14 March 2006 Magnetic Ani sotropy Adjusted Lam nated Magnetic Thin Filns for
"Magnetic Recording 5 Field of the Invention The invention rel aftd4arely2006
magnetic thin filmmedia with | am nated magnetic layers and also to
magnetic thin filmnmedia with | am nated nagnetic | ayers that have one or
nore antiferromagnetically coupled |ayer structures included therein and 10
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typical prior art head and trated in block formin
Figure 1. In operation the ?ragﬁtp?‘ ans E?grd Qésls supported by the

suspension 13 as it flies above the disk 16. The magnetic transducer 20,
usually <called a "head" or "slider," is conposed of elenents that perform
the task of witing nmagnetic transitions (the wite head 23) and reading -
the magnetic 20 transitions (the read head 12). The electrical signals to
and f5 onFieltkokthednueationr it e heads 12, 23 travel al ong conductive paths
(leads) 14 which are attached to or embedded in the suspensi on 13. The
magneti c transducer 20 is positioned over points at varying radial

di stancephé irﬂl@nhbﬁ rél%%@fo flaghBtic thif ilrhGnédiangifiy lanmidatedy inagnetic fayers tracks
(not shown). The disk 16 is attached to a spindle 18 that I's 25 driven by a

spi ndl e and alsoae magneticithin filte nipdia with, lamh@atedsmagtmetublﬁwer%té@taavgubst rate

260nwhcha|r nfilm 21
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16 includes substrate 26 of glass or AIMy with an 30 el ectrol ess coating of

Ni 3P t haplurelty pbthin filrgsirysyeh medédl. The thin filns 21 on the disk 16
typically include a chrom umor chrom um alloy underlayer and at 1 14 March
2006

Background of the Invention

15 A typical prior art head and disk system 10 is illustrated in block form in
Figure 1. In operation the magnetic transducer 20 is supported by the
suspension 13 as it flies above the disk 16. The magnetic transducer 20, usually
called a "head" or "slider," is composed of elements that performthe task of
writing magnetic transitions (the write head 23) and reading the magnetic

20 transitions (the read head 12). The electricai signals to and from the read and
write heads 12, 23 travel along conductive paths (leads) 14 which are attached to
or embedded in the suspension 13. The magnetic transducer 20 is positioned
over points at varying radial distances‘from the center of the disk 16 to read and
write circular tracks (not shown). The disk 16 is attached to a spindle 18 that is

25 driven by a spindle motor 24 to rotate the disk 16. The disk 16 comprises a
substrate 26 on which a plurality of thin films 21 are deposited. The thin films 21
include ferromagnetic material in which the write head 23 records the magnetic
transitions in which information is encoded.

The conventional disk 16 includes substrate 26 of glass or AlMg with an

30 electroless coating of NisP that has been highly polished. The thin films 21 on
the disk 16 typically include a chromium or chromium alloy underlayer and at



| east one ferromagnetic |ayer based on various alloys of cobalt. For
“exanpl e, a conmonly used alloy is CoPtCr. Additional el ementsl4daicinz006
tantat um and boron are often used in the magnetic alloy. A protective
.overcoat layer is used to inprove wearability and corrosion resistance.
Various seed layers, nmultiple 5 underl ayers and | am nated magnetic filns

have al | |dageond esredmbagdetic ldyee basedon rious HilRys aficobakd Forerahigle f4 | s have
i ncluded nultiple ferromagnetic | aige_rs that are separated by nonmagnetic
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i s bel i ejngstode véarabiifussd cenobiongesistandd. i Vigrites vesd|dylees, agIipld ¢ | ayers.
The use of |am nation for noise reduction has been extensively studied to

fi nd 1 heundertayens anddaminated yeagnaticdiimg| have alhbeeridageribed orthe priprand Ru,
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includes at least two ferromagnetic fil s ant i_ferrorralg‘net ically coupled
t oget her antiferromagnetio coepliaghgs deed proppsethgltdpkoewnithahsubstagbalyral , it is

ant 1 or rEppgRed SR RAH b ey AL YA ol s 2 e B B Bness and ¢ hat
the py ef gui@dred THRORIIURBY rhétlia ionssisdeliched duehertetibs@urthags pacer | ayer

was sel ected because it corresponds to the first antiferromagnetic coupling
peak in coupliogdiatweendhe maagnetis layerst iTbaluse afHaminatiom for noiseureduchener i al s
that are_appropriate.far .h ngnf er.r netic coupli.ng/ spacer filns
I ncl ude P?I{)ﬁgﬁﬁﬁﬁfm‘ﬁe?y éﬁ%@#fﬁﬁ?@r}e Paé’é’%‘ﬂ%%%ﬁg}( 'ﬁﬁ? m#i?rd#gm (I'r), copper
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antiferromagnetically coupled filnms are oriented antiparallel, the net

r emanent Upkaiiskthiak sesulhinithe biestdeconpiingcef themagnstic Ingerseang thenlgwesyer i s

t he gffﬁ%(a%cg#e the Mt values of the two ferromagnetic filns. This
reductionl "is acconplished without a reduction in the thermal

stability of Mg S.qenedi 6,280,813 to Carey, et al. a layer structure is described that

includes at least two ferromagnetic films antiferromagnetically coupled together
across a nonferromagnetic coupling/spacer film. In general, it is said that the
exchange coupling oscillates from ferromagnetic to antiferromagnetic with

20 increasing coupling/spacer film thickness and that the preferred 6 Angstrom
thickness of the ruthenium coupling/spacer layer was selected because it
corresponds to the first antiferromagnetic coupling peak in the oscillation for the
particular thin film structure. Materials that are appropriate for use as the
nonferromagnetic coupling/spacer films include ruthenium (Ru), chromium (Cr),

