-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
magnetic signals fromdisks spinning beneath the read heads and, thus, to
read data on the disks. To control the stability and magnetic nonent
orientation of the sensor layer of the head, a bias field is provided by
hard bi as magnet | ayers that apﬁ_disposed next to the sensor layer at its

e

two side edges. As understood rein, a so-called "ultra contiguous
junction” (UCQJ) arrangement may be used to achieve a collinear

rel ationship 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
readi ng higher density data recording, thus permtting a disk drive to
store nore data than it would -2

MAGNETIC READ HEAD WITH HARD BIAS MAGNET STRUCTURE

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 Beneath 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



otherwi se be able to store. The collinear relationship nentioned above is
achi eved by disposing a seed |layer below the hard bias magnet |ayer to
rai se the hard bias nagnet |ayer to the desired height vis-a-vis the

near by free sensor |ayer. However, as recogni zed herein, the presence of
the seed |ayer can undesirably increase the electrical resistivity of the
hard bias magnet stack. To counter this, the seed | ayer can be grown on a
conducting |l ayer such as gold (zAu), 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 crystall ographic
orientation in the hard bias layer, which in turn is due to the lack of a
desi r ethenwss be ablg #1915 on devel oping in the seed layer when it is grown
on gold or other body centered cubic (bcc) netals. Having recogniz ese
consi der at iThesollineariralatinnshin ragrianeskabous, ‘éi%ﬁf%’eﬂr%?ﬁga?mgm%@ﬂngHE
| NVENTI ON A hard nagnetic bias structure for a magnetic read head incl udes
a seegpeldy fHe hamdsta®magnet layefa raide the hasd biasdvagheldayenterthedasired heighy
gold, and a hard bias magnet |ayer nade of, e.g., CoyPti_y. In preferred
embodifIBALSs thehediBY frBE sBRs¥EETe0 Hovivkrlasrecognized herein, the presence of the

seed layer can undesirably increase the electrical resistivity of the hard bias magnet stack.
To counter this, the seed layer can be grown on a conducting layer 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 itis
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., CryMo1., a conducting layer made of, e.g., goid, and a hard bias magnet

layer made of, e.g., Co,Ptyy. 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




inclusive and "y" may be between 0.25 and .90 inclusive. The seed layer is
di sposed -3 between the hard bias nagnet |ayer and the conducting | ayer. At
| east one transition layer is between the conducting |ayer and the seed

| ayer. The transition |ayer reduces the electrical resistance of the
structure and increases the magnetic coercivity of the structure conpared
to a substantially identical structure but without the transition |ayer.
Preferably, first and second transition |layers are provi ded between the
seed | ayer and the conductingTayer. The first transition |ayer may be
made of Tantalum (Ta) and the second transition |layer nmay be nmade of
Co.Ptl1 y or Co, wherein "y" ranges from.25 to 1. That is, the second

transition layer may be made of frpom 25%.t o.about 1009 T Ta)
t r ansbetwesen @ﬁé?arﬁbjﬁsd@agﬁ?ﬁéﬁ?f q th?&t?&ﬂﬂc?'?%ﬁ’g%’[' i %ﬂé%g/)de'}e tg%ndJ lw]rifag géd

| ayer. The transition |ayers may be no nore than three n?ﬂg(orret rs ﬁpn)

t hi ckis heiwvearetrer abhduating loger andthe iseegklaven dhe tkangition rrsalé?‘r‘ e
second transition |ayer defines a thickness that is sufficient to render
the s@geiitdl Fasistahceof theystrucuramsinarasges the magnetie spewivityaf theskuctyre

under | ayer may be di sposed such that the conducting |layer is between the
under layaradth hhgibstattially idhticay@fucting it vitttut e rdnsitidarayerer s can be

Preferably, first and second transition layers are provided between the seed layer
and the conducting layer. The first transition layer may be made of Tantalum (Ta) and the
second transition layer may be made of Co,Pti.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 underiayer
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




provi ded, with the first underlayer being nmade of CoPt or Co and the second
under |l ayer being nmade of Ta. In another aspect, a nmethod for making a hard
bias structure for a read head includes providing a seed |ayer, a hard

bi as nagnet |ayer, and a buried conductor beneath -4 the seed | ayer and
hard bias magnet | ayer. The nethod al so includes providing at |east one
transition | ayer between the conductor and the seed layer. In still another
aspect, a data storage device hncludes a dat a- beari ng nmedi um and a
magnetic read head juxtaposed With the data-bearing medium The read head
i ncludes a sensor stack and a hard bias stack that in turn includes a

