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" Invention

This invention relates to the field of data storagemévl ces
such as disk drives having thin fil mmagnetic disks.

i nvention telates to thin fil mmagnetic disks having nultiple magnetic

| ayers.:

Background of the Invention The magnetic recording
disk in a conventional drive assenbly,typically consists of a substrate,

under| ayer consisting of a thin filmof chromum (Cr) or a O alloy, a
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Field of the Invention

This invention relates to the field of data storage devices such as disk drives having
thin film magnetic disks. More particularly the invention relates to thin film magnetic

disks having multiple magnetic layers.

Background of the Invention

The magnetic recording disk in a conventional drive assembly typically consists
of a substrate, an underlayer consisting of a thin film of chromium (Cr} or a Cr alloy, a
cobalt-based magnetic alloy deposited on the underlayer, and a protective overcoat
over the magnetic layer. A variety of disk substrates such as NiP-coated AlMg, glass,
glass ceramic, glassy carbon, etc., have been used. The microstructural parameters of
the magnetic layer, i.e., crystallographic preferred orientation (PO), grain size and
magnetic exchange decoupling between the grains, play key roles in controlling the
recording characteristics of the disk. The Cr underlayer is mainly used to control such
microstructural parameters as the PO and grain size of the cobalt-based magnetic
alloy. The PO of the various materials forming the layers on the disk is not necessarily
an exclusive orientation which may found in the material, but is merely the dominant
orientation. When the Cr underlayer is deposited at elevated temperature on a
NiP-coated AlMg substrate a [100] preferred orientation (PO) is usually formed. This
PO promotes the epitaxial growth of [1120] PO of the hep cobalf (Co) alloy, thereby
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orientation (PO is usually formed. This PO pronotes the epitaxial growh
of [1120] PO of the hcp cobalt (Co) alloy, thereby

2 i mprovi ng the in-plane nmagnetic performance of the disk. The [1120] PO
refers to a filmof hexagonal structure whose (1120) pl anes are

predom nantly parallel to the surface of the film Likew se the [1010] PO
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underlayer was sal to | uc.e t texture I n e nmagne C
("The Control ‘axer Gexeeatmateriglsthaye begn praposedyensed layeesiich afodt Qr, €L Ti,

1906, 3632y, ab: MYOTELE W R AN AL ol drpss aleioh e Sl ofraied (e wRE
thin film di skexfgihie "Pesrtliaysr induendd082) avstalinaaphic daxture émijidd underlabers,"denasi t y
recording techstalogyappf PHYE. 78K8), 15.April 1996, p.4902ff). In a single magnetic layer disk,
Laughlin, et al., have described use of an NiAl seed layer followed by a 2.5 nm thick Cr
underlayer and a CoCrPt magnetic layer. The NiAl seed layer with the Cr underiayer
was said to induce the [1070] texture in the magnetic layer. (“The Control and
Characterization of the Crystallographic Texture of Longitudinal Thin Film Recording
-, Media," IEEE Trans. Magnetic, 32(5) Sept. 1996, 3632).
The improvement in signal to noise ratio (SNR) of the thin film disk media
remains as one of the major challenges in high density recording technology. A variety
of approaches such as choosing a low noise alloy, designing an appropriate
underlayer, tailoring of the deposition parameters, and lamination of the magnetic layer
have been suggested to reduce the media noise. A laminated disk has two or more
magnetic layers separated by a spacer layer. For example, Ahlert, et al. in commonly
assigned U.S. patent 5,051,288 describe laminated disks with AIMg/NiP substrates and
up to six layers of CoPtX or CoNiX alloys separated by Cr, CrV and Mo layers.
Laminating the magnetic layer of a thin film disk is known to reduce the media



of approaches such as choosing a | ow noi se all oy, designing an, appropriate
“under |l ayer, tailoring of the deposition paranmeters, and |anination of the
magneti c | ayer have been suggested to reduce the nedia noise. A |an nated
di sk has two or nore nagnetic |ayers separated by a spacer |ayer. For
exanple,-Ahlert, et al. in commonly assigned U S. patent 5,051, 288 describe
| am nated disks with AlMJ/ N P substrates and up to six layers of CoPtX or

