WO 03/083839 PCT/US03/09491 Multilayer Perpendicular Media with Hi gh-boron
or High-carbon Additives to CoCr Filnms This application clainms priority
from U. S.wproswsmssonal application serial nunmber 60/368, 6@LCTfiso®eb4on March
29, 2002. BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The
present invention relates generally to the field of disc drive storage,
and nor e Madtilayen Perpeadiguiar Mediapwithe HighsbaronmynBigh-canbtim. 2.
Description of the Rel at ed Additivv0Py Ca@w @ilmgnal di sc drives are used to
magnetically record, store and retrieve digital data. Data is recorded to
and retrieved from one or nore discs that are rotated at nore than one

t housand rq\fﬁgﬁpgg&satﬁﬁ{ cﬂiﬂ&’é grfoﬁfﬁg})f{% 6-§p§f§‘gsg{%fﬁ%§§ﬁiéaﬁ§&cor ded and

retrieved from scs by an array”of vertic rea vvritekhegd
assenbl jies, which rql I ved fro a track to data trac y
an act S5E5Y rﬁ@éﬁﬁ@f/%%g’ﬁq #ﬁ?gi %ﬂﬂ@%r Pgrrﬂ.(gféponents maki ng up a
conventional hard disc drive are nagnetic nedia, read/wite head ,
assenblies and notors. Magnetic nedia, which is used as a nediumto

magnetically store digital data, typically includes a | ayered structure,
of which at | east one BACKEGROUND OF THE INVENTION ‘

1. Field of the Invention

[0001] The present invention relates generally to the field of disc
drive storage, and more particularly to multilayer perpendicular magnetic
media.

2. Description of the Related Art

[0002] Conventional disc drives are used to magnetically récord,
store and retrieve digital data. Data is recorded to and retrieved from
one or more discs that are rotated at more than one thousand
revolutions per minute (rpm) by a motor. The data is recorded and
retrieved from the discs by an array of vertically aligned read/write head
assemblies, which are controllably moved from data track to data track
by an actuator assembly.

[0003] - The three major components making up a conventional hard
disc drive are magnetic media, read/write head assemblies and motors.
Magnetic media, which is used as a medium to magnetically store &igital
data, typically includes a layered structure, of which at least one of the

layers is made of a magnetic material, such as CoCrPtB, having high



| ayers is made of a magnetic material, such as CoCrPtB, having high 1 WO
03/ 083839 PCT/ US03/09491 coercivity and high remant nonent. The

read/ wi twohigmsBsassenbl ies typically include a read sens®CTArsd3/eo49t i ti ng
coil carried on an air bearing slider attached to an actuator. This slider
acts in a cooperative hydrodynamc relationship with a thin layer of air
dr aggedcegroiigthpnidneighs pimmniamg rdosomntt oThe yeat¢wirdtadhess asbembliesa cl osel y
spaced relationship to the disc surface. The actuator is used to nove the

heads ftypitallpdkchele 4ragd o2 atWeitingdeoilieHatied dreher4ed to as a
rotary voice coil actuator. A typical rotary voice coil actuator consists

of a pi Bé’ériﬁgagﬂdécri é(t%gé(:#%dng{n Egt?fzggﬁle%tﬁgt ?ﬁqi@isﬁ%ré&g 1@8\%{%@%869&8&@ ly

adj acent to the outer SCs. tors, Iar_e used to
spin th etic.nmedj a. at .rates, of higher than 1, 000 revol yti gns per

m nut e ﬁ}’%ﬁ‘?&%@lﬁﬂ%ﬁ%@qwaladﬁh& L@Fﬂ %é@rd%fraéﬁ regg?%ﬁovg)%y ors. The
structure of disc drives is well known. [0004] Magnetic nmedia can be

| ocal | yspimgriagi Gisas 9 iy theaabeadiassermmlydn atolesely mpaced relatighthip
concentrated magnetic field that alternates direction based upon bits of

the i nf oy thet désc barfagestThedctdi@risaied t6 enerntiaheddsdeal aedknmronet i c
field produced by the read/wite head magnetizes the grains of the

magnet | gRdiRdak of *EBIF a{ge o Péf@i‘xlegf’go_ abNErSBHSIdile Ebfl il 8tgy cat er

than the coercivity o e magnetic nedi

A typical rotary voice coil actuator consists of a pivot shaft fixedly
attached to the disc drive housing closely adjacent to the outer diameter
of the discs. Motors, which are used to spin the magnetic media at rates
of higher than 1,000 revolutions per minute (rpm), typically include
brushless direct current (DC) motors. The structure of disc drives is well
known.

[0004] Magnetic media can be locally magnetized by a read/write
head, which creates a highly concentrated magnetic field that alternates
direction based upon bits of the information being stored. The highiy
concentrated localized magnetic field produced by the read/write head
magnetizes the grains of the magnetic media at that location, provided
the magnetic field is greater than the coercivity of the magnetic media.
The grains retain a remnant magnetization after the magnetic field is
removed, which points in the same direction of the magnetic field. A
read/write head that produces an electrical response to a magnetic

signal can then read the magnetization of the magnetic media.



The grains retain a remant nmagnetization after the magnetic field is
renoved, which points in the sane direction of the nmagnetic field. A
read/ wi twohiamsBsshat produces an el ectrical response to aPeagrses w91 si gnal
can then read the nmagnetization of the magnetic nedia. 2 W 03/083839
PCT/ US03/ 09491 [0005] Magnetic nedia structures are typically nmade to

i ncl uqeodsiser i eMlagindtiy fifddiasteegoses ede appiailyofnalain nuchuslebst r at es,
ceram c substrates or glass substrates. FIG 1 illustrates a conventi onal

magnetd g oedr %ﬁfﬁﬁﬁ%%ﬁeﬁdﬁnéa@ &%o§%1h%&%%u&ﬁrhtﬁ, dayaticl112 made of

CoFeB, a seco ayer e of Ta or TaQ,,, a third l'ayer 116 nade of

CoFeB, fourth layer 11 e 0 a.or TaO ., a fifth |. 120 made of
CoFeB,S‘gbgirﬁf‘ﬁS Pa Ssl?’igﬁ&%ge%f ‘}é'(}rﬂ iteg %89{e1$]7§ﬂt é;?/’lgr 124 nade of
CoFeB, an eighth |layer 126 made of Ta, a ninth |ayer iL28 e of Indium
Tin Odnggnetironedia tséragturgyeaving® ralstiste do§ r firgh aqurgﬁ Mafeyer 132
made of boron-oxide (BOg), a twelfth layer 134 nmade of B, a thirteenth

| ayer dB6oFene sofecumtlgesr bl4 imyde of TavonFaCage/ thdrd dagem1bunadent h | ayer
138 nmade of hydrogenated and/or nitrogenated carbon (CHN). [0006]

oo oot Pl onlly el W EpRON L e et o
magnet é)f C%le‘%%e, re{[ is,gc%hq];tytep ?25[ 1%%1‘&6 5%&[%@%&62“& Igeventh layer 124
made of CoFeB, an eighth layer 126 made( of Ta, a ninth layer 128 made
* of Indium Tin Oxide (ITO), a tenth layer 130 made of CoCrRu, an
eleventh layer 132 made of boron-oxide (BO;), a twelfth layer 134 made of
B, a thirteenth layer 136 made of nineteen bi-layers having CoCr/Pd,
and a fourteenth layer 138 made of hydrogenated and/or nitrogénated
carbon (CHN).
[0006] Substrate 110 is typically madé of Aluminum (Al), nickel-
phosphorus plated aluminum, glass or ceramic. Although all of the
layers cont;ibute to the magnetic properties of the stack, the thirteenth
layer 136, which is made out of the nineteen bi-layers CoCr/Pd, plays an
important role in making a magnetic media stack with desirable |
magnetic recording properties.
[0007] The magnetic media structure described with reference to
FIG. 1 above is made using conventional magnetic media manufacturing

processes. Conventional media manufacturing processes include

texturing substrate 110, cleaning substrate 110, and depositing layers



| ayer 136, which is nade out of the nineteen bi-layers CoCr/Pd, plays an
inmportant role in making a magnetic media stack with desirable magnetic
recor di ngwproafgass es. [ 0007] The nagnetic nedi a struct ur e PAFAS03/wadl Wi t h
reference to FIG 1 above is nade using conventional magnetic nedia

manuf act uri ng rocesses. Conventional nedia nanufacturin r

i ncl udél2ttdroughni3@uisia depogition Er‘é%ﬁﬁsriﬁlcg&‘ﬂ)%st F'Hpgte{irbg, %%%‘f’%ggf)zgist i ng
layers 3 WO 03/083839 PCT/US03/09491 112 through 138. The deposition

pr ocesgdtaeialdg sl gid sBgnicangatriaimteahieat raspocsivel layerthgo §gﬁé mat eri al
as their respective layers so that thin filnms of the sputtered materi al

gr ow Oﬂ?iﬁqhﬁlrﬁgqgtth%ts?uﬁ SEPASHA YRoRr Q¢ QRS Substsarl. | Yhdone at anbi ent
a n on aft

t enper at'ures a I er the deposition chanber has been evacuated to

| ow pressures. Miltil ' ) ia i i :
b ondenpBiFE aFdre By SeHER, ERRL A AR R iptrad i Eand RpPC| PO undet

[0008] The magnetic |ayers of the alloy perpendicul ar or |ongitudinal
r ecor difigr tbeéi depasitien Ghrimbes hassheg £veu tf‘&ﬂhbr%wd?r esﬁlda%se? ic | 533 S
g

wherein the thickness of each | ayer can range from about 10 A to about
sever alvinildyed pangsidiomar aredinyipitypidallyidppesited ursigramieRt at es t hat
have been heated to high tenperatures, such as 250 oC. Gowing thin filns
on hot ; sYRSLD AL RSIIradiegSinteriReBYbetween Co and Pd/Pt layers. '

[0008] The magnetic layers of the alloy perpendicular or

longitudinal recording media, which include a single or a couple of

magnetic layers wherein the thickness of each layer can range from

about 10 A to about several hundred angstroms, are typically deposited

onto substrates that have been heated to high temperatures, such as

250 °C. Growing thin films on hot substrates reduces noise by

promoting desired crystallographic orientations and by enhancing Cr

segregation into grain boundaries. During deposition, the higher

substrate temperature enhances molecule mobility permitting desired

crystallographic orientations to grow and enhancing Cr segregation into

grain boundaries reduces exchange coupling of the grains reducing

noise.