buri ed conductor under a seed |ayer and a hard bias magnet |ayer. Al so, at

| east one transition layer is infgerpos e d

| cact thansesst aven angdwasd iareoaRAVRe. hapdnengD dlag M REMEVRingatieatt

of the present invention, both as to its structyre and operation, can best
be undeedtansitionayer betwees the mﬁsua@é@ﬁ'ﬁéh%ﬁ&dg%ﬁ& ngs, in which like
reference nunerals refer to like parts, and in which: BRI EF DESCRI PT] ON OF
THE DRAW Nstill another aspect, a data storage device includes a data-bearing medium and a

magnetic read head juxtaposed with the data-bearing medium. The read head inciudes a
sensor stack and a hard bias stack that in tum 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




Figure 1 is a schematic bl ock diagramof a magnetic read head in a hard

di sk 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.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT -5 Referring initially to
Figure 1, a storage device 10 is shown that includes a data bearing nmedi um
such as one or nmore magnetic disks 12 and at |east one magnetic read head
14 positioned for sensing signals (and, thus, for reading data) fromthe
disk 12. The read head 14 nmay™be positioned on an arm 16 that is
controlled by circuitry 18 in accordance with principles known in the art.
The details of the present MR head-related invention can be seen in Figure

abbr evi at  edering BRian © ek hatiagy deiire 1S ahSuRndt BRARE SREFT
stack 20 and a hard bias magnet stack 22 dispgsed next to the sensin
st ack baaring npedivirdsuch &% ape for aneretrpageetic diske A8 andaldpastang m%ﬂ&H%{?gd
nonent orientation and its magnetic stability. It is understood that while
for eagad 14 positioned for sensing signals (and, thus, for reading data) from the disk 12. The
read head 14 may be positioned on an arm 16 that is controlled by circuitry 18 in
~ accordance with principles known in the art.

The detaits of the present MR head-related invention can be seen in Figure 2, which
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. Itis 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, asis
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




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 made of al um na
on top of which are one or nore additional head |ayers 26, as is well
known in the art of spin-valve magnetic read heads. These additional head
layers typically include the pinned ferromagnetic |ayer, an
antiferromagnetic |ayer for piﬁhing the magnetic noment of the pinned

| ayer, and the spacer l|ayer, typically copper, |ocated between the pinned
ferromagnetic | ayer and the free or sensing ferromagnetic layer. In the

absence of an applied magnetic fiel the free ferro t) its
mgneabesnasm AN aPPUR dRRGTEtE fipSh dhe PR ERTRENCTG VY s, 1B Rpofefie
magnetic structures bias this nonent in this preferred direction. In.the
pr esenment aierdepiin agprefesrest dicectiosl and ihe hard b'éﬁ@@gﬂetﬁcrﬁtwgér?? bé‘?&ﬂ'"sds
the magnetic fields fromdata recorded in the magnetic |ayer of the disk,

the fhRsmbAYIRAthis pRISEEE dirsetiont 1h thé peesaneer oft an appledimagnatic field in thed
magnetic nonent of the pinned ferromagnetic |layer. As shown in Figure 2,

the frec Ops RRIELNSULRYS the fn Tl it Fesdread it maghttiolayer of i s
wel | &%ﬁ&métlﬁg‘{} %ﬂeukree Fayeafdﬂnégs be arsi ngl enlaayer of ferrgmagnﬂec

mat er 'tr?é disk, the free layer=s magnetic moment is free to rotate relative to the fixed magnetic

moment 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 .

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




In the bilayer structure shown, first free sensing |layer 28 may be on top
of the head layers 26, and a second free |ayer 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 |ayer 30 may be made of a nickel iron
(NiFe) alloy. A free layer cap 32 that can be nmade of Tantalum (Ta) Gan be
on top of the second free layer 30. The invention thus applies to spin

val ve 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
perpendi cul ar to the plane (CPP) of the layers, such as CPP gi ant

magnet oresi stive (G VI R) t

neads condustar Iayenad a2 dnerieaaaed By He o Brcson iy spbage el sise
22, a buried -7 conductor Iayer 34 can underlle see er 3 of
whi ch magneitigyes 88. Asintandsdhereimatiedardfjas magne V%Q%Hﬂ% 8@@?5@%@

