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Muititayer Perpendicular Media with High-boren of High-carbon Additives to CoCr Films {57) Abstract: Carbon or boron is added into
the CoCr layers of a multiplayer perpendicular
0 magnetic media structure to reduce media noise. The
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] SOACHN /\/238 perpendicular magnetic media structure has sharp
E——= 23ACO-CRB/ —0 interfaces between Co-alloy layers and Pd or Pt layers
' 12APd :’\/m and significantly reduced exchange coupling. In
— =1 accordance with one embodiment of the invention,
‘ — (bitayers) =—= T B n 4 2 the perpendicular magnetic media structure with
A carbon or boron additives is 700 A FeCo30.8B12/
57 _ - 20 A TaOx/ 700 A FeC030.8B12720 A TaOx/700
1 198 ACOFES I~ 2 A FeCo30.8812720 A TaOx/158 A FeCo30.8B12/17
~ 2 A Tw 49 A ITOB3 A CoCi37Rulo2s A
COyr2.5 A CCoCCESMP]I950 A CHN.
20 [(CoCr9)C6.8/Pd]19 means 19 layers of the
700 ACOFES Qv bi-layer stack (CoCr9)C6.8/Pd. TaOx stands for
218 surface-oxidized Ta and COy stands for C oxides
Y . ITO stands for Indivm Tin Oxide and consists of
In203 and $n205 at 80 and 20 molecular percent
> 700 A CO-FEB /‘\}15 rtfspecﬁvely. CHN refers to hydrogenated and
< nitrogenated carbon.
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t he perpendi cul ar magnetic nmedia structure with carbon or boron additives
is 700 [err] FeCo30.8B12/ 20 [err] TaOx/ 700 [err] FeCo30. BBEDTEYBER 0% ]
TaOx/ 700 [err] FeCo30.8B1220 [err] TaOx/ 158 [err] FeCo30.8B12/17 [err]
Ta/ 49 [err] ITA 33 [err] CoCr37Rul0/ 2.5 [err] COy/2.5 [err]
C/[(CoCr9)C6.8/Pd] 19/50 [err] CHN [(CoCrQ)CG 8/Pd] 19 neans 19 | ayers of

the bi-|I e- d| zed Ta and
COy standmlﬁg&kpé%e%ﬂ g %g |3°r?1r$ égﬁ% 85‘n3| sts of
| n208 and Sn2C6 at 80 and tllg‘c"fﬁl ﬁél’ ™% espectively. CHN refers to
hydr ogenated and nitrogenated carbon. 29 SEPTEMBER 2006 Multil ayer

Per pendi cul ar Media wth H gh-boron or H gh-carbon Additives to CoCr Fil ns
Thi s appl i c&fhisnapphcaonrdlaims pricdiy Hoth thSoyprsvimiahahppplicatioon seri al
nunber 60/ 368,601 filed on March 29, 2002. BACKGROUND OF THE | NVENTI ON 1.
Fi el d ofertdignhpvest 60368 ¥ ﬁTé@o&rmeh 2gvenppon relates generally to
the field of disc drive storage, and nore partlcul arly to nultilayer

per pendi cul ar magnetic _

BACKGROUND 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 record,
store and retrieve digital data. Data is recorded to and rétrieved from
one or-morc discs that are rotated at more than one thousand
revolﬁtions per' minute (rpm) by a motor. The data is récﬁrded and
retrieved fro’m the discs by an array of vertically aligned read/write hé?.d
assembliés, which are controliably moved froin data track to data track
by an actuator assembly. |

[0003]) - ’fhe threc mé.jor components making up a conventional hard
d.isé drive are magnetic media, réad/ write head assemblies and motors.
Magnetic media, which is used as a medium to magnetically store digital

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




media. 2. Description of the Related Art [0002] Conventional disc drives
are used to magnetically record, store and retrieve digit&SEAEMEERPPa is
recorded to and retrieved from one or nore discs that are rotated at nore
t han one thousand revolutions per mnute (rpm by a notor. The data is
recorded and retrieved fromthe discs by an array of vertically aligned

read/ writ i ' C : fro ta track
o data sk, AR Smn it laBlet  BhE Sho R A BB nent <
maki ng up_a.canventignal hard. disc i ve are magneti,c,nmedia, read/wite

head assgﬁPBF‘?@?y el %F%‘?‘é Sﬁﬁ@ﬁ’é@i"g{ ﬂé’ﬂl’lg‘,ngvﬁﬁl parded YRR nedi um to
magnetically store digital data, typically includes a | ayered structure,

of whi ch bearirgslidenattdchdrbto hayactnater.niids slider mngadhia coaperdtive such
as CoCrPtB, having high 1 29 SEPTEMBER 2006 coercivity and high remant

moment . HyeiroeBalamhid felBEBASRSS WA ithint IaREE ¥ layr aegg%e;lg aﬁ)ﬂ%ﬁ? ggnsor and

a witing coil carried on an air bearing Slider attacC n~act uat or.

[ayer of “HinAhe il 1e BRRFEAAE asg AR oty Shabadcttibathih son)
in a closel s(gaced relatignship to,the disc surface, The actuator is used

to move tHf e suacer dhe adtuatpris ussd tosmeve: the hopds deeml trackdper r ed

to as a rotary voice coil actuator. . :
- track and is of the type usually referred to as a rotary voice coil actuator.

A typical rotary voice coil actuator consists of a pivot shaft fixedly
attached tﬁ the disc drive housing closely adjacent to the outer diameter
of the discs. Motors, which are used to spin the magﬁetic_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.




A typical rotary voice coil actuator consists of a pivot shaft fixedly
attached to the disc drive housing closely adjacent to the?oGlEMBE: Atfet er
of the discs. Mdtors, which are used to spin the nagnetic nedia at rates
of higher than 1,000 revolutions per mnute (rpnm, typically include
brushl ess direct current (DC) notors. The structure of disc drives is well

known. [0004] Magnetic media,can be |ocally.ma tize .a Lwite
head, Q9BL: 1 eat MagnatigmediasiEeRi s af enta@’ﬁ‘gﬁr'ﬁjé nF"f“g? gxtlﬁgg&gﬁg?‘ ernat es
direction based upon bits of the information being stored. The highly
concent satiesi of thiad fibed depositéd ofii toipdopalunianbsubstrategdreldPie head

magneti zes the grains of the magnetic nedia at that |ocation, provided the

magnet | ubhifhded or @18 subshaites haFICREr Ulwstrutey atdonveagionalc nedia.  The
grains retain a remant magneti zation after the magnetic field is renoved,

L, Pl PSR LR ey

( : rica Sponse 10 a netic ~signal can then
a0 e B L2 o 0L A RS e G Y T B0
thin-filns deposited on top of alum num substrates, ceram c_ _substrates or
gl ass sobEbFeBen fdiiEh layet 1S metdesofTa arvEaDikoaifth jayerl 20 mediea
structure having a substrate 110, a first layer 112 nade of CoFeB, a
second bppgkebls SBAR 1alyed 32 mEa{&of PaldH TAOKM Sevéhthtager 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 borén-bxide (BO.), a twelfth layer 134 made of
B, a thirteenth layer 136 made of nineteen. bi-layers having CoCr/Pd,

and a fﬁurteenth layer 138 made of hydrogenated and/or nitrogenated
carbon (CHN].

