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(57) Abstract

The present invention provides for magnetic and magneto-optic recording media, transducers and data storage devices constructed
therefrom that have highly oriepted films having long range order in the crystal structure of the film. The reconding medium includes a
magnetic recording layer comprised of Co-based material, such as Co or one or more Co alloys having'a (1010) crystal texturé, a substrate,
a first underlayer hnvn_tg an fee structure and a (110) crystal texture disposed between the subsirate and the magnetic recording layer. A
second undulayar.havmg.a bee structure and a (112) crystal texture is also disposed between the magnetic recording layer and the first
underlayer. In ?an!cular, if a (110) Si single crystal substrate is non-oxidized certain metals having foc structures, such as Ag, Cu, Al, and
Au and fee derivative structures, such Lo and L 12 structures, can be epitaxially grown on the Si surface,




devices incorporating the filnms and, nore particularly, 20 to thin filns
pronoting highly oriented cobalt or cobalt alloy magnetic |ayers for
use i n nmagnetic _recordi ng nedi a and transducers. There is an
ever increasi nYOR¥MM for jagnetic recordi ng nedi a wit h PEHHIAS23858r age
capacity, lower 25 noise and |ower costs. To neet this demand, recording
nmedi a have been devel oped with increased rdcording densities and nore

wel | -defined grain structures that have substantially increased the

storage capacity, whil e | owerjn g‘t e aSSOCIated noi se of the recording

O
o

30 nedi a. However, the rapid inc

sOFnTHECHNWREION  densities over the

| ast two decadesHigbhpi Orilented Mdgnetic ﬂhwhlFEImsionecdrd&nguuﬁﬂlagonputers
have only servedrb@nsducers, Devices Made Therefrom and, Metho f fhaV| f uel

t he demand for eyvepn, higher storage capacity - recording ne

| ower noise and ¥ Bg Comput ati onal and data mani pul ati on deV|ces
are being used in a rapldly expandi ng nunber of 5 applications. ’
Exanpl es of these include supercomput ers, personal desk top and
portable | aptop conputers, file servers, personal data assistants, data

col l ection devices, article tracking systens, video
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BACKGROUND OF THE INVENTION

'The present invention is directed generally to
~“thin films, magnetic recording media, transducers and -
‘ideVices'incorporating"the films and, more particularly,
20 to thin films promoting highly oriented cobalt or
'~ eobalt alloy magnetic layers for use in magnetic
recording media and transducers.
- There is an ever increasing demand for magnetlc
irecordlng media with higher storage capacity, lower
25 . noise and lower costs. . 'To meet this demand, recording
media have been developed with increased recording
_ ,.densities'and more well-defined grain structures that
" *'have ‘substantially increased the storage capacity,
o while lowerlng the associated noise of the recording
_3Q5:med1a. However, the rapld increases in recording
: den51t1es over the last two' decades, combined with the
prollferatlon of pereonal computers have only served to

~



recorders, digital audio recorders, and even tel ephone 10 answering

machi nes. A conmon architectural feature is that they all have a
central processing unit, input- out put interfaces, various |evels of
tenporary nend¥99972497 and usual |y sone form of permanent dat #CIUSIREESS
devi ce. The di stinguishing characteristic of the permanent data 15
storage device is that the information remaRns intact even if the

el ectrical power is |lost or renoved. Data are stored on permanent data

storage devices eLth etlcall The mpre commonly
used data st ofL' i H@‘?/l%eé‘%ngf?"%gé’ann% erT'&F‘?PICéFg whi ch 20
are erasabl e and rGC¢EQImgkmﬂd;a h@unngnloueaJmoxﬁgnand(:ost dat a storage

devi ces are recor d andes ik ddiRAsdUaRESdats mandBHRtlich WYLERURRD Vhi ch
to store the dat nmech anlﬁg& e, ostfion the medi um or the

transducers a’@?h’?s?\}és?% Bhé Bt anding mypher, o% he npre comon
per manent datdSStGPE@Eﬁatlonhﬂn GxamphebudEf tiesd lioppyudd sk drive, the har d
di sk drive, & PEoRANSALD- %E:'ssnﬁlls&?éﬁ'e’@p 'éhd"@o%a@%%ala to

stored in nagnetlc its in d?qpented circu #
mediumis rot at ed®HT R 3 er&ﬁﬂﬁfﬁrs"%?%méﬁ]at a(ft‘?ara)?‘sdlstﬁﬁ?rﬁd ?%EI‘? ally
to read or wr €oklelet tormtdevilcesat ruhichet teackidigimystems, videokew se,

the magnetic md'i:@@:bﬁdéx?émtd 5‘tal abARSt £ AELAS, %rtd”‘%%’enoi:eil ?ﬁgﬁé and
is transported | i neay| a noved

e transducers station
35 transversely ﬁﬁ?ﬂﬁﬁlQ%éNHHVPﬁﬁ -nef GRATNGR AR e%ﬁﬁ&f% L eatuﬁehéFlca
arc relative to tbbavetheynallAlsve mnceheral processing unit, input-

output interfaces, various levels of temporary memory,

and usually some form of permanent data storage device.
- The distinguishing characteristic of the permanent data
15 storage device is that the information remains intact
- even if the electrical power is lost or removed. Data
" are stored on permanent data Storage devices either
“"optically or magnetically. The more commonly used data
- gtorage devices are based upon magnetic materials which
20 .- are erasable and re-recordable. Common to all magnetic
., data storage devices are record and read transducers, a
magnetic medium upan which to store the data, and a
meéhanism to position the medium or the transducers
relative to one another.
25 S Some of the more common permanent data storage
devices include the floppy disk drive, the hard disk
. drive, and the magneto-optic disk drive in which data
are stored in magnetic bits in segmented circular
mltracks. The magnetic medium is rotated and the
30 transducers are stationary or moved radially to read or
uyy?;te data at a locatlon on the medium.
_   i L1kew1se, the magnetic medium is sometimes
'm{fconstructed as a tape or a sheet and is transported
"ai;;pearly while the transducers may be stationary, moved

35 ' transversely across the moving medium, or even moved in
a helical arc relative to the medium. Also, in the



3 future it is conceived that very |arge anounts of data may be
stored on physically very small formats mherF t he nediugyor t he
transducers are noved in two di mensi onal Cartesian coordinates or ar.c
motions 5 reV2PP"¥®" 0 each other to access the data. PCT/US98/23855

Hi storically, the transducers for many of the non- optical magnétic
data storage systens have been i nducti ve magnetic heads used for
recordi ng data by magneti zing the mediumin a particular direction and

10 for reading tearalas by Ml aeiindd Ul Lokl ol LS oo dPQDGL zed

medi um More recent an i nduct ®or di ng
the data pattern Way %l?%o%ﬁqréﬁhé%}w&éﬁaétlh’vﬁe%ngmll stogeat & ovhemeadi ng

t he data. | nthanyedfun her retgnetrenedicesk §:E'erﬁ@@ed1€:}[&i0@io %5 an t
i ntegral part of ans rl . onponen I ch generates a
magngtlc 1I‘O ield a agﬁeﬁgf&&ﬁcﬁ ium %&r Ao wﬁlflat?% u?’?%é'é\g}sm}?eat ed by,
usi ng an dbtlEﬁ}aEEﬂ?C@D Al pEfierntengreess atherdaten assunes fhe

magnetic orientation (ﬁléitmrifdaalldr geher @'&:ﬁﬁlsﬁ&céb@ Q&E nﬁﬁﬁprd%I gzrr@‘%@‘zkcerd g
when the mediumc S Lhis orlenln i e i's provide
8? magn té%[g?t]tc da%% ts%rr%ag &1 ‘%E

by an adj ancen |caI Si ze,
efficiency and ln@‘l‘?%‘f%.tqu;flq h@aﬁécysgdaﬁqrrmxdmaﬂm dyt he 25

magneti c medi um i Rageeet 2iny HRgRREiaad 1hnaap§f€{@ﬂ£&.d d:.re&&'c?ﬁfai’ah' on.
Hence, in al st bl PRORGH GCilfldes pyShBERCELIEAIR Id; )5 SIS it 0

orient the magnhetic
magnetized medlum More recently, an 1nduct1ve

magnetic head is used for recording the data pattern
__While a magnetoresistive sensor is used for reading the
“¢'Mdata In many of the magneto-optical storage devices
lswhan 1ntegra1 part of the record transducer is a
4component which generates a magnetlc field at the
- medlum surface while the surface is heated by using an
opt:.cal source. The medlum magnetlzatlon then assumes
" the magnetlc orlentatlon of the field generated by the
| 20 ... record transducer when the medium cools. In some
.fz:systems this orienting field is provided by an
‘-adjanqent magnetic material.

_ Due to the physical size, efficiency and
orientation of the record and read transducers the
25 magnetic medium is generally magnetized in a preferred
_6rientation. ' Hence, in almost all magnetic data
' storage media it is desired to orient the magnetic
media in a direction to match the eperational
orientation of the recording and playback transducer.
BQfR;n addltlon, magnetic materials generally will
- magnetize more easily in a preferred orientation or
'eﬁorientatlons, along what are known as a magnetically
| asy axis or axes.

e i Magnetlc properties, such as coerc1v1ty (H),
35_'remanant magnetlzatlon (M,) and coercive squareness
- (8*), are crucial to the recording perxformance of the



orientation of the recording and pl ayback transducer. 30 In addition,

magnetic materials generally wll magneti ze nore easily in a preferred
orientation or orientations, -along what are known as a magnetically
easy axi s or -3W029(24973 . Magnetic properties, such as coePETAISIBR38SS

(Herr]), 35 renmanant magnet ization (Merr]) and coercive squareness

are crucial to the recording performance ofsthe

4 : medium These nmagnetic properties are primarily dependent on

the mcrostructure of the filmfor a fixed conposition. For thin film

| ongi t udi nal nagfMedAsm.  Thege PRGRELHGIPTOPERL IREQREE | BEHMELEF preferably

has 5 -uni axi al @epshdehtnenaths aiiopstandtarsagfictheafibm for = akikeaki s

directed along t nd fothe film
! Q%H\Eogﬁ:igﬁ f’éxe‘iﬁ{ﬂ:{‘%i%b’ﬁonalw 1he1 %?%Feﬁ

(i.e, in-plane). dom nate crystall |c orientation of a

| ayer is knowecaEding E‘??%?altfltﬁgr“a&ﬂe&’-tzéﬁt &PﬁeroPr‘?%%‘Eﬂ?]é’ hae 10 used

herein, as opposeﬁlmlamecugsta):tliﬂe drelsst ropy” tan&turmagrh@tMo:be thé

mechani cal roughréleé% 8 ai eé&g&a‘_&qi Tf@lte |s @_ d furface
L C iy wou e

and a crystal rapﬁ p ane para| to t
he plane of the film (i.e, 1n~p1ane) The

predomlnate crystallographlc orientation of a layer is
known as the crystallographic texture, or texture, as
10" used herein, as opposed to the use of the term
"texture" to describe the mechanical roughness of a
"surface. That is, a crystal having a surface and a
iérystallographic plane parallel to the surface would be
“* ‘gsaid to have a texture described by a direction vector
15 orthogonal to the surface. 'USually, the better the in-
. -plane c-axis orientation, the higher the coercivity of
' %the magnetic layer used for longitudinal recording.

L

'ngh coerc1v1ty is required to achieve a hlgh

"””<remanence.. L1kew1se, for perpendicular magnetlc
20 ‘récording media, the desired crystalline structure of
- the Co alloys is hexagonal close packed (“hcp") with
the uniaxial anisotropy and crystalline c-axis
_perpendlcular to the film plane. )
It is generally de31rab1e to allgn the
25"ﬁagnet1ca11y easy orientation of the medium with the
'orientation of the transducers. By aligning the
orientations of the medium and the transducers, a data
bit can be recorded with a lower energy transducer
' field and the ability to more easily magnetize the
30 medium provides for a more'strdngly magnetized portion'
__fof the medium. The combination of these two effects
Hfallows a data bit to be recorded to and read from a
':?more localized, yet more highly magnetized, portion of
the medium. In other words, by aligning the relative
35 _Hééhétic orientations of the transducers and the
*" medium, increased recording densities and storage



said to have a texture described by a direction vector 15 orthogonal to the
surface. Usually, the better the in- -plane c-axis orientation, the

hi gher the coercivipy of the magnetic |ayer used for Iongltudlna

recording. WO Boercivity is required to achi eve a hi gh PGTEREHEEL.

Li kewi se, for perpendicular magnetic 20 recording nedia, the desired
crystalline structure of the Co all oys ¥s hexagonal close packed
("hcp") with t he uni axi al anisotropy and crystalline c-axis

per pendi cul ar to the f|In1p

gener desi ﬂ
align the 25 magrfARASHT e&?? 8?.%%?%??%% erﬁfﬁiﬁﬁ1&Ptﬁ % &0
orientation of tlnﬁnﬁqmmammgedgtantaragﬁndﬁyﬂd&abY aldpwengamonqsd@tathe

medi um ?nd tge tr@wf@%a%eaalgataﬁsmaucf& :aféﬂ"'cl?xet'h%cﬁtéégg Wi £p aléawte[] 20
ener gy transducer ie e abili etjze the
medi um provi des frtﬁs“&tﬁmlé‘ &t ESW‘@ch?ﬁbr%etﬁy?t@%%g’r’i Sﬁa Pngag?}ﬁei%%ﬁ um
The conbi nati 6n cfostheteorage devices, as fEvwegnwsompdaeathi areoréguiredr ded

to and read fromg build b&ﬁi‘%ié&n aletlamye% laghal szt?Hlesi»ag@d portion
of the nediu I.n oth gr wor ds ¥% é%ﬂ_”g t he rela ive 35 68 etic

orientations of tIR¥iSEansdfcBRRY fiR® S0 oL Bn dPe s 88T 8RBT ng

dens|t|es and st arcapess time to reach a particular piece of stored data
. since the physical size of the storage system is
10 smaller.
_ In the rotating storage devices it is desirable
that the orientation of the medium be either random
. parallel to or constant in relation to the
circumferential direction in the plane of the medium or
15 . that the orientation be perpendicular to the medium
L surface. In each of these orientations the relative
. orientations of the magnetic medium and the transducers
does not vary as the medium is rotated relative to the
transducers. Variations in the relative orientations
20 .of the medium and the transducers results in variations
.- in. the recording and reading of sgignals, which is known
-~ as signal modulatlon.. '
For floppy disks and most hard disks the
orientatlon is nearly random in the plane of the
25 medium. However, rotating magnetic media often have
~ some small degree of orientation along the record track
direction due to the mechanical roughness of the
. gubstrate surface. For perpendicular magnetic media,
the orientation must be well oriented perpendicular to
3Qg;the media plane to match the field orientation of the
;¢ :record and read transducers. In magneto-optical
. recording, the magneto-optical Faraday effect, or Kerr
_ i_éffect, is far larger when the light propagates
“siparallel to the magnetization direction. Because the

35 - light is usually delivered perpendicular to the medium
¢ .. surface, ‘it is desired that the magnetic orientation of



capacities can be achieved. This results in a higher performance data
storage device by allowng nore data . to be stored in a smaller area on
the nedia. It also results in a |ower cost per data bit and possibly

| oner 5 cost NAPRY¥3devi ces, as fewer conmponents are requir EFTUSISA3BSSpHyj | d
an equival ent or larger capacity storage device. In many cases it al so
results in a decreased access tine to reach a particul ar piece of
stored data since the physi caI size of the storage systemis 10

smal | er. In t ero storageﬂwces it is desirable t hat
the orientation &S REHEE Bfh BRE Fa%er yiee, 95 tape ane r?'ﬂ?ee(’,:onstant
in relation to tagnetici reqqfélmltsyaéteahsr ¢bei prefarréd mhametiof t he nedi um

or 15 that the OHﬁ'&hﬁthBanfp&‘i@q{éﬁfa}JH@ paalile1NEdi L riexyrface.. In
each of these orientations t g relative Oientations of fhe magneti c

medi um and the t PIHSATEELER OF WRRSIMISNESFSas the nediumis rotated
relative to the t Medstuckigh pariamanmes magnbelceﬂ'nedia/egmtemmxyt i ons 20

of the nedi um an r aRs € I [
O o ed ur reg:g;ﬁ%;; B eﬁg 58 rﬁ@%l tth?ui Hxaéﬁét% Bfifms sur#apfbfﬁ?ul n o

For floppy disks?®a §Ftﬁard The ff-é'l"‘s age; EﬁPﬁf?Wl‘éaWI y random
in the plane of tdepo2steddbunthéioawematreobyt vagioagneéclnimeisa saidhen have

some smal | degr eq0kn@ih8N! 85l OTead:ARY Halh L9aBbHat 188K rr oiflise G due

to the machanl cal rougnness of the sy stra e sur

per pendi cul atnma§FefPERRELPE, sPu“?‘ﬁ’é‘%r iR REPBNS ﬁﬁg?l%’ep%lliaﬂﬁ’? ent ed
per pendi cul ar toawathennedracpémlt orapmirc phialke fepbdditniorent Howevedf, t he

record and rea? Eﬁﬁﬂ%dﬁﬁ%%?als$nbégﬁﬂﬁ¥€§d¥@& B9 electiSONM LG the
ragnet o- optica ar%s§¥1e eC&n &gst magnetic recording media, such as

" used in hard disks, the thin film layers are
15 polycrystalline. In most commercial magneto-optical
‘recording media the magnetic thin film layers are
+.“izcomposed of amorphous rare earth-transition metal
#alloys,- but polycrystalllne superlattices have also
~f#been used. )
20-*%" - In hard disk applications, the substrate can be
+ -+ made from a glass, a glass ceramic, or ceramic, but is
more commonly an AlMg alldy with a NiP layer which is
electrolessly plated on the surface. Typically one or
more non-magnetic underlayers, such as Cr, Cr with an
25 " additional alloy element X (X = C, Mg, Al, si, Ti, V,
- Co, Ni, Cu, Zr, Nb, Mo, La, Ce, Mn, Nd, G4, Tb, Dy, Er,
Ta, and W), Ti, W, Mo, -NiP and B2-ordered lattice
- structures, such as NiAl and FeAl, are deposited on the
substrate prior to depositing the magnetic layers to
303?promote a particular orientation and/or to control the
grain size of the magnetic layers, which are typically
¥ composed- of Co alloys.
B '~ +Another factor that affects the recording
:Gﬁﬁérformance is the grain size and grain separation in
35" the magnetic layer. The size and separation of the
. - individual grains not only affects the media noise and




effect, is far larger when the |ight propagates parallel to the

magneti zation direction. Because the 35 Ilight is usually delivered .

per pendi cul ar to the medi um surface, it is desired that the magnetic
ori entation ofW099/24973 ; 6  PCTASH i um
be the sane. Likew se, for tape and sheet magneti c recordi ng systens
the preferred nagnetic orientation of the nedia is parallel to the
field orientation of the transducers. 5 Moder n hi gh perfornmance

magneti c nedi a generall nsi_st. .of e or re,thin netic filns
supported on ggggggé%_{?a?%?g%é af%lr?vf%ﬁ"ﬁs ©8r gﬁﬁe}\%}‘%ﬂ ;gﬁéc'i}'tﬁn

deposi ted on thessp¥araee slsqafiineta sbenaghésvable sepawstidrerafl or

el ectron beam evgper abtefdeiftia RraisAdach@, Obr "BHGRAT ON BPWdfrdd G | ON

rovever - 111 FYORE0R OF BT ARG, adany arali PoHbreiRe n the
deposition. I'h neégmdhgnetic recordi ng media, such as used in hard
meahei oL b | a1 COMELE B b bate, 4 e o 0T
raanct o-ont 1% semmEATY Rg TP aehinaIatcias Ll
.magnetic media for a variety of reasons. For example,
non-magnetic elements such as Cr are commonly bulk
10 .. doped into the magnetic film to lower the
magnetization. This is especially important in
perpendicular media where the demagnetization energy
_associated with the magnetic moment of the alloy must
be less than the magneto-crystalline anisotropy energy
15 in order fop_the magnetization to be oriented
- perpendicular to the media film plane. The same
-+ technique is used in longitudinal magnetic media to
... lower the flux transition demagnetization energy,
_ gg{resulting in a shorter flux transition length and,
20  hence, higher recording densities. Even more
‘- importantly, however, non-magnetic elements are
- izintroduced into the'Co-alloy to provide grain to grain
isqlation'via non-ferromagnetic méterial diffusion to
limit the magnetic exchange coupling between cobalt
25 grains. .
_ Generally, for very small grain sizes, the
.. coercivity increases with increased grain size. Large
... grains, however, resuits in greater noise. There is a
' need to achieve high coercivities without the increase
'30':in noise associated with large grains. To achieve a
. .- low noise magnetic medium, the Co alloy thin film
;ghbuld,have uniformly sized, small grains with grain
'5-:§6ﬁndaries_which can magnetically isolate neighboring
-y grains. . This kind of microstructure, orientation, and
' 35m;érystallographic texture is normally achieved by
- manipulating the deposition process, by grooving the




al l oys, but polycrystalline superlattices have al so been used. 20 In
hard di sk appl i cations the substrate can be 20 made froma glass, a

gl ass ceram c, ceramc, but is nore comonly an AIMy alloy with a
N P | ayer ‘hi¢YP 99‘973 electrolessly plated on the surface B BFSone
or nore non-magneti c underl ayers, such as &, C with an 25 additional
alloy element X (X=C, M, A, Si-, Ti, V,8 Co, Ni, Cu, Zr, Nb, M, La,
Ce, M, Nd, &, Tb, Dy, Er, Ta, and W, Ti, W M, N P and B2-ordered

lattice struc u and FeAl ,.are depposijged on the
substrate prior tsél%(fg%gg?‘t %grégﬁe’%@neﬁﬁy@'qgayﬁs? gg * Tote a

particul ar ori ent%'ﬂml&ﬂeﬂoprthcm reyfonere use Ograndenl@em t he .magneti c
| ayers, which are typls%@b'ﬂ!ttlon Gﬁnﬂ%%ﬁhsc%falthQYﬁagnetic layNQddeer

factor that affe s t he cor rain S|ze and
grain separation | r? fgsu?%énﬁab‘ﬁé)f?verFWerm%es%??@ a’h‘g %%’paﬁ FHACP of the
i ndi vi dual gr & n®h@ resoydafif satenal Hes mpimetedi by anducing epitaxial

7 recor di NE18eR11Y naChrewaR| & Ahd MRAgnRY¥EE. 18Ybrtdeains. SERY ation

al so affects thegf%ﬂEF%QQLea%gpggfgntéklon quality of the magnetic thin

film layers are largely determined by the grain size
and texture quality of the layer upon which the layer
10 is being-deposited. The degree to which a prior layer
can be made to induce a texture in a second layer
depends, in part, upon the relative size, or lattice
- spacing and the crystal structure, of the material in
‘“each layer. As might be expected, if there is a -
15 substantial variation between the crystal sizes and
. structure of layers the crystallographic texture will
--...not-be replicated and the layer will be deposited with
- #either an amorphous structure and/or in an orientation
- +.0f the crystal structure independent of the underlayer
20 - and representative of the lowest energy state, i.e.
- closest packed structure, depending upon the material.
- For Co based magnetic media it has been found that
- Cr provides a good crystallographic texture for Co
alloys, as Co grains tend to replicate the Cr grain
25 size and the orientation is somewhat set by the
underlayer quasi-epitaxial growth of the Co on the Cr
" crystallites. Depending upon the particular Co alloy
"being used as the magnetic layer, the underlayer alloy
" compogition can be chosen to vary the atomic
30 “crystalline lattice parameter to better match the
-._lattice spacing of the Co alloy. For example, U.S.
_:’'Patent No.- 4,652,499 discloses efforts to improve the
?ﬁndérlayerjof longitudinal magnetic media by adding
ﬁyanadium (V) to Cr to change its lattice constant and
L_thereby to promote better lattice matching between the
“ hep Coalloys, such as CoPt or CoPtCr, and the body

35



the recorded data transitions, or signal, the degree of over |l ap of

whi ch induces additional nedia noise in the 5 signal.

Cobal t - based al l'oys as opposed to pure cobalt are comonly used in

| ongi tudi nal aMd9pEPendi cu] ar magnetic nedia for a vari eRGI/o$98/238380ns.
For exanpl e, non- magneti c el enents such as C are commonly bul k- 10
doped into the magnetic filmto lower the 9 nagnetization. This is
especially inportant in per pendi cul ar nedi a where the demagneti zati on
ener gy associated with the magnetic nonent of the alloy nust be

| ess than the magReReR%ed Fuhiq (056" oFF¥pyndeictagens qthexsddavieor the
magnet i zati on to dbscussed edmilarpeepabtschy adddix idtes EictHdd m pl ane.

The sane t echpi | ' Lt udi et | ¢ medi-a to | ower
the flux transiti %in e%ﬁn%ﬁgﬁlﬁo%ggﬁ%r%&% r esuq't irghaé:elrr%aélss'hgﬁcé‘r 3 ux
transition | engt hThrRPd HP. Hehdde Brgherrvrekwreliafy GrensiTiedattigen nore

i rrpolrltant ly, mBower£tchiven prgtisc thkegesith £ tﬂé\td&dﬂlf%ir IiMtQ® Bheep ~
Co-alloy to provigéz.gé [t i I SO Lon via non-ferrommanetic
material diffusion o Bl Ia%m%?%to%gdrr‘éﬁnét#%ééexég%%tnegree ocd’ﬁﬁcng(q%gtc\/\éen

cobalt 25 grainsStruct®ferally, for very small grain sizes, the
coercivity increases WHeh hoicioeaatliogsahiivé| & chidla gl axiall dnisothepgver,

results in greate | S . eed. t o achi.eve high coercivities
Wit hout the incr eél%e. R y}%‘%sgigsgggi gt%glé/\ﬁ o g& FIAFREATYTEachi eve
a | ow noilde nagavR addighncoereivityl ntheinadgrdthc meddimoul dnhave
uniformy sized, sobddirgf aledHaviapplgeations, fHIERd1ESWICh can

R L N s
mani pul ating the YERARATIAN PLobESsCrpGryfemil Hps (i prevent signal
-, modulation. That is, the Co should be oriented with a
15 preferred set of crystal planes parallel to the
. substrate surfacg plane. Several Cr textures are
suitable to grow Co with its magnetic easy axis in or
. near the film plane. For example, K. Hono, B. Wong,
and . D.E. Laughlin, "Crystallography of Co/Cr biléyer
;Q_'umgnetic thin £ilms", Journal of Applied Physics 68 (9)
“f'ip: 4734 (1990) describe bcc Cr underlayers that promote
:lpgfain-to-grain epitaxial growth_of hcp Co alloy thin
films'deposited on these underlayers and the |
orientation of the Co alloy [0002] c-axis, and, hence,
. 25 . the magnetic easy axis, is directly related to the
*' crystallographic texture of the Cr alloy underlayer.
" The most common of these texture relationships between
the Cr alloy and the Co alloy are summarized as:

| -quad-Crystal: Co(1011)[1210] || cr(110) [110] or
30 P : Co(ioi'n {12101 |] cx(110) [110]

ST bi-q;yétaie- . €0(1120) [0001] || Cr(002) [110] ox
o  Co(1120) [0001] || cr(o02)[110)

"~ uni-Crystal: Co(1010) [0001] ]| cx(112) [1T0]



8 substrate surface, by varying the cobalt alloy conposition or
by the proper use of underl ayers. Separation of the grains of the
magnetic | ayer and the resulting inprovenent in the signal to noise
ratio 5 of WQWEAed sigpal is promoted by inducing epitaRFHUSIE3ESS
crystalline growth of the magnetic |ayer grains. The grain size and
orientation quality of the magnetic thin 110 filmlayers are largely
determ ned by the grain size and texture quality of the |ayer upon
which the layer 10 is being-deposited. The degree to which a prior |ayer
can be made to induce a texture in a second |ayer depends, in part,
upon the relative siz@hide thetCre(001) Spdcicngstall) tdred 0Ty stil2)st fundt-ur e,
of the material i stawae@xéﬁy@g uP&i;dE Qma es sﬁg,?t@daxié Lol s a 15

substanti al varlatlong nt e crystal sizes striucture of | ayers
; e

the crystall ograﬂﬁ‘lte VP gne, frogk Féﬁﬂléaft%ﬂ“%d:q h@-’iodyer will

be deposited it I&extah:bheésant@rm m}@%—%kﬁacbéiﬁ?aﬂ%ﬁnéd‘ AN 497 ent at’i on
of the crystal structure |£ge endent of the un ayer 20 and

represent ative ofSEFESEONE F“E HIR™t HdAusF

structure, depen@pngculponythesmgarﬁmm the Co grown on the (110) Cr
texture as the c-axes are not parallel to the recording
'plane. Alsc there are multiple directions that the Co
10 c-axes can be placed upon the Cr (002) and the Cr (110)
textures. Hence, upon a sihgle (002) textured Cr grain
2 possible c-axis orientations can grow (bi-crystal)
~while upon a single (110) textured Cr grain 4 possible
“c-axis ‘orientations of Cr can grow (quad-crystal). If
15 these variants do coexist on single Cr alloy grains,
the bi-crystals and quad-crystals then can never have -

‘iﬁli'bf'the c-axes simultaneously parallel to the
'””aﬁﬁiied field and the coercivities of the grains will
e decreased ' On .the other hand, the very uncommon

'¥un1 crystal Co(lOlO)//Cr(llz) texture relationship only
_;allows a single orientation upon a Cr grain and results
hﬂln a hlgher coerc1v1ty whether the Cr grains are
. randomly oriented in the film plane or oriented
'parallel to the recording field direction.