CoNl X al | oys separated by Cr, GV and Mp | ayers. Lam nating the
magnetic layer of a thin filmdisk is knowm to reduce the nedia
3 - noi se, but lam nated nedia typically exhibit a bi-nodal swtching

behavior due to the fact that the coercivity (Hc) of the stacked magnetic

| ayers can be significantly different. Lam nated nmedia with optinmum
performance shoul d exhibit only one type of sw tching behavior, which nmeans
t he stacked magnetl c layers shoul d have very simlar Hc. For most nmagnet i c
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densities. Thus, it esign a | am na nedl a
least contrlbutes to a deviation (kink} in the smooth slope of the hysteresis loop around

the zero remanent magnetization state. Figures 3a and 3b show typical hysteresis
loops of a single magnetic layer {Cr/CoPtCrTa) and a two layer laminated magnetic
film (CrlCoPtCrTalCrlCoPtCrTa) respectively. The kink in the hysteresis of the
laminated film is clearly seen. The existence of this kink implies that the film has two
sw;tchlng_ characteristics which will deteriorate the recording performance of the disk at
high recérding densities. Thus, it is desirable to design a laminated media without
bi-modal switching behavior to eliminate this kink, or to reduce it as much as possible.




bi -nodal swi tching behavior to elimnate this kink, or to reduce it as nuch
as possi bl e. 4

Summary of Invention The design of a thin filmdisk, for use in a disk
drive, with |am nated magnetic | ayers is described. The di sk has reduced
noi se and exhibits a single swtching behavior which results in inproved
recording performance in a disk drive utilizing the disk. The inproved disk
is formed by depositing two or nore | am nated magnetic |ayers with PO
[1010] with minimal He variations. In one enbodi nent the [1010] PO magnetic
| ayers are produced by depositing a B2 structure seed | ayer such as N Al or
FeAl and an appropriate underlayer with [112] PO. D sks enbodying the

i nvention have a snooth hysteresis loop with m ninmal sign of bi-nodal
switching. The seed layer is preferably NI Al; the underlayer is preferably
Cr or a O alloy; the magnetic layers are preferably CoPtCr, CoPtCrTa or
CoPt CrB. The spacer |ayer between the magnetic |ayers may be nade fromthe
sane nmat er i aBussnarhef inveetidmyer, but may al so be different, e.g. an
hexagonal crystalline material such as Ru. The disks of the invention have
good manufacturability in standard high volume sputtering systens by virtue
of the fact Thedesigreoftacthinffilmidisknfeguss in@ diskydsive, withiiamipaedmjaghelicipyarsis t o

have a reducggsABase e G¥k RS fehfocd e 2Rkl SxAIBERLSIAGIE SRitching behavior which
' results in improved recording performance in a disk drive utilizing the disk. The
improved disk is formed by depositing two or more laminated magnetic layers with PO
[1070] with minimal Hc variations. In one embodiment the [1070] PO magnetic layers
are produced by depositing a B2 structure seed layer such as NiAl or FeAl and an
appropriate underlayer with {112] PO. Disks embodying the invention have a smooth
hysteresis loop with minimal sign of bi-modal switching. The seed layer is preferably
NiAl; the underlayer is preferably Cr or a Cr alloy; the magnetic layers are preferably
CoPtCr, CoPtCrTa or CoPtCrB. The spacer layer between the magnetic layers may be
made from the same material as the underlayer, but may also be different, e.g. an |
hexagonal crystalline material such as Ru. The disks of the invention have good
manufacturability in standard high volume sputtering systems by virtue of the fact that
the Hc of the magnetic layers with {1010] PO appears to have a reduced dependency
on the substrate temperature.



5 Brief Description of the Draw ngs Figure 1 illustrates
a top view of a prior art disk drive with a rotary actuator useful in
practicing the present invention. Figure 2 illustrates the |ayer
structure of a thin filmnagnetic di sk according to the invention.

Figure 3a illustrates the hysteresis loop of a prior art thin filmmagnetic
disk with a single nmagnetic layer. Figure 3b illustrates the hysteresis

| oop of a prior art thin filmmagneticsdisk with two | am nated nmagnetic

| ayers. Figure 4a illustrates the hysteresis loop of a thin film
magnetic disk with a NN Al seed |ayer and a single magnetic |ayer. Figure 4b
illustrates the hysteresis loop of a'thin filmmagnetic disk with a N Al
seed | ayer and two | am nated nagnetic | ayers. Figure 5is a flow
chart of one nethod for making disks according to the invention.

Brief Description of the Drawings

Figure 1 illustrates a top view of a prior art disk drive with a rotary actuator
useful in practicing the present invention.