[0006] Substrate 110 is typically made of Aluminum (Al), nickel-
phosphorus plated aluminum, glass or ceramic. Although-all of the
layers contribute 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




of CoFeB, a fourth layer 118 made of Ta or TaOx, a fifth layer 120 nade of
CoFeB, a sixth layer 122 made of Ta or TaOX, a seventh | ay&SETPNBERAfe of
CoFeB, an eighth layer 126 nade of Ta, a ninth |ayer 128 made of Indium
Tin xide (ITO, a tenth layer 130" made of CoCrRu, an el eventh |ayer 132
made of boron-oxide (BQZ), a twelfth layer 134 made of B, a thirteenth

| 1 hpet b ' téendn t th |
158 e OB, DR RS Bpobiind prbcu s ladei e el ot v

Substrate 110.is typi.cally made of. Al ymi nym: Al ; e us pl ated
al uni numatgrlaéﬁéﬁ%éfﬁéh%.saﬂﬁ Wﬁlaglars g@’%ﬁ%gp‘?%ﬁg&yggﬁyf bute to the

magnetic properties of the stack, the thi rtgt%gth Iaéfr I;fﬁG whi ch is nade
out of thie filmetafdhersputiyeed nuateriadgrosy apthesubsiart-ad S ol e in naking a

magnetic nedia stack with desirable nmagnetic recording propertjies. [0007]

The magagpbsititiploséssiny usaatlgsinridat ambientdemparedures aRARDY above i s
made using conventional nagnetic nedia nmanufacturing processes.

Convent | gnal ' f ' BE&S TRacURtEAId6 loweptagsingssubst rat e
110, cl %ﬁ@@i&&@éﬁgpg c’iliiz%iltﬂﬂegggm(rzlgepositi ng layers 3 29 SEPTEMBER 2006 112

t hrough 138, The deposi.tiqn process jingl ude Il terial of

usual | yMwplilagsep "e‘?‘?l’giu?%’é lsrm‘é%ﬁx ggﬁﬁ%@é‘?sd :2(%&1% ﬁat EPﬁn filns of

the sputtered material grow on the substrate. Th‘i: r :
temperature for sharp interfaces between Co and Pd/Pt layers.

[0008] The magnetic layers of thé 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 oC. 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




deposition process is usually done at anbient tenperatures and onl after
t he deposition chanber has been evacuated to | ow pressur es?? SERIFEET AfPer

per pendi cular nedia is typically deposited under anbient tenperature for
sharp interfaces between Co and Pd/ Pt |ayers. [0008] The magnetic | ayers of
the all oy perpendicular. or |ongitudinal recording nedia, which include a

si ngl e ehiralpmHBteueturdBansibting 85/ €bsallicaRHPd B BihiHdeSSiffetegtiCh | ayer
can range from about 10 A to about several hundred angstrons, are

hper afiracor setiond Wiy Htin b RacRabIRIs BT SHEE hEFPARER | cauces

noi se b propoti ng desired_.crystall ographi¢ orientations_ and, by, enhancing
o segﬁagﬁpgoﬁnsﬁ?f&@i% of SRRV EE Persn ui%rp&qulacﬁand TRRIHAGher
substrate tenperature enhances nol ecule nmobility permtting desired"

cryst al Ehgrpphtaiacsehetweem Ca-allgyandRd enRafitinsg Thiskgespedialy i nt o
grai n boundaries reduces exchange coupling of the grains reducing noise.

[0009] Hhee MO hied1B W ebositedCht BthsibnFt&mpkr aﬁﬂ@ PRERIre WRAHERY | C

properties because of high noise resulting from hi gh nmagnetic exchange

couplin I NS; s i nt. have shar. interfa bet ween

i 1T er oReERAY T B Hebilbtic il LRI s idly et an B RRAERE 2 2006

thin Iaé$r stchture ﬁgnsi ting of Co-alloy and Pd or Pt that is_different
e multilayer media, sharp mnterfaces between the Co-alloy films and the

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

temperatures.




from conventional alloy nedia, nakes it desirable to find ways to reduce

t he exchange coupling of nultilayer perpendicular nedia an?fs%ﬁTENP%ﬁ%‘i% sharp
i nterfaces between Co-alloy and Pd or Pt filns. This is especially true
for the nedia deposited at anbient tenperature. Therefore what is needed
Is a magnetic nedia structure with high nagnetic ani sotropy of the

mul tilayer nmedia, sharp i 1oy films and the Pd
or Pt films that reduces S Gl 3 IQd at anbi ent

t enper at ur 5 29 _SEPILENBER 2Q06 SUMVARY OF THE | NVENTI 00101 Thi s
o PTQ oy o TR LEY ke ABGHSTSGE o BiF9rBPTBRPE A IR0 OF DEEOT Nt o o
mul til ayer perpendicul ar magnetic nedia structure. In accordance with one
embodi neaddisivesinto myonltibayercpetpendiculsor magnatigi miedia sirectarrgedn nto CoCr
alloy films of the multilayer perpendicular nagnetic nedia structure. The

resul ti ngeRetrerdiwithasnéegivddiendmidoptheitvesitivre, dabosher boroher f aces and
significantly reduced exchange coupling. One possible reason for the

Co- al | oy SRes b AiedBd CaCPRtly Bls r R gAYl RO ARuRE: | 02
reduces TRRAERE Tt ShgituEs. S s Suline Reameadis daReneRne BeTaE L nhansed
by boron or carbon. 10011] In accordance with one enbodi nent of the
i nvent i astructere has sharp interfaces and significantly reduced exchange
coupling. One possible reason for the decoupling is that the matrix
naterials at the grain boundaries of the Co-alloy films have much higher
cqncentration of Cr, B, or C than those inside the grains. The Cr, B, or |
C-rich glaés—like matrix significantly reduces granular eicchange
coupling. Chromium segregation is much enhanced by boron or carbon.
[oo11] 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 CoKeB 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 FeCo30.8B12/20 A TaOx/700 A

FeCo30.8B12/20 A TaOx/ 158 A FeCozosBi12/17 A Ta/ 49 AITO/33 A




per pendi cul ar magnetic nmedia structure with carbon or boron additives
includes a substrate, a CoFeB layer, a Ta or TaOx |ayer, a’cERGNEFRCS®eB

| ayer, a second Ta or TaOx layer, a third CoFeB layer, a third Ta or Talx

| ayer, a fourth CoFeB |ayer, a Ta layer, an IndiumTin Oxide (ITO Ilayer, a
CoCrRu | ayer, a boron-oxide |layer, a boron |layer, a set of nineteen

CoCr B/ Pgh b - | aver g e /o i trogen carbon (CHN)

pr ot ect g':vogfr \7/3}%&%&5a§36@22§g|3 éZﬁh&M%ﬁ%ﬁfﬂ%ﬁwc medi a structure
is 700 ﬁ E C&)éo. B2/ 20 A TaOx/ 700 A FeCo3o.8B12/20 A TaOx/ 700 A

FeCo3o0. 6’?2?@ Q8 s meana 1Slayess vBthe hilapemstade (BoCre)Ca3/Rds 29
SEPTEMBER 2006 CoCr37Ruio/2.5 A COy/2.5 A T j(CoCr9)Ce.s/PdJ19/50 A CHN.

