-1- MAGNETI C READ HEAD W TH HARD BI AS MAGNET STRUCTURE FI ELD OF THE

| NVENTI ON The present invention relates generally to magnetic read heads.
BACKGROUND Magnetic read heads are used in hard disk drives to sense
magneti c signals from di sks spinning beneath the read heads and, thus, to
read data on the disks. To control the stability and magnetic nonent
orientation of the sensor |ayer of the head, a bias field is provided by
hard bi as magnet |ayers that areqdi sposed next to the sensor layer at its
two side edges. As understood herein, a so-called "ultra contiguous
junction” (UCJ) arrangenent nmay be used to achieve a collinear relationship
between the center of the hard bias |layers and the center of the free
sensor |ayer and thus avoid geonetries that can lead to magnetic
instabilities. Elimnating these instabilities can facilitate the read head
reading higher density data recording, thus permtting a disk drive to
store nore data than it would -2- otherwi se be able to store. The collinear
rel ati onshi p nentioned above S achleved b dlsp05|no a seed | ayer bel ow
the hard bi as MAGNETI HEAD WITHHARD B IAGNEE S TRUGTU

desired height vis-a-vis the nearby free sensor |ayer. However, as
recogni zed herein, the presence of the

FIELD OF THE INVENTION

The present invention relates generally to magnetic read heads.

BACKGROUND

Magnetic read heads are used in hard disk drives to sense magnetic signals from
disks spinning 5eneath the read heads and, thus, to read data on the disks. To control the
stability and magnetic moment orientation of the sensor layer of the head, a bias field is
provided by hard bias magnet layers that are disposed next to the sensor layer at its two
side edges.

As understood herein, a so-called "ultra contiguous junction" (UCJ) arrangement

. may be used to achieve a collinear relationship between the center of the hard bias layers
and the center of the free sensor layer and thus avoid geometries that can lead to
magnetic instabilities. Eliminating these instabilities can facilitate the read head reading

higher density data recording, thus permitting a disk drive to store more data than it would



seed | ayer can undesirably increase the electrical resistivity of the hard
bi as magnet stack. To counter this, the seed | ayer can be grown on a
conducting layer such as gold (Au), but this in turn can undesirably reduce
t he magnetic coercivity of the stack, thereby frustrating the purpose of
the hard bias stack in the first place. The decrease in coercivity is
believed to be attributable to the | oss of crystallographic orientation in
the hard bias layer, which in tgrn is due to the lack of a desired crystal
orientation developing in the seed |ayer when it is grown on gold or other
body centered cubic (bcc) nmetals. Having recogni zed these considerations,
the invention disclosed herein is provided. SUMVARY OF THE I NVENTION A hard

nagnetl r r a magnetic read head includes a seed | ayer nade
e. &“gbﬁ‘gﬁ/g’% ét%%%& ucti ng | ayer nmade of, e.g., gold, and a hard bi as
magnet | ay

Cof Pt . Ln preferred ment s be
reinct oyl gl S Rt o 5L ShhEsed BTN e 541
i nclusive. The seed |ayer is disposed -3- between the hard bias magnet Iayer
and t hdoei@wdh@hiar@bwéyeagneitlay%t@traléﬂéhe harsshias sragngf ayer tathedesied heigh
conducting |l ayer and the seed |layer. The transition | ayer reduces the
el ect r i vigla-vie fhesheaby fode ddresos tayect Howesad asmecegized héreinvdigmptasenceef thevi t y
of the structure conpared to a substantially identical structure but

Wi t houtsdciptalé et hh@dsitatyeicredseftre aldctricd] ré<iétivity &f BFRCIA Bia@RfdghiePstakRY er s
are provi ded between the seed layer and the conducting |ayer. The first

tr ?ns' t O RS th B YhPSedB§ePlan BELAWTbh Fdorifitihd fayer such as gold (Au), but

this in turn can undesirably reduce the magnetic coercivity of the stack, thereby frustrating
the purpose of the hard bias stack in the first place. The decrease in coercivity is believed
to be attributable to the loss of crystallographic orientation in the hard bias layer, which in
turn is due to the lack of a desired crystal orientation developing in the seed layer when it is
grown on gold or other body centered cubic (bcc) metals. Having recognized these

" considerations, the invention disclosed herein is provided.

SUMMARY OF THE INVENTION

A hard magnetic bias structure for a magnetic read head includes a seed layer
made of, e.g., CrMo1.x, a conducting layer made of, e.g., gold, and a hard bias magnet
layer made of, e.g., Co,Pty.,. In preferred embodiments, "x" may be between 0.1 and 0.3

inclusive and "y" may be between 0.25 and .90 inclusive. The seed layer is disposed



second transition | ayer may be made of CoyPt1l_ y or Co, wherein "y" ranges
from.25 to 1. That is, the second transition |ayer nay be made of from 25%
to about 100% Co. The first (Ta) transition |ater may be between the second
transition layer and the seed |ayer. The transition |layers may be no nore
than three nanoneters (3nm thick, and preferably can be O0.5nmthick. In
any case, the preferred second transition |ayer defines a thickness that is
sufficient to render the second _gransition |ayer superparamagnetic. |f
desired, at |east one underlayer may be di sposed such that the conducting

| ayer is between the underlayer and the transition layer. First and second
underlayers can be provided with the first underlayer being made of CoPt