25 At room temperature, or if a negative voltage blas
'1s applled to the substrate during sputter deposition,

it has been experimentally found that the Cr(110)
texture tends to develop and assuming a reasonable
“* lattice match exist between the Cr alloy and the Co
30 alloy crystals the gquad-crystal hcp Co tends to grow.
| _!#Likewise, it has also been found that when the Cr is
;a“dep031ted at elevated temperatures a limited degree of

-_*,Cr(ooz) is observed by x-ray diffraction and to a
'deg;ee'the Co bi-crystal tends to grow. However, in

35 each of these cases there is considerable dispersion



For Co based magnetié nedia it has been found that Cr provides a good
crystall ographic texture for Co alloys, as Co grains tend to replicate

the Cr grain : ' and the orientation is sonewhat set by
under | ayer quﬁ??%ﬁaxi al growth of the Co on the O cryst%‘?ﬁﬁ%?@ﬁ
Dependi ng upon the particular Co alloy - bei ng used as the nagnetic

| ayer, the underlayer all oy corrpositioﬂ'lcan be chosen to vary the
atonmc 30 crystalline lattice paranmeter to better natch the | attice

spaci ng of the Cord hA¥iatkeh fﬂaﬂﬁéfheﬁéé%e of t t%gtahﬁ'éﬂha & 499

di scl oses efforts to.inprove,the .. underlayer of | gngitudi magneti c

medi a by addi ng SREHEH Fﬁie?EP?i°?(?ég Mmagnesici eas¥or¥ean?t and 35
t her eby to pronottheb€ot maghaticckayetshi Mhebelesdeableecr (1begp Co all oys,
such as CoPt or GQRi apdikhe; : btai . _

9 cent er ed ,cubigg:e- ) bcé"é loér)%?dleﬁdafgr ° &?ﬁgr g'hﬁal\}ren ?ry%'lcglcijsse,d
simlar resul Ps Hy® 29&i PEGRE BFeR$sePt whenOr,dsy mage Bpeul baly at oni ¢
radii material s, thichk for media awmdl db, whicH peibec ther et deestdlTited he

lattice 5 matchifgpowiBEesnt &) gﬁﬂ’gflzlgga,st Q?;df%hgl ?QXmi EEOuQquPy
Structure. as Opp%&%%i%% %u %gglgegéﬁgéée;ngfailar %g a polycrystalline

. powder.

0. Applicants have previously found that well
textured Cr layers having a (002) orientation can be
produced using a polycrystalline MgO seed layer as
described in U.S. Serial No. 68/553,893, which is

.. - incorporated herein by reference. 1In addition, .

15 Applicants have also shown that Cr (112) can be
produced if the Cr is epitaxially grown on a (112)
oriented Bz.body centered cubic derivative material,
such as NiAl and FeAl, as described in U.S. Serial No.
'08/315,096, which is incorporated herein by reference.

200 It . is also noted thathakémura et al. have produced

.';3(002)'and:(112).Cr during crystal studies on single
., crystal MgO, NaCl structure (Jpn. J. Applied Physics,
Vol. 32, part 2, No, 10A, L1410 (October, 1993) and
Jpn. J. Appl. Phys. Vol. 34(1995) pp. 2307-2311).
25 . Additional improvements in the structure of the
- magnetic layer have been found by incorporating
3 intermediate layers between the underlayer and the
magnetic layer. Also, seed layers can be incorporated
between the underlayer and the substrate to provide
30 "additional control of the structure of the underlayer,
:_.c¢ntroluthe roughness of the films, and to prevent
. contamination of the underlayer by the substrate
‘.Bntaminants, The multiple seed layers, multiple
. Liundgrlayers, and intermediate layers are collectively
35" referred to herein as the underlayer structure. In
3Qadditibn, multiple magnetic layers that may or may not




structure. The hcp Co alloys have a hi gh uni axial ani sotropy
constant, along the hcp c-axis, which is necessary to 10 achieve a high
coercivity in the magnetic nedia. In rotating nedia applications, the
Co alloy is "WO®ERAxi al ly; grown upon a randomin the pl anePCT/US98/23855
orientation of bcc Cr crystallites to prevent signal nodul ati on. That
is, the Co should be oriented with a 15 préRerred set of crystal planes
parallel to the substrate surface plane. Several C textures ars I
suitable to grow L L i | C £asy axis Ln or near the film
pl ane. For exanﬁ%,s\gﬁggﬁgﬁg, ggggaionng,f%r%mgﬁ&eblﬁ lf%ff@h}?%e,r Sucph as
"Crystal | ogr aphy @f c@of&r aBlpyycrreEoneddimesi emphpyedi tasproduag nal of
Applied Physics +@%ia®)ions if. téd IHadnk3Q) ﬁé@?ék&b@sbﬁﬁ €He URERNI@MRY S t hat

pr onot e grai n:.t.o-grain i i al, growt .h Co_al |l oy thi filns

deposited on the é"tltTrider gyglfgg}’%zf(\hct ers aggi éﬂf’gﬂﬁﬂlﬁ %/rt‘féercglaéﬁrﬁy’

[ 0002] c-axisS amte igeddectingely ieefimnpedt ite barpinxas, the mignettia rel ated

to the Cr%’St?HyQﬁ’f &lalszrheztﬁgélt U{'ﬁ_i’xé)fuﬁel”'%fgfntﬁl:li.oiay'@ﬂﬁ |t?d§érllalyer Thg o

nmost conmon of these_texture relatignships between . allo e
Co alloy are sumfari i“ggnggzl & 1ayér sty LYE‘&'-eér GaPaPTOVIR 1%1?)"?%‘38&1

Cr (110 [110] or corol over the grain sizeGotheldgrain2t®]graim (110) [ 110

bi - Crystal: Ca(ebhld@hbn0ahs eI {HOA ¥t of subsequentl%? ers an

. _ d
E?Eiigg)[gggﬁa] t&ﬂ§%&é%ak%lgLughness of c%%'h%éﬁé%?é'lay§¥.. - 3w4¢£¥pJ

the use of additional layers will alsoc increase the
overall cost and complexity of the manufacturing
process. ' _
- Por perpendicular recording it is desired that the
15 Co alloy c-axis be perpendicular to the substrate
- plane. This means that the Co alloy has a (0002)
. s texture and the [0002] crystal direction is
“#perpendicular to the film plane. It has been found.
-#%that if Co is grown fairly thick that this texture
20 dnéturally develops as the (0002) plane of atoms are
‘closest packed. However, this is unsuitable for media
“'a@ 'a large dispersion in this orientation results and
the first portion of these films have random or
extremely poor orientation. ' _
25 - Some degree of perbendicular orientation of the Co
~ c-axis with respect to the film plane has been obtained
by'grain-to-grain quasi-epitaxial growth of the hcp Co
“‘alloy thin film to an oriented hcp underlayer of (0002)
crystalline texture or a fcc underlayer. Ti and
3077 TigCrys..s are often cited as the best seed layers or
~ underlayers for this purpose, although other seed
layers, such as Pt, CoO and thick non-magnetic hcp
_Cécrgﬂg'have been used to induce this structure. See
_ ﬁ&“thpositiona1 separation of CoCrPt/Cr films for
35 “longitudinal recording and CoCr/Ti films for
'””Tpérbendicular recording” IEEE Trans. Magn., Vol. 27,



10 While the O (001) (bi-crystal) and C (112) (uni-

crystal) textures induce the Co alloy c-axis, [0002], I intoht he film

| ane, the nost easily formed C (110) 5 texture results in the c-axis
Eei ng incli neiyv%?9%73y degrees with respect to the surface. PEEHEE2%5S

| ower coercivity results fromthe Co grown on the (110) Cr texture
as the c-axes are not parallel to the recor® ng pl ane. Also there are
multiple directions that the Co 10 c-axes can be placed upon the C (002)

. : | Q0 ed Cr grain
2 possi bl e ¢-axl %1 iSniRoRs BB G7A L RO crhaT e el B,
singl e- (110) textMAEY Folgr 3i% BOpo8si PPe 402074483 s(Nav.e9%%)ons of Cr can
grow (quad-crystal). He ll:‘xégz’felée{se Mﬂiéﬁﬁ&ﬁ%&@trﬁgﬁ:}(ilﬁén égiehve?rtﬂ@r%é.@& 2: : ogf
The C-axes si mul i apy rerbhaddafas yelardsig Sk AR tapeniiinar”
coercivities & .thragriHiedsd matterns haveetoeasfigld ayadilentst fecalused, t he
very uncommon 20cheid -id ¥ aletGehlBath/ £6¥ (dH)siedd Uik el ald eaghi p only
glola(r)\évisviat ;' \?\A%latehg-;ﬂ?eﬁée Eﬁérso %rege?lggogcrzgnmgggiglﬂ? dviraei:%.uel tpsroductlsn uasirz]fg:;(‘:]her
perpendicular thin film recording media that are
_;v_comparable in terms of longitudinal thin film recording
10 products.
Many attempts have been made to solve the
difficulty of the poor perpendicular head field
gradients by producing media that have a soft magnetic
"keeper" layer, such as permalloy or CoZr alloys,
15._de§§sited under the-recqrding media. The soft layer is
.. used to provide a high permeability magnetic Fflux
| return path to sharpen the perpendicular pole-head
field gradienté, which sharpens the data transitions in
. .the recorded patterns. However, the soft magnetic
20 ... layers add complexity to the media and commonly
':-;qgrease the media noise due to their imperfect or lack
f"éfiqgality_and the resulting domain wall motion
Barkhausen phenomena. B
'Magnetic recording and playback transducers are
25 - composed of soft magnetic materials such as CoZr, FeN,,
FeAlﬁk, FeTaN,, FeSi alloys, NiFe alloys or FeCo alloys.
- Analogous to the media in order to produce high
- performance transducers it is necessary to control the
_crystallographic orientation, magnetic anisotropy
30.. magnitude and orientation, and grain size, as well as,
- magnetostrictive and magnetoelastic properties, and
;. localized stresses in the material. Without control of
-,% thége_attributes and factors the transducer may have
' ' ﬁn§§sirably large hysteretic properties, remain
35_'magnetized even after the drive signal has been
-f,Lremgved, exhibit Barkhausen phenomena or time delayed




randomy oriented in the filmplane or oriented par al | el
recording field direction. 25 At room tenperature, or

vol t age bi as
it has been eX¥@P¥2#8M ally found that the Cr(110)
devel op and assum ng a r easonabl e
alloy and the Co 30 alloy crystals the quatkcrystal

to the

I f a negative

Li kewi se, it has also been found that when the Cr is deposited at

el evat ed t enper at
diffraction and tB°o%8® sP’d%eg?"eQrtﬁ
-each of theisgna:bses there i s considerabl e dispersion

and variation if 51k1'fe1t et BE:SdQEet%lSrQuﬁ%ﬂ:ﬁ Itelégmnse § SEL:Ei ng

in 35
11

uni -crystal,

5o BN e S St

tlekPwever ,

netic_layers.

orientation of these easy
desirable C (1124 ‘%é ch“'rc":e F&ﬁ]e'F’s YREUHR RAPResifsdaprethdayers

5 | sraocsomdiiomess esployedptonwimduds tlse rfade Ninalilbgbty

is applied to the substrate during sputter deposition,

t ext ur PCTAIRGE23855

| attice match exi st between the Cr
hcp Co tends to grow.

X-ray

The

thick for media a AN taV"(‘iﬂh Mhr&he %r%%@é:?ﬂl ‘”ﬁ%ch as@fEpdrowi ng in

all directions and_the filmis usual

oW n

l'e textures

simlar to a pol yR1y2Y% theeasy “‘68%8 fc axes lie “Llong the <1il>
directions so if a (111) texture is induced the easy

axes to lie only 19° from the film plane. The quality

10 of this orientation plays a significant role

in

determining the uniformity of the magnetic spin

rotation or the magnetic domain wall motion in these

 layers.

Likewise, in magnetoresistive or spin valve

15  sensors it is common to use hard magnetic materials,

very similar to those used in magnetic recording media,

o to prov1de magnetic b1a51ng to the. soft magnetic

. r‘,

.# describes the use of CoPt for this purpose.

' materlals. For example U.S. Patent No. 4,902,583
As with

20 < maghetic media it is desirable to control the texture
¥ guality in order to improve the anisotropy and the
coercivity of these device elements. 1In order to

improve the performance of magnetic data Storage
transducers there is considerable need to develop
25 methods, materials and thin film device structures

which will yield a high degfee of orientation and

unlformlty of the magnetlc film properties.

"As is obvious from the preceding dlscuSSLOns,

there is a contlnulng need for lighter, smallexr and

30" better performing and less costly memory devices. In

" order to meet to this need, the underlayers must

~“'exhibit an unusually high degree of crystallographic

‘orientation, which will then result in high degree of

- magnetic oriéntation. These devices must provide

'35 _greéter storage density and higher recording

' reading quality and efficiency for use in today’s hard

and



10 Appl i cants have previously found that well textured Cr |ayers

havi ng a (002) orientation can be produced using a polycrystalline MO
seed | ayer as - described in U S. Serial No. 08/553,893, which is

i ncor por at ed MAYWBy reference. In addition, 15 ApplicantPETASI#23FSo .
shown that Cr (112) can be - produced if the O is epitaxially grown on a
(112) oriented B2 body centered cubic @@rivative materi al, such as
Ni Al “and FeAl, as described in US. Serial No. 08/ 315,096, which is

i ncor por at ed here r.ef erepnce. s al ed t hat Nakarrura et al.
have Broduced d yVana ?i’iz‘frﬁs‘%}fﬁﬁrﬁg 5?‘3‘59% &t BRPBETOR singl e
crystal MO, NaCIStsmaS!@t @leylespn and ot @pplihy:@te@ns Vol . 32, par'; 2,
No. 10A, L1410 (Cctober, 1993)_and Vol 34( 1995) pp.
2307- 2311). 25 Addi t i onBRIE ‘B@‘&%@ A%%tﬁ g’?‘i&@%‘ure of the
magneti c | ayer have b%g gg‘é%gn\@ylﬁ@&?{i)%af W recte S%ergggéa% | ayers,

bet ween the underl| ayer ayer ‘é‘?s can be
i ncorporated 5 Wﬂﬁé@—ﬁ 2Re Eﬂ%ﬂ%}@t%@w@@ﬁsmﬁéﬂ-é t 5rpnradiderso

addi tional contr elndidemicest tHobLBErad indaHedaNMEY € The t?gﬁﬂti%dt hle -
roughness of the a e ont anl nat i_on t under | ayer
Jaééyiel Qthgtﬁrgg Q%PeraH#% 6Pg ude , lgngg ﬁﬁ

by the substrate nt am na Ftii Ie
under | ayers, and qﬂﬂ%rlﬁ‘é’&ratsé’m@?‘é?% which gincdadegelrp 88derlayerdand her ein

as the under| ayefmsft HuRilube. oh8 or meEllidddinionalt upkeryagaek) cskaygers that

nay or may ngb and/or wetting layers, and intermediate layers, and a

~ magnetic layer structure, which includes a magnetic
layer and may include one or more additional magnetic
layers and inner nonmagnetlc layers disposed between
the magnetic layers.

15 In one aspect the recording medium includes a
“magnetic recording layer ‘comprised of Co-based

_ materlal, such as Co or one or more Co alloys having a

f{;(1010) crystal texture, a substrate, a first underlayer
.having a fcc structure and a (110) crystal texture
' 20mfdisposed between the substrate and the magnetic
. recording layer. A second underlayer having a bcc
3rstructure and a (112) crystal texture is also disposed
- between the magnetic recording layer and the first
“ﬁnderlayer. In a preferred embodiment, the first and
25 gecond underlayers are comprised of Ag and Cr,
respectively, and the substrate is a single crystal Si
ef;sﬁbstrate having a (110) orientation. Also, a '
Wffconventlonal substrate having a polycrystalline fcc
_w_structure seed layer or underlayer, dep031ted on the
BOT'substrate with a (110) crystal texture can be used.
' _ Appllcants have found that by using Si single
.ecrystal substrates multlple material layer structures
_gﬁcan be ep1tax1a11y grown upon the extremely well atomic
P?ordered substrate and upon one another to produce
35-shlghly orlented magnetic crystallites having long range



12 be separated by a non-ferronmagnetic inner |ayer such as Cr or

Cr alloys are sonetines enployed to produce ° variations in the magnetic
properties of the resulting film The nagnetic |ayers and intervening

i nner | ayers WO R0l | ectively referred to herein as the n& §a38s5

| ayer structure. The use of nulti-layered underlayer and magnetic

| ayer structures can provide for increasedlé control over the grain size,
the grain to grain i sol ati on and epi taxi aI grovvth of subsequent | ayers
and 10 the surface rou h s of, the | ayers. t he use
of additional | ayd&® IésSf"‘so Fhﬁ?e]%é%? ree QF&FF‘" &8 ts%\ﬂﬁl%orrpl exity
of the nmanuf act uruenqure ofr ches§ilms result Fay mgenesddi Edllms witlrding it

is desired that té}fpeliozcex%hext%sﬂ spf&pé&erwdl awiar abgrbeogubstrate
pl ane. This neans that exture ind t he [ 0002]

crystal di recti oPFiEnt é‘l"ﬁeﬁ&acﬁ?gf %@f?qx)mpﬁp:&ﬁgs VBT ha€%een fqund
that i f Co i s5grclastfamicssy impirokes hbhe ttagnetaxt preop2dtirat usathyaslevel ops

as the (0002) pl aRgufancd O%e%E:?vity, s os&ﬁ seacked However, this is
unsuitable for media

de | }Iﬁ% H&HS orlentatlon results
and the first porﬁ"oﬁ’aﬁitlf’ﬁ 8B/ 11t Ghat cexheiRpgly poor
orientation. 25 metalsSkhawigggfece stryparnpeali cuicir asr Rgnt 8t oAl pfamdie Co
c-axis with respag] Jdfy g el RLEPE m&-ﬁ?x‘e&bfs%'cﬁeilo anci)ybl

grain-to-gr a;}g’ quasi - EI t axi a Fapogezepltaxiaqely J)rown on tge ant Rinfilmto

an oriented P 1
" oxidized Si surfaces. While the one unit cell to one

unit cell lattice match between fcc Ag and A4 (diamond)
Si is quite poor, multiples of the Ag unit cell
‘distance fit very well on the Si surface. Hence,

15 because of the very long range order of the single
’crystal surface of the Si epitaxial growth of the Ag
éuoccurs - Bee structure, such as Cr, or a bec

derlvat:.ve, such as NiAl, FeAl (B2), or FezAl AlNi,Ta,

_ _Alngmb (D03}, AlINi,Ti (DO3 +B2) or L2, structures can

20 be epitaxially grown upon the fcc structure.

o In another aspect, the recording medium includes a

magnetic recording layer comprised of Co-based
~ material, such as Co or one or more Co alloys having a

_ (1120) crystal texture, a substrate, a first underlayer
25 having a fcc structure and a (001) crystal texture
disposed between the substrate and the magnetie
recording layer. A second underlayer having a bce
structure and a (001) crystal texture is also disposed
?between the magnetlc recording layer and the first
301:under1ayer In a preferred embodiment, the first and
. second underlayers are comprlsed of Ag and Cr,
;uirespectlvely, and the substrate is a s1ngle crystal Si
' isubstrate having a (001) crystal texture or a

. ﬂ“5convent1ona1 substrate having a polycrystalline seed
35'_layer,\such as MgO, having a (001) crystal texture.



crystalline texture or a fcc underlayer. Ti and 30 Ti[err]Cr[err] are
often cited as the best seed | ayers or under |l ayers for this purpose,

al t hough ot her seed | ayers, such as Pt, CoO and thick non-magnetic hcp
CoCr[err] havevdsseasmsed to. i nduce this structure See " OMAIRoBR3I8Sh al
separation of CoCrPt/Cr films for 35 | ongi tudi nal recording and CoCr/Ti
films for per pendi cul ar recordi ng" | ERR Trans. Magn., Vol. 27,

WO 99 13 no. 6, part 2, pp. 4718- 4720
(1991); and, |EEE Trans. Magn. Vol . 30, no. 6, pp. 4020-4022 (Nov.

1994) . ‘The d&gr 88oBResr2%RRGH i dhemrecordiage sediananrudes good
for perpendi cul amagneatidi Bgcesdimg Wéiemﬂsncpﬂwed 6fheadbas@ad patterns

have low field gr%&ﬁ aLs bgﬁ WSE. co égmaﬁal Ea%g g; hgeﬁgleld

flux. To date has een no connerC|a Iy V|a Ie pr

per pendi cul ar t him ofthl %Wseaﬂla&m a 4 halosR@te, aCQHPQEthﬁerﬂa%éfms of
l ongitudinal thin filmrego 10 products, Many atte s have

been made to Sol V&VERE 2 %Cau?$ GHY3E F°G Fe (FddY ﬁéVﬁéﬁ&|EﬁF§Prﬁead field
gradi ents by prodispogedetietwedat timvsilsstaaite rmgnehec magnetkeeper"” | ayer,

such as pernallOXEQﬁrgRg§-§L§Q¥§’ A second underlayer having a becc
 structure and a (110) crystal texture is also disposed
between the magnetic recording layer and the first
10 underlayer. . In a preferred embodiment, the first and
second underlayers are comprised of Ag and Cr,
respectively, and the substrate is a single crystal Si
substrate having a (111) orientation or a conventional
.. substrate having a polycrystalline bcc structure seed
15 layer or underlayer, deposited on the substrate with a
.(110).. crystal texture.
In a further aspect perpendicular. recordlng media
;, and transducers include a hard magnetic layer, such as
a Co-based material, having a (0002) crystal texture
20 . deposited on hcp (0002) template, such as Ti, or a
- compatibly matched fcc (111) structure, such as Cu,
which may be further deposited on a Ag (111) layer. A
Si (111) substrate can used to provide the template for
the growth of the fecec (111) structure or a conventional
25 - substrate having a polycrystalline bcc structure seed
- layer or underlayer, deposzted on the substrate with a
_(110) crystal texture.
T 1n addltlon, the perpendlcular media and
o transducers can be constructed using soft magnetlc
30 ﬁaterlal, such as N1Fe alloys, deposited with a (111)
'~ on one or more fcc (111) structures, preferably Cu
(111) on Ag (111) ' The oriented soft magnetic layer
. can be’ 1ncorporated into transducers and recording
. medla in the presence or absence of hard magnetlc
wT‘layers dependlng upon the particular appllcatlon.




15 deposited under the recording nedia. The soft |ayer is used to
provide a high perneability magnetic flux return path to sharpen the
perpendicular oIe head field gradients, which sharpens the data
transitions i 992481 recor ded patterns. However, the soft

| ayers add coaneX|ty to the nedia and commonly -increase the nedia
noi se due to their inperfect or |ack ofl8qual ity and the resulting
dormai'n wall notion Bar khausen phenonena. Magnetic recording

and pl ayback transduc C %{fs e s such
as CoZr, FeN[err] %I %ﬁg@h QEQ ﬁ%‘},{;_}egﬁgﬁ %Egvgﬁéé ons or
FeCo aIons e h@aﬂﬁﬁﬁ%F|#?QQﬁﬁ§n9t@eﬁﬂéduééaﬂ$@%03rs

per f or mance t ransahtceraa:a stioTagecassides tﬁmdaﬁiid&:ﬁltlhberecorﬁiﬂ§ttﬁédmr aphic

orientation, magngid Cuﬁa’}is%%tc 9?%%&:\%‘1% ;a‘go%r@ggéggsgﬂaawer D, grain

size, as well as, . gneto roperties; and
| ocal i zed str &sseand rFQ% Lot uppaln hgxdgliisk sivers apd othekese attri butes

and factors the tapplsdistdonsay hA¥ee advahiiRfdd abldy okhegs WYS1 eh&tdie
D Ot o dppedodghy £R0 EXPILGIAPaddId 1l HRLBLEPRLGAAS Peen

renoved, exhlblt ausén phenonena or
14 BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the present invention can be
0 - better understood by reference to the drawinés in
which: - '
Fig. 1 shows a data storage device including a
transducer and a recording medium;
'Figs. 2(a-c) shows thin film material structures
15 " of the present inventien,
3 Fig. 3 shows four crystallographic planes in a
SRR ﬂhexagonal close packed structure;

*v:w-=? Fig. 4 shows three crystallographlc planes in a
 face centered cubic structure,
20__'““' Fig. 5 shows three crystallographic planes in a-
@iaﬁond cubic¢ structure;
Fig. 6gshows four crystallographic planes in a
ﬁ'-body'centered cubic structure;
- Fig. 7 shows the orientation and interatomic
25 ' ‘spacing relationships between Si(OOl),'Ag(001), Cr(bOl)

'and bicrystal CoCrTa(1120) lattlces,
Figs. 8 (a-c) shows(a) XRD spectra of two Ag/HF- 51
fllms,.(b) 81[001] zone axis electron dlffractlon
. pattern of a Ag(5004) /HF-8i film, and (c) simulated

30{'Si[001] zone axis electron dlffractlon pattern of

Ag(OOl)[llO} H Si(OOl)[llO] bilayer;

"J, Flgs 9(a-b) show (a) XRD spectra of two

CoCrTa/Cr/Ag/HF 8i films, and (b) coercivity dependence

on_the Ag template thickness along Si[110] and Si{100]



noi se spi kes, or exhibit non-linear response to field si gnal s.

In order to produce nore uniformresponse in fcc Ni alloy soft

mat eri al s, vacuum deposited seed |ayers 5 are sonetines enp ed to

i nduce the fcqyo24 7Boy to; have a (111) texture. For r‘?‘é"%”’%ﬂ’é as
N Fe al l oys the easy magnetic axes lie _along the <111> directions

so if a (111) texture is induced the easy 19 axes to lie only 19[err] from
the filmplane. The quallt_y 10 of this orientation plays a significant

role in deteagkghggfh ”{ﬂé”é%é@&%fc£'¥%1§39“eb Er% and EILg&fggon or

the magnetic doma d)sl I n
magnet or esi sti ve tbﬂckﬁﬁﬁsﬁﬁl %ée 15ixed mdor29 0 3@8Amprespegsvaly o

magnetic materials, Figderyosand) énhdvﬂs tAlFMSG_trlaS‘g%@ bﬁ gBengu€at€506€i NY

medi a, to pr |d n f.1 net erials For
exanple U.S. Pat gé %8%% S%ZE W scrl 2\%%%‘ ct}%’g 8t anlyf\) “this

purpose. As %t Hb2®25ﬁﬂaglﬁéi Fe0Apand | (d)i & ®isitr 9 Agt sucEaceol the texiure
quality in Orderrbﬁghﬁﬁéﬁvesthﬁgafﬂmtﬂlﬁw the whlcﬁoﬁhéiydﬁj(dOf t hese

dovi oo 1 CTENLS. chACSEUEE Lhs s oLANSE IR BELSLTRACE Ol pBgnEL g, data

storage tranSaucers 'S consi dera hods,
materials and thin fi Figgevitéase) (Bhaw i) CrlQ9iidhzenel ayis| dlectiom

degree of orient aifgRadtfion pattedvdl tay cririay FRERek §xbivh BRI QPSHdA es.
As is obvious fromthe preceding discussions, there is a continuing

need for IlghOerAgsnampéatanda@@ (bjets:enul;wefd)mmgzamdcteeel]:omth menory
devi ces. : et EEtE‘Bﬁtdif’ff d
exhi bit an unusu%? § 3 gree of‘-;mct%/d}fﬂZ:(%’tttel'%‘?1 %E BEE%&EQ r?é{l on, which
will then result Kﬁﬁh égbr Qﬁane ngular varlatlon of the magnetlc
properties, and (d) in-plane torque curve of a -
.. CoCrTa (200 A)/Ccr(300 A)/Ag(500 A)/HF-Si film;

15 © . Fig. 12 shows the crystallographic planes for

_31(110), Ag(110), Cr(112), and Co(1010);

o  : Flg 13’ shows the relative locations and ‘angles

 between H, M,, and the magnetic easy axis;

~ Figs. 14 (a-c) show XRD spectra for (a) Ag/Si, (b)

20:% Cx/Ag/Si, and (¢) Co/Cr/Ag/si films;

' Figs. 15(a-d) and (a'-d') show ¢@-scan results and

'stereographlc pro:ectlons for 8i, Ag, Cr, and Co,

 respectively;

' Fig. 16 shows the two twinning domains of the

25 ' (112) orientation;

Fig. 17 shows a torgue curve for the Co(1010)
magnetlc layer,

B :‘*f_ Figs. 1B(a-b) show hysteresis curves for the

Hf?ﬁégnetlc easy and hard axes, respectively, of the

39_ ¢6(10I0) magnetic layer;

| - Fig. 19 shows a torgue curve for the CoCrTa
'f magnetlc 1ayer,



magnetic orientation. These devices nust provide 35 gréater storage

density and hi gher recording and reading quality and efficiency for use
in today's hard 15 di sk
drives, for ti¥A¥MB s with other magnetic st orage devi REI/USAHP8EY her
applicatlons : BRI EF SUMVARY OF THE | NVENTI ON .