[ ( CoCr 9¥@xs¥tReidsforesnndadd-dxidieed T, CO§ thnhia¥er CSbatdes( I Vihds/ Pd.-

TaOx stands for surface-oxidized Ta. COy stands for C oxides . |ITO stands
for | ndfgindiin®HAORRE 8RS 20
nol ecul ar percent respecti ve%ﬁ%‘s—ﬁ?g}é S %&%@%%gtastoggngn
ni troge on. [.0013 r odi.nent s_ of, the perpendi cul ar magnetic
medi a {sila‘}rlgg‘t‘f??eg%r&ﬁ'ﬁ[‘ﬁ&ﬂ?%%%&;r ﬁﬁtrﬁf?ﬁ%gﬁgr‘&ﬂl%ﬁ‘p@@gti ons. 7 29
SEPTEMBER 2006 BRI EF DESCRI PTI ON OF THE | NVENTI ON

nitrogenated carbon. '

[0013] Other embodiments of the perpendicular magnetic media

structure can include various thicknesses and compositions.




[0014] FIG 1 is a block diagramshowing a prior art conventional

mul til ayer perpendicul ar magnetic nedia structure. [0015] FISETTEMBFR2¥ bl ock
di agram showi ng a nultilayer perpendicular magnetic nmedia structure having
a CoCr alloy film vvi th boron additives in accordance with one enbodi nent

of the invention. '[0016] FIG 3 is a flowchart illustrating the preferred
nmet hod of maki ng nag IG 4 is a graph
showi ng t he nagnet o- 6f o= ; 2 rof applied nagnetic
field for CoCr/Pd rrultllayer medi_a W|th and WlthOUt carbon additives in
the CoCrlOOAA s. [BEIs] isiasblerk diagrgim shosnngishgrigfeartepnyantional

signal -to-noise ratio (SM\NR) dependence on boron and carbon concentration
i n the nadltilayer perpemdicdlautmgnetid medifd@tBAjctlr®. 6 is a graph show ng
both the SM\R and M T dependence on boron concentration of the magnetic

nedia stjgeptsy e  26fe. BUARbISHGidrht Sn9bARD £ oIk SR dependence

on CoCr I'ckness of e rragnetl nedia str with fixed boron

he. coerBPFRryERAr MR P SaeuBe I kB Caf* allay EhBERe madi o°

structure 200 with fixed boron concentration of 6.8 atonic percentages. 8
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 is a graph showing the magneto-optical Kerr effect as
a function of applied magnetic field for CoCr/Pd multilayérj media with
and without carbon additives in the CoCr layers. |
[c018] FIG. 5 is a graph showing the medium signal-to-noise ratio
(SMNR) dependence on boron and carbon concentration 1n 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. 8isa gréph showing the coércivity (Hc) dependence on
" CoCrB thickness of the magnetic media structure 200 with fixed boron

concentration of 6.8 atomic percentages.




29 SEPTEMBER 2006 [0022] FIG 9 is a bar graph conparing the SWNR of
magnetic media structure 200 for on three kinds of substrZtSE8TEMEER2§06
SEPTEMBER 2006 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 002$%]
The invention provides a systemand nethod for high areal density nagnetic
recording using nultilayer perpendicular magnetic nedia having
significaaééé igduced medi um noi se. [0024] FIG 2 illustrates a nultilayer
per pendi ¢ 2lagnetilE- fbi§ 8 bayg eraph renupoing the SMOR of mpagrietist ai ni ng
boron (B) additives to reduce. mediumnoise, in accordance with one

enmbodi menmmediat $teuctuen2Donfor dretheeekindsof sabsttates.medi a structure 200

i ncludes a substrate 110, a first layer 212 nade of approxinmately 700 A
CoFeB, a second |ayer 214 nade of approximately 20 A Ta or TaGs, a third

| ayer 216 made of approximately 700 A CoFeB, a fourth |ayer 218 nade of
approximately 20 A Ta or TaGs, a fifth layer 220 made of approxi mately 700
A CoFeB, a sixth layer 222 nmade of approximately 20 A Ta or Talx, a
seventh | ayer 224 nmade of approxinmately 158 A CoFeB, an eighth |ayer 226
made of approximately 10 A Ta, a ninth |ayer 228 nmade of approximately 21
A IndiumTin xide (I TO, a tenth |layer 230 nmade of approxi mately 21 A
CoCrRu, an eleventh layer 232 nmade of approximately 2.5 A boron-oxide
(BQz), a twelfth layer 234 nade of approximately 2.5 A B, a thirteenth




| ayer 236 made of nineteen bi-layers of approximately 2.3 A CoCrB/ 12 A
Pd, and a fourteenth |ayer 238 made of approxi mately 50 A &FSEPH)8fehat ed
and/or nitrogenated carbon (CHN). In an alternative enbodinment the boron
(B) can be substituted with carbon (C). Perpendicular magnetic nedi a
structure 200 has high nmagnetic 10 29 SEPTEMBER 2006 ani sotropy and sharp
I nterfaces between the co-alloy filns and the Pd or Pt filns that reduces
noi se t hat cdalielgbhbld GO EMHE (RREEERRIFE Q02 % N lghe

enbodi ment, the perpendicul ar magnetic nmedia structure 200 is 700 A
FeCo3o. 8FMI23P0 A Thedinvénldioh pesiddes GlsystenPanboethof Bricghderedd 2/ 20 A
TaOx/ 158 A FeCoao.8B12/ 17 A Ta/ 49 A 1TO 33 A CoCr37Rujo/2.5 A COy/2.5 A

[ (CoCr 15/ L QL ' s of the
bi | ayer ERISY ‘TeBRE dePorilie ubkEP phating PO JagdiLd Drior to
first Od_depositi.on. .Talx stands, for surface-qgxidized Ta. COy stands for C
oxi des. 18t ‘ﬂggf%gnﬁx{ﬁﬂl}ﬁ{rqqhﬁcqé(mgﬁ% RKY¥ASi sts of 1n203 and Sn2Cs at
80 and 20 nol ecul ar _percent respectively. CHN refers to hydrogenated and
ni t r ogenfAQRA] car bEHG. Phidlussratiesey mualdilayer perpemdickias suagnetiamedia A
respectively. Although precise atom c percentages and thicknesses are

gi ven i nstricsure zoochaeitlg CeCrUding ébﬁ@éin@ﬁg b6y (Bihaldighvesaordua

maki ng a working magnetic nmedia structure 200 are fairly |large.
medium noise, in accordance with one embodiment of the invention.