Figure 2 illustrates the layer structure of a thin film magnetic disk according to
the invention.

Figure 3a illustrates the hysteresis loop of a prior art thin film magnetic disk with
a single magnetic layer. Figure 3b illustrates the hysteresis loop of a prior art thin film
magnetic disk with two laminated magnetic layers.

Figure 4a illustrates the hysteresis loop of a thin film magnetic disk with.a NiAl
seed layer and a single magnetic layer. Figure 4b illustrates the hysteresis loop of a
thin film magnetic disk with a NiAl seed layer and two laminated magnetic layers.

Figure § is a flow chart of one method for making disks according to the
invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Figure 1 is a top
"view illustrating a prior art disk drive with a rotary actuator useful in
practicing the present invention. The system conprises one or nore magnetic
recordi ng disks 111 nounted on spindle 112 which is rotated by an in-hub

el ectrical notor (not shown). An actuator assenbly 115 supports a slider
120 which contains one or nore read/ wife heads. The assenbly may be
conposed of a plurality of actuators and sliders arranged in a verti cal
stack with the actuators supporting the sliders in contact with the
surfaces of the disks when the disks are not rotating or being unloaded to
avoid contact. A voice coil notor (VCM 116 noves the actuator assenbly 115

relative to t hpetianks BEseRUSHON OF THEFREFERRED BMBODIMENTSd shaft 117. The
heads are typically contained in air ‘bearing sliders adapted for flying

above the surface of the disks when rotating at sufficient speed. In
oper ation, when thangur'edqsat@dﬁewlilmur@mrahaasuidakswmer&@Mammm t he
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deposited onto at | east one and preferably both planar surfaces fo e di sk
to formthe dafiowingthe heads to be positioned to read and write magnetic information from clrcul
tracks formed in the data area 114 which is coated with the thin films which will be
described in more detail below. Electrical signals to and from the heads and the VCM
are carried by a flex cable 118 to the drive electronics 118. When not operating and
. -during periods when the rotation of the disks is either starting or stopping, the sliders
may be positioned in physical contact with the surface of the disks in a landing zone or
contact start/stop (CSS) area 113 which is not used for data storage even though the
magnetic coating extends over this area. It is also known to remove the sliders from
the disks during nonoperating periods using an unload ramp. Although the disk drive
has been described with air bearing sliders the di§k of the present invention may easily
be used in other storage devices having near contact, or contact recording sliders.
Figure 2 illustrates the cross sectional layer structure of an embodiment of a
thin film magnetic disk according to the invention. The thin film layers will be deposited

onto at least one and preferably both planar surfaces of the disk to form the data



recording area. The shading is used only to differentiate the |ayers and
not to indicate color or specific conposition. The substrate 11 may be nade
of ALMJ/Ni P, glass or any other suitable material. The seed l.ayer 12 in one
enbodi nent is a B2 structure material which is deposited directly onto the
substrate and is preferably Ni Al. The underlayer 13 is deposited onto the
seed layer and is a nonferromagnetic material such as chromumor a
chromium all oy such as CV or OTi. The requirenents for the seed | ayer and
under| ayer for a disk according to the invention are that they pronote the
[1010] PO in the magnetic layer. The first ferromagnetic |ayer 14 (Magl) is
an alloy of cobalt which typically contains platinumand chrom um and may
contain additional elenments such_as tantalum or boron, e.g. CoPtCrTa or
CoPt OrB. A t JR7Edra Aiggh cthecshrdipa s wieginivdp Rifierantiate the layers znd i didicaien 18
to 23 alt : %cbb?ﬁbuﬁamd cl;ntpef siﬁora]ETﬁéémméummaytdé lﬁiﬁéldfmglﬁﬂi@&s%r_aﬂ'ﬁe”
spacer | ayer i S. le of. onf er.r omagneti c terial . optionally
be the same eérsf‘%rﬁeolg‘a?‘?ﬁ@ﬁuﬂlfesﬂeg)@'ref H’eor?eeg'g??g"‘?eé\t ,J%ﬁééﬁg{q&ﬁfﬁ ayer 16
(Mag2) is pr edaterdd whiabfis topositedrdirently enfothe agbskvatp andAs prictansitly Nigd. Tagnet i c

| ayers separ ale) ' [ | 1]

spacer/ nagne?]}-' gg'il ygr 3%aé%gﬁn%6@%§%§§gé .Iaa’%ﬁ%ﬁqggtg ir{gﬁ%fmﬁgémﬁ%%%t&@%gm
protective owaschomiumdradhodmivmmalibesuchrasdGrV onifFio gEheaequirenientsoior the seag

