Magneti c Ani sotropy Adjusted Lam nated Magnetic Thin Filnms for Magnetic
Recording 5 Field of the Invention The invention relates to nagnetic thin
filmmedia with | am nated magnetic layers and also to magnetic thin film
media with | am nated nmagnetic | ayers that have one or nore
antiferromagnetically coupled | ayer structures included therein and 10 nore
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plurality of thin films in such nmedia. Background of the Invention 15 A
typical prior art head and dicrkMagneticiReicondingstrated in block formin
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 conposed of elenments that perform
the task of witing nmagnetic transitions (the wite head 23) and reading
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Background of the Invention

15 A typical prior art head and disk system 10 is illustrated in biock 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 perform the task of
writing magnetic transitions (the write head 23) and reading the magnetic

20 transitions (the read head 12). The electrical 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
exanple, a comonly used alloy is CoPtCr. Additional elenents such as
tantal 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 underlayers and | am nated nmagnetic filns
have al | laasé enadetremagaetia layes based on variouselloys sficobalt dF oagxample, @i | ns

nonmagne ey dbe ol 3 CRIRGE Addior Biement BefiaR BEELR #%80N ng nas
been propes eften Liset S twaghBet alofps Agitbiethive overava vRdr ’NFsedfb be achi eved

by the use of a |am nated magnetic |ayer 10 structure. The reduced nedi a
noi se i simpraveweRiabéity gnd @erewnerﬁaisialy@. \G@rigs sepdolayarse multiplenagnet i ¢

St s LBGeHARrE I eiMing e . pe%inehR R ROR Vv
Mo and Rart. a7k RAfdASfed MbgHORSHIRR haRngluded rﬁnmﬁrer@ﬁ@lmagmibda drgt result

in the best decoupli ng of "t he rraeg_netlc | ayers and the [ owest 15 nedia
noi se. | that.age sppaated byrRmnsaghetic spaceylayets and moredgeentit ruct ure is

ontit er r anSamadtietls Enlha 88 HoshiitpbSidd B K Ehdn that Shinstantiaty
coupl i ngiraprRed SNRMBan e getiievéd byithe Use BRadainitRited h?a%r@ti@hame coupling

oscillates fromferromagnetic to antiferromagnetic with 20 increasing
coupll® ngstigelsiee. The radusedinedia naie isthalieved dopde seducedsexghanigeom t hi ckness

Co the f EPURHG TR PRER BRI 4T T TRl RIRRIoRIERSRe rbudtli ThE™"

parti cul ahasbeeh dtémaivdly saidisdto fifid td flverddi@spacesr iaper watdrile for use as
t he nonferroma%get I ¢ coupling/spacer filns include ruthenium (Ru),

chr omi uminarding 5, ERAYMarandRY, and spacsnthicknessasgpem g taw Angaliomsei r
al | oys. ﬁﬁ%ﬁ%@ﬂwé?&smmﬂg'b&% ﬁgg@%}lﬁgf&f tﬁ?ﬁg&ﬁ@%tﬁﬁ%ﬁ@[@%@’?&%&ta' Ly

coupl ed are oriente
magnes i zatadimnblseckness product (Mt) of the recording |ayer is

In U.S. patent 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
M.t 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




the difference in the Mt values of the two ferromagnetic filns. This
reduction in Mt is acconplished without a reduction in the thernal
stability of the recording 30 nedi um because the volunmes of the grains in
the antiferromagnetically coupled filmnms add constructively. An enbodi nent

of the structure inc|ludes two 2 ferromagnetic CoPtCrB fil ns, separated by a
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i ncl uidli ngnagneticimoment thanuthiesageondfsublayer. The 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 Mt,
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




material preferably of CoCr, CoCrB or CoPtCrB, and a thicker second

subl ayer of material preferably of CoPtCrB with a | ower nonent than the
first sublayer. 25 As the storage density of nagnetic recording di sks has
i ncreased, the product of the remanent magneti zation M (the magnetic
nonent per unit volune of ferromagnetic material) and the magnetic | ayer
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Substantially improved SNR can be achieved by repiacing 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 fayers.

25 Published US patent application 2002/0088390 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 M.t 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




| ayers separated by nonmagnetic spacer |ayers. The reduction in nedia noise
by lamnation is believed due to a decoupling of the magnetic exchange
coupling 20 between the magnetic layers in the | am nate. Spacer |ayer
materials, including C, CV, M and Ru, with thicknesses, fromb5 to 400 A

have been reported to achieve IﬁOOd decoupling of the magnetic |ayers. Even
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media is given by the sumof the M of the upper magnetic |ayer and the Mt
of the AF-coupled | ayer stack. The convention for ‘alloy conposition used in
this application gives the atomc percentage of an el enent as a subscript;
for examy gnmafrbfithel Ipvéftidn atom ¢ percent O with bal ance being Co and
CoPt 11Cr20B7 is 11 atomc percent Pt, 20 atomc percent Cr and 7 atom c
percdft B with the bal ance being Co. Sunmary of the Invention 10 One
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recor di ng head, having a | ower magnetic ani sotropy than the upper nmagnetic
| ayer thaayergvith the lower magnetic layer, i.e., the one farther away from the recording
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 iayers 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




15 closer to the recording head. In alternative enbodi nents of the
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to 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 fayer 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