Perpendicular magnetic media structure 200 includes a substrate 110, a
first layer 212 made of approximatel'y 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 apﬁroximately
20 A Ta or TaOy, 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, an eighth layer 226 made of
approximately 10 A Ta, a ninth layer 228 made of apprbxiﬁiately 21 A
Indium Tin Oxide (ITO), a tenth layer 230 made of approximately 21 A
CoCrRu, an eléventh layer 232 made of approximately 2.5 A boron-oxide
(BOy), a twelfth layer 234 made of approximately 2.5 A B, a thirteenth

- layer 236 made of nineteen bi-layers of approximatély 2.3 ACoCrB/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




[ 0026] Substrate 110 of perpendi cul ar magnetic nedia structure 200 is a
non-magnetic material sufficiently thick to provide sufficfelRt EMPFRAH ty.
Substrate 110 can be made out of Al um num (Al), nickel- phosphorus plated
al um num Al -M) based al |l oys, other alum num based alloys, other

non- magneti c netal s, other non-nmagnetic alloys, glass, ceramc, polyners,

gl ass-ceram cs, and conposites and/or |an nates. thereof. T 212
layer i snisgirepy @édld shaspintrijaees between %ﬁ é@@% aﬁ’é:{]&é:gﬁe%er eas
the Ta or TaGs |ayers 214, 218 and 222 are the non- nagnetic spacers, which
can be Pyfilanetioxt rhdhacksTaocive it can diezdepdsited zhambiestnat i ng CoFeB and
Ta or TaOx | ayers (212-224) nmake up the soft magnetic underlayer. The
total thi S8ufs. the soft magnetic underlayer is in the range between
1000 angéﬁ%%g A. O her soft magnetic materials that can be used include

Ni, Nl F eB, FeC Fedr , O N, Zr, CoFe,
Fe, FeTE%,)EgEAI N, ?}%ﬁ&%e%a%@mﬂ%: @?ﬁ%eﬁ%.n@%ﬁﬂg y g?her

non- magneti c spacers can be used a's i s I N the art. ez boron

| ayer 2struaitire@Yxigid0 eFng@,.sB@é@%V\f%bJ n’%;‘ﬁ%ﬁ%%é”é%@ And Ta

| ayer 226 are referred to as a non-nmagnetic interlayer and can Re
substitqtaeq‘(fimo At FeCosB iHQ0eAI TaOi 1 38 KaFeCosksBunf 17ThAt T/ 49t A The tot al

t hickness of interlayers is in the range between 10 and 200 A. In

o oy SR Cagie) b 2 S/ [ECHICkYAPRIFSD WG
[(CoCro)Ce.a/Pd]io means 19 layers of the bi-layer stack {CoCro)Ce.s/Pd.
The first CoCrg layer is deposited prior to first Bd deposition. TaOx stands
for surface-oxidized Ta. COy stands for C oxides. ITO .stands for Indium
Tin Oxide and consists of In203 and Sn20s 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 can'vary. 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 SUfﬁCiCl’ltl}" 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 Jor

laminates thereof. The CoFeB 212 layer is magnetically soft magnetic
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Ru, Pt, Ta, My, B, Si, G, Nb, and W The CoCrRu layer is typically a
non-magnetic material with high C content such as 37 aton’?gc,SEbEP"éFe%%O% The
t hi ckness of carbon overcoat is in the range between 20 and 100 A. [0027]
Al t hough perpendi cul ar magnetic nmedia structure 200 is the prior art
structure, described with reference to FIG 1, wth carbon or boron

additive ]g@]% , | a t4 ' 0

advant agg%%%r{/ahﬁgs Sa&%ﬁ{??%ﬁ%ﬂggiﬁgsﬁﬁéﬁ%@gﬁﬁ %ﬁ?é’%&g@% négc_:hange
coupling. Although the exact reason f t he .dec ling i s not. tain, one
Cheory | BAERALE RBSHERS Wi B Mo SACFOvGRIEER [ aRaan - oRGreds 5
SEPTEMBER 2006 the Co-alloy filns have much hi gher concentrations of Cr, B,

or C t hafhetdltemating foRdik agddTaor T Byers (202-224) viaky upsthid &eftmat ri x
significantly reduces granul ar exchange coupling. Boron and carbon

addi ti vemgatHtid anderiayeau TReABtANMHIBkE68S 098he @it Wit e ti@tndleRthife
favorabl e film propert i};eg. [ 0028] O her enbodi nents ofgi-lp;eerpendi cul ar

Cotr 5 pa Y it et HathBel HOOAAHEROR A er U} bRt inls
Chese. bi tha/eas be ussdinatide M, RS LaferiEoRech afeZe Foothtr: Lo form a
superlattice structure. Although there is no restriction on the nunber n
except tGakrCri CoZrhib,iCoEajér, Cole, RenBeTaNf FeAiNalfeTaC, MeSiAlNypical Iy in
the range of 1 to ‘

FeSiAl, and FeN. Similarly other non-magnetic spacers can be used a5 is

well know in the art. The boron layer 234, boron oxide layer é32,

CoCrRu layer 230,ITO layer 228 and Ta layer 226 are referred toas a

non-magnetic interlayer and can ‘be substituted for other non-magnetic

interlayers known in the art. The total thickness of interlayers is in the

range between 10 and 200 A. In alternative embodiments, the CoCrRu

layer can include CoCrX where is selected from 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 perceht.

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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25. However, n can be optimzed for a particul ar application wherein
specific magnetic properties are needed, as is known by th&SESRPFRA in
the art. The superlattice. structure nmade up of n bi-layer is the recording
| ayer because it is the |ayer of perpendicul ar magnetic nedia structure
200 wherein information is stored: The thickness of each CoCrB or CoCrC

| ayer is,in,the r e hetween 1 and 4 A The thickness of each Pd or Pt
| ayer i &F&?T@Oygﬁ%ésﬁﬁwc@ highersconcerdgatipBsidd GorBeft ©fhaBoron or
carbon is in the range between 4 and 30. The atomic percent of C is in

t he randgbobeinside theagrnins. TheoRs) BFb6C-3idls glassFile matrix| | ustrating the
preferred nethod of making perpendi cul ar magnetic nmedi a structure 200.