! 3é5§t
rret hodwgﬁﬁﬁﬁégg’d ard @fﬁterrt%?gl?% cﬁntge herAg F esﬁﬁnol?/?edi ng
a seed | ard bia net ab conduct or eat -
he- seda Helyeenha doncticind JVRE e i e P54 By oG e
provi di ng at | east one transition | ayer between the_ conductor and t he seed
| ayer. elackical nesigtangaef the stuetu r%adﬁﬂ%fgﬁ%ﬁ%ﬁ@ raagnetic Garreiyie af the structure
dat a- beari ng nmedium and a nmagnetic read head juxtaposed with the

dat a- begomparedetdi aisubstastialyddenticad sinnctuie bsit withsahthertransitidn kaydr.a hard bi as
stack that in turn includes a buried conductor under a seed |layer and a
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magnet ér"\ad' file conducting layer. The first transition layer may be made of Tantalum (Ta) and the
second transition layer may be made of CoPty.y or Co, wherein "y" ranges from .25 to 1.
That is, the second transition layer may be made of from 25% to about 100% Co. The first
(Ta) transition later may be between the second transition layer and the seed layer. The
transition layers may be no more than three nanometers (3nm) thick, and preferably can be
0.5nm thick. In any case, the preferred second transition layer defines a thickness that is
sufficient to render the second transition layer superparamagnetic.

If desired, at least one underlayer may be disposed such that the conducting layer is
between the underlayer and the transition layer. First and second underlayers can be
provided, with the first underlayer being made of CoPt or Co and the second underlayer
being made of Ta.

In another aspect, a method for making a hard bias structure for a read head

includes providing a seed layer, a hard bias magnet layer, and a buried conductor beneath



The details of the present invention, both as to its structure and
operation, can best be understood in reference to the acconpanyi ng

drawi ngs, in which like reference nunerals refer to like parts, and in

whi ch: BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic bl ock

di agram of a magnetic read head in a hard disk drive apparatus; and Figure
2 is a schematic side view of the junction between one end of the sensing

| ayer and the hard bias structurtg. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT -5- Referring initially to Figure 1, a storage device 10 is shown
that includes a data bearing nedi um such as one or nore nmagnetic di sks 12
and at | east one magnetic read head 14 positioned for sensing signals (and,
t hus, f ' t fil: [ 1Zhel: h i

pos 11 e o508 e gl I er] The e hdePto Mcqqd plowiaiRg ot least
with principles known in the art. The details of the present MR head-rel ated
i nvent 98 EESYRN Shb?5W%ﬁ%NN%Pﬁﬂd QQﬂpéﬁ%ﬁ§?qq§PYﬁrpresentIy pref erred
materi al s using standard el enent abbrevi ations, As shown, the MR head 14
can i ncl ude 'aslli apethepaspeEnad datp sieErge %"%@deﬁér%ﬂ%?ﬁ%@ﬁ@?d@ﬁh@w az2

di sposed next to the sensing stack 20 to provide a bias field to control the
sensor rhagrestic readhedjuxtapesed withéhe dataabeaning mesiuragibeiread habdlindlyded a i s
understood that while for ease

sensor stack and a hard bias stack that in turn includes a buried conductor under a seed
layer and a hard bias magnet layer. Also, at least one transition layer is interposed
between the conductor and at least one of: the seed layer, and the hard bias magnet layer.

The details of the present invention, both as to its structure and operation, can best
be understood in reference to the accompanying drawings, in which like reference

numerals refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram of a magnetic read head in a hard disk drive
apparatus; and
Figure 2 is a schematic side view of the junction between one end of the sensing

layer and the hard bias structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT




in explanation only one hard bias magnet stack is shown (on the right side
junction with the sensing stack 20), in magnetic read sensors there is a
second hard bias stack |located on the left side junction with the sensing
stack 20. The sensing stack 20 may include a base |ayer 24 nade of al um na
on top of which are one or nore additional head |layers 26, as is well known
in the art of spin-valve nagnetic read heads. These additional head |ayers
typically include the pinned fergomagnetic |ayer, an antiferromagnetic |ayer
for pinning the nagnetic nonent of the pinned | ayer, and the spacer |ayer,
typically copper, |located between the pinned ferromagnetic |ayer and the
free or sensing ferromagnetic layer. In the -6- absence of an applied

magnet i ¢ {1 qhdherddteirfifidfy HoF BB NS IdGragRY GEvilaS O E SHEMN e Gno)TB8E Bl data

oriented in a prererred-direction, and ard bias magnetic structures
bias this  nmonment in this preferred direction. J_the presence of an applied
magnet iREANGITASA R Rch a3, lfle PIR wrAghEtc diiks Tcand at fiaghne ndgnstics®illom
data recorded in the magnetic | ayer of the disk, the free |ayer=s nmagnetic
noment head t4positioned fareeansing sigieals @Q%éhﬁofeﬂrq‘?’éwﬂe‘ﬂ@té) fragnidietdigh 12ndhe