[0009] The magnetic media structure of FIG. 1 lacks optimal

magnetic properties because of high noise resulting from high magnetic

exchange coupling between grains. The requirement to have sharp

interfaces between different layers while having a laminated alternative



pronoting desired crystallographic orientations and by enhancing C
segregation into grain boundaries. During deposition, the higher substrate
t enper at Lwe oanbsaces nol ecul e nobility permtting desiredPCarusss/edsbogr aphi c
orientations to grow and enhancing C segregation into grain boundaries
reduces exchange coupling of the grains reducing noise. [0009] The

magnet i indayer stiusdtiue eoosifting of Qoagley epid Rdlor hatimet iscdiffespatti es
because of high noise resulting fromhigh nagnetic exchange coupling

bet weenfrgiatasverdtienakbglloy enedia, rthakey & gésitable it Bhllagags hetrageredi f f er ent
| ayers while having a |lam nated alternative 4 WO 03/083839 PCT/ US03/ 09491

thin | ISt : s : t i.5.di fferent
from cgﬁrl;f\;ere%}ﬁkg%%éjgﬁ%gﬂﬁﬁ?ﬂg&&gygﬁeﬁlbégg}cﬁgﬁ EH %&éiraf %%g 1&%}%{ 0 reduce

t he exchange. couplin f mul til gyer rpendi ar i.a.and naintain sharp
ntert A Tt SHBre R gy Gheiliy eRaRRepf EidiBe ThiS i8S ay v ue
for the nedia deposited at ambient tenperature. Therefore what is needed

i s a mdgHetiPE thednadia dapesited wittampigyH iemgpetatoreniBwreéyye whatisie

mul tilayer nedia, sharp interfaces between the Co-alloy filnms and the Pd
or Pt fiat¢eded isah magnetis modzestrivmtucawitie hilgip esagretiatardsbirepy of
tenperatures. 5 <

the multilayer media, sharp interfaces between the Co-alloy films and the

Pd or Pt films that reduces noise that can be deposited at ambient

temperatures.



WD 03/ 083839 PCT/ US03/ 09491 SUMVARY OF THE | NVENTI ON [ 0010] This
limtation is overcone by incorporating carbon or boron additives into a
mul ti | ayewopaiogasadi cul ar magnetic nmedia structure. |]1 aecoruasesdni th one
enbodi nent of the invention, carbon or boron additives are added into CoCr
alloy films of the multilayer perpendicular nagnetic nedia structure. The
resul ting perpendicul ar wEéNt\fM'ﬂmhas sharp interfaces and
significantly reduced exchange coupling. One possible reason for the
decoupl Jo@LOJs t haThishkniteition is BRtEEdrat byeindorpogitahy daebbaas BSrexi t he
Co-alloy filnms have nmuch higher concentration of Cr, B, or C than those

I nsi de §h&itfeR1 iAo alAR1HIaydD Q{pen%i&%%ﬁ ﬂa%ﬁ%tilc' KEdR G cteir@NiTh! cantly
reduces granul ar exchange * coupl’l ng. rom um segregation is nuch enhanced
by boron or .car bon.t 001%4 I(EL accor @lnce vvitth one E’rrébOdi nt _of the

i nvent | BFCOTERLCE SR EHTRIUIRAG NPT T EHER At (ETDPE 6 PRT®%r bon or bor on
additives  includes a substrate, a CoFeB | ayer, a Ta or TaOX | ayer, a
second wtHdves|afgeadded datnh@Craalipy fhox afdermudtilayerdparrerlicalpsr, a
third Ta or TaOX layer, a fourth CoFeB layer, a Ta layer, an IndiumTin
xi de (mnE@netmymedia st@udulrg. Thyaresultihgperpenditilbhayangnatibanedid ayer, a
set of nineteen CoCrB/Pd bi-layers, and a hydrogenated and/or nitrogenated

car bon sﬁr%?&re%%%%%%\biirﬁ&%%@@fand SfehdficiRay sHalicRa BRMdifyd ar magnetic

medi a structure is
coupling. One possible reason for the decoupling is that the matrix

materials at the grain boundaries of the Co-alloy films have much higher
concentration of Cr, B, or C than those inside the grains. The Cr, B, or
C-rich glass-like matrix significantly reduces granular exchange
coupling. Chromium segregation is much enhanced by boron or carbon.
[0011] In accordance with one embodiment of the invention, the
perpendicular magnetic media structure with carbon or boron additives
includes a substrate, a CoFeB layer, a Ta or TaOx layer, a second CoFeB
layer, a second Ta or TaOx layer, a third CoFeB layer, a third Ta or TaOx
layer, a fourth CoFeB layer, a Ta layer, an Indium Tin Oxide (ITO) layer, a
CoCrRu layer, a boron-oxide layer, a boron layer, a set of nineteen
CoCrB/Pd bi-layers, and a hydrogenated and/or nitrogenated carbon
(CHN) protective overcoat.

[0012] One such perpendicular magnetic media structure is 700 A
FeCo30.8B12/ 20 A TaOx/ 700 A FeCoz0.8B12/20 A TaOx/700 A

FeCo30.8B12/20 A TaOx/ 158 A FeCos0.sB12/17 A Ta/ 49 A I1TO/33 A



FeCo30.sB12/ 20 A TaO./ 700 A FeCo3o0.8B12/20 A TaOX/ 700 A FeCo30.8B12/20 A
TaOX/ 158 A FeCo30.8B12/ 17 A Ta/ 49 A ITO 33 A 6 WO 03/083839

PCT/ USO3/WO49/083839 ". you may ,.. .,,,n . - -,nte-rn~ -fFPaT/US03/09491
"16CoCr37Rul o/ 2.5 A COy/ 2.5 A C/[(CoCrg) C6. 8/ Pd] 1g/ 50 "A"CHN" " ™™ " ™~
[ (CoCrg) C6.8/Pd] 19 neans 19 | ayers of the bi-layer stack (CoCr9)C6.s/Pd.

TaOX st@oGssARuniogGr aﬁc@@»ﬁmszkd)ﬂﬁlo@@y(:&ﬂhgﬁg 50 ACOmmdes . |1 TO stands
for IndiumTin Oxide and consists of |n203 an n205 at 80 and 20

ol ecul pCoOPs)ERNY PueSPeEkinge]  1afdi i ﬁi-fag/e%‘%ﬁgg?gg’g%g)n aﬁnsifllﬁdar magnet i c

ni trogenat ed carbon. [0013] O her e Iments of t

medi a u [.nel ude_var i pus { cknesse dc osifions. 7 WO
03/ 0838 égéb%%@ﬁ%‘?%@%%“ﬂ’ﬁ%ﬁ@@h@m %ﬁ“é R ORI %@[?ﬁ%ﬂs FIG 1
is a bg‘gcﬁ gi, aﬁ%{a m shqwi ng a prior art conventional nmultilayer

per pendPEuPgiy gﬁbﬁ?edwécgnméwfém@@@n@] SprQs at 8@ andbPOck di agram
showing a multilayer perpendicular magnetic nedia structure having a CoCr
al | oy finbeaslah paroenhresjutdtiveds. CHN eefers an ¢y drgbnane] afdodi ment of the
invention. [0016] . FIG 3 is a flowhart illustrating the preferred

et hod witrogeddtad dmedeli ¢ media structure 200. ‘

it

[0013] Other embodiments of the perpendicular magnetic media

structure can include various thicknesses and compositions. |



[0017] FIG 4 is a graph showi ng the magneto-optical Kerr effect as a
function of applied nagnetic field for CoCr/ Pd multilayer nedia with and
wi t hout caoafszsddi tives in the CoCr |ayers. [0018] FI G PcCrassas/gruaph

showi ng the nedium signal -to-noise ratio (SM\NR) dependence on boron and
carbon concentration in the nmultilayer perpendicular nedia. [0019] FIG 6
is a graph show ng BRIER RESNREPEGN R THEJAMENEEONN bor on concentration
of the magnetic nedia structure 200. [0020] FIG 7 is a graph showi ng the

SW\R d¢gendqnce @I 0LiBa mbjbkl@lagﬁamfsﬁ&feir_@gr}ﬁﬁbﬁaﬂ’edbﬁvéﬁfwﬁawe 200
with fixed boron concentration of 6.8 atom c percentages. [0021] FIG 8 is

a gr apiq%a#g%ﬂygg S"Ee?ﬁeﬁa%‘ﬂ%g‘t‘#‘ﬁﬁ@ .rﬂ&%‘“aﬂ&%ﬁ%@u?& CoCrB thickness of the

magnet cture I xe oron concentration of 6.8 atom c
percen 8 10838 PCT/.US03/ 09491. [0022]..FIG 9 is a bar graph
corrparit[ﬁgiﬁle sﬁ%ﬁ%fﬁ)ﬁ%@n c ATy 8 t&€Ton t hree ki nds of
substrates. 9 WO 03/083839 PCT/US03/ 09491 DETAI LED DESCRI PTI ON OF THE
PREFERREDPENBODLRENmSgnetic media structure having a CoCr alloy film with

boron additives in accordance with one embodiment of the invention.
[0016] . FIG. 3 is a flowchart illustrating the preferred method of
making magnetic media structure 200. |

[0017] FIG. 4 1s a graph showing the magneto-optical Kerr effect as
a function of applied magnetic field for CoCr/Pd multilayer media with
and without carbon additives in the CoCr layers.