ot her protect,i | ' . I : kLt | onal
| ayers Iobet weté%?)é;t? ﬁgﬁlhﬁg‘%@ymﬁf g;k;%?(%g%ogd 'F‘ ﬁ %\? é&g hgkf'n %%R%%t ?hegﬁﬁ%'ﬁﬁgnmcée t he
adhesi on of tIMH0bFOriodar magnatic daver.hdhd fiest forromagnetivtiayer A (Mag!) lisgrealioyafe
preferably spabheinidsRpadiFtontsind B[?ﬁﬁxﬁﬁ' dAd QhrBﬁaﬁJ&Fér%lufﬁ?ye %&Iﬁénsﬂt% (ziti%r}ati

tenperatures and pressures” as are known to those sk

Al t hough t he SlaMeHs sérh g tantalym eoboran; ;g CaPtGEEGRs CoPtGrBy oA ypicahsagnstiosi t i on

Lechniques andePiigiRbAbAsd & 1418 96 BiFRindf, HPB D3R % St AHONRlS & o) 2y ©F
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continuous process in either an in-line sputtering systemor a single disk
system Cur r &TORRANGHE var 16 (Mag2)is Repiarably of Hee sapae materialas Magte diliqsstivani t h
addi tional t aidimetic RpEsepatatdd Y LndliveeRneRspalced dr¥ rdqirbd bt Sddiforiaf N Nat ed
di sk structures. 5|%p|[1 an.in- . . .
spacer/magnetic a%er pairs may be added. The optional top layer is a protective
overcoat. 17 which can be carbon, hydrogenated carbon or any other protective
material. It is also known in the art to use additional layers between the magnetic layer
and the overcoat to either enhance the adhesion of the overcoat, improve hardness,
.. - etc. The various layers are preferably sputter deposited using standard techniques,
targets, temperatures and pressures as are known to those skilled in the art. Although
the invention relates to laminated magnetic tayers, the deposition techniques and
parameters are the same as used for single magnetic layer disks using comparable
materials. ' )
Figure 5 is a flow chart of the steps for one method of making a disk according to
the invention. All of the layers from the seed layer to the overcoat can be sputtered in
a continuous process in either an in-line sputtering system or a single disk system.
Current commercial in-line sputtering systems may be equipped with additional targets
and/or multiple-pass capability to fabricate laminated disk structures. Designing an in-



8 line systemw th additional targets is a straightforward task. There
“are also commercially available single disk systens with 6 or nore target
capaci‘ty with the capability to fabricate | am nated di sk structures.
Starting with a substrate which can be AIMy/ N P, glass or any other
suitable material, the layers are sequentially sputter deposited as
indicated in Figure 5. The seed layer %l is deposited first, foll owed by

t he underl ayer 52, then the first magnetic |ayer 53, then the spacer |ayer
54, then the second magnetic |ayer 55, followed optionally by additional
spacer/ magnetic layer pairs 56, and then the optional |ast step deposits a
protective overcoat 57. The relative thicknesses of the |ayers are
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i nvention Al / Cr/ CoPt Cr Ta/ Cr/ CoPt CrJa. ‘%rlor art | am nated
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The ferromagnetic layers Mag1, Mag2, etc. can be from 5-50 nm thick with 15 nm being

typical. The thicknesses of the magnetic layers do not need to be equal. The spacer
layer is nermally relatively thin in comparison with the underlayer and will typically be 1
to 20 nm in thickness. The use, composition and thickness of the overcoat are not

. - critical in practicing the invention, but a typical thin film disk might use an overcoat less
than 15 nm thick.

Figure 4a shows the hysteresis loop of a single magnetic layer
(NiAl/CriCoPtCrTa) and figure 4b is the loop for a two layer lamipated magnetic film
according to the invention: NiAl/Cr/CoPtCrTa/Cr/CoPtCrTa. Unlike the prior art
laminated disk case shown in Fig. 3b, where the bi-modal switching creates the
anomaly in the hysteresis loop, the laminated disk embodying the invention (see
Figure. 4b) shows no bi-modal switching effect and no anomaly in the hysteresis loop.
It is believed that the result is due to the fact that the deposition of NiAl seed layer
prior to Cr, minimizes the coercivity loss of the second layer due to the lower deposition



