ayer 206 for pinning the
magneti zation 208 21 N Ov 2002

]



1Y perpendicular to the ABS. The free layer 202 is | ocated on a seed | ayer
219 made of tantalum (Ta), or alternatively of nickel manganese oxi de

(Ni ManOx), which is located on a first read gap layer (Gl) 216 which is’
typically alum numoxide (AlzO-). The pref erred free |ayer 220NV 2002

| am nated structure conprising a first ferromagnetic sublayer 218 nmade of
nickel iron (Ni-Fe or Permalloy) and a second ferronagnetic sublayer 220
made of cobalt iron (Co-Fe) as shown ingFig. 12. In this exanple) the

pi nni ng l'ayer 214 was 250 A of nickel rrgnganese (Ni -M1), the pinned | ayer
206 was 32 A of cobalt (Co), a the spacer |ayer 212 was 24 A of copper (Cu)
and the free laﬁlb?% yes, bbbl @fd QMMIBBLEE: SHIH AYRE s34 8umde ,ofe 45 ~

of nickel iron i - Fe? and a second ferromagnetic subl ayer 220 made of 6 A

of cobalt i (o Fe c S O0MA Lfint 3048 on the
pi nning | ay%%f%?gré%%% ect %gm%)ﬁ)éﬁ%{ %ﬁ?‘ﬁg@ l<%11§'/‘)er. E‘CTthé1 seedéﬁ%ré%m was
30 A of ta . I nati y AR I A r med
of plati nu%%ﬁlg]aﬁgg)e@f gf&%ﬁ@olra\{’?rkl %?%m%r?glrll\]gghggg O?WX?EI\\J/%?@AK?%/%?& ne(r%eal i ng
at 280 C fosreeZ(3 tiour S, hec'és\B,jeré val ve sensor 200 exhibited a GWR coefficient

of 5.8~, a‘unidi PEET I BrialC ani sotropy field (H-A) between the pinning | ayer

dth i d | f. 76 Qe d f L Cs | hag fi f
74 o Tho GVR™Ber tciTnt st RS TN drrecr onar - siits, Fh o o1
0 VvV 2002 1 H~-A lativel y_| ow Al ti . Ni
ayer 214 RIS BEPhT EirEac St 1auoh vaC Rl it Ho Bl #1Tl
ferronagnet\%ar(ilvseub-l %%Ig f]gai‘lvamoﬁ{ Nltlgggagfsaﬂ)l @ﬁraxlggzag@d the first read gap

| ayer 2l 6) e iclie the u irectional anisotropy field

(H-A) is 412 .an ferr netic coupling,field (HF) is 11.2 Ce. An
obj ecti ve é\?lqgli\'éﬁﬁg’éégﬁl) /i%ﬁ\;gg??oﬁr#s:ayteg gﬁﬁ?o}/"’éy?rhes t&l\?ﬁ)t%%?fi ci ent and

t he uni directional i sptropy fiel H~ whi | e_mai nt.ai ning a.l ow val ue of
t he ferromagnet ir%&gégg%l}%gafqlr@pé‘ EgF‘%he? A&ﬁ‘ Fﬁre?ﬁ:’é?l% t]’ ec ris\%g of %%eedapresent
invention i i.oprove_ the thermal _stabilij.ty of th in_valy ensaQr, in
particul ar ,f?%e(}er%gg?gn%s oc\:/\cl’r%gl—a%alﬁ & Ipﬁalg%wévﬁn 08811? ?‘f:a?lglr?t sae? cé’?s Zhna\ilx gJended
anneal at { t . ] (K E{%J,d o) | i on)
The spin va %&g?%&é?%ﬁ%ﬁ%&’n&%i?@%@#%oé&)f/:ﬂrlg%bxe Oﬁgﬁ?i% ?%gyegérgésent
i nvention. jHhg,SRkpu¥aL¥Es sensor 300 is the same as the spin val ve sensor
200 in Fig. 12 except for a trilayer seed layer (SL) structure 302 that is
| ocat ed betweensibe 18r5: 4 epdhppaprl ayerredtomaptdet he dduRtinbeFfioT@ONRY I C
subl ayer 218 of the free |ayer 202. The trilayer seed | ayer structure 302
has a firstveead cayseed SldyeS3Ghicknpss taganiiekes igpd davi(-MnOpia weloend
seed layer (SL2) 306 conprising an anorphous-Ilike oxide, preferably nickel
manganese ox¢rErsNhEMIOrRY , NEMB 3D AN Cundbsbarkr @@ NiQ (33 QA02ViMROL ) ABL3)
308 conprising a nonmagnetic hi gh-conduct ance netal, preferably copper
(Cu). Alten-atiayeryseefelayry ¢tseedurayer may be made of silver (Ag), gold
(Au), and their _all oys- . The first seed la~~er 304 is | ocated on and
interfaces the fiifst 1P edfl YaFFanyy ot 5he, LeHFOTEEREhYcC seuPiRgefigly (He)
interfaces and is |ocated between the first seed |ayer 304 and the third
seed | ayer BOFURaneRd: EHPe Ps&dd Cagerroiang $irpeatBi-¥h spis ¥atvad seed
| ayer 306 and interfaces the first ferromagnetic sublayer 218 of the free

| ayer 202. $ensdiuss hexanpl eindgle ddedsiaperddmacenrdddofiada GBA)Aaofl ni ckel
oxide (Ni0), the second seed | ayer 306 was 30 A of nickel nanganese oxide
(N MhOx), amiMidye3 oA) r da saeid (339d) /oas14A) Aidfayeeppesd (Byer Stacechhe fir st
and second seed | ayers 304 and 306 are nade of electrically insulative
materials, &he 4i ngo(apdAseromed,ge6l) hayers )13@4-iandeB306eamy aherdeposi ted so
as to add to the thickness of the first gap (Gl) 216. _ After annealing at
280 C for 2styudiiure; tha spin val ve sensor 300 exhibits a GWR coefficient
of 9.4~ a unidirectional anisotropy field (H-A) of 590 Ce and a
ferromagnetic coupling field (HF) of 2.7 QGe. The GVR coefficient of the
spin valve sensor 300 is a significant inprovenment over the Gs
coefficients of the spin valve sensor 200 having a Ta or Ni MiOx seed | ayer.
It has been found that this inprovenent is~mainly due to the nickel oxide
(Ni0) first seed |layer 304 exhibiting a strong {200}' crystalline texture

t hereby i nducing a desirable Q00) .



1.f 220N O V 2002 20 crystalline texture of the subsequently deposited

| ayers of the spin valve sensor. This finding is attained froml ow angle
x-ray diffraction patterns which show a strong fcc {111} cr %a“l'ne
texture in the as-deposited N -M spinval ve sensor 200 havi z t dV‘aZ@GZ

Ni MnOx seed | ayer, and a weak fcc {111} crystalline texture and an
additional fcc {200} crystalline texture in the as-deposited N ~-M1 spin

val ve sensor 300 having the trilayer sesd |ayer or only the NNO seed |ayer.
The existence of this {200} crystalline texture facilitates the
transformation froma fcc phase with the {200} crystalline texture to a fct
phase with (200Fig(020)isard gx@QR) ofryis¢ MR meef Ex¢igres vierstgeanieddh tirlem
after annealing. As a result, the Ni-M spin valve sensor 300 having the

trilayer seqd Jgyey _c%ﬁmfa&'ﬁr&tf]%i%lanY-M%ﬂ\ﬂirxov_%?GQ s YRIrJ BAVIRESs{iRP%
anneal time to attain a high unidirectional anisotropy field (H-A) while

mai nt ai ni ng_ a hi.gh GIVR coeffient.. Th e of. a.thickers NiQ |ayer leads to a
hi gher GVRgSceoeé:?fll% FEnt T %urflssSfl :é(ﬁg%(%)o Wcﬁéﬁﬁg*(lé?@ 'i Ag bet ween t he
antiferromagnetic.Ni0 and, the ferromagnetic free |ayer. The thin

nonmagnet i A 1GE04) dEu R Ahob iafy e S84t HeY e SERYCERES 11 & seed | ayers 306
and 308, respectively, inserted between the NNO and the free | ayer prevent
t he exchang®GEIPA) MYiMrpd8PA) dAu6F 4hbtty itlswerhs aedi MOr afguctuseed | ayers
also results in a further increase of the GWR coefficient. The N  MnOx seed
| ayer plays a crucial unique role in attaining a very |ow ferromagnetic
coupling field (Hp). It is r 21 N O V 2002 21 observed from
cross-sectional tr aPRFRRATION PECTHD PRATERGEP RO EN T hat the thin

anor phous-1i ke Ni MiOx seed | ayer covers the boundary grooving of

pol ycrystal line grains of thd%agieslcpBiskErPkvd |ine Ni O seed | ayer, thereby
provi ding a snoot h topography. Due to this snmooth topography, the
ferromagnetic cAFIEERGRE i Y (OH e oSERY IR ¥hRr ARt FHER TESET6REhe Cu
spacer |layer, thus providing.an HF of.less than 4 _Oe over a w de thickness
range of the ragﬁaggf’l?%@%erg RRLA ﬁras?ﬁ“’nlaﬁrprnaﬁﬁso};hﬁ?uigtﬁéltmﬁ\gﬁ %%e’éj:l
spacer |ayer:d.S 244z thick), u -he snot e ta ot he -
anorphous-ﬁi;lkée‘ﬁsl\'li qﬁﬁ&'sge%k%léfgﬁtréﬁggtL%‘é%/%%ﬁgt ﬁlgﬁks%r%\;s@r?gf tgh(ian%lanf:\fe t he
m crostructig alnAhidest aofpide d Bicknbk Osgsad dsayas pocddws laayagseoict he
spin val ve while suppressing the exchange coupling and providing a | ow

f erromagnetdislepl | Agef splebiYeHRR isThetQOued dadal myeer adGdhpitays a cruci al
uni que role in maintaining good soft ferronmagnetic properties of the free

| ayer. DireStRidohtlect PBf 2 gnitr GORETRILIEF ot8t hé RiMAEK oot HagefRinset t he

free layer leads to degradation of the soft magneti roperties of t tree
| ayer, parﬁ%aﬂc?aar dgwﬁflggrm%%eetdﬁ %’ﬁagTﬁ tHiTE régé a%esruslpsentsﬁ%rrlﬁgre