[0018] FIG. 5 is a graph showing the medium signal—to—noiée ratio
(SMNR) dependence on boron and carbon concentration in the multilayer
perpendicular media.

[0019] FIG. 6 is a graph showing both the SMNR and MrT
dependence on boron concentration of the magnetic media structure
200.

[0020] FIG. 7 is a graph showing the SMNR dependence on CoCrB
thickness of the magnetic media structure 200 with fixed boron
concentration of 6.8 atomic percentages.

[0021] FIG. 8 is a graph showing the coercivity (Hc) dependence on
- CoCrB thickness of the magnetic media structure 200 with fixed boron

concentration of 6.8 atomic percentages.



[ 0023] The invention provides a system and nethod for high areal density
magneti c recording using multilayer perpendicular magnetic nedi a having
si gni fi cawDlog/osasduced nmedi um noi se. [0024] FIG 2 illustr&cedgsas/osbtil ayer
per pendi cul ar magnetic nmedia structure 200 having Co&r™ {7 I™ms "Cont aini'ng
boron (B) additives to reduce nediumnoise, in accordance with one

enbodi [@@R2]of t NEIGNY4std Bar gr&’ﬁh@@&h@ﬂ)&ﬂhgftﬂéﬁsmk%f%@igﬁeﬁbr ucture 200
i ncludes a substrate 110, a first layer 212 made of approximately 700 A

CoFeB, \ : r.exl 20 A Ta or TaOX, a third
Iayer]g%giﬁgggﬂgk§¥§%%$§§1%%?gﬁgggﬂ%mgogékggﬁﬁg¥ﬁburth | ayer 218 made of
approximately 20 A Ta or TaOX, a fifth |ayer 220 nmade of approximtely 700
A CoFeB, a sixth layer 222 nade of approximately 20 A Ta or TaOX, a
seventh | ayer 224 nmade of approximately 158 A CoFeB, an eighth |ayer 226
made of approximately 10 A Ta, a ninth |ayer 228 nmade of approximtely 21
A IndiumTin xide (ITO, a tenth layer 230 nade of approximately 21 A
CoCrRu, an eleventh |ayer 232 made of approximately 2.5 A boron-oxide
(BO), atwelfth layer 234 made of approximately 2.5 A B, a thirteenth

| ayer 236 nmade of nineteen bi-layers of approximately 2.3 A CoCrB/ 12 A
Pd, and a fourteenth | ayer 238 made of approxi mtely 50 A of. hydrogenated
and/ or nitrogenated carbon (CHN). In an alternative enbodinent the boron
(B) can be substituted with carbon (C). Perpendicul ar. magnetic nedia
structure 200 has high magnetic



10 WO 03/083839 PCT/ US03/09491 anisotropy and sharp interfaces between the
Co-alloy films and the Pd or Pt films that reduces noise that can be
deposi t edwatosasissent tenperatures. [0025] In one embodi mPotmr/usbbies401

per pendi cul ar magnetic nmedia structure 200 is 700 A FeCo30. 8BY21" 20" A
TaOX/ 700 A FeCo30.8B12/20 A TaOXx/ 700 A FeCo3o0.8B12/20 A TaOxX/ 158 A

FeCo3o0. 8BIDETAIIAD BESGRAPTIGN 88 THECLRBERRRED ﬁMB@M]\%E@T‘S

C/[(CoCr9)C6.s/Pd] 19/50 A ! i : I nmeans 19 ogiytr?i g];i:)?eto

bi-la ck (G : | ery; ks

f : rst yggoiagosi gi on. g%’a%z ‘é‘@ﬁa‘éﬂé&% Sggé?%g%%%@gdff a}ing%gr%gﬁgngszggr tC
ides. . | TQ stands .for Indium Tin Oxjde and consists o n203 an n a

gél aﬁg dsisibT Biagngtic ’beeqofgh‘?g Pé%@?‘ilhgﬁy‘?r erRPeRdisar npgietdgenat ed and

nitrogenated carbon. The Co-alloy and Pd filmthickness is 2 and 10 A

r especthgdia/having signdficantgiredugedmedpenceoisages and t hi cknesses are

given in this enbodinment, actual values can vary. The tolerances for
maki ng [@0244r ki nFFIGaghélhistranst & rEltileler @ezgenar@&alrﬁagggg& iqﬁeg{aOOZG]

Substrate 110 of perpendicular nagnetic nedia structure ~2( s a i
Lo Tt gemian bt 4 It XAl Y A B 01 0.1,
al umi mfnn%dﬁllrh'\@oigg,s 1erij a%lcclngalgﬂceo\tvri]ﬁ{ o%leuenr}lggglment of the invention.
Perpendicular magnetic media structure 200 includes a substrate 110, a
first layer 212 made of approximately 700 A CoFeB, a second layer 214
made of approximately 20 A Ta or TaOy, a third layer 216 made of
approximately 700 A CoFeB, a fourth layer 218 made of approximately
20 A Ta or TaOx, a fifth layer 220 made of approximately 700 A CoFeB, a
sixth layer 222 made of approximately 20 A Ta or TaOx, a seventh layer
224 made of approximately 158 A CoFeB, ah eighth layer 226 made of
approximately 10 A Ta, a ninth layer 228 made of approximately 21 A
Indium Tin Oxide (ITO), a tenth layer 230 made of approximately 21 A
CoCrRu, an eleventh layer 232 made of approximately 2.5 A boron-oxide
(BO.), a twelfth layer 234 made of approximately 2.5 A B, a thirteenth
layer 236 made of nineteen bi-layers of approximately 2.3 A CoCrB/12 A
Pd, and a fourteenth layer 238 made of approximately 50 A of
hydrogenated and/or nitrogenated carbon (CHN). In an alternative

embodiment the boron (B) can be substituted with carbon (C).

Perpendicular magnetic media structure 200 has high magnetic

10



based al | oys, other non-magnetic netals, other non-nmagnetic alloys, glass,
ceram c, polyners, glass-ceramcs, and conposites and/or | am nates

t her eof . Whe3@sdeB 212 | ayer is nmagnetically soft nagneti ®CIISWENEA31 083839
PCT/ US03/ 09491 material whereas the Ta or TaO , |ayers 214, 218 and 222
are the non- magnetic spacers, which can be surface-oxidized Ta or

non- oxig@iigsdops-and BRagptiBtadh ey beniredh ahd Ja-atloy THiks bayetise PAlGr 224)
make up the so magneti ¢ underlayer. The total thickness of the soft

t
magnet !ﬁﬁiﬂqse'iﬁ%?/%du%ath&éeh@a{ta&%b@ed tkPRP oANSkeAPO0 A Qther sof t

magnetic nateri can used 1 nc e Ni, N Fe, CoFeB, CoFeC,

CoFeZr Zr CoZr Cr, CoZrNb, CoTaZr, CoFe, Fe, FeTaN, FeAl N, FeTaC,
FeSi Al ,{]emg_eggaes and FeN. Sinilarly other non-nagnetic spacers can be used
as is well knowin the art. The boron | ayer 234, boron oxide |ayer 232,
CoCr Ru [08981 230, InTan¢ gyebodipgenindheperpgadiooranagnetisrmedia o as a
non-magnetic interlayer and can be substituted for other non-nagnetic

i nt er | aenctURMOO ie 700eAF¢CosthB b0 At TAOkHFOO AfFe@bsrdBaggRO As in the
range between 10 and 200 A. In alternative enbodi nents, the CoCrRu | ayer

can '”@MXWWXFE‘@%&B%/%@' ﬁelfzﬁg /f 1r58nAt F@CQE&H@?Q’?SASM/‘%OA Ru, Pt,

Ta, Mo, B, ayer Is typically a non- rragnetlc
o A8 R 56%?@2&%%4%@ QGFABSE P/ S0 cifckness o

[(CoCro)Cs.8/Pd]10 means 19 layers of the bi-layer stack (CoCro)Ces.s/Pd.
The first CoCro layer is deposited prior to first Pd deposition. TaOx stands
for surface-oxidized Ta. COy stands for C oxides. ITO stands for Indium
Tin Oxide and consists of In203 and Sn20s5 at 80 and 20 molecular
percent respectively. CHN refers to hydrogenated and nitrogenated
carbon. The Co-alloy and Pd film thickness is 2 and 10 A respectively.
Although precise atomic percentages and thicknesses are given in this
embodiment, actual values canvary. The tolerances for making a
working magnetic media structure 200 are fairly large.

[0026] Substrate 110 of perpendicular magnetic media structure
200 is a non-magnetic material sufficiently thick to provide sufficient
rigidity. Substrate 110 can be made out of Aluminum (Al), nickel-
phosphorus plated aluminum, Al-Mg based alloys, other aluminum
based alloys, other non-magnetic metals, other non-magnetic alloys,
glass, ceramic, polymers, glass-ceramics, and composites and/or

laminates thereof. The CoFeB 212 layer is magnetically soft magnetic

11



[ 0027] Al though perpendi cul ar magnetic media structure 200 is the prior
art structure, described with reference to FIG 1, with carbon or boron
addi ti veswDo3wgss3€CoCr, perpendi cul ar magneti c medi a structramraSo20Q91

advant ageously has sharp interfaces and significantly reduced exchange
coupling. Although the exact reason for_the decoupling is not certain, one

t heor y TRateal whgeeas the Janes ErOalayers 2 He, JL8iandddRdard the apnt2 WO

03/ 083839 PCT/ US03/09491 the Co-alloy filns have much hi gher
concentmaghotis sgfacers, Bhidn c&nthasurfavesexidiridi®atdrengn aixidizedEaCr, B, or
Crich glass-like matrix significantly reduces granul ar exchange coupli ng.