25  rhodium (Rh), iridium (Ir), copper (Cu), and their alloys. Because the magnetic
moments of the two antiferromagnetically coupled films are oriented antiparallel,
the net remanent magnetization-thickness product (M,t) of the recording layer is
the difference in the M.t values of the two ferromagnetic films. This reduction in
Mt is accomplished without a reduction in the thermal stability of the recording

30 medium because the volumes of the grains in the antiferromagnetically coupled

films add constructively. An embodiment of the structure includes two



30 nedi um because the volunes of the grains in the antiferromagnetically

- coupled films add constructively. An enbodiment of the struct4Mar¢mi08des
two 2 14 March 2006 ferromagnetic CoPtCrB filns, separated by a Ru spacer
filmhaving a thickness selected to naxim ze the antiferronmagnetic exchange
coupling between the two CoPtCrB filnms. The top ferromagnetic |layer is

desi gnedfebenitjetic CoRES filMs! separited by aoRl ispackefiradngtd thitkess, so that
the net nonent in zeto applied 5 magnetic field is |ow, but nonzero. The
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interface layers. 10 In U S. patent 6567236 to Doerner, et al., titled

" Ant i5f ermagegtictieldds lgw, maumnzerahi therCarsy 838 nalghicalse skates thatthe” an
antiferro netical |. oupl ed ayer struct.ure for.mm tic recordi ng
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t he coupling/spacer layer. The first sublayer has-.a hi gher 15 magnetic

nmoment  tandiot bettersferramagnietipdayershd hecpatant meptiapsrbutaioes najvaaboraignet i ¢
nmonment and,i s nughcttrhi ch:r han the first sublayer with a conposition and
t hi cknes¥ 118 %:& LG NGB YS Se Mt when combined with first sublayer that

i s ngeded forpihe. Putsrtid567238abI DosrheH &t 'l Stitléd pAﬁﬁféfrbﬁfbg‘h@ﬁ@QﬂWE“t of a
| ayer structure according to the patent is a pre-seed |ayer preferably of

CrTi; a Geepleddhimyamsdoe ig Recarding;” amaotifesomagnetipaliyf eeapled of CrTi;
a bottom.ferro netic | r pref.erably .of . an.antiferro netic :
coupl i ng]%%fa%@rr@ Ffs’tgf "ﬂﬁgﬁ%ﬁa@%%m W ,e'ﬁﬁﬁeoiorf B%?qu%réﬂtggﬂgg&ﬁ Bructure
i ncl udi ngpil etr%itﬁm.cfdréﬁhclad%f?é/ﬁélamelmiﬁffiirs?dsubfléije@roﬁllﬁéﬂombgﬁ?@ﬁ&, CoCr B or
CoPt CrB, and a thicker second sublayer of material preferably of CoPtCrB

with a |materiahisheontachwith e coupling/spanesyayer. Ihefirst peblayer hadadialker y of
mRgngt | Cm%ﬁﬁ&fcdﬁ%gnéntstﬁgn %s&ggﬁoegﬁﬁgyert. hf’he second sublayer has a lower
magnetic moment and is much thicker than the first sublayer with a composition
and thickness selected to provide the Mt when combined with first sublayer that
is needed for the overall magnetic structure. A preferred embodiment of a layer
structure according to the patent is a pre-seed layer preferably of CrTi; a seed

20 layer preferably of RuAl; an underlayer preferably of CrTi; a bottom ferromagnetic
layer preferably of CoCr; an antiferromagnetic coupling/spacer layer preferably
of Ru; and a top ferromagnetic structure including: a thin first sublayer of
material preferably of CoCr, CoCrB or CoPtCrB, and a thicker second sublayer of
material preferably of CoPtCrB with a lower moment than the first sublayer.

25 As the storage density of magnetic recording disks has increased, the
product of the remanent magnetization M, (the magnetic moment per unit volume
of ferromagnetic material) and the magnetic layer thickness t has decreased.
Similarly, the coercive field or coercivity (Hc) of the magnetic layer has increased.
This has led to a decrease in the ratio Mt / H.. To achieve the reduction in M;t,

30 the thickness t of the magnetic layer can be reduced, but only to a limit because
the layer will exhibit increasing magnetic decay, which has been attributed to



product of the remanent magnetization M (the magnetic nonment per unit
volume of ferromagnetic material) and the magnetic |ayer thi dkiMash2006as
decreased. Simlarly, the coercive field or coercivity (He) of the nmagnetic
| ayer has increased. This has led to a decrease in the ratio Mt / H, To
achieve the reduction in Mt, 30 the thickness t of the magnetic |ayer can
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Substantially improved SNR can be achieved by replacing a single
magnetic layer with a laminated magnetic layer stack of two (or more) magnetic
layers separated by nonmagnetic spacer layers. The reduction in media noise by
lamination is believed due to a decoupling of the magnetic exchange coupling

20 between the magnetic layers in the laminate. Spacer layer materials, including
Cr, CrV, Mo and Ru, with thicknesses, from 5 to 400 A have been reported to
achieve good decoupling of the magnetic layers. Even a discontinuous chromium
film has been claimed to reduce the exchange coupling between the two
magnetic layers.