[ nsert ed besea LR Moy peed, 13ueh and dhoubhes LAYEL-. Wi Tnsertion

of the Cu seed layer, the easy axis coercivity (l1cE) of the free |ayer
decreases f&@pdndidR hy3pe &picded FRME 14 ABLLEY Yy tde- 48t axtaks
anisotropy field (HK) of the free |ayer decreases substantially from 15 Ce
1 1 21 N O $£2040% 2»2viiee6 (0RSDIThe dhewaase Fiy.t Be umhaxswadpeardisat 46pyndiel d
(HK) indicates an increase in permability of signal fields froma

recordi ng nediwmtor mraddht Positide theesdidehel Osos sbdt | tlyemamggdct bead

hi gher G ~t coeffjcient due to specular el ectron scattering. It should be
noted that thelhilgh cbnapetrerOredesdorahip wifdt 2apebianee R yhehin to

t_shunting in th ' [ whi, | intaining_th
good sof t fEFFSNERSE BopdfRTbd it GAE 11 o RAVEFSAnkY | Hit WSPRg Ehe MR

fficient,_.Th th f il . d I. LS first
Cecond and P riLsig FaBPE-BEA G068 IR LT N MK A Giion of
and f Fayeps: e
i Ot rect okl s oty Y i BPGHERE Bheaf i S e hEPk L RERRE L 00

coupling fi ~3F ar, 054 he e L Ngl e ei ther Ta
or Ni MhOx fg%gf%réés%inﬁ%\r%l éggss’}enlls%r é%l% ggé%%ﬁ%éﬁlaﬁi ?ﬁelln%xyg{n%rgfble. Exanpl e

3 (Second Enbodi nrent of | nvention)



The spin valve sensor 400 in Fig. 14 is a second enbodi nent of the present
i nvention. This spirn valve sensor is the sane as the spin valve sensor 30d
in Fig. 13 except an antiparallel (AP) pinned |ayer structure 402 is used
as the pinned | ayer 206 of the spin valve sensor 300. The ggéphﬂﬁ d | ayer
structure 402 includes a first antiparallel pinned (APl) | r ﬁ'aﬁg?a
second antiparallel pinned (AP2) |ayer 408 separated by an antiparalle 1
21 N Ov 2002 . , 23 coupling (APC) | ayelll 406. Exchange coupling between the
pi nni ng l'ayer 214 and the second antiparallel pinned | ayer 408 causes a
magneti zation 412 of the second antiparallel pinned |ayer 408 to be pinned

di cul ar_.t fromthe ABS B ant | i
Dot bss. t no AR eRorpE g i PR RS AL TsnGL oAt Fan A1 OF he
first antiparallel pinned.| 404 | i I Lasthes i zat i
412 of "t e SEhGHE BRI Bhr S SLoh ARecT A 100t i TRe Sona Hosa ment
the Tirst %%r%‘%g%‘?' a@é@easrsgk'pf'cﬂ.»é%ﬁ{x&fkg‘e‘eﬁ L A08 MEynhesmade of cobalt

(Co), or alternatively of coba iron Y, having a thickness in the

range of 2%3%@%@@9&m%@ggfa%m&&, GAWR ke *@&gré;.oioglrgwdég s of

rut henium (RU) having a t ness 1 n the range o I's 1 nportant,

hovever, t@ivteh,%iﬁﬁgﬂ§tfglatxio‘%ﬁt9£g0£‘@e Hadhae iangifarnal, | ehapppoedadayers
404 and 408 be higher than the other antiparallel pinned |layer resulting in

afinite ne;toﬁ’e&gnetsaéﬁawnf&ohobgﬁﬁt £h 1% IHeROBE Syadilbulshicsa0X8 0P| B Hike
pi nning |ayer 214 was 250 A of nickel manganese (Ni-M)), the first

antiparal | e thengedabaysr AD4n68 Adufted wohakhshdm)ilont ke .anthparal | el
coupling layer 406 was 8 A of ruthenium (Ru), the second anti parall el

pi nned | ayeromi@Benas 32sdridfed hbakinglfinye ntalye bspaoertddayper a2famasSL4HfA of
Cu (Cu), and the free layer 202, was a first ferromagnetic subl ayer 218
made of 453 homsing)cet shom (N FEg) Jind a second ferromagnetic subl ayer

21 NO V2002 - ~ 24 220 made of 6 A of cobhalt iron (Cb-Fe%. The, cap |ayer
226 was 0 60 A &f9 afthf AR *BS) VéRWL Bk PihfilAger alerrt A roPeBRret T tisid t he

pi nni ng Iaﬁ ) et llqg r seed Igéer st.r t%getSOZ was t@g sane_as. used
for the sinple -S'EE‘FnS 39 B SoreBbE of 2 R ;gé% at suppotits the maghetic
head 40, and side rails 58 and 60. The rails 56, 58 and 60
extend from a cross rail 62. With respect to rotation of the
magnetic disk 34, the cross rail 62 is at a leading edge 64 of

the slider and the magnetic head 40 is at a trailing 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
spin valve sensor 74 of the present invention. Fig. 8 is an 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



21 N O V 2002 25 After annealing for 10 hours at 260 C wth a nmagnetic
field of 10 kOe in a high vacuum oven, the antiparallel pinned spin valve
sensor 400 exhibited a GWR coefficient of 8.1~, a .uniderectional anisotropy
field (HUa) of 2098 Ce and a ferromagnetic coupling field (Hp) of 5.6 Ce.
These magnetic ang GVR properties are a substantial inpr oveZE%tNU\VeIZUUQe
properties of antiparallel pinned Ni-M spin valve sensors having a single
seed | ayer of Ta (GWR coefficient = 4.3-90, HD,, = 1735 Ce and HF = 3.2 Ce)
or off Nl MiOx (GWR coefficient = 6.6 ~, -H-,A = 1903 Ce and He = 5.5 Ce) .
It should be noted that although the antiparallel pinned Co |ayers have the
same thickness) a net magnet nonent of about 0.08 nenu/cn? still exists due
to the | oss*oFPIFEGNEC €xFphemt nagnethe FREET addehEeibtPtdfe oo tRRISREL Mh
films after annealing. This net magnetic nonent is_needed for the thernal
setting of YhEarRensgralterbangffed Ri SWRASSpFHFEARILy &s SomsyFtednthyuab
preferred to be very small to lead to a very high H-A _(Obseryvations Each of
the three sE2. 9eRPEFs Co0ES IS ACSHBEFPEY ChANFFEqhe PRIt SSk5H0%Fng t he

magneti ¢ and GVR properties of the N -M spjn_valve sensqr of the present
nvent i on. BHEAHELRBERIBE - od1F36r PPREMLHEH TRANGES PES dotsh MEREESRGS a5

timzi | i GWR ti . EXx i tal data.
obt ai ned T 6tee SR T K00 Fe S FRSLEoREh VS BEnrE i ot AT
fol | ow I t . : . . .
Seed! N - Pe( 454) /'G5 FE5R) PE 205633357 NOVEESRE)T TaThA° WREHE%ERe™

"seed” conpgl Mals] s oy ' ’ : s UGt ures.
s come 5 Loyl S4B 4o, st v S

ferromagnetig &aupld Raaf BgL d £ Hird €8PETAL VAL Vayle@r 96 PhdY R \Lepispears
with N 0/ Cu(14A) bilayer and N 0/ Nt MhOX(30A)/ Cu(14A) trilayer seed |ayers
as a functifer gflanhe ibiQgf thetharedol ayenitdt e kriepdesFgsthel Geardd38 are
data conparing the GWR coefficient and HF, respectively, for spin valve
sensors w tinNIN33ALALCar bedagmt ramtdhili ¢ BBOWVEN RAOX (B i HixEk .t sekayér
seed layers as a function of the Cu seed | ayer thickness. As the NiO first
seed | ayer ¥ diiass ipselehses lpser ehe et friociRnEhardt ke an
ferromagnetjc caupl.ing field (HE) increase. The Ni.O |ayer contains _col ymar
ol yeryor al | GRIoROGRER o ARGt alBe Bt e Rt GhB) BTy SFang) and
crystallineql£xd YrguthledBaf Alddd Hees ob NEnd! ML Ol afERL Bi%ed iddt 2 ch200)
crystalline texture of the Tayers of the spin valve sensor 300, thereby
facilitatingithe RRAsecbhansdns Mildcen1ibfet HeoNiavh shayernguriig anaeal i ng.
An antiferromagnetic Ni O | ayer thicker than 200 A exchange couples to the
f err omagnet secdnde @dlay efereslatdmiy S2naad §Hcavasegoktibel oeraiplietly aof at he
free layer and an increase in HP. Thin seed |ayers of noiunagnetic N MOx
or Cu i nser’pagk sEEWdén apfehave IFiNsE wn20e9caTd gttt EEPondY g d O ghich

i 11e- i nt T TR ARG S EFOSLVLLTToaP LPTBEL 0F AnEPEnfek: NIDF BetIREYER on
the layers fgyééniﬁyﬁf; !%k¥€e§%&§éwéen the second shield layer 82 and the
first pole piece layer 92. Since the second shield layer 82 and
the first pole piece layer 92 are separate layers this head is
known as a piggyback magnetic head. As shown in Figs. 2 and 4,
first and second solder connections 104 and 106 connect leads
from the spin valve sensor 74 to leads 112 and 114 on the