hard bi as magnet | ayer 38 of the hard bias stack 22 shares a conmp
cent ephigharés Aicdnirenicentattins € (i therthioknpsswlirensienf widle thesfyee kayess 2@030 of

t he sensing stack 20. In accordance with the present invention, interposed
bet weep i dge FARG YR 20.ayer 34
In accordance with the present invention, interposed between the conductor layer 34
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,Ptyy, 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 CozsPtzs. More
generally, "y" can range from between 0.25 to 0.90 inclusive. In contrast, the seed layer 36

can be made of Cr,Mo4.x, 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 the seed |ayer 36 are one or nore transition layers. In the enbodi nent
shown, an upper transition [ayer 40 is below the seed layer 36, and a

| ower transition layer 42 is between the upper transition |ayer 40 and the
conductor |ayer 34. As recognized by the present invention, the transition
| ayers reduce the electrical resistance of the hard bias stack 22 and
increase the magnetic coercivity of the stack 22 conpared to a
substantially identical stack hut without the transition |ayers. The
transition layers facilitate he seed | ayer 36 devel oping a desired growth
orientation. In the enbodi ment shown, the hard bias layer 38 can be nmade of
CoYPti y,, wherein y denotes the percentage of Cobalt that makes up the

alloy. The hard bias er 38, can_  haye, ,a thi '

or of pitemativabaiReed GYREaa bF reeispl e hpEcoRRied e o MERIR one
from between 0.25 to 0.90 inclusive., In contrast,. the seed 8f .3 an be
made (20Wraridnteck bcoumetaisrwhose Qeids @l%@lﬁf@@@gdﬁ Hb@“%?"@ﬁﬂ%ﬁh%ﬁh e
alloy and can range fromO0.1 to 0.3 inclusive. The thickness t6 of the
seed legyecr 3, TAN CreMAnmandCAVG.ernatively, the seed layer can be made of

ot her body centered cubic (bcc) nmetals such (200) oriented bcc: netals

whose C-axiys yh@bordfefredi SiBbEdr, tHe UpSer ragsiticlVaaifer siicis made of Tantalum
having a thickness t7 of 0.5nm, whereas the lower transition layer 42 is made of CoPty;
having a thickness t8 of 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 underfayer 48 can be made of 1 Onm

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 underiayer 48 of Tantalum may be used as an




e.g., &, OTil-x Cxml,, and CxV,-x. In the preferred enbodi ment, the
upper transition layer 40 is made of Tantalum having a thickness t7 of
0.5nm whereas the lower transition layer 42 is made of Co,,Ptl-,, having
a thickness tB of 0.5nm wherein "z" can range from al most one (1) to 0.25,
inclusive. That is, the lower transition |ayer can be made of pure Cobalt
If desired. In general, the transition |ayers each of a thickness of no
nore than 3nm The thickness t8 of the preferred |ower transition |ayer 42
is sufficient to render the | oWer transition | ayer 42 superparanmagneti c.
The conductor |ayer can be nmade of one or nore of Au, Rh, W and Cu, and

can have a thickness t9 of 6.5nm |f desired, a hard bias stack cap 44
made of, e

. g., Tantalum and having a thickness of 6 e g. a
'he. hadhesioadayRigneina GakbarsETaK AP BS Fbirea i) o ypBelundgier 8B gREREr Y
t he cc_)nduct or |ayer 34. The upper underlayer 46 can be nmade of 0.5nmthick
CoPt dgupad.e Co, and the | ower underl ayer 4B can be made of 1.0nm thick
Tantal um Wen the conductor |ayer 34 is a layer of <10nmthick gold, its
conductivity can be optimzed by growing it on a CoPt underlayer, which
| nproves the coal escence of the gold. The | ower underlayer 48 of Tantal um
may be useqypfe fHk particular HARD BIAS MAGNET STRUCTURE FOR MAGNETIC READ
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 soived by the present invention, foritto be encompassed

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




-9 adhesion | ayer for the gold, and nmay not be required when the upper
under | ayer 46 of CoPt is used. Wile the particular HARD Bl AS MAGNET
STRUCTURE FOR MAGNETI C READ HEAD as herein shown and described in detai

is fully capable of attaining the above- described objects of the
invention, it is to be understood that it is the presently preferred

enbodi ment of the present invention and is thus representative of the
subject matter which is broad#% contenpl ated by the present invention

that the scope of the present vention fully enconpasses ot her

enbodi ments whi ch may becone obvious to those skilled in the art, and that
the scope of the present invention is accordingly to be |imted by nothing