The present invention is directed to thin 0l ns, 5 nmagnetic and

magnet o-opti c recordi ng nedi a, transducers and devi ces incorporating

the filnms. The thin fi t tructures general ly include a
substrate, an undgbﬁgyeiog?rﬁt %?% TSR Pu G VES %ﬂHe?PE&e@n%nd
may i nel ude one draxnthmacnedi Flsne$,Lmﬂhﬁdqgﬁyeiy,seédthé CaftdTar wetting

| ayers, and |rn6Nﬁ§ghéﬁg% hgyggs and a magnetic | ayer structure, which
i ncl udes a nmagnetic i ncl ude one or_ nore_additional
magnetic  [ayers aﬁ&q (ﬁoﬂ%g%%§T SPEFETEi £p5s4®) bet ween t he
magneti c | ayeiSs. QQﬁrPt/Tl/Bﬂasﬁe anpeth), QdOrbtd@dy/oxidimedi iy i ncl udes "a
magnetic recording | ayay.coBPEheRE Bhe 3 RAMAY ographic planes for

§i(111), Ag(111), Ti(0001), and Co(0001);
Figs. 23(a-c) show XRD spectra for (a) CoCrPt (50
nm) /Ti (50 nm) /Ag(12 nm)/HF-Si, (b) CoCrPt (50 nm)/Ti (50
10 nm)/ /HF-Si, and CoCrPt (50 nm)/Ag(12 nm)/HF-Si;
Figs. 24(a-d) and (a'-d') show ¢-scan results and
. stereographic projections for Si, Ag, Ti, and Co,
respectively; '
Figs. 25(a-e) and (a'-e') show hysteresis curves
15 for magnetic easy and hard axes, réspectively, of
Samples A-E in Table II;
R . Figs. 26(a-b) show XRD spectra for (a) Co (1000
A) fcu(s00 A)/Ag(aoo A)/HF-si (111), and (b) Co (1000
. #¥A)/cu(s00 A)/ HF-8i (111);
20 Figs. 27(a-f) show XRD spectra for Samples A-F in
.., Table III; o .
Figs. 28(a-b) show XRD spectra for (a) Ag(500
A)/glass, and (b) Ag(500 A)/CrMn(500 A)/glass;
Figs. 29(a-b) show XRD spectra for (a) NiFe(500
25 A)/glass, (b) NiFe (500 A)/cu(1000 A)/glass, (b) Cu(1000
- A)/cr(300 A)/glass, and Cu(1000 A)/Ag (1000 A)/Cr(300
-A)/glass; and,
Fig. 30 shows the XRD scans of typical Cr films

' 1 of various thlcknesses prepared by RF diode sputtering
30" on to glass substrates



material, such as Co or one or nore Co alloys having a (1010) crystal
texture, a substrate, a first underl ayer having a fcc structure and a
(110) crystal texture 20.di sposed between the substrate and the nagnetic
recordi ng | ayeWo R4t ond under!| ayer having a bcc - struct uPET/HEW23855112)
crystal texture is also disposed bet ween the magnetic recording | ayer
and the first underlayer. In a preferrezii enbodi nent, the first and 25
second underl| ayers are conprised of Ag and Cr, respectively, and the
substrate is a single crystal_ Si substrate having_a (110) orientation.
Al so, a convent i onal SB%EQ;EEQEQEﬁﬁgﬁfTéoﬂoP§CT§§t%NV%NEF%%C

structure seed | ayer I r 1.1 ed bstrate.with a
(110) crystal texturqugﬁw%gkﬁgég.?tgsgea#ésﬁﬁpﬂﬁ%gﬁfggﬁ%ééx#5ﬁﬁHthat by
using Si single embeiied din seeeordirgsmadiai e teanadutenspsedsttouct ur es
can be epitaxi al | yegsivand eeddidaent bANChY Yetdrdir@finedia. OMBRred
substrat e and 5P & J‘}%)%%riat 2aR" Bguﬁgeg 5in ry‘oq:ha'lmt:yin(g_:;r,' %@a%%lg%qggt,l ¢
crystallites having T'ong Tangé ] .

atom c order. Thi®F H&RFiRgde dgtaopleragaddevigps such as a rigid

magnetic hard disc incorporated into a disc drive of a

16

computer (not shown).
Typically, data storage devices 8 include a
10 recording medium 10 and a transducer 11 in a head, or
slider, that is either stationary or supported on a
'moﬁable arm in a suspension assembly used for moving
the head over the surface of the medium 10, as shown in
+“Fig. 1. The transducer 11 is maintained in a closely
15 spaced, parallel rélationship relative to the surface
#1% 5f the medium 10 during normal operation. A typical
~ distance between the head and the medium is 10 pin or
. less. See, Mee, C.D. and Daniel, E.D., MAGNETIC
- . RECORDING, Vols. I - III (McGraw-Hill pub. 1987); F.
_26'¢Dbrgenson, The Complete Handbook of Magnetic Recording,
" 'CHapter 16 (3rd. ed. 1988), and U.S. Patent No.
E"".""'5",062,.021,'the relevant disclosures of which are
incorporated herein by reference.
In more fully describing the present invention,
25 the material structure of the recording medium 10 and
“°" transducer 11 will have the nomenclature described
" below. Referring to Fig. 2(a), the material structure
" in the recofding'medium 10 and transducer 11 of the
'5f3§fesent invention is comprised of a substrate 12, an
30;’uhder1ayer 14, and a magnetic layer 16. The material
7f-structure might include a plurality of underlayers .
?  éﬂﬁ/bi magnetic layers that define an underlayer
:f éﬁ¥ﬁE£ure.and magnetic layer structure, respectively.
- "As‘shown in Fig. 2(b), the underlayer structure may
357*6156 include a seed layer and/or a wetting layer 18



texture of the filnms result in magnetic filns with superi or
orientational properties. This degree of orientation and uniformty of
properties over long 5 distances inproves the magnetic properties, such as
remance, coemoOa¥4973 S, and S*. In particular, it RET/USEARI8ISound
that certain metal s having fcc structures, such as Ag, Cu, A, rand

Au and f cc derivative structures, such legrr] and Ll[err] 10 structures,
can be epitaxially grown on the-non- oxidized Si surfaces. Wile the
one unit cell to one unit cell lattice match between fcc Ag and

A4( di anond) Jisposgdi or Peorsubalinats 42 or eheexpermivitgdein the

fli stance fit \éerymueh:uagartbtler&tmfmlltlaaaqeunaéfrl Bl SED andhﬁl?/ery
ong range order Y. of t epitaxia
growth of the Ag 1nfte&ﬂ8d§.599 f@éer ﬁ d%ts%oge gh %fa%;g]tf
derivati ve, such aééamienF tPeNle (Wgnetgc ﬁ@pfeprr Fmomw[er?r}eranagnetlc

A N [err} le ( DB aydkNLEetmay The (cEaQ?ertﬁZ)mh Y| Qﬁréi'l&iréblC%tblf@@th 1B t20 Pﬁ
epltaX|a y gro C ur, n_ano er S , e
PBcording e amiFEha°ah S6va LU Hr so11opeq by o8 SIS BE

Co- based mat @daPn SYEANLS bém@rcamte%r nBhe Bsthinaykayewiky can
(1120) crystal t e dheamdrphbas Mdtsrialf ldxsta #AdAr tayethi® tdavdwg a fcc

structure and a %%Q%)_Loggés al:?%(tﬂrlne ot %ﬁg?}ﬁgS?F%mgfﬂﬁ e substrate

and the magnetic r ayer a bcc

structure and0a (t@Ftprer prevides @ gregss lalté’réc@l stp’;ame'dch fompetheeen t he
magneti c recordi Rgsuangr 1apdrt he fi rst 30 underlayer. |In a preferred
enbodi ment, the first _an der | ayers are co sed f Ag and
Cr, respect i vel y, gingn?ﬁ}eleéu l%'p ﬁ\" S¥‘ SR8 £ %kc)S'

substrate havi ng MaSpPebiy éF‘ySFa?tJf‘%q&%W a-nCMdéoﬂ@@h‘Fimﬁal substrate
haVIng a polycry&h@hhtae $@gérs, 16' and 16", that may be separated by

15. .. one or more inner layers 30. In perpendicular
s ”regordlng applications, the additional magnetic layers
.~ 16' and 16" may be soft magnetic keeper layers
gﬁsurrounding the magnetic layer 16 which may a
. emagnetically hard material. In transducer
aopﬁapplicatiohs, the magnetic layer 16 in Fig. 2(a) may be
a magnetically hard or soft material depending on the
function of the layer in the transducer 11 being used
‘to read or record data on the medium 10.
- Generally, the substrate 12 is formed of a
25 _nonmagnetlc material, such as glass, silicon or an
aluminum alloy coated with NiP, glass ceramic, ceramic,
... or 8iC. However, in the present invention it may be
.desirable to use a single crystal having a preferred
. . crystal orientation or texture, such as Si, depending
3Q__ﬁpon the desired characteristics in the medium 10.
.. . For longitudinal media, the magnetic layers, 16,
16', and 16'', are deposited with the longitudinal
fTﬂmagnet;c_easy axis thereof substantially parallel to
;gthe plane of such magnetic layer. The magnetically
35  hard materials used in the magnetic layers 16 of the
presenf invention are preferably a Co or Co alloy f£ilm,



35 layer, such as MO, having a (001) crystal texture.

17 I n anot her aspect, the recording nedia includes a

magneti c recording |ayer conprised of Co-based material, such as Co or

one or nore CoN@P¥29®B having a (1011) crystal texture, aPGUUSISR2285S, a
first underlayer 5 having a fcc structure and a (111) crystal texture

di sposed between the substrate and the nmagrstic recording layer. A

second under| ayer having a bcc structure and a (110) crystal texture is

al so di sposed bet ween the magnetic recordin ré‘llayer and the first 10
underl ayer. |n &Yitefd COFrenBOEFPnefRET £ IROR, (SNign§oPt, Selifd,
under| ayers are coN¥ZrSetoPkNAY adChTX, ccCrB‘tﬁ,SQ}ajdrlpJelcbcﬁaglt,he substrate

is a single cryst at r| n r
conventlgnal y @A xs%[trséte g\glﬁ%é EOW%%S%ME CC%SE:F%(F&&P% gged 15
| ayer or under|aﬂtrherdéf@9m €a 6 Lleyicnagnetitfd lya-h For lopgiopdingdt al
t ext ure. 5 rddox@lifd hhaﬁ.aasp@ricam&frpaﬂm cmagalret&@cqas}b&g medhaee

and transducers | %(kb%%’ﬂ%thar Y @ r{x $ég;lyereoos%ciht(i}u_ck Q‘h based -

material, having a
magnetic layers 16 may also include soft magnetic

. materials, such NiFe alloys, particularly in
perpendicular recording appllcatlons as further

10 discussed within. ’ : -

The wetting and/or seed layer 18 can be disposed
between various layers in the medium 10 to either

. destroy the texture of the prior film or to provide a

different texture upon which subsequent layer will be

15 . epitaxially grown depending upon whether a wetting or
seed layer is used, respectively. The underlayers 14

- and 20 are generally comprised of a material suitable
for producing epitaxial Qtowth of the magnetic layer 16
-.,as8.will be discussed fu:therfbelow. : |

203@ . .The overlayer 24 may be provided adjacent to and
preferably in contact with the magnetic layer 16 or
16”. The overlayer 24 is preferably 1 - 10 nm (10-100

. .A) thick and may be made of W, Ta, Zr, Ti, Y, Pt, Cr,
Mn, Mn alloy or any combination thereof.

25 The overcoat 26 may be provided external to the
overlayer 24, so that the overlayer 24 is positioned
between the magnetic layer 16 or 16" and the overcoat

-;24 as shown in Figs. 1(b) and (c). The overcoat 26
.. brovides a mechanical wear layer and is 2.5 - 30 nm
3K§(25 -300 A) thick. It is preferably made of a ceramic

"materlal or dlamond like carbon, such as Sio,, SiC, CH,

:“r“CN (where X < 1), ZrO,, or C. The organlc lubricant

- 28 mgy be dlsposed on the overcoat 26. The lubrlcant

7,28 i8 1 nm to 10 nm (10 to 100 A) thick and is
BSggp;eﬁerably a fluoro-chlorocarbon or a perfluoroether.




20 deposited on hcp (0002) tenplate, such as Ti, or a ' co'rrpati bly

mat ched fcc (111) structure, such as Cu, whi ch may be further deposited
on a Ag (111) layer. A Si (111) substrate can used to provide the

tenpl ate for -wO9%248y3growt h, of the fcc (111) structure or a COWUSHEIBIPal 25
substrate having a polycrystalline bcc structure seed | ayer or
under | ayer, deposited on the substrate w tR4a (110) crystal texture.

In addition, the perpendicul ar nmedia and transducers can be constructed

usi ng soft magnetic material, such as ‘Ni Fe alloys, deposited with a
(111)9 on oneEa‘P“‘ﬁgﬁé FEElF%?Ll?C]_SIFFE@Fw Qs(ﬁ?éﬁéfabﬁ’fg@ﬁpz)scﬂ('ll_l) on
Ag (111). The oCFe(CR sV} andntH,i(CFl}Q)CH,;. can be incorporated into
transducers and recorébﬂﬂased Qfﬂ&? J#%s&rQ?gﬂgetﬂfnanfﬂcﬁééﬁeéfg(j

magnetic 35 |ayers dependi upon t ticular a 8 | catlon
18 &d“ﬁf&?ﬁg}"?‘”f‘ eap+' WW’&WFOH%?B phkeniip the Hilgh! y
oriented magnet | planeofdrmgdnedi G- lbasaé&d:mmayersaaﬂedamnrmmsagﬂxaje\il ces

| ncorporating 1 eqpidl BpNRdkastrucilitbd (RS UIRL &1 IAVEBAa L Al GoEr Cl VI Ly
and | ower noise 5 ang gost for use In hard gllgk (J:Ir I ves nd ot
recording media. These structures have a sufficiently

high coercivity to meet the current industry recording
' density demands. An important parameter for assessing
10 the achievable coercivity of a material is the
- anigotropy field constant Hi, which is defined as
2K1 /Mg, where K; is the uniaxial anisotropy constant and
Mg is the saturation magnetization, both of which are
¢ intrinsic material properties. '
15-- © In an ideal non-oriented polycrystalline Co thin
s -~ film consisting of isolated, non-interacting singie
jdomain grains with a in-plane 2D random easy axis
. wdistribution, the highest coercivity, H., that can
 ;conceptua11y be realized, as determined by the Stoner-
20~ Wohlfarth model of rotation magnetization, is 0.51 Hg.

'However, if the single domain grains are randomly
"7 oriented in 3- dimensions the maximum achievable
’ﬁcoerc1v1ty is considerably less than 0.51 H;. Current
~industry efforts are being devoted to trying to
25'"5pproach this ideal H; for two dimensional random
" ‘polycrystalline Co films.
7 While polycrystalllne Co structures having a
“random in the plane orientation have proven suitable by
o ftoday 8 standard, the maximum coercivity achievable
_3dr"%i£h these structures will soon render them unsuitable
"?_td meet the ever-increasing areal recording density
_' 'émandS‘bf industry and consumers. Therefore, it is
”“fnecessary to envision the increased coercivities
t“frequlred for future high density recording and move

35-?beybndnthe current industry efforts to develop a more



applications. These advantages and others will becone apparent fromthe
follow ng detail ed description. BRI EF DESCRI PTI ON OF THE
DRAW NGS The advantages of the present invention can_bhe 10

better under sNOM2M73r ef erence to the drawings in whi ch; PCT/USI8/2385%;
1 shows a data storage device including a transducer and a recording
medi um - Figs. 2(a-c) shows thin féPm material structures 15 of
the present invention; Fig. 3 shows four crystallographic planes

in a hexagonal %%ﬁ%gugﬁfﬁﬁggféféﬁafﬂ' of the Eagﬁ Lgcr§s§Q?f§néhree

crystall ographi c prane ace centere I'c structure; 20

Fig. 5-shows thraaieplsery|ofreagnetisn arderialg, andjpgrefirtlyi €o-
structu&e; . baselli §atérsiDs\s fros eﬂam@uahlQgraphhgpétaﬁe@aférfiﬁ body
centered cubic str re; .. . Q. t r ation an
Interatomc 25 éﬁgg%ﬁggr%f%?+%ngﬂﬁ%%% leﬁﬁégﬁng(%gf?,5§5%001 , Cr(001),
and bi cryst al 5Cocrigptabden o8yl a8 in perpendiicydargmgdéd. s a)CaRRD
spectra of two AgbhEeptuallyfiéagh 1) Hy, [ WRithzAegnaXtBe hOEditinl
diffraction 'gaétern gf a Aﬁ%SOQﬁQ/FﬁL i fil n# andd£F) sinul ated 30
Si[00L] zone axi SCBFEYFPER GPFTTRCIT S oh FESReSEC ™ 3(66&;’?310] [err]
Si (001)[ 110] bil gpubled. Fi gs.. 9(a-b) show (a) XRD spectra of two
CoCrTa/ Cr/ Ag/ HF- Si fi kB fustletdtcd Q5 Ghiid MedRNSPARAES Appl fFaht® AJ
template th'Egneiiv%'988n§'Lﬁéé”m£¥E§f§1 1%%bing a hexagonal close

packed ("hcp") structure can be grown with a (1120)

crystal texture (Fig. 3) on a first underlayer having a
face centered cubic structure and a (001) crystal
texture (Fig. 4) and compatible atomic lattice
15-- spacings. As used and further explained herein, a
~ compatible atomic lattice structure represents
" gtructures having atomic’ Spacings along the various
“crystalline directions that are comparable or differ by
- integer multiples to allow either one to one unit cell
20 alignment or alignment over a repeatable mesh of unit
- .cells. _ N
' One skilled in the art will appreciate that the
- face centered cubic structure shown in Fig. 4
encompasses pure elements having a fcc structure, as
25 well as solid solutions of those pure elements and
- alloys having derivative structures, such as Ll, and
Ll,, that have a unit cell analogous to the fcc unit
cell. As such, the use of the terms "fcc" and "fcc
J:.st;ucture" herein should be understood to include those
30 compositions that have a face centered cubic structure
.. or face centered cubic derivative structure, unless
jffothe;wise stated. Other compositions have different
'-,ﬁhunitjcell structures that are based on the fcc Bravais
mfflattiCe, such as diamond (Fig. 5) and NaCl. While
35§Lthese compogitions are not fcc structures, the



19 directions of the CoCrTa/ Cr .fi | ms. CoCrTa and Cr t hi cknesses

are fixed at 200 and 300[err], respectively; .Figs. 10(a-d) shows
AFM i mages of the surfaces of the Ag/HF-Si films with the Ag thickness
at (a)50[ err]'wo®/2497B) 125[err], (c)500[err], and (d) a plot BFT/HEPSLIFace
roughness vs. Ag filmthickness, in which the solid circle at the

t hi ckness of o[err] refers to the bare HF-Z3¥; Figs. 11(a-c) show
(a) Cr[O0OL] zone axis electron diffraction pattern of a CoCGrTa/Cr film

grown on a 500[err 10 . Ag tenplate, and (b) sinul at ed Col. 11201n ,001]
zone axi s el ECPPBRLIBLPRT RS éﬁlﬁattf’e’r"ﬂ"%fab‘?ﬁ%%%l adige thaty

Fayer

(c) In:plane angticer anarrafexsna tioheheagnstracturespnaidr theemadendn( d)

[ n-plane torque UCKg OF ene fccc%gfm%;wae#g<§&994ﬁq5%11ra§1psﬁg<500

[err])/HFSi film

e crysta i c planes for

Si (110), Ag(110), Cr(}22%® eaRiEFSGSlfo fgysntion, kg Pr Bp Hoddlte iFel ative
| ocati ons ands angkaerallybetefsnredd al¥l thanfict het negmetdd umﬁy:layles

Figs. 1l4(a- C) . ShBWthBuéfegﬁ:f@agl%r Ir%?%zﬁ?ishﬁvf@ a@QJiccQs{ lyreand (c)

Co/ Cr/ Ag/ Si
results and

10

15

show Jerr]-scan
solution and alloy

1nc1ude Ag, Cu, Al Au and soli
combinations thereof. One will also appreciate that
the precise choice of the fcc structure underlayer
material depends upon the desired composition and
orientation of the magnetic layer as will become
~further evident within.

- In addition, the first underlayer, which has a
face centered cubic crystal structure and a (001)
orientation, can be used to induce epitaxial growth of

a second underlayer a body centered cubic structure

. {Fig. 6) and a (001) crystal texture and a compatible

vgﬁgQFOWic spacing, which, in turn, can induce the growth

“i%of-a material having a hep structure in a (1120)

20

25

crystal orientation.

One will further appreciate that the body centered
"cubic structure shown in Fig. 6 encompasses pure
elements having a bcc structure, as well as solid

solutions of those pure elements and alloys having
~derivative structures, such as B2, DO3 and L2,, that
" have a unit cell analogous to the becc unit cell. As
‘such, the use of the term "bec structure" and "bee"
hérein should be understood to include those
.. . .77 "compositions that have a body centered cubic structure
30

or ‘a body centered cubic derivative structure.
"7 Buitable underlayer materials having a bcc

':structure include Cr, and Cr alloys having an A2

stfucture, such as CrV, CrTi, CrMo, CrW, and CrMn and

. B2:ordered structure materials, such as NiAl and FeAl.

Other phases having a B2-ordered structure and lattice



st ereographic projections for Si, Ag, C, and Co, respectively;
Fig. 16 shows the two tw nning donmains of the 25 (112) orientation;

Fig. 17 shows a torque curve for the Co(1010) magnetic | ayer

Figs. 18(a-b) Wwn®@d¥3steresis curves for the magnet i ¢ eaRETARISREFY
axes, respectively, of the 30 Co(1010) magnetic |ayer; ' Fig. 19
shows a torque curve for the CoCrTa magveti c | ayer

20 - Figs. 20(a-b) show hysteresis curves for soft and har d

Frgs. 21(a by shGRPRRBIEACEEAE PO FapPeEARLSCHS: fhatgPds Yahanda b
CoCr Pt/ Ti/ oxi di zeexd 28877 nm) , FeAlFig. = 2. 2d0usn)t amdcioest(al kogr apbacnm) anes

for ' Si(lll) #%(%2%)0 ZhQQBE}%d %'%Mjc)andldates, fg!rgéhezﬁ&é c)
show XRD spectra
der ayer of e present invention. The materials are
5 AlCo (a = 0.286 nm), FeTi (a = 0.298 nm), CoFe (a =
0.285 nm), CoTi (a = 0.299 nm), CoHf (a 0.316 nm),
CoZr (a = 0.319 nm), NiTi (a = 0.301 nm), CuBe (a =
0.270 nm), CuZn (a = 0.295 nm), AlMn (a = 0.297 nm),
AlRe (a = 0.288 nm), AgMg (a = 0.328 nm), Al,FeMn, (a =
10 - 0.296 nm), Fe,Al, AlNi,Ta, AlNi,Nb, AINi,Ti and
' combinations thereof. The underlayers may also be
comprised of two or more layers of different materials
within the foregoing list. Various combinations of
‘material can be used to produce the multiple layers,
lswlwhereln each layer is one of the aforementioned

el

1

underlayer materlals as dlscussed above.

In the case of Co-based alloys, the (1120) texture
has a bicrystal microstructure, in which magnetic easy
~axes (i.e., c axes, or [0001] directions) of two

20 crystallographically orthogonal variants of Co grains

'flle along either the [110] or [110] directions of the
'1under1ayers If the volume fractions of the two
Hvarlants are equal, a four-fold symmetry is expected in
the in-plane angular dependence of the magnetic
25 properties and torque curves. Two effective easy axes
. emerge along the [100] and [010] directions yielding
;--higher values of coercivity (Hg), remanence squareness
(S), and coerc1v1ty squareness (8*), while.the [110]

:L;and [110] dlrectlons become effectlve hard axes with
30.?iower Hb, S and s*.
f_'; R In partlcular, Applicants have found that a fcc Ag
'.;;underlayer in a (001) crystal orientation will induce
| F[thg growth of a hcp Co-based magnetic recording layer

‘.-directly, or a bcec Cr underlayer having a (001) crystal




N/ Ti (50 nm)/Ag(12 nm/HE-Si, (b) CoCrPt(50 nm)/Ti (50 10 nm/ /HF-Si, and

CoCrPt (50 nm/Ag(12 nm/HF-Si; Figs. 24(a-d) and (a -d") show

[err]-scan results and stereographlc projections for Si, Ti, and

Co, r es pedYQ Ba443 i Figs. 25(a-e) and (a'-e') shoWC PAL3ESY <

curves 15 for magnetic easy and hard axes, respectively, of Sarrpl es A-E
in Table I1; Figs. 26(a-b) show XRD spéétra for (a) Co (1000

[err])/ Cu(500 A)/Ag(300 [err])/HF Si (111), and (b) Co (1000 A) / Cu(500

[err])/ HF-SIi (11 show XRD spectra for arrples
A-Fin Tabl e‘:1"):Llem"""‘tlon tha q’b’sl Zé’( %F?RE f)%cé‘?ab“ﬁﬁ (a)
Ag(500- A)/glq%%),? ( [ r aéﬁ;
Figs. 29(a-b) sho ﬁDgg %E%?ﬁlg#@q;ﬁ ky%%{g g8t egrﬁ%&?’ tba)l
Ni Fe(500 [err])/@RlPUGGtE@PF])T@q’ @@rs )loeerepbee strughures Fuod
[err])/glass, anda@t@.ﬂzgoeohﬁtéﬂlﬁé/&(m@l[a%&']s)égé€3ﬂ§ (fcf:c{eér=])/g| ?ss;
and, S e YRLC o]
vari ous thi cknesses§% épggwgb%g R%:( ?‘iﬁéﬁ érplﬁg%ﬁg on t(r)?gﬁwséé’ ¢
substr at es. = 07A; fcc, a = 3. 544 The unit ce}} of the Co

tends to epitaxially grow with a (1120) texture when

- deposited using the Ag (001) underlayer texture as a

template, becausg the atomic spacings of Ag_(OOl) and

10 Co (1120) are compatible and the atoms in each
- 'structure are similarly located in the respective
crystal planes.
S In contrast, the lattice constants for the unit
cell of Cr do not match well with the lattice constants
15 for Ag. However, when the Cr is in the (001)
- .s-orientation the unit cell can be rotated and the
diagonal lattice dimension of the Cr (001) face is
+v'4,08, which matches extremely well with the lattice
.- constants of Ag. As such, the (001) Cr tends to
20 epitaxially grow in a rotated (001) orientation when

- 7depos1ted using the Ag (001) orlented structure as a
template. Likewise, the unit cell of the Co tends to

‘epitaxially grow in a (1120) orientation when deposited
- using the rotated Cr (001) oriented structure as a
25 - template. It should be noted that the Co unit cell
=;¥ﬂwill be rotated from the Cr unit cell and aligned with
}Ethg Ag unit cell. '
L ~ One skilled in the art will apprec1ate that the
ﬁflattlce spacings of the Ag, Cr, and Co layers can be
'3O ;varled by forming solid solutions or alloys. For
'ﬁ”?fexample, cr is often used in a solid solution with Co

to'decrease ‘the magnetlzatlon of the Co layer and to
o prov:.de for better separation of the grains in the Co-
"“*based layer. Also, Ta and Pt are often alloyed with Co




DETAI LED DESCRI PTI ON"OF THE | NVENTI ON The material structures of
the invention can be enbodi ed in recording nedia and transducers used
to record and read data on the recording nedia. The 5 recording nedia
can be used i WQ®/#013ng, transl ating, or stationary data BEHP 855
devices, such as arigid - magnetic hard disc incorporated into a disc
drive of a conput er (not shown) . 29 Typical ly, data storage
devices 8 include a 10 recording nedium 10 and a transducer 11 in a head,
or slider, that is either stationary or supported on a_. novabl e arm

in a suspensi on <Y R &d ey Maghehic laver thedy Vs largsturf ace of
t he medi um 10, aSawmmm lattice Bpgeifigs Oimn tpares dioccer S]ﬁmjlsarri&i nivaicaad i n

a closely 15 = SpaGediadiad 4d Ur 8l ghipnekt paé&hﬂf i 62 of

t he nmedi um 10 duri.ng no; oper at I on. ypl ca nce et ween t he
head and the medithf iSO 984 splytion. Iess See, I\/Ee C D. and Dani el ,
E.D., MAGNETI G REQﬁﬁi]ﬂdanﬂéohavela1$¢|f¢mﬂd3thuﬁﬁﬂdanmyb1dk§a7) F. 20

J9r e The Cumlghp S kasiogl tes g R b, can o8 e L

di scl osures of ’c"‘?‘f“%’?‘% Stmqtﬁ’EGr $BPA) coripRted $Y sisade seystal I n
nore fully descrivaferds he Tiieeseatr idgabtcoystadb (G010 ratientald $oeuct ure of

the recording redumdfAnbe wnd 43"s8UgeLedds iddp il WigREENGLA Ure,

descri bed bel ow, erri_n eri_al structure
the recordi ng%rediin 3P L §&u€81‘°1‘19%far11¢1ém1t GHlds EFTUCHYERE BF is
conprised of a sudxsdrsi e Mhe aisflt batleeényehe Mgt vk aamgaeitisC ofapgr 16.

The materi al PHELCAre JTghRh LAG! Hoe (fi M@ il 9 L, 3R§r §s
' -24.7%. However, a 4x4 mesh of Ag unit cells
gecmetrically aligns with a 3x3 mesh of Si unit cells,
15 with a mismatch of only 0.4%. The use of Si substrates
.ﬁis:of intexest because the wafers are readily available
- and inexpensive, which makes the wafer ideal for use as
'a_eubstrate material for maghetiC'media applications.
- Tests were performed in whlch Ag, Cr, and
29?ibog4Cr13Ta3 (hcp, a=2. 54A, ¢ = 4.16A) thin films were
;thdep051ted sequentlally by rf diode sputtering in a
"Leybold Heraeus Z-400 sputtering system on a Si(001)
single crystal wafer. The lattice mismatch at each of
- these interfaces can be calculated from the interatomic
25" spacings shown: Cr to Ag = -0.2%, Cog4aCri3Taz to Cr =
7.8% (perpendicular to the Co c axis) and 2.0% (along
. the Co c axis). Based on the preceding discussion, the

_ ekpected otientation is the (1150) bicrystal CoCxTa on
'wgﬁc:(901)[1001 || Ag(o01) [110], as shown in Fig. 7, in

0 ¢ which the Si[110] and Si[110] become the directions of
athe-effective hard axes, and Si[100] and Si([010] the
‘effective easy axes.