10 achieve the same Mt and further inprove overwite. Brief Description of

the Figures Figure 1 is a synbolic illustration of the prior art show ng
the rel ationships 15 between the head 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 magnetic |ayer stack of the

i nvent i omagastit &ayese (similer 1 Qiska2) Accerding {9 thesprietarbn of a two | ayer

| am nat ed magnetic | ayer stack for a magnetic thin filmdisk according to
the invention. Figure 4 is an illustration of a | am nated nmagnetic | ayer
stack with the lower - magnetic | ayer replaced with an antiferromagnetically
coupl ed magnetic | ayer- 25 stack for a magnetic thin filmdisk according to
the invention. Figure 5 is a graph of nornalized DC erase noise vs. head
wite current for Disk 4 with magnetic materials selected according to the
inverrtion. 30 Figure 6 is a graph of normalized DC erase noise vs. head

write cupegdifedfDesatiptibhlof ths Inventioe andthe PagieptedcEmbbdimentsf or both t he
upper and the AFC-naster 6 nagnetic layers (simlar to Disk 2) according to
the prior art. 5 Detailed Description of the Invention and the Preferred
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substrates such as NiP-coated AIMg. Conventionally NiP-coated AlMg
15 substrates 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 aiso affect




Cr alloy layers which are sputter deposited directly onto the NiP. The

i nvention is also not dependent on any particul ar underl ayer being used.
The | ayer structure shown in Figure 2 can be used with a variety of
magnetic | ayer stacks 34. For exanple, two or nore | am nated magnetic
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nonmagnetic spacer layer. The two magnetic layers of the antiferromagnetically
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 M.t 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 layer 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




in Figure 4 has an antiferromagnetically coupled | ayer structure 41
substituted in place of the | ower nmagnetic |ayer 38 of Figure 3. An
antiferromagnetically coupled |ayer structure 41 according to the

i nvention has at |least three distinct I|ayers with the nagnetic |ayers
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two nagnicreasegfatistapee figen tha head ., n wc‘rtﬁg%n%@@& eI Ruct ure

41 wil | - t lafin | A er one
and arc BRAEFIRSEReAT NG ARCHRsoRERRERche [9)6R s deaicPhaIBatBiZ) re i <
a ferronpengipet ragesticlayer. Theeefoymdn osdet tonespectivelyomatoht thefmagnetic fi | m

di sks. Exanples of materials sui t_al?l e include Coq?@é CoCr B, CoCr.Ta, 20

CoPt Cr, @npptremyohihe Eipvant Bragneiiciayeriv §1eoqleq Idexeded\ah Tdthfiet i ¢ | ayer
44 t ' ' ster
magnet i cﬂgﬁ@gsﬁiéﬁ quﬁ\%%t&é(%éi%%%&esr folshaéy‘%\rfﬁglvg} Pgébﬁgtﬁnn%oégwgﬁrgr& E?i al with
a t hi cknggper magheiic|ayet.citeedifferermet inftiee nagnetietanisdtiopyoafitbe éwohe

AFC- mast er magnetic | ayer

42 with the AEC- . tic,.l 44,

Rut heni uraggefis iayere Aepeads Rﬁtﬂ\g‘? PE?”%C rispigs ?’kg%@&%&pﬁ%&:"%@géﬁﬁ‘l ayer 43,
but th ; e . : e : . o).
rﬁodi uﬁ1 ?ﬁhﬂceﬂfi}ﬁ 9@?; I'r ; ?n%ﬁ%fgg?%%?%r@%éﬁﬁlﬂ?gﬁlﬁ%}? F@sﬂg%ﬁgﬁ?m g[(nnfass)
of the AFC sphcan altesrmativé 2misodimeat thengpper magnetid layendt cande replaoed e,

i mat el A ' d .t t thick f t heni
ARC Spacuithian AF chpled Benuiofic e The eSS SBRR R RarB e 5o U
I nventi Og?ﬂn% 5 él?dn\gﬁimﬂigﬁé q éﬂ%bgf ihak AFeyduied |dyed BRUCHIE REdH Comnirs ot T opy

than AFC naster gnetic layer 42. The recording head field is reduced
wi th 8 i this aiematie ¢inshadiment thenlowes magnetic Gayer aJowet maggelien head

wite curren the head,fjeld exerted.. e, ARG yer is
weaker t HQWOErHBY rthﬁf‘ ﬁ}eré{:{}b'ﬁg?t%ﬁmqt@%‘%}eﬁf %@%b@% nqﬁ%#;ﬁ%lﬁ@t 0
respectiweypf@fbpgm hgsmﬂ@;abﬁetimi@ptropy of the rel evant magnetic |ayer
with the head field exerted on it, the 5 AFC-master nmagnetic | ayer needs to

havel$ ower naghean altarmativecopgodimegnt theeupper 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 CrTisq and a seed layer of RuAlsy 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;1CrzoB7) than the




upper magnetic layer. The difference in the magnetic anisotropy of the two
magneti c | ayers depends on the characteristics of head field reduction with
di stance. The upper magnetic | ayer also preferably has high nagnetization.