51 nguPEsSTh dISIos Re iﬁﬁgnﬁ%ﬁit@fnw@%‘éie?ﬂ@ ﬁ{%eéﬁ@%ifé# s '@&“@f"%"&?ﬁ@éfo

stated, but rather "one or nore" structu fun o
equi velesnend, compheest, orsretiod stemis %115’89'&'!/6%%' 'Betae ﬁcﬂ a&ﬂﬁé%’?“ﬁﬁht
that are known or later cone to be known to those of ordl nary skill in the

art  pBRIGKModsStondtnesr aderttieel provigions b 35 &F 81 ncld 2asixthaparagiephdétess be
enconpassed by the present clains. Mreover, it is not necessary for a

devi c@, DL ¥ ekredd BefefasiAg 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 ali ordinary and accustomed meanings that are not

irreconciliable with the present specification and file history.




and every problem sought to be solved by the present invention, for it to
be enconpassed by the present clainms. Furthernore, no el enent, conponent,
or nethod step in the present disclosure is intended to be dedicated to the
public regardl ess of whether the elenent, conponent, or method step is
explicitly recited in the clains. No claimelenent hereinis to be
construed under the provisions of 35 U . S.C 1112, sixth paragraph, unless
the elenment is expressly recited using the phrase "nmeans for"or, in the
case of a method claim the elbment is recited as a "step” instead of an
"act". Absent express definitions herein, claimterns are to be given al
ordi nary and accustoned neanings that are not irreconciliable wth the
present specification and file history. -11 WHAT IS CLAIMED IS: 1 A hard
magneti c bias structure for a magnetic read head, conprising: at |east one
seed | ayer, the seed | ayer including Cr,,Ml-,,; at |east one conducting

| ayer WHATIISSGLAIMEDNS:d bi as magnet | ayer, the hard bias nagnet |ayer
including CoyPtl-y, the seed | ayer being di sposed between the hard bias

magnet |ayqr angh k& magnetic bias structure for a magnetic read head, comprising:
at least one seed layer, the seed layer including Cr,Mo1.x;
at least one conducting layer;
at least one hard bias magnet layer, the hard bias magnet layer including
Co,Pt1.y, the seed layer being disposed 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.




conducting layer; and at |east one transition |ayer between the conducting
| ayer and the seed layer. 2. The structure of Claim1, wherein the
transition layer reduces the electrical resistance of the structure and

i ncreases the magnetic coercivity of the structure conpared to a
substantially identical structure but wthout the transition |layer. 3. The
structure of Claim1l, wherein x is between 0.1 and 0.3 inclusive. 4. The
structure of Caim1, wherein is between 0.25 and 0.90 inclusive. -9 2 5.
The structure of Caiml, mhef%?h X is between about 0.1 and about 0.3

i nclusive. 6. The structure of Claiml1, whereiny is between about 0.25 and
about 0.90 inclusive. 7. The structure of Claim1, wherein the conducting

Goaim 1 whor e Thergneatite BT CAIM 4y heran SRR a0 AhG Pl B.L
Co.
inclusive.

6. The structure of Claim 1, wherein y is between about 0.25 and about 0.0

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.

10. The structure of Claim 9, wherein the first transition later is between the

second transition layer and the seed layer.




9. The structure of Caim1, conprising first and second transition |ayers
bet ween the seed | ayer and the conducting layer, the first transition |ayer
bei ng made of Ta and the second transition |ayer being made of CoPt or Co.
10. The structure of Cdaim9, wherein the first transition later is between
the second transition |ayer and the seed layer. -13 11. The structure of
Caim9, wherein the second transition layer is made of from 25% to about
100% Co. 12. The structure of aim1, further conprising at |east one
under | ayer disposed such that the conducting |ayer is between the

under| ayer and the transition layer. 13. The structure of Caim 12, further
conpri si ng first and second underl ayers, at |east the first underlayer

bei ng nade t.he. secon r ' 4,
The structd e of ersgf%ﬁgeqm e?tvt’ eﬁtﬁé%@{;&ﬁ% PP@%H e Ifer?-igrog?-
t hi ckness of no nore than three nanoneters (3nm. 15. The structure of

C ai n26% tehabait G0 Second transition | ayer defines a

12.  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.