The Si substrate was etched in hydrofluorlc acid
prior to deposition of the films to strip away the SiO2

35 film typically covering the substrate surface and to



and/or magnetic layers that define an underlayer structure and magnetic
| ayer structure, respectively. As shown in Fig. 2(b), the underl ayer

tructure may 35 also include a seed layer and/or a wetting layer 18 .
;5 : yW°99’24973 i 22 di sposed on the sPOFUSHIIBIE Or

el sewhere within the under | ayer structure, additional underlayers 20
and an internediate |ayer 22 disposed 3@ the underlayer 14 adj acent
to the magnetic | ayer structure The magnetic 5 layer 16 may be covered

wi th an overl ayer stru udi n n, over| ayer 24 foll owed by an
overcoat 26 e?rﬁ?sgﬁl PQEXPEW%r?%’%‘t‘%f@ £aekt WhEhPBYer 18 can
be an anor phous nﬁ&@mﬁérustlanfaﬁrdismusﬁud1byonhane Fenndeyeboped a

a I 0 X{ur & ov ross lattice
crystalline strudgiegelsehn, a{'ﬂi R W OSEritanlsS Iquangp?ierbe OSE%EM shown

.mnsgl.a;.Cth 8;,t[1ﬁe 19(1@%3:‘12? g%{h‘é/’e‘?alsltyf'ué:th&r S1FR9 1) nepieres aerwe i onal )
magneti ¢ | ayePs, rr@paxed bB"firhalulnnadnnimanayatedahyd15n Sfartilc Nor e
nner layers 30. sollveResPand! suhdda TAE Aeliond 2BPLLEAL! O LHE,AAI ti onal
magnetic |ayers wafe%g wggg %genn?' e;;ég)ln 49%n§F|%oie§h§ge manEZs
to remove the native Si0O; and obtain a hydrogen-
' terminated surface and then were blown dry with Ny gas.
10 ' Alternatively, the Si0, film may be removed by
'~ annealing, boiling in a vacuum,_or by other
- conventional methods, such as described by P. Xu, P.
Miller, and J. Silcox, Mater. Res. Soc. Symp. Proc.
202, 19 (1991), for depositing (001) oriented Ag on a
15 - (001) oriented Si layer.
i The HF-etched Si wafer was then placed into the
*Sputtering'system,'and heated to about 250°C under:
acuum prior to dep051tlon. Ihe_base pressure was

- fabout 5x1¢” Torr. The Ar sputtering gas pressure was
.20 flxed at 10 mTorr and the sputtering power density was

about 2 3 W/cmz No bias was applled during the Ag or

-u_.Cr depos1t10n, but a substrate bias of -170V was
.. applied during the depos1tlon of CoCrTa films,
according to the procedure described by ¥. Deng, D. N.
25. Lambeth, X. Sui, L.-L. Lee, and D. E. _Laughlin, J.
 Appl. Phys. 73, 5557(1993).
. | The microstructure of the films were investigated
“"1by a Rigaku x-ray dlffractometer with a Cu Ka
:ﬁradlatlon and a Phillps EM420T transmission electron
3bﬁlﬂdcrbscope. The x-ray diffractometer scans were all
'tﬁﬁtaken on a Rigaku Theta/ Theta Diffractometer operating
'?jfat 35 kV and 20 ma with the Cu K alpha radiation from a
””:target vacuum tube. The scans were taken in 0.05
.fiaegree steps, at two seconds per step. A series of
35 :.s8lits were used to insure a parallel beam: the




surroundi ng the nagnetic |ayer 16 which may a magnetically hard

material. In transducer 20 applications, the magnetic layer 16 in Fig.

2(a) may be a magnetically hard or.soft material depending on the
function of tWOd¥4e%8 in the transducer 11 bei ng used t 0 RGTAISIBR3I8SRCOr d
data on the nedi um 10. ' Generally, the substrate 12 is forned of a
25 nonnmagnetic material, such as glass, sBhicon or an al um num al | oy
coated with Ni P, gl ass ceram' c, ceramc, or SiC. However, in the
present invention it may desirable to use a-si ngl e crystal havi ng a

pref erred crysldérP’eé'ﬁFEﬁFa?‘i‘%rF‘Eﬁtttew?xﬁ}Fés yger wWsrsi on@cPedEreg I upon
t he desired char abheerestiting nslite waasdioud infh. A curved Fgraplenge t udi nal

media, the MONethobAEhdter dras usel® (rallids! s cugmﬁ.i@%ﬁ Lh the

| ongi t udi nal gﬁe I C easy axi.s er eo stan ara
,the plane of su@AfkrgREirg f%@’%rthe TRO 02 grdepedr | yANa hard materl aI s
used in the nagnekiathiiyet sod Getfedttar operfteagnhti ngenvoDE WBiLs pradier abl y
a Co or Co alloy. fil
such as CoCr, Oo§fhle %l]-"se l&)o:lfsh EKlmlyffoelst Se&%ﬁln%? of 54 V fcﬁ%%%
CoCr Ta, CDCEF% egepblnebﬁgqazgz Volts for the window. The cross

section of the x-ray beam is approximately 32 mm®’. This

procedure will be referred to herein as the thin film
10 - XRD method.
The surfaces of the Ag thln films were examined
with a Dimension 3000 atomic force microscope (AFM).
The magnetic measurements were performed on a Digital
Measurement Systems vibrating sample/torque
15 magnetometer. Lo
The x-ray diffraction (XRD) spectra for two
. representa-tive Ag/HF-Si(001) samples are shown in'Fig.
8(a). -Only strong (002) diffraction peaks are observed
.....for the Ag films. The epitaxy implied in the XRD
20 . spectra is confirmed in the Si[001] zone axis electron
diffraction pattern (Fig. 8(b)), which agrees well with
._the simulated pattern shown in Fig. 8(c). The complex
_.yet regular distribution of the low intensity double
“'ﬂlffractlon spots in Fig. 8(b) is most likely due to
25ﬂhfhe nearly 25% lattice misfit between the Ag and Si
- lattice constants and is characteristic of the
"overlapplng bilayer structure with a fixed orlentatlon
.relatlonshlp. X-ray diffraction also shows that,

- . throughout the thickness range of 50-1500A being
303.stud1ed Ag films only exh1b1t strong (002) peaks,

_ _1ead1ng to the belief that a good epitaxy with the

-, 81(001) .is established in very thin films and continues

i_as the films grow thlcker.

_ The growth of Ag on 81(001) was proposed by Xu et
fal to be in the Stransk1 -Krastanov, or the layer plus-
island mode, in which after the initial formation of

35



CoCrPtSi, CoCrPtB, CoCrPtTa, CoCrPtTaB, CoCrPtTaNo or other known Co
all oy magnetic filnms. For longitudinal 5 recording nedia application the

magnetic |layers 16 are . each.about 2.5 - 60 nm (25 - 600 A) thick. The
magneti c | ayewo ¥y al so: i ncl ude soft magnetic mat er | BEHUSISRIN[S Ni Fe
all oys, particularly in " per pendi cul ar recording applications as further
10 discussed wthin. The wettingaand/ or seed | ayer 18 can be

di sposed bet ween various layers in the nmedium 10 to either dest r oy
the texture of the prior filmaor to provide a different texture upon

whi ch subsequent “P&yRF BV % ZPSWEB;L?&?F%‘I | 5Py PR TR EEN @En g S L BBAS whet her
a wetting or beginks ] ayer Acs isdeaddsr papkedtiey &ty spEud firdeiktageon 4d

and 20 are generfﬁ#é(rﬁééﬁjréﬁ%ﬁ%cé ”EBSﬁ'@i-oxﬁli:{ %91z9e as aﬁ&&t%ﬂgﬂc' ng

epi taxial growth net i c .| ayer. di scussed further
bel ow. 20 AEeHiRT | 1 deropifg BBtb}oW%lécFléd}décéﬁP -0 &fgshown
preferably irs cobhaRigwia falt,he magfiatectbpygragd off a 501&1&9 fIhm overl ayer

24 is preferablycﬂearf§)dggﬂiu}s;gg 1s1aﬁﬁ é%%ﬁg% ag%dﬁhgg W Ta,

Zr, Ti, Y, Pt, or .an nation thereof
The overcoat 26 ﬁla? 5o %‘r]d'(‘n’u%dhéﬂ’é"ﬁﬁﬁP°‘t‘% 3t Ehese spadil,fhicknesgest hat
the overl ayer 24issmesisigrabedly duebebwennihdempirgeetremovagenfl6her 16" and

brovi des & mechaiiahl “Resr: Fagarp Lo, xehishbatef the ofie Nahe e &ﬁt
It is preferkdbl yineecouitinugysdoc £ilm ﬁﬁt’éhi%ltnﬂﬁse(ﬂ desed thare58adbon,
The organi o LUbT | gat o th“’“*‘esg“ﬁﬁ&%iae%“%erﬁﬁ?*?%?‘?gzﬁ@“f‘a"’m? -
| ubri cgnt 2853%% v ?ozaajf{?@ém E g io‘@e’%\) ’{j% \é | § 3325
preferably a fl ué?osmwfé)rldté?llﬂ)n dpla - péﬁft%rAﬂatﬁiéﬂ“ tthkneSS is
increased to 2502 a more continuous-like film forms.
15 PFurther increasing the thickness results in almost
- continuous Ag surfaces which maintain a similar

';Smorphology to that of a 500A film (Fig. 9(c)), except

.

ifor a steady expansion in the surface feature size.

&

- w0 The evolutioh of the Ag surface morphology is also
20: -reflected in Fig. 9(d), which shows the surface root-

e

mean-square roughness {(Rymg) vs. the film thickness,

- ‘dompared to a bare HF-etched Si surface Rymg of about
‘4A. " For the 50 A Ag filﬁ; a Rymg of 57 & is found to
be hlgher than the nomlnal £ilm thickness. The surface

25 roughness 1ncreases up to 104 A and becomes smaller as

the film thickness on the 125 A Ag film. When the film
'%'thickness is increased to 250 A, the roughness
decreases dramatically (Rems = 178), coinciding with
- the formation of the continuous Ag layer, and then

30 stays nearly constant as the Ag film thickness is

h further increased.

SR CoCrTa/Cr thin films of the same thicknesses grown
h:'on Ag templates of different thicknesses show much

mﬂxhlarger Cr(002) and CoCrTa(1120) diffraction peaks than
35 * would normally be observed in the absence of the Ag



24 Exanpl es include CO[err]FCO F[err], CF[err] (CF[err])

[err]CF[err] CFlerr] (CF[err]) [err]CF[err], CFlerr] (CF[err])
[err]CF[err], and CF[err] (CF[err]) [err]CF[err] Co- based al | oy
pol ycrystal | i iREOPME#73 i | m mmgneti c | ayers havi ng a randonPEHYRW23855
orientation in the film 5 plane formed on Cr-based underlayers are
currently the nost popul ar structures f3 thin-filmlongitudinal
recordi ng nedi a. These structures have a suLficientIy | hi %h coerc![wty
to meet the current ustr ord ensi t n S. An inportan
paraneter for ass‘gﬁdﬁrﬁﬁ Eﬁf"evg}ﬂ:%m&%‘%r%‘? tR8 %P‘h"dt SRIFAXYs t he

ani sotropy field mrasxl"a.retvele[ élolr] alihhhghflkndeﬁia!imbmes, FizK[ evor(a-Mperr],
where Klerr] is tdi %c%@aalflq%sﬁ&gQQ?(t&@r&Eaﬁﬁ Wer1aydiL Habhr iy Lhe

t tion nmagnet| i aQn are intrinsi'c materia
;S)?o;(ra?t : es. g Z’% 1805 %@&Fgﬂﬁﬁsoﬁz?eﬂf%‘ﬂl%l?c‘?%%qqqﬁe% thin
filmconsi stl |$g dfenpd@ltst exhibdhednhighet i coerseciviteies. domai n gral ns with a
i n-plane 2D random eagy %’d@.tlond' éfxé'Mf% + & c}ﬂ%éﬂ?%f %oq_ H%Foner-

Herr], that can Lon pt ual | e realized, as er
20- Whlfarth mod¥ & ﬁ GESt Fﬁnxﬁﬁﬁﬁﬁt ihat et CPéL"%-l[PQr ql m (thﬂowever,
i f the single domatiogodi theaRgmgabtdothy £ilm dthitkreshd N hbwdiviee)signs t he

naXInunlachlevamé%aller)' but the connected web-like surface structure

10 seems to enhance the epitaxial growth and the
coercivity of a CoCrTa(200&) /Cr(3004) film when
compared to the island structure. The decrease in
coercivity on very thick Ag templates is also
accompanied by significantly expanded Ag surface

15 ' features. The growth of the Cr films on the Ag
. templates with different surface morphologies at
t.'different thicknesses appears to play a role in the
. ; magnetic properties of CoCrTa films. Clearly, by

varying the process conditions, such as substrate

20 cleanliness and roughness, deposition rate, and

~;sﬁbstrate bias and temperature, of the Ag film, the
web-~like structure can be made more or less continuous
résulting in a corresponding variation in the Co/Cr
- textures for differing film thicknesses.

25 Fig. 11(a) shows the Cr[001] zone axis electron
_“ diffraction pattern of a CoCxrTa/Cr film, which agrees
" well with the simulated pattern in Fig. 11(b). The

'J””beriodic variation of the magnetic properties shown in

. Fig. 11(c) is further evidence of the bicrystal nature

30 of CoCrTa films. Also, a parallel relationship appears
. to exist between the Cr[lOO] and Si[110] directions.

,f”tFurthermore, the periodicity of 90° in the in-plane
““torque curve (Fig. 11(d)) not only indicates a
'j“blcrystal structure, but also that the volume fractions

35 of two CoCrTa orientation variants are almost equal.

“  The thickness of the Ag template required to maximize



coercivity is considerably less than 0.51 Herr]. Current I ndustry
efforts are being devoted to trying to 25 approach this ideal Herr] for
two di nensi onal random polycrystalline Co fil ms. - Wi le

pol ycrystal | | moD 249781 uct urgs having a randomin the pl aRET/HBPIEIEEt | on
have proven suitable by today's standard, the maxi num coercivity
achievable 30.with these structures will s®»pn render them unsuitable to
neet ‘the ever-increasing areal recording density dermands of industry
and consuners. Therefore, it_is necessary to envision the increased
coercivities CP@HG%YEWf%}?d mindrd zgj ghe jewsfage reughness mnm@éess
beyond-the curr el Logshide d;éé Qlet %F%%Q&‘M&i:é’fyasd@-f 00,

25 thoroug e magnet ocrystalline ani sotropy of
magnet i c naterials, aﬁﬂv%ékkﬂﬁQﬂqPF wgre c°n555 it & AtEemnyr teanpl e, in
a nmagneti c mat er pgbduce SemidigiressiingwRidhi Gt Based et it 338 Wodllds beb

orientation, §”Cgﬁ8§u68ﬁpleﬁ F\ﬁ{bd:ﬂ%'[ﬁ' %Erﬂ%ghé?h Lhe ﬂ"“:{ﬁé difl-crystal

conceptually rea means € pote achievabl e
coercivities of ﬁﬁgﬁ@??%lﬁﬁdla can bhe doubl ed.

Co(1011) {12101 |] cr{(110)[110] or [110]. Thus, a
single crystal (110) oriented Si was prepared by the
method previously discussed. Again, because of the
10 long range compatability of the'crystal lattice
spacings in the (110) orientation, the Ag also
epitaxially grows when deposited using the Si (110)
orientation as a template. Cr and Co layers were

-

_ sequentially deposited on the Ag (110) oriented layer.
.15 .. The resulting Cr and Co layers are not

.respectively(110) and (1011), as expected. The Cr
-Fepitaxially grows in a (112) orientation when deposited

‘#Husing the (110) orientation of the Ag layer as a
" template., The Co layer then epitaxially grows when
20 déposited using the Cr (112) orientation as a template

"to produce a Co layer hav1ng the uni- crystal (1010)
" orientation. :
~ An examination of the crystal orientations of the
- fec (110) Ag layer and the bcc (110) layer reveals as
'25 before that the diagonal lattice face spacing of Cr is
_ nearly identical to that of Ag (4.08A to 4.09A) and the
1'  diagonal lattice face'spacing of Ag is twice the atomic
.. spacing of Cr (5.76A to 2.888). 1In view of the mesh
‘ 'ﬂfit'bbServed with respect to Si and Ag, it would
'30' therefore be expected that the bec (110) layer would
' .'Iepitax1ally grow from the fce (110) layer template in a
32 to 1 mesh.
' .' In addition, in a bece structure the orientation
”;hav1ng the lowest energy state is the (110) because of



In furtherance of this devel opnent, Applicants 10 have found that naterials

havi ng a hexagonal cl gse packed ("hcp") structure can be grown with a
(1220) = crystal texture (Fig. 3) on a first underlayer having a face
centered cubi-vaev24eBure and a (001) crystal texture (Fi geCHYSISIAIBSS
conpatible atomc lattice 15 spacings. As used and further expl ained
herein, a -conpatible. atomc lattice stasucture represents

structures having atom c spaci ngs along the various crystalline
directions that are conparable or differ by integer multiples to allow

ei ther one to ondtmiclogelly packed grenic grondigpnadricroy eHoyeregeatabl e
rrﬁsh 01;] uni t f' 1] bec (110) oriél€ackon|igtedd ida getnwf lataRDr(@gHat €

t hat the ace.,centered_cuhi t . i .__encompasses
pure el enments ha\elsl)rfgwtg% %gssfuL?uc %réeggéé; gqﬁ&& I(Ilarls(,))soclcdosrféleﬁt%lagﬁ? of
those pure el enmerfthergnds no gepbes aEOMniperFimt i4e siThectlacksofsach as

Li[err] and s lodmjer] atbatinheNe a110) tfe@!ds HalieaRds i inkeehae unit

cell. As such, the e "fcel. and "fc ~ .structure” herein
shoul d be under'sttgloedlé?%r%&c%gggét%ggtéhéo?llc rrg)ocscl’t ic%"r?§etq¥af“a%§\l7g étf ace
centered cubic stiartiess favogableceherrdepesitabicn dddidaPove structure,
unl ess otherw se ghat adomOEhstreotResidf W odatdileeigntsuch tHAkL

Giamond (Fig. 2 Fnaitr Soripdtuett offudfEih Toe fol andTor oo
structures, fRe orientation is possible in the (112) plane, -as shown in
Fig. 6. One dimension in the (112) plane is the
diagonal lattice face spacing and the other dimension
is the closest packed distance between a corner atom
‘and the center atom in the bec structure, which is
15 twice the atomic radii.
~ In (112)'0riented Cr, the diagonal face and
tciésest'packed'dimgnsions are 4.08A and 2.504,
"feSpectively. Thus, the Cr §112) orientation can also
be lattice matched along the Ag[1101}| Cr(111]
20 direction with the Ag layer in a 7 to 3 mesh within
" approximately 1%. The spacings of the atoms in the Cr
' {112) texture with the Ag (110) texture is not nearly
as well matched as the Cr (110) unit cell dimensions.
' Howgﬁer, it is believed that the absence of the center
25 ;atdm in the (112) orientation decreasé its lattice
: energy state at the interface with the (110) fcc
template such that it is less than the (110)
orientation. Thetefore,'the bece will epitaxially grow
::-in the (112) orientation. - _ :
30 As such; it is believed that a bcc (112) or a fcc

:?”k};Q)'éah be used to induce the (1010) texture in a Co-
based film, if the atomic spacings are compatible. For

HLW3examplé,_(10IO) Co-based material should grow directly
- on the (110) fcc Ag in view of the similarity of the

35 . atomic spacings for (112) Cr and (1010) Co.



26 conpositions are said to have a Bravais lattice that is fcc

and reference to these structures will be nmade in terms of the fcc
Bravais lattice conpositions. . In the present invention, Ag or an
Ag alloy is -wogem#ral |y preferred as the fcc structured undRCT/HSWSI23855
but other suitable material having a fcc structure i ncl ude Ag, Cu, Al,
Au and solid solution and all oy conbi nggions thereof. One will also
appreci ate that the precise choice of the fcc structure underlayer 10
mat eri al depends upon the desired conposition and orientation of the
magnetic | ayer aBumkhermexeonmdt foligwshthabwigtpte et (L10) texture |
addition, the fiistfinsiesdiayem poliiyelyB881Bine £iBRS, aGteykiec crystal

t t d 0 5 ' ls to i.taxi al
orowh of O a SoNEta b (IR L 0s SRY BE WEEE oF MM LY ¥
6) and a (001) ckgxtwure tiaxifine fdAmsaprowpded bikomic spaging spaci ng, whi ch,

inturn, cang ndésﬁ?é@ﬂ;ﬂ[ﬂﬁﬁ Hs desiBhed 8B Spre¥ideyithe HCPIPHruUcture in
a (1120) 20 crystal;orientation, c Q“e %I | further g’g:prem ate that
the body centerel RS GEPUPECENEIAT| U 6 e MDFFAEEES 350Fe

el enents havi ng tobteduge thaurfec (33 1hekextreo| ience, smaltliegndastickose

pure elenents andoastas By i NA235wod@al ¥RéEL VEr&k Isdn It féq1ay B2, DO3

and L2[err], t ha{:ext:uré-I avVend li%'shl%?['nlg %thlno gjlrjgrst Oargg' etetgc(i:%rlégl Eno%. IdI - AS
10 be: .

| Co (1010) /bee(112) /£ec(110) /bee (110) /wetting
- layer. '
o Another aspect of the present invention is that a
new recording media design can be developed using the
15 - material structures of the present invention. A
% controlled orientation reéordihg media and transducer

#can be produced using a sihglelcrystal substrate, such

as Si. The single crystal substrate can be used to
“epitaxially grow neérly'ideal underlayers that

20 Epiminate:in a magnetic layer having an orientation of

'“ﬁi_ﬁhoicei o I

_."-  In one embodimeht, a linearly addressed single
érystal”redording medium can be produced by employing
the techniques described herein to produce a nearly

25 ideal (112) bec layer that will induce epitaxial growth

of the (1010) uni-crystal. The single crystal
-  substrate propagates the éingle crystal structure
through the underlayer structure to the magnetic layer
”~_structure._ This combined with uni-directional
30 orientation of the magnétic layer structure results in
" ‘a recording medium or transducer in which the magnetic
" axis of each crystallite are parallel. The parallel
<""'alighment of the magnetic easy axes provides a linearly
j*addressable'reco:ding medium that has little or no
35 signal modulation. In addition, the oriented and



such, the use of the term*bcc structure"” and "bcc" herein shoul d be
understood to include those conpositions that have a body centered cubic
structure 30 or a body centered cubic derivative structure.

Sui t abl e undem@eraemat eri al s having a bcc structure i ncpomiessgr3ssand
Cr alloys having an A2 structure, such as VvV, OTi, CM, W and C M
and B2-ordered structure materials, sugh as Nl Al and FeAl. 35 O her
phases having a B2-ordered structure and lattice

27 constants that are caonparable to that of NAl (a = 0. 2887 nm,
FeAl (a = 0.291 eijoned Srrdcture) i3Zhendjinear addrgbsabiensederdingo be

go?d cardidatessméif%%hg r&¢Lde thénaaﬂén@wan eartmswefeﬁsaialﬁﬁgﬂéléga The
materials are | =
3 Fomi i ile £raky 3B thapreti iy Peseh 3151

0.285 nn), CoTi (BCLesS
nn), NiTi (a = 0.301 Anhumi@mBeof Lests we@'eZPerﬁnrmemJZaltg CofCRfEg fe) ,
Alvn (a = 0.297 nm, AlRe (a = 0.288 nm, g 0.328 nm,
Al [err] FeNn[ €Fr] lp¥ers b0 2E92%F (Fhe ob@ractpxis AFNlPErK}?bO)A@$P[err]Nb
AINi[err]Ti and crystQUbgAeim ofrsont hareqf beEhenuadgthayefsc By ratsSorde.
conprised of two or nore layers of different materials
The epitaxial orientation relationship of Co (101
0) [0001] || cr(112) [1010] || Ag(110) [001] ||
8i(110) [001] is shown in Fig. 12. As previously
10 discussed, 4-to-3 lattice match is achieved at the
Ag/S8i interface having only a small misfit of 0.4% when
Ag and Si have a common crystal orientation. The
" lattice mismatch at the Cr/Ag and Co/Cr interfaces can
be calculated from the interatomic spacings: Cr to Ag
15m#§ -0.2% (along the ‘Ag[001] direction) and 13. 5%
w.ﬁ(perpendlcular to the Ag[001] direction). on .a one to
jone basis, pure Co to Cr = '-0.5% (along the Co c_ex1s)
i dnd 0.4% (perpendlcular to the Co c-axis). Aas
' prev1ously noted, the mismatch of Cr to Ag - .
20 perpendicular to the Ag[001] direction is approximately
1%, when the Cr is meshed with the Ag on a 7 to 3
' ratio, or repeat unit
o ) The (110) orlented Si s1ngle crystal substrate was
ﬂprepared and the Ag, Cr, and Co (pure and alloy) thin
25 films were then deposited sequentially by RF diode
‘sputtering in a Leybold-Heraeus Z-400 sputtering system
as previously discussed. .
The epltaxlal orientation relationship of the
... layers was 1nvestlgated using 6/0 and ¢-scan XRD with
3Q.uthe Rigaku x-ray diffractometer with a Cu Ko
' 'ﬂﬁfadiation'_ The magnetic properties and torque curves
. .of, the Co films were measured using the Digital
lMeasurement Systems vibrating sample/torque
magnetometer. From the torque curves of a uni-crystal



within the foregoing list. Various conbinations of material can be used
to produce the nultiple layers, 15 wherein each |ayer is one of the

af orenent i oned underl ayer materials as discussed above. In
the case of Covoeseaestsal | oys, the (1120) texture has a bi ®Cyases/23sss

m crostructure, in which magnetic easy axes (i.e., c axes, or [0001]
directions) of two 20 crystall ographically3serthogonal variants of Co grains
lie along either the [110] or [110] directions of the under| ayers. |If
the volune fractions of the two variants are equal, a four-fold
symmetry is expe€Pedil@. theiwriaxia) A%dsekgopryr cavptantencet dthe he nagnetic
25 properties apgdtbpiglecanrvedetebinid.ective easy axes energe al ong
the [100] and [ 010] dhﬁgﬁtfﬁgsuﬂgeéégggil gagh L gg ue o%%coerC|V|ty

(H err]), remanence squarene oer &t v at®ritss (S*),
while the [110] suffigigntiyolargs rféahdoﬁs sbaoher@ﬁeew vexemretl mres with

30 lower H esr]thé saflpfé.is given by n particular, Applicants have found
that a fcc Ag underl ayer in a (001) crystal orientation will induce

the gromh of a hcp gga; Q- he ng,.4aye directly, or a bcc
Cr under | ayer havi ngcg(om) ?{5%111 (O % NG &’)]
’ (1)

=— (K1 +K;) sin2(6 - ¢)—— sind(6 - @) .
At the same time, it can also be computed as
T=-M H sin ¢, : . - (2)

The relative relationship of the vector and
10 angular quantities used in equation (1) are shown in
-~ Fig. 13.  The 6/6 XRD spectra for representative Ag,

- Cr/Ag, and Co/Cr/Ag fllms grown on HF-S1i(110) are shown
-ﬂln Flg. 14(a c), respectlvely ” Only strong Ag(220),

Cr(112) and Co(1010) dlffractlon peaks are cbserved in
15 these spectra, which strongly implies the epitaxial

. nature of these films. The ¢@-scan spectra of the
Co/Cr/Ag/HF-Si sample are shown in Fig. 15, along with

cubic crystal (110), (112), and Co (1010) stereographic
_ -"projections that are necessary for the interpretation
20 of the spectra. As expected from the cubic crystal
(110) stereographlc projection, Fig. 15(a’), two
diffraction peaks that are 180° apart are found in the
51{004} -pole scan spectrum for the single crystal
- si(i10) substrate (Fig. 15(a)). The two peaks
25 “corresponding to the Ag{004} poles are also 180° apart
| - (Fig. 15(5)), which is in good agreement with the
= stereographic projection, Fig. 15(b’), and they appear
" at the same ¢ positions as the two peaks in Si{004}-
' pole spectrum, confirming the parallel relationship
30 “* between the $i[001] and Ag[001] directions. The



28 orientation'that will further induce a hcp Co-based magneti c
recording layer to growwth a (1120) crystal orientation. The
crystal |l ographic structures and | attice constants of the layers are: Ag
(fcc, a = 5 %dBpheys]), Cr; (bcc, a = 2.88[err]), and Co (hcpecrasssn3sss
2.507[err], c = 4.07[err]; fcc, a = 3.544). The unit cell of the Co
tends to epitaxially growwith a (1120) texpure when deposi ted using
the Ag (001) underlayer texture as a tenpl ate, because the atomc
spacings of Ag .(001) and 10 Co (1120) are conpatible and the atons in
each st ruct uﬁs{hl@}spcpﬂqe @pectmont(@dg.n1ble) ) ecpataine two pegissal

pl anes: CQBé ra?am tmol A u‘telﬁoa &eahént-.ocumetﬂalt cell
of Cr do not natch wel

ants, 1 o[ Ag However ,
when the Cr is | REPRECHHR)L ’b ‘Lﬂﬂgﬁ the fi Pegky °E%Y11‘B‘é r¥fated and
t he di agonal | at shméteﬁrimswfn wifent lonParedOty fheetws pealsOBn which
mat ches extreneléggg with the lattice constants of As such, the

(001) Cr tendd t 10 brpelssgan, dﬁ@%cﬁﬁl§9rSPaFeHhGO@{fgb?lentatlon when
deposited using 8heef@id®Oils pr=1lead tat thet ngqoemadlrect.eaﬂl ate.