pi nned ferromagnetic |ayer. As shown in Figure 2, the free or sensing |ayer
i s showeadsheadildayery berpagitioreed oal ahaargh 16t thad iseddntiatiednby tearcuittye 18 rise

| ayer may be a single |ayer of ferromagnetic material. |In the bilayer

st ruct WoRduhee with peihcipleekiieins inthel #yer 28 may be on top of the head
| ayers 26, and a second free layer 30 may be on top of the first free | ayer

tzﬁé lggo‘;]idr fstheée 8 ayé ?:Yg'[? pgéée@ﬁﬁ%g%?at% i enRBRlchn et eh i Fijuréb! Rikichhi 1 e
sets forth presently preferred materials using standard element abbreviations. As shown,
the MR head 14 can include at least one sensing stack 20 and a hard bias magnet stack
22 disposed next to the sensing stack 20 to provide a bias field to control the sensor layer
magnetic moment orientation and its magnetic stability. It is understood that while for ease
in explanation only one hard bias magnet stack is shown (on the right side junction with the
sensing stack 20), in magnetic read sensors there is a second hard bias stack located on
the left side junction with the sensing stack 20. The sensing stack 20 may include a base
layer 24 made of alumina on top of which are one or more additional head layers 26, as is
well known in the art of spin-valve magnetic read heads. These additional head layers
typically include the pinned ferromagnetic layer, an antiferromagnetic layer for pinning the

magnetic moment of the pinned layer, and the spacer layer, typically copper, located

between the pinned ferromagnetic layer and the free or sensing ferromagnetic layer. In the



of a nickel iron (NiFe) alloy. A free layer cap 32 that can be nade of
Tantal um (Ta) can be on top of the second free |layer 30. The invention thus
applies to spin valve applications where the sense current is in the plane
of the pinned and sensing ferromagnetic |layers, as well as to other
magneti c di sk read head applications including those wherein the sense
current is perpendicular to the plane (CPP) of the |layers, such as CPP gi ant
magnet or esi stive (GWR) sensors agnd magnetic tunnel junction (MIJ) read heads
Turning now to the details of the preferred hard bias nagnet stack 22, a
buried -7- conductor |ayer 34 can underlie a seed |layer 36, on top of which
i's disposed a hard bias nagnet |ayer 38. As intended herein, the hard bias

magnet er 3 C - t: (in
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20. In accordance with th ent.inve t er posed..bet wee
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In the enbodi nent shown, upper transition layer 40 is bel ow the seed
| ayer 3JBpmend natme\mefetrneain@mqt@m | lytee presence péencanpliedemagpetic fieldnsitheon
| ayer 40 and the conductor |ayer 34. As recognized by the present invention,
the traanagéiofinterystrsucheatiihe magneticiidlds fraim datesiesbederkindhe ey riedicda yerasf
stack 22 and increase the magnetic coercivity of the stack 22 conpared to a
subst a%b%él?’ éhgfrgbpﬁ;?ér §ﬁﬁ§é‘néﬂ8m6ﬁéﬁ@$§fré@ﬁ) thafésﬂenat% tbaWE fived Fiynetic
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transition acilitate the seed | ayer devel oping a desired growh

ori ent artn'oPnnent of the pinned ferromagnetic layer.

As shown in Figure 2, the free or sensing layer is shown as a bilayer structure,
althoug.h it is well known that the free layer may be a single layer of ferromagnetic material.
In the bilayer structure shown, first free sensing layer 28 may be on top of the head layers
26, and a second free layer 30 may be on top of the first free layer 28. The first free layer
28 may be made of a cobalt iron (CoFe) alloy while the second free layer 30 may be made
of a nickel iron (NiFe) alloy. A free layer cap 32 that can be made of Tantalum (Ta) can be
on top of the second free layer 30. The invention thus applies to spin valve applications
where the sense current is in the plane of the pinned and sensing ferromagnetic layers, as
well as to other magnetic disk read head applications including those wherein the sense
current is perpendicular to the plane (CPP) of the layers, such as CPP giant
magnetoresistive (GMR) sensors and magnetic tunnel junction (MTJ) read heads .

Turning now to the details of the preferred hard bias magnet stack 22, a buried



In the enbodi nent shown, the hard bias |ayer 38 can be nade of Co, Ptl vy,
wherein y denotes the percentage of Cobalt that makes up the alloy. The
hard bias | ayer 38 can have a thickness t5 of 7.8nm and in one preferred
enbodi nent is made of Co75Pt25. More generally, "y" can range from between
0.25 to 0.90 inclusive. In contrast, the seed |layer 36 can be made of
Cr,,Mi.X wherein "x" denotes the percentage of Chromumin the alloy and
can range fromO0.1 to 0.3 inclusjve. The thickness t6 of the seed | ayer 36
can be 4nm -8- Alternatively, fhe seed | ayer can be nmade of other body
centered cubic (bcc) netals such (200) oriented bcc netal s whose C-axis
|attice msmatch is in the range 0% 3% such as, Cr, CxTii-x