: BT i | ' L@n, which
Boron &kt shebeatingdUoréBesaadi dd ”PQ@% }é@ﬁ%&{%ﬁ%ﬁ@%&’é&égﬁi &%Ebﬂf

can produce favorable film propertie Q her enbodinents o

' : ' ' re.2 i nclude bi-layer hat are
Goct o P e Bt AP G T o Bl Rl teni B phinf %a}fqr Bi -1 ayers

. ited first. Additionall gnce a bi-|ayer is selected a nunber
8? nt Egég%gi hefpgies belyen iﬁo@sanﬁﬁqug 8- sPhagr §ﬁfttré9g6ﬁtl§d7€lﬁt@t1%]§r to form
a superlattice structure. Although there is no restriction on the nunber n
except thaaran e usegninchudgd¥i, Nifie, GolfbB; GafFd(,- CafeZs, Co) CoZrt ypically in
the range of 1 to 25. However, n can be optimzed for a particular
appl i c@IZCESEIND, SpTaZE] CoFBgRe! FeTAN FRIAING Fedla€ essiadn, as is known

by those skilled in
FeSiAl, and FeN. Similarly other non-magnetic spacers can be used as is
well know in the art. The boron layér 234, boron oxide layer 232,
CoCrRu layer 230,ITO layer 228 and Ta layer 226 are referred to as a
non-magnetic interlayer and can be substituted for other non-magnetic
interlayers known in the art. The total thickness of interlayers isv in the
range between 10 and 200 A. In alternative embodiments, the CoCrRu
layer can include CoCrX where is selected fi-om the group consisting of
Ru, Pt, Ta, Mo, B, Si, Ge, Nb, and W. The CoCrRu layer is typically a
non-magnetic material with high Cr content such as 37 atomic percent.
The thickness of carbon overcoat is in the range between 20 and 100 A.
[0027] Although perpendicular magnetic media structure 200 is the
prior art structure, described with reference to FIG. 1, with carbon or
boron additives to the CoCr, perpendicular magnetic media structure
200 advantageously has sharp interfaces and significantly reduced

exchange coupling. Although the exact reason for the decoupling is not

certain, one theory is that the matrix materials at the grain boundaries of
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the art. The superlattice. structure made up of n bi-layer is the recording
| ayer because it is the layer of perpendicular magnetic nmedia structure
200 wher ewp o3f08388mation is stored., The thickness of eachPCa@rsB/a491 CoCr C

| ayer is in the range between 1 and 4 A The thickness of each Pd or Pt

| ayer is in the range between 6 and 14 A The atom c percent of boron or

car bonthes Coralidme filrsglea e tmeein Mghead c8AceTratimnenofcCpeBeentC thanCr is in

the range between 5 and 23. [0029] FIG 3 is a flowchart illustrating the
pr ef er fiashenissl tBE graBid. “Hq@@rrgB‘erc@lﬁé ke ABeig structure 200.
First in step 305 a 13 WD 03/0 3839 PCT/ USD3/ 9491 substrate 110 is

t extur subtraels |

t ext ur%gp po Jf%tlll}; ge(ﬂdg?% %%Hv%n% onalf FE2 g ga?%&j ﬁ&r B?ﬁcessgs to
havea rface s of s than 50A Next in ep 310 the substrate
is cl e%\ 1Vl§’§|ﬁ¥éf%§%€’@§ e?ﬁ‘ll%‘?’lﬁ TMALdE? SEFLERAMPT FW]B@HE@@ RIUSISE ng

conbi nations of acids, detergents, alcohol, solvents and water. This, step

cl eansfavheablenlm grepertesf any residue left over fromthe texturi ng/
pol i shing process and prepares the substrate 110 for the subsequent thin

film dﬁlﬂm i on OrtheesmbddinsdreR® d2ferpgchrliCafzaBndoaeic meddgposi ted onto
the su stra]:e creating an am)rphous CoFeB | ayer §ﬁﬂét he substrate.

110 ol 8, SOLER e By SR PR IR T foh DSt Tt vt o
CoCrC/Pt, and CoCrB/Pt. Either layer of the bi-layers can be deposited
first. Additionally, once a bi-layer is éelected a number of these bi-layers,
denoted as “n,” are stack on top of each other to form a superlattice
structure. Although there is no restriction on the number n except that
it is an integer, the number of bi-layers (n) is typically in the ranée of 1 to
25. However, n can be optimized for a particular application wherein
specific magnetic properties are needed, as .is known by those skilled in |
the art. The superlattice. structure made up of n bi-layer is the recording
layer because it is the layer of perpendicular magnetic media structure
200 wherein information is stored. The thickness of each CoCrB or
CoCrC layer is in the range between 1 and 4 A. The thickness of each Pd
or Pt layer is in the range between 6 and 14 A. The atomic percent of
boron or carbon is in the range between 4 and 30. The atomic percent of
Cr is in the range between 5 and 23.

[0029] FIG. 3 is a flowchart illustrating the preferred method of

making perpendicular magnetic media structure 200. First in step 305 a
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target nmade out of the appropriate alloy CoFeB. Adjusting the power and/or
adjusting the sputtering tinme controls the thickness, which is

appr oxi mewelop/0FB8 A in this application. Since the CoFeB iPETIUS03/aBb1 y
sputter deposited, the substrate is |oaded into a vacuum deposition
apparatus after it is cleaned in step 310 and before the CoFeB | ayer 212

i s depnshdtesdtd hlQtispel3Bred POBDJtoNdxaning. streptd330ShehEglhayer 214 is
deposited onto the CoFeB |layer 212. The Ta layer is deposited in the sane
deposidyifira PR fe @ Ppdlieh &P e8NSO ERRARI N A0rRBHaln$cAlSpSliding

acconpl i shed by noving the substrate in front of a Ta target or nmoving the

deposittobrogfe PriE s aptest RabERRERE BRGSO REIT & - 0%t T

filmcan be 14 WD 03/083839 PCT/ .US03/09491 , oxjdjzed _in a gas m xture of Ar
and o@ﬁ%ﬁhwwt{ﬁpﬁﬁ RENEHSINRAR senv%nfe\@%’sg#eﬁsedsaa%adi ng the

sanpl es into vacuum chanber again for repeating the deposition of CoFeB.
When ysiocgduaetumplvépg siombinatippaohaosls, dedergtmtspoldedad, sofveints ent t ar get
/| stations to deposit the CoFeB/ Ta/ CoFeB/ Ta/ CoFeB/ Ta/ CoFeB/ Ta stack, it

may bexn@eRisar hit GtépRIshhs the SCfeRiital 1 @vganyfégdadetlBg Sedest rate with
the CoFeB/ Ta l|ayer, and load it back into the deposition apparatus for

nest denosiitd ek flnS5SRiRe MRSt pREb AR LinkheCaRPEa | aver s

unl oa

the subsequent thin film deposition process. In step 320, the CoFeB
layer is deposited onto the substrate creating an amorphous CoFeB layer
on the substrate. Typically the CoFeB layer is sputter deposited onto the
substrate using conventional thin film growth techniques and a single
target made out of the appropriate alloy CoFeB. Adjusting the power
and/or adjusting the sputtering time controls the thickness, which is
approximately 700 A in this application. Since the CoFeB is typically
sputter deposited, the substrate is loaded into a vacuum deposition
apparatus after it is cleaned in step 310 and before the CoFeB layer 212
is deposited in step 320.

[0030] Next in step 330 the Ta layer 214 is deposited onto the
CoFeB layer 212: The Ta layer is deposited in the same deposition
apparatus as the CoFeB was deposited and is usually accomplished by
moving the substrate in front of a Ta target or moving the Ta target in
front of the substrate and striking a plasma resulting in the deposition of

the Ta layer 214 on the CoFeB layer 212. The surface of Ta film can be
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fromthe vacuum chanber the Ta is surface-oxidized. The surface oxidation
of Ta is not necessary fromthe point of view of magnetic properties. In

the CoFeB/ Ta | ayer to control the anount of oxidation after the substrate
with the CoFeB/ Ta | ayer is | oaded back into the vacuum deposition

appar atxislizedirbefgaseniiktusbf Aquent oLpgeaBOT byl anboadisig depsaimipdes [ 0031]
Next in step 335 a decision is nade as to whether steps 320 and 330 need

to be trpaAbSPhetd ahll Ea@'i@%QhE%tmﬁe%ﬁﬁtg%@cﬁ%ﬁn%rﬁb%r e dbed twce
each, so that |l ayers 216, 218, 220 and 222 are deposited. f the decision

in ste | r s S n.steps. 320 _and 330.. are deposited
again IgerP}%L?@%S leieé)ggg’ggﬁ%%ﬁ i%Z dr?g?leeé'o\&g %eﬂSSlg evr?c%ﬁ‘gnp(gec}%%%lgonconti nues on
to step 340. In step 340 and st 350, 158 of _.CoFeB and 17 A Ta are
deposi WF@ﬁg@?EBPﬁO%?ﬁﬁspﬁ&@Qﬁéa% r &tafdonsdo sigRasit theyr ocedures as
used in steps 320 and 330. Next in step 360, the Indium 15 WO 03/083839
PCT/ US08FeB4 92/ CtiRe BkTaleCOFIBY ThACoFeB/Td steodpat mayl beshecessany | ar
processes as .were used in steps 330 through 340. Simlarly, in step 365
the Cofg Rpb&iyehe @@@eBﬁqua?&,tmoddnﬂ% @ﬁb§1?r%t§%thaeh%rc8ﬁ8}3'(?adeposI ted,

and in step 3,75 the boron layer 234 is deposited. The BOz filmcan be
grown faye5Puh 96adde R 1Y (AR $dbdduBh aﬁﬂyélra(%ﬂg%} e th{’gp@sri]tgoﬁxygen'
of CoFeB/Ta. When the substrate with thé CoFeB/Ta layer is unloaded
from the vacuum chamber the Ta is Isurface-oxidized. The surface
oxidation of Ta is not necessary from the point of view of magnetic
properties. In alternative applications it may be desirable to etch off the
surface of the CoFeB/Ta layer to control the amount of oxidatioﬁ after
the substrate with the CoFeB/Ta layer is loaded back into the vacuum
deposition apparatus and before the subseciuent CoFeB/Ta layer is
deposited.
[0031] Next in step 335 a decision is made as to whether steps 320
and 330 need to be repeated. In this embodiment steps 320 and 330 are
repeated twice each, so that layers 216, 218, 220 and 222 are deposited.
If the decision in step 335 is to repeat the layers then steps 320 and 330
are deposited again and if the decision is not to repeat then the process
continues on to step 340. In step 340 and step 350, 158 A of CoFeB and