25 Published US patent application 2002/0098390 describes a laminated
medium for horizontal magnetic recording that includes an antiferromagnetically
(AF)-coupled magnetic layer structure and a conventional single magnetic layer.
The AF-coupled magnetic layer structure has a net remanent magnetization-
thickness product (M,t) which is the difference in the Mt values of its two

30 ferromagnetic films. The type of ferromagnetic material and the thickness values

of the ferromagnetic films are chosen so that the net moment in zero applied field



achi eve good decoupling of the magnetic |ayers. Even a di scontinuous
chromium filmhas been clained to reduce the exchange coupl i hé Matngedd t he
two magnetic |ayers. 25 Published US patent application 2002/0098390
.describes a |lam nated nediumfor horizontal magnetic recording that

i ncludes an antiferromagnetically (AF)-coupled magnetic |ayer structure and
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percent Pt, 20 atomic percent Cr and 7 atomc percent B with the bal ance
being Co. Summary of the Invention 10 One enbodi nent of the invention is a
| am nat ed magnetic recording nedium conprising two magnetic |ayers
separated by a naonmagnetic spacer layer with the |ower nagnetic |ayer,
i.e., thgu@ﬁéaw&ftt%?n‘{ﬁﬂé‘?”f romthe recording head, having a | ower nagnetic
ani SR} r opy than the upper magnetic layer that is 15 closer to the recording
head.” I n alternative enbodi nents of the invention one or both of the two

magneti c | ayeQneigmbddinentioh ethveation ish darkinated hragnaticaeesrding h  an
antiferromagnetical]ly (AF) coupled (AFC Ia%er structure that has an AFC
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head, having a lower magnetic anisotropy than the upper magnetic layer that is

15 closer to the recording head. In alternative embodiments of the invention one or
both of the two magnetic layers in the laminated layer stack can be replaced with
an antiferromagnetically (AF) coupled (AFC) layer structure that has an AFC-
master and an AFC-slave layer separated by a spacer layer selected to
antiferromagnetically couple the AFC-master and AFC-slave layers. In

20 embodiments with one or more AFC layer structures the AFC-slave layers are
ignored when adjusting the anisotropy according to the invention. For example,
in an embodiment that has the lower magnetic layer replaced with an AF-coupled
layer structure, the AFC-master magnetic layer is adjusted to have a lower
magnetic anisotropy than the upper magnetic layer. Because the recording head

25 field is reduced with increased distance from the head, selection of the magnetic
layers according to the invention helps to respectively match the magnetic
anisotropy of the relevant magnetic layer with the head field exerted on it. This
matching allows the magnetic layers to be written under optimum conditions by
the head at the same head write current. Magnetic media made according to the

30 invention show a single sharp peak in the DC erase noise vs. head write current

plot which indicates that the magnetic transitions in the non-slave magnetic



20 enbodi nents with one or nore AFC | ayer structures the AFC sl ave |ayers
are ignored when adjusting the anisotropy according to the ird¢éviach@006-or
exanmpl e, in an enbodi ment that has the | ower nagnetic |ayer replaced with
an AF-coupled |layer structure, the AFC-master nagnetic layer is adjusted to
have a | ower rmagnetic anisotropy than the upper magnetic |ayer. Because the
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sharp pe erase nolse vs. head wite current

i ndi zat esnfabetablderitegordition in aicH thentsva maghetio tayess aveswitghed at 5 14 March
2006 layers are witten (SV\“ﬁh)e at the @ge head wit current,‘,C(aplLﬁadi ng to

the i npr&lfeenthgasvwderalsmti dgehanelitnahtie invaniahaes hadmagnadicPUis® ng t he
samne i terial r ngg ioHBORE el ayers
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i ndi cat imOﬁsoﬁR)lrié muproable lw oreeembadiirenttherupger chadatic lagenisgnet i ¢ | ayers
are switched at different head wite current, The benefits of the invention
ar e t hatselegiadasca pighsmagnptizatiqnratny) s that adhinner layescan ke useshjo i s i npr oved
and di | - £.0- 0G| re s I\ Sk oved. In one enbodi nent the
uppeﬁm%cn@%\g;ﬂeaéépaﬂgi%gglfgttbgﬁ(ﬁés)ﬂggérﬂ% Hn%rgneti zation alloy so that a

t hi nner | ayer can be used to 10 achieve the sane Mt and further inprove
overwite. Brief Description of the Figures Figure 1 is a synbolic :
illust ra@'i'%frp%?crtm@”ﬁ?fitg? Figyregnowi ng the rel ationships 15 between the hea
and associ ated conponents in a disk drive. Figure 2 is an illustration of a
prior art layer structure for a magnetic thin filmdisk wth which the
magnet i cFigaseet isaaynbaflictihestiatioandfitbe prian alteshoswing the relationships

15 between the head and associated components in a disk drive.

Figure 2 is an illustration of a prior art layer structure for a magnetic thin film disk
with which the magnetic layer stack of the invention can be used.

20 Figure 3 is an illustration of a two layer laminated magnetic layer stack for a
magnetic thin film disk according to the invention.

Figure 4 is an illustration of a laminated magnetic layer stack with the lower
magnetic layer replaced with an antiferromagnetically coupled magnetic layer
25 stack for a magnetic thin film disk according to the invention.

Figure 5 is a graph of normalized DC erase noise vs. head write current for Disk
4 with magnetic materials selected according to the invention.

30  Figure 6 is a graph of normalized DC erase noise vs. head write current for a disk
using the same magnetic material for both the upper and the AFC-master



20 Figure 3 is an illustration of a two |ayer |am nated magnetic |ayer stack
for a magnetic thin filmdisk according to the invention. Fi dédarah2@06an
illustration of a lam nated nagnetic | ayer stack with the |ower nagnetic
-layer replaced with an antiferromagnetically coupled nagnetic |ayer 25
stack for a magnetic thin filmdisk according to the invention. Figure 5 is

a graph rﬁ%%ﬁéifcﬁ&}/ér%e(@in%ﬁbém%Q‘?'a,é@or‘tﬁng fe@é pidrigt.current for Disk 4 with
magneti c terials selected according to the invention. 30 Figure 6 is a
graph of nornalized DC erase noise vs. head wite current for a disk using
the sane magnetic material for both the upper and the AFC-master 6 14 March
2006 magnetic layers (simlar to Disk 2) according to the prior art. 5
Det ai | ed Description of the Invention and the Preferred Enbodi nents Figure 2
illustrates a prior art layer structure 21 of a thin filmmgnetic disk 16
in which the |ayer stack according to the invention can be used. The |ayers