CrxMhi _x, and CrxVi_X pr ef red odi nen e er tra S|t|on
| ayer £QNAYCHORIRYEHBATERTR 'é”‘iﬁffe e,ggaé(e[ ﬁgb T{WhB‘—F '@LA e %ré’s IBfe
| ower transition layer 42 is made of CoZPt1l -z having a thickness t8 of
0. 5nm magneatilayer 38. Amintendgs erein, therband kiae magnet layer 38 of thedwmrddiiaestatkat
is, the lower transition |layer can be made of pure Cobalt if desired. In

gener al22 sHwe$ aavsnrmbamcentarines Ce@e theothicknels dimession) witle thefree tdyans 26n80 The
t hi ckness t8 of the preferred |lower transition layer 42 is sufficient to

r ender halskadksp@i on | ayer 42  superparamagneti c. The conductor |ayer
can be &fli*geelsgﬁj\ﬁo tesor nore of Au, Rh, W and Cu, and can have a thickness

t9 of 6.5n mln Ia]Z:cglr%sa\'nrcg g/shthafhg Sresel?\ %?/eﬁ{ioanc, ll{ntg%%séé bg%/veen thee con%ubtor te%h' m

and the seed layer 36 are one or more transition layers. In the embodiment shown, an
upper transition layer 40 is below the seed layer 36, and a lower transition layer 42 is
between the upper transition layer 40 and the conductor layer 34.

As recognized by the present invention, the transition layers reduce the electrical
resistance of the hard bias stack 22 and increase the magnetic coercivity of the stack 22
compared to a substantially identical stack but without the transition layers. The transition
layers facilitate the seed layer 36 developing a desired growth orientation.

in the embodiment shown, the hard bias layer 38 can be made of Co,Pt:.y, whereiny
denotes the percentage of Cobalt that makes up the alloy. The hard bias layer 38 can
have a thickness t5 of 7.8nm, and in one preferred embodiment is made of Co5Pt,5. More
generally, "y" can range from between 0.25 to 0.90 inclusive. In contrast, the seed layer 36
can be made of CryMo1.y, wherein "x" denotes the percentage of Chromium in the alloy and

can range from 0.1 to 0.3 inclusive. The thickness t6 of the seed layer 36 can be 4nm.



and having a thickness of, e.g., 2nmcan overlay the hard bias magnet |ayer
38, while two wunderlayers 46, 48 can be bel ow the conductor |ayer 34. The
upper underl ayer 46 can be made of 0.5nmthick CoPt or pure Co, and the

| ower under| ayer 48 can be made of 1.Onm thick Tantal um When the conductor
| ayer 34 is a layer of <10nmthick gold, its conductivity can be optim zed
by growing it on a CoPt underlayer, which inproves the coal escence of the
gold. The | ower underlayer 48 ofgTantal um may be used as an -9- adhesion

| ayer for the gold, and nay not be required when the upper underl ayer 46 of
CoPt is used. Wiile the particular HARD BI AS MAGNET STRUCTURE FOR MAGNETI C
READ HEAD as herein shown and described in detail is fully capable of

attai niﬂférﬁ%’ﬁvﬁl‘ﬁ%@?se@ﬂqﬂérm Bg)ﬁx%ﬁresof%fthérrtgadyr&é‘?ﬁé ‘e@bublid ?Hcﬁ}ﬁ%t@l@ such

under st ood is the presently preferre enbodi ment o e present
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invention fully enconpasses aqther enbodi ments which nay becone obvious to
t hose §k9%ﬁ€dcﬂﬁ7th@& x, ABHEM1at the scope of the present invention is
accordingly to be limted by nothing other than the appended clains, in
whi ch ref er dndbetpreferred embodirmant, e sippgultransitionrayeri 4@ éndedle obTartatumone
and only one" unless explicitly so stated, but rather "one or nore". All

st r uct Walingadhitknedd TMal 0.8AHI, WHep84S tHeoloWee treinenRtiayarf42 Renabe e OtepL L, bed
preferred ‘enbodinent that are known or |ater conme to be known to those of
ordi narys § 1 tHikkddd€ @' bf 0.5nm, wherein "z" can range from almost one (1) to 0.25,
inclusive. That is, the lower transition layer can be made of pure Cobalt if desired. In
general, the transition layers each of a thickness of no more than 3nm. The thickness t8 of
the preferred lower transition layer 42 is sufficient to render the lower transition layer 42
superparamagnetic.

The conductor layer can be made of one or more of Au, Rh, W, and Cu, and can
have a thickness t9 of 6.5nm. If desired, a hard bias stack cap 44 made of, e.g., Tantalum
and having a thickness of, e.g., 2nm can overlay the hard bias magnet layer 38, while two
underlayers 46, 48 can be below the conductor layer 34. The upper underlayer 46 can be
made of 0.5nm thick CoPt or pure Co, and the lower underlayer 48 can be made of 1.0nm
thick Tantalum. When the conductor layer 34 is a layer of <10nm thick gold, its

conductivity can be optimized by growing it on a CoPt underlayer, which improves the

coalescence of the gold. The lower underlayer 48 of Tantalum may be used as an



are expressly incorporated herein by reference and are intended to be
enconpassed by the present clains. Mreover, it is not necessary for a
device or nethod to address each and every problem sought to be sol ved by
the present invention, for it to be enconpassed by the present clains.
Furthernore, no el enent, conponent, or nmethod step in the -10- present

di sclosure is intended to be dedicated to the public regardl ess of whether
the elenent, conponent, or nethgd step is explicitly recited in the clains.
No claimelenent herein is to be construed under the provisions of 35