17 A Ta are deposited respectfully, using the same apparatus and similar

procedures as used in steps 320 and 330. Next in step 360, the Indium
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[0032] Next in step 380, the stack of alternating CoCrB/Pd | ayers 236 is
deposited onto of boron layer 234. In one enbodinent, this stack i ncludes
ni net een Wio-Bagasss of approximately 2.3 A CoCrB/ 12 A Pd. PCAiGso3/eiack can
be deposited in a variety of ways including repeatedly noving the
substrate in fromof a CoCrB target and a Pd target while they are being
sput t eTed Csndé HBEO) lagres 22K intlepbsited atsing simyler priosebsed bsupereThi s st ack
can al so be deposited with by alternatively firing two concentric ring

type tagggts REpSHIBtRALEN 3407 8118Rad8d in &tOp FEFthy ©IERE Waer | ayer
made of CHN 238 is deposited over the stack of° CoCrB/Pd | ayers ™ 236. CHN

238 | a .coNsi st f._car ' . B gen qt.hat, i eposi ted
di rect AP P e B RO B SR B Ee Y PR trorl 78T S a1 e
the suhstrate remai ns under vacuum_CHN 238 layer, is deposited by

transf E3§ HB‘”PH%y%ggﬁrlétcgemstlFF‘fh’irhef]?’@ﬁéﬁ%?ﬂ@%&%ﬁnk@bﬁpuﬁ%er vacuum
to an adjacent chanber that is isolated fromthe chanbers used to deposit
t he préeposisirigaberen inddi ehvirehningeniCedhtai8ihg baygeni s deposited in an

| sol at ed chanber because. reactive gasses containing hydrogen or nitrogen

can be[oo3®] i n t NextdenqrehiIBO PHRCERSk of Alt&iRRIBS8TICR ddg@‘si n an
i sol ated chanber then there is a |likelihood 16 03/ 083839 PCT/ US03/ 09491

R Nt e e S R
includes nineteen bi-layers of approximately 2.3 A CoCrB/12 A Pd. This
stack can be deposited in a variety of ways including repeatedly moving
the substrate in from of a CoCrB targét and a Pd target while they are
being sputtered so that the stack of alternating layers is built up. This
stack can also be deposited with by alternatively firing two concentric
ring type targets of CoCrB and Pd. In step 385, a protective overcoat
layer madé of CHN 238 is deposited over the stack of CoCrB/Pd layers
236. CHN 238 layer consists of carbon with hydrogen and nitrogen that
is deposited directly after deposition of the previous deposited magnétic
layers while the substrate remains under vacuum. CHN 238 layer is
deposited by transferring the substrate with thin films, while being kept
under vacuum, to an adjacent chamber that is isolated from the
chambers used to deposit the previous layers. Additionally, CHN 238
layer is deposited in an isolated chamber because.reactive gasses

containing hydrogen or nitrogen can be used in the deposition process.

If step 385 is not done in an isolated chamber then there is a likelihood
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per pendi cul ar magnetic nedia structure 200 into a | oad/unl oad | ock and

unl oadi ng the magnetic nedia structure 200 fromthe vacuum chanber. [0033]
Al t hough Wbe3akssee- nentioned process was done using a comeErusoab4si ngl e

di sk processing systemsuch as the Crculus sputter nachine from Unaxis,
Germany, it can be done with a variety of different thin filmdeposition

t ool s. thaldthe seactive gasses cahicontatmndépedjadant tapgetsesFasallypoh udi ng but
not limted to plasma sputter deposition, ion beam deposition, chem cal

vapor gegosoui e vaclingadebysiticdNpseedssedhdy bz?xﬁ@vﬁﬁg vEE G RtdrRke _
per pendi cul ar magnetic nedia structure 200. inally, in accordance with

one e"g@ﬁ%%g Whr ASYE R ANY: strRELRENSHE Yhs ?ggggﬁyer{iggﬁ%& Sgicture

200 wa y nmagnetron sputtering appropria at anbient g
tenperature.. [0034] FIG,.4 is.,.a graph co rin gnet o-optj cal, Kerr data
as a %?‘i:l%% ﬁ?e %tﬁﬂr?eetﬁc W@t&u&%ed%ﬁ&%ﬁﬁg% %?Clﬂ\é&&l@ﬁﬂ?‘?- as Kerr
Data), for perpendicul ar nmagnetic nedia structure-200, with and w thaut
car bon[QR88] | ves Althnugh sheiatiovgtingntionest presessDaasa dIE bsidpa

per pendi cul ar magnetic nmedia structure 200 having a thirteenth | ayer

f ur t heconnneadial Bingle stiskkprotessingt Saneashon oflalNAdusaRliter (CoCr T/ Pd)
wher eas second Kerr Data 415 is for perpendicular magnetic nedia structure

200 haihincifnl el et EipoSiok i Shosly Ao

thin film deposition tools. Additionally, ofher thin film deposition
' procesées including but not limited éo plasma sputter deposition, ion

beam deposition, chemical vapor deposition and reactive ion sputtering
can be used to make perpendicular magnetic media structure 200.
Finally, in accordance with one embodiment of the invention,
perpendicular magnetic media structure 200 was made by magnetron
sputtering appropriate targets at ambient témperature.
[0034] FIG. 4 is a graph comparing magneto-optical Kerr data as a
function of applied magnetic field (herein.after referred to as Kerr Data),
for perpendicular magnetic media structure 200, with and without
carbon additives. More specifically, first Kerr Data 410 is for
perpendicular magnetic media structure 200 having a thirteenth layer
further containing a stack of nineteen carbon containing layers
(CoCrC/Pd) whereas second Kerr Data 415 is for perpendicular magnetic

media structure 200 having a thirteenth layer further containing a stack

of nineteen non-carbon containing layers (CoCr/Pd). First Kerr Data 410
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WO 03/083839 PCT/US03/09491 is a hysterisis |oop for the perpendicul ar
magneti c nedia structure 200, containing a series of CoCrC Pd stacks,

havi ng a woeso83ssety (Hc) of approximtely 3660 Oe and a m(rcrnsas/osamh eld
(Hn) of approximately - , 1902 OCe. Second Kerr Data 415 is a hysterisis
for the perpendicular nmagnetic nmedia structure 200, containing a series of
CoCr / Rd s hysksisisdebpdgoa theqyeaip\thﬂj/clﬂblc)magnaﬁprmadimd;ﬁlu;ctdﬁ@QOOe and a
nucleation field (Hn) of approximately -2521 Ce. Fig. 4 denonstrates that

CoCr U@cﬂqtaﬁ’ﬁﬂi%ﬁ‘é&%ﬁe@of@@@?@??‘dﬁﬂ&b&@ Hﬁgﬁ{g aecdweiv@@i fie8) éfi el d Hn and a
reasonabl y hi coercivity He wh having a smaller alpha (a) than the

CoCr/ Pd_nmedi.um ( [ ;. a = 4TC
(dM dl—ﬁ%m)ﬂﬂ]eate@l\ﬂ%%o @k %%% bndBduls 428 () LG SRR appl i ed
magnetl c field. Al pha (a)_can be used to predjct_ the noise behavior of a
medi a. 14PALee- ane@agléinléﬁrryD%|4ﬂe‘iISaaM§t%ra§lsl oadbe perrendigliTum noise, a
reasonably smaller (a) is desired in a finished nedium [0035] FIG 5 is a
gr aph siagnictig tiediasdrucist @R0,-cantaoisg 2 acries (ISMB)/Bdmiadkesce on boron
and carbon concentration in the perpendicular nmagnetic nedia structure

200. Fh&ving &2barsbRySHA)T R PFokithateFRuITd e AR A n3idlestioh $ie2@0 Wi th

varyi ng concentrations of boron and carbon additives. In FIG 5, Boron

SM\R ([ﬁrgi %51%%5%31@@‘32%& ok O'rif 4 REMbALLAL SRHAPUSCREB R Structure

200 c

medium has a reasonably high negative nucleation field Hn and a
reasonably high coer’civity Hc while having a smaller alpha (o) than the
CoCr/Pd medium. Alpha (u) is defined by the following equation:

o = 4n (dM/dH)xuc,
where M is the magnetic moment of the medium and H is applied
magnetic field. Alpha (o) can be used to predict the noise behavior of a ‘
media. Since a reasonably smaller alpha (o) leads to less medium noise,
a reasonably smaller (o) is desired in a finished medium.