13.  The structure of Claim 12, 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.

14.  The structure of Claim 9, wherein the first transition layer defines a thickness

of no more than three nanometers (3nm).

15. The structure of Claim 9, wherein the second transition layer defines a

thickness sufficient to render the second transition layer superparamagnetic.

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

sensor structure.




t hi ckness sufficient to render the second transition |ayer

super paramagnetic. 16. The structure of Claiml, in conbination with at

| east one read head free sensor structure. -14 17. A nethod for nmaking a
hard bias structure for a read head, conprising: providing at |east one,
seed | ayer; providing at |east one hard bias nmagnet |ayer; providing at

| east one buried conductor beneath the seed | ayer and hard bias nmagnet

| ayer; and providing at |east ﬂe transition | ayer between the conductor

and the seed layer. 18. The nethod of Claim 17, wherein the transition

| ayer facilitates the seed | ayer devel oping a desired growh orientation.
19. The nethod of Claim 18, wherein the transition | ayer reduces the

electrical _resistance of the hard hias strycture yle he. .
magnetic cdérci ¢ methad %ﬁé” 'F%Iatﬂae{g biag ?E%#Hf%foé@ﬂ%%de@ea{og%gﬁﬁﬁki}f%nt ially
I dentical structure but without the transition |ayer.
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.

18. The method of Claim 17, wherein the transition layer facilitates the seed layer

developing a desired growth orientation.

19.  The method 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 compared to a substantially identical structure but without the transition layer.

20. The method of Claim 17, 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.




20. The nethod of Claim 17, wherein the seed |ayer includes at |east one

centered cubic (bcc) (200) oriented netal whose C-axis lattice

msmatch is in the range of 0% 3% inclusive. -15 21. The nmethod of C aim

20, wherein the seed layer is nmade of at |east one of: Cr, M _x, Cr,

CrxTii _,, C,,M1l x, and Cr,,Vi_x. 22. The nethod of Caim17, wherein the

hard bias magnet |ayer includes CoyPtl_ y, whereiny is between 0.25 and
.90 inclusive. 23. The net hodR?o]g Claim 17, wherein the buried conductor i

made of at | east one of: Au,

W and Cu. 24. The nmethod of Caim17,

wherein the transition layer is made of at |east one of: Ta, CoPt and Co.

25. The nmethod of Claim1l7,

bet ween the seed | aye

Cr,Mo1., Cr, CryTiqx, Cerm =, and CrVy.

22 The method of Claim 17, wherein the hard bias magnet layer includes CoyPts.

v, wherein y is between 0.25 and .90 inclusive.

23 The method of Claim 17, wherein the buried conductor is made of at least

one of: Au, Rh, W, and Cu.

24 The method of Claim 17, wherein the transition layer is made of at least one

of: Ta, CoPt and Co.
25.  The method of Claim 17, comprising 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.

26. The method of Claim 25, wherein the first transition later is between the

second transition layer and the seed layer.

conprising first and second transition |ayers

bei ng nade2df d‘ﬁgtrhpﬁé%é.lel gU %geclﬁ qgeﬂg%%ééay}ebgsl wgd%;o tea{to étodlgt%rbfl ayer

26. The net hod of Claim?25, wherein the first transition later is between



second transition layer and the seed layer. -1 s 27. The nethod of Caim
25, wherein the second transition |ayer is nade of from 25%to about 100%
Co. 28. The nethod of Claim 17, further conprising at |east one underl ayer
di sposed such that the buried conductor is between the underlayer and the
transition layer. 29. The nethod of Claim28, further conprising first and
second underl ayers, at least the first underlayer being made of CoPt or Co
and the second underl ayer being made of Ta. 30. The nmethod of C aim 25,
wherein the first transition layer defines a thickness of no nore than
t hree nanoneters (3nn) and the second transition |ayer defines a thickness
sufficient to render the second transition |ayer superparanagnetic. 31. The
met hod of Claim 17, conprising disposing the structure adjacent at |east
one read head free sensor structure. -17 32. A nagnetic read head
conpri si ng: i , . ,

27.  The method of Claim 25, wherein the second transition layer is made of from

25% to about 100% Co.

28. The method of Claim 17, further comprising at least one underlayer disposed

such that the buried conductor is between the underlayer and the transition layer.

29.  The method of Claim 28, 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.
30. The method of Claim 25, wherein the first transition iayer defines a thickness
of no more than three nanometers (3nm) and the second transition layer defines a

thickness sufficient to render the second transition layer superparamagnetic.