(LI585 Ty oo Sl e tiagtte s BSHBLAR MELBANL .,
structure as a 2&n Féﬂplbﬁ )an¥MuﬁHQWSb@nﬁoﬁéﬁlihHPlﬁhe Beounit cell
w || be rotated 8iefrideidsi patks,Celdwedied,abirgN8Bs¥iir8d in the
10 Cr{002} pole scan, indicating an extra pole as denoted
by (001)‘ in Fig. 15(c’). This suggests that there.
exist two domains of Cr grains in the Cr(112) film, as
illustrated in Fig. 16 (the crystallographic planes and
] directions are all indexed with respect to domain I).
15" The two domains may emerge from the Cr/Ag epitaxial
_ihterface When Cr starts to grow with two different
‘- atomic configurations that are mirror images of each
other. The two domains may also be a result of the Cr
';Péféﬁth'twinning"” In bee metals, the (112) plane is the
20 _mpst common twinning plane, and the tw1nn1ng direction

:1s [111], as shown in Fig. 16. The resulting two
domalns of Cr grains have (112) planes parallel with
the substrate plane, yet the atomic configurations are
mirror images about the plane perpendicular to the
25 twinning direction.
Also,. good agreement exists between the Co{loio}

pole scan (Fig. 15(d)) and the Co crystal (1010)
ffprojectlon (Pig. 15(d’)). An orientation relationship

?“of Co[0001]|| Cr[llO] is also determined from the

bservatlon that two peaks 1n the Co spectrum appear at

"";the same p081tlons as those in the Cr spectrum The
small peak width 1ndicates the Co grain easy axes
generally have a 51ng1e orientation.




the Ag unit cell. One skilled in the art will appreciate that the
| attice spacings of the Ag, G, and Co | ayers can be 30 varied by formng
solid solutions or alloys. For exanple, Cr is often used in a solid

sol ution wi t hwO®9/24973t 0 decrease the magnetization of the CoPCEYEs 23864 t o

provi de for better separati-on of the grains in the Co- based |ayer. Al so,

Ta and Pt are often alloyed wwth Co 40
29 - to form Co alloy nagnetic |ayers that have | arger atom c
| attice spacings than pure Co. Simlarly, V can be added to Cr to vary

the atomic lattice spHes rigpxFue C“rt"ﬁe°§rF1?/esE‘P¥%i QI saWRYe iss shown in
Appl i cants have rigo fpundig tmsenbaebyal dkewed simigeidl]l durvecwitBod)

oriented Ag | aye r| ent ed Si
single crystal ber f&?ers e ng‘glre P c}ﬁ%%‘%%seoére?cent eg1

structure of thefrgmiSheraysit a&@sﬁ@élarﬁbﬁ%t%hﬁ i FRIMES tmeportes e‘fOFfat tice
spaci ngs and sini butkl ¢o séinglidiiceysbgls (2apds 3 .x Tdfeergslkin®)oet wern t He

Lat ] Ce.const ant sugf Alse oe (40 v gendThEHEhdne hicdl AT CUDI . @ =

5.43A) is

alignment of the Co grain easy axes. However, Ki was
found to increase in pure Co films prepared at
increasing substrate_bias, as shown in Table I, which
10_'may indicate the presence of fcc stacking faults in an
. otherwise hcp Co crystalline structure.
_ Hysteresis loops for the samples were measured
with the applied field along either the easy axis
-,direction or the hard axis direction (see Figure 18).
15 ?Qr the pure Co films,ea square shape loop is observed
N elong the easy axis with-a coercivity around 200 Oe,
.1nd1cat1ng a coercivity mechanism associated with wall

_ motlon. The hard axis 1oop shows a curve with
;ﬂ v1rtually zero openness, w1th a remanence squareness S

.5__9 0z2. Thls_conf;rms the good easy axis allgnmen;

shown in the @-scan. The hard axis loop falls almost
perfectly on the open circles indicating excellent
tegfeement with the calculated points using the
‘anisotropy constants determined from the torque'
25 measurements. _ ' .
A uni-crystal Cog4Crq3Tasz/Cr/Ag/HF-Si(110) £ilm was
““also prepared. A substrate bias of -170 V was applied
during the deposition of the CoCrTa film. The _
. .-_.anisotropy constants determined from the torque curve
_;30;_(see Figure 19) are also listed in Table I. Hysteresis
:loops for this sample are shown in Figure 20. For the

_ ery square easy axis hysteresis loop a coerc1v1ty of
';f1080 Oe 1s obtained while the linear behavior of the
‘hard axis loop implies a reduced K,, in agreement with
35 the torque analysis.



geonetrically aligns with & 3x3 nesh of Si unit cells, 15 wth a m smatch
of only 0.4% The use of Si substrates Is of interest because the
wafers are readily avail abl e and i nexpensive, whi ch makes the wafer

i deal for useV®99/24973a substrate material for nagnetic nedi a BEHUSIBRSESENS.
Tests were performed in which Ag, Cr, and 20 Co[err]GC[err]Ta[err] (hcp, a
= 2.54[err], ¢ = 4.16[err]) thin filns wera1 deposited sequentially by rf
di ode sputtering in a Leybol d- Her aeus Z-400.sputtering systemon a

Si (001) single crystal wafer. The lattice m smatch at each of t hese
interfaces can be cal cul ated fromthe i nfePheoki.c 25 spaci ngs. shown: Cr to
Ag = -0.2% Col err] GniexiaTafnisdtiapyiConstants Réaepeepeitonutasqhe the Co
c axis) and 2.0% (al ong the -Co c axi sed on the preceding

di scussi on, the expected orientation s the (1120) bicrystal CoCrTa on
Cr(001) [100] | Ag(001) [110] SURSTEREGN ®a Fig. 7, 1n 30Kz wWhi ch The o [110]
and Si[11 becone the directipias (vh e ve harg axe

e 18 Sf:éfgmé) &'&I{;h ?cg‘ugstrate

Si[100] and Si[010] the ef fective easy axes:
was etched in hydr*é? | uoric aci¥ prior-&8 deposition ®f74he T1Tns to
strip away the Si @err] 35 fi-lwotypical hysgovering the gugstrate surface
and to Co | -200 1.57 30 0.83 |
Co . -300 - 2.22 0.78
 C0,,Crx,,Ta, -170 2.11 0.10
5;_j _ The growth of the uni-crystal Co, Cr (112) and Ag

(110) layers is SLmllar to the growth described with

respect to the Ag (001), Cr (001), and Co (1120) layers
described above.  Therefore, a continuous Ag template
iig desired to maximize coerc1v1ty and minimize the
10/ surface roughness
~-#% Additional investigations were conduétediinto'the
- use of (111)" oriented Si as a substrate. The use of Ag

“‘as a fcc template was further tested and it was also

""‘found that (111) oriented Ag could be epitaxially grown
15 “on (111) oriented Si.

D The (111) fcc prov1des a face with a triangular

~atomic structure upon which a subsequent layer can be
epitaxially grown. As shown in Fig. 6, the (111)
*7bfientation of the bcc layer also provide a triangular
20 . atomic structure. However, the bccllayer does not
f#develop a (111) orientation when deposited upon the
'_53(111) fcc layer, but instead develops a (110)

; crystalllne texture. The (110) bcec face has a
'?:re¢ﬁaﬁgular“shéped’atomic structure with a center atom.
25" Aéiﬁfeﬁidﬁsly‘discuSsed; the (110) orientation

_7fiéﬁré5éﬁts the lowest energy state for the bcc layer.
"?“Tﬁéréfore;”depending upon the relative atomic lattice
‘spacings of the fcc and bee layers, it is more




present a hydrogen-term nated surface w thout reconstruction as

di scussed by D. B. Fenner, D. K Bi egel son, and R D. Bringans, J.
Appl . Phys. 66, 419(1989). Specifically, the Si(001) wafers were 5
prepared by f-wos29/28478r asonically cl eaned in organic sol PEMUSISNIESS
rinsed in deionized water. ‘The cl ean wafers were then imersed in 49%
HF for three m nutes to renove the nadzve Si 2 and obtain a hydrogen-
term nated surface and then were blown dry with N err] gas. 10
Alternatively, the SiQ2 filmmy be renpved g annealing, boiling in a
vacuum or by ot feergeticaldy SFVosaRLeEORoYSPCS kaver teaaswed By P, Xu,
P. - Mller, godo). ofién%ﬂclohbt&hstéhd 0508 (fiim)oﬂﬂéﬁtatlonzoz %9
1991), for depo . ent | ayer
The HE. et ched & Pacrare (i o dehEs 608 8 the LFHYY), A EeREuRe

heated to about »&®[®rfgid LﬁmetrVaEHEan%Pbrd%’éﬁ%Fe}ﬁ‘sq tdforkhe 13I¢<§= Ba’@e
pressure was 5 symbetiidaile [Aighedorr. The Ar sputtering gas pressur€ was

20 fixed at 10 nior ry ﬁé"ldd%ﬂq)esdiggg gl’fl ?%egﬁg\ﬁrtggna]t@) ep03| dg%out 2.3

Wcnierr]. No bias was app uri ng but a

substrate bi as otesdiY W co 1al !rl ggvgﬂélgg(impe%d_]&gs@falcoa Ta
filnms, accordlngq_tolhe pﬁgl ure_descri ?lgjﬁ/ N.
Lanbeth, X. Sui epdepelopment | f Hhe hep /%’;ﬂd PApsalrs,

5557(1993). orientiEision efosheugrainsobnt hiendatly dmad ioxwethilgat ed
by a Ri gaku mraﬁréer{éé@%m %{agwewcalsye%athat ﬂ@&' 5 ?‘g ¢33 Philips
EMA20T transm ssion electron 3Q mc¢ro ray act orret er scans

e.
were all takeneﬁﬁyaa’??%é?a}nﬁ’ré‘ﬁa/‘nT 8’(‘5 ‘E)T"F‘F‘F%&:‘?rb?ré'f

the Ag epitaxially grown on the single crystal Si. As a
‘result, this structure has 12 p0531ble easy axis
- ....directions. In addition, while the demagnetizing
15; fi§1ds of the thin film layer tend to somewhat
cqﬁpromise the coercivity the fields also tend to bring
the magnetic easy axes into the plane of the film. 1In
..;.this configuration, the magnetic orientation of the
- -medium, while discrete in the twelve possible
20  directions has limited circumferential variation. As
. such, it is possible to produce longitudinally oriented
. Co-based magnetic recording media that can be used in
rotating storage device applications, such as hard and
- floppy disk, that should increase the achievable
25 . coercivities over the limited coercivities of the
. .somewhat two dimensionally randomly oriented Co-based
media currently in use.
' . Perpendicular recording is a promising candldate
: for future high density magnetic data storage, and Co-
30 Dbased alloy thin films.are, by far, the most widely
.~ Studied perpendicular media for future hard disks. "The
. perpendicular ¢ axis orientation of Co grains and high
Qﬁgqgrcivity are two of the key factors to achieving a
_ '§5uq17¢rysta1 and low noise recording performance at high
35 dengities. Because most perpendicular recording



at 35 kV and 20 ma wth the Cu K al pha radiation froma target vacuum

tube. The scans were taken in 0.05 degree steps, at two seconds per
step. A series of 35 slits were used to insure a parallel beam the

31 di vepygespyaind scatter slits used were one degree, @gd/usesnishe
receiving slit was 0.3 mm A curved graphite nonochr onet er was used
(radius of curvature: 224 mm diffractj gg fromthe (0002) planes. A Na
5 scintillation detector operating at 760 Volt bias with t he pul se

hei ght anal yzer settings of 54 Volts for the basel i ne and 102 Volts for

t he wi ndow. The gfassducersdriveoNetly LAaikxedaynbrashasp Apsakifvdlrly 32

e on S orRERGR thddo kel eunEde 8 heLehl &5 b n il m 10

XRD net hod. SUrt aces of wer e exam ned
with a Di nensi onShe®- atHpteyetor d€ &her B§€BEE digplgpr mediapks ppgnetic
measur enent s wer eéxpeshel yeti gl ya obigntal w1thl\/bﬁsuﬁﬂmﬁtnc5ycsisag@rsmdﬁ ating

sanpl e/ torqu 15, ,npgel aneter, di |.O -
spectra for fsvvo rep‘% esent aft |t\kllg Eg/ ﬁ&gg?ﬁ%)ifgghn% éelgc%ﬂ#leQ ovvn in Fig.
compensate for the less than record head field

gradients. Therefore, it is desirable to produce a
highly oriented (0002) perpendicular Co layer for use
~ in perpendicular recording media.

10 . 5=' The (0002) orientation provides a close packed
atomic surface and is the lowest energy state for the
hep structure. Therefore, Co-based materials tend to

. naturally grow with a weak (0002) texture if there is
-no epitaxial interface to induce a different

15 orientation (texture) upon the material. Previous

studies have also attempted to use Ti to induce higher
' Quality (0002) texture in the Co layer. However, as
shown_in the x-ray diffraction patterns for

. ¢oCrPt/Ti/glass and CoCrPt/Ti/oxidized-8i,

20 ' respectively, (Figs. 21(a) and 21(b)), the Ti layer is

| ~generally not well oriented. Thus, it can be inferred

'_that Ti . is not acting as a seed layer, but essentially

. as.a wetting layer that‘eliminates the influence of the
orientation of the substrate or previously deposited

25 layer under the Co-based layer.

3 Also, the deposition of Co-based materials
-directly upon a fcc structure will generally result in
a Co-based material developing a fcc structure and the
. . orientation of the prior fcc layer. In a (111)
30 ﬂorientation, fcc structures are in the lowest energy
.gastéte, therefore, the Co-based layers are likely to
.. ~develop a strong fce (111) crystallographic texture,
ﬂgwhiéh due to the cubic structure results in a low
-[_éoeréivity magnetic film.
35 ;.- .Applicants have found that very well oriented
= (0002) Co-based layers can be epitaxially grown using



8(a).. Only strong (002) diffraction peaks are observed for the Ag
films.  The epitaxy inplied in the XRD 20 spectra is confirmed in the

Si [001] zone axis el ectron diffraction pattern (Fig. 8(b)), which
agrees wel | w st he sijmul ated pattern shown in Fig. 8(ClpcrauSegsayp! ex
yet regqul ar g&é&ﬁ 4utlon of the low intensity double - diffractian spots
in Fig. 8(b) is nost likely due to 25 the,pearly 25%lattice msfit

bet ween the Ag and Si | attice constantS and is characteristic of the
over | appi ng bilayer structure with a fixed orientation rel ati onship.

X-ray diffracti 0']1Q!L$Of§80é(\§ 4 hadmplate thieughothethigetbf Cé&mess range of

50- 1500 [err]beln tudl d,. Ag fi.l.os on Lbl stro 002) peaks,
| eading to the bafF fm?ﬁ %1 S| 1?5? E%ﬁ E%ca €8ﬁﬁ

established in véﬁyoﬁﬁtﬁdf¢mréi%%ﬁdﬂebnﬁhﬁu@s Wlllassﬁﬁmefalfﬁﬁgﬁknm t hi cker.
The growth of Agoeheft&©dn mwm@o&ed;mlw gtombc fdce tTatibidd tde

St ranski - Kr as th ye I.sl.and nod |n ich.,after .the
initial forme Ioﬁﬁgfgcc (flif‘ Jlé%té%lon, as” shown 1ne? ﬂg1 g? one

or several 2D nod@P&ybrerientatbipmyfivli stgniFirastly impxpves the Oy
i sl ands nucl eat epabke8PEayét CtSidrsw @pi®Bxially in a (0002) orientation

to produce a recording media having a nearly ideal
perpendicularly oriented recording layer. A comparison
10 of the lattice constants of Ti (a=2.9512, c=4.6845) and
Co (a=2.507, c=4.070) reveal a mismatch between the
- lattices; however, the long range orientation of the Ag
" and resulting Ti layers provides for the alignment of a
6x6 mesh of Co unit cells with a 5x5 mesh of Ti unit
15 cells.
R One skilled in the art will note that the
_fpartlcular comp051t10ns used in the fcc and hcp
“itemplate layers will necessarlly depend upon the
' ;lattlce spacing of the desired magnetic layer. For
' 20-Texamp1e, the hcp template layer must have a lattice
o :spac1ng that is compatlble with the fcc layer and
fmﬁshould_not haﬁe[a stable fcc phase in the range of _
' deboéition temperatures and procéssing conditions. For
. example, when different Co alloys are used in the
25 magnetic layer, different composition can be used as
" the hcp template underlayer to vary the lattice_size of
the hcp template. |
The nearly ideal (111) fcc template can also be
used to induce the epitaxial growth of other fcc
30 . “structures analogous to the growth of the fcc Co layer.
Specifically, soft magnetic materials, such as Ni and
' NiFe:permalloys, can be epitaxially grown on the fcc
' template. 'In these fcc structures, the magnetic easy
”éxes lie near the (111) plane; therefore, the soft
35 uﬂgnetic layer will provide a close to in-plane return
- ‘- path for the magnetic field generated perpendicular to



I nperfect Si surface; then-grow in size as additionaf material is
deposited until the islands neet. As showm 5 in Fig. 9(a), a surface

t opograph of a 50[err] Ag film clearly displays an island structure.
The fact that g A9 fiimis discontinuous at these snall ' 2@§§es
I S nost probanofg ue to an i nconpl ete renoval of the Si qperr|£9§ no
conpl ete renoval of the oxide would resultﬁ% in a continuous Ag film at
t hi cknesses | ess than 50 A As the filnrthi ckness increases,

nei ghbori ng i sl ands’ begin to coalesce to forma web-1ike network at
125[err], as tﬁeowyéf Euﬁlngg(ﬂarperﬁﬁ.cﬁﬁ%rp\&efcbkﬁhhg' ck@ﬁéssbgt

|ncreased to 250 i nuous- |

% re cont Furt

i ncreasing the t BLE W%E%ﬁ %?quﬁﬂlﬂﬁﬂPagatecghflﬁgiag yate) 1§BF?5%%§ whi ch
mai ntain a S|n1lior ther phod2hhep tewgplagie ansOdpeoe) hcpnC@Fbgsee(c))
except or a steggyrsgxpansion in the surface feature si ze. The

evolution of the Ag surfa hol o als flected in Fig. 9(d),
whi ch shows the surfatB ?§§%t1° ﬂ%gﬁﬁ ﬁng§¥efRF€PVT?e§sa t he
filmthickness, tempbaperehatowxilxﬁurﬂﬂéxeumﬂeceSsofurMageeﬁﬁerr] of about
4lerr]. For the 5Qy8rfg1fi ta) foﬂéﬁ rdaﬂfaliig hﬁr &l (hili odpdehPatioRCdi gher

than the nomnal filmthj kness he syrfacé goug ness |ncieases up to
ne € Bf

104 A and become£oMaf & 1%st°P ??R?? ANEThi rprEdignlar og fllm
When the film metihacknEssis snotresd didmadd the kﬁ@péx dhgerowghbestso

decreases drpgat hogk! ¥né %&gﬁécrcalﬂfrerd g&:@aeahwawly n! £he

formation of the ontlngous A? %ﬁ%T then stays nearly constant as
the Ag filmthicRnh88§ P W |ncreased CoCrTa/Cr thin filns
of the sane thi cknessasngmben of temts\yerenpleatfesmefl tibf Asseats theécknesses
show much . |éﬁﬂ§5c€E£QQ@ic§”Ek(EﬂgT@ﬁﬁ%?ObcdbEEEaChhgﬂeeﬁékﬁa§@f§ 35

woul d nor mal | be rved bsence o
_ y gg was prepareéianJ1Ag, Ti, andQCOGBCrzoPtlz thin

15fgf11ms deposited in the manner previously discussed. As
' ‘before, the epitaxial orientation relationships were

studied with both the 0/0 and ¢@-scan method on a Rigaku

x-ray diffractometer using Cu Ko radiation. The
megnetic propertiee'ef the CoCrPt films were measured
20 using a Digital Measurement Systems vibrating sample
~magnetometer. The Cr and Pt content in the Co-alloy
'heffectively decreases the saturation magnetization so
'”V;hat it is more appropriate for perpendicular

:ilxecording. (i.e. Ku > 2zMs®)
25 The x-ray'diffraction spectra for a representative
_CbCrPt(50nm)/T1(50nm)/Ag(12nm) film grown on HF- 81(111)'
-¢?are shown in Fig. 23(a). Only those peaks
.;correspondlng to CoCrPt (0002), Ti(0002), and Ag(111)
;planes are observed in these spectra, indicating a good
30 - orientation of the films. As a comparison, :
'”?CoCrPt(SOnm)/Tl(SOnm) films were also grown directly on
THF -8i(111) without the thin Ag template and the x-ray
“spectrum in Fig. 23(b) shows a good, but weaker

e:T1(0002) peak. The presence of a thin Ag layer
35 ' enhances the epitaxial growth of Ti and this results in



33 under| ayer tenplate. Al though good Ag/Si (001) epitaxy S
achieved for all Ag filmthicknesses, Fig. 10(a-b), the CoCrTa filns
deposited on Ag underlayers having a sufficient thickness to provide a
~ continuous Agw®s *ﬁp}gl ate exhibited higher coercivities. (Us9§/§bsss
addition, the surtace roughness of a 125[err] thick Ag terrp ate Is

| ar ger than that of a 5Jerr] Ag film (the ratio of the Rlerr]Jto the
filmthi ckness, however, is smal l er), %ut t he connected web-1ike -
surface structure 10 seens to enhance the epitaxial growh and the

coiarcljv' ty of a eaCehRé&n6@[escdpy Qood9[ peak). Ittﬁme?hﬂféﬁmﬁ{fd tlo Ehe '
t KCLVI n_yver I C e alt es
o also U heeoas RFRUERLA I e Aq (90T LY APVCHE dadd Sl AL

is al so acconpani € nrfica Pt ures.
The growth of thé& T#|(9%2brp?% hjﬁweverbe cavee ailh mmfA®eridm wasf ace

nor phol ogi es at useddtﬁéeAgr;seatmlsaiewasa%taaaear§u59t&k@ﬂaﬂf ole in the

magnetic propertig Tafll rocess
condi tions, s%ch a§ gég&?r at e enﬁ'\eé"gﬁ%l ﬁgsgh Be?JSUg%‘élge (fgsp((fgl tion
rate, and subbprat ehej dstfrartiomacakufor 60CrRe/Xg(¥iliHRhe

$i(111), which exhlblts an extremely strong texture .
that will be further considered below.

Fig. 24 shows the ¢@-scan spectra of the
10 CoCrPt/Ti/Ag/HF-Si saniple and samples with fewer
layers, along with cubic crystal (111) and Co (0001)
stereographic projections that are necessary for the
" ‘“’interpretation of the spectra. As expected from the
" (111) - stereographic projection (Fig. 24(a’)), three
15 diffraction peaks that are 120° apart are found in the
+8i{220}-pole scan spectrum for the single crystal
..%81(111). substrate (Fig. 24(a)).
_ ~ The (111) stereographlc projection of cubic
';hgrystal in Fig. 24(b’) (Ag/HF-Si) only shows three
20 . (110) poles. Six diffraction peaks, however, are
_ gbserved.in the Ag{zzo}-pdle scan, indicating extra
_ poles as denoted by crosses in Fig. 24(b’). This
suggests that there exist two crystallographic domains
of Ag grains in the Ag(111) film. The two domains most
25 likely emerge from the Ag/Si epitaxial interface when
N Ag.Starts'to grow with two different atomic
h ébﬁfigufatiOns'that are mirror images of each other.
.The two domains may also be a result of the Ag growth
_;-tw1nn1ng. In fcc metals, the (111) plane is the most
3dﬁ$eommon twinning plane, and the twinning direction is
J; ﬁ[112] The resultlng two domalns of Ag grains have
-@;(111) planes parallel with. the substrate plane, yet the
;'atomlc_cpnflguratlons_are mirror images about the plane
o perpendicular to the twinning direction. The first,
3§'Z§hird and fifth peaks in the ag{220}-pole scan spectrum



web-1ike structure can be nmade nore or |ess continuous ‘resulting in a

corresponding variation in the Co/Cr textures for differing film

t hi cknesses. 25 Fig. .11(a) shows the Cr[001] zone axis el ectron
diffracti on pgid®pkhe8f a CoCrTa/Cr film which agrees el gepiidolinise®
simul ated pattern in Fig. 11(b). The periodic variation of t he magnetic
properties shown in Fig. 11(c) is further evidence of the bicrystal
nature 30 of CoCrTa filns.  Also, a parallel relationship appears to
exi st between the Cr[100] and Si[110] directions. , Furt her nore,

the periodicity afpedf exts |thien slave LocptaoRs as tiNe QlersdipeaKdion 11(d))

not ‘only i ndicat cr : C S e _vol unme
fractions 35 §?%\%°&0§‘$§’0%§éﬁkr®&ﬁ %ig.%l ?s ]aé:ie J}gon The
t hi ckness of thebé’@uééimﬂrfé @ilfeqdnr adat 8 ?ltrﬁmrnafrecuons._

34 coercivity and mnimze the surtace roughness using the

current process is amﬂmma&tselayeSGBséQOQ{ieiﬁ]the Ti {1011 )P il ons.
were continu t C tr ur ch .Co- based
materi al s V\oeﬁdd %&% produce 9 Fﬁg hgg?sf ﬁ%lt’b\?c% ﬁ%‘)pﬁ’w qﬂad crystal
films, which 1s 1n good agreement with the
stereographic projection (Fig. 24{(c’)). Also confirmed

-is the parallel relationship between the T1[1010] and
Ag[112] directions. Good agreement is also found

10 between the CoCrPt{1011}- pole scan [Fig. 24(d)]

..:(CO/Tl/Ag/HF -8i) and the Co crystal (0001) projection
[Flg. 24(d’)]. An orientation relationship of

- CocrPt [1070] | |Ti[1030] is also determined from the
observation that.the six peaks in.the Co spectrum
15 appear at the same ¢ p051tlons as those in the Ti
spectrum. o : ' '
" The magnetic propertles of the CoCrPt/Tl/Ag/HF—
Si(111) sample are_compared to those of four other
5§amp1esfas listed in Table II. The coerxcivities (Hcl)
320'jwere measured with the applled field perpendlcular to
:the £ilm planes



orientation, Co(1011) [1210] | Cr(110) [110 or [110]. Thus, a
single crystal (110) oriented Si was prepared by the nmet hod previously
di scussed. Again, because of the 10 | ong range conpatability of the crystal
lattice  sweowagmsin the (110) orientation, the Ag al so pcr/epdsiasssal |y
grows when deposited using the Si (110) orientation as a tenplate. Cr
and Co | ayers were sequentially deposigliged on the Ag (110) oriented
| ayer. 15 The resulting C and Co | ayers are not
respectivel y(110) and (1011), as expected. The Cr epitaxially grows in
a (112) orientation when deposited d&ablg ffRe (110) orientation of the Ag
| ayer as a tewp%a%ewthemébm%ayeﬁw%heﬂwep%&a*%a#&%?gpemsmwhenfﬁgf—»
deposited using the Cr 11i) orientation as a tenpl ate to produce a Co
| ayer having the uni-cF%@P B (1010) Substrageati orlOe) S An(memu
exam nation of the crystal orientations of the fcc (110) Ag Vew®r and
the bcc (110) | -&Qﬁﬁﬁ#@m St -Bat...t-he--diagenal.tat-t-i.gef.ace
spaci ng of Cr izeye(rm near ?g@ﬁ ical to t*%t of Ag'g? .08 é?r%] tg'st
4.09[err]) and the T%Ii%%"ﬁ'hal lattice face spacing of Ag is twice the
Fi e observed with reSheEtata S And AGerrtogpol 1 30 ther ofore be expect ed
it observed with res t i an Ja+ uld . t heref ore be expecte
that the bcc (110 Ig?%?}%%ﬁ?dmm epi?éi#%ﬁfy grow fromthe fcc (110)
| ayer tenplate-in &) COCEFFEoSY¥HRESH. HF-SI{ITIN n " 33&50i onV-FA 4 BGeo
structure the orientattpPnsonm having the | owest energy state is the (110)
because of

(DY CSTTFPE 50t/ HF=E1(ITY) L5800 81
" Ti 50nm/Ag 12nm ' '
By CSCTPE B Ui/ HF=STITL) 2T8TTURS YT
Ag S0nm ' o '

Pigs. 25(al-el) and (a2-e2) show the
:ﬁérpendicular(easy axis) and in-plane (hard axis)
5.'ﬁ&steresis loops of samples A-E, respectively. A
 §kewed square loop is observed along the perpendicular
direction due to the demagnetization field. The
'zlppenness and the non-zero coercivity in the hard axis
'_ineplane_loop may be due to intergranular interactions
10 or simply that the maximum app;ied'field intensity is
" insufficient to saturate the'Saﬁples. The curvature of
the hard axis loop is most likely due to the non-zero
value of the anisotropy constant Kz as discussed

earlier with respect to the Co(1010) films.
15'J_ In Table II, samples A and B are CoCrPt/Ti films
deposited on a glass substrate and a Si(111) wafer
 covered with native oxide, respectively. The XRD
. . spectra of the samples (Figs. 21(a) and 21(b)) do not
. show a Ti crystal texture in either both samples, as
ZUf’previously discussed. Also, the coercivities of
T§Samples A and B are low, presumably because the Co
'-layer did not epitaxially grow in the (0002)



35 Its closely -packed atom c configuration. However, in the bcc
(110) orientation there is a center atom (Fig. 6), whereas in the
correspondi ng (110) fcc orientation there is no center atom (see-Fig.
4). The | ack efoowrdbracenter, atomin the (110) fcc is believedptpukspsssse

t he energy state of the (110) bcc, thereby making it far less favorable
when deposited on (110) Ag. The aygmi c structure of a bcc lattice
is such that an atom c arrangenent simlar to the fcc (110) 10
orientation is possible in -the (112) plane, as shown in Fig. 6. One

di nensi on i n theotiéfitapiame bt tdieowly ddivejopeld batki (eobaretepeareag and

the ot her d'nenShQEurallysaérﬁhé”f%%ﬁg palied vl %ké?cewﬁgéﬂeggsﬁ%ﬁgéne

atom and t he ceg atomin 3&} cc structure e the
atomc radii. 159?58’(‘1&2’)‘1 %% &FI€ OTLRBLALAgBNal ThEcRORERY
cl osest packed dortestaniomris AR eJm]J.cmm@bde&OE;hér khape ofeghectively.

Thus, the C 41132 sgéfggigtiégbéxyh nF ngEiCﬁl he 2a£9 g the
e AT o fiotaz Rl

Ag[llO] || Cr[11l ﬁ di rection, Wi t hin
approxi mately 194 %rs‘f)%ﬁ?l’g‘é“dfesc r?é‘dataoﬁ‘?rlenlfiﬁélcﬁ aPe ?ﬁl?lj‘et ext ure
with the Ag (110hyseatestsiboopmd weaar loptaineds invekhmphecbeandaspt (Rigs. (110)

unit cell dinmensy8@81-d1) and (c2-d2)), in which the oriented films
were grown on HF-etched 8i(111), which is consistent
10 “'with the XRD spectra of samples C and D shown in Figs.
23 (a-b) . _ '

As previously discussed, a 12 nm thin Ag layer
~.introduced before the deposition of the Ti layer in
; 5sample-D improves the orientation of the Ti and the Co
15 = alloy.  The XRD spectra (Fig. 23(a)) shows that the '
- Ti(0002) peak was greatly enhanced when compared to the

spectra of sample C (Fig. 23(b)). The improved

:.,orientation of the Co film_was strongly visible for
samples with the Ag as thin as 10 nm and remained

20 _.effective for all greater thickness. It is believed.

. that the improved Co (0002) orientation using a Ag

. layer persists below 10 nm thick, and presumably as

:"long as a continuous layer is maintained. However, due

,,to,teét apparatus limitation, the lower limit of this

25, range is not more clearly definable.