[0035] FIG. 5 is a graph showing the medium signal-to-noise ratio
(SMNR) dependence on boron and carbon concentratibn in the
perpendicular magnetic media structure 200. FIG. 5 data shows
perpendicular magnetic media structure 200 with varying concentrations
of boron and carbon additives. In FIG. 5, Boron SMNR Data 510 shows
SMNR data for perpeﬁdicular magnetic media structure 200 containing
boron additives whereas Carbon SMNR Data 520 shows SMNR data for

perpendicular magnetic media structure 200 containing carbon
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boron additives whereas Carbon SVNR Data 520 shows SMN\R data for
per pendi cul ar magnetic media structure 200 containing carbon 18 WO
03/ 083839wb@3/08K888/ 09491 addi tives. Perpendicul ar magnet iPCTNESA3/6949t r uct ur e

200 with boron additives is the same as with carbon additives except that
carbon is replaced with boron in all layers except the CHN overcoat. Both
Bor on ad&iftiveBat Refidhdinul@antzgneiidiR elis stH26hsb @00 kdth imgort i ¢ nedi a
structure 200 with high boron or carbon additives have nmuch hi gher SWM\R

than mediaivs! fR0tHe salehict 4y Qsth EhiboR Hlwses RatePotios SMYRN Rata 510 for

per pendi cul ar magnetic nedia structure 200 increases from approxinmately

adar o REbsEGRR IR0 blIES el Qe AR MO ég%g’co%@ﬁ%%@{ BE8H 1 or b:” o
. : : . ¢

D MR et Sl DAra deiere VISR i SROnaleivy Do roeEnCHO raaR Rt 706

carbon additives. FIG 5 also shows that Boron SMNR Data 510 increases to

14. 2 dgirvetuspROdkwitdt bigh beven sorarbaddadditessvihave asudaittighelSMNR Dat a 520
decreases to about 13.5 dB for about 13% carbon additives. [0036] The

r ecor dSMNRethfz01 rsiiasvidhotiledeBtipendiftal & sHegRatiag BomH 8MRUCt ure 200
were tested with a head having a ring type wite elenent and a G ant
Magnet P8 19 Fyepb PRt eRe: £l it ﬂﬂ:%ﬁa%lsucture 200 increases from
approximately 11.3 dB for no boron additives to approximately 13.5 dB
for about 7% boron additives. Additionally, FIG. 5 shows that Carbon
SMNR Data 520 for perpendicular magnetic media structure 200
increases from approximately 11.2 dB for no carbon additives to
approximately 13.8 dB for about 7% carbon additives. FIG. 5 also shows
that Boron SMNR Data 510 increases to 14.2 dB for approximately 13%
boron additives whereas Carbon SMNR Data 520 decreases to about 13.5
dB for about 13% carbon additives. |
[0036] The recording performances of the perpendicular magnétic
media structure 200 were tested with a head having a ring type write
element and a Giant Magneto-resistive (GMR) read element that was
tested at 500 thousands of flux reversals per inch (kfci).
[0037] FIG. 6 is a graph showing the medium signal-to-noise ratio
(SMNR) and Mrt dependence on boron concentration in perpendicular

magnetic media structure 200. Mrt is the product of magnetic remnant

moment and thickness of the CoCrB /Pd multilayer stack. The SMNR
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tested at 500 thousands of flux reversals per inch (kfci). [0037] FIG 6 is
a graph showi ng the nediumsignal-to-noise ratio (SMNR) and Mt dependence
on bor on worie®sdssat i on i n perpendi cul ar nagnetic nedi a stcaatSes/@4200. Mt
is the product of magnetic remmant nonment and thickness of the CoCrB/Pd
mul tilayer stack. The SMNR 19 WD 03/083839 PCT/ US03/09491 was neasured

W t h avdeatedstedgwithsa hglael haviegna isieglegiule avhdr anddeGMR fsdekf ci. The
data shown in FIG 6 was taken for nedia having CoCrB/Pd nultilayer stacks

wher eiy 34§ KBAr Ofhé %)%éoﬂfc%%fiﬁtm@}? 6 dstalddierdran@aiil 1eifs8 to 12.8

atom c percent ages. e SMNR Data 610 shows that the SM\R increases as the
perce bhor Lncreases. ,In .particularothe S . NCF. es from
Dbout G e A P ieaRE SSRGS paiein” BhF SEPEYD) PR SRS IR T " 15 T s
for about 12.8 atomic percentage of boron. The increase in SVMNR as a

f unct ithe T@NEENEPER S $1§0 I Briteleigi ReTcpBERESH agBei M B Rate b1V near. On the

other hand, the Mt Data 620 shows that the Mt decreases as the

per cendtayes thab the SMNR easeased as tharpdércahtage ohbokbh idergasaseslnf rorﬁ about
.44 menu/cnR for about 6.8 atom c percentage of boron to about .35

memu/ Gt RilaAb@id SENR inet@idc<s RELTaBbaYS B dReN abbig Gleciteasie in Mt 'as
a function of "~ increasing boron atom c percentage is also close to |inear.
[0038], EkGhtdad 3f BoFSARD SRRY 19,7 88 HRUBYRS1 9% htd Bl Befer Bk bt

boron. The increase in SMNR as a functién of increasing boron atomic

percentage is close to linear. On thé other hand, the Mrt Data 620

shows that the Mrt decreases as the percentage of boron increases. In

particular, the Mrt decreases from about .44 memu/cm? for about 6.8

atomic percentage of boron to about .35 memu/cm? for about 12.8

atomic percentage of boron. The decrease in Mrt as a function of

increasing boron atomic percentage is also ;:Iose to linear.

[0038] FIG. 7 is a graph showing the medium signal-to-noise ratio

(SMNR) dependence on CoCrB and Pd thickness with fixed boron

concentration of 6.8 atomic percentages for perpendicular magnetic

media structure 200 having 12 A Pd thickness and 10 A Pd thickness.

12-Pd SMNR Data 710 shows the SMNR dependency on CoCrB thickness

for perpendicular magnetic media structure 200 having 12 A of Pd

whereas 10-Pd SMNR Data 720 shows the SMNR dependency on CoCrB

thickness for perpendicular magnetic media structure 200 having 10 A of

Pd. The 12-Pd SMNR Data 710 shows that the SMNR increases as the
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(SMNR) dependence on CoCrB and Pd thickness with fixed boron concentration
of 6.8 atom c percentages for perpendicular magnetic nedia structure 200
havi ng 12w@ oBdsiske ckness and 10 A Pd thickness. 12-Pd SMRRTRs0#09490 shows
t he SMNR dependency on CoCrB thickness for perpendicular magnetic nedi a
structure 200 having 12 A of Pd whereas 10-Pd SM\R Data 720 shows the SM\R

dependenexness PO rB the&teasss. arpaeiqgat) €l SMNRIRekegsdefliom st ruct ure
200 having 10 A of Pd. The 12-Pd SM\IR Data 710 shows that the SM\IR

incre t t i S

i ncr e:%géu@ 9%%83?10\[%9 ?lﬁl%%%ﬁs | n%?gg%gg%urﬁﬁgﬁé{}? %B&%tg:% when t he
t hi ckn s of IS abou ) . 2 .dB whe i ckness of
o0 B & %B%Bt tE“CI?‘H%S? HEFE’&S@A i5,2BRN #%H&?ﬁeéﬁedfl gﬁ'&&gfsﬁ ng CoCr B
thickness is close to linear for per pendl cuI ar magnetic nmedia structure
200 hawifugction/ofigcrensingeseCrBridhickness boelpsedonliesat fari on of 6.8 atomic

percentage. On the other hand, 10-Pd SWMNR Data 720 shows that the SM\R

r enali npewﬁlaﬁlaﬁﬂagnm@mwe@ stsudtheetd0@ kinetsg AR K@ Bhidkerezases for
per pendi cul ar magnetic nedia structure 200 having 10 A Pd thickness and

7o) e P9 anclicn o OmenRceoi gt SRFLLORLY, e

when tﬂgnhhllﬁkﬁgﬁ&f}? %)acf\ra%%& ! %%vs]: foat ﬁ*?eb gtl\/ll%Rsre%léﬁasabOUt 3 A
substantially unchanged as the thickness of CoCrB increases for
perpendicular magnetic media structure 200 having 10 A Pd thickness
and fixed boron concentration of 6.8 atomic percentage. Specifically, the
10-Pd SMNR Data 720 remains in the range from about 12.5 dB to about
13 dB when the thickness of CoCrB varies from about 2.3 A to about 3 A.
[0039] FIG. 8 is a graph showing the coercivity (Hc) dependence on
CoCrB and Pd thickness with fixed boron concentration of 6.8 atomic |
percentage for perpendicular magnetic media structure 200 having 12 A
Pd thickness and 10 A Pd thickness. 12-Pd Hc Data 810 shows the
coercivity (Hc) dependency on CoCrB thickness for perpendicular
magnetic media structure 200 having 12 A of Pd whereas 10-Pd Hc Data
820 shows the coercivity (Hc) dependency on CoCrB thickness for
perpendicular magnetic media structure 200 having 10 A of Pd. The 12-
Pd Hc Data 810 and the 10-Pd Hc Data 820 for perpendicular magnetic

media structure 200 shows that the coercivity (Hc) decreases as the

thickness of CoCrB increases. In particular, the 10-Pd Hc Data 820“
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[0039] FIG 8 is a graph showing the coercivity (Hc) dependence on CoCrB

and Pd thickness with fixed boron concentration of 6.8 atom ¢

per cent age

for perpewoiosodmsd magneti c nmedia structure 200 havi ng 12 ARCTRtbos/b4ekness
and 10 A Pd thickness. 12-Pd He Data 810 shows the coercivity (Hc)
dependency on CoCrB thickness for perpendicul ar gnetl c nedia structure