.prior to Cr, mnimzes the coercivity |loss of the second | ayer due to the
| ower deposition 9
tenperature. To prove this, disks with single magnetic |ayers

(Ni Al /Cr/ CoPtCrTa) were deposited at two tenperatures differing by about
100-C to correspond to (or exceed) the deposition tenperature delta of the
first and second nagnetic |ayers of a |amnated structure. Across a w de
range of O underlayer thicknesses thegHc of the test disks tracked within
about 100 Ce indicating that the Hc is not a strong function of deposition
tenperature. Prior art |am nated disks have invol ved tradeoffs between SNR,
which is inproved by | am nation, versus coercive squareness (S*) and

resol uti on which are degraded. The | am nated di sk of the invention
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magnetic rec AQnefic |AVRLs raorg B?ﬁt‘mﬁﬁtaf‘? mMantainia g highes S&dt isacked
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Such as suf MTEBERIARERer ameRIkay o BilRuLSrepcetos b vaasors gebero
[1120] in Cospattéring systpmeti c | ayer which is often described as t he desired
Structur o uch KU EREE et R bl ef e BBt Lo BT AR 1 1
ort hogonal cchiptide) structure shieeeas Onhiaé afboe struciBe.c The B2estraintabecis aNar@dreand
Sinclair, " '%u%ﬁ:cétr%c@?e Hafeaid Sk asﬁ%@%rﬂérﬁgné%&ﬁh@ g’lim%le cubic lattices

where Al atoms occupy one lattice and Ni atoms the other. NiAl has a lattice constant

which is nearly identical fo that of Cr, but NiAl tends to form smaller grain size due to

the bondfhg between the Ni and Al atoms which reduces atomic mobility during

deposition. Cobalt alloys used in magnetic recording typically have a predominantly

. hexagonal closed packed (hcp) crystal structure. A cubic Cr underlayer can be

deposited with PO [100] within normal thickness ranges under standard sputtering

conditions such as sufficiently high temperature. This Cr{100] PO encourages PO

[1120] in Co alloy magnetic layer which is often described as the deéired PO for

longitudinal recording. The PO{1 150] results in a bi-crystal structure such thaton a

given Cr grain, multiple [1120] grains with two orthogonal c-axis orientations wiil form.

{See for example, Nolan and Sinclair, "Effects of Microstructural Features on Media

Noise in Longitudinal Recording Media," J. Appl. Phys., v73, p.5566, 1993). Inorder

to maintain high Hc with this orientation a high substrate temperature is needed to

create sufficient isolation (segregation) between the bi-crystals. Therefore, the He of



. Noi se in Longitudinal Recording Media," J. Appl. Phys., v73, p.566, 1993).
In order to maintain high Hc with this orientation a high substrate
tenperature is needed to create sufficient isolation (segregation) between
the bi-crystals. Therefore, the Hc of

10 films with [1120] PO is very tenperature sensitive. Furthernore, it is
"nmore difficult to naintain layer to |ayer epitaxy while maintaining a
constant grain size and consistent magnetYc properties in lamnated [1120]
PO films. The original C underlayer grain structure cannot be reproduced
in a O spacer |layer, since the spacer layer & nust grow-on the snaller
grai ns (bi - fimsstitd [1620) POk vRrydbmpératui@ geresitive. Fantesrmorkh i isahoneedifficuitetd 1120]

PO i d I d
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is maintained in thé second proper selection a
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PO [ 112] anléer&s't@ttﬁé BRPEPERIICH bt aXipAbrasyer Aniié maﬁfauﬂ&?a hnstdrit Wfdindfe 9ood

choi ces for the sgacer | ayer for the sane reason as for the underlayer. It
i s al so pos¥y@abovighgstiugtirenacer with an hep structure so that the [1010]

PO conti nues thf‘KPié@[ho’Idj]905iﬁ%‘@mai]rﬂéﬁ@ﬂaye@&h:&%@@ﬂlsﬂ‘ron@%t&ébﬁﬂedrﬁ?ét@r’fﬁlé‘9 of
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t her eon.
choices for the spacer layer for the same reason as for the underlayer. Itis also-

possible to use a spacer with an hep structure so that the [1010] PO continues through
. the spacer layer. For example, epitaxial matching of ruthenium (Ru) and by extension
osmium (Os) and rhenium (Re) all of which have an hexagonal structure as choices for
a spacer layer for a laminated disk has been reported. It would also be expected that
alloys of hexagonal materials which maintain the hexagonal strupture could be used
including, for example, nonferromagnetic CoCr alloys with Cr > 35 at.%.
Laughlin, et al., have suggested that FeAl underlayers have an effect similar to
NiAl on the magnetic properties of magnetic layers deposited thereon. (IEEE Trans.
Magnetic. 32(5) Sept. 1996, 3632). Therefore, it is reasonable to suggest that FeAl
which also has a B2 structure may be used in the same way as NiAl for a seed layer.
Other non-B2 materials, such as NiCr, which can induce the [112] PO in the Cr or Cr