suspension 44, and third and fourth solder connections 116 and



The N0/ Cu bil ayer seed | ayer structure causes a substantial decrease in Hp
and an incxease in the GWR coefficient as the Cu seed | ayer thickness is
‘i ncreased. Unexpectedly, the NiO/N MhOx/Cu trilayer seed |layer structure of
the present invention results in HFdecreasing to bel ow 10 OQquQ)Vezm?t
coefficient increasing to nearly 10% over a w de thickness range .
seed | ayers, a substantial inprovenent over the properties obtained with
the bilayer seed |ayer structures. Forlihe trilayer seed |ayer structure of
the present invention, the first seed |ayer 304 of NNO may have a thickness
in the range of 100-400 A, with a preferred thickness of 330 A. The second
seed | ayer BB Gcomebi-MEXdsTaN2hava a2t hicdnese €oil Bl r@rgerod. 20 40 A
with a preferred thickness of 30 A, The third seed |ayer 308 of Cu may have
a thicknesslédud hedr ange1dd D2 audpenmdidn.a preferred thickness of. 14 A_
Wth the optim zed thicknesses of the three seed |ayers of the trilayer
seed structure 303s.t heasd nplareNithWhsape ras/ &Fige . 300amd & kaxckpt sthenbodi ment
of the invention exhibits a GWR coefficient of 9.4ro, a unidirectional
ani sotropy deadrd (sHiA)ldoIay&0) 82 andnthe fierstopajaapiece dwylernd2 fawd & (HF)
of 2.7 Qe. These magnetic and Z ~ Nov 2002 28 GWVR properties are a
subst ant i alcimmmrovderent dlteys ttyweppbphead dss dhowheas | arplergNid- Wagngliie val ve
200 having a single seed |ayer 214 of Ta (GN~t coefficient = 5.8% H-A = 76
Qe and HP Fhepdy OfFheoingplafiolayenrledeif ithieepi ggylep@oghegdain Bygs .06 and
HF = 11.2 QG), Figs. 19 and 20 are data conparing the ferromagnetic
coupling fiagy & BF) omhltefe GWR coefficient, respectively) as functions of
annealing tine at, 280 C . for sjnple N -NM_ spi.n val ve sensqors havi i.ngl e
Seod | ayer of THASOALF BcN MIBEEE0S) os Tsf St eed P dye Tara Hedh ¥z
Ni 0(330g)/ 4 ). and a:trilayer, see er 1 30,.D.) I IV Ox
(30.1) /m%‘g{“&’. )1)“. F&F’g: ‘i9°"”shg§mstr%‘ﬁafg?‘:%§¥‘?aéir ?%ng%‘g%‘é‘??ecs (ggl?pf)%%gg el d
(HF) is siofdfd GRALLY sLAYeE {d£SMithals 5188 d0bnt BS SR eahyes sansor
having the trilayer seed |ayer structure of the present invention than for
spin val vesradd lyagpl Noghe seed |RyREScARgARebid iaheaetalydAyier théhepimer nal
stability of the spin valve sensor having the trilayer seed | ayer structure
is al so sigmiveasnsprbed @ erwiniclslici £tm by ddmdibedandreigafiterconst ant val ue
of HF to anneal tine up to 13.2 hours. Fig. 20 shows that the GWR
coef fi ci ent™¥AnefigsitiopaFrhet skhsnngdy PR Henoe Fayetinedd® Plyer structure
of the present, invention has jnproved magnitude and thernml stapilit
conpar ed V\A?I}‘lntls ?rﬁoﬁﬁagtégr%’&@qﬁ’agiaﬁarsi Mg " 88 f%@/oé?r% h&’:dggf%@eér/n%eed
| ayers. The, QR coRAT ¢58N4nd S 34 W QEARLENod AN £97) ¢ alith TRlcBhEVElde
constant to anneal tines up to 13.Z hours. In addition, the unidirectional
ani sotropy édgd€l 1(348~Ahaol 46 her NtV pS Rl BaVdéd \enso029 COMMd NMSiebOibmcigLase
during anneal ing, reaching a maxi mnum value of 779 Ce after annealing for
6.4 hours akn@8p i@ the hmprave tdwnthiggresi tursatd oBVRNAr bpefulilgs descriieedN - Vh
spin valve sensor having the trilayer seed |ayer structure, different
sputtering Hodedmeanly BEshoused + & -dEPESPHE 18108 evhich igadrreuperatrg
t he best neti¢c and GVR properties are attained \{\aggn]aa reactive

e

Do bl e MR Ste far iice, PEFErR, e GIFRE BeH Hia%e sBY Leapr R oxygen

(Oz) gases | d tq.deposit . t.he Ni.O and, N Vh seed ers,

DC- nagnetroﬁgg%?j% ér %ﬁﬁsﬁngér%slflnags alraé’gﬁ %%)ang%sa ?slrﬁég%eﬁdz 15@855} 2the Cu
seed | ayex, .8 SRACRIcohAY Rhra 3Pl ARM 1le§aeiay4¥s-waepm@1 l.agee.4qd Ta
cap layer, and an ion beam sputtering node using xenon (Xe) ions is used to
deposit thendN-ahsi sdihlagyer 1800a59-4 & cHophayesa OfayldRe 1h6ee My @lardl Bias
particular, the ferromagnetic coupling field (HF) achi eves magni tudes bel ow
4 Ce over alayéesthiclanasstasgesOmddirt@d spar® Ilwayektuhi@n these
sputtering nodes axe used. It should be understood that the direction of

t he magnet i tongiend iyt RBrvagh otlse |sAyier salie tdhesexanpbesdr axamdllizisgt he
sense current IS may be reversed w thout departing fromthe



gpirite of the invention. Cearly, other enbodi nents and nodifications of
this invention will occur readily to those of ordinary skill in the art in
view of these teachings. Therefore, this invention is to beééin%hgg nly by
the follow ng clains, which include all such 21 N O V 200 1 5005
enbodi nents and nodi fi cati ons when viewed in conjunction with the above
speci fication and acconpanyi ng draw ngs. - 31- 21 NO V 2002 W claim 1,
A magnetic read head conprising: a spinl4al ve sensor including: a
ferromagnetic free |layer having a nmagnetic nonent that is free to rotate
froma first direction in response to a signal field; a ferromagnetic

pi nned |ayﬁ5gﬁé¥ié¥ﬁéhéﬂ%&”%?'§ f@¥§3ﬂagn@tﬂ@nﬂﬁﬂ?@h@@retﬁéiébﬁa|h%e spin
conductive spacer |ayer |ocated between the free | ayer and the pinned

llayer; an aa&véeéé&gagwo' Gnd@! A NG MY Bhdl Be&HY 38kaWblds toR) Riedmed | ayer
and exchange coupled to the pinned |ayer for pinning the magnetic nonment of

the pinnedihgyes, 1yhenRi 136her §i TEUAGEd BRehebSs iRIRGhediéroTec iaupyof
mat eri al s consi sting of nickel nmanganese (Ni--M), nickel manganese

chrom um ( Mosubit id )fidditChal SBEGRNQSRY, ghp OTayds 14B- ai@ TBEkelrheanganese
iridium (N --M--1r), nickel manganese palladi um (N -M--Pd), nickel
manganese phastnamd (MNconhrell)gapilelyedrsmranganes d 50hadieumig Murnvh- Rh) and
ni ckel manganese ruthenium (Ni--M--Ru); and a trilayer seed | ayer
structure tooptedibetwerrf festosaptetiaydirsa aid rekoaddshaghd ladjeasedbt o
the ferromagnetic free |l ayer; and

and 154. The present invention provides a trilayer seed layer

structure below the spin valve sensor for improving its magnetic

and GMR properties and its thermal stability.

In the following four examples, various layers underlying a
spin valve sensor and layers of the spin valve sensor were
deposited in a sputtering system having DC magnetron sputtering
and jion beam sputtering modes of film deposition. Various
targets were sputtered in an argon (Ar) gas environment in the DC
magnetron mode or by xenon (Xe) ions in the ion beam sputtering
mode. Sputtered material from the target was deposited on a
substrate to form the layers. BAfter completion of the spin valve
sensor, the spin valve sensor was annealed for a predetermined

period of time at a predetermined temperature in the presence of

a magnetic field oriented in a transverse direction toc the ABS,
For the simple spin valve sensors, the anneal temperature was 280
°C in the presence of a magnetic field of 800 Oe for 2 hours.

For the antiparallel pinned spin valve sensor, the anneal

temperature was 2606 °C in the presence of a magnetic field of 10



a second seed | ayer | ocated between the first seed |layer and the third seed
llayer; and wherein the first seed |ayer is nickel oxide (Ni0), the second

seed | ayer is nickel manganese oxide (N, MOx), and the thi

copper (Cu). - 32 - 21 N Ov 2002 2. The nmgnetic read héég &zﬁ?éhﬁﬁgd in
claiml1 wherein the first seed | ayer has a thickness in the range of
100-400 3. The nmgnetic read head as reC|ted in claiml wherein the second
seed | ayer has a thickness in the rangé of 20-40~ 4. The magnetic read head

as recited in claim1 wherein the third seed | ayer has a thickness in the
range of 10-20~ 5, A magnetic read head conprising: a spin valve sensor

| nol udi ng: 1&d @oEOTBIRGELS. T HBEchay el NN Bdafbraagnehic sapRapioricial 15 free

torotate froma first direction in response to a signa

f erromagnetdqy,Rispngeds b we(n,,baw;m cﬁm”%geﬁfi&émﬁﬁﬂh tife NOMTRGREE b6al
electrically condlctive spacer |ayer |ocated beriveen the free |ayer and

the pinned da¥etiropd ANE1d &, 0MRAREL hEa ¥ NOThEYEMR icdetORéB&ic Wist h the
pi nned | ayer and exchange coupled to the pinned |ayer for pinning the

magnet i ¢ ny@Rbm@hetheroh IR di @Y 8Fendh Ene nAgh&iEofiisiRBicAfce ayem ithesel ect ed
froma group of materials consisting of nickel manganese (N --WMi), nickel
manganese Glag@@ictghthbns ME @hke, piheke|anthEgasebeydsoareNbarddl-elFahad ni ckel
manganese iridium (N --M- Ir), nickel manganese pall adi um (N --M--Pd),

ni ckel mangatagarphakl naridda My- th ) rediistlkat e Moy ARSI AdROGhEM the
(Ni --M--Rh) and ni ckel manganese ruthenium (N --M--Ru); and a tril ayer

seed | ayer nighiéetiUbei6REPSi HYHROpiAnéd rfid $eed layals aaet phrdllisaad thayer

adj acent to the ferromagnetic free layer; and 33 - 21 N OV 2002 a second

seed | ayer dfmceinedtbehed eferrivmatnesic seegliayefiall (Hhke ihithe field
exerted on the free layer by the pinned layer due to exchange
coupling between the free and pinned layers. This field should
be kept relatively low, such as 10 Oe, so as to minimize
difficulties in controlling an optimal bias point of the spin
valve sensor, where the bias point is the point on a transfer
curve of the spin valve sensor when a sense current Is is
conducted through the sensor without any signal field. The bias
point should be located midway on the transfer curve and, if it
is offset from the midway position, the read sensor has read

signal asymmetry. The transfer curve is a plot of the change in

magnetoresistance versus a change in the applied field.