200 halgargases frasn ghpyihd?easO¢ dorgodeBothigkngss of

&R 8dercivity (He)

dependency on CoCrB thickness for perpendicular nmagnetic nedia structure

200 haathagt 380A OF B ColhB tRickPksseoMes@iB2¥ And the 10-Pd He Data 820 for
per pendi cul ar magnetic media structure 200 shows that the coercivity (Hc)

decr eg‘gmﬁw;s t hepc h6%@ﬁ%§v§&a@fﬁ§t LA Eéd th ksPRbLiSE Y gfo

WO 03/ 083839 PCT/ US03/ 09491 ecr eases from abo

Data
f abo b
Shout WReFA BRpltndetihr fgetiio rlbRt s e R0 oA By Trp s 36

cddae 10-Pd He
3900 Ce for
ness of
ablish a

process whereb endi cul ar netlc medi a structure 200 can be nade to
BR! i He

have deaye depEa NRT Meheng

boron concentration reduces the MT, which can be conpensated

valzes. FFE. 6 flusistesttbatingh high

by

i ncr ealsorog tbacthirekives sedficdhthE&MITB whicdr caddti tompainspted s 7 ‘
illustrates that the SMNR can be made to be constant or to increase with

I ncr eagichfasielg thd HhickdRsSs offthRatberBligyed WddiEbhaligs Fiatly the coercivity

illustrates that the SMNR can be made to be constant or to increase with

increasing CoCrB thickness. Finally FIG. 8 illustrates that the coercivity

can be made to decrease with increasing CoCrB thickness. This
flexibility allows one to vary the boron concentration and CoCrB
thickness to achieve desirable SMNR, MrT, and Hc values.

[0041] FIG. 9 is a bar graph comparing the SMNR of magnetic

media structure 200 both with and Withouti boron additives and for three

different kinds of substrates 110. FIG. 9 illustrates the SMNR for

CoCr/Pd deposited on polished NiP aluminum substrates, CoCr/Pd

~ deposited on textured NiP aluminum substrates, CoCr/Pd deposited on

Nipon Sheet Glass (NSG) glass substrates, CoCrB/Pd deposited on

polished NiP aluminum substrates, CoCrB/Pd deposited on textured NiP

aluminum substrates, and CoCrB/Pd deposited on Nipon Sheet Glass

(NSG) glass substrates. The magnetic media structures 200 with boron

additives have higher SMNR than the magnetic media structures 200

without boron additives for all three different substrates. FIG 9 shows
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can be made to decrease with increasing CoCrB thickness. This flexibility
all ows one to vary the boron concentration and CoCrB thickness to achieve
desi r abl ewBMsIB33884 T, and He val ues. [0041] FIG 9 is a barcgrispsiomonpari ng
the SMNR of magnetic nedia structure 200 both with and w thout boron
additives and for three different kinds of substrates 110. FIG 9

i |1 ustthat ebet BMNRKR froagnetCnideiaddpasivre 2 heying KB £l uni num-
substrates, CoCr/Pd deposited on textured N P alum num substrates, CoCr/Pd

deposidgshsafed dhpahtigheesukbaased NSEbogt a2 sl stk tse SMKNRFoPd deposi t ed
on polished Ni P alum num substrates, CoCrB/ Pd deposited on textured N P

al um t t | s (NSG

gl assr}gggglfg Bgtﬁggaﬁﬁg&ﬂngbl%go? ﬁeg‘éﬂ%ogt% rbtlfzg SS%ESIM 298%%aw§?ﬁ£})(§%)%s addi tives
have hi gher SMNR t.han e netic media structures 200 w thout boron

addi tiﬁ}g%sqg?e%ﬁsla?%?%éqd??jﬁr ent substrates. FIG 9 shows 22 WO 03/083839
PCT/ US03/ 09491 that the SMNR for magnetic nedia structure 200 having

CoCr B/[P@42]eposi Yeindhigh conhentradigss ehberon or spshon pxlditiyBsvhi | e t he SMNR
for magnetic media structure 200 having CoCr/Pd deposited on all three
subst rideeSoCs allgulaytt atiBaihd 6hfpUsiadabéghetwaaetheaoOnallofy boron or

carbon additives in the CoCr alloy layer maintains sharp interfaces

bet weeR L P& nEHe Bl 19Yer of perpendicular magnetic media structure 200.
The high coercivity of the CoCr/Pd multilayer media with high~boron and
high-carbon (more than 4 atomic percentage) additives is evidence of the
sharp interfaces between CoCr and Pd films. The same effect is seen in
the CoCr/Pt multilayers when high concentrations of boron or carbon
are added. Additionally, other additives such as phosphorus and silicon
can be used.
[0043] It will also be recognized by those skilled in the art that,
while the invention has been described above in terms of preferred
embodiments, it is not limited thereto. Various features and aspects of
the above-described invention may be used individually or jointly.
Further, although the invention has been described in the context of its
implementation in a particular environment and for particular
applications, those skilled in the art will recognize that its usefulness is

not limited thereto and that the present invention can be utilized in any

number of environments and implementations.
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| ayer and the Pd | ayer of perpendicular magnetic nedia structure 200. The
hi gh coercivity of the CoCr/Pd multilayer nedia wth high-boron and

hi gh- car beo o3/83889 t han 4 at om c percentage) additives is @¢irdsovessof the
sharp interfaces between CoCr and Pd filnms. The sanme effect is seen in the
CoCr/Pt nmultilayers when high concentrations of boron or carbon are added.
Addi t Vomaldiy: ot her additives such as phosphorus and silicon can be used.
[0043] It will also be recognized by those skilled in the art that, while
the invention has been described above in terns of preferred enbodinents,
it isnot limted thereto. Various features and aspects of the

above-l(;Jeﬁ iagﬁgﬁk%%B}aﬁ%@égﬁﬁaﬁﬁ}@%%gﬁgﬂ dually or jointly. Further,

al t hough t'he®I'nvent1 on n the context of its

i npl ementation in particul ar enyironnment. and for particul ar

appl i cati oﬁs?g?ﬁiif?ge 92?‘1 PR TIASPRECAAIGHRY ecogni ze that its useful ness
is not limted thereto and that the present invention can be utilized in
any nunber Bfstdayer eamsatingrpbakp(Cole chaeimgum (€8, wodbBro33EBY

PCT/ US03/ 09491 We claim 1. A magnetic recording nmedium conprising; a
subst iR sitedeoansdidongbsieatgtaidal ; a first layer containing cobalt (Co),

chromum (Cr), and boron (B)
a second layer X selected from the group consisting of palladium -
(Pd) and platinum (Pt) deposited in contact with said first layer to make a

" bi-layer having said CoCrB layer in contact with said X layer, said by-

layer having a perpendicular magnetic anisotropy and a low noise.

2. The magnetic recording medium of claim 1 wherein said bi-layer
includes a structure CoCrB/X with said X layer deposited directly over

and in contact with said CoCrB layer.

3. The magnetic recording medium of claim 1 wherein said bi-layer
includes a structure X/CoCrB with said CoCrB layer deposited directly

over and in contact with said X layer.

4. The magnetic recording medium of claim 1 further comprising:
a plurality of said bi-layers consecutively stacked on top of each
other for producing a perpendicular magnetic recording medium with low

noise.
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deposited over said substrate; and a second |l ayer X selected fromthe group
consisting of palladium (Pd) and platinum (Pt) deposited in contact with
said firswoloapes3s o nake a bi-layer having said CoCrB | apem/tisa3/eant act
with said X |layer, said by- |ayer having a perpendicul ar nagnetic

ani sotropy and a | ow noise. 2. The magnetic recording nmediumof claim1l
wher ei . Jhiedmiigniesigarecordiigidesiians of ottior @ WwherdnXsaidt Go€aBdaxet ayer
deposited directly over and in contact with said CoCrB | ayer. 3. The

nmagnet cemResdsle e I ditoMiefpesban bbby BN said bi-layer includes a
structure X CoCrB with said CoCrB | ayer deposited directly over and in.
contact with said X layer. 4. The nmagnetic recording nmediumof claim1l
further conprising: a plurality of said bi-layers consecutively stacked on
top of each other for producing a perpendicul ar magnetic recordi ng nedi um
with low noise. 24 WO 03/083839 PCT/US03/09491 5. The magnetic recording
medi um of claim1l wherein said CoCrB |ayer conprises 4 to 30 atomc .,

per cenb. dhebmagmetiB) recerd g maginm of ctaivoddwhgremdsaid miw clodsen 1 wher ei n
said | ow noise includes an SM\R greater than 11.3 dB. 7. A nagnetic

r ecor dirgudedi aHMSMNRPgte3it8gthan 11.3 dB.

7. A magnetic recording medium, comprising;

é substrate of a non-magnetic material;

a first layer containing cobalt (Co}, chromium (Cr), and carbon (C)
deposited over said substrate; and

a second layer X selected from the group consisting of paliadium
(Pd) and platinum (Pt) deposited in contact with said first layer to make a
bi-layer having said CoCrC layer in Contact'with‘ said X layer, said by-

layer having a perpendicular magnetic anisotropy and a low noise.

8. The magnetic recording medium of claim 7 wherein said bi-layer
includes a structure CoCrC/X with said X layer deposited directly over

and in contact with said CoCrC layer.