32 'ana Rrtaret BESFIRFLodhe TRV R Toe e PEERLRSFREBMER Boer 1l pre-seod
| ayers include but are not limted to OTi, CTiAl or OTiY. Seed | ayers

are typically wused on nonnetallic substrates, but the invention can also be
used w th metFagurec? illugtratassa pgosad hayer stiuetwead ledf athig filrkmamagmeticodisk! v

Ni P- coated Al 5 substrates are used with an underl| aye ructure of Cr,
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particul ar underl ayer bei ng used. The |ayer structure shown i'n Figure 2 can

be used andtpressepskpyers Bt as matrckin moredelailhelews Usefulmye-ssashigyers t wo or
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| ayers. Jgeg cinmsisthasillic Qibstiates, g ies irventipe icantaisk bddised wittpestaticof a
plurality of layers which are further . .
substrates’such as NiP-coated AIMg. Conventionally NiP-coated AlMg
15 sﬁbstrates are used with an underlayer structure of Cr, Cr alloy or multiple Cr and
Cr alloy layers which are sputter deposited directly onto the NiP. The invention is
also not dependent on any particular underlayer being used.
The layer structure shown in Figure 2 can be used with a variety of
magnetic layer stacks 34. For example, two or more laminated magnetic layers
20 can be used and antiferromagnetically coupled layers structures can be
substituted for any or all of the magnetic layers. One embodiment of the
magnetic layer stack 34 is composed of a plurality of layers which are further
illustrated in Figure 3. A first embodiment of a layer stack 34 according to the
invention is a laminated structure including an upper magnetic layer 36 (the
25 magnetic layer nearest to the surface of the disk and, therefore, the head), a
spacer layer 37 and a lower magnetic layer 38. The material for the lower
magnetic layer 38 is selected to have a lower magnetic anisotropy than the upper
magnetic layer 36. The magnetic anisotropy can be adjusted primarily by
changing the atomic percentage of platinum in a cobalt based magnetic alloy
30 such as CoPtCr, CoPtCrTa or CoPtCrB. A higher atomic percentage of platinum

yields higher magnetic anisotropy. Chromium and boron content may also affect



illustrated in Figure 3. Afirst enbodi nent of a |layer stack 34 according to
"the invention is a |aminated structure including an upper magddflprshi280@r 36
(the 25 magnetic |layer nearest to the surface of the disk and, therefore,
-the head), a spacer layer 37 and a | ower nagnetic |ayer 38. The materi al
for the lower nmagnetic layer 38 is selected to have a | ower nagnetic
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content will increase the magnetization. A second.enbodi nent of the |ayer

stack 34 is iA baeendeasbadimentof hedayesstaplo8dds divstrateshin Figure 4. As
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in place of" the | ower magnetic | ayer 38 of Figure 3. An
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will be referred to as AFC-master magnetic | a}/er 42 for the upper one and
AFC- s| aVayerggyitt the magaetialayess aptiteriomagnedisally caepledithroughstbel ayers is a

fer nemagei foi@iciddater Hydr & HeV o MaGHetid1dyRes BF Iha" aftitrr8inaghetically

coupled layer structure 41 will be referred to as AFC-master magnetic layer 42
for the upper one and AFC-slave magnetic layer 44 for the lower one. Each of
these layers is a ferromagnetic material of the type used in the prior art of thin
film disks. Examples of materials suitable include CoCr, CoCrB, CoCrTa,

20 CoPtCr, CoPtCrTa and CoPtCrB. The thickness of the AFC-slave magnetic layer
44 must be chosen so that its Mt is lower than that of the AFC-master magnetic
layer 42. The AFC spacer layer 43 is a nonmagnetic material with a thickness
that is selected to antiferromagnetically couple the AFC-master magnetic layer
42 with the AFC-slave magnetic layer 44. Ruthenium is the preferred material for

25 the coupling/spacer layer 43, but the prior art indicates that suitable materials
include chromium (Cr), rhodium (Rh), iridium (Ir), copper (Cu), and their alloys.
The thickness of the AFC spacer layer 43 is according to the prior art; for
example, approximately 6 Angstroms is a preferred target thickness for a
ruthenium AFC spacer layer 43. The upper magnetic fayer 36 according to the

30 invention is a ferromagnetic material having a higher magnetic anisotropy than

AFC-master magnetic layer 42. The recording head field is reduced with



filmdisks. Exanples of materials suitable include CoCr, CoCrB, CoCrTa, 20
CoPt Cr, CoPtCrTa and CoPt CrB. The thickness of the AFC- sl ave ngvetch@0Dayer
44 nust be chosen so that its Mt is lower than that of the AFC naster
magnetic |ayer 42. The AFC spacer |layer 43 is a nonmagnetic material with a
thickness that is selected to antiferromagnetically couple the AFC naster

nmagnet i Cinbrd8k ofthstahtd filohe tH-head a¥ensareetly Catl AyendfbadWiteeourent s t he

preferred material for 25 the coupling/spacer |ayer 43, but the prior art

i ndi cat ethethead fiald expriedan thei AF 6-master oagnaticdayearis weaker thanithaharh) |

spacer 1 oS RaFleticTHyer, SREBR, in B rpsd el FERET PnduhBul = | ¢
ANngst r ONginikStrapyPbEfher refslant heRinetiailayeragith fre head fielihexerted AFE, theacer | ayer