In an alternative enbodi nent the upper nagnetic |ayer 36 can be repl aced

10 with an AF-coupl ed |layer_structure_41. I%[&e | ayers for, tlhis er& di ment
are the upparamagnetitolayer k@@zﬁfyambxa-@ﬁt’\ gpag_{é[ BRgRela 1avgran tBfeucture
is on top._In | 1 ' ' : ' ry 38 has
2% 1 over Hengrdnabfed BYEFITBISk FalThAde TR tid Same BRI P .Cratgh 20
AFC- mast Fre gkRidsCof the YHC-praster mabnetiaayer ghDiskghistadjastedrso thet | n an

alternative enbodi nent the upper. magnetic layer. 36 and.t r, _nmagnetic
| ayer 38Diskn! bas ﬁﬁlﬂﬁéhﬁmlﬁ?@[ﬂyéeggsb\kt% 'f’ék?a}ﬁff kY "égw}éﬂj&alug?ructures
41. 10 thls alterngid we_ érréa 5 HavePanmht thdrmger in the
AF-coﬂpI @J&éﬁr uZ?Uﬂé‘z’k\r’%pm% Ovéﬁéiﬁfgé\@i C ayaer 38 has art | ower magnetic
ani sot r ogiabilinashéws tifiGhemprovedagoetding pefermanmcet dfeDisk-1congsi gk 2t r uct ur e
20 repl aci ng upper magnetic |ayer. 36. The AFC.nmaster nagnetic r.in the
A~ couphasinet beh apaoreR biSARUTIBA R ST, 26 e8aTe sao& Al Fiac ni'gh
magneti 2l pforoballiar bisk £ TR QWIS Righep | 1596 bW, s owetdya 9am | e Lo
| sol ate flerences resulting froma changé in a single characteristic.
The medi at @ershighet amplitude ared SsNBvis higherilyd.8dB2 and 4. The materials for
each of the layers are shown in the caption or in the body of the table
for Hhch of the test disks. The K'V/kT value is for the conplete nedia.
Each of the disks has a pre-seed |layer of CTi50 and a seed | ayer of

RuAl 50. Fabte—t—Tomnpares two disks with difterent allToys for the
AFC- nast éableatnetic |l ayer 42 in an antiferromagnetically 30 coupl ed

Tmater naanet PE AT ERCAES LRI AEE sy b ey o R A
the 9 AFC- He [ Mt ~ |S,NR | OW | PWq, [ LFTAA | K V/IKT
master (Oe) | (memuiem?) (dB) | (nm) | (mv)
Magnetic
Layer
DISK | CoPty,Cry3B; | 3762 | 0.65 31.0 254 | 123.4 | 1.560 73
1
DISK | CoPti2Cri4Byy | 3998 | 0.69 30.1 219 | 127.3 | 1.362 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  KuVIKT equal to 76 is even higher than that of Disk 1 (K,V/KT =73). Disks 1-3 all
have an underlayer of CrTisp. Disks 4-7 use CrTix for the underlayer which helps
to reduce PWps, 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




upper magnetic |ayer (CoPt12Cr14Bl11). The AFC-nmaster nmagnetic |ayer and the
upper magnetic layer in Disk 2 are made fromthe sane materi al

(CoPt 12Cr14B1,). The thickness of the AFC-master magnetic layer in Disk 1
is adjusted so that Disk 1 has simlar thermal stability to Disk 2 as

I ndi cat ed their K , =7 =, (4). The fact
that 1 hecarain etaek vitiolt SibmEanty aRetind thermnal FBbjRkp SaBler SOMPAESS rpr oved
recor di NGk & Wrich .ff@r ﬁkthé tARhesd SKthéir ARS- rﬁgétebﬁ@@n@ﬁbuwd by
sacrlflcmgtherrral sta ty. The results show that Disk 1 is inproved
over Di sand, thereftve, M;tNDisklﬁ whigh Ime}smeﬁhmnelp\ﬁﬁﬁmstmagngtlcalmnhaat even
hi gher a t.ude B. .10. Tabl

Cr Ti 5/ Ruﬂ&gb H@%%Bﬁ@@f‘f@w&a é?dﬁlfgg’ﬁépi@‘ﬂ'“-

I ayerg’ RulCoPt 12Cr 14B11 AFC- HeMt SoNRQ/\PV\soLFTAAK" VI kT

mast er (Ce) (nmenul cn?) (dB) (nm) (mv) Magnetic Layer

DI 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
conpare Disk | with Disk 3. Disk 3 has an upper nmagnetic layer with a

hi gher npgetd zation than that of Disk 1, but is otherwise the sane. Disk

3 has 0.4 dB OWbetter than Disk 1 and |ts thermal stability with 20 KVI KT
equal to 76 |%’Téwi%ﬁ‘ﬁ‘h’“g‘]’%'?yﬁt”ﬁ&ﬁ’1wﬁ%{9°%t\“CDP%KR% uppaIIAETEtE YR D sks 1-3 al |

have an undef {)gygf Ot 1T 1M, O Sks 4-TsURR [FOW Z0PW,, TheFTAAE K AWRT [Whi ch
hel ps fto reduce PWBO gt in ntreéased a I tude|
Magnetic (Oe) | (memulcm (dB) | (nm) | {mv)
Layer
DISK | CoPt2CrgBg | 3850 | 0.65 309 258 |[124.2 | 1.566 78
3
DISK | CoPt,5Cri4Byq | 3762 | 0.865 31.0 254 (1234 | 1.660 73
1
10
Table 3
CrTiso/RUAlse/CrTise/CoCro/RU/CoPty CryBy (Mrt varied) /Ru/CoPty,CrigBg
M.t H. Mt SoNR | OW | PW;, | LFTAA | K, V/KT
(memufem®) | (Oe) | (memuicm?) (dB) | (rm) | (mv)
AFC-master
Magnetic
Layer
DISK 1 0.34 3594 | 0.64 263 257 1256 | 1.884 75
6
DISK | 0.38 3674 | 067 26.2 245 11278 | 1.982 76
4
15