First | Bigiitieadll feduides?OroRREE R 2000 oSt Bbfort bhd eatBehured prior

to cleaning. In step 305, the glass substrat’e 1S textured/polished, using

of | oss ApaAv BT AR ERRP Lol Mool BRESERRee i, HECR, Gl SRORuR, 0

conventi.onal .gl ass cl eani pg procedure-invol ving conbi nati ons of aci ds,
det er geﬁ@‘é‘?mgﬂﬁgﬁﬂ PrQReRfiS® s and water. This step cleans the substrate
110 of any residue left over fromthe texturing/polishing process and
pr epar e$0028] subsiQtiter drbbotiamentth ef perpendintlat hhaghetimmepdsi ti on
process. In step 320, the CoFeB |ayer is deposited onto the substrate

oo TSI e 4 4ol al SoCim/pal |V e s
CoCrC/Pt, and CoCrB/Pt. Either layer of the bi-layers can be deposited
first, Additionally, once a bi-layer is selected 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 range 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 superléttice.structure made up of n bi—Iayef 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.

j0029] 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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substrate using conventional thin filmgrowh techniques and a single
target nmade out of the appropriate alloy CoFeB. Adjusting thE"oRET2%and/ or
adjusting the sputtering tinme controls the thickness, which is
approximately 700 A in this application. Since the CoFeB is typically
sputter deposited, the substrate is |oaded into a vacuum deposition
apparatus after it is cleaneg In step, 31Q ang beforﬁgéh CoFeB | ayer 212

T

i s deposfhbatiate &l 1ptaxtured RPORER £l6aniBge Jra3ieh: F&HRIS 214 i s
deposited onto the CoFeB |ayer 212: The Ta layer is deposited in the sane
deposi t i substtaistestured/ipwlishrd waing deprentionad miethaningl| polishing
acconplished by noving the substrate in front of a Ta target or noving the

Ta tar geprodesdesOBd H&fvetﬁ%lﬁ’!’é@éfﬁi?nﬁéﬁb &f Idsii thraSpl AsMNexieliiktdg in the
deposition of the Ta | ayer 214 on the CoFeB | ayer 212. The surface of Ta

filmcan 4 1 di_z | kXt Ar and oxygen
or by un?gga’i}‘heggﬁﬁgﬁjs%%p@g?e é?%ééﬂ%%&%@%&%r% '?%Z%}lg]ﬁé dtf%]ée‘msH les into
vacuum chanber again for repeating the deposition of FeB en using
vacuum dBpeesdyrsinegipiig eoal lﬂﬁélpn@d?fn%ffldﬁadét%r@ﬂ%%i g%t’gp&r \é&f’ eptst ati ons
to deposit the CoFeB/ Ta/ CoFeB/ Ta/ CoFeB/ Ta/ CoFeB/ Ta stack, it may be
necessar gndtwatiapoThis step Eldaly e babetratar Idhdf ahy resbdwe deft averh t he
CoFeB/ Ta layer, and load it back into the deposition apparatus for nest

Sﬁlogz ijteijﬂ'?sm theGekeBfihg/ pHiRhihpPHrobess hakeprigdret the(@igsirate avefor s
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 térget 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 2PFOp&FEia%Y. In
alternative applications it may be desirable to etch off the surface of

t he CoFeB/ Ta | ayer to control the anount of oxidation after the substrate
with the CoFeB/ Ta | ayer is |oaded back into the vacuum deposition
apparatus and before the subsequent CoFeB/Ta |layer is _deposited. 100311
Next in oxidizedina gasimsigmre oiviandoxigonpher RFruslosgingihe saprie® need
to be repeated. In this enbodi nent steps 320 and 330 are repeated tw ce
each, sotbhmdsplers @6 lo2ditg #26 sanple@ Into eadenas chednbet tgafre foeci si on
in step 335 is to repeat the layers then steps 320 and 330 are deposited

agai n angd.d . b S 4 r : ti nues on
o st ep Boigealint tHe ity S0CoRRR Wity LSk WABuBM WELSIRRT " "o
deposited respect,ful | usi ng. _t he same appar at,us d- sji m,l ar. _..procedures as
used i n GPORLAESY thabdppot e Sulicient Baget /1 Statitns i deposi S TENBER
2006 Tin, xide (I1TQ Ia)fer 228 i s deposited usi n& simlar processes as
.were uSsieby Ba/peleBd Tayl CakeB Ay CoFeBy dalstacknitsmgy Bemaegessantr Ru

| ayer 230 is deposited, in step 370 BOZ | ayer. 232 is deposited, and in
step 3. 7%o depesitoftanCofyB/ Bdlayer, denoad the. suilhustrBte whth the BoPeB gTawn by

sputter depositing boron in an environnent containing oxygen. [00321 Next

in step 34y bhQ RIREK BhcRihfs B dBYoSRESBaBDaranss Sor nest deposition
of CoFeB/Ta. When the substrate with the CoFeB/Ta layer is unloaded
from the vacuum chamber the Ta is surface-oxidized. The surface
oxidation of Ta is not necessary from the point of view of magncﬁc
properties. In alternative applications it may be desirable to etch off the
surface of the CoFeB/Ta layer to control the amount of oxidation after
the substrate with the CoFeB/Ta layer is loaded back into the vacuum
deposition apparatus and before the subsequent 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 3365 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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236 is deposited onto of boron layer 234. In one enbodinent, this stack
i ncl udes ni neteen bi-layers of approximately 2.3 A CoCrB/ 2PFPEATEMEER 6P s
stack 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
bei ng sputtered so that the stack of alternating layers is built up. This

stack can_al so be_deposite i.th by alternatively firing two concentric
ring typéd 111-&?’5@{65(1'5@5)&}@1'88%gd3 ﬁfﬁasﬁegﬂéﬁﬂ’lgg@},mlélppﬁ? c\?@%%rgoat

| ayer made of CHN 238 .is deposited over the stack of CoCrB/Pd | ayers 236.
CHN 238 hespdrincstegiss330 dhroughdrtdi Similadindonstepd3ed thefeaCria Iayeg

deposited directly after deposition of the previous deposited nagnetic

| ayers whideeid B8psstbed, i StdpeBROMBOY Mk 232 4y lepCsited3aricdhiresters 375
deposi teddbyltdriﬁl?lsferri ng tﬁg substrate with thin filns,. while being kept

usea to apoerph BRI AEE HuepuBind’ RO Rl oA BheroglL byfspiitteryer s

deposited in an isol ated chanber because.reactive gasses containing
hydr ogen d§PORIHRE HGFORAR AR CIVAPTIRCTE COPLAIINE; fPocess. If step 385 is
not done in an isolated chanber then there is a |ikelihood 16 29 SEPTEMBER
2006 t ha{0082]r eactNext igastegs38an thestack nfattcaativgitoCaBd@dslayeraal Iy in
step 390 the vacuum deposition process ends by noving the sputtered

Do STl TEpOm g o g 238 17 chpbotianity ot
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 target and a Pd target while they are
beiﬁg 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 madle 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 magnetic
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