U S C 1112, sixth paragraph, unless the elenent is expressly recited using
the phrase "nmeans for" or, in the case of a nethod claim the elenent is
recited as a "step' instead o express definitio

G el m tadhasion BYSLOBUS S8 eyt e galikr Whed i iRRer iRyt Lar i ™
not irreconciliable wwth the present specification and file hlstory VHAT

| S CLAIiVEBedS: 1. A hard magnetic bias structure for a nmagnetic read head,

conprising: at |east one seed |layer, the seed |layer including C.M1 ,; at
| east one conducting |layer; at |east one hard bias nmagnet |ayer, the hard
bi as magnet | ayer including CoyPti -,, the seed |ayer being disposed

bet ween the \igid thé BartFREIHARBYSIASIAGNET GIRUCTURE FUR/MAGRECh@tRERBSt

one transition |layer between the conducting |ayer and the seed | ayer.
HEAD as herein shown and described in detail is fully capable of attaining the above-

described objects of the invention, it is to be understood that it is the presently preferred
embodiment of the present invention and is thus representative of the subject matter which
is broadly contemplated by the present invention, that the scope of the present invention
fully encompasses other embodiments which may become obvious to those skilled in the
art, and that the scope of the present invention is accordingly to be limited by nothing other
than the appended claims, in which reference to an element in the singular is not intended
to mean "one and only one" unless explicitly so stated, but rather "one or more". All
structural and functional equivalents to the elements of the above-described preferred
embodiment that are known or later come to be known to those of ordinary skill in the art
are expressly incorporated herein by reference and are intended to be encompassed by
the present claims. Moreover, it is not necessary for a device or method to address each
and every problem sought to be solved by the present invention, for it to be encompassed

by the present claims. Furthermore, no element, component, or method step in the



2. The structure of claim1, wherein the transition |ayer reduces the

el ectrical resistance of the structure and increases the nagnetic
coercivity of the structure conpared to a substantially identical structure
but without the transition layer. 3. The structure of claim1l, wherein x is
between 0.1 and 0.3 inclusive. 4. The structure of claim1, whereiny is
between 0.25 and 0.90 inclusive. 5. The structure of claim1, wherein xis
bet ween about 0.1 and about 0. 3_4gnclusive. 6. The structure of claiml,
wherein y is between about 0.25 and about 0.90 inclusive. 7. The structure
of claiml, wherein the conducting |layer is nmade of at |east one of: Au,

Rh, W and Cu. 8. The structure of claiml1l, wherein the transition layer is

made ofpabehtdstiodlR B interded ©9BE, déa?catad tEFtﬁesmun@tr@Par&ésscbawneiher the
conpri SI ng first and second transition ayers bet ween seed | ayer and

the con t enf
second %gﬁﬁﬁg\ioﬁ ﬁ?/nérglﬁ%}e%&& st%éqg?; k@o% eaCYtgo 'Rﬂgglaqﬁg I?ﬁ)cl tru%?n ée of
claim9, wher t he t trapsition. | ater second
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the second transition layer is made of from25% to about 100% Co.
the element is expressly recited using the phrase "means for" or, in the case of a method
claim, the element is recited as a "step" instead of an "act”. Absent express definitions

herein, claim terms are to be given all ordinary and accustomed meanings that are not

irreconciliable with the present specification and file history.



12. The structure of claim9, wherein the first transition |ayer defines a
t hi ckness of no nore than three nanoneters (3 nm. 13. The structure of
claim9, wherein the second transition |ayer defines a thickness sufficient
to render the second transition |ayer superparanmagnetic 14. The structure of
claim1, further conprising at |east ong underlayer disposed such that the
conducting |l ayer is between the underlayer and the transition |ayer. 15. The
structure of claim 14, further conprising first and second underl ayers, at
| east t he WHATUS ChddMEDES: bei ng made of CoPt or Co and the second
under| ayer being nmade of Ta. 16. The structure of claim1, in conbination
with at | east one read head free sensor structure. 17. A nethod for naking
a hgrfl bi ag.str mziaw magnmtlcandseadctheadn %I mgglmibséaﬂ@bad,lmbmphdh@g at d! east one
see ayer; providl ng at ast one r I as gnet |ayer; providi ng at
| east one burleatéﬁﬁaﬂ%$ﬁg éhQEFW“?E@“§@EHin?é®iénd hard bias magnet
| ayer; and provhpkggoﬁ;uhﬁg§hgqg%rtranS|t|on | ayer between the conductor and
the seed layer, wherein the seed 1ayer includes at |east one body centered
cubi ¢ (bcc) (2069le@ﬂt penbasd biagwaghetiinssghhas biss ImsgnétdeyeminshulingCo,8t1i-n t he
range of O%%e?’g@e!i queu ' V% dlSpO%CSd between the hard bias magnet layer and the conducting

layer; and

at least one transition layer between the conducting layer and the seed layer.