Example 1
A first example of a simple spin valve sensor 200 is shown
in Fig. 12. The spin valve sensor 200 includes a ferromagnetic

free layer 202 having a magnetization 204 that is free to rotate



seed liayer; and wherein the first seed layer is nickel oxide (N O), the
second seed |l ayer is nickel manganese oxide (N, MOx), and the third seed

| ayer is copper (Cu); and first and second hard bias and | ead | ayers
connected to first and second side edges of the spin valve '
nonmagneti ¢ nonconductive first and second read gap | ayer szsﬂ}iﬁt\/f iZIOQzer
seed | ayer structure, the spin valve sensor and the first and second hard
bias and | ead | ayers being | ocated betwgen the first and second read gap

| ayers; and ferromagnetic first and second shield |layers, the first and
second read gap | ayers being | ocated between the first and second shield

| ayers. 6. The magnetic read head as recited in cl airP%.V\T rein the first
seed | ayer TH38 & tHITkFEEECEACRhED rEATHONGE 1O 40T P The 8t Ac trash
head as recited in claim5 whereipn the second seed l.ayer has a thi cliness in
the range 8f 20T2bAt¥HI TREDREGACEITN 1 edRhBAIR S 238 PRed0t T IAPAFE LiKer ei n
the third seed | ayer has a thickness in the range .of 10-20~. 9. A magnetic
read head 86ﬁﬁPF§¥r@ra&1§ﬁi RovERe fRENSSr SPASE it (14 a7 Ef?or?‘:fgnet’rgg free

| ayer having.,a magnetic nonent that. is free to rotate from a.f.irst
ditection FRIPCUPOIBETER SHgRaI G1iles; @ Lerapasnptio\piinan daver 206
ferromagnetic,pinned | ayer havin magnet i.c. noment ; tic

el ectri cal ?Végﬂdﬁc’f‘?%g%ﬁﬁgéfml%@%ro 1061§ng1%€ V\seeedr?n?ihgggg‘g%rﬁ%dythaend t he
pi nned | ayer.; ntiferronag ' innj ' op{.ac i i.hned
| ayer and g)‘?g %ﬁggué%cutpﬁoéldr{?o@ leg?)ﬂﬁgﬁqg%g?&%loérrn&%nEﬁggﬁ%%eatn%agnﬁgt |B(%

morment of 43¢ Rk BACH RS om \g@egg‘i,&& NG PRBEI Nghd %fe&:’ﬁ/ﬁéeéfﬁcﬁcqlofnr om a

group of materials consisting of nickel manganese (N --M), nicke

manganese Begkg! afhy M AMhN A andi )a sehekeburPaganeseld rarukNEroh- - Fe) ,
ni ckel manganese iridium (N --M--1r), nickel manganese pall adi um

(Ni - - Mn- - Pdefeniekel gianganes faghat i 2uhopN2e 8 Mis -fEinnednianlel s meng£rese
rhodi um (Ni --Mn--Rh) and ni ckel manganese ruthenium (N --M--Ru); and a
trilayer séedrbégee whilettinreemgonprizitigpn 204 freely rotates in response

to signal fields from the rotating magnetic disk. When the
magnetization 204 is rotated upwardly into the paper by a signal
field the magnetizations 204 and 208 become more parallel which
decreases the resistance of the spin valve sensox. When the
magnetization 204 is rotated downwardly ox out of the paper by a
signal field, the magnetizations 204 and 208 become more
antiparallel which increases the resistance. When the seunse
current Ig 210 is conducted through the sensor, changes in the
resistance cause changes in the potential of the sense current
circuit which are processed by the processing circuitry 50 in
Fig. 3 to produce a read signal.

A nonmagnetic electrically conductive spacer layexr 212 is
located between the free layer 202 and the pinned layer 206. &An
antiferromagnetic pinning layer 214 interfaces and is exchange

coupled to the pinned layer 206 for pinning the magnetization 208



afirst. seed layer; a third seed | ayer adjacent to the ferromagnetic free
| ayer; and a second seed | ayer |ocated between the first seed | ayer and the
third seed layer; and wherein the first seed |ayer is nickel oxide (N 0),

the second seed | ayer is nickel nmanganese oxide (N, M OX), 3 $@3 2D02
seed layer is selected froma group of materials consisting? f M@ Cu),
silver (Ag), gold (Au) and their alloys; and first and second hard bias and
| ead | ayers connected to first and secodd side edges of the spin valve
sensor; nonmagnetic nonconductive first and second read gap | ayers; 21 N

OV 2002 -35 the trilayer seed layer structure, the spin valve sensor and
the first and second_hard bias and | ead Iayﬁés bein% l,ocat ed between the

first and REHBILERY2HATP IF85ePBS - anthd drfEmb@Ht 170 tFst CGREEL DA shi el d
et and SEEShAYATcP b TG, 0F SOTCA et vt TESTAESUSLE Soa T n
claim9 wherein the ferromagnetic pinned,.| ayer c ri ses; an antiparall el
(AP) pi nnedaR&ers8t Pﬁ’c‘g%r@qwﬂe’f’udi _h‘d?ﬁal??:\y%ctatﬁﬁtngﬁa? af’freﬁt [ﬁeﬁﬂe #Payer; a
ayer: and EYeintEbr &0 APEBULP | AT Eyan LUBbNE Ot R TR {1 T and
second ar“iﬁ¥¥'érkgg QLégK¥%Je%y85§'is a laminated structure comprising a

first ferromagnetic sublayer 218 made of nickel iron (Ni-Fe or

Permalloy) and a second ferromagnetic sublayer 220 ﬁade of cobalt

iron (Co-Fe) as shown in Fig. 12.

In this example, the pinning layer 214 was 250 A of nickel

manganese (Ni-Mn), the pinned layer 206 was 32 A of cobalt (Co),

the spacer layer 212 was 24 A of copper (Cu) and the free layer

202 was a first ferromagnetic sublayer 218 made of 45 A of

nickel iron (Ni-Fe) and a second ferromagnetic sublayer 220 made

of 6 A of cobalt iron (Co-Fe} . The cap layer 226 was 60 A of

tantalum (Ta) on the pinning layer 214 for protecting the pinning

layer. The seed layer 214 was 30 A of tantalum (Ta).

Altexnatively, the pinning layer 206 may be formed of platinum

manganese (Pt-Mn) or iridium manganese (Ir-Mn).

After annealing at 280 °C for 2 hours, the spin valve

sensor 200 exhibited a GMR coefficient of 5.8%, a unidirectional
anisotropy field (Hw) between the pinning layer and the pinned
layer of 76 QOe, and a ferromagnetic coupling f£ield (Hgf) of 7.4

Oe. The GMR coefficient and the unidirectional anisotropy field



1. A magnetic head assenbly conprising a read head and a wite head: wite
the head including: first and second pol e piece |ayers; each of the first.
and second pol e piece |layers having a yoke portion | ocated between a pole

tip portion and a back gap portion; a nonnagnetic wite gapQZSyEJ gpzﬁb d
between the pole tip portions of the first and second pol e C 0 y 2 an

i nsul ation stack with at | east one coil %ayer enbedded therein l.ocated

bet ween the yoke portions of the first 1%d second pol e piece |ayers; and
21 N O V 2002 -36 the first and second pol e piece |ayers being connected at
t heir back gaps portions; and the read head having a spin val ve sensor that
i ncl udes: aH,@r neragakitvdinedolvay exl thenriatg va lyngeisdn @ MdMeDd! steledt 1rgekr ee
torotate froma first direction in response to a signal field; a

ferronagnetila phoneg 4 atErckhavkngr & oTdgRels enphopad ;beawaennelgaefist
el ectrically conductive spacer |ayer |ocated between the free | ayer and the

pi nned | ay@eirraiagiétiersupmenet i plpiomithe Fayerldyercoobagha Wie #ilepi nned
| ayer and exchange coupled to the pinned | ayer for pinning the magnetic

moment of tkedpyapelayay e, nthe s@ORbedifietehonis vharei thé he pinning | ayer
is selected froma group of materials consisting of nickel manganese

(Ni --M), nintRelresth@eslesmiBoEkeDy Chiredd UB,()Nis- M2 -d& rpdntb&el nanganese
iron (Ni--M--Fe), nickel manganese iridium (N --M--1r), nickel manganese
pal | adi um (fNrrehagn®d)s duupldéhgniigahede) platiinmoeN -aiMvebjkcrivai okel
manganese rhodi um (Ni --M-Rh) and ni ckel manganese rutheni um (N --M--Ru);
and a tril &per psesent ajerendtioncisrte dommovei hhe GH iqoeffiebent ayal the third
seed | ayer adj acent to the ferromagnetic free |ayer; and a second seed

| ayer | ocat@ddpEedeirahartisestroredd 98 dFvmdnybihe Bhintaisded ¢ aldt
wherein the first _seed ] ayer is njckel axide | Q) he second seed | ayer
is nickel MaAYEn8EeR%i ﬂﬁ%ﬁﬁ?&&}q-%ﬂﬂfiﬂﬁg F%g$8 ngd Hh?%?t’§rselected
froma group . ertals LSLi f_.copper up , rhodi um
(R, prat RIS ERRS 254 Stk BRGR Rk AR RE) £ o e b O IRERAY 102 T he
read head %Q%Bh@ﬁt&ngngﬂé“¥pin valve sensor, in particular, to ensure a

low Hr and a high GMR coefficient after an extended anneal at

elevated temperature.