[ 0033] Al though the above-nenti oned process was done using a conmerci al
singl e di sk processing systemsuch as the Gircul us sputt er? SfBENPHE? om
Unaxis, Germany, it can be done with a variety of different thin film
deposition tools. Additionally, other thin filmdeposition processes
including but not limted to plasma sputter deposition, ion beam

deposi tion, chem cal vapor deposition and reactive ion si}ut t]ﬁr Lng can be

used t othalke tearsing BaB%RS Griy fentamipale adiacrnt JPzesho . My, in

accordance with one enbodi nent of the invention, perpendicular nagnetic
medi a sstepc8A0eh20mavnsmdeposiiompgratessrends bytraoving SppsepHienes t ar get s
at anbi ent tenperature. [0034] FIG 4 is a graph conparing magnet o-opti cal

Kerr daﬁ%ﬁgcﬁcﬂé&nﬁ{éﬁbtﬁ naRRhIRALsRERE100 ihtehdobbgigiloaltleckraridrred to
as Kerr ta),

for perpendicul ar magnetic nedia structure 200, with and

Wi t hout arbon addi tives: L] LT ap s for
per penchelianingBitciiagtilis e SRRiCRIBROY frirhgts YRrnaT Khaffoe
further_ containi ng a stack of nineteen, carbon contai ni I a\éers (CoCr d Pd)
wher eas[@R38hd Kefitiratgh the @@VF@CB&%@&M% Wﬁ@r‘ﬁhecu W&Pa structure
200 having a thirteenth layer further containing a stack of nineteen
non- car bsmrperdial singde ldiyk pro¢@ingRy)steri such Key thORizculu® sputter SEPTEMBER
2006 is a hysterisis loop for the.perpendicul ar magnetic nedia structure’
200,  cRicHiRETHoR TS, GErEaRyCifdas tiChsne withl A¢adietpofdifferent He) of

thin film deposition tools. Additionally, other thin film deposition

processes including but not limited to 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 temperature.

[0034] FIG. 4 is a graph comparing magneto-opticél Kerr data as a

function of applied magnetic field (herein'a.fter referred to as Kerr Dataj},

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




approximately 3660 Ce and a nucleation field (Hn) of approxinmately - 1902
Ce. Second Kerr Data 415 is a hysterisis for the perpendi ctAS&P™M &ic
medi a structure 200, containing a series of CoCr/Pd stacks having a
coercivity (Hc) of approximtely 4100 Ce and a nucleation field (Hn) of
approximately -2521 Ce. Fig. 4 denonstrates that CoCrC/Pd nedium has a

reasonably high negative nucleation field Hh and a reasonabl E! 95}

coer ci vi tsya hysignisis loegyforghe pemeansliculasimagapticimedia str L&f@%? di um

Al pha (a) is defined by the follow ng equation: a = 4n (dMdH Hc, where M
i s the ngamelihingrenssrieobf Co€n@yPdistanks, Having pptoetivitpdide} of fi el d.

Al pha (a) can be used to predict the noise behavior of a nedia. Since a

2&2??23"%%??%. sda%‘?%féﬁ@?’nb?%#ﬁﬁiﬁ‘éﬁ%ﬁ’? uﬁgﬁ[’g?s‘%’g?p*’&?%f°’éﬁ?§&3?8?2811y d

: . . D -t SVAR

car bon_ LI e eseith Rt Dalar Emis e REsratm e Conoe] BOORler e 200,
FIG 5 data shows £erpendi cular magnetic nedia,str %fo%%jl’égo L th varying

concent retagnesic nfediarsimahirec2PBoponiadning apHeries stac R Dat a
510 shows SM\R data for perpendi cul ar magnetic nedia.structure 200

cont ai ni RYvirOs Voeasishity (S SR aItelsd BOORD Palml 42ducleationshibld dat a
for perpendicular nmagnetic nmedia structure 200 containing carbon 18 29
SEPTENBE@I@)OQPapprO}dmater ~2521 QOe. Fig. 4 demonstrates that CoCrC/Pd
medium has a reasonably high negative nucleation field Hn and a
reasonably high coefcivity Hc while having a smaller alpha (o) than the
CoCr/Pd medium. Alpha () is defined by the following equation:
a = 4x (dM/dH)ue,
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 (a) is desired in a finished medium.
[0035] FIG. 5is a graph showing the medium signal-to-noise ratio
{SMNR) dependence on boron and carbon concentration 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 perpendicular magnetic media structure 200 containing

boron additives whereas Carbon SMNR Data 520 shows SMNR data for

perpendicular magnetic media structure 200 containing carbon

18




addi tives. Perpendicul ar magnetic nedia structure 200 with boron additives
is the same as with carbon additives except that carbon is? SEBEFMEERA Wi t h
boron in all layers except the CHN overcoat. Both Boron SM\R Data 510 and
Car bon SMNR Data 520 show that magnetic media structure 200 with high
boron or carbon additives have nuch higher SM\R than nedia w thout

ddi ti . El G h t hat B . SM\R, ta 510 di cul
mgnet | SAAURES: <PraRRE UL BIECHR S SSRBP AR PAPS 0B for no

boron additives to approximately 13.5 dB_ for about 7% boron additives.
Addi t i oadditjvesrisghesamevas with casbonaddilivgs Bacapt tbat sarken pendi cul ar
magneti c nedia structure 200 increases fromapproximtely 11.2 dB for no

car bon agslated esith bompinallayeryedcopt e CHIN avertoat? BathBoraddi ti ves.
FIG 5 al'so shows that Boron SMNR Data 510 increases to 14.2 dB for

S I e Rl A G R o T

W th o FRRGORER ARG T RiEh PREofear it boPLARHE AR b AV PR FHBHET o-r osi ot ve
(GWR) read elenent that was tested at 500 thousands of flux reversals per
i nch (kSMNR thagsmiedinavitbold addjtivess FEwihghows thati Beren MNR o- noi se
ratio (SMNR) and Mt dependence on boron concentration in perpendicul ar
nmagnet | DaRRE 10 Sérf peFperRdidtifar Mdgrictid Airediatvatthgle 2BQMAtI€asesirom