31. The method of Claim 17, comprising disposing the structure adjacent at least

one read head free sensor structure.,




a sensor stack conprising a pinned ferromagnetic |ayer having its magnetic
nonment substantially prevented fromrotating in the presence of an applied
magnetic field in the range of interest, a free ferromagnetic |ayer having
its magnetic nonent 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

| ocated between the pinned anqlfree ferromagnetic layers; and a hard bias
stack | ocated at each of the ends of the free ferromagnetic |ayer, each
hard bias stack including at | east one buried conductor under at |east one
seed | ayer and at |east one hard bias magnet |ayer, at |east one

transitionlayer, being.i I d t he conductor and at | east one
of : the sgéd I@@?Q%‘%ﬁﬂkﬁg%}?a‘:@ﬁé}éﬁﬁgnet | ayer, the hard bias |ayer
providing biasing of the magnetic nmopent, of the free layer.in said ..
preferred di rec@ $ansogstackcomplising,s Ptﬂ%@ﬁ%ﬁ?"%\?ﬁ'&??Vﬁ‘é‘"t“ﬂd&'?’?ﬂﬂﬁ“?ayer

facilitates the seed |layer developing a desired growth orientation,
reduces the el ecnoment substantiallyqpsevgnted dramrefabnadn therprerencs af anapplieds
the magnetic coercivity of the hard bias stack, conpared to a

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

a hard bias stack located at each of the ends of the free ferromagnetic layer,
each hard bias stack including at least one buried conductor under at least
one seed layer and at least one hard bias magnet 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.

33. The head of Claim 32, 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, compared to a




-18- substantially identical structure but without the transition |ayer.
34. The head of Cl aim 32, wherein the hard bias magnet | ayer incl udes
CoyPtl y, wherein y is between 0.25 and .90 inclusive, and the buried
conductor is nmade of at least one of: Au, Rh, W and Cu. 35. The head of
Claim 32, wherein the transition layer is nade of at |east one of: Ta,
CoPt, Co. 36. The head of O aim32, conprising first and second transition
| ayers between the seed |ayer ,and the buried conductor, the first

transition | ayer being nade of 'fa and the second transition | ayer being

made of CoPt or Co. 37. The head of Claim 36, wherein the first transition
| ater is between the second transition |ayer and the seed | ayer. 38. The

head of O aim 32, further conprisin t L. on nder | ayer di sposed such
t hat tSHQSWF'g@G'd&B‘ Gﬂlcﬁq'ajrd‘i"?%t tﬁ?ﬁe“ﬁﬁ%@?ﬁé@@? and the transition

| ayer. -19 39. The head of Caim38, further conprising first and second
under | ayers, at

34. The head of Claim 32, wherein the hard bias magnet layer includes Co,Pt;.y,
wherein y is between 0.25 and .90 inclusive, and the buried conductor is made of at least
one of: Au, Rh, W, and Cu.

35. The head of Claim 32, wherein the transition layer is made of at least one of:

Ta, CoPt, Co.

36. The head of Claim 32, comprising 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.

37. The head of Claim 36, wherein the first transition later is between the second

transition layer and the seed layer.

38. The head of Claim 32, further comprising at least one underlayer disposed

such that the buried conductor is between the underlayer and the transition layer.




| east the first underlayer being nade of CoPt or Co and the second
under | ayer being made of Ta. 40. The head of Claim 36, wherein the first
transition layer defines a thickness of no nore than three nanoneters

(3nm and the second transition |ayer defines a thickness sufficient to
render the second transition | ayer superparanmagnetic. 41. The head of Caim
32, wherein the seed |l ayer includes at |east one body centered cubic (bcc)
(200) oriented nmetal whose C—a§$§ | attice msmatch is in the range of

0% 3% i ncl usive. 42. The head of C aim4l, wherein the seed | ayer is nade
of at least one of: CrxMl x, C, CxTi,_x, Cxw, ,t, and CrxV1l_X

39. The head of Claim 38, further comprising first and second underiayers, at
least the first underlayer being made of CoPt or Co and the second underlayer being made

of Ta.

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

sufficient to render the second transition layer superparamagnetic.

41. The head of Claim 32, 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.

42.  The head of Claim 41, wherein the seed layer is made of at least one of:

CriMo1., Cr, CryTiiy, CrMnqx, and CrVix.