_Magnetic. 32(5) Sept. 1996, 3632). Therefore, it is reasonable to suggest
that FeAl which also has a B2 structure may be used in the sane way as N Al
for a seed layer. O her non-B2 materials, such as Ni Cr, which can induce

the [112] POin the C or C al I oy underl ayer can al so be
used. VWil e the conpositions |isted above have been given w thout
regard to contam nation percentages, i}, is known to those skilled in the
art that some contamnation is nornmally if not always present in thin

films. Sputtering targets are typically specified as 99.9% or greater
purity, but the resulting filnms may have nuch | ower purity due to

contam nation in the sputtering chanber or other factors. For exanple,
cont ani nat i oraubyuraderrlayérdah%wwﬁseas m ght result in measurable anounts of

oxygen and/or hyd en_bein ncorporated.into the f|| For me car bon
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therefore, were n norma spu red thin film
di sks expect ¥ample; ersdamisation takir in thevehambers mlght resultlin meahirablé ameunts ok  nade

according tog HJH&?d"rtHy% Sﬁﬁelhgidéﬁﬁﬂrgtég in®) & HiRP l%?éé’mé BaJBXrPhI lg diosK

drives using elther net resistive or uctlve hea can e used in
contact r ecof‘d‘i’rﬁge@)mwwwaﬂ‘l’wm keengurasurettia typical spuitered tlayat !t is alsosi ti oned

over the rot ghowdtHt S&mé thhﬁv\%&rﬁ%ﬁéiﬁeﬁ?s’%ﬁlaﬁ)ﬁoﬁ%ngita{r§'€t95 W éead

magnetic infor referre ments o e pr esent

i nvention h ag%sr@gg,pr tyessl Eszﬁ‘%?chsﬁ'bH’éP%?"Pa" gngoufits|of theevaskipa gesin ﬂ‘ﬂfb the one
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realizable Wlieve S wergen\clalt g;;[elcn ly n?en;sbreed :;51 (t:hoe delskasrémplsegldrelsénbgd and, thtlargmyo?ent Hon.
were assumed to be within normal ranges for sputtered thin film disks expected by
those skilled in the art. .

The thin film disk made according to the invention can be used for storing data in
typical disk drives using either magnetoresistive or inductive heads and can be used in
contact réoording or with flyable heads. The read/write head is positioned over the
rotating disk in the standard manner to either record or read magnetic information.

While the preferred embodiments of the present invention have been illustrated
in detail, it will be apparent to the one skilled in the art that alternative embodiments of
the invention are realizable without deviating from the scope and spirit of the invention.



Cl ai nms What is clained is: 1. Athin filmmagnetic disk

' corrprl ubstrat e; a nonferromagnetic seed | ayer
deposi Egmm #l maﬂst rate; a.nonferronmagnetic underlayer

deposi d | ayer, a first ferromagnetic layer with a
[ 1010] preferred orientation; a nonferromagnetic spacer |ayer; and
a second ferromagnetic layer with a [1010] preferred orientation. 2. The

di sk of claim1 wherein the underlayd2 has a [112] preferred orientation.
3. The disk of claim1l wherein the spacer |layer has a [112] or a [1010]

preferred orientation. 4. The disk of claim1l wherein the underlayer has
a [112] preferred orientation and the spacer |layer has a [112] or a [1010]
preferred orientation. 5. The disk of claiml wherein the seed | ayer

conprises mai@4in@® W th a B2 structure.

What is claimed is:

1. A thin film magnetic disk comprising:
a stbstrate;
a nonferromagnetic seed layer deposited onto the substrate;
a nonferromagnetic underlayer deposited onto the seed layer;
a first ferromagnetic layer with a [1010] preferred orientation;
a nonferromagnetic spacer layer; and
a second ferromagnetic layer with a {1010] preferred orientation.