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

iﬁcreases 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] Tﬁe recording performances of the perpendicular magnetic

media strﬁcture 200 were tested with a head having a ring type write

clement 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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nmonment and thickness of the CoCrB/Pd nultil ayer stack. The SMNR 19 29
SEPTEMBER 2006 was neasured with a head having a single pofeEATEET%%nd a
GW\R reader at 500 kfci. The data shown in FIG 6 was taken for nedia
having CoCrB/Pd nmultilayer stacks wherein the boron (B) concentration is
in the range from6.8 to 12.8 atom c percentages. The SM\R Data 610 shows
that the SMNR i ncreases as the percentage of borqnp increa eﬁ | n

par t i cumgs messUSRARWithc: Ssadshaviss asHigle rrlg B ANG R GMR Bades i ¢
percentage of boron to about 15.7 dB for about 12.8 atom c percentage of
boron. &S00 kfcdasEhe dafAsRoasn an fRIGC 6 wasotfekiencfoyamiedda hervdngat omi ¢
percentage is close to linear. On the other hand, the Mt Data 620 shows

h h ' i i
that t @d@th‘ﬁg& kftﬁﬁ%gg@? st PaHRBiRHee HorbAl(B) doteerteton lis in

parti cular; reases from about .44 nmenu/cnR for about 6.8 atomc

t f b bqut . t ' t
o bor optle fRBEAdEPERES P Tnr® Al nEr ety “TRHSUREE DAOSLG B TeC 29
percentage is also close to |inear. &gOSS] FIG 7 %%ea r.aEh shovm'lﬁ_g t he
nmedi um shgma that the SMNBringreasonesg the Rergentagon! BEYR 1BHIFSSFS: mttkness

with fixed boron concentration of 6.8 atom c percentages for.
per pendipaittizulan ahet SMNReédceeasies feonr abaad 10e8idE fapahord G.Biatkneiss and 10
A Pd thickness. 12-Pd SWMNR Data 710 shows t he SMNR dependency on CoCrB
thi cknesgrcd HaddebPEEFIE th AboRIAB:Y EB'TBHiabotit 1B BRI pBasktage DA of Pd
boron. The increase in SMNR as a functic;n of increasing boron atomic
percentage is close to linear. On the 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 closé to linear.
[0038} | FIG. 7 is a graph showing the medium signél—to-noisc 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 Aof

Pd. The 12-Pd SMNR Data 710 shows that the SMNR increases as the

20




whereas 10-Pd SWMNR Data 720 shows the SMNR dependency on CoCrB thickness
for perpendicular magnetic media structure 200 having 10 A2GEPTEBEER Ppfe
12-Pd SMNR Data 710 shows that the SM\R increases as the 20 29 SEPTEMBER
2006 thickness of CoCrB increases. In particular, the SMNR i ncreases from
about 10.3 dB when the thickness of CoCrB is about 2.3 A to about 13.2 dB

when t he thicknes f CrBis about 3 A The jncre .in S\NR as a
functi onﬂB’ICWPEOjSCSﬂSr EEqsnse ki partigular, 4be; é%?r?acﬁesp%?ﬂbndi cul ar
magneti c nedia structure 200 having 12 A Pd thickness and fixed boron

concent r aboun 167.361B veemitbephiclness of CoCrbhis abhut 2.8ahdo ad®dlSIAR Dat a
720 shows that the SMNR remai ns substantially unchanged as the thickness of

CoCr B i ngpeases it thieRiRes BiTHCFB MBGHMC3 FedTheSincrease tn ZMNRgsng 10 A
Pd t hickness and fixed boron concentration of 6.8 atom c percentage.

|57 Btk B IRACON PR SRSt BobfiRatamee (oM obout
dependenBErBRRCIGRSBIMAGRINE iR U3 BORIE SPDAAVIDE: DA 2 BRCEHEKESSn of 6. 8
atom c percentage for perpendicul ar magnetic nmedia structure 200 having 12
A Pd t haokinfises] dodod Gohdetttdlichnd<s.8 didnfid perdemtagsl@s Hinesothies
coercivity (Hc) dependency on CoCrB thickness for perpendicular magnetic
medi a St huedyNo-PAOSNAVR Mat?7200h&Ws tHat eRe ST réfdiaga

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 fo 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 stfucture 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 He Data 820
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820 shows the coercivity (Hc) dependency on CoCrB thickness for

per pendi cul ar magnetic nmedia structure 200 having 10 A of BPFEPTHEERP® pd He
Data 810 and the 10-Pd He Data 820 for perpendicul ar nagnetic nedia
structure 200 shows that the coercivity (Hc) decreases as the thickness of
CoCrB increases. In particular, the 10-Pd He Data 820 21 29 SEPTEMBER 2006

decr easedeéfetiealooin aaaﬂt@@d@om&cm%meﬁ oﬁEBHhtl’z 3 Atbo about
3400 Ce for CoCrB thickness of about 2.7 A [0040] FIG 6-8 shows data that

can be u di cul ar magnetic nedi a
structur%sg%%é}?pgieg%g‘gjg?%qﬁlg@gnﬁ%gg?gg’ﬁg@%? MCT, and He val ues. FIG
6 illust t hat g ron conce atlo red ces the MT, which can be
conpensaf@f@l/ gjlilg % -RShaes data eéo*@r@'l §h aprecessnal | Y,
FIG 7 iIIustrat es that the SM\R can be rrade to be constant or to increase

with i nhexebyperpendictliarknegsetifimatiiy sEh@iuse 20Qsandemadatot he
coercivity can be nade to decrease with increasing CoCrB thickness. This

Fl exi bi | haye debaublo BMNR, WIFY, AHE HerlueeN FLL T ihdtrans ﬁe&?rﬁlg%hl ckness
to achi eve desirable SMNR’ M T, and He values. [0041] FIG 9'is a bar graph

bor on acdr et s8R astBl RpbuCen TRE ol Vi s B Se sotipreetedy Fig o
e b e Tt thitknoss of the SSRIE ot O ARty Yog. 3 U num
illustrates that the SMNR can be made to be constant or to increase with 7
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 He values.
{0041] FIG. 9 is a bar graph comparing the SMNR of magnetic
media structure 200 both with and without boron additives and for three
different kinds of substrates 110. FIG. 9 illustrates the SMNR for
C.oCr/ Pd deposited on polished NiP aluminum substrates, CoCr/Pd
~ deposited on te:_{tured NiP aluminum substrates; CoCr/Pd deposited on
Nipon Sheet Glass (NSGJ 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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deposited on textured Ni P al um num substrates; CoCr/Pd deposited on N pon
Sheet G ass (NSG gl ass substrates, CoCrB/Pd deposited on 2Pp6PT¥REFN P

al um num substrates, CoCrB/ Pd deposited on textured Ni P al um num
substrates, and CoCrB/ Pd deposited on N pon Sheet dass (NSG gl ass
substrates. The magnetic nedia structures 200 with boron additives have

Fol"al | R cHONE S SRR A0 Bl Ul ABOD 58 [} 2

the SMNR for  magnetic media structure 200 havin B/ .Pd sipted on all
three ssRasy op@]i;gme ubstrates @Eoﬁhé333/@ g@?(ﬁe Fﬁ%rﬁﬁ&% di a
structure 200 having CoCr/Pd deposited on all three substrates is about
11. 2 dB.mpghdtt metdrystigtuce 20énhavirigBeCof Pdadeposited anbalh thots t i ves i n
the CoCr alloy |ayer nmaintains sharp interfaces between the CoCr all oy

| ayer angiHdteatRe isaatdutol 1egendi cul ar nmagnetic nmedia structure 200. The
hi gh coercivity of the CoCr/Pd nmultilayer nedia wth high-boron and

hi gh- car, nor e t - At onj I addj t.i | S, Vi of the
charp. | 108AACos SRR el CPhCe R B B oRELE K EBahradRERIE 1 1% e
CoCr/Pt nultilayers when high concentrations of boron or carbon_ are added.
Addi t i othe I@?Cbﬁﬁé’ﬁf lgyer majedaing shasp pRisriacaskereen the LpCr allg¥be used.
[0043] It will also be recognized by those skilled in the art that,

layer and the Pd layer 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 evidente of the
sharp interfaces between CoCr and Pd films. The same effect is seen in
the CoCr/Pt multilayers when high'concent-rations 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 pi'cferred
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
applicaﬁons, 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.