Example 2
(First Embodiment of Invention)

The spin valve sensor 300 in Fig. 13 is a first, embodiment
of the present invention. The spin valve sensor 300 is the same
as the spin valve sensor 200 in Fig. 12 except for a trilayer
seed layer (SL) structure 302 that is located between the first
read gap layer 216 and the first ferromagnetic sublayer 218 of
the free layer 202. The trilayer seed layer structure 302 has a
first seed layer (SL1) 304 comprising nickel oxide (NiO), a
second seed layer (SL2) 306 comprising an amorphous-like oxide,

prreferably nickel manganese oxide (NiMnO,), and a third seed



fisrst and second hard bias and |l ead | ayers connected to first and second
si de edges of the spin valve sensor; nonnagnetic electrically insulative
first and second read gap l.ayers; the trilayer seed |ayer structure, the

spin val ve sensor and the first and second hard bias and | gﬁyvr i ng
| ocat ed between the first and second read gap | ayers; a feﬁ?g gnet?gezirst

shield layer; and the first and second read gap | ayers being | ocated
between the first shield | ayer and the fgrst pole piece layer. 12. The
magneti c ‘head assenbly as recited in claim 11 including: the read head
further including a ferromagnetic second shield Iayer and a nonnagnetic

Shrel o' | aydraveng <§f12€f3150?8§tac%%§#§2w§§§rrﬂogg?'a{? el&ﬂ? TR Ry ER e P adad as
ot par al | S CABFEGY HHEbaEayED s r%%%??a‘g@?%% Fua ﬁzf TR b S s Bl

S 0rES U RSP TR G TS LAY S L e

gm: Bg; g: : gﬁle‘%ﬁ Eﬁg ?ja pE 1%“22 ﬁ%’b%gd:,\gg RS aecde];: LtZ“t g\r/llgﬁ%erg éjeqaa one

sl ider that nag 3healfy b%%ﬁ:'o ‘f% AHfe B 5 I8 AldACLAgUPOO I LA

| east one I’TB. etl ¢ hea asse |nc udes a rea a Wi

head, the gislodni Ve GO %ees 159& Woist §ndeadk i fiehidisB@a 1ayer 308,

and the third seed layer 308 is located on the second seed layer
306 and interfaces the first ferromagnetic sublayer 218 of the
free laver 202. In this example, the first seéd layer 304 was
330 A of nickel oxide (NiO), the second seed layer 306 was 30 A
of nickel manganese oxide (NiMnO,), and the third seed layer was
14 A of copper (Cu). Since the first and second seed layers 304
and 306 are made of electrically insulative materials, the fixrst
and second seed layers 304 and 306 may be deposited so as to add
to the thickness of the first gap (Gl) 216.

After annealing at 280 °C for 2.-hours, the spin valve sensor

300 exhibits a GMR coefficient of 9.4%, a unidirectional

anisotropy field (Hw) of 590 Oe and a ferromagnetic coupling
field (Hy) of 2.7 Oe. The GMR coefficient of the spin valve
sensor 300 is a significant improvement over the GMR coefficients
of the spin valve sensor 200 having a Ta ox NiMnO, seed layer.
It has been found that this improvement is‘mainly due to the
nickel oxide (Ni0O) first seed layer 304 exhibiting a strong {200}

crystalline texture thereby inducing a desirable {200)



first .and second pol e piece |ayers; each of the first and second pol e piece
| ayers having a yoke portion | ocated between a pole tip portion and a back
gap portion; a nonmagnetic wite gap |ayer |ocated between the pole tip
portions of the first and second pol e piece | ayers; an insgl ?tN?\/w
with at | east one coil |ayer enbedded therein | ocated between the yoke
portions of the first and second pole piece |layers; and the first and
second pol e piece |ayers being connected? at their back gap portions; and
the 'read’ head having a spin valve sensor that includes: a ferromagnetic
free layer having a magnetic nonent that is free to rotate froma first

direction L ESPANRE cb0: & & diNahel bobUaqied ! BEBANRLLS 1RLARSIE RS

havi ng a maghetic nonen a nonnmagneti c €électric y conductive spacer

| ayer 'Ocagggnb\%]fwgehggrfr%i'saxf%aﬁﬂg idehhned Fa%eiowaRdgle -x3%y 21

N OV 2002 an antiferromagnetic pinning Tayer adjacent to the prnned | ayer

and exchanger eounl € LAckOEPINCS LBYAMaf HrBighBERI(111E) ragRebieis@MeNnt of
the pinned layer In a second direction, wherein the pinning | ayer is

sel ected f¢om@IrQURhEl a SR &S dAlteac anshs tigignalvai skedormrganaseng Nite M) ,
ni ckel manganese chrom um (N --M--Cr), nickel manganese iron (N --M--Fe),

ni ckel mangangeseayiMdo]i seed MayeM- ahd)a wiakKk€bc NBENgANRSE spal i asé wexture
(Ni --M--Pd), nickel manganese platinum (N --M--Pt), nickel manganese

r hodi um ( Nind Mn -&9itasdabdi £del {20angapeseallideeneututdl in Mhe Ru); and a
trilayer seed |ayer structure conprising: a first seed layer; a third seed
| ayer adj aserdepos it Nérvongginetviad ver eensey 300 hading sdoondidewdr| gt
| ocat ed between the first seed layer and the second seed |ayer; wherein the
first seedldwseror ondivckbe B dreqdNileyert helecragatseed ¢hydisi 42APkkel
manganese oxide (N, MOX), and the third seed |ayer is selected froma group
of materi aFEvebmkligta fgXRTe ol {tahes Ehenf st e ARS E 19 fdi T BRY,
pIatinun1(F%% ohg}éfm) g their alloys; the read_head further, jncluding:
first and 3% %%8“h i égg %d”ﬂ@%ﬁiﬂé9ér§e%%ﬁﬁ%cfea %ff%¥%ﬁf gﬁ&hsecpnd
side edges b0t he(Gn S8 Yo 2PIYse19MHBINS Bl 86T EE AN Yool BothAlT Ve
first and second read gap layers;

after annealing. As a result, the Ni-Mn spin valve sensor 300

having the trilayer seed layer structure or only the NiO seed

layer requires less anneal time to attain a high unidirectional

anisotropy field (Hya) while maintaining a high GMR coeffient.

The use of a thicker NiO layer leads to a higher GMR
coefficient, but also leads to exchange coupling between the
antiferromagnetic NiO and the ferromagnetic free layer. The thin
nonmagnetic layers of NiMnO, and Cu of the second and third seed
layers 306 and 308, respectively, inserted between the NiO and
the free layer prevent the exchange coupling. Insertion of both
the thin NiMnO, and Cu seed layers also results in a further
increase of the GMR coefficient.

The NiMnO, seed layer plays a crucial unique role in

attaining a very low ferromagnetic coupling field (Hp). It is



the trilayer seed layer structure, the spin valve sensor and the first and
second hard bias and |l ead | ayers being |ocated between the first and second

read gap | ayers; a ferromagnetic first shield |ayer; and 4 oV
2002 the first and second read gap | ayers being | ocated betZ/\AeﬁQ\%%igé\z

shield layer and the first pole piece |ayer; and a housing; a magnetic disk
rotatably supported in the housing; a support nbunted in the housing for
supporting the magneti c head assenbly wxih the ABS facing the nagnetic disk
so that t'he nmagnetic head assenbly is in a transducing relationship with
the magnetic disk; a notor for rotating the magnetic disk; an actuator arm
connected to the support for noving the nagnetic he d assenb It|pIe
posi ti ons RWPERTYBLpELq™ (F oS8T T Erapsrissing & 5?8@@%§?¥%%QQrF€ Ptry
connected to the magnetic head assenbl to, the nntgr for rotatlng?the

magneti ¢ di"SRt aﬁHaFcF39u§h&€t6%?¥RhQ¥3n#¥8F Rt §EH %ﬁﬂfﬁaFQVﬁffh

magnetic h ssenbly, for ontrollln otation of netic di sk and
f or contro%PPﬁ a¥ eI TEM 00 R o?°%¥ﬁ§yﬁﬁgﬁéf?ﬁ FEdd5as eﬁ%?ﬁgl The

magneti c dIS drive cla|n1 cludln t he read-head further
i ncl udi ng: ® 8?¥%%%éﬁ%ﬂ% @lée fHFér Hie § e o qalﬂ%nn&gnetﬂl

separat onthsxgga%%ge SERALA! 1995 | Ak b%sggg,lfgo Te@hgek i gecond

shield | ayer first po € piece aye he magnet | sk drive as.

recited in %h?%g§&5fl Qi%?ﬁ tJHEi&?EEQEﬁHﬂﬁ% gkﬂ@ggch?%%k 89”9§%§§§' an

anti parall el ed Tayer siructure |nc ng: 21 NO V -41
layer, thus providing an Hr of less than 4 Oe over a wide
thickness range of the Cu spacer layer (with a minimum Hy of 2.7
Oe when the Cu spacer layer is 24 A thick). It should also be
noted that the amorphous-like NiMnO, seed layer must be very thin
so as not to impact the microstructural effect of the thick NioO
seed layer on the layers of the spin valve while suppressing the
exchange coupling and providing a low ferromagnetic coupling
field (Hg).