. _ . The hysteresis curves show that the_ coercivity of
the samples A through D increases with the higher
quality of ofientatidn of the films. Consistent with
the high degree of orientation, similar coercivity

3Oi1;esnlts were obtained for the thicker Ag layers.

. .  Sample E was prepared by depositing a 50nm CoCrPt
_1Rff11m directly on a 50nm Ag underlayer on HF-Si(111) and
- tested for comparison with the CoCrPt/Ti/Ag/Si £ilms.
... The hysteresis curves for Sample E are shown in Figs.
35;{25(e1 and e2).  The XRD spectra (Fig. 23(c)) shows an

‘extremely strong crystal texture for the CoCrPt film.



However, it is bel i eved that the absence of the center 25 atomin the

(112) orientation decrease its lattice energy state at the interface
with the (110) fcc tenpl ate such that it is less than the (110)
orientation. Ieeeelyeiae, the; bcc wll epitaxially grow I N pctAusoddasss
orientation. 30 As such, it is believed that a bcc (112) or a fcc
(110) can be used to induce the (1010) texgyre in a Co- based film if
the atom c spacings are conpatible. For exanpl e, (1010) Co-based
material should grow directly on the (110) fcc Ag in view of the

simlarity of thHowdberatthe ccepadivigy br sbhpPe Erisnboy lddhfharen

36 - Further y el I%n; t maSi heg: ({1 i
favorabl e in pol %r&?}sf%{“ﬁi‘% [ ms@\ grl Iggf’g'f?i glééﬁ Q}C‘%ﬁesﬁ%%{%f tb}%:ec(APiO)
films can be usedPfdcprhéBdethal thy Co rhage: pemeat fLikely Rrefant dad
atom c spacing an €eapatrbctute. i S desi gned and provided the bcc(110)

atom ¢ Spacings are SH&BiEbéﬁafiééyﬂﬂié %agopggfgf&e&IﬁEQng a pure Co

target to test the viability of epitaxial growth of

materiale with high 42Ms?’. Highly epitaxial pure Co
films, Co/Ag(11l) /HF-Si(111) were found to grow on the

. Ag film; however, because of the high 4aMs® of pure Co,

10 2zMs® > Ku, the magnetization 1laid in the substrate
plane; The high magnetization may result in the pure
.Co perpendicular films having a large K, value similar
. to those for the longitudinal uni-crystal pure Co films
. discussed earlier. The inclusion of Cr or other
15 magnetic diluent in the Co film may be necessary to
_.;produce layers to be used in magnetic field sensing
;gdévices. If the coercivity is found to be sufficiently
-low magnetic bubble films may even be possible.
: Other fecc tempiates aﬁd underlayers can also be
20 'used to improve the lattice matching of the films. Cu
has an atomic lattice spacing that is compatible with
" the lattice spacing of Co and to a lesser extent with
‘Ag. A Co(10004)/cu (5004)/Ag(3004)/Si (111) film was
prepared and tested. As shown in Fig. 26(a), both the
25 Cu (111) and the Co (0002) layer show exceptionally
strong epitaxial growth from the Ag {(111) template. In
‘contrast, the Cu atomic lattice spacing is generally

less compatible with that of the 8i. Thus, a

 Co(1000A) /cu (5004)/Si (111) f£ilm does not result in a
3d3ﬁ§£ropg texture in either the Cu or the Co layer, as
" ‘shown 'in Fig. 26(b).

"~ In magnetic field transducers such as magnetic
”%Eﬁ&ofding'heads and playback'magnetoresistive and spin
““valve heads, it is generally desirable to prepare NiFe
35 “with a (111) texture to enable very soft magnetic



to induce the fcc(111l) texture. Hence, smaller lattice constant bcc

(112) would then grow upon the fcc(110) texture. The resulting film
| ayers and textures would 10 be: Co :
(1010)/ bcc(.11 410) /bce(110)/ wetting | ayer. chﬁgg, 855
aspect of the%)pergég%t I nvention is that a new recordi ng nedi a Jgi. gn

can be devel oped using the 15 nateri al stgyctures of the present
i nvention. A controlled orientation recordirng nmedia and transducer can
be produced using a single crystal substrate, such as Si. The single

crystal substratgrégertiesiseddeally, pprhaxia EYaﬂdO&tlﬁ'@@réd/fﬂ deal

under | ayers t hat U et| an OI’I en.t ation of
choi ce. m?%noneé g%h%ﬁr?elnfgnn% &P"eédﬁ?egﬁe ffRation, gt gl
recor di ng nedi untkeah welbresaldd wtbwsmﬁphg oriembedi Gmikgneruss edamcr i bed
herein to producelmpeggég 1%51—19 deak théZ2yuBserheyepidh@l W ll induce

epi taxial gr h 0 0 tal., The single cr al .
substrate pr%wagat es %?le Si ngJI é‘ (%roz/s'#‘gl b?f’gg%?b?% use ‘?ﬂ ‘%/eﬁ% soft
under | ayer st rucragretic thateriglest forl gpasor devices: uite is 'ﬁals.a:\tmbl ned

with unidirecti onght IPersnEthalbiromedh at Bannﬁenﬁié&ué@d%a{ rdlcddee results
,ransauc

Iegch crss[ :Fﬂ?le'g%% d;clfjgﬁr(f)e?ﬂayfﬁea §/8FI EVena?lﬁ‘ﬁﬁ’é vq?ﬁ%apffé’ nagﬁ)é!tlsc()f
easy axes provi déseeperedaredia). Hedr exsmble:recordi ng nedi um that has
little or nag5 cstamata (Obd)Tiqn002) fagddiij pn, the oriented and
N1Fe(111)/Cu(lll)/Ag(lll)/HF Si(111) would provide both
an oriented soft magnetic underlayer with a highly
orlented perpendlcular hard magnetic layer.
- Permalloy (N1 79 wt% Fe 21 wt%) films were
15 "sputter deposited on different underlayers on HF
i cleaned 8i(11ll) substrates using the techniques
. previously described, except that the films were heated
to 260°C prior to deposition. The composition of the
~v . permalloy f£ilm are shown below in Table III:
20 o Table III

“SampIle Contiguracion
A NiFe 50nm/ $i(111)-HF
- B NiFe 50nm/ Ag 100nm/Si(l1ll)-HF
..C . NiFe 50nm/Cu 10nm/Ag 100nm/Si(111) -HF -
D NiFe 50nm/Cu 50nm/Ag 100nm/Si{111) -HF
. NiFe 50nm/Cu IOOnmIAg 100nm/Si (111) -HF
F  NiFe 50nm/Cu 100nm/Ag 100nm/Si(100)-HF

The XRD spectra for each film is shown in Figs.

27(a-f). As shown in Fig. 27(a), the NiFe develops
_ ﬁJ'only weak (111) texture when deposited on (111) Si.
2§L;waever,_the deposition of a fec (111) Ag template

T;;underlayer on the (111) Ssi prior to the deposition of

'1the permalloy produces strong (111) texture development
L nfthe Nire layer, as evidenced by the factor of 20
'iiﬂlncrease in the counts detected during XRD testing.
3°'fr-=' In addition, the (111) texture of the NiFe

(Ni(fcec), a=3.52A; Fe(fecc), a=3.65A) can be further




37 aligned structure of the |inear addressable recording medi um
provide the potential for |ower nedia noise and I ncreased coercivities
that can theoretically reach Hk. A nunber of tests were perfornmed
usi ng Co/ Cr/ AgloSbraed | ayer;s to assess the characteristics opcfiSdsdsssscp
crystal grown from (112) bcc on a (110) fcc structures. The epitaxi al
orientation relationship of Co(101 - 0)EQ001) || C(112) [1010] |
Ag(110)[001] | Si (110)[001] is shown in Fig. 12. As previously 10

di scussed, 4-to-3 lattice match is achieved at the Ag/ Si interface
havi ng only a sndhncreasédt thfoggh%hehemse of Ag (and) SEchavsuehcasm@m cryst al
orientation. The I C ch al t he /A and / erfaces can
be cal cul at ed fror%'tahsik%f e?% of#%é spamtrtl:geé: lgttfl _tng %aﬁ % (al ong

t he Ag[001] dir ectki=anp8dhd 1Bs5§hown xnxﬂqgsndaaubae)tothéeCﬁg[001]

direction) on a %Bﬁe&@ayer fﬂftﬂgﬁ'fhcﬂggééscghko(@51; tgfgﬁééa$9nghéhe Co

c-axis) and /6&Qg?pend|cular to the c-axl s previ ously
not ed, the n1§naPE to Ag 20 perpendicular to the Ag[001] direction
is apprOX|nater S9nidaehy; e (100 )mbsisedlwot beehedépgoshted 7o o 3

Cu/Ag/si (100) -HF single crystal template for comparison
 with the NiFe (111) texture. The magnetic properties
have been characterized with BH loop tracer. The in-
10 plane coercivity of samples E and F were determined and
" are shown below:
T Sample  Maximum in-plane Minimum in-plane

He Hec
E 2.04 Oe ; 1.65 Oe

F 26.5 Oe ©18.6 Oe

' The coercivity of NiFe(11ll) along an easy axis of
zthe Cu/Ag/Si(111l) template is less than 3 Oe, whereas,
15 s¥the in- plane coercivity of NiFe(100) film on
""Cu/Ag/Si(100) template is nearly 30 Oe. This indicates
" that the easy axis of this NiFe alloy is in <11l1>
““direction and the. anlsotropy constant Kj of the
material is negative, further demonstrating that very
20 soft magnetic properties can be achieved in these
' highly oriented (111) NiFe films. Furthermore, by
performing this deposition in the presence of an
applied magnetic fleld the cdoercivity w111 be further
‘reduced.
25 " One of the problems that has always existed for
: perpendlcular medla with a soft magnetic underlayer is
- a media noise associated with the soft underlayer. For
. “tradltlonal non-oriented NiFe soft films Barkhausen
_';-_nbise as5001ated with the NiFe domain walls being stuck
'_30[_at graln boundaries has been a problem. It is believed
_= that the three fold in-plane orientation that results
 from the epitaxial growth on (111) single crystal Si
may help to reduce this noise source. Likewise, it may




ratio, or repeat unit.

substrate was

Leybol d- Her aeuwo 502813 sputtering system
orientation relationship of the

The epi t axi al

The (110) oriented Si single crystal

prepared and the Ag, G, and Co (pure and alloy) thin 25
films were then deposited sequentially by RF di ode sputtering in a

using [err]/[err]and [err]-scan XRD with 30g3the Ri gaku x-ray
diffractometer with a Cu Klerr] radi ati on. The magnetic properties and
t orque curves :
Measur enent Syst épe DOsgERledsaws & sofgumagnenignieeeper ckaydr om tthwp

torque-curves of gfUthe (dydBloy, such as

Co film the uni

det er m ned.

of the Co filns were measured using the Digital

Fefe (L AL TRBATE T cdlbifa cooof B Ebl fops™” ™°

sufficiently | arglAgiEll) MiRen@ 110/ Gud1lT) /AgéL1el/BR-SH(11m) sanple is

gi ven by

5

10 .

In addition, super-lattice like multilayers of
Co/Pt and Co/Pd prepared on conventional substrates
have been investigated for several years. It should be
possible to grow much more oriented films of these
types by using the structures described on the single
crystal Si(111) substrates. An underlayer/substrate
structure such as Ag(111)/Si(111),

Ti(0002) /Ag(111) /8i(111), or Ti(0002)/8i(111) may be

‘appropriate. It is believed that Al (111) /Ag(111) /HF-
+ 8i(111) films may also be anodized to produce a highly

15 self ordered porous structure into which Co alloys can

<. be electroplated to form self- assembled ordered
. ‘magnetic arrays (SOMA) .

20

25

In another aspect of the inventioﬁ, Applicants
have found that (111) fcc structure can also be
produced using a lattice matched (110) bcc structure,

<in lieu of the nearly ideal (111) single crystal Si.
- -In the absence of the single crystal, the strength of

the (111) texture will depend upon the strength of the
(110) texture. Thus, the Ag (111) can be grown on a
(110) textured Cr or CrMn with a strong (111) texture,

which, in turn, can be used to grow strongly textured

(111) NiFe or (110) bee, (0002) or (1011) Co-based

'::.layers as prev1ous1y described. Furthermore, because

N Q” reasonable quality (110) bec textures can be obtained
30
;:several high quallty textures can be obtained upon

due to the atomic close packed surface structures,

‘eiithese 1ayers ~ For example, polycrystalline uni-crystal

"*fcobalt can be induced via proper lattice compatibility

f_nuoﬁ-the Co(lOlO)/bcc(llz)/fcc(llO)/bcc(llO) layers, or

35"

even Co(1010)/bcc(112) /bec(110). In particular, (110)

as previously di spowvesssn3sss
| ayers was investigated

38



(1) [err] At the same time, it can

al so be conputed as [err] The rel ative rel ationship of
the vector and 10 angul ar quantities used in equation (1) are shown in
Fig.13. The Q{QoedaPaspectra for representative Ag, Cr | Agpetatisds/assks | A9
films growm on HFSi(110) are shown in Fig. l4(a-c), respectively. Only
strong Ag(220), Cr(112) and Co(1010) difd,action peaks are observed in
15 these spectra, which strongly inplies t e epi t axi al nat ure of these
films. The [err]-scan spectra of the Co/ Cr/ Ag/ HF- Si sanple are shown in

Fig. 15, along wikdc and hnd)ider&waiﬁés (vdth ,ur(ﬂtl%)ellaﬁdteacélom) -
st er eogr aphi c ctlon essa rt Lpr t on

of the spectra. % S e(? Phéﬁ%uﬁ é )%t[ alc3 36" g g’ﬁgraphi C
proj fect i gn Flt% a5 (823, 750V(0LaZnL HaAd | adAn Qi atﬂeat h'rsualtabffO{n&té}:erart
are found in €t o] ec, r Si e~Gry

Si (110) substrate (Iia 15@2)-0?. ?ﬁgg?u\/\nﬁé%bai&s&ggsogg'rrgs O%gl ngﬁf oétﬁe .

Ag{ 004) pol es 5ar e(Ja'IQ:)o B8 shpactures YHly a4%(h) (_)R,-b)vma@hl'n reppogablly _
agreenent with the agtir®QotARRetaproj ection, Fig. 15(b"), and they appear

at the same [err] positions as the two peaks in Si{004}- pol e spectrum
confirm ng the paral |l éo (18180 i/caship) 8011 bAgwkwD )t 14 03i/RBALLoahto Ay} 001]
directions. The = ¢5(1010)/cr(112) [111]/Ba(110) [100]; and,
_ Co(1010) /Cr(112) [111]/Ni(110) {110]/Ba(110) [100].
10 Figs. 28(a-b) show x-ray diffraction spectra of

- various Ag(111) underlayer films grown on glass
- substrates without and with a (110) CrMn underlayer.
- In Pig. 28(a), the low energy (111) orientation of the
N ”ch_structure is the predominant orientation, but the
15 (111) texture is weak and other orientations are also
.observed in the spectra. 1In contrast, Fig. 28(b) shows
':the Ag(11l) texture on the CrMn layer to be strongly
fdéveloped nearly seven times the inténsity of the
,__ﬁ_(lll) texture without the bece layer.
20 .. .  Figs. 29(a) and (b) show XRD spectra for a NiFe 50
> nm- £ilm deposited dlrectly on a glass substrate and on
'+ a Cu film deposited on a glass substrate at 260°C. As
expected, neither film develops a strong texture and
. for the NiFe/glass film weak peaks are observed for
25 . both the (111) and (200) NiFe orientations. In
contrast, Figs. 29(c-d) show XRD spectra of a
o Cu(lOOnm)/Ag(lOOnm)/Cr(30 nm) /glass and Cu(100nm) /Cx (30
| nm)/glass deposited at room temperature, which exhibit
Jf'strong peaks indicative of a stong (111) texture in the
30 films.
o  :¥ As’ might be expected, the strength of the (111)
:”fitexture in the Ag layer on the Cr/glass layers is less
" “than on the s;ngle crystal Si (111). However, the use
7 of the lattice matched bcc layer provides for increased
35}”flexi5ility in substrate selection and provides for a



39 Cr{110)-pol e spectrum (Fig. 15(c)) contains two peaks - that are
again 180[err] apart in agreenment with the projection in Fig. 15(c').
The peak | ocations are shifted by 90[err] when conpared to the two
peaks in .5 wodbaHH3 - pol e scan, indicating that the C[110 pcrrusdsLssssi on
is parallel to the Ag[001] direction. The (112) stereographic
projection of the crystal in Fig. 15(c'gs only shows one (001) pole.

Two - diffracti on peaks, however, are observed in the 10 C{002)-pole
scan, indicating an extra pole as denoted by (001)' in Fig. 15(c').

Thi s suggests thablybeystallinexiater whatormmdeofused goaidnsuce the C (112)

film as i 1] ystiahedy Befbsy Ot Refmst.al gl %9!%&1&31@' aegsbﬁgoml s

directions are all indexed with respect to domain |).
may energe from theegs/ A@aﬁphé%lalquad dz@tstraflaqexd/\harol@o &t:ar(bsobp grow
with two different %ﬁg&g CP ratlons hat _are mrror |mages of each

other. The two HSﬁgFﬂgl al o-Be JTo&Lﬁatn tpﬁé)dﬁc ed o g Powt h twi nni ng.
In bcc netal s$ tHQHYQQQ}°E¢hn€O¢%$xnﬁaEgyoﬂﬁxns‘Gﬁﬂhmm\twnnwhmghpthae and

the twinning direeykeals areifaddddlin ae&hesqu\éahé diFiche %@dlumhsnaeﬁ&bél ng
two domal ns Of cgyg{: nflzl:lz?ev eor( lplez'«_)pe% aroarldle(:?:'I w1ti'11n the
-crystal.
Fig. 30 shows the XRD scans of typical Cr films
10 of various thicknesses prepared by RF diode sputtering
~on to glass substrates. The (110) peaks increase
somewhat linearly with £ilm thickness as more of the x-
‘rays are diffracted from the thicker films as oppose to
being transmitted. On the other hand the peak to peak
15 fluctuations or noise of the background signal is
"*relatlvely constant. Comparlng the (110) signal peak
* height of the 50 nm thick film to the peak to peak
" noise to one can see that the ratio is less than 10.
“Likewise if one takes the signal peaks for the thicker
20 films and divides by ratio of the film thickness to 50
' nm one obtains about the same peak signal to noise
ratio. Hence, we see that for S50 nm films typical
& signal to noise ratios of the x-ray diffraction peaks
' are less than one. 1In general however, these signal to
25 noise ratios may be somewhat improved by processing
with biaé at low deposition rates or depositing on
wetting layers. However, these improved peaks are not
'nearly as strong as has been exhibit in fi;ms of the
' present invention. The deposition of fcec Ag onto (110)
30 "Cr and then deposition of Cr onto the Ag results in far
' 'stonger texture as exhibited by the results in Figs. 28
_Uand”ZQ'Whé:e the texture of Ag is significantly '
' improved by the Cr (110) layer.
‘The performance of the highly oriented layers of
35 ‘the present invention increases with increasing crystal



the substrate plane, yet the atom c configurations are mrror imnmages
about the plane perpendicular to the 25 tw nning direction. .
Al so, good agreenent exists between the Co{1010} pol e scan (Fig.

15(d).) and t hgo9oemystal (;1010) projection (Fig. 15(d")pcrruéssnssss
orientation relationship of Co[ 0001] Cr[110] is also determ ned

fromthe 30 observation that two peaks in ghe Co spectrum appear at t he
same - positions as those in the Cr spectrum The smal | peak w dth

i ndicates the Co grain easy axes generally have a single orientation.
40 Theekongeeofuthe Dilmche ThecreCorsanpteisspséfeiwed that Fig.

17. It-resenbles tﬂeskgmg éf nt':ﬁ@ﬁse‘ﬂﬁr ;i?xv%{: oft havepfﬁlboglnﬁﬁ\ e% err].

The ani sotropy constants determ romthe curve are s r than the
val ues reported PORSesTRELRS R Athdisrst y&t kPs1(Re3- 30507 apefilm
ergs/cnferr]). Thhickneaspistdeteeinindie usdngueheseahimefbhn XRWli metilesi good

al ignment of ghegeac9iBbE RESYiIRXCHWhiIRMRYS prELEhE] 1M@Sntion can be -
practiced using films having lower signal to noise
ratios, the benefit of the invention will most likely
. not be realized to the same extent as for those films
. having higher ratios.
10 . The use of the bece (110) layer to induce the (111)
fcc layer provides for Co-based layers having a strong
~ (0002) orientation that can be incorporated into
'_.cohventional magnetic media for use in perpendicular
. ...recording applications employing straight forward
15 underlayer and magnetic structures, such as
., CoCrPtTa(0002) /Ti (0002) /Ag(111) /Cr(110) /glass). These
_L;laiers should be useful in both magneto-optic media and
"perpendlcular magnetic media with and without the soft
.@g underlayer structures and the keeper media overlayers.
30'? . The Cr alloy films with (110) texture are
generally easy to achieve because the (110) texture
surface is the lowest energy, close packed, surface for
Lfthe bee crystal. It has been shown that Cr(110) can be
N _prépare by depositing very thick layers, depositing at
25 room temperature, using low deposition rates, or most
preferably by using substrate bias voltage during
.. sputter depbsition.

Those of ordimary skill in the art will appreciate
__;;.tth.a number of modifications and variations can be
3Q§4made to specific aspects of the method and apparatus of
o Jthe Present invention without departing from the scope

'7#of the present invention. Such modifications and
 ihvar1at1Qns ‘are intended to be covered by the foregoing
"ﬁgfspgqification and the following claims.

~ .



found to increase in-pure Co f I ncreasi ng substrate
bi as, as shown in Table I, mﬂg m“ﬂj e the presence of fcc
stacking faults in an othe ys alline structure.

Hysteresis.| ogiyyohprst he sanpl es were nmeasured with the Fpaldeiss! d
al ong ei ther the easy axis’ dlrectlon or the hard axis dlrectlon (see
Figure 18). 15 For the pure Co fil s, %gare shape | oop is observed

al ong the easy axis with a coercivity arou 200 Ce, i ndicating a
coercivity mechani sm associated with wall notion. The hard axis |oop
shows a curve with Vi rtual |y zero openngsgimg@i th a remanence squareness
S 20 -0.02. onfi r ood easy axis alignnent shown in the
[err]-scan. Thehﬁggdlaxf % ils al nost perfectly on the open
circles indicating exéell ehtrecor%mmmumqwmi@m:cul ated points using
t he ani sotropy cogskapkerdedermned fromthe torque 25 neasurenents.

A uni-crystal Co[err] Cr[err]Ta[err]/Cr/Ag/ HF-Si (110) film was al so .
prepared. A Substrate Bbasrofo-d¥VIbw fidsn dpEptired a (1odm)| pgybbaldeposi tion

of the CoCrTa fil e [ nedfromthe
torque curve 30 %I 53?31 é% 50 Ilstedﬁ %;1 I . Hysteresis

| oops for this sarrpl eaﬁanéﬁB%\ﬁYﬁﬂﬁ ﬁﬁ%ﬁféuﬁ) hawimg Hd) at lerstsgoare easy
axi s hysteresis [fapptaunderTayet yhodfing a HHe Qeritereld aubed whihettbe

' i Lr In
oy Sonne "o oBhat B 130 SEfaclt SR Wik Lelliad Lhsar]
10 substrate and said magnetlc layer and (ii) at least one
second underlayer having a body centered cubic
structure and a (112) crystal texture disposed between
said first underla&er and said magnetic layer.
2. The recordlng medium of claim 1 wherein said
15 second underlayer comprlses Cr alloy solid solutions.
_ 3. The recordlng medium of c1a1m 1 wherein said
'Esecond underlayer comprlses a material selected from
ﬁthe group con51st1ng of B2, DO3, and L2, body centered
t""'""_:cubzl.c: derivative structures.

20" o ‘4. ' The recordzng medium of claim 1 whereln said

second underlayer is comprlsed of a material selected
from the group consisting of Cr, Cr alloys and a
“':matefiai having a B2-ordered structure and a lattice
constant substantially comparable to Cr.
25 o 5. The recording medium of claim 1 wherein said
'r'fseCOnd underlayer is comprised of a material selected
from the group consisting of Cr, CrV, CrMo, CrW, CrTi,
 CrMn, NiAl, AlCo, FeAl, FeTi, CoFe, CoTi, CoHf, CoZr,
. NiTi, CuBe, CuZn, AlMn, AlRe, AgMg, - Al,FeMn,, AlINi,Ta,
30" AlleNb 'AINi,Ti, Fe,Al, and combination thereof.
_f”" ' 6. The recording medium of claim lwherein said
U First underlayer includeg Ll, and L1, face center cubic
*d'derlvative structures.



41 TabI el Uni axi al

Ani sot ropy. Const ant s measujﬁ :

curves "ﬂ”ﬂ"?]l"! Klerr]

Bi as(V) - (4 sydad7ser 9/ cnf err]) U10ferr] erg/cnferr]) . pcrusszasss

0 1.15 0.7 -100 1.42

0. 89 Co - 200 1.57 58 0.83 Co

- 300 2.22 0.78 Co[err]Cr[err] Ta[err] -170

2. 11 0. 10 5 The growm h of the uni-crystal Co, C (112)
and Ag (110) | ayers i Thei netardimy tntaﬁlgmoufh cdedavr ibeHeveih said

respect to the Ag Qgﬁlhndgrléggr)lsqa%%ﬁgf&%#%&) ﬂ%§%§1al s?ggégédbed

above. Therefore, a continuo 0 maxim ze
coercivity and niffiqh FBe FEOYD CRILHING AgyhAdss cu, Al, andqditi onal
I nvesti gati ons werembdmatdohsedtheteof he use of (111)oriented Si as a

substrate. T?e use ofg AQ The Céréiﬁ'ga k@g&lﬁ,{ (éf ia&%ﬁrﬁhﬁﬁ %gsﬁega gd -t

was al so ound that (111) or 1 ent prtaxiraltTy grown 15 on
(111) oriented Sifirst ypderigyer;ig ‘iﬂ“&Rﬁ & fé&e vv| th a triangul ar
atom ¢ structure uponowhi citha sedsadirtentmddEymi ofakliém 1 wherein:

said first underlayer is comprised of Ag;
said second underlayer is comprised of Cr; and,
10 said substrate comprises a Si(110) single crystal.
"' 10. The recording medium of claim 1 further
compriSing a seed layer disposed between said substrate
:and said magnetlc recordlng layer.
- i1. The recording medium of claim 1 further
15 ycompr1s1ng a wetting layer disposed between said

”:substrate and said magnetic recording layer
tii 12. The recording medium of claim 11 wherein said
"fsubstrate is a polycrystalline substrate having said
wettlng layer dlsposed thereon and further comprlslng a
20. third underlayer hav1ng a body centered cubic structure
'dfand a (110) crystal texture disposed between said
wetting layer and said first underlayer.
. 13. The recordlng medium of claim 1 wherein said
'substrate comprises a non-oxidized Si (110) single
25 crystal.

' 14. The recording medium of claim 13 wherein said
J'flrst underlayer is comprised of a material selected
__from the group comprising Ag, Au, Cu, Al, and
icombinations thereof. '

30 .15. The recording medium of claim 1 wherein said
;_Lmagnetlc layer includes a Co alloy selected from the
_i;jgroup consisting of CoCr, CoSm, CoPr, CoP, CoNi, CoPt,

" CoNiCr, CoNiZr, COPtNi, CoCrTa, CoCrPt, CoCrP,
'g CoCrTaSz, CoCrPtSi, CoCrPtB, CoCrPtTa, CoCrPtTaB,
35 CoCrPtTaNb, and combinations thereof.



epitaxially grown. As shown in Fig—6—the(111) orientation of the bcc
| ayer al so provide a trlang mc structure. However, the bcc

| ayer does not- devel op 'ﬂ‘”&ﬂ(’!@“ﬁ when deposited. upon the

(111). fcc |l.ayayegoé)iors NSt ead* crystalline pg¥fiudbghssssihe
(110) bcc face has a rect angul ar shaped atonic structure with a center

atom 25 As previously discussed, the (110)%%rientation represents the
| owest energy state for the bcc |ayer. erefore, dependi ng upon the
relative atomc lattice spacings of the fcc and bcc layers, it is nore
42 energeticalIusfavaheb&ecbﬁdlﬁgbﬁédi@meéftd&é&ﬁﬂﬂﬁhﬁéreln.@kM@

I entation, ins n ts Iar
o o T (55120, WAL oAl ST,
of the bcc are @@ﬁﬁﬁﬂ?ﬂq faifi gagemd under e? ;ﬁiﬂ@lmﬁgnﬁﬁleb upon
the (110) orient efkc@drding lrageurl ts in a Co |ayer having a (1011),

quad- crystal orleqhatl ;nggﬁygé g&ﬂ&nqgﬁt af%*i‘%ﬁé%h &ystal -

orientation oP the grains on Cathear
compriging a second magnetlc recordlng layer comprised

of Co or Co-alloy and an inner layer between said
second flrst and second magnetic recording layers

- 18. ‘The recording medium of claim 1 wherein the

10 crystal textures of said medium have at least a 10 to 1
XRD signal to noise ratio per 50 nm thickness as
determined by the thin film XRD method.
19, A recording medium comprising:
a substrate,

15- . . a.Co or Co alloy fllm having a (1010) crystal
texture forming a magnetic recording layer;

- an underlayer structuie having (i) at least one
first underlayer having a body centered cubic structure
‘and a (110) crystal texture disposed between said

20 ?substrate and said magnetlc 1ayer and (ii) at least one
““Jisecond underlayexr hav1ng a body centered cubic _
';istructure and a (112) crystal texture dlsposed between
.,.sald flrst underlayer and said magnetic layer.
- _ 20. An apparatus for data storage comprlsing-
25 the recordlng medium recited in any of claims 1 to
. 19; and,
- a magnetlc transducer positioned in close
proximity to said medium to record and read data to and
. from said medium.