9. The magnetic recording medium of claim 7 wherein said bi-layer
includes a structure X/CoCrC with said CoCrC layer deposited directly

over and in contact with said X layer.
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a substrate of a non-magnetic material; a first |ayer containing cobalt
(Co), chromum (Cr), and carbon (C) deposited over said substrate; and a
second | awyero3Hsisad ect ed fromthe group consisting of pall adirarso3/¢Rd) and
platinum (Pt) deposited in contact with said first layer to nake a

bi -1 ayer having-said CoCrC |ayer in contact wwth said X | ayer, said by-

| ayer bhaviThe axqerqiendéceddirigmgditrncofariabot® Spythemdcmpoisimgi se. 8. The
magneti c recordi ng medi umof claim7 wherein said bi-layer includes a

structure Caglﬁ&aqiw' bhsari Bi-Yayar¥elortiRposiveBtseidied bi toyesf eddld i n cont act

with said CoCrC layer. 9. The magnetic recordi ng nmediumof claim?7 wherein

sai d bj Y, ' : : iLA:.sal 3 ]

doposi { BPACr FroPSIciEES: BebHIE, Hod R rddrigf edRE IS, 063630
PCT/ US03/ 09491 10. The nmgnetic recordi ng nmediumof claim7 further
conpri8Phy: a plurality of said bi-layers consecutively stacked on top of
each other for producing a perpendi cul ar magnetic recording nmediumwth

low nois 11. The magnetic recording nmediumof claim7 wherein said CoCrC
| ayer conprises 4 to 30 atom c percent of Carbon (C). 12. The nmagnetic

r ecor di ng THRdmagneticCtatiofl ingherdum $dicthin®W whieséin said CoCrC layer

comprises 4 to 30 atomic percent of Carbon (C).

12. The magnetic recording medium of claim 7 wherein said low noise

includes an SMNR greater than 11.3 dB.

13. A magnetic recording medium, comprising

a substrate of a non-magnetic material;

an underlayer comprised of a magnetically soft magnetic material
or a plurality of layers of magnetically soft magnetic material separated
by non-magnetic spacer layers;

at least one non-magnetic interlayer; and

a perpendicularly anisotropic recording layer comprised of a first
layer having cobalt, chromium, and an element selected from the group

consisting of boron, carbon, silicon, and phosphorus.
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i ncludes an SMNR greater than 11.3 dB. 13. A magnetic recordi ng nedi um
conprising a substrate of a non-magnetic material; an underlayer conprised
of a nmagnwDiosaBisys soft nagnetic material or a plurality @eCThay®osInf
magnetically soft magnetic material separated by non-magnetic spacer

| ayers; at | east one non-magnetic interlayer; and a perpendicularly

ani sotropic recording |ayer conprised of a first |ayer having cobalt,
chromium and an el enment selected fromthe group consisting of boron,
carbon, silicon, and phosphorus. 26 WO 03/083839 PCT/ US03/09491 14. The
magnetic recording mediumof claim13 wherein said nmagnetically soft -
magnet g MRl etk Akl e SIBSEAn0hntaPA Linik! 98 RC-dATORy 15, The magnetic
recording mediun clrarm erein dai g non- nmagneti c Spacer |ayers are
conpri sed of Eagf I m or surface-oxj di zed gﬂﬁ% 16. The gnetic

r ecor dPPRETHEES LIPaRREYS r%ﬁ%?ré"i‘ Ss%ﬁrapﬁiﬁ? I cirpRe ayer is a

st ack of Ta/ITCYCbCrRu/BCZ/B 17. The magnetic recordi ng nedi um of claim 13
wher ei bosaild perpendicul arly anlsotroplc recording | ayer further conprises
a second

15. The magnetic recording medium of claim 13 wherein said non-
magnetic spacer layers are comprised of tantalum or surface-oxidized

tantalum.

16. The magnetic recording medium of claim 13 wherein said non-

magnetic interlayer is a stack of Ta/ITO/CoCrRu/B0Oz/B.

17. The magnetic recording medium of claim 13 wherein said
perpendicularly anisotropic recording layer further comprises a second
layer X selected from the group consisting of Pd and Pt and wherein said

second layer is deposited in contact with said first layer.
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| ayer X selected fromthe group consisting of Pd and Pt and wherein said
second | ayer is deposited in contact with said first layer. 27 WO 03/ 083839
PCT/ US03/W049/083838. The nagnetic recordi ng medi um of cl ai mCIAISasrea4ei n sai d
per pendi cul arly anisotropic recording |ayer is conprised of a superlattice
structure having a plurality of alternating |ayers of CoCrB and Pd. 19. A
magnetli& Theondengticedicandingomedigimgf claans iBsvhereinisad a first |ayer made
of CoFeB; a second |layer made of TaOX; a third |ayer nmade of CoFeB; a
fourt @&%&ﬁﬂidﬁdﬁlﬂniﬁ@%pm aetofdihgl layer isradmmis€dbER; superdattidte | ayer

made of TaOX; a seventh |ayer nmade of CoFeB; an eighth layer nmade of Ta; a

I e B St e LA
thirteenth | ayer nmade of nineteen bi-layers of 2.3 A CoCrX 12 A
19. A magnetic recording medium, Icomprising:
a substrate 110;
a first layer made of CoFeB;
a second layer made of TaOx;
a third layer made of CoFeB;
a fourth layer made of TaOx;
a fifth layer made of CoFeB;
a sixth layer made of TaOx;
a seventh layer made of CoFeB;
an eighth layer made of Ta;
a ninth layer made of Indium Tin Oxide (ITO);
a tenth layer made of CoCrRu;
an eleventh layer made of boron-oxide;
a twelfth layer made of B;
a thirteenth layer made of nineteen bi-layers of 2.3 A CoCrX/12 A
Pd, wherein said X is selected from the group consisting for carbon (C) or = -
boron (B); and

a fourteenth layer made of hydrogenated carbon.
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Pd, wherein said X is selected fromthe group consisting for carbon (C) or
boron (B); and a fourteenth | ayer nade of hydrogenated carbon. 28 WO

03/ 083839wWb@3/081838/ 09491 20. A magnetic recordi ng nedi umPCTargsNHWPNY: a
substrate 110; a first |ayer made of about 700 A of CoFeB alloy; a second
| ayer made of about 20 A of TaOX; a third | ayer made of about 700 A of
CoFeB alloy; a fourth |ayer nade of about 20 A of TaOX; a fifth |ayer nade
of about 700 A CoFeB alloy; a sixth layer nade of about 20 A of TaQ ;; a
seventh | ayer made of about 158 A of CoFeB alloy; an eighth |ayer nade of
about 10 A of Ta; a ninth layer nade of about 21 A of Indium Tin Oxide

(I TO ;pnant : : f t o.CoCrRu all oy; an el eventh |ayer
nmade O O'a‘%orgl?ég.eéek%%?p%%&eﬁ%ﬁﬁpﬁgye% made of about 2.5 A of B; a
thirteenth Iaxgr de fév ni net een bi-layers of about 2.3 A of CoCrX about
12 A of Pd,2 Liatesht® X is sel ected fromthe group consisting for

carbon. (C) or boron (B); and
a first layer made of about 700 A of CoFeB alloy;

a second layer made of aboﬁt 20 A of Tan‘;

a third layer made of about 700 A of CoFeB alloy;

a fourth layer made of about 20 A of TaOx;

a fifth layer made of about 706 A CoFeB alloy;

a sixth layer made of about 20 A of TaOx;

a seventh layer made of about 158 A of CoFeB alloy;

an eighth .1ayer made of about 10 A of Ta;

a ninth layer made of about 21 A of Indium Tin Oxide (ITO);

a tenth layer made of about 21 A of CoCrRu alloy;

an eleventh layer made of about 2.5 A of BO;

a twelfth layer made of about 2.5 A of B;

a thirteenth layer made of nineteen bi-layers of about 2.3 A of
CoCrX/about 12 A of Pd, wherein said X is selected from the group
consisting for'carbon« (C) or boron (B); and

a fourteenth Jayer made of about 50 A of hydrogenated carbon
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a fourteenth |ayer made of about 50 A of hydrogenated carbon 29 WO

03/ 083839 PCT/US03/09491 21. A nethod of making magnetic recordi ng nedi um
conpri si NyO 0p8383Yi ng a substrate for depositing | ayers; Paapses/od4ny an
under | ayer over said substrate; depositing an interlayer over said

under| ayer; and depositing a recording |ayer over said interlayer, said
recording |ayer conprising a bi-layer having a first |ayer containing
CoCr X wherein X is selected fromthe group consisting of boron, carbon,
silicon, and phosphorus and a second | ayer selected fromthe group
consisting of palladium(Pd) and platinum (Pt) deposited in contact with

sai d fpnstalgy@{od FRkhAEN ﬁia Yiel rétbtding RRIPERTI cuthprisi@gnet i ¢ .
ani sotropy and a |l ow noise. The method of claim 21 wherein said

recording | ﬁyg‘;idyﬂ%tggﬁi §t'ﬁﬁfé !Elcqe e&gri%htnlﬁgl?ﬁgd@l -l ayers consecutively

stacked on top O ’of claim 21 wherein said | ow
noi se i nclu SIMNR ter than 11. 3 dB. 30 WO 03/083839
rhygﬂ@f

PCT/ US03/ 0939@05@4@ An YT Q¥ek ARG SWREHBET: conprising; a means for
provi ding a substrate; .
depositing an interlayer over said underlayer; and

depositing a recording layer over said interlayer, said recording
layer comprising a bi-layer having a first layer containing CoCrX wherein
X is selected from the group consisting of boron, carbon, silicon, and
phosphorus and a second layer selected from the group consisting of
palladium (Pd) and platinum (Pt) deposited in contact with said first layer
making a bi-layer with a perpendicular magnetic anisotropy and a low

noise.

22. The method of claim 21 wherein said recording layer further

includes additional bi-layers consecutively stacked on top of each other.

23. The method of claim 21 wherein said low noise includes an SMNR

greater than 11.3 dB.
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a neans for providing a perpendicular magnetic nedia structure, wth high
magneti ¢ ani sotropy and | ow noi se. 31
WO 03/083839 PCT/US03/09491

24. A magnetic recording medium, comprising;
a means for providing a substrate;

a means for providing a perpendicular magnetic media structure

with high magnetic anisotropy and low noise.
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