2. The structure of claim 1, wherein the transition layer reduces the electrical
resistance of the structure and increases the magnetic coercivity of the structure compared

to a substantially identical structure but without the transition layer.

3. The structure of claim 1, wherein x is between 0.1 and 0.3 inclusive.

4, The structure of claim 1, wherein y is between 0.25 and 0.90 inclusive.

S. The structure of claim 1, wherein x is between about 0.1 and about 0.3 inclusive.
6. The structure of claim 1, wherein y is between about 0.25 and about 0.90
inclusive.

7. The structure of claim 1, wherein the conducting layer is made of at least one of:

Au, Rh, W, and Cu.

8. The structure of claim 1, wherein the transition layer is made of at least one of:
Ta, CoPt, Co.
9. The structure of claim 1, comprising first and second transition layers between the

seed layer and the conducting layer, the first transition layer being made of Ta and the

second transition layer being made of CoPt or Co.



18. The nmethod of claim 17, wherein the transition |layer facilitates the
seed | ayer developing a desired gromh orientation. 19. The nethod of claim
18, wherein the transition |layer reduces the electrical resistance of the
hard bias structure and increases the magnetic coercivity of the hard bias
structure conpared to a substantially jgentical structure but w thout the
transition layer. 20. The nethod of claim 17, wherein the seed |ayer is
made of at |east one of C.Mi-x, C, C.Tii_x, CWMi_x, and CVi _,,. 21.
The nethod of claim 17, wherein the hard bias nmagnet |ayer includes

Co}.Pti-,, wherein i S hetwee .25 and.0.90 inclusive. 22. The nethod of
ol i m 17, Wer ol R SRR G Rt T pHRsbiondAet o REiaethE Recor R
W and Cu. (@BasitidhByérhd et Lbd kyal m 17, wherein the transition layer is nade
of at |east one of° Ta, CoPt and Co. 24. The nmethod of claim 17, conprising

di sposing the structure adjacent at |east one read head free sensor

structure. (25 ABLIAH GOFIRb! ki@ hR A BARrSHIHGINE R ABL i lofpsishead,

conprising: " providing at [east’ one see ayer; providing at |east one hard
bi as magneto hsopet Q0% Covi di ng at | east one buried conductor beneath the seed
| ayer and hard bias magnet | ayer;

12. The structure of claim 9, wherein the first transition layer defines a thickness of

no more than three nanometers (3 nm).

13.  The structure of claim 9, wherein the second transition layer defines a thickness

sufficient to render the second transition layer superparamagnetic

14.  The structure of claim 1, further comprising at least one underlayer disposed such

that the conducting layer is between the underlayer and the transition layer.

15.  The structure of claim 14, further comprising first and second underlayers, at least
the first underlayer being made of CoPt or Co and the second underlayer being made of

Ta.

16. The structure of claim 1, in combination with at least one read head free sensor

structure.

17. A method for making a hard bias structure for a read head, comprising:

providing at least one seed layer;

providing at least one hard bias magnet layer;

providing at least one buried conductor beneath the seed layer and hard bias
magnet layer; and

providing at least one transition layer between the conductor and the seed layer,
wherein the seed layer includes at least one body centered cubic (bce) (200) oriented

metal whose C-axis lattice mismatch is in the range of 0%—3% inclusive.



providing a least first and second transition | ayers between the seed | ayer
and the buried conductor, the first transition |ayer being made of Ta and
the second transition |ayer being made of CoPt or Co. - 14 26. The net hod
of claim25, wherein the first transition later is between the second
transition layer and the seed | ayer. 2733 The method of claim 25, wherein the
second transition layer is made of from25% to about 100% Co. 28. The

met hod of claim25, wherein the first transition |layer defines a thickness
of no nore than three nanoneters (3 nm and the second transition Iayer

defines a thickpness suffjcient_to rend t he second transitjon
superparandénetlg ¢ mghodao H%d7f8wmﬁ@k ﬁd“ﬁ“ﬂ&?g“ﬁfé?”@?@ﬁé@hﬁﬁdﬁé fa read

head, conmpigewd|fin a9&9¥agkﬂgh@hmh9ﬁ§; one seed layer: providing at |east one
hard bi as magnet %ayer providing at |east one buried conductor beneath the

seed layer and hard bias nmagnet |ayer: providing at | east one transition

| ayer bet (of0) d.th ed | a er t n yer
di sposed 2ﬁ§h tha?l?%g&%urleﬂgbo%ﬁg@g " ﬂw SHK% k?ﬁe%%%ag; 5 Q?&Euﬁd t he
transi ti on résigyaice oBthe hIﬂfaieblmntthmdlr@indqha*emeQﬂw rfﬁaghéﬂitﬁdfoeﬁﬁmigr (bethd,‘lLi]arﬂ ibiast and

second under| ayers, at le
structiire compared to a substantlally identical structure but without the transition layer.

20.  The method of claim 17, wherein the seed layer is made of at least one of:

CryMoi—, Cr, CrTi|—, CriMn;—, and CryV .