2. The disk of claim 1 wherein the underlayer has a [112] preferred orientation.

3. The disk of claim 1 wherein the spacer layer has a [112] or a [1010] preferred
orientation.

4. The disk of claim 1 wherein the underlayer has a [112] preferred orientation and
the spacer layer has a [112] or a [1010] preferred orientation.

5. The disk of claim 1 wherein the seed layer comprises material with a B2 structure.
6. The disk of claim 1 wherein the seed layer comprises NiAl.

7. The disk of claim 1 wherein the seed layer comprises FeAl.



.6. The 6i_s'k""c7f_T:1"a‘i m 1 wherein the seed | ayer conprises N Al. 7. The disk

of cl ai eed | ayer conprises FeAl.
8”' | m 1 wherein the spacer |ayer contains cobalt,
chrom um  reut ennum; um or rhenium and has a hexagonal structure. 9.

The disk of claim1 wherein the first ferromagnetic |ayer and the second
ferromagnetic | ayer have coercivity which differs by | ess than 100 Ce.

10. The disk of claiml wherein the segd | ayer conprises Ni A, the
under | ayer conprises chromumor an alloy of chromum the first
ferromagnetic | ayer conprises a cobalt alloy, the spacer |ayer conprises
chrom um ruthenium osmium rheniumor an alloy thereof, and the second
ferromagnetic | ayer conprises a cobalt alloy and the di sk further conpri ses
an over coat 8 dhedisk of tthim Théediirsthe spacdr Eyer doidtaMsasobalt) chivenigmaditienien, | S

between 2 a | yer is between 10 and 80 nmin
b B el bR S hexbiShal R

t hi ckness, erromagne ayer )etween 5 and 50 nmin
t hi ckness and the spacer layer is 1 to 20 nmin thickness. 12. The di sk

of ¢l ai m 10 othRe ek of i Pl fihb e Rlrohldinddliar A RYG0HK e romagnet i

| ayers is CoPt
ferromagnetac layer have coercivity which differs by less than 100 Qe.

10. The disk of claim 1 wherein the seed layer comprises NiAl, the underlayer
comprises chromium or an alloy of chromium, the first ferromagnetic layer comprises a
cobalt alloy, the spacer layer comprises chromium, ruthénium, osmium, rhenium or an
alloy thereof, and the second ferromagnetic layer comprises a cobalt alloy and the disk
further comprises an overcoat layer.

11. The disk of claim 10 wherein the seed layer is between 2 and 50 nm in thickness,
the underlayer is between 10 and 80 nm in thickness, the first ferromagnetic layer is
between § and 50 nm in thickness and the spacer layer is 1 to 20 nm in thickness.

12. The disk of claim 10 wherein the cobalt alloy of the first and second ferromagrietic
layers is CoPtCrTa, CoPtCrB or CoPiCr.



. 14 13. A disk drive conpri si ng: a motor for rotating a spindle;

a thin 1 k coupled to the spindle conprising a

nonferr mmwﬂﬂmum’muber deposited onto a substrate, a nonferromagnetic
under | ayér {depbsited orito the seed layer, a first ferromagnetic layer wth
a [1010] preferred orientation, a nonferromagnetic spacer |ayer, and a
second ferromagnetic layer with a [1010] preferred orientation; and

an actuator assenbly including a head f4r witing magnetic information on
the disk as it rotates. 14. The disk drive of claim 13 wherein the

under| ayer has a [112] preferred orientation, the first ferromagnetic |ayer
has a [1010] preferred orientation and the spacer |layer has a [112] or a
[1010] pr ef 8 fudigh divetconmipgising: 15. The di sk drive of claim 13 wherein the

seed | ayer conpri sRRortBillatiAg a\Yhihlied B2 structure. 16. The disk drive of
claim 13 wherein the see ﬁha g\r%1 m nprises N Al. 17. The di sk drive of

clai m 13 wherei n@ fhﬁ%ﬂ@b@ﬁgﬂ%y’érﬁk@%&i?q‘ todhe spipgle comprisingr sorderegmagnetie of
claim 13 wheeed yb éﬁz@ﬁ&%m& 8%6bstetd) dHoRferorRghdtic UnBERIVe @B posid &b UM
osm um or rheniumand has a hexagonal structure
the seed layer a first ferromagnet:c layer with g {10101 preferred orientation, a
nonferromagnetic spacer layer, and a second ferromagnetic layer with a [1010]
preferred orientation; and
an actuator assembly including a head for writing magnetic information on the

disk as it rotates.
14. The disk drive of claim 13 wherein the underlayer has a [112] preferred
orientation, the first ferromagnetic layer has a [1010] preferred orientation and the

spacer layer has a[112] or a [1010] preferred orientation.