43. The upper nmagnetic | ayer 36 according to the 30 invention is a
f er r SmaghECimaster eragnetisdayvergnesds igraveliayeemagneticanismpyt than tharc: nast er

magnetic | ayer_42..T ' | | SiF ] 4 March 2006
i ncr easeu%qé{'(ﬁpig'iﬁ&:cegﬁ ?éﬁﬁghg%ar%%q&ﬁ%gja&r{rﬁi 'Icya?ﬁ%kﬁ?%)%\éﬁ/tgrel ead wite
current fAgnERafybieHEperds b8 theBhaRrtdisticss head TihaiductibAyth i s weaker
than that on thé upper magnetic |layer. Therefore,-in order to respectively

mat ch t hdistangeetlihe upRRRIIDRGRRNC @yer Alsorrseterably hasdhghineagnstizatiant h t he head

field exerted on.i t o ' t wer
mgnet o« an JaapjerRlRe Bribodiint fe. A& hblnc @ Bleh 86 AN RebiGcad "t
MagnRy i Cwik bﬁ(AF-@@MﬂI@H Ih?ér dtracturedneThe lhysreror thipemtddineritare the _
characteristics of head tfield reduction wwth distance. The upper nagnetic

| ayer al sameastshions) ip Hagra s gxcapbifat AFeeued |ayes stractuse iaenJePedbodi ment

h . i . ' - |
St uck ur DI etig e ERERiniEnF P BReE BAGFRRE tafel 4 hk BlofEr ARIPCEE TV er
Fi gur e Jamizsteqpy tHamt thAFAEOupaster hagnetistlayertd®. eThe AFC-hwsterd maghbtis

alternative enbodi ment the | ower magnetic |ayer 38 has a | ower magnetic
ani sot r dgyet preferaRly IRBENGYEMHEN: ¢ | ayer 42. The AFC naster nagnetic

| ayefs pref er ahhy, hageMiatile BREUAiMEAT i upper magnetic layer 36 and the lower
magnetic layer 38 can be respectively replaced with two AF-coupled layer
structures 41. In this alternative embodiment the AFC-master magnetic layer in
the AF-coupled structure replacing lower magnetic layer 38 has a lower magnetic
anisotropy than the AFC-master magnetic layer in the AF-coupled structure
20 replacing upper magnetic layer 36. The AFC-master magnetic layer in the AF-
coupled structure replacing upper magnetic layer 36 preferably has high
magnetization.
Tables 1-5 compare nine experimental disks two at a time to isolate
differences resulting from a change in a single characteristic. The media
25  structure is that shown in Figures 2 and 4. The materials for each of the layers
are shown in the caption or in the body of the table for each of the test disks.
The K V/KT value is for the complete media. Each of the disks has a pre-seed
layer of CrTisqg and a seed layer of RuAlsg. Table 1 compares two disks with
different alloys for the AFC-master magnetic layer 42 in an antiferromagnetically
30 coupled magnetic layer stack 34 as illustrated in Figure 4. Disk 1 has an AFC-

master magnetic layer with lower magnetic anisotropy (CoPt;1Cry0B5) than the



15 In an alternative enbodi nent the upper nmagnetic |ayer 36 and the | ower
magnetic | ayer 38 can be respectively replaced with two AF-couglMarch20e6
structures 41. In this alternative enbodi ment the AFC nmaster nagnetic |ayer
-in the AF-coupled structure replacing | ower magnetic |ayer 38 has a | ower
magnetic anisotropy than the AFC-nmaster nmagnetic |layer in the AF-coupl ed
struct !”lﬁotp%? nﬁ@?‘le?i‘é'l RSPt SRR ). CThéW*Cfrﬁast@P?r\a%ﬁ@ﬁEEﬁé&&raﬁﬂaﬂ@t I C

| ayer in'the AF- coupl ed structure replacing upper nmeagnetic |ayer 36

pr ef er ahippehasadriajic layergnddisk 2t arermada fioss thie samermatasiah{ GePtxprsBngnt al

di sks t .a tinme o i t differences resultjng. f.rom.a change in a

inore ot bickopbEDr ke ARE-Miter ToabGRFTEFRr LD 1 Bl SH SRSt o 5 and
4. The rmyeﬁirﬁds%iﬁmérﬂ%imap%témmylt@mélsz_a%riﬁd"@bwb*(théihx VA V&8l0e8r in the
body of the table for each of the test disks. The K' V/ kf value is for the

conpbet ¢Diskdl &.7 &4k 8f= TAp Tdiesfast that the pre disksdavesgignilabtheprml 50 and a seed
| ayer of 50, Table..l conpares twa. disks with | £f er.ent | for the
ARG, s ctaD i ERonRRE e MRS Tntdlfirt i Tatfiara LA e diEhiea nagnet i c
layer stagkotibedn ddHievdd B Sdchifitift therthat stddilfl. Thea@salls Hhéw tHBEDRk
magnetic layer with | ower nmagnetic ani sotropy CoP.tQIC[ZOBY) than the 9 14
Mar ch 20lois imppevedchavgrddisk 2 imytbat QW is higben bpB19dB TRW ssrJomies thyr3.Bagnet i ¢

| ayer and t he upper netic | din. Dis e made fromthe same nmaterial
(CoPt 12 fxgiﬂgapefﬂﬁg‘?ﬁmﬁ'gs@@ '3 ﬁ@%ﬁﬁgy@ta@?lgr magnetic layer in Disk 1
Is ggjusted so that Disk 1 has simlar thermal stability to Disk 2 as

I ndi cated by their KuV/ kT values 5 (Disk 1 = 73; Disk 2 = 74). The fact that
the two _disks have simlar thermal stability shows that the inproved
recordi eﬁfor mance of Disk | over Disk 2 has not been achi eved by

sacrifi hermal stability. The results show that Disk 1 is inproved
over Disk 2 iOnTifRaisgiidedayer/gb@rm /iy ABCSaHster RiA§netic Saye BRI Coty,C8,Bnm at even

hi gher ranpirtyygeand—SQNR Ty hgher by O G oW TPW., | LFTAA | K.VIkT

master (Oe) | (memu/cm?) (dB) | (nm) | (mv)
Magnetic
Layer

DISK | CoPt;,CrB; | 3762 | 0.65 310 | 254 | 1234 | 1560 |73

1

DISK | CoPt,,CryB1y | 3998 | 0.69 301 | 21.9 |127.3 | 1362 |74

2

15

The data in Table 2 compare Disk 1 with Disk 3. Disk 3 has an upper
magnetic layer with a higher magnetization than that of Disk 1, but is otherwise
the same. Disk 3 has 0.4 dB OW better than Disk 1 and its thermal stability with

20 KyV/KT equal to 76 is even higher than that of Disk 1 (K V/KT =73). Disks 1-3 all
have an underlayer of CrTiyg. Disks 4-7 use CrTiyg for the underlayer which helps
to reduce PWs at increased amplitude.