The Cu seed layer also plays a crucial unique role in

maimtaining good soft ferromagnetic properties of the free layer.
Direct contact of either the NiO or the NiMnO, seed layers with
the free layer leads to degradation of the soft magnetic
properties of the free layer, particularly after annealing. The
thin Cu seed layer is therefore inserted between the NiMnO, seed
layer and the free layer. With insertion of the Cu seed layer,
the easy axis coercivity (He) of the free layer decreases from

6.5 Oe to 3.5 Oe, and more importantly, the uniaxial anisotropy

field (Hx) of the free layer decreases substantially from 15 Oe



a‘first antiparallel pinned |layer; a second antiparallel pinned |ayer adj
acent to the antiferromagnetic pinning |layer; and an antiparallel coupling

| ayer disposed between the first and second antiparallel pi 17.
A magnetic read head conprising: a spin valve sensor incl ucﬁﬂgﬁé@yﬁbaz

ferromagnetic free |layer having a magnetic nonent that is free to rotate
froma first direction in response to a signal field; a ferromagnetic

pi nned | ayer having a magnetic nonment; aononmagnetic electrically
conductive spacer |ayer |ocated between the free | ayer and the pinned

| ayer; an antiferromagnetic pinning layer in contact with the pinned | ayer

and exchangg goMpl edL0aLBEANNGd thayesi 48l 1PnRkBgrdhe fRGAe g moment of
the pinned layer; and a trilayer seed |layer structure conprising: a first

seed | ayer} naléﬂersd a%,egﬁckéy@é 1@1dlp%§ﬁ£‘£b$fittsh%ff @Fxéﬁéfﬁgﬂ%tud% Erem Aayer,
and a second seed | ayer located between the first seed |l ayer and the third

seed |ayerre@8§d1ngz%ehllgmv 2005 a2 i wherald dheoki eat @?%@e’dayl\yets ni ckel

oxide (Ni0), the second seed layer is ni ckel manganese oxi de M-Ox), and

the third seeds|@ayer hh§h§§|@@ﬁ b9 BY Bn 9T tf sﬁa&@malea.e@eaahstl ng of
copper (Cu), silver (Ag), gold (Au) and their alloys. 18. The nagnetic read

head as regtdetetintc! arm Aovdene Rotbe iRy alRgAthCegiditedohagerseed

conprises: an antiparallel (AP) pinned |layer structure including:
layer must also be very thin to minimize current shunting in the
spin valve sensor while maintaining the good soft ferromagnetic
properties of the free layer and increasing the GMR coefficient.

Thus, the use of a trilayer seed layer comprising first,

second and third seed layers 304, 306, 308 of NiO, NiMnO, and Cu,
respectively, substantially increases the GMR coefficient,
increases the unidirectional anisotropy field (Hy.) and decreases
the ferromagnetic coupling field (Hy) compared to the use of

single seed layers of either Ta or NiMnOx for the spin valve

sensor 200 described in the Example 1.

Example 3
(Second Embodiment of Invention)

The spin valve sensor 400 in Fig. 14 is a second embodiment
of the present invention. This spin valve sensor is the same as
the spin valve sensor 300 in Fig. 13 except an antiparallel (AP)
pinned layer structure 402 is used as the pinned layer 206 of the
spin valve sensor 300. The AP pinned layer structure 402
includes a first antiparallel pinned (APl) layer 404 and a second

antiparallel pinned (AP2) layer 408 separated by an antiparallel



a first antiparallel pinned |ayer; a second antiparallel pinned |ayer

adj acent to the antiferromagnetic pinning |ayer; and an ant|parall el
coupling layer disposed between the first and second anti paral.l & i.nned

| ayers. 19. A magnetic head assenbly conprising a read he ‘bdﬁﬁ e
head: the wite head including: first and second pol e piece |ayers; each of
the first and second pol e piece |ayers having a yoke portion | ocated
between a.pole tip portion and a back gap3portion; a nonmagnetic wite gap
| ayer | ocated between the pole tip portions of the first and second pol e

pi ece | ayers;

an insulation stack wwth at |east one coil |ayer enbedded

therei n | ocadesh bt wren) the arokespor tidnsgef cbhel fig detardnseronst ripahe

pi ece | ayers;

and the first and second pol e piece | ayers being connected at

their back Dapsr padt eadsth@kcond3ant daradlley gifled Nayegadobesthdwmyviang a
spin val ve sensor that includes: a ferromagnetic free | ayer having a
magnet i zat ireayridtalzait$oh r £82 taf nthkasecdidanaiparslld rpEchiednlaper eSnse to
a signal field; a ferronmagnetic pinned |ayer having a magnetization; a
nonmagnet i coeleictvedcabl yernditideld e aphcerayl dyen tlocadbsd betweere tdie =y ee
| ayer and the pinned |layer; an antiferromagnetic pinning |ayer in contact
with the piamesipdrajéel apcheikisizaageoss ugdiedntopahel i nmedplaper ldmr godni ng
t he magneti zati on of the pinned

the magnetization 410 of the first antiparallel pinned layer 404

is antiparallel to the magnetization 412 of the second

antiparallel pinned layer 408.

In the second embodiment, the first and second antiparallel

layers 404 and 408 may be made of cobalt (Co), or alternatively

of cobalt iron (Co-Fe), having a thickness in the range of 20-40

A,

and the antiparallel coupling layer 406 may be made of

ruthenium (Ru) having a thickness in the range of 6-8 A. It is

important, however, that the magnetization of one of the

antiparallel pinned layers 404 and 408 be higher than the other

antiparallel pinned layecr resulting in a finite net magnetization

for resetting purposes.

In this example, the pinning layer 214 was 250 A of nickel

manganese (Ni~Mn), the first antiparallel pinned layer 404 was 32

A of cobalt (Co), the antiparallel coupling layer 406 was 8 A of

ruthenium (Ru), the second antiparallel pinned layer 408 was 32

A of cobalt (Co), the spacer layer 212 was 24 A of cu (cu), and

the free layer 202 was a first ferromagnetic sublayer 218 made of

45 A of nickel iron (Ni-Fe) and a second ferromagnetic sublayer



| ayer in a second direction; and a trilayer seed | ayer structure
conprising; a first seed layer; a third seed | ayer adj scent to the
ferromagnetic free |ayer; and a second seed | ayer | ocated g?% tg first
seed layer and the third seed | ayer; wherein the first see MSQTV' ﬁﬂchel
oxide (Ni0), the second seed | ayer is nickel nmanganese oxide (N M OX), and
the third seed layer is selected froma group of materials consisting of
copper (CQu), silver (Ag), gold (Au) andoiheir alloys; the read head further
including: first and second hard bias and | ead | ayers connected to first
and second side edges of the spin valve sensor; nonmagnetic electrically

insul ati ve F2gr shaansle sedond ceps @ap-dmayebsrFe) . 2 The RpV 13982 2744 wdie
trilayer seed | ayer structure, the spin valve sensor and the first and

second har dscbiges sapd, Load, | AYS" 5 BB k@ﬁapgﬂ?g& waq sthepFiLste Ay second

read gap | ayers; erronagne icfirs yer |rs nd
second rea a belng (o] betmeen t yer nd the
first pol ectpl%eg’é Thh fr?ﬁglne °c rea asrngl 33(%’% ke a?t
wherein the fercg &te& rahnnsmg lﬁowqeeéen 380! BB Rlg el { AP

pi nned | ayer structure iTclad i NQ: Frst - an I parall plnned ayer;

second antiparallel pinned |ayer adjacent to the antlferronagnetlc plnnlng
| ayer;, and



an anttparallel coupling |ayer disposed between the first and second
antiparallel pinned |layers. 21. A magnetic disk drive having at | east one
slider that has an air bearing surface (ABS), the slider supportlng at

| east one magnetic head assenbly that includes a read head a qq ‘gﬂg
head, the disk drive conprising: the wite head including: flrst an econd
pol e piece layers; each of the first and second pole piece |ayers having a
yoke. portion | ocated between a pole tipsgortion and a back gap portion;

21 NO V 2002 - 45 a nonmagnetic wite gap |ayer |ocated between the pole
tip portions of the first and second pol e piece |ayers; an insulation stack

with at |east OﬁﬁtQP'Andé%ﬁ‘iBgeH@Pdﬂﬁ%oh%rQtnzéd)@@t@ﬂ:}b%t weeRethe yokea
portions of the first and second pol e piece Iayers and the first and

second pol e phﬁcEOéayers behng cqnnect %d @% §F9§EK8939¥89£§n§H% and

the read head havin vafve sensof t errondgnetic

free | ayer JAayLng. PO RO Moy scggfﬁél%nt%ﬁt@ {gorga first

direction in response to a Signa iel erromagneti c pl nned | ayer

h t I t I d |
aving 2, TRARELZAL] Ak 2:1000PORtAeel QALY | 67 J0beeeRdyghiye spacer | ayer

| ocated b t e plnned ayer; an
anti f er r onggRebihgqRL W %u&:@?ﬁ& AliReqnt) 1o e @bnneﬂmés@’%%gﬂ@@léx&@nge

coupled to the pinned |ayer for pinning the magnetization of the pinned

layer in acsRCPPEpeiFRL] 292 a substantial improvement over the properties
of antiparallel pinned Ni-Mn spin valve sensors having a single
seed layer of Ta (GMR coefficient = 4.3%, Hp = 1735 Oe and Hy =
3.2 Oe) or of NiMnO, (GMR coefficient = 6.6 %, -Huyn = 1903 Oe and
He = 5.5 Qe).

It should be noted that although the antiparallel pinned Co

layers have the same thickness, a net magnet moment of about 0.08
memu/cm?® still exists due to the loss of magnetic moments at the
interface between the Co and Ni-Mn films after annealing. This
net magnetic moment is needed for the thermal setting of the

antiparallel pinned Ni-Mn spin valve sensor, and is preferred to

be very small to lead to a vexry high Hp.