11




Table 3 illustrates the applicant's finding that the ONof the | am nated
AF- coupl ed nedia can be inproved by thinning the AFC-master magnetic | ayer
to a 10 certain extent without significantly affecting thermal stability.
Tabl e 3 conpares disks 4 and 6 which differ in the thickness of their
AFC-master magnetic layer and, therefore, Mt. Disk 6 which has the

t hi nner AFC-master magnetic |ayer has 1.2dB higher ONthan Disk 4 with
only one unit reduction in K' V/KT. 5 Table 2

Cr Ti 50/ RuAtSfumdertayer/CoCr 107 Ru/ CoPT L1Cr 20B77 RU/- upper magnetic T ayer
Upper HeM t SONROAPWEOLFTAAKUVI KT Magnetic(Qe) (nmenul cnR) (dB) (nm (mv) Layer
Dl SKCoPt 12Crt 6B938500. 6530. 925. 8124. 21. 56676 3

DI SKCoPt 1204€14131137620. 6531. 025. 4123. 41. 56073 1 10 Table 3

CrTi s§ RuAl 50/ QTTsuﬁQAngJ@Tw&tinot@rchQOB%F(UWh;ipevmg@dc) lajdRul CoPt 12Cr 1$Bg

NP oL ETAAKY a'a BW A W .-.WQ\/AD\/rr.A/MV
NG el o na%&fl c Laver o 343 bao Blbe | SHE YRR N T TRV

Magnetic {Ce) (me:"“ queeze (dB) (nm) | {mV)

Layer fem) ,
576 T CoPtoCreB | 3736 | 056 [538 [260 255 | 1192 [1476 |75
K7 7
DIS CoPty;,CrigB | 3594 | 0.64 48 4 26.5 255 | 1204 | 1606 75
K6 |o

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:3Cr1gB7) 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 H..

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).




Dl SKO. 3836740. 6726. 224. 5127.81.98276 4 15 11 5

Upper H, Mt ACSONRowpwaoLFTAAKV1KT Magneti c(Qe) (menuSqueeze(dB) (nm) (nV) /cni
) Layer DI SCoPt!| 3Crl gB37360. 5853. 826. 925. 5119. 21. 47675 K77

Dl SCoPt ti 2Cr 16B35940. 6448. 426. 525. 5120. 41. 60675 K6 Table 4 conpares Disk 6
with Disk 7 to show that increased anisotropy of 10 the upper nagnetic

| ayer reduces side band erase. Disk 7 which uses the higher anisotropy
upper magnetic |ayer (COPt13Cr19B7) has hi gher AC squeeze which leads to
reduct i omn—the—wdth—of the Side erase band. Thnernal 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 OWof the | am nated AF-coupled disk structure according to
the invé@Poh can be further i nproved by using a thinner Ru upper spacer

| ayers 41 bet Bﬁgﬁ}\me om@m@r’n}mhukﬁ?gwemumgmté arib@yesrt,Cilsthl es 5 and 6

LS_ilncraasca A tho timemAy cpmana |oon ;
s redubed {Rom 1 ol Bo s F o 0 BB JOW | DA o AR | eSS
Cr Ti 50/ RUAI $Oy: G 20! Co66} ] J(ﬁl,grﬁg%njﬁ,crr 20B7 |/(BBY IURRD' |TRENetilc | ayer
(nm)

DISK | 0.8 3694 | 0.58 27.7 237 | 1186 | 1476

8

DISK | 1.2 3712 | 0.568 275 227 {1183 | 1.606

g

Table 6

10 CrTise/RuAlsy/ CrTize/CoCryo/RU/CoPY;CryoB; /Ru(thickness varied)/ CoPty:CraoBg

Ru thickness {(nm) | OW (dB)

06 281

0.8 281

1.0 275

1.2 27.1

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 plot (Figure 5), which indicates that the magnetic switching
of both the upper magnetic iayer 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 material

13




12 Table 5 5 CrTi 501RuUAI 50! Cr Ti 201 CoCr 1Q RulCoPt 11Cr 20B7 / Ru(t hi ckness
varied)/ CoPt13Cr| 9B7 RuHeM t SONROWPVEOLFTAA

t hi ckness( Ce) (menul cn) (dB) (nm) (nmv) (nm) DI SKO. 836940. 5827. 723. 7118. 61. 476
8 DI SK1.237120. 5827.522. 7118.31. 606 9 Table 6 10 Cr Ti 5dRuAl 50!