Table 3 illustrates the applicant’s finding that the OW of the laminated AF-

coupled media can be improved by thinning the AFC-master magnetic layer to a

10



Tabl e 1 CrTi 50/ RuAl _gl underl ayer/ CoCrl dRu/ AFC-master nagnetic

| ayer/ Ru/ CoPt 12cr 14B11 AFC- HeM t SONRONPW oL FTAAKUV/ kT 14 March 2006

mast er (Ce) (nmenu/ cnR) (dB) (nnm) (mv) Magnetic Layer

Dl SKCoPt 11Cr 20B737620. 6531. 025. 4123. 41. 56073 1

DI SKCoPt 12Cr 14B1139980. 6930. 121. 9127. 31. 36274 2 15 The data in Table 2
conpar e certalh éxteht witRoaksignifitastly afféetingpthenppestabilign@able 3 agaparesh a

hi gher nmagnetization-than that of Disk 1, but is otherwise the same. Disk 3
has 0. 4 disks&and 6y whichidifierindhe thigkpess of tﬂﬁﬁm%&?-@@ﬁsr magnefictayeln Kuv/ kT

equal t 65 J t fu D) } T = b -3 all
have an%ﬂ‘ﬁdteHrq§%@z§'W' ?Lﬁ( ﬁ)@ﬁ%hsﬁ?tgg%h@ggké%# %\%%rr mta éééﬂ%g r Z‘f(%r whi ch
hel ps  tidRHigher OWothah Disk desittednnoe unit eed datiohan K jM/kTst rat es t he
applicant's finding that the ONof the | am nated AF- coupl ed nedia can be

i npréved by thinning the AFC-master magnetic layer to a 10 14 March 2006
certain extent without significantly affecting thermal stability. Table 3
conpar e i f i i i i =mast er
magnetic |layer and, therefore, Mt. Disk 6 which has the thinner AFC naster
magneti c_ | ayer has 1.2dB higher OWthan Disk 4 wi-th only one unit reduction
in K Viable 8 Table 2 Cr Ti 50/ RuAl 5e/ under | ayer/ CoCr 10/ Ru/ CoPt 11Cr 20B7 / Ru/

upper magnet iceril AR RBRE/SANEERANRSIRYE L, NS ér ibgnetic layer

Upper He M.t SoONR | OW | PW5, | LFTAA | K \VIKT
Magnetic | (Oe) | (memufcm?) (dB) | (nm) | (mv)
Layer

DISK | CoPt;,CrigBs | 3850 | 0.65 30.9 258 | 124.2 | 1.566 76

3

DISK | CoPty5,Cr4B4q | 3762 | 0.65 310 254 | 123.4 | 1.560 73

1

10

Table 3
CrTisg/RUAlse/CrTizg/CoCryo/Ru/CoPty4CryoB7 (Mrt varied) /Ru/CoPt,CrgBg
Mt H. Mt SoNR | OW | PWg, | LFTAA | KuV/KT
(memu/cm?) | (Oe) | (memuicm?) (dB) | (nm) | (mv)
AFC-master
Magnetic
Layer

DISK | 0.34 3594 | 0.64 26.3 257 | 1256 | 1.884 75

6

DISK | 0.38 3674 | 0.67 26.2 245 |127.8 |1.982 76

4

15

11



Magneti c(Ce) (nmenu/ cnR) (dB) (nm (nv) Layer

DI SKCoPt 12Cr 16B938500. 6530. 925. 8124. 21. 56676 3 14 March 2006
Dl SKCoPt 12Cr 14B1137620. 6531. 025. 4123. 41. 56073 1 10 Table 3

Cr Ti 50’ RUAI SO Cr Ti 20/ CoCr | o/ Ru/ CoPt 11Cr 20B7 (Mt varied) /Ru/ CoPt 12Cr 16B9
M t HeM t SONROWPWSOLFTAAKL, V/ kT (menu/ cnR) (Ce) (nmenu/ cn) (dB) (nm) (nv)
AFC-mast er Magnetic Layer DI SKO. 3435940. 6426. 325. 7125. 61. 88475 6

DI SKO. 3836740. 6726. 224 5127. 81 98276 4 15 11 14 March 2006 Table 4 5
CrTiso/R 0
Upper HOM t ACS, NRQ/\PV\BOLFTAAK" VI kT Magnet [ c(Oe)(rrerruSqueeze(dB)(nn)(nV) / cnR)
Layer DI SCoPt 13Cr 1gB37360. 5853. 826. 925. 5119. 21. 47675 K77

Table 4
5 CrTisg/RuAlsg/ CrTiye/CoCryo/Ru/CoPt1CryoB; /RU/ upper magnetic layer
Upper He Mt AC S.NR | OW [ PWs LFTAA | KVIkT
Magnetic (Oe) f;“::;‘” Squeeze (dB) | (nm) | (mV)
Layer .
DIS | CoPt;sCrigB | 3736 | 0.58 53.8 26.9 255 | 119.2 (1476 |75
K7 |7
DIS | CoPt2CrigB | 3594 | 0.64 48.4 26.5 255 | 1204 | 1606 |75
K6 s

Table 4 compares Disk 6 with Disk 7 to show that increased anisotropy of

10 the upper magnetic layer reduces side band erase. Disk 7 which uses the higher
anisotropy upper magnetic layer (CoPt;3CrgB7) has higher AC squeeze which
leads to reduction in the width of the side erase band. Thermal stability and OW
of Disk 7 are maintained at the same level as disk 6 due to the changes in Mt
and Hc.