Observations
Each of the three seed layers 304, 306 and 308 plays a
unique role in improving the magnetic and GMR properties of the
Ni-Mn spin valve sensor of the present invention. The thickness
of each of the seed layers is determined by optimizing various

magnetic and GMR properties. Experimental data were obtained for



a‘trilayer seed layer structure conprising: a first seed layer; a third
seed | ayer adjacent to the ferromagnetic free layer; and a second seed

| ayer | ocated between the first seed | ayer and the second eed | aye

wherein the first seed layer is nickel oxide (Ni0), the se oh g@iqgg@mn

i s nickel manganese oxide (N,MOX) and the third seed |layer is selected .
froma group of materials consisting of copper (Cu), silver (AgQ), 46 - 21
N OV.2002, gold (Au) and their alloys; t read head further incruding:
first and second hard bias and |l ead | ayers connected to first and second
si de edges of the spin valve sensor; nonmagnetic electrically insulative
first and seogric spad galvd apassyrstheti rdhleayel leebuy | dypgerstructtums: t he
spin valve sensor and the first and second hard bias and |l ead | ayers being

| ocat ed betywelyMiheeli54] /@dresedonduBok) gan Jd2dyens -Ma(derX)omageei)c first
shield layer; and the first and second read gap |ayers being | ocated

bet ween t hayHdreStthehi ebsla1 aymibraBdat findlier Shypel ebPiBee bayerilapsl deed
housi ng; a nmagnetic disk rotatably supported in the housing;, a support
mount ed i n therheystogufes. supporting the magneti c head assenbly with the
ABS facing the magnetic disk so that the magnetic head assenbly is in a
transduci ng rel @tibensht pamd t 16t hee nagtetdodpdir$ky the GMR coefficient and
the ferromagnetic coupling field (Hg), respectivelf, for spin
valve sensors with NiO/Cu(14A) bilayer and

NiO/NiMnO,(30A)/Cu(14A) trilayer seed layers as a function of the
NiO first seed layer thickness. Figs. 17 and 18 are data
comparing the GMR coefficient and Hy, respectively, for spin
valve sensors with NiO(330A)/Cu bilayer and
NiO(BBOA)/NiMnO,(BOA)/Cu trilayer seed layers as a function of
the Cu seed layer thickness. As the NiO first seed layer
thickness increases, both the GMR coefficient and the
ferromagnetic coupling field (H¢) increase. The NiO laver
contains columnar polycrystalline grains with a sEroﬁg
face-centered-cubic (fcc) {200} crystalline texture which
facilitates the growth of grains with a {200} crystalline texture
of the layers of the spin wvalve sensor 300, thereby facilitating
the phase transformation in the Ni-Mn layer during annealing. An
antiferromagnetic Ni0O layer thicker than 200 A exchange couples
to the ferromagnetic free layer resulting in an increase of the
coercivity of the free layer and an increase in He. Thin seed

layers of nonmagnetic NiMnO, or Cu inserted between the



a notor for rotating the magnetic disk; an actuator arm connected to the
support for noving the magnetic head assenbly to multiple positions with
‘respect to said magnetic disk; and a processing circuitry conpected to the
magneti ¢ head assenbly, to the notor for rotating the mag i &@Vsﬁﬂﬁﬁd to
the actuator armfor exchanging signals with the magnetic head assenbly,
for controlling rotation of the nagnetic disk and for controlling the
position of the nagnetic head assenbly.27 21 N OV 2002 -47 22. The magnetic
read head as recited in claim 21 wherein the ferromagnetic pinned | ayer
conprises: an antiparallel (AP) pinned |layer structure including: a first

ant i paral| eh,cpEDREdLL ANste :5°000 ST RSP lecPLanesh A yagiacent 1o

the antiferromagne er; "and an anti paral coupling | ayer
T G el R A O i o R e
- AYF A3 AT By 68 Crde b at \Be ¥ e A A thic 150 Recd fayér Aoft thd18yRrd

of the spin valve sensor.

The NiO/Cu bilayer seed layer structure causes a substantial
decrease in B and an increase in the GMR coefficient as the Cu
seed layer thickness is increased. Unexpectedly, the
NiQ/NiMnO,/Cu trilayer seed layer structure of the present
invention results in Hy decreasing to below 10 Oe and the GMR
coefficient increasing to nearly 10% over a wide thickness range
of the seed layers, a substantial improvement over the properties
obtained with the bilayer seed layer structures.

For the trilayer seed layer structure of the present
invention, the first seed layer 304 of NiO may have a thickness
in the range of 100-400 A, with a preferred thickness of 330 A.
The second seed layer 306 on NiMnO, may have a thickness in the
range of 20-40 A, with a preferred thickness of 30 A. The third
seed layer 308 of Cu may have a thickness in the range of 10-20
A, with a preferred thickness of. 14 A. With the optimized
thicknesses of the three seed layers of the trilayer seed
structure 302, the simple Ni-Mn spin valve 300 of the first
embodiment of the invention exhibits a GMR coefficient of 29.4%, a

unidirectional anisotropy field (Hwy) of 590 Oe, and a

ferromagnetic coupling field (Hy) of 2.7 Oe. These magnetic and
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of 779 Oe after annealing for 6.4 hours at 280 °C.

. To improve the magnetic and GMR properties of the Ni-Mn spin
valve sensor having the trilayer seed layer structure, different
sputtering modes have been used to deposit each layer. It was
found that the best magnetic and GMR properties are attained when
a reactively DC-pulse magnetron sputtering mode using a mixture
of argon (Ar) and oxygen (0,) gases is used to deposit the NiO
and NiMnO, seed layers, a DC-magnetron sputtering mode using
argon (Ar) gas is used to deposit the Cu seed layer, Cu spacer
layer, Co pinned layer, Ni-Mn pinning layer and Ta cap layer, and
an ion beam sputtering mode using xenon (Xe) ions is used to
deposit the Ni-Fe sublayer and Co-Fe sublayer of the free layer.
In particular, the ferromagnetic coupling field (H;) achieves
magnitudes below 4 Oe over a wide thickness range of the Cu
spacer layer when these sputtering modes are used.

It should be understood that the direction of the magnetic
moments of the various layers in the examples, as well as the
sense current Ig may be reversed without departing from the
spirit of the invention.

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
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embodiments and modifications when viewed in conjunction with the

above specification and accompanying drawings.
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a spin valve sensor including:

a ferromagnetic free layer having a magnetic moment that is free to

rotate from a first direction in response to a signal field;
a ferromagnetic pinned layer having a magnetic moment,

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer;

an antiferromagnetic pinning layer in contact with the pinned layer and
exchange coupled to the pinned layer for pinning the magnetic moment of the pinned
layer, wherein the pinning layer is selected from a group of materials consisting of nickel
manganese (Ni--Mn), nickel manganese chromium (Ni--Mn--Cr), nickel manganese), iron
(Ni--Mn--Fe nickel manganese iridium (Ni--Mn--Ir), nickel manganese palladium (Ni--
Mn--Pd), nickel manganese platinum (Ni--Mn--Pt), nickel manganese rhodium (Ni--Mn--

Rh) and nickel manganese ruthenium (Ni--Mn--Ru); and
a trilayer seed layer structure comprising:
a first seed layer;
a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the third

seed layer; and

wherein the first seed layer is nickel oxide (NiO), the second seed layer

is nickel manganese oxide (N,M,,Oy), and the third seed layer is copper (Cu).
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3. The magnetic read head as recited in claim 1 wherein the second seed layer has a
thickness in the range of 20-40A

4. The magnetic read head as recited in claim 1 wherein the third seed layer has a
thickness in the range of 10-20A

5. A magnetic read head comprising:
a spin valve sensor including:

a ferromagnetic free layer having a magnetic moment that is free to

rotate from a first direction in response to a signal field;
a ferromagnetic pinned layer having a magnetic moment;

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer;

an antiferromagnetic pinning layer in contact with the pinned layer and
exchange coupled to the pinned layer for pinning the magnetic moment of the
pinned layer, wherein the pinning layer is selected from a group of materials
consisting of nickel manganese (Ni--Mn), nickel manganese chromium (Ni--Mn-
-Cr), nickel manganese iron (Ni--Mn--Fe), nickel manganese iridium (Ni--Mn--
Ir), nickel manganese palladium (Ni--Mn--Pd), nickel manganese platinum (Ni--
Mn--Pt), nickel manganese rhodium (Ni--Mn--Rh) and nickel manganese
ruthenium (Ni--Mn--Ru); and

a trilayer seed layer structure comprising;
a first seed layer;

a third seed layer adjacent to the ferromagnetic free layer; and
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a second seed layer located between the first seed layer and the third

seed layer; and

wherein the first seed layer is nickel oxide (NiO), the second seed layer

is nickel manganese oxide (N;M,Oy), and the third seed layer is copper (Cu); and

first and second hard bias and lead layers connected to first and second

side edges of the spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

the trilayer seed layer structure, the spin valve sensor and the first and
second hard bias and lead layers being located between the first and second read

gap layers; and

ferromagnetic first and second shield layers, the first and second read

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

6. The magnetic read head as recited in claim 5 wherein the first seed layer has a
thickness in the range of 100-400A

7. The magnetic read head as recited in claim 5 wherein the second seed layer has a
thickness in the range of 20-40A

8. The magnetic read head as recited in claim 5 wherein the third seed layer has a
thickness in the range of 10-20A.

9. A magnetic read head comprising:
a spin valve sensor including:

a ferromagnetic free layer having a magnetic moment that is free to

rotate from a first direction in response to a signal field;
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10: free layer and the pinned layer;

an antiferromagnetic pinning layer in contact with the pinned layer and
exchange coupled to the pinned layer for pinning the magnetic moment of the
pinned layer, wherein the pinning layer is selected from a group of materials
consisting of nickel manganese (Ni--Mn), nickel manganese nickel chromium
(Ni--Mn--Cr), nickel manganese iron (Ni--Mn--Fe), nickel manganese iridium
(Ni--Mn--Ir), nickel manganese palladium (Ni--Mn--Pd), nickel manganese
platinum (Ni--Mn--Pt), nickel manganese rhodium (Ni--Mn--Rh) and nickel

manganese ruthenium (Ni--Mn--Ru); and
a trilayer seed layer structure comprising:
a first seed layer;
a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the third

seed layer; and

wherein the first seed layer is nickel oxide (NiO), the second seed layer
is nickel manganese oxide (NiM,0Oy), and the third seed layer is selected from a
group of materials consisting of copper (Cu), silver (Ag), gold (Au) and their

alloys; and

first and second hard bias and lead layers connected to first and second

side edges of the spin valve sensor,

nonmagnetic nonconductive first and second read gap layers;
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ferromagnetic first and second shield layers, the first and second read