CrTi 2D/ CoCr 1 / CoPt 11 7/ t hi ckn. ied)/ ot 12Cr,20B6 Ru
t hi l:knes "PH%%‘CQ&Q’ @%g.&lm@? ﬁ'?aigcnf.rt]'gj%%grié‘%ﬂ%q% YR earlier,
Di sk 4 S&’&t%lé?ae%ﬁ%ﬁﬂe%&%ﬁfzbﬁ'ﬁc‘@rééb H?fs&%.eﬁéa? Laiteraneht gloftni sot r opy

according to the invention to respectively match the magnetic ani sotropy of
t he r el efFagurerBigimdicatingagreunfavorabiénerite adnditien ¢h whiaht theé too magnetis a

o: " headBHPT e IEIE BciereRt BEREWERS CURPER TTHER BEPELMEN G tmgnet | c
e oo R A O, e el Do e
magnet i cwriteccurdgntgn the gfaphefifdgura 6 cooappendsote, the switchingapeintipkiteusi ng t he
same mElgrr1]1%1tginc(.=:.ticr:qiatyeerr ic%se%f% to the head, i.e., the upper magnetic layer. Therefore, to
bring the switching of the lower magnetic layer, i.e., the AFC-master magnetic
layer, more in line with the upper magnetic layer, the magnetic anisotropy of the
10 AFC-master magnetic layer should be lowered which will allow it to switch at a
lower head write current. Tuning using the DC erase noise is a useful technique,
but the actual recording performance measurements as discussed above can
also be used.
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 skilied 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




for both the upper and AFC-nmaster magnetic layers (simlar to Disk 2) shows
doubl e peaks in the normalized DC erase noise vs. head wite current plot
(Figure 6), indicating an unfavorable wite condition in which the two
magnetic layers are switched at different head wite current. This

measur enent. can be 5 used to adjust the magnetic ani sotropy. For exanple,

t he peakcéﬁ'”tshe | oner head wite current in the graph of Figure 6
corresponds to the switching point of the nmagnetic |ayer closest to the
head, i.e., the upper nagnetic |ayer. Therefore, to bring the swtching of
t he | owen, ratrivefilne magretic recerding mediRCfonsseewith@gnagnetic reppedingmead i n
line with the upper magnetic |ayer, the magnetic anisotropy of the 10

AFC- mast BPMRHEREt i ¢ | ayer should be lowered which will allowit to switch
at a slower hggg, ‘#e'r?é‘rr&H?éﬁéﬁc lajEPhaEng o St SRgnBic ah%%ﬁob?la‘h@ Being usef ul
techni que, but tp e actual “recording pefformance nmeasurenents as di scussed
above caneamdssto besudsed of teethimfilm Magneticrecordingsm@diimi bed above can be

fornmed using standayd 15 sputteri techni i e fi tiall
sputter depgs?tlg‘ﬁe(l\fetrwné%@%{\‘ci Igyﬁrnrg% '%afgggﬁﬁﬂ%&}%h %‘f‘é@. ‘%ﬁ%ﬂﬁgl Ima Tﬁe
at om € Pffiethal AP At mhAietidi arbtrodyBiean Bfhdlint eBlastdd lidornpansatef or t he

smal | anounts of contam nation that “invariably exist in sputtered thin
filnms asfirsa lower raageticfield frosethekinageetic reaordinghead e 10 BigEbn has been

descrjbed. with respect i cul.ar.. | ..uses and
appl 18t PRI PERREN b FoRile e B TR BRE e Joyech RitonfidiRiie DCT, POn
w il be &y to those skilled in the art. 14 Caims 1. Athin film
magneti c recordi ng nediumfor use with a magnetic recording head
conprisi ng: 5adnmagneticesnaserlpyer separajing tﬁwpﬁgr ang jower f%H&H@Q"@“C

ani sotro r?g%d being nearest to a surface of the thin filmmagnetic
recordi ngégl I um

15 2. The thin film magnetic recording medium of claim 1 wherein the upper
ferromagnetic layer switches in response to a first magnetic field generated by a
first write current magnitude in the magnetic recording head and the lower
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

20 and second write current magnitudes are approximately equal.

3. The thin film magnetic recording medium of claim 1 wherein normalized DC

erase noise piotted versus a write current in the magnetic recording head has a

single peak.

25
4. The thin film magnetic recording medium of claim 1 wherein the upper and
lower ferromagnetic layers include cobalt and platinum and the lower
ferromagnetic layer has a lower atomic percentage of platinum than the upper
ferromagnetic layer.

30
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a lower ferromagnetic |layer having a second magnetic ani sotropy which is

| ower than the first nagnetic anisotropy by an anpbunt selected to
conpensate for a |lower magnetic field fromthe magnetic recordi ng head due
to a larger 10 distance between the magnetic recordi ng head and the | ower
ferromagpetic , ] ayer; and.a nonnmagneti.c s er lLayer separating the upper
and | ower: E@Frtﬁwgﬁ%@iagnev%m&'%a@%’”%gﬂﬁﬂm1f‘%l]%ma MARET A1 di ng
medi um %“Felr%r?bﬁlapﬁéﬁ@l efd'6oMBRSE cobit, MAMILIRT ElrohANeY arsidbboMesnd N
response to a first nagnéetic field generated by a first wite current

magni t udibei lowehéernemagnetic lageohas adowenatomid pereentage of platinuanthgndhec | ayer
switches in rfeﬁéonse hola second magnetic field generated by a second
wite cufPREICHRIVIANGYE '9¥F t he nagnetic recording head and the first 20 and
second wite current magnitudes are approxi mately equal. 3. The thin film
magneti c recordi ng nediumof claim1l wherein nornmalized DC erase noise

pl ot t ed §elThashia film magostic erordingnedinayeitlaion 1 sdwrginigen®perhas a single