15 The OW of the laminated AF-coupled disk structure according to the
invention can be further improved by using a thinner Ru upper spacer layer 41
between the upper and AFC-master magnetic layers. Tables 5 and 6 show that
the OW is increased by 1dB when the upper space layer thickness is reduced
from 1.2nm (Disk 9) to 0.8nm (Disk 8).

20

12



DI SCoPt 12Cr 18B35940. 6448. 426. 525. 5120. 41. 60675 K6s Table 4 conpares Disk 6
“with Disk 7 to show that increased anisotropy of 10 the upped4iayole20Q

| ayer reduces side band erase. Disk 7 which uses the higher anisotropy upper
-magnetic layer (CoPt13Cr19B7) has hi gher AC squeeze which leads to
reduction in the wwdth of the side erase band. Thermal stability and OV of
Disk 7 are maintained at the sane |level as disk 6 due to the changes in Mt
and H.. 15 The Q/Vof t he Iam nat ed AF coupl ed disk structure according to
the i nuven - pacer

| ayer 41 between the upper and AFC— rraster magnetlc | ayers. Tables 5 and 6
show that the OWNis increased by 1dB when the upper space |ayer thickness
is reduagie 5rom 1. 2nm (Disk 9) to 0.8nm (Disk 8). 20 12 14 March 2006 Tabl e

Copt 130 ?8%5“%%&%8%@%@8@#’%@trzp%‘iﬁsr@t%ee@%%te RGeS (v () (o

DI SKO. 0™ 3594 @R p827. 723.H Mt 476 8 D SKNR2BDWO PW% SRETAW 8. 31. 606 9
Table 6 10 CrTi so/ RUAl so/ Cr T| 2 | CoCr 10/ Ru/ CpPt 11 {r 20B7 / Ru(thickness
vari ed)/ mrbrmg@e@% R@e)hj (Re c'(nn)q ow ( dpjdB. E (mv)
(nm)

DiSK 1 0.8 3694 | 0.58 27.7 237 118.6 | 1.476

8

DISK | 1.2 3712 | 0.58 27.5 227 1118.3 | 1.606

9

Table 6

10 CrTiso/RuAlse/ CrTiz/CoCro/Ru/CoPty1CryB7 /Ru(thickness varied)/ CoPt,CrzBs

Ru thickness (nm) | OW (dB)

0.6 28.1 k

0.8 28.1

1.0 27.5

1.2 271

As discussed earlier, Disk 4 selects magnetic materials with different
15 magnetic anisotropy according to the invention to respectively match the
magnetic anisotropy of the relevant magnetic layer with the head field exerted on
it. As a result, a single sharp peak is observed in the normalized DC erase noise
vs. head write current piot (Figure 5), which indicates that the magnetic switching
of both the upper magnetic layer and the AFC-master magnetic layer occurs at
20 the same head write current, leading to the improved magnetic recording

performance. In comparison, a prior art disk using the same magnetic materiai

13



0.828.1 1.027.5 1.227.1 As discussed earlier, Disk 4 selects magnetic
materials with different 15 magnetic ani sotropy accordi ng to l#idaichedd i on
to respectively match the nmagnetic ani sotropy of the rel evant magnetic | ayer
with the head field exerted on it. As a result, a single sharp peak is
observed in the nornalized DC erase noise vs. head wite current plot

( Fi gur e &) botwithe lupipediandtARC rhastet hmgmetio dayers gsintilahita @islo?) Slodwst he upper
magneti c Ia?/ﬂer and, t he AFC- mas(igi r .magnetic | ayer iccurs at 20 the sanme head
wite c@ouble peaks;idithg nasmalige %&8@?@ MRISR &Ei Bead ¥oiteicHYepEPI%r nance. In

conpari Il O i I i i tier 14 Mar ch
20061 on” Ry CPraTEafhy of ifaliaiabe Wi EGIRIGRANRICE 8 B0 Faghene 'k 2)
shows ddaydre apesivitched bhdifferentthezbwriieCcaraste Mbissmeasurdmeent cari be current
plot (Figure 6), indicating an unfavorable wi tﬁ]elcondi tiﬁg\g in which the two
magnét | aisendg adiisk tee Baanel Aot drerexanaele. fe Reakat hedpwerhead

measur e t ] i i . xanpl e,
the peatiip ERBnFf e a0’ PR chirBofItts the MR Rint GPinel
(r:]or (r]I es pcmabndt'ﬁ layer doséstitonige peth i.e@f trtéﬁhepp?ragagnéﬁn Iagrys_er Théﬁa‘eﬁé,_tboh_t he f
ead, i.e., the upper netic layer. Therefore, t ring the switching o
the | om@('”ﬁé@%éﬂ'@&”@y&ﬁgeﬁ‘?‘@?f MAIPEHE @YREsk @y ﬁ??aéﬁ@rrin@s’tqgépﬁgf‘etiﬁ)r einline
with th per aet | e nek | C- mast er
ragnet | <Ry HorEREMR Win' (¥ Hopeh RisdFREe oy BY FbNERY aRlscky RS oer
head0w IARC-mastentaghetic tayenshogld e idwered agdcineiils aliow itttolswifall atachni que,

but the actual recordin f ar mance e rements. as. di scyussed apove can
al S0 b IQMRheaAth Wit CuTENt T uAing SN I06 STPBRACISSUS@ USEIULIEChBIdE usi ng

Sopner SR RALSEBR SRR MRe TGt S SARRLY BpbYoSal (o)
per cent atsmipmsisédons given
The thin film structures described above can be formed using standard
15 sputtering techniques. The films are sequentially sputter deposited with each film
being deposited on the previous film. The atomic percent compositions given
above are given without regard for the small amounts of contamination that
invariably exist in sputtered thin films as is well known to those skilled in the art.
The invention has been described with respect to particular embodiments,
20  but other uses and applications for the ferromagnetic structure according to the

invention will be apparent to those skilled in the art.