10 provides for a magnetd er that has the nmagnetic easy axes
pointing in four di rectlons wth respec the Ag epitaxially grown on

the single crystal Si. Hu,"um [ s structure has 12 possi bl e easy
axi s - di-r esa 9924973 | n ad Imn m demagneti zi ng 15 PCTuspPgizssss t he
thin filmlayer tend to sonewtfat t "cs)rrp m se the coercivity the fields
also tend to bring the magnetic easy ax@s into the plane of the film

In- "this configuration, the magnetic orientation of the medi um whil e
discrete in the twelve possible 20 directions has limted circunferenti al

variation. As sugh; ifnjappREAtYs £an qated tergsgrrmBrhaing: ori ent ed
Co- based magnetic raecagg&mﬂgadiealhh‘aboﬁﬁﬁlbgngsed in rotating storage
devi ce applications, suc qeand fl oppy disk, that should increase

t he achi evabl e 25 coerci vi es over’ the [imted coercivities of the

someuhat tvo di mensi onald v-d aades wa9biert ed favbaged (oTgRdiguarent!y

I n use. Per endi cuI ar recording is a prom sing candi date f-or
future high dénsity* torpirg & B‘F‘ﬁﬁétlﬁnﬁe‘éﬁr‘i?@ﬁ alloy thin

filns are, by far, the ransmndeﬂlayer ststiothee peviegd{Oular Teadita oher

f ut hard di sk | Co grains
aﬁdu[]?ghar Lgefcﬁ’ﬁﬁ zyrnéie?\?'\o ?-dhﬁ.’s}hﬁ}é d %éérséﬂt“g%%lé;{\h % a

uni -crystal and.| o/ "sté‘”‘fee@&ddﬁndlﬁ@fﬁmﬁ%% ERXHIER HFEPRasi ti es.
Because nost per periobtowdeny sadcdoistbagrate and said magnetic layer and

10 (ii) at least one second underlayer having a body
centered cubic structure and a (112) crystal texture
disposed between said first underlayer and said
magnetic layer; and,

a magnetic transducer positioned in close

15 . proximity to said medium to record and read data to and

) from said medium.

22. A method of producing a Co or Co alloy

”wfiméénetiC'layer having a (1010) crystal texture on a
_substrate, said method compr1s1ng.
207 " prov1d1ng an underlayer structure characterized by
_ providing at least one first underlayer having a face
" ‘centered cubic structure and a (110) crystal texture on
a. substrate and grow1ng ‘at least one second underlayer
having a body centered cubic structure and a (112)
25 crystal texture from the first underlayer; and, |
depositing a Co or Co alloy magnetic layer on the
second underlayer. ~
23. The method of claim 22 wherein:
said method further comprises providing a
30_ substrate having a (110) crystal texture; and,
_ 'said providing a first underlayer comprises
i'grow1ng a first underlayer having a (110) crystal
"texture on the substrate.



43 transducers- have very—+—m-ted, _non-sharp, head field gradi ents
the recorded transition t 0 be non- sharp. However, if the-

per pendi cular nedia is ﬁ"@i’[lgm ,’,:” y oriented with virtually no

di spersi on.5 .iwodopg978 axes allites, then this ma¥nwsesnasss
conpensate for the | ess than ideal retord head field gradients..
Therefore, it is desirable to produce a ghighly oriented (0002)

per pendi cul ar Co | ayer for use i n perpendi cul ar recording nedia. 10

The (0002) orientation provides a close packed atom c surface and is
t he | owest energy st ated.f oThehmethodhof siairt22 evhentesiref ore Co based

materials tend to é&%@&é‘th&dgfﬁﬁﬂéfhc&nﬂ%éw di&d dd- there is

no epitaxial interface to |nd ce a different” 15 orl ntatlon (texture) upon

the material. PrEAdred s GdFEgsF% Shl suPsirahmRaving tﬁe 3#0)t o i nduce
hi gher qual i torysded2texextrese in the Co | ayer. However, shown I n

the x-ray diffgraction fald eheihohg af &%&éf% @a(]\ﬁép i

CoCr Pt/ Ti/ oxi di zed- Si,, 20 respecti 21 fés 21(Ebe)s§ t he T|

| ayer is gen&FAWipshét SAEFF Hpéﬁﬁiéﬁ T%‘Ef@pr‘rﬁ ed of o ihrenied t hat
Ti is not acting &sLod s:e:et*tlaayeextbne essein¢ i sibbgtrate asard wet ting | ayer

that eliminates the inf] :.‘&e?:‘i%vgf:\lg Eecgﬁae‘m&éd*%& ddipSidys rate or

previ ously deposited 25 e%F FlLén ase Al so, the
deposi tion of Co-Fr¥dddnd &erapd und eH F¥RT | BAARA 3 FHR)sivatde wil |
general |y reawl t texture mnCoheaselstaate | asa it v amd quraddriayhr betimge and

the OFIGHtQI!éHh#F S I 0, EECal B¥PE - or L dadedildl having a B2-
ordered structure and a lattice constant substantially
.. comparable to Cr. ' |
25. A recording medium comprising:
15 . .. a substrate; .
a Co or Co alloy film having a (0002) crystal
'texture forming a magnetic recording layer;
' . a flrst underlayer structure having (i) at least
'one fert underlayer having a face centered cubic
20 .. structure and a (11l1l) crystal texture disposed between
1easa§d_substrate'and said magnetic layer and (ii) at
1eaet one second underlayer disposed between said first
;ﬁndexlayer and said magnetic recording layer to induce
- the (0002) crystal texture in said magnetic recording
25 layer. '

26. The recordlng medium of claim 25 further
compr191ng a third underlayer having a body centered
.cubic structure and a (110) crystal texture positioned

.1 between_said_firs;"and second underlayers.’
30 27. The recording medium of claim 25, wherein
' »--8ald second underlayer comprises a hexagonal close
gﬁpacked structure and a (0002) crystal texture.
'. 28. The recordlng medium of claim 25 wherein:
:sald first underlayer is comprised of Ag; and,
'35g;sa;dgaubstrate compriges a Si(11l1l) single crystal.



30 orientation, fcc str owest ener gy state,

therefore, the Co-based |la devel op a strong fcc (111)
crystal | ographic texture, m l’ABII HJ“ ﬁiﬂ\ﬂ! he cubic structure results in a
low . coercigg gggnetl i cants have foungdrimbssgisy
wel | oriented 0002) Co- based | ayers can be epitaxially grown using

44 - (111) fcc as a tenplate through t ? use of an i nternediate hcp
tenptate. Specifically, if Ti is deposited on (111) Ag, the Ti wll
assunme a (0002) orientation which has a simlar atomc face lattice to

5 the fcc (111) orienggli OPhe afecditithg Meditim 32. ahieof c149R029
orientation of Tb %6%3 ficantly inproves the Co- based | ayer to grow
epitaxially in a P # orientation to produce a recordlng medi a having
a nearly ideal saigefpennadcanderlayny dnt eomprdésedi #§ Tayer. A conparison

10 of the lattice copetanthe ofeddrdidre? ntEidm 6f4c§8ﬂ1;§\)?;[9ﬂdwhere§9 ver . the
(2 S0 e OB HHE8nd AT SDREST Iy cqcbrbbAfEieg OIS !
t he allgnnent of Ssructure hav1ng a (111) crystal texture and an atomic
-spacing comparable to said magnetic recording layer.
31. The recording medium of claims 25 to 30,
further comprising a soft magnetic layer and having a
10 face centered cubic structure and a (111) crystal
texture disposed between said magnetic récording layer
and said first underlayer.
32. The recording medium of claim 31 wherein said
soft magnetic layer is made of NiFe.
_ 15 - 33. The recording medium of claim 25, wherein
said substrate comprises:
e a substrate material selected from the group
“*Iconsisting of glass, NiP coated Al, glass ceramic,
“‘ceramic, and 8iC; and,
20°° - 'a third underlayer having a body:centered cubic
‘structure and'a:(llb) crystal texture disposed on said
'*5Esubstrate material.
. 34. The recording medium of cla1m 33, wherein
‘said third underlayer is comprised of Cr, Cr alloys or
25 a material having a B2-ordered structure.
35. The recordlng medium of claim 25 further
L?comprlslng.
‘a second underlayer structure dlsposed between
said magnetic layer and said first underlayer
30-5Struéture; and,
" -a soft magnetic layer and having a face centered
“cubic stricture and a (111) crystal texture disposed
3fbetween said flrst and said second underlayer
_ "structures. '
'35 . 36. The recording medium of claim 35 wherein said
second underlayer structure has (i) a first underlayer



6x6 mesh of Co unit cells with a 5x5 nesh of Ti unit 15 cells. One
skilled in the art wl | -retethat—the particul ar conpositions used in
the fcc and hcp t enpl cessarily depend upon the

| atti.ce spaci, %é}ﬁu e de%iﬂﬁ@]}i‘g!ﬂﬂmmllmﬁ For 20 exanpl ep .f.,{}ggs;}g s
tenpl ate | ayer rrust ave s spaci ng that is corrpat|% e wmth the
fcc layer and shoul d not have a stable&{cc phase in the range of

deposition tenperatures and processi ng con ions. For  exanple, when
different Co alloys are used in the 25 magnetic |ayer, different -

conposition can bavisgdaagace céheeRed é&ﬁ&&fﬁé%dﬂEk¥éiﬁﬁﬁ'é rmaég the

| attice size of 11) fcc

ar.| al
tenpl ate can al sSrKgLa? pﬁ%‘éﬂr?oa?‘hd&@e) t%é%‘iﬁﬁ‘ﬂ}-}"ﬁf h%@ﬁ’ hé8r fcc
30 structures ahsksgonsltclohe proked sfrudmufe@rth d Ap®02) crystal
Specifically, sotbxBagast aﬁdmat erials, such as N and Ni Fe permal | oys,
can be epltax%ally gr own .on structures,

In these fc
t he magnetic Basy S?igss?fzgn?ie“é?d?%axiﬁﬁta giadheb. Linst tn iaﬁ’ﬁe soft 35
magnetic | ayer wskkugtuvedésaacface centered aubietatmucturepimalvihgr at he '

magnetic field gqaenyt edyBeapenekestal to
37. The recording medium of claim 36 wherein:
' said soft magnetic layer is comprised of NiFe;
10 said first underlayer of each of said first and second
| underlayer structures is Ag;
said second underlayer of said first underlayer
' ‘structure is Cu; _
" said second underlayer of said second underlayer
15 structure is Ti; and, :
' said substrate comprises a Si(111l) single crystal.
38. A magneto- oﬁtlc data storage device including
"';the recordlng medium of any one of claims 25 to 37.
39. An apparatus for data storage including the
20-_record1ng medium of any one of claims 25 to 37.
- 40 A transducer compriging:
) a 'substrate; _
" a soft magnetic layer hav1ng face centered cublc
structure and a (111) crystal texture; '
25 = a first underlayer having a body centered cubic
" structure and a (110) crystal texture dlsposed between
sald substrate and said soft magnetic layer; and,
- a second underlayer having a face centered cubic
structure and a (111) crystal texture disposed between
30'Qeaid first underlayer and said soft magnetic layer.
E 41. The transducer of claim 40 wherein:.
*f saiq_first underlayer'is comprised of Cr;
" said ‘second ‘underlayer is comprised of Ag or Cu; and,
_ said soft magnetic layer is comprised Ni, a NiFe alloy,
35 a facé centered cubic Co or a face centered cubic Co
© ‘alloy.



45 the | ayer duri ng—pe#pendm&wrdi ng. The soft magnetic

mat eri al s can propagate the orientati on for the (0002) hcp

tenpl ate and (0002) hcp CoH u“mﬁm In additi-on, a (0002)
Co- based | ayeg,ddpy s;7?es a ' will further ind /l?s%/issss
magneti c materitals to grow ep|t5X|éII§/ in a (111) orientation to
forma thin top keeper layer for the perpendicul ar nmedia. It is noted
that-the keeper layer will also 10 have t 5 magnetical Iy easy axes
predom nately in the - plane of the |ayers. A nunber of tests

ver e F_erflorr_red to assqas t Me trafb@heet ebf Séiapﬁnspfzmt %d@QO%)er@anbased
magnetic | ayers. n i a
Co?err] Cr[ e?/r] Pt (9 St‘% ﬁrfgaf ilg p%%ﬁg’sf’t Fé"'yr?%ﬁ}er previ ously

di scussed. As bef &3, ﬂh@eeprdaugahecéxmemcammrsﬁmi:at i onshi ps were
studied with both the O/drareakerr]-scan method on a Rigaku X-ray
diffractoneter using Cu Klerr] radiation. The magnetic properties of
the CoCrPt filsnms wer e anEasoredo28llogi Bhlm Wivgirngla Maadanerwanta ysiens

vi brating sanple s‘rmh@%&%@Ee??gﬁﬁnﬁ%ﬁ%ﬁl&O‘[gcgltdmﬁfﬁ?’ ?o al | oy

effectively decr ease e satura on so, is nore
appropriate for perpeddt dpdgrlayer pereetnyg haying @ atyfeast) ops
The x-ray diffractirst spieirlayber havisgr£stadatdertered cubic structure

oo P O™ o R ARG By bR T BLRUe Ot Bl B wes AaBanOh I

Fig. 23(a). correspondin 30002) :
and Ag(111) 10 ﬁ%%%séﬂédmﬁn%merﬁ%iw %aymrcaﬂdndla gdsd 30

orientation of tHedstd he sfsoadconperiasper having a body centered
-cubic structure and a (110) crystal texture disposed
between said first underlayer and said magnetlc
recordlng layer.
15 . 44. The recording medium of claim 43 wherein said
. substrate ‘is a 8i(111) single crystal.
__?’  45. The recording medium of claim 43 wherein said
'fﬁ%flrst underlayer is Ag; said second underlayer is Cr;
“'and sald substrate is a Si(111) single crystal.
20 46. The recording medium of claim 43 further
comprising a third underlayer having a polycrystalline
Hﬁhbody centered cubic structure and a (110) crystal
”htexture dlsposed on said substrate. _
47. An apparatus for data storage comprising:
255;;_ - the recording medium recited in any of claims 43
7 o 46, ang,
a magnetic transducer positioned in close'proximity '
. . to said medium to reccrd and read data to and from said
medium. . |
30 ' 48. A recording medium comprising:
‘an underlayer structure; and
a magnetic layer structure disposed on the

underlayer structure; and,
. . a substrate disposed beneath the underlayer
35 structure, the recordlng medium characterized in that



CoCr Pt (50nm)/ Ti (50nn) films were also grown directly on HF-Si(111) without
the thin Ag tenplate and the x-ray spectrumin Fig. 23(b) shows a good,

the o taxial gt guchy of VA JTMINgR S ©r o " e tever S5 ennences

46 an e ToCr Pt (6008) bheak. <t is noted that the PCT/USIB/I38S
diffraction peak of Ag(111l) lies at the sane angle as the Ti (0002)
peak; however, because a 12 nmAg filmwas 8 used the Ag peak shoul d not
have substantially 5 contributed to the height of the peak. Figure 23(c)

shows the diffraghy OBuBQE!éaEBrlgogé’iﬁﬁﬂé'%Qééﬁ Si ha (r#@me Wi g

exhi bits an extrenel¥ trong_texture conS|dered
bel ow. Hiidl ZEWHSQ& Fﬁ%tPE?r?rs%aW]ﬁ?e&%‘?ﬁ fHextHgre .
CoCr Pt/ Ti / Ag/ HF Si sagpl.e Thd saoprasnygv médiemest clanjna)qer whealedng satitih

cubi ¢ crystal Jnagnaegccﬁagggoamctufée{]e g 6‘3%5 'S Qhldeay that are

necessary for th nterpretation o expected fromthe
(111) stereogPapHREMBLdFeBEFBHS(Fig. 24(a')), three 15 diffraction peaks
that are 120[err] apasb.ar #hkonadordihdemedium recited in claim 48

wherein the substrate is Si (111) and the underlayer
structure is characterized by '
at least one first underlayer having a face
10 centered cubic structure and a (111) crystai texture
disposed between said substrate and said magnetic
layer; and,
at least one second underlayer disposed between
said first underlayer and said magnetic layer
15 mstructure
. '51. The recordlng medium recited in c¢laim 50
'further comprising a soft magnetic layer disposed
_,;between said first and second underlayers.
777 "s2. The recording medium recited in claim 48
20 wherein the substrate is Si (111) and the underlayer
Structure'is characterized by '
“a first underlayer having a face centered cubic
”fstructure and a (111) crystal texture disposed between
said substrate and said magnetic layer; and,
25 -, a second underlayer having a body centered cubic
structure and a (110) crystal texture disposed between
'_said first underlayer and said magnetic layer
- .. structure. ' _
.~ 53. The recording medium recited in claim 48
30 . wherein said magnetic layer structure comprises a Co or
.,,..Co.alloy based material having a (0002) crystal
. texture. |
- . 54. The recording medium recited in claim 53
73£uxther comprising a third underlayer comprised of a
35 'hexegonal close packed structure having a (0002)
: crystal texture disposed between said second underlayer



Si {220} - poI e scan speMe crystal Si (111): substrate
(Fig. 24(a)). st ereogr aphi c projection of cubic
crystal in.Fig. 24(b") Mﬂﬂ,ﬂ”ﬂ”ﬂ" hows three 20 (110) poles. Six
di ffraction §§2 9_}30\/\/e\fer £ rved in the Ag{220} fﬁsﬁﬁa&

I ndi cating egf(? 4 pol es as denot *ed *by crosses in Fig. 24(%

suggests that there exist two crystallogra h|c domai ns of Ag grains in
the ‘Ag(111) film The two donmi ns nost 2 I|ker energe fromthe Ag/Si
epi taxial interface when Ag starts to growwith two different atomc

may al.so be a result _of twnnin c.netals, the

(111) plane is the ngst SBEG 109 BEHIT =GRS %eélndnt ﬁ@aew ARi ng
direction is. whefeid] saltiemagsetic npyeso mtm&eofcom:rgsgsna flaver
(111) planes parallel with the substrate pl ane, atom c
configurations &Ce2hPYoPapRdgeatemtat haeing a’her °1l)pé7|ry¥§ﬁéﬂ-cul ar to the
tw nni ng directicetutie first, 35 third and fifth peaks in the

Ag{ 220} - pol e scan Spggtrughe recording medium recited in claim 48
wherein the substrate is Si (110) and the underlayer

configurations that sgga {ﬁhéﬁgg;%;ﬁ{é: of e RAGH her . The two domai ns

47

structure is characterized by
at least one first underlayer having a face
10 'bentered cubic structure and a (110) crystal texture
disposed between said substrate and said magnetic
layer; and,
:' | at least one second underlayer having a body
centered cubic structure and a (112) crystal texture
15 dlsposed between said first underlayer and said
magnetlc layer structure.
'57. ' The’ recording medlum recited in c1a1m 48
whérgin said magnetic layer structure comprises a Co or

,Co alloy based material having a (1010) crystal
20 texture. o
8. The recording medium recited in claim 48
”whereln the substrate is Si (111) and the underlayer
structure is characterized by

a Co or Co alloy film having a (1011) crystal
25 texture forming a magnetic recording layer;
a first underlayer having a face centered cubic
structure and a (111) crystal texture disposed between
'sald substrate and said magnetic recording layer; and,
- " a second underlayer having a body centered cubic
30 _structure and a (110) crystal texture disposed between
' Tsa;d flrst underlayer and said magnetic recording
zlayer ' ' '
" 7" 59, The recording medium recited in any one of
;1a;ms*48 to 58 further comprising a soft magnetic
35 “keeper layer disposed on said magnetic layer structure.



appear at the sane |ecations as the three peaks in Si {220} scan,
confirmng the parallel rel ationship between the Si[112] and Ag[ 112]

di rections. ﬂml lillfmmlﬂlaﬂ) rved in the Ti{1011}-pole scan 5
spect.r um showgglebyadoh0 - i [ Ag/ HF-si ) fil s pcthisédhsass | N
good agreenent wth the st ereograph| c projection (Fig. 24(c')).. Also
confirnmed is the parallel relationshig,between the Ti[1010] and

Ag[ 112] directions. Good agreenent is also found 10 between the

CoCr Pt {1011) -pol e scan [Fig. 24(d)] (Co/ Ti/ Ag/ HF-Si) and t_he Oo crystal
(0001) projection 6J.Fi g\n 26pdratusAfionr deta aéttmgeelcajm;ﬁmsé“ﬂ

CoCr Pt (1010 | | Ti [101QLd g_,quogalg@t ﬁéﬁlﬂﬁdréé same e[rngESthlVa t hat the

Si X peaks in the Co spectrum 15 “appear at t |ons as
those in the Ti 32 afSkctrum The magnetlc properties of the
CoCr Pt/ Ti / Ag/ HF- aSin(al_:;hb);mambasaﬁeefopqsﬁmbﬁéd tirwssigdfe f our ot her

sanpl es as "St?%dﬂ]m}%g} %d o1 8NRBOBRCLY! FE5rd [£d |deckd aatl] R TRAR" 0
with the applie erpen I C ar to e tTilmplanes.
om said medium.
61. A transducer comprising:
an underlayer structure;
a magnetic layer structure disposed on the
10'.under1ayer structure; and,
a substrate disposed beneath the underlayer
structure characterlzed in that the substrate 1s a :
-single crystal si ‘having one of a (111) crystal texture
or a (110) crystal texture.
i5 . 62. A recording medium comprising:
an underlayer structure; and
a superlattice multilayer magnetic layer structure
.disposed on the underlayer structure; and,
a substrate disposed beneath the underlayer
20 = structure, the recording medium characterized in that
- the substrate is a single crystal Si having one of a
© (111) crystal texture-or a (110) crystal texture.
' 63. The recording medium of claim 62 wherein the
underlayer structure is characterized by (i) at least
25 one first underlayer having a face centéred cubic
j'structure and a (111) crystal texture, (ii) at least
~one second underlayer disposed on said first'underlayer
and having a face centered cubic structure and a (111)
. ecrystal texture, (iii) a soft magnetic layer disposed
30 - on said second underlayer, and (iv) at least one third
' }funderlayer disposed on said soft magnetic layer and
ﬁfihav1ng one of a hexagonal close packed structure with a
ﬂf(OOOZ) crystal texture or a face centered cubic
”?ﬂgtructure with a (111) crystal texture.
r-;35;;- 64. The recording medium of claim 63 wherein said
first underlayer is Ag, said second underlayer is Cu,



48 “\N~N‘~‘§~\“BF€‘#+~ Sanpl e

Substrate IWM/ er pendi cul ar (easy axi s) and

i n-pl ane( hard axi s) ”" rgﬁﬂ of sanples A-E, respectively. A
skewed squar ewbommer3s observeH arto per pendi cul ar dpcrUSIB2BBSEUE t O
the demagnetization field. ‘The openness and the non-zero coercivity in

t he hard axis . &8

said soft magnetic layer is NiFe, said third underlayer
is Ti, a non-magnetic CoCr alloy or Ag, and said
substrate is S8i(111).
65. The recording medium of claim 62 wherein said
5 magnetic layer is selected from the group consisting of
a Co and Pt multilayer, a Co and Pd multilayer and
combinations thereof.




i n-plane | oop may be due to intergranular interactions 10 or sinply that

the maxi mnum applied field intensity is insufficient to saturate the
sanpl es. The curvature of . the hard axis loop is nost likely due to the
non-zero - VWPE2YF3 the ani sotropy constant K2 as di scussed FCT/USORZI8HS or
Wi th respect to the Co(1010) filnms. 15 In Table 11, sanples A and B
are CoCrPt/Ti filns deposited on a glass substrate and a Si (I111) wafer
covered with native oxide, respectively. The XRD spectra of the sanples
(Figs. 21(a) and 21(b)) do not show a Ti crystal texture in either both
sanples, as 20 previously discussed. Also, the coercivities of

sanples A and B are | ow, presumably because the Co | ayer did not
epitaxially grow in the%0002) 49
orientation, but slowy dgvel oped sone (0002) texture naturally as the
filnms becane thicker, whick resulted in dispersion in the c axis
orientation. The poorer orrentatton 1s also 1hdicated by the shape of
the 5 hysteresig |oops shown in Figs. 25(al-bl)and (a2-b2). Hi gher

coercivities and @4 nore ideal shape 02 t he

/

11

1730



hysteresis | oops were obtained in sanple C and D (Figs. 25(cl -dl') and
(c2-d2)), in which the oriented filns were grown on HF-etched Si(111),
which is consistent 10 with the XRD spectra of sanples C and D shown in

Fi gs. 23(wol0drz4073 . As previously discussed, a 12 nnpthiusssAgsdsayer
i ntroduced before the deposition of the Ti layer in sanpl e D inproves
the orientation of the Ti and the Co 15 alloy. The XRD spectra (Fig.
23(a)) shows that the Ti (0002) peak was greatly enhanced when conpared
to the spectra of sanple C ¢Fig. 23(b)). The inproved orientation of
the Co filmwas strongly visible foro © sanples wth the Ag as thin as 10
nm and- remai ned 20 effective for all” gfieatler tTHickness. It is believed
that the inproved Co (0002) origntjatifonjusiing aJ Ag | ayer persists bel ow
10 nmthick, and presumably asgs 5 - gt NUOUS | ayer i s nmaintained.
However, due to tests, appar a | o limt of this 25,
range is not nore cledr?y defi} o hyst&resis curves show
that the coercivity of \\\{he B D i naxeases with the

hi gher quality of orientat! onsi stent with t he
hi gh degree of orientation, sij . resylts were obtained
for the thicker Ag |ayers. 3 prep d by depositing a
50nm CoCr Pt filmdirectly yer ag HF-Si (111) and
tested for conparison with the CoCrPt/Ti/Ag/Si filns. The hysteresis
curves for Sanple E are shown in Figs. 35 25(el and e2). The XRD spectra
(Fig. 23(c)) shows an extrenely strong crystal texture for the CoCrPt
film

2 (b)

Fig.

2 (a)

Fig.

2/ 30



50 However, the coercivity of sanple E is | ow conpared W th
sanples grown on Ti either with or without the Ag i ndi cating that the
Co phase is nost likely present as an fcc structure. 5

Addi ti onal -t egig gapaovas perf.ornmed using a pure Co target tecr/esidse
viability of epitaxial growh of .materials with high 4[err]. Hghly
epi taxial pure Co films, Co/Ag(111)/HF-Si(111) were found to grow on
t he - Ag film however, because of _the high 4[err] of pure Co, 10
2[err] > Ku, the magnetization |aidn|the substrate pl aneo_The hi gh
magneti zation may result in pure Co perpendicular fi \ha
large Klerr] v ue simlar to thos i i bi
pure Co filnms R~y discussed earlier
magnetic dilu in the Co fi y be necessary to

be used in magnetic field si ng devi ces.

to be sufficiently | ow magnetic bubhhle filns may even
QG her fcc tenplates and dRderl ayers gar-al so be 20

| attice matching of , )
is conpatible with \~.the ) aft' ce spacing of Co and to
with . .