Gpper anrometh Rver el N etz ai G PhiEIE s Ao s feBhEhraniin g he
lover fgerieweefatdriagast®s lapes a | ower atom c percentage of platinumthan
the upper ferromagnetic layer. 30 15 5. The thin fil mmagnetic recording

medi um of claim 1 wherein the upper and |ower ferromagnetic |ayers _
[ ayel had” B Y iR E e CoH e R ror s W e madifedc ¥R haganet | ©
f er r omagesrhpdsihgyer .
an upper ferromagnetic layer having a first magnetic anisotropy;
a first spacer layer adjacent to the upper ferromagnetic layer; and
an antiferromagnetically coupled (AFC) magnetic layer structure having an
15 AFC-master ferromagnetic layer and an AFC-slave ferromagnetic layer that are
antiferromagnetically coupled across a second spacer layer, the AFC-master
ferromagnetic layer being disposed so that the first spacer layer separates the
AFC-master ferromagnetic layer from the upper ferromagnetic layer, and the
AFC-master ferromagnetic layer having a second magnetic anisotropy which is
20 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 AFC-master

ferromagnetic layer.

25 8. The thin film magnetic recording medium of claim 7 wherein the upper
ferromagnetic layer switches in response to a first magnetic field generated by a
first write current in the magnetic recording head and the AFC-master
ferromagnetic switches in response to a second magnetic field generated by a
second write current in the magnetic recording head and the first and second

30 write currents are approximately equal.

16




5 6. The thin filmnmagnetic recording nediumof claiml wherein the upper
ferromagnetic | ayer has a nagneti zation which is higher than a

magneti zati on of the |ower ferronmagnetic layer. 10 7. A thin film magnetic
recording mediumfor use with a magnetic recording head conprising: an
upper ferromagnetjc |ayer. havi a first netj c,ani.sotropy; first
spacer |%yHe ¥ h‘f‘éma nelicHEC] ngﬁgmﬁgg%@ifcwhﬁw POHHEP(%{‘W Bc

ant i f er r QaRANRIdLALHY] YRHRSCA wrifE GlrrERORRhE fndghedic rebormig/neadlAdsRy an 15
AFC- mast er ?@?ﬁéoeprggneti cpsfuayer and an AFC- sl ave ferrorragngejti c layer that
are antsihgerpeakgneti'cal |y coupl ed across a second spacer |ayer, the
AFC-master ferronmagnetic | ayer being disposed so that the first spacer

| ayer separates the AFC-master ferromagnetic |ayer fromthe upper
ferramaget TRe ik SIm rABgnétiterecOrdingRedditimf STAISIFEE Mdr&in! thg @ippeavi Nng a
second magnetic anisotropy which is 20 lower than the first nagnetic

ani sot r degromagnetiglayeranstthedAG-raastenfasemmagneticrlgyerinclydercabadand ¢ fiel d

mmgnet | PPBAAT AR A e S icdph B o (L ARRFo BOIdes £° 1
thin fi |6f|l5|'§mﬂ_ﬁhitﬁaﬁ HeOupbeTeffoiddgnetit [fHjeri m 7 wherein the upper

ferromagnetic | ayer switches in response to a first magnetic field
generated by a first wite current in the magnetic recordi ng head and the

TS B ThE W TR fbb e R Ik aRfTq MediGARE WA £ wherShARd uipare L€ 11 el

generate e curre in the nmagneti c recordrng head and the

first andropsayiétidaydr drl therARDimasteefaxmagnetizt lalyr esmptise ¢6b&t, The thin
fil mmagnetic recordi ng nediumof claim7 wherein normali é(eyd BC erase
noi se plPlatiemyehrondiug and parenandiie ARCrmasterfpieeadrelciaYPR§aB&ad has a

lower atomic percentage of platinum than the upper ferromagnetic layer.

15 12. The thin film magnetic recording medium of claim 7 wherein the upper
ferromagnetic layer has a magnetization which is higher than a magnetization of
the AFC-master ferromagnetic layer.

17




single peak. 5 10. The thin filmmgnetic recording mediumof claim?7

wherein the upper ferromagnetic layer and the AFC-master ferromagnetic

| ayer include cobalt and platinumand the AFC-master ferronmagnetic |ayer

Ihas a I(i\gerllatohm' C Eer centage of platinumthan the upper ferromagnetic
ayer. . The thin filmmagnetic . recprding .medi umof. claim.7 wherein

the uppet3. Adhiroffaymagnetic &%Fé?rg'&ﬂd“?ﬂ‘é'"h .%&gY'g‘FaF%?QQﬁMdﬁEP%HﬂQ ayer

conpri Se‘a%é)&)@% risi‘ﬁba’ti num chrom um and boron and t he AFC naster

ferromag | Igyer has a |ower atom c percentage of platinumthan the

upper f er r omagmantiferiomyagnetitallyl 2oufiad noagmetici layemstretuiechavieg ABiIARCedi um