14



above are given without regard for the small anmounts of contam nation that
invariably exist in sputtered thin filnms as is well known to {hd&ech’099 eq
in the art. The invention has been described with respect to particular
enbodi ments, 20 but other uses and applications for the ferromagnetic
structure according to the invention will be apparent to those skilled in
the art. TALAIMSVArch 2006 CLAIMS 1. A thin filmmagnetic recordi ng nmedi um
for use with a magnetic recording head conprising: a |ayer stack on a
substrate, said | ayer stack conprising;, a first antiferromagnetically

coupl ed magnet iaCthirAlBE mabhdtfelrdERding Yhdiiurd foraie withl 4 Shgricromsdias
ferromagnetic |ayer and a first AFC-slave; ferromagnetic |layer that are

anti f er r oheageompeingy coupl ed across a first spacer layer, the first
AFC-master ferromagnetic | r, havi a first magnetic ani sotropy; a second
spacer | ayer aajlaa?'(?‘é%f‘ai%n'flﬁ@lsfrlaﬁ'es?a“i\g%?rsﬁt%f\lll(ézofn&r’ls%%agneti c layer; and a
second anti f er pgRRGAGTdRA dgiettaUp coshloPmagidtie 14y strudtlire hatnge; asli sposed

bel ow the first antiferromagnetically coupled magnetic |ayer structure and

t he secondirstdgicmestenieaiomagactiolgyes @é@&ﬁﬁ%ﬁi@shﬁglféﬂQMﬁe@ﬁd@ﬁéﬂ}a& | ayer and
e 5o 4G LA LERLATSBORE) G el Akl g [

coupl ed across a t ayer, naster terronmagnetic

| ayer havifgtpneagdeiongertagiigtd Grst magmoicaapytrégyat is | ower than the first
magneti c ani sotropy by an_ anmount selected to conpensate for

a | ower
magnetic fi el daspRfishercriayreidizcepeiodhy lﬁbAﬁgaﬂa%“P@agflet1Cd?3§é;ra“giest ance

bet veen the MgReldg hERRIHBRNERY oAd S RRE s AFCnTRSY Bfoscd O T ORGNCL T €

| ayer, the second antiferro netl cou netic layer structure
bei ng di spelpedhs €irdt atifetdomagesteally sppieimhgnete lepsraties ahdthesecondd AFC-

The. t hi n FPACH RAGNBRYIES § SEOPAAS -ROUPLITBaERic DT ARG SRR G- st AEC
ggf] teregt Lg%%g@?&f&%dgﬁetﬁ@ﬁ%r Rt CRTerr SnEERRAUIS R ohPled afioksSh HRGpaLdC Tiel d
layer, the second AFC-master ferromagnetic layer having a second magnetic
anisotropy that is lower than the first magnetic anisotropy by an amount selected to
compensate for a lower magnetic field from the magnetic recording head due to a
larger distance between the magnetic recording head and the second AFC-master
ferromagnetic layer, the second antiferromagnetically coupled magnetic layer

structure being disposed so that the second spacer layer separates the second AFC-

master ferromagnetic layer from the first AFC-slave ferromagnetic layer.

2. The thin film magnetic recording medium of claim 1 wherein the first AEC-
master ferromagnetic layer switches in response to a first magnetic field generated by
a first write current magnitude in the magnetic recording head and the second AFC-
master ferromagnetic layer switches in response to a second magnetic field generated
by a second write current magnitude in the magnetic recording head and the first and

second write current magnitudes are approximately equal.

3. The thin film magnetic recording medium of claim 1 wherein normalized DC
erase noise plotted versus a write current in the magnetic recording head has a single

peak.

15



a first wite current magnitude in the magnetic recordi ng head and the
second AFC- naster ferromagnetic |ayer switches in response té&4MadeZif
magnetic field generated by a second wite current magnitude in the
magnetic recording head and the first and second wite current magnitudes
are approximately equal. 3. The thin filmmagnetic recordi ng nmedi umof claim
1 wher ei n fa0r ndlliezbin fid@ megrasie revordieg plediviredf clains Usvharem thedirsttandent i n t he

magneti c recordj head .has a sj.ngle .peak. 15 14 .ch 20 4. The thin
{1 ' nmgn T LR ARIRG CHEUTRIELT P IS gABRS AL PRESYT 208 Diifgeothcond
AFC- mast erAFEIQR&HIn4znkRY Rér Had al18dler £8hRI Jercenthgp baplaiHimansh thee second
AFC-master ferromagnetic | ayer has a | ower atom c percentage of platinum

t han the firtrAFCarGtarderramagnetie Biyeignetic layer. 5. The thin film magnetic
recording nmediumof claim1l wherein the first and second AFC-naster
ferromagnetic | ayers conprise cobalt, platinum chrom umand boron and the

second AFG. mastEie thiarfileimggetic ¢edoddifg nitdfuntof QYR 1 athersie thedirsiemdage  of
platinumthan the first AFC-master ferromagnetic |layer. 6. The thin film
magnet i ¢ rseenddiFgrmaster ferrapagaets lyars kpapasecaball, Blatimym,ghromias and

ferr O”agn%to'kog] %{@éﬁ%&%ﬁd ?\;@&’A&%} Feﬂlo'{n%g?égf;g?yfkr ']ilgs DiegardnliR BeRepagNet | 2ali on

of the secon Ster ferromagnetic
of platinum than the first AFC-master ferromagnetic layer.

6. The thin film magnetic recording medium of claim 1 wherein the first AFC-

master ferromagnetic layer has a magnetization which is higher than a magnetization

of the second AFC-master ferromagnetic layer.
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