21.  The method of claim 17, wherein the hard bias magnet layer includes CoyPt;-y,

wherein y is between 0.25 and 0.90 inclusive.

22. The method of claim 17, wherein the buried conductor is made of at least one of:
Au, Rh, W, and Cu.

23.  The method of claim 17, wherein the transition layer is made of at least one of:

Ta, CoPt and Co.

24.  The method of claim 17, comprising disposing the structure adjacent at least one

read head free sensor structure.

25. A method for making a hard bias structure for a read head, comprising:

providing at least one seed layer;

providing at least one hard bias magnet layer;

providing at least one buried conductor beneath the seed layer and hard bias
magnet layer;

providing a least first and second transition layers between the seed layer and the
buried conductor, the first transition layer being made of Ta and the second transition

layer being made of CoPt or Co.



the first underl ayer being made of CoPt or Co and the second underl ayer
being made of Ta. 31. A nmagnetic read head conprising: a sensor stack
conprising a pinned ferronagnetic |ayer having its nmagnetic nonent
substantially prevented fromrotating in the presence of an applied magnetic
field in the range of interest, a free fgrromagnetic layer having its
magnetic nonment oriented in a preferred direction in the absence of an
applied magnetic field and substantially free to rotate in the presence of
an applied magnetic field in the range of interest, and a spacer |ayer

| ocat ed between _the pinned and_free ferropagnetic |ayers; and - 15 har d
bi as st ack 2ﬁocaﬁéa%h0éaftfw1%fn %fhé”}@r‘ﬁl%ﬂt?fqu?%af?sfté’é lpF fsobRIYRRL he SPeppdr | each

hard bi as %&ﬁfhmiﬁﬁh%gh@QH£&1h§é$t one buried conductor at |east one seed
| ayer and at least”™ one hard bias magnet |ayer, at |east one transition

| ayer being interposed between the conductor and at |east one of: the seed

| ayer, and the rd hias n | ayer .. the hard bia | ayer, pr-ovi di
bi 261 ho of 2ne mgmsricn OfSRERE o AR e efom s ol Tt BHEiusRi vt
di rection, ta@asbual0d%&st one underl ayer di sposed such that the buried

conductor is between the wunderlayer and the transition |layer. 32. The head

of claim31l, wherein the transition layer facilitates the seed |ayer

dfevtelhopihng &%bdeﬁihé GO daif 2 ERIREiRthe i8R RiohNGyeR|dRAASS £BickhEsI Tt ance
(0] e har I as
no more than three nanometers (3 nm) and the second transition layer defines a thickness

sufficient to render the second transition layer superparamagnetic.

29. A method for making a hard bias structure for a read head, comprising:

providing at least one seed layer:

providing at least one hard bias magnet layer:

providing at least one buried conductor beneath the seed layer and hard bias
magnet layer:

providing at least one transition layer between the conductor and the seed layer, at
least one underlayer disposed such that the buried conductor is between the underlayer

and the transition layer.

30.  The method of claim 29, further comprising first and second underlayers, at least
the first underlayer being made of CoPt or Co and the second underlayer being made of

Ta.

31. A magnetic read head comprising:

a sensor stack comprising a pinned ferromagnetic layer having its magnetic
moment substantially prevented from rotating in the presence of an applied magnetic
field in the range of interest, a free ferromagnetic layer having its magnetic moment
oriented in a preferred direction in the absence of an applied magnetic field and
substantially free to rotate in the presence of an applied magnetic field in the range of

interest, and a spacer layer located between the pinned and free ferromagnetic layers; and



stack, and increases the magnetic coercivity of the hard bias stack,
conpares to a substantially identical structure but without the transition
| ayer. 33. The head of claim 31, wherein the hard bias nagnet |ayer includes
Co"Pti-y., whereiny is between 0.25 and 0.90 inclusive, and the buried
conductor is made of at least one of. Au, Rh, W and Cu. 34. The head of
claim31l, wherein the transition layer is nmade of at |east one of. Ta,

CoPt, Co. 35. The head of claim 31, further conprising first and second
under| ayers, at |east the first underlayer bei ng made of CoPt or Co and the
second underl ayer being made o (&netlc read head conprising: a

sensor stack coﬁﬁ?‘idsh‘%gﬁ%kd???ﬁf’élcﬁtfe&hrerfh"gﬁ'&sl theafjes ferrquiagpetictlaysresssiet i ¢
morent. SUbﬁér‘a%‘i sl acbl 1M®Y:f££tQ% BIQJTBJrf%E%h&Q dr 3t feB& oRE €SN r%(li aNedpp! i ed
magneti c he ra of Interest, a ree erronagne ayer having
its magnet bge hmﬂ'd:nas mognet gyed atrieast pnetrenmmh Hiyerelding mtemosedebetsbemrtbe of an

applied magne |c fi a ubstantially .free rotat in the sence of
P ppt | odCraHer e e tione st 8 Sl hd eia) Bet Mo 1y shabl B or
| ocat ed benagele@rdvtwngolbmaﬁ@ atnchef megnetiermenagnat ine fréwy efysi imRsid- préfrrad hard

bi as stack | ocated at each of the ends of the free ferromagnetic |ayer, each
hard bi as §H%%@nﬁWélud|ng at | east one buried conductor under at |east one

seed | ayer and gt leiiét%%étung ggﬁﬁgp@e@%umi%ﬂhel BRI cofbiudt&AR bdhéent thand

second transition l[ayers
underlayer and the transition layer.