f clai 7 wh i ; ) . X
s hi ghemasiRn{eROmGRENT BYer aRdgH AL ey atemn el PanRL e [ ayer . 17
13. Ath ﬁif&*rbmdﬁgﬂ%l\ﬁ%ﬁ%& dbR@sBPfist 8pfaeer Iayer thé IMRC-AmaEiIet | ¢ recording

head "conpri’'si ng:~an ant’i T € magnetical ly coupl éd magnetic |ayer structure
havi ng aferintagratictlayer avingradinsitmaghaljeanisoliopyi AFC- sl ave ferronagnetic

| t hat 5 | f .icall e
o AFC. et of SSPaRd SRAGHOAYE Faipeant il tFm At c-F P8t inRabbic yeRos i o ¥/ 3"
second spacer gl|ayer fefdiniadttiticlifyédrtaviNg-a Seasfd heigrenegmiddtapyaykich ignd - a

| ower ferromagnetic |ayer™ having a second magnetic ani sotropy which is
| ower t hiwarliear thesfirstragnetic amsctepydy,amamanns selgstedste cuniensaie

conpensate 10 for _a | Q) ic fi . ' i
due % a}qré_r'&éﬁer "@%ﬁﬁ?@@ﬁﬁﬁi ICTRQR%@Q%&?)%BQZ?%? mgﬂoﬁae%‘gﬁ%;\gl tnﬂehleg\cfj\er
ferr Omgaaﬁéﬁce bétwalen the tnaghittic reesidmipbesd andthy wdrdferondignetised so t hat

t he second spacer |ayer separates the | ower ferronmagnetic l.ayer fromth
AFC- sl avlayeerthedewyeeferiomagradic. layer being disposed so that the second s};/)acer ©

layer separates the lower ferromagnetic layer from the AFC-slave ferromagnetic
layer.
15
14. The thin film magnetic recording medium of claim 13 wherein the AFC-
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 lower ferromagnetic layer switches in response to a second magnetic field
20 generated by a second write current magnitude in the magnetic recording head

and the first and second write current magnitudes are approximately equal.

15. The thin film magnetic recording medium of claim 13 wherein normalized DC
erase noise plotted versus a write current in the magnetic recording head has a

25 single peak.

16. The thin film magnetic recording medium of claim 13 wherein the lower

ferromagnetic layer and the AFC-master ferromagnetic layer include cobalt and

platinum and the lower ferromagnetic layer has a lower atomic percentage of
30  platinum than the AFC-master ferromagnetic layer.

18




15 14. The thin filmmagnetic recordi ng nedi um of claim 13 wherein the AFC
master ferronmagnetic |ayer switches in response to a first magnetic field
generated by a first wite current magnitude in the magnetic recordi ng head
and the |lower ferromagnetic |ayer switches in response to a second

magnetic field 20 generated by a,second wri current magnit in th
nmagnet i chJBPthgﬁﬁb@égnﬁ faf%%dmgﬂg?&aﬂh%@e%&ﬁ\mﬂﬁf&‘ hl?rlég{f%r Imra]gni '? udes
are appr : ' _bAi j ' i ' f

ol ai m st and e AP e e e o e cur  ent
in the nptiatiy chesmiini agdheach bad the Iawerdengmagnetic layes hastalowdi film

magneti c recordi ng ,nmedi f claim:13 rein t I . fer romagneti c
| ayer an@lamg pﬁfﬁgﬁﬁg?é’? g}ag'tnpmﬁ’@ﬁ'eql@@%’%§SQ?5%$@3§%'§I I?yédrnd pl ati num
and the lower ferromagnetic |layer has a | ower atom c percentage of 30

plati'humthan the AFC-master ferromagnetic layer. 18 17. The thin film
nmagnet i ¢ 18edhedhirgfilmeniagmetié regaxdimg reedibe of elainnd 3\vwhesein therAlbeagnet i ¢

I d the AFC- t f ic..l ' '
et o unMAREIGTOMAARF IR S Paeeireaie] WS bR b o' %1 o'
per cent aﬂ%r@fetiﬁéﬁ"éﬁ apmetm@@rfém)rﬁg@émﬂh?ér_ferromagnetic | ayer. 5 18. The

thin filmmagnetic recording mediumof claim13 wherein the AFC- master
ferromagnetic | ayer has a magnetization which is higher than a

B L A

first AFqegBTbfiprisfig:omagnetic |ayer and a first AFC-slave ferromagnetic

| ayer that are antiferromagnetically coupled acro fijrst
a first AFC—mastgr ferromagn%-tic Iayper and a%irsﬁ\F%-s arvse spacer

ferromagnetic layer that are antiferromagnetically coupled across a first spacer
layer, the first AFC-master ferromagnetic layer having a first magnetic anisotropy;

15 a second spacer layer adjacent to the first AFC-slave ferromagnetic layer;
and

a second antiferromagnetically coupled magnetic layer structure, disposed

below the first antiferromagnetically coupled magnetic layer structure and the
second spacer layer, having a second AFC-master ferromagnetic layer and a

20 second AFC-slave ferromagnetic layer that are antiferromagnetically coupled
across a third spacer 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