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

10. The magnetic read head as recited in claim 9 wherein the ferromagnetic pinned

layer comprises:
an antiparallel (AP) pinned layer structure including:
a first antiparallel pinned layer;

a second antiparallel pinned layer adjacent to the antiferromagnetic

pinning layer; and

an antiparallel coupling layer disposed between the first and second

antiparallel pinned layers.
11. A magnetic head assembly comprising a read head and a write head:
write the head including:
first and second pole piece layers;

each of the first and second pole piece layers having 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 located

between the yoke portions of the first and second pole piece layers; and
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portions; and

the read head having a spin valve sensor that includes:

a ferromagnetic free layer having a magnetic moment that is free to

rotate from a first direction in response to a signal field;

a ferromagnetic pinned layer having a magnetic moment;

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer;

an antiferromagnetic pinning layer in contact with the pinned layer and
exchange coupled to the pinned layer for pinning the magnetic moment of the
pinned layer in a second direction, wherein the pinning layer is selected from a
group of materials consisting of nickel manganese (Ni--Mn), nickel manganese
nickel chromium (Ni--Mn--Cr), nickel manganese iron (Ni--Mn--Fe), nickel
manganese iridium (Ni--Mn--Ir), nickel manganese palladium (Ni--Mn--Pd),
nickel manganese platinum (Ni--Mn--Pt), nickel manganese rhodium (Ni--Mn--

Rh) and nickel manganese ruthenium (Ni--Mn--Ru); and

a trilayer seed layer structure comprising;

a first seed layer;

a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the third

seed layer;

wherein the first seed layer is nickel oxide (NiO), the second seed layer
is nickel manganese oxide (N;M,Oy), and the third seed layer is selected from a
group of materials consisting of copper (Cu), aluminum (Al), rhodium (Rh),

platinum (Pt), gold (Au) and their alloys;
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first and second hard bias and lead layers connected to first and second

side edges of the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;

the trilayer seed layer structure, the spin valve sensor and the first and
second hard bias and lead layers being located between the first and second read
gap layers;

a ferromagnetic first shield layer; and

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

shield layer and the first pole piece layer.
12. The magnetic head assembly as recited in claim 11 including:
the read head further including:
a ferromagnetic second shield layer; and

a nonmagnetic separation layer, the separation layer being located

between the second shield layer and the first pole piece layer.

13. The magnetic read head as recited in claim 12 wherein the ferromagnetic pinned

layer comprises:
an antiparallel (AP) pinned layer structure including:
a first antiparallel pinned layer;

a second antiparallel pinned layer adjacent to the antiferromagnetic

pinning layer; and
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read head and a write head, the disk drive comprising:
the write head including:
first and second pole piece layers;

each of the first and second pole piece layers having 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 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 having a spin valve sensor that includes:

a ferromagnetic free layer having a magnetic moment that is free to

rotate from a first direction in response to a signal field;
a ferromagnetic pinned layer having a magnetic moment;

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer; and
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nickel manganese ruthenium (Ni--Mn--Ru); and
a trilayer seed layer structure comprising:
a first seed layer;
a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the second

seed layer;

wherein the first seed layer is nickel oxide (NiO), the second seed layer
is nickel manganese oxide (N,M,Oy), and the third seed layer is selected from a
group of materials consisting of copper (Cu), aluminum (Al), rhodium (Rh),
platinum (Pt), gold (Au) and their alloys;

the read head further including;

first and second hard bias and lead layers connected to first and second

side edges of the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;

the trilayer seed layer structure, the spin valve sensor and the first and
second hard bias and lead layers being located between the first and second read

gap layers;

a ferromagnetic first shield layer; and
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a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head
assembly with the ABS facing the magnetic disk so that the magnetic head
assembly is in a transducing relationship with the magnetic disk;

a motor for rotating the magnetic disk;

an actuator arm connected to the support for moving the magnetic head

assembly to multiple positions with respect to said magnetic disk; and
a processing circuitry connected to the magnetic head assembly, to the
motor for rotating the magnetic disk and to the actuator arm for exchanging
signals with the magnetic head assembly, for controlling rotation of the magnetic
disk and for controlling the position of the magnetic head assembly.
15. The magnetic disk drive as recited in claim 14 including:
the read head further including:

a ferromagnetic second shield layer; and

a nonmagnetic separation layer, the separation layer being located

between the second shield layer and the first pole piece layer.

16. The magnetic disk drive as recited in claim 15 wherein the ferromagnetic pinned

layer comprises:

an antiparallel (AP) pinned layer structure including:
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a second antiparallel pinned layer adjacent to the antiferromagnetic

pinning layer; and

an antiparallel coupling layer disposed between the first and second

antiparallel pinned layers.
17. A magnetic read head comprising:
a spin valve sensor including:

a ferromagnetic free layer having a magnetic moment that is free to

rotate from a first direction in response to a signal field,
a ferromagnetic pinned layer having a magnetic moment;

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer;

an antiferromagnetic pinning layer in contact with the pinned layer and
exchange coupled to the pinned layer for pinning the magnetic moment of the
pinned layer; and

a trilayer seed layer structure comprising:

a first seed layer;

a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the third

seed layer; and
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18. The magnetic read head as recited in claim 17 wherein the ferromagnetic pinned
layer comprises:
an antiparallel (AP) pinned layer structure including:

a first antiparallel pinned layer;

a second antiparallel pinned layer adjacent to the antiferromagnetic

pinning layer; and

an antiparallel coupling layer disposed between the first and second

antiparallel pinned layers.
19. A magnetic head assembly comprising a read head and a write head:
the write head including:
first and second pole piece layers;

each of the first and second pole piece layers having 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 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 gaps

portions; and
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the read head having a spin valve sensor that includes:

a ferromagnetic free layer having a magnetization that is free to rotate

from a first direction in response to a signal field;

a ferromagnetic pinned layer having a magnetization;

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer;

an antiferromagnetic pinning layer in contact with the pinned layer and
exchange coupled to the pinned layer for pinning the magnetization of the pinned
layer in a second direction; and

a trilayer seed layer structure comprising;

a first seed layer;

a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the third

seed layer;

wherein the first seed layer is nickel oxide (NiO), the second seed layer
is nickel manganese oxide (N;M;Oy), and the third seed layer is selected from a
group of materials consisting of copper (Cu), silver (Ag), gold (Au) and their
alloys;

the read head further including:

first and second hard bias and lead layers connected to first and second

side edges of the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;
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the trilayer seed layer structure, the spin valve sensor and the first and
second hard bias and lead layers being located between the first and second read
gap layers;

a ferromagnetic first shield layer; and

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

shield layer and the first pole piece layer.

20. The magnetic read head as recited in claim 19 wherein the ferromagnetic pinned

layer comprises:
an antiparallel (AP) pinned layer structure including:
a first antiparallel pinned layer;

a second antiparallel pinned layer adjacent to the antiferromagnetic

pinning layer; and

an antiparallel coupling layer disposed between the first and second

antiparallel pinned layers.

21. A magnetic disk drive having at least one slider that has an air bearing surface
(ABS), the slider supporting at least one magnetic head assembly that includes a
read head and a write head, the disk drive comprising:

the write head including:

first and second pole piece layers;

each of the first and second pole piece layers having a yoke portion

located between a pole tip portion and a back gap portion;
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an insulation stack with at least one coil layer embedded therein located

between the yoke portions of the first and second pole piece layers; and

the first and second pole piece layers being connected at their back gap

portions; and
the read head having a spin valve sensor that includes:

a ferromagnetic free layer having a magnetization that is free to rotate

from a first direction in response to a signal field;
a ferromagnetic pinned layer having a magnetization;

a nonmagnetic electrically conductive spacer layer located between the

free layer and the pinned layer; and

an antiferromagnetic pinning layer adjacent to the pinned layer and
exchange coupled to the pinned layer for pinning the magnetization of the pinned
layer in a second direction;

a trilayer seed layer structure comprising:

a first seed layer;

a third seed layer adjacent to the ferromagnetic free layer; and

a second seed layer located between the first seed layer and the second

seed layer;

wherein the first seed layer is nickel oxide (NiO), the second seed layer
is nickel manganese oxide (N;M;Oy) and the third seed layer is selected from a

group of materials consisting of copper (Cu), silver (Ag),
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side edges of the spin valve sensor;

nonmagnetic electrically insulative first and second read gap layers;

the trilayer seed layer structure, the spin valve sensor and the first and
second hard bias and lead layers being located between the first and second read
gap layers;

a ferromagnetic first shield layer; and

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

shield layer and the first pole piece layer; and

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head
assembly with the ABS facing the magnetic disk so that the magnetic head
assembly is in a transducing relationship with the magnetic disk;

a motor for rotating the magnetic disk;

an actuator arm connected to the support for moving the magnetic head

assembly to multiple positions with respect to said magnetic disk; and

a processing circuitry connected to the magnetic head assembly, to the
motor for rotating the magnetic disk and to the actuator arm for exchanging
signals with the magnetic head assembly, for controlling rotation of the magnetic

disk and for controlling the position of the magnetic head assembly.
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The magnetic read head as recited in claim 21 wherein the ferromagnetic pinned

layer comprises:
an antiparallel (AP) pinned layer structure including;:
a first antiparallel pinned layer;

a second antiparallel pinned layer adjacent to the antiferromagnetic

pinning layer; and

an antiparallel coupling layer disposed between the first and second

antiparallel pinned layers.