32.  The head of claim 31, wherein the transition layer facilitates the seed layer
developing a desired growth orientation, reduces the electrical resistance of the hard bias
stack, and increases the magnetic coercivity of the hard bias stack, compares to a

substantially identical structure but without the transition layer.

33.  The head of claim 31, wherein the hard bias magnet layer includes Co,Pt;-,
wherein y is between 0.25 and 0.90 inclusive, and the buried conductor is made of at least
one of: Au, Rh, W, and Cu.

34, The head of claim 31, wherein the transition layer is made of at least one of: Ta,

CoPt, Co.

35.  The head of claim 31, further comprising first and second underlayers, at least the

first underlayer being made of CoPt or Co and the second underlayer being made of Ta.

36. A magnetic read head comprising:

a sensor stack comprising a pinned ferromagnetic layer having its magnetic
moment substantially prevented from rotating in the presence of an applied magnetic
field in the range of interest, a free ferromagnetic layer having its magnetic moment
oriented in a preferred direction in the absence of an applied magnetic field and
substantially free to rotate in the presence of an applied magnetic field in the range of

interest, and a spacer layer located between the pinned and free ferromagnetic layers; and



i nt erposed between the conductor and at | east one of. the seed |ayer, and
the hard bias magnet |ayer, the hard bias |ayer providing biasing of the
magneti c nonent of the free |layer in said preferred direction, the first
transition | ayer being made of Ta and the second transition |ayer being
made of CoPt or Co. 37. The head of clgjm 36, wherein the first transition
| ater is between the second transition |layer and the seed | ayer. 38. The
head of claim 36, wherein the first transition |layer defines a thickness of
no nore than three nanoneters (3 nn) and the second transition | ayer
defines a thickness  sufficient to render the second transition |ayer

super par amagne®ihgrd s stacknigegied piceaclatitheeads eldhp s ferepmagngidmiayer. sichck

conpri sin £ @y I [

oot ant | SR PAORER (hASOTRABE be bMEcoRMHOR nic: S HRABEE tod TR At - et
field in tlémst panderdbidgsnmegrestiaye, fat dast érstcamsgssond ttaayiepn Haydrndeings

magnetic nonent  oriented in,a preferred direction in the ence . of an
monl s ed b RhMERRG BB ALIFY Tl el Tkt il ERE dlsnce o
an appl i ednapaeni@ydrcthkimatdibiag 14y8eploafiigey Bihsing bf te@fdgnedd thotmeBPAL e fteayer

| ocat ed between the %inned and free ferromagnetic |ayers; and a hard bias
stack | ocdt¥edinaidsprererien dyecsiont e first gansigon lavdeimgingade af die and gherseseafld  bi as

stack incl.udi: i onductor under the | east one seed | ayer
and at Ietiéﬁ%xﬂ%%&ﬁﬁéﬁm?&%f%ﬂ gﬁdcg y

Iasmagnet |ayer, at |east one transition |ayer being
i nterposed between the conductor and at |east one of. the seed |ayer, and

the hard @7{13 %gql%gd lo?%?arim %:' ewhrze?girq tl?e! %?st transition later is between the second

transition layer and the seed layer.

38.  The head of claim 36, wherein the first transition layer defines a thickness of no
more than three nanometers (3 nm) and the second transition layer defines a thickness

sufficient to render the second transition layer superparamagnetic.

39. A magnetic read head comprising:

a sensor stack comprising a pinned ferromagnetic layer having its magnetic
moment substantially prevented from rotating in the presence of an applied magnetic
field in the range of interest, a free ferromagnetic layer having its magnetic moment
oriented in a preferred direction in the absence of an applied magnets field and
substantially free to rotate in the presence of an applied magnetic field in the range of
interest, and a spacer layer located between the pinned and free ferromagnetic layers; and

a hard bias stack located at each ends of the free ferromagnetic layer, each hard
bias stack including at least one buried conductor under the least one seed layer and at
least one hard biasmagnet layer, at least one transition layer being interposed between the
conductor and at least one of: the seed layer, and the hard bias magnet layer, the hard bias
layer providing biasing of the magnetic moment of the free layer in said preferred
direction, wherein the seed layer includes at least one body centered cubic (bec) (200)

oriented metal whose C-axis lattice mismatch is in the range of 0%—3% inclusive.



| ayer providing biasing of the nagnetic nonent of the free layer in said
preferred direction, wherein the seed |ayer includes at |east one body
centered cubic (bcc) (200) oriented netal whose C-axis lattice msmatch is
in the range of 0% 3% inclusive. - 17 40. The head of claim 39, wherein the
seed layer is made of at l|east one of: @ XMO, G, CTii_x, C,Mi and
Cr, V] _Xx.

40. The head of claim 39, wherein the seed layer is made of at least one of: Crymo1—xs

Cr, CrTij—x, CryMny, and Cr, V.