15. The disk drive of claim 13 wherein the seed layer comprises material with a B2
structure.

16. The disk drive of claim 13 wherein the seed layer comprises NiAL
. 17. The disk drive of claim 13 wherein the seed layer comprises FeAl.

18. The disk drive of claim 13 wherein the spacer [ayer contains cobalt, chromium,
ruthenium, osmium or rhenium and has a hexagonal structure.



15 19. The disk drive of claim 13 wherein the first ferromagnetic |ayer

"‘and the second ferromagnetic |ayer have coercivity which differs by |ess

than 100-Ce.- -.20_The. disk drive of claim 13 wherein the seed | ayer
nprises Ni Al, the underlayer conprises chromumor an alloy of chrom um

the fliﬂmnﬂlﬂ)ﬂmm‘"&ﬂln |l ayer conprises a cobalt alloy, the spacer |ayer
conpri heni um osmi um rheniumor an alloy thereof, and the
second ferfonhgrdeti’c Mayer conprises fszcobalt all oy and the magnetic disk
further includes an overcoat |ayer. 1. The disk drive of claim13
wherein the seed |ayer is between 2 and 50 nmin thickness, the underl ayer

I s between 10 and 80 nmin thickness, the first ferromagnetic |ayer is
bet ween 5 and%wh@mskﬂnwwcdmﬁasmmhefwmmmdgawlaya ahdttiee s4dondn i n

T cknes . oot b el VR e el B | 212 O e

A net hod of manufacturlng a thin filmdisk conprising the steps of:

sputtering a éz?)e?ﬂe LK (aﬁ%é)&tc?anﬁ 1%%%({1@%% seed layer caﬁﬁ:?i ShSfulAf Qh@?ndé'?lggélj ayer

onto the see aer r ondgne er with
a [1010] pr efogmpaaemhr@nuamr@n a@mofmlumdféefesy&mmagnehc !am@pmenseazga a

spacer | ayer Qghp H‘e' Sberidef h%ﬂﬁ'm osmium, FRHLIS A9 2

second ferromagnetaili s@ v(nfy% 1010] preferred orientation. @
alloy thereof and the second ferromagnetnc Iayer comprlses a oobatt alloy and the
magnetic disk further includes an overcoat layer.

21. The disk drive of claim 13 wherein the seed layer is between 2 and 50 nm in
thickness, the underlayer is between 10 and 80 nm in thickness, the first ferromagnetic
layer is between 5 and 50 nm in thickness and the spacer layer is 1 to 20 nm in
thickness.

22. The disk drive of claim 21 wherein the cobalt alloy of the first and second
ferromagnetic'layers is CoPtCrTa, CoPtCrB or CoP{Cr.

23. A method :of manufacturing a thin film disk comprising the steps of:

sputtering a seed layer onto a substrate;

sputtering an underlayer onto the seed layer; and

sputtering a first ferromagnetic layer with a [1070] preferred orientation onto the
underiayer;

sputtering a spacer layer onto the first férromagnetic layer; and

sputtering a second ferromagnetic fayer with a [1090} preferred orientation.

24. The method of claim 23 wherein the seed layer is a material with a B2 structure.

25. The method of claim 23 wherein the seed layer is a material is NiAl, FeAl or NiCr.



24. The method of claim 23 wherein the seed layer is a material with a B2
structure. '25 Thema{hod of _.claim 23 wherein the seed layer is a

material is FeAl or
16 . 26. The g ﬂﬂh& uﬂﬂmm wherein the seed layer is a material is
Ni Al, the und Cr alloy, and the first and second
ferromagnetic Iayers are & cdébalt all oy. 27. The nethod of claim23
wherein the underlayer has a preferred 6grl entation of. [112]. 28. The
nmet hod of cl aim 23 wherein the spacer } yer has a preferred orientation of
[112] or [1010].

26. The method of claim 23 wherein the seed layer is a material is NiAl, the

underlayer is Cr or a Cr alloy, and the first and second ferromagnetic layers are a

cobalt alloy.

27. The method of claim 23 wherein the underlayer has a preferred orientation of .-
f112].

28. The method of claim 23 wherein the spacer layer has a preferred orientation of
[112] or [1010).