{1120}

{1010}
i
!
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Ag. A Co(1000[err])/Cu (500[err])/Ag(300[err])/si (111) filmwas

prepared and tested. As shown in Fig. 26(a), both the 25 Cu (111) and the
Co (0002) | ayer show exceptionally strong epitaxial gromh fromthe Ag
(111) tenplatﬁogmbﬂw3 contrast, the Cu atomic lattice spaci ngcrasgensessal |y
| ess conpatible wth that of the Si. Thus, a Co(1000[err])/Cu-
(500[err])/Si (111) filmdoes not result in a 30 strong texture in either
the Cu or the Co | ayer, as shown in Fig. 26(b). I n magnetic
field transducers such as magnetic recordi ng heads and pl ayback

magnet oresi stive and spin val ve heads, it is generally desirable to
prepare NiFe 35 wth a 111) texture to enable very soft magnetic

51 properth , permal | oys and ot her soft nmagneti c
material can be pr (111) orientation that will result in three
fold oriented, mag ' (111) axes Iylng‘ﬁéar t he substrate pl ane.
5 In additiqm eneficial use of orienggd soft magneti e
materials for senget , it is believed tpat perpendi cul ar nedi a
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magneti c underl ayer and/or - even a soft overl ayer (keepered nedia). For
exanple: 10 CoCrPtTa(0002)/Ti (0002)/Ag(111)/

Ni Fe(111)/Cu(111)/Ag(111)/HF-Si (111) would provide both an oriented
soft magneti cywigwdphdzayer with a highly ori ented perpendi crdasobassss
magnetic | ayer. Permalloy (NI 79 wt% Fe 21 wt% filnms were 15
sputter deposited on different underlayers on HF cl eaned Si(111)
substrates using the techni ques previ ously described, except that the
films were heated to 260[err]C prior to deposition. The conposition of
t he permal l oy filmare shown below in Table I11: 20

Table 111 - conriguration A N Fe
50nm Si (111) - MEesae 5, B Ni Fe 50nm Ag 100nm Si (111)-HF C
Ni Fe 50nm Cu 1@« 2nm Si (111) - HF D Ni Fe 50nm Cu 50nm Ag
100nm Si (111) Ey XA | E Ni Fe 50nn Cu 1C1)nn1h@ 100nm Si (111) - HF

F Ni Fe 50n MR Ag 100N Si (100) - HF The XRD spectra for
each filmis s 1S, 27(a-f). As shown |23k|g 27(a), the N Fe

devel ops on\\e GNAL11) texture when deposited on (111) Si. 25
However, the dep® “of a &c (111) Ag tenplate under| ayer on the
(111) Si prior to the dep05|t|\-on of the permalloy produces strong (111)
t exture devel opnent in the"Ni Fe layer, as evidenced by the factor of 20

increase in the §ounts tected during XRD testing. 30 I n addi tion,
the (111) texture of the|N Fe (Ni(fcc), a=3.52A; Fe(fcc), a=3.65A) can

be further
|
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52 i ncreased through the use of a (111) fcc, such as Cu

(a=3.61A), that has a better lattice match than Ag (a=4.08A). As shown
in Figs. 27(c-e), the Cu under | ayer further increases the (111) texture
of the 5 N Egofobhdtya ; Simlarly, N Fe(100 has al so peemsgpesit ed
on Cu/ Ag/ Si (100) - HF S|ngle crystal tenplate for conparison W th the
Ni Fe (111) texture. The nmgnetic properties have been characterized
with BH loop tracer. The in- 10 plane coercivity of sanples E and F were
det erm ned and are shown bel ow. Safy ®xXi mum i n- pl ane
M ni mum i n- pl ane Hc Hc
2.64 De 1.65 Ce, A F 26. 5 18.6 Ce
The coercivity of N F1iN\ al ong an easy axis o . Cu/ Ag/ Si (111)
tenplate is less t wher eas, i : 4 fvity of
Ni Fe(100) filmon 1 100) tenplate is neg ®| This indicates
that the easy axis Fe alloy is in <11 L on and the -
ani sot ropy constant t he | atEugl further
denonstrating that i ‘.oft magnetic prop an achieved in
t hese -8 =) a
oo &
| N
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highly oriented (111) NiFe filnms. Furthernore, by performng this

. deposition in the presence of an applied magnetic field the coercivity
will be further reduced. 25 One of the problens that has al ways
exi sted for -woge4gendi cul,ar media with a soft magneti c underdrysos2385s

a medi a noi se associated with the soft underlayer. For traditional,
non-oriented N Fe soft filns Baslkfrausen noi se aSSOC|ated with the N Fe
dormain walls being stuck 30 at g@rain boundari e$*fds been a problem It is

bel i eved that the three fol i'x-phame orientdt onghhpt results from
the epitaxial growth on (111)®si®gl gberystal Sa gey--nelp to reduce this
noi se source. Likew se, it may A 53

be possible to put a soft nagnetﬂg(ﬁéeper | ayer OR of the Co-all oy,
such as Ni Fe(111)/Cu(111)/ Ag(111)/ CoCr Pt Ta(0002)/ T“AQQQZ)

/[ Ag(111)/Ni Fe(111)/Cu(111)/Ag(111) [/ HF- SPec(rdiidy & cais | n addition,

Dd 'BFEPar ed on

super-lattice like multilayers @&m; _ Cb/Pt and
; ¢ FQr several years. It

conventi onal substrates

shoul d be possible to gﬁa' Wﬂw@ orleﬁJQ;-4uﬁns of these
A\

CoCrTa [0004]
¢ axis
{variant2) ~

Fig. 7
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types by using the structures described on the single 10 crystal Si(111)

substrates. An underl ayer/substrate structure such as Ag(111)/Si(111),
Ti (0002)/ Ag(111)/Si(111), or Ti(0002)/Si(111) may be appropriate. It
i's believed tyghofdotalll)/ Ag(111)/ HF- Si (111) filnms may abeoubssiasssdi zed
to produce a highly 15 self ordered porous structure into which Co alloys
can’ be el ectroplated to formself-assenbl ed ordered magneti c arrays
( SOWVA) . I n anot her as pect of the i nyent e | cants have

L

found that (111) fcc struct ufEER dﬁﬂx‘-:&”{a;&_
mat ched (110) bcc structure, \eé’ "‘W S5
crystal Si. In the absenci J@,cgaff‘eﬂ\? A
the (111) texture will depend¥$d 3
Thus, the Ag (111) can be :”ip'

strong (111) texture, whi E¥EE A
textured (111) N Fe or -&2,“2. ; #®- based | ayers
as previously described. FurtWEpmENeilmsH » Aderabl e qual ity (110)
bcc textures can be obtained 3Q,. 5@(,1& to the atom c cI ose packed surface
structures, several high qaa{stisy&text an be obt ai ned upon

t hese Iayers. For exanpl e, pol ycryst al l4%% ; cobalt can be

i nduced via proper lattice con% i b W

Co(1010O / bcc(112)/fcc(110)/ becec(120)™ ven
Co(1010)/bcc(112)/bcc(110). 1In pa

5ing a lattice
al (111) single
strength of
(110) texture.
or M with a
row strongly

s 9——o—%
0 250 500 75C 1000 1250 1500
Ag Thickness (A)

FIG. 9
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54 bcc and bcc derivatives wth unit cell lattice par anet ers of
a=5.0 (Ba, BaCa, etc.), a=3.5 (La, [err]-2r) or a=3.75 (LaZn, LaAg,
NdAl , CeAg) are suitable matches to a fcc (110) structures, such as N,
Co, and Qu, @0do2P76 110) bee structures with a=5.7 (Ro) mat c¥F JEWESO8EHER | y
to Ag(110) to yield: Co( 1010)/Cr(112) [111] /Ag(110) [110]

/ Rb(110) ‘[ 100]; Coed QO +Crf T+2) Tt Ba(rIO)N[ 100] ; and,

Co( 1010)/Cr(112)[111]/Ni (11@3(1‘1’0]/ "(110)[1 OJi i 8 10 ; Fi gs. 28(a- b)
show x-ray diffraction sppcgoBc wunder | ayer filns
grown on gl ass substr§3t4e°s 0)] Cr Mh under| ayer.

In Fig. 28(a), the Iowe@rgy fcc structure is
t he predomi nant orientation®?j is weak and ot her
orientations are al so obs contrast, Fig. 28(b)
shows the Ag(111) texture on the CrNh l.ayer to be strongly devel oped,
nearly seven tines the intensity of the (111) texture w thout the bcc

| ayer. 20 Fi gs. 29(a)wafdd (f)y—show m_spgcr ra for a Ni Fe 50 nm
film deposited directly on & gisaps. etbStr t_eb.ang\oﬂ a Cu filmdeposited
on a glass substrate at 260fe|2¢n} 9 expected? {neither filmdevel ops a
strong texture and for Eherst Fe/ gl 455 ﬂ‘ﬂﬁrﬁ%}jk peaks are observed for
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25 both the (111) and (200) Ni Fe orientations. In contrast, Figs.
29(c-d) show XRD spectra of a Cu(100nm / Ag(100nm / Cr (30 nm /gl ass and
Cu(100nm/ Cr (30 nm /gl ass deposited at roomtenperature, which exhibit
strong peaks wodypati ve of a stong (111) texture in the 30 PCT/A898/23855
As m ght be expected, the strength of the (111) texture in the Ag | ayer
on the Cr/glass layers is |ess than on the single crystal S (111).
However, the use of the lattice matched bcc | ayer provides for
increased 35 flexibility in substrate selection and provides for a
55 pol ycrystalline | ayer that can be used to induce extrenely
strong (111) texture. For exanple, Co-based | ayers that have a
guad-crystalline (1011) or (0002) per pendi cul ar orientation can be
produced on a 5 cogj\empional rotating recordipgigpdi um in which the
crystals are randomin the plane of the nmedi um and have
quad- cryst al | i ne [891pker pendi cul ar or der wi tf@,iogls]}he crystal.

&

Fig. 30 sh f typical C fil
T
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10
substrat es.
t hi ckness as nore of the x-

of various thicknesses prepared by RF di ode sputtering.
The (110) peaks increase

sonmewhat

on to gl ass

linearly with film
rays are diffracted fromthe thicker filns

as oppose to.woeoBgHg transmtted. On the other hand the pealcusspessss 15

fluctuations or
Conparing the (110) signal
peak to peak
Li kewi se if one takes the signal
di vides by ratio of

peak

noi se of the background signal

i's
hei ght of the 50 nm

relatively constant.

thick filmto the

noi se to one can see that the ratio is |less than 10.
peaks for the thicker 20
the filmthickness to 50

filns and

nm one obtai ns about the

50 nmfil ns

ay 'diffracfion peaks
noi se rati os nmay be
& |ow deposition rates or
ese inprov?d peaks are not-

ar e

present invention.

d then depdsition of Cr onto
exhibited Py the results in

ant |y i nproved
i ghly oriented

pasi ng crystal

=

sane peak signal to noh%ﬁ rati o. Hence, we see that for
t ypi cal signal to 0 rati'os ¢ff’ the x-ray
| ess than one. In general [h&ever, tﬁbse signg to 25
sonmewhat i nproved by pr si ng vt h bi ag
depositing on we tiqg@layers. wever, th
nearly as strong as 6 n exhibig in filmy of the
The deposition of fég Ag onto (110) 130 Cr a
the Ag results in fag 4000¢tonger t¢xture as
Figs. 28 and 29 ere the textufle of Ag i|s signifi c3
by the Cr (110) | ayer. 2000} Thejiper f or mapce of the A
| ayers of 35 the present inventigﬂjuncrease W th incr
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56 texture of the films. Therefore, it is preferred that t he
films of the present invention have XRD signal to noi se rati os of at

|l east 10 to 1 per 50 nmof film t hi ckness as determ ned using the thin
filmXRD nmet aslhonasdescri bed herein. Wiile the present invermiuusigadshe
practiced using filnms having | ower signal to noise rati os, the benefit
of the inventi wll nost likely not b eal i zed to e sane extent as
for -those filns ()havi g hlg@ ratios. e bcc (110)
layer to inducesebhe (111 f'ce | ayer prow des fo Co- based | ay®(s having
a strong ﬁ(OOO ) orientation tkaE can be incorpbOrated into
conventi onal gmé¥Retic nmedia for ugelin perpendicydl ar recordi ng
appl i cati ons~e ID'_yi ng strai ght fqrward 15 under/l ayer and magnetic
structures, suc E EZCrPtTa(CO( 2)/Ti (0002) [/ Ag(111)/ Cg6310) / gl ass)}
These Iayer So s et bot h magnel o- gpb)i<c nedi a an¢P10)
per pendi cul ar mag¥et i 80’nedEl wttPh a%6f wi t hout the soft under | ayer

structures and the keeper %¥redi a overl ayers. 20 The Cr alloy fil
with (110) texisp easy to achheve because the (11

texture surfa Qb)ls t he | owgst emhergy, close packed, surface for t he
bcc crystal. b oo@ s been|shown that Cr(110) can be prepare b
depositing very thick |ayers, ~depgsijting at 25 room €, using | ow
deposi tion ra:tes or nos : prefe ably by using substrafgnbi as vol tage
during sput E deposiition.. - Those of ordinary Skl Il in-the art
w || appreciate t hat nunber @f [modifications and varl(at)l ons can be -
%o o9n°  [B0° 270°  360° {c) :
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30 rmade to specific-aspects of the nethod and apparat us of t he present
i nvention w thout departing fromthe scope of the present invention.
Such nodi fications and variations are intended to be covered by the
foregoing - -wvapseasbiscati on and the foll ow ng clains. PCT/US98/23855

57 CLAI V5 What is clained is::

1. A recordi ng nmedi um conpri si ng: a substrate; 5 a Co or
Co alloy filmhaving a (1010) crystal texture form ng a magnetic
recordi ng | ayer; an underl ayer structure having (i) at |east one
first underlayer having a face centered cubic structure and a (110)
crystal texture di sposed between said 10 substrate and said magnetic |ayer
and (ii) at |east one second under| ayer having a body centered cubic
structure and a (112) crystal texture di sposed between said first
under | ayer and said nagnetic | ayer. 2. The recordi ng nmedi um of
claim1 wherein said -

Domain X from Epitaxy [1%21 Dormain II from Epitaxy

=9 /6
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15 second underl ayer conprises C alloy solid solutions. ' 3. The

recordi ng nmediumof claim1l wherein said second under | ayer conprises a
material selected from the group consisting of B2, D03, and L2[err]
body cent er edyg o9249480i ¢ derjvative structures. 20 4. p&hesysesgssdi ng
medi um of claim1 wherein said second underl ayer is conprised of a
mat éri al sel ected fromthe group consisting of Cr, O alloys and a
material having a B2-ordered structure and a lattice const ant
substantial ly conparable5to Cr. 2b 5. The recorldi ng nmedi um of cl ai m
1 wherein said second junderl/ayer is conprigseq of al|material sel ected
fromthe group consisting [of Crf W, C M, CfW Ti, CrMh, N A,
Al Co, FeAl, FeTi,.Coke, CaTi, H , \CoZr Nit Ti, CuBe, CuZn, Al M1, Al Re,
AgMg, Al[err]eMiferr]g, AIN[erf]Ta, 30 AN [ert]No AN [err]Ti,
Fe[err] Al, and conbi &t i @n—ttheyeof 6 T ecordi ng medi um of
claimlwherein said § fi nder | ayariinclfudes Ll[ernr] and Ll[p$éhjface
center cubic der@&ative stfruct ur es.
58 7. The« recordi ng nedi um ok cljaimil whergin said first
under | ayer is conprised of matefial sei®cfed |H=/zke
> 0° 90° 180°  270° 360°
Angle
4
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fromthe group conprising Ag, Au, Cu, A, and conbi nations thereof. 5
8. The recordi ng nediumof claim1 wherein said first underl ayer is
conprised of Ag. 9. The recording nmedi umof claim1l wherein:
said first ungerbgwes is conprised of Ag; sai d second undeTizBpeL38ES
conprised of Cr; and, 10 said substrate conprises a Si(110) single
crystal . 10. The recording nediumof claim1 further

conprising a seed | ayer disposed between said substrate and said
magneti c recordi ng | ayer. 11. The recording nmediumof claim1l
further 15 conprising a wetting |ayer disposed between said substrate
and sai d magnetic recording | ayer. 12. The recordi ng nmedi um of
claim1l wherein said substrate is a polycrystalline substrate having
sai d wetting | ayer disposed thereon and further conprising a 20 third
under | ayer having a body centered cubic structure and a (110) crystal
texture di sposed between said wetting layer and said first underl ayer.
13. The recording nediumof claim1 wherein said substrate conprises a
non- oxi di zed Si (110) single 25 crystal. 14. The recording nmedi um
of claim 13 wherein said first underlayer is conprised of a materi al
sel ected fromthe group conprising Ag, Au, Cu, A, and conbi nati ons
t hereof. 30 - 15. The recording nediumof claim1l wherein said
magnetic |ayer includes a Co alloy selected fromthe group consi sting
of CoCr, CoSm CoPr, CoP, CoN, CoPt, CoNi Cr, CoNi Zr, CoPtN, CoCrTa,
CoCrPt, CoCrP, CoCrTaSi, CoCrPtSi, CoCrPtB, CoCrPtTa, CoCrPtTaB, 35
CoCr Pt TaNb, and conbi nati ons t hereof.

10

FalT

Térquc (dyne-cm)
o

0° 90° . 180° 270° 360°
Angle

: H:lbkdb

N
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59 16. The recording nediumof claim1 wherein said

under | ayer structure further conprises an internedi ate | ayer between
sai d second underl ayer and said magnetic recording layer. 5 17.
The recordi ngwo®skdems of claim 1 further conpri sing a secoau/usEsp3sdsi C
recordi ng | ayer conprised of Co or Co-alloy and an inner |ayer -between
sai d second first and second magnetic recording | ayers. 18.
The recording mediumof claiml wherein the 10 crystal textures of said
medi um have at least a 10 to 1 XRD signal to noise ratio per 50 nm

t hi ckness as determ ned by the thin film XRD net hod. 19. A
recordi ng nedi um conpri si ng: a substrate; 15 a Co or Co
alloy filmhaving a (101Q) crystal —texture form ng magnetic recording
| ayer; an underl| aye structure haV|ng (|) at | ¢ast one first
under | ayer having a bogy cenﬁé}ed cubic structure amd a (110) crystal
texture di sposed betme@n said 20 subptrare gnd-sai d nmagnetic | ayer and
(ii) at least one :

&
:’ 0 e ieiroronmscnaneseatrsncna T ]
g
E
o
2 H,= 1080 Oe
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second under| ayer having a body centered cubic structure and a (112)

crystal texture di sposed between said first underlayer and said
magnetic | ayer. 20. An apparatus for data storage conprising: 25
t he recordi ngw@epdkswysrecited in any of clains 1 to 19; arneCT/US9823855 a
magneti c transducer positioned in close proximty to said nediumto
record and read data to and fromsaid nedi um
60 - 21. An apparatus for data storage conpri sing: a
recordi ng nmedi um conprising, - a substrate, i, : a Co or Co
alloy filmhaving a (1010) crystal 5 texture form ng a magnetic
recordi ng |ayer, an underl ayer structure having (i) at |east one
first underlayer having a face centered cubic structure and a (110)
crystal texture dpgfpas —~————Retugen. sai dsubstd . and said magnetic
| ayer and 10 (i) -at- | east ‘one_sécond ‘underl ayer having a body
centered cubic stLhgt ure and.a (112) crystal* texture -J
%moi, §“ ]
Q.. '-' _: -' . %_J’
Iz le B
£ 15007 g !
= ‘ = . S ;
soof , SIEE
3 G' i 1 B S, IR,
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di sposed between said first underlayer and said magnetic |ayer; and,
a magnetic transducer positioned in close 15. proximty to said nediumto
record and read data to and fromsaid nedi um 22. A net hod of
produci ng a Gwodepréses al | oy ; magnetic |l ayer having a (1010pctrgsi/zBss
texture on a substrate, said nethod conprising: 20 provi di-ng an
under | ayer structure characterized by  providing at |east one first
under | ayer having a face centered cubic structure and a (110) crystal
texture on a substrate and growi ng at | east one second underl ayer
having a body centered cubic structure and a (112) 25 crystal texture from
the first underlayer; and, depositing a Co or Co alloy nmagnetic

| ayer on the second under| ayer. 23. The nethod of claim 22
wher ei n: seditg) met hod further conpragéBlidroviding a 30 substrate
having a (110) crystal texture; and, . said providing a first

under ayer conpilidés grow ng a first L[ht@rﬁ ayer having a (110) crystal
texture on the gE@bst+at® = . ' % 61

i,

2894

Ti (0001) : _Qo {6001)

{1010y 4 -

Q.
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24. The nethod of claim 22 wherein: said nmethod further conprises
provi ding a non- oxi di zed single crystal Si substrate having a (110)
crystal texture; 5 said providing a first underl ayer conprises
growing a firgigdepdesl ayer conprised of Ag having a - ( 110)pceanysvbradsss
texture on the substrate; and, said providing a second underl ayer
conpri ses grow ng a second underlayer having a (112) crystal 10 texture
on t’he substrate, said second underlayer being conprised of Cr, O
alloys or a material having a B2- ordered structure and a lattice
constant substantially conparable to Cr. 25. A recording

medi um conpri sing: 15 a substrate; a Co or Co alloy film
having a (0002) crystal texture formng a magnetic recording | ayer;

a first underlayer structure having (i) at |east one first underl ayer
havi ng a face cent ere® 2o structure and a (I1I) criystal texture

di sposed bet ween |d substr%te and .sai d magnetic fefAyer and (ii) at-

| east one second und%r axeelr dlspgsed bet ween said first 3 under| ayer and
said magnetic recordbmy Eayer t o&i nduce t he (0002) céystal texture in
sai d magnetic recordinf @5 | ayerl 26. The recordlng medi um of
claim25 further .z #®¥pnprf sing @ third underl ayer haV|ng a body centered
cubic -structure- aqﬂ 110) crystal texture positioned .4 between said
first and second er faye s.;30 27. The recordi-xg nedi um of -claim
25, wherein sandsn el ayer conprises a hexggonal cl ose . packed
structure and a (000%% cry tar“t xture. 2
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28. The recordi ng nedi um of claim25 wherein:. said first underlayer is
conprised of Ag; and, 35 said substrate conprises a Si(111) single crystal.
62 29. The recordi ng nedi um of any of claim 29 wher ei n:

sai d second ugpgesseyer is conprised of Ti. 30. The pecosHiBgs
medi um of claim 25, wherein 5 said second underlayer conprises a face
centered cubic structure having a (111) crystal texture and an atom c
spaci ng conparable to said nagnetic recordi ng |ayer. 31. The
recordi ng mediumof clains 25 to 30, further conprising a soft magnetic
| ayer and having a 10 face centered cubic structure and a (111) crystal-
texture di sposed between said magnetic recording | ayer and said first
under | ayer. | 32. The recording nmediumof claim 31 wherein said
soft magnetic |ayer is nade of N Fe. 15 -.33. The recordi ng medi um of
claim 25, wherein ZOgararsupstrare Fonprrses. a substrate _
material selected fromjthe gr.eup onpi-sting of gl.ass, {NNP coated A, glass
ceram c, : ve ot o © ]

1510

Si(i11)
C-he(l).

Intensity
o
o
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smxf,.'
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ceramic, and SiC and, 20 - a third underl ayer
cubi c structure and a (110) crystal texture disposed on said

substrate material . 34. The recording nediumof claim 33, wherein
said third uneesbsmers is conprised of C, O alloys or 25 a netBUs®mI2385avi ng

havi ng a body centered

a B2-ordered structure. 35. The recordi ng nmedi um of cl aim25
further conpri si ng: a second underl ayer structure disposed
bet ween said magnetic | ayer and said @)r st under Q_structure;
and, . a soft magnetic |layer and having a face g€ntered NI €
structure and®(trrr)—grysraly texgure di sposed . bet ween sai d ™Nrst and
said second uggellidyer stiruct gres. 35 - 36. Thgigjecor di ng\nmedi um
of clai m35zwpat ¢i n said second underl ayer/ structureshas (i) a first
under | ayer 3 : NE : 63 havi ngla face
centered cupi €tiructute and fa (111) cryst al t ext ur 84%nd (ii) alsecond
under | ayer hawiohg a hexadonal {cl ose packen_strgﬁgure and’%I(OOO )
crystal 0 iy ) . o @, : oy
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texture; and,

5

structure is a face centered cubic structure having a

t exture.
of said first

under | ayer @fes
substrate conpg
data storage d
25 to 37
recordi ng medi
conpri si ng:
face center ét

first underl ay
crystal textur
| ayer; and,

structure and
under | ayer and

1368
cl ai m 40 where

sard—second 15 structure is Ti; an sai d
ises a Si (7 crystal ."**[ 38. “oftic
bvi ce i ncludi t heg recordi ng jredi um of any opg of cllai
39. Anf|appdratus flor data storage incl udi _ :
m of any ¢@ne claing 25 to 37.° 40} /K transduger
a substfate; a sofft magnetic | havi ng
CubiT strygcture a (111l)ggrivstal fextupfe:. 25 __1 a
er havi ng a|fody centerjed cubic - structur¢gfand a (110)-
P di sposed bet ween sai d substriate and sa/d soft nmagng¢tic
tond under | gyer having ja face ¢ ered cubic
(11 tal texturg di sposed" betmeen- ] said first
sai gnetlc Iayer . The ttansducer: of
T S-St erl ayer 4weleanfrised. of . Cx; . shid
second underlayer is conprised of Ag or Cu; and,™™* said Bt 1 nagne?ﬁt

| ayer is conpr
centered cubic

(132310

37. The recordi ng nedi um of claim 36 wherein:
sof t .magnet i cylo¥gls7s S conprised of N Fe;
underl a
under | ayer of said first @Maerlayer

and second

T Lo

ised N,

Co allo

(b1)

a N Fe all oy,

Y.

es is Ag;
e is Cu;

sai d second underl ayer of said first underlayer

(111) crystal
sai d

10 said first underdcayspsssksseach

sai d .second
(a2paid second

35 a face centered cubic Co or a face

(32)
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64 42. The transducer of clainms 40 to 41 wherein sai d
substrate is a Si(111) single crystal. 43. A recording nmedi um
conpri si ng: a substrate; 5 a Co or Co alloy filmhaving a
(1011) or a (. crystal texture formng a nmagnetic re j er;
an underlayer&gégégvare having (i) at |east one first unggéﬁgﬁg?&ﬁ%ving
a face centered cubic structure and a (111) crystal texture disposed
bet ween said 10 substrate and said nagnetic recording layer and (ii) at

| east one second underl ayer having a body centered cubic structure and
a (110) crystal texture disposed between said first underlayer and said
magneti c recording |ayer. 15 44. The recording nmedi um of claim
43 wherein said substrate is a Si(111) single crystal. 45. The
recordi ng nmedi um of claim43 wherein said first underl gyer 4 8 Ag; said
second underl ayer is Cr; and said substrate is a Si(111)}JSsingle
crystal. 20 46. The recording nmedium of claim43 further

conprisLQg a third underlayer having a polycrystalline
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body centered cubic structure and a (110) crystal texture di sposed on

sai d substrate. 47. An apparatus for data storage conprising: 25
the recording mediumrecited in any of clains 43 to 46, and, a
magneti c tranwg,%ggmpoy tioned in close proximty t 0 sai poaGssneés0
record and read data to and from said medi um 30 48. A recording
medi um conpri si ng: an underl ayer structure; and a
magneti c | ayer structure disposed on the underlayer structure; and, a
substrate di sposed beneath the underlayer 35 structure, the recording
medi um characterized in that 65
the substrate is a single crystal Si having one of a (111) crystal
texture or a (110) crystar texfure.r T 4§ THE TeCur pimy et ym
cl ai m 48 wherein said. magnetic layer structure is conprised of qrdered
5 nmagnetic arrays. ] 50. The recording mediumrecited in clfﬁn148
- e aoo;o 3
900295 | .
. — _— L™
g Y T — . M
- 1283 vy ' 'ﬁ, <t
: I
] Cany g‘f /JT
] -
i T ™
] i
'1 -
i e
. ~
a - h e
) - Craey 5y “J_ @
3 i \\:
\9 : . . -
N I K
-~ ) 1 ) I | I | | ) _ w
8 o - N
o C o O
O @ o - o <
o - o - O
e © © <t N

24 7 30



wherein the substrate is Si (111) and the underl ayer structure is
characteri zed by at |l east one first underlayer having a face 10

centered cubic structure and a (111) crystal texture di sposed bet ween
said substratg, gﬁgld magneti c | ayer; and, at J@ATdos/RASs
second underlayer sposed bet ween said first underlayer and said
magnetic 'l ayer 15 structure. 51. The recording mediumrecited in.
cl ai'm 50 further conprising a soft magnetic |ayer disposed bet ween
said first and second underl| ayers. - 52. The recording nedi um
recited in claim48 20 wherein the substrate is Si (111) and the
under | ayer structure is characterized by a first underlayer—~
having a face centeredjTubre— quuw;u.blu“d;ag{lil) epystal—texture—~ O
di sposed between sald substrate and sald magnetic |ayer; ‘and, - v a
second under| ayer havipg a body centered cubic structure and 11t0)
crystal texture di sposed between said first underlayer and saisEs [ -
magnetic | ayer strdicture. 53. The recording nedium régted in
claim48 30 wherein sfid nmagnetic |ayer structure conprises a Co®E | Co
al | oy based materi al HHV|ng a (0002) crystal texture. =84l  The
recordi ng nedlun1reC|t=d in claimb53 further conprising a thirfgg f
under | ayer conprised of a 35 hexagonal close packed structure havP.o*aCD
(0002) crystal texqure dlsposed bet ween said second underlayehéé_f-og
y —————aacégé__ ©
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66 and said magnetic |ayer structure. 55. The recording

mediumrecited in claim48 wherein said magnetic |ayer structure
conprises a Co or Co alloy based material having a (1011) crystal 5
texture. The recording nmediumrecited in clai mgg rein
598/23
t he substrate“mnwgagfllo) and the underl ayer structure is characterized
by at | east one first underlayer having a face 10 centered cubic
structure and a. (110% al texture di sposed between said substrate
and said nagnet and, at | east one second underl| ayer
havi ng a body centered cubic structure and a (112) crystal texture 15
di sposed between said first underlayer and said magnetic | ayer
Struct ure. seopduprsss a5 Theuwayﬁang medi un'feed B a2 - T L NV B2 R
wherein said|mgnetic |ayer structure conprisep a or Co alloﬁ based
mat eri al hawingf@ (1010) crystal 20 texturemsd (£ . The recordi ng
mediumrecited J|# claim48 wher ei n t he supstif is Si (111) land t-he
under | ayey, g structure is characterized o = -
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a Co or Co alloy filmhaving a (1011) crystal 25 texture formng a

magneti c recordi ng | ayer; a first underlayer having a face
centered cubic structure and a (111) crystal texture di sposed between
sai d subst r.at syapwh4sai d magnetic recording |ayer; and, PCTASSBR38550
under| ayer having a body centered cubic 30 structure and a (110) crystal
texture di sposed between said first underlayer and said nagnetic
recordi ng | ayer. 59. The recording nediumrecited in any one
of clainms 48 to 58 further conprising a soft magnetic 35 keeper |ayer
di sposed on said magnetic |ayer structure.
67 : 60. An apparatus for data storage conprising: t he
recording mediumrecited in any of clains 48- 59, and, a
magneti c transducer positioned in close 5 proximty to said nmediumto
record and read data to and fromsaid nmedi um 61. A transducer
conpri si ng: a nderl aver structure; -
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a magnetic |layer structure di sposed on the 10 underl ayer structure; and,

a substrate disposed beneath the underl ayer structure characterized in
that the substrate is a single crystal Si having one of a (111) crystal
texture . qp.3,6410) crystal texture. 15 62. A recokgigodiRgisum
conpri si ng: an underl ayer structure; and a superlattice
mul til ayer magnetic |ayer structure di sposed on the underl ayer
structure; and, a substrate di sposed beneath the underlayer 20
structure, the recording nediumcharacterized in that the substrate is

a single crystal Si having one of a crystal texture or a (110)
crystal t¢g TE.T 1 5 TET T s Ty

(111)
: . : SIU |
under | ayerl structure is characterized by (i) at least 25 ore fifrst

=

under | ayen- having a face centered cubic structure and akl1H crystal
texture, (ii) at |east one second under | ayer di sposed o@-said &Dr st
under | ayern and having a face centered cubic structure a n(1eyY) - >
crystal texture, (iii) a soft magnetic |ayer disposed 30 on sakd secondE:
under | ayenf, and (iv) at |least one third under | ayer di sposedfon said
soft magn¢tic | ayer and havi ng one of a hexagonal cl ose pacKed ™~
structurefwth a (0002) crystal texture or a face centered d¢ubic
structurefwith a (111) crystal texture. 35 . 64. The recordi ng nmedi um
of claim 3 wherein said first underlayer is Ag, said secong underl ayer
is Qu, |- : <
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68 said soft magnetic layer is N Fe, said third underl ayer Is Ti, a
non- magnetic CoCr alloy or Ag, and said substrate is Si(111).
65. The recordi ng nedium of claim62 wherein said 5 magnetic |ayer is
selected fromt hedgqlgoup consi sting of a Co and Pt nulti| REEUSIEE and
Pd mul til aye?"oa?ﬂ’a conbi nati ons thereof. :
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