while the invention has been descri bed above in terns of preferred

enbodi ments, it is not limted thereto. Various features afPEBSHEEtR%0f

t he above-described invention nay be used individually or jointly.
Further, although the invention has been described in the context of its
i npl ementation in a particular environment and for particul ar
applications, those skilled in the art wll recognize that its useful ness
is not limted thereto and that the present invention can be utilized in
any nunber of environnments and inplenmentations. 23 29 SEPTEMBER 2006 We
claim 1wAcggnetic recording medium conprising; a substrate of a
non-magnetic material ; a first layer containing cobalt (Co), chrom um

(Cr), angf borongg%)glﬁ .deposi.t ed over sai d substrate; and a second | ayer
consi stify of ‘bIMABASHEATCPHNEMEHIH: SHORTEHS  deposited in contact with
said first layer to make a bi-layer, said by-layer having a perpendicul ar

magnet i ¢ ani sot r opy saubdtratd @va non-seagreticthetenafnet i ¢ recor di ng nmedi um of
claim11: wherein the nmagnetic recording mediumconprises a plurality of

sai d bi-|ayers consaguf layel YobAaKedoBl (CF) hr AR AR hnd borBhigBRONEt i ©

recording nmediumof claim1 wherein sal ayer  conprises to 30

atom c percent, of boron (B
P depos;te({ over(sa)ld substrate; and

a second layer consisting of palladium (Pd) and platinum (Pt)
deposited in contact with said first layer to make a bi-layer, said by-layer

having a perpendicular magnetic anisotropy and a low noise.

2. The magnetic recording medium of claim 1:
wherein the magnetic recording medium comprises a plurality of

said bi-layers consecutively stacked on top of each other.

3. The magnetic recording medium of claim 1 wherein said CoCrB layer

comprises 4 to 30 atomic percent of boron (B).

4. The magnetic recording medium of claim 1 wherein said magnetic

recording medium has low noise having an SMNR greater than 11.3 dB.

5. A magnetic recording medium, comprising;

a substrate of a non-magnetic material;
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4. The magnetic recording nediumof claim1 wherein said nmagnetic

recordi ng medi um has | ow noi se having an SM\R greater than®tEPEMEER20065 A
magneti c recordi ng medi um conprising;, a substrate of a non-magnetic
material; 24 29 SEPTEMBER 2006 a first |ayer containing cobalt (Co),
chromum (Cr), and carbon (C) deposited over said substrate; and a second
| ayer conprising palladium (Pd) and platinum (Pt) deposited in contact
with said first | ayérstlayerakatainbig rebat (Coackropyium fyvr andearpra(C)

per pendi cul ar magneti c ani sotropy, wherein sai d-magnetic recordi ng nedi um

has an SMN\R gidepbsited B8 sald s@Bftratb; arldie nmagnetic recordi ng nmedi um of claim
5 further conprising: a plurality of said bi-layers consecutively stacked

on top of each other fo roduci ng.a ndi ar netic cordi ng

et uvi ¢ ow ndieeso S GRS Ry BIARRR R M PR S m 5 wher ei n
said CoCrC |l ayer conprises 4 to 30 atom c percent of carbon (C). 8. A
magnet i ¢ r ecoddpngjtarbiai aomtact ovibh saidniirshlayebse metke adfi-layen saidelopnet i ¢

mat eri al ; an underl ayer conprised of a magnetically soft nagnetic naterial

or a plurality,yet nadUfy S peipfRenaks ﬁ@gghlétiggfl{so%g&eti c material separated

wherein said-magnetic recording medium has an SMNR greater than

11.3dB.

6. The magnetic recording medium of claim 5 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.

7. The magnetic recording medium of claim 5 wherein said CoCrC layer

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

8. 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




by non-nmagnetic spacer |ayers; at |east one non-magnetic interla

25 29 SEPTEMBER 2006 a perpendicul arly anisotropic recordi fgEr & '1:=R2°°6
conprised of a first layer having cobalt, chrom um and an el enent
selected fromthe group consisting of boron, silicon, and phosphorus. a
second | ayer consisting of palladium (Pd) or platinum (Pt) deposited in
contact with said first layer to nmake a bi-layer, said bi-layer having a
per pendi cul ar nagnétpe@pamﬁﬂlsgtarrbfpgms@rom@@emgﬁreg layer eempisad ofedingn of
claim8 wherein said nagnetically soft magnetic material is conprised of

cobal t, iron pRErbBROhg dbalt] BRGNS drid é&@l&h‘i@rﬂ%ﬁ@@d@bﬂiﬂ@'gﬁbﬁ?
wherein said non- rragnetl C spacer Iayers are conprised of tant

surface-oxi di zed .t ant a{g :I1 The na hc recordi ng medi um of claim8
wherei n sai d A8t PErOR-Silisonagad b o Qick of Ta/ | TQ CoCr Ru/ BOz/ B.

12. The magnetic recordi ng nmediumof claim8 wherein said perpendicularly
ani sot ropi ¢ r ecor dasgcdray bayef nondisting ofpall adisma(RBeorgatihayeiPtX sel ect ed
fromthe group consisting of Pd and Pt and wherein said second |layer is

deposi ted 1 n BelARK i doh it ek LRt Gr 1k TFHBERAGyerl 3. The

magneti c recordi ng mediumof claim$8

having a perpendicular magnetic anisotropy.

9. The magnetic recording medium of claim 8 wherein said magnetically

soft magnetic material is comprised of cobalt, iron and boron.

10.  The magnetic recording medium of claim 8 wherein said non-magnetic

spacer layers are comprised of tantalum or surface-oxidized tantalum.

11.  The magnetic recording medium of claim 8 wherein said non-magnetic

interlayer is a stack of Ta/ITO/CoCrRu/BOz/B.

12. The magnetic recording medium of claim 8 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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per pendi cul arly anisotropic recording |layer is conprised of a superlattice
structure having a plurality of alternating |ayers of CoCr® SERFRYEHH614. A
met hod of maki ng magnetic recordi ng medium conprising: providing a
substrate for depositing |ayers; depositing an underlayer over said
substrate; depositing an interlayer over said underlayer; and depositing a
recordinq | ayer over said interlayer, said recording |ayer conprising a

bi - | ayer 1Ravi Ajeandgnesic reegreiing omchinmi efclGoTB xwhembr #