25 and the second AFC-master ferromagnetic iayer, 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.
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| ayer, the first AFC-nmaster ferromagnetic |ayer having a first magnetic
ani sotropy; 15 a second spacer |ayer adjacent to the first AFC slave
ferromagnetic | ayer; and a second antiferronmagnetically coupl ed magnetic
| ayer structure, disposed below the first antiferromagnetically coupled

magnetic | ayer structure apd the, second s er lLayer. hayi cond
AFC. mast 20. flberBimtirtmagnel escordins meduat Bedia it Wherpl e tstAB R i ¢

| ayer th | ek R bi v Fégg@h g to aGiretmagnkti¢ fidlgspacer | ayer,
t he secoﬁ{fsﬁg-eﬁnjaaﬁge(ﬁepgrrorra%é]drlltg:tﬁ%){rll ayer ﬁavci)ng a gg(rzlorllc_i Irragnet iC

ani sot r oggnétadéd by d firebwriteheurrentenagnitideninghe magneiicgecewsing bgadandanount
sel ected to conpe te for a lower magnetic.field fr h e

recor di nB‘%%%P'ﬂfgﬁadnﬁsﬁeéF‘E{é‘?magg?tﬁ%gebﬁwm [{'i@sﬁ&éﬁﬂaﬁ %@Eg@i‘# di ng head
25 and tﬂ%@%ﬁ@@@lﬁ&éﬁﬁfﬁy hecBRB WG ictirreAY Riagnitlde we e !Qhag_netic
antiferromagnetical Ty coupl ed magnetic layer structure being di sposed so

t hat t herecoediogchesubaned tHeofirst ased pecendwriteheursenlonagnit@esdieer ferronagnetic
| ayer from the {?yst FC-sl ave ferromagnetic layer. 19 20. The thin film
magnet i c APREXNERIRY ABYR'um of claim 19 wherein the first AFC- master
ferromagnetic | ayer switches in response to a first nmagnetic field

generated by a first wite current nagnitude in the magnetic recording head
and t he2detbathinfitnrmagretic recotting madium ofwaims 19 whgsaininermalizeh ¢ t o a

The. Migneta ot plafedvalSIS = AE v FEF UG repel ARE e  0e 7

magni tudgﬁ-,gapé ﬁea;@_pproxi mately equal. 21. The thin fil mmagnetic recording
medi um of ¢l alm 19 wherein normalized DC 10 erase noise plotted versus a
wite current in the magnetic recording head has a single peak. 22. The

thin filgymagneticaneffiiend SEsHIHG MbafhRbibihin Waskfbmid the first shd and
second AFC-master ferromagnetic layers include cobalt and platinum and the
15 second AFC-master ferromagnetic layer has a lower atomic percentage of
platinum than the first AFC-master ferromagnetic layer.

23. The thin film magnetic recording medium of claim 19 wherein the first and

second AFC-master ferromagnetic layers comprise cobalt, platinum, chromium
20 and boron and the second AFC-master ferromagnetic layer has a fower atomic

percentage of platinum than the first AFC-master ferromagnetic layer.

24. The thin film magnetic recording medium of claim 19 wherein the first AFC-
master ferromagnetic layer has a magnetization which is higher than a

25 magnetization of the second AFC-master ferromagnetic layer.
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second AFC-nmaster ferromagnetic |ayers include cobalt and platinumand the
15 second AFC-naster ferromagnetic |ayer has a | ower atom c percentage of
platinumthan the first AFC-rmaster ferromagnetic layer. 23. The thin film
magneti c recordi ng nmedi um of claim 19 wherein the first and second
AFC-naster ferromagnetic. | ayers cogprise gobalt, platinu hrom um_20 and
boron andSt t&”@é'&‘éﬁﬁ? Cﬁﬂé@ @rthF'bfﬂRUﬁEBFfﬁ't‘Q g’nqdég,rgrcqqrégrlsgﬁg B‘\/Ve?tegts‘&% c

ber cent age, of dBhALHALTEN APC.dhR ferfcthadieficTapdcin bR eBRaRS: | © | aver. 20

The thin film C recor nmedi of claim 19 wherein'the first AFC
mast er ferr onegpesiting laafirst spacer dayergmethiez4 C sshavehiectomagrietighayen, then a 25

of 1 abr | GRtiSRACEr BMBRNAYING S GIRKESRSSREIRCLIA TR TR PERRRSL rlv U I T
deposi ! | i AIAE FeltbrANAE 14YER 40 8! AF C MisitePToriiingHiiciyer . deposi i ng a

first”spacer layer on l'ave ferromagnetic layer, he first spacer
| ayer havi ng adepbsitihgessAEEraasted fercomagnétio layenbadng edirstmagoptie the 5

eposi 11 AGISAORKGI et st SHAGEB e Belerad DS o S stk B tne
ani sotr O%his‘?z?rogp‘?)g;éﬁ gh@@@@@d@@rc&ﬁﬁa@a@@lmm RAvdr Mg natieofiela frepe ond

magnetic anis y by an anount selected to conpensate for a | ower
magnet i c thé elagnietiomecendingeeadit i c recordi ng head; 10 depositing a second

Forr Smgnet | c RRPBETAZSTPTS SASEh PSRNt AF Glste Rl R 14tk "
spacer | gn@r, the second magnetic ani sotropy being higher than the first

magnetic ani sotropy. 15 21 . _ _
depositing an upper ferromagnetic layer having a second magnetic

anisotropy on the second spacer layer, the second magnetic anisotropy being
higher than the first magnetic anisotropy.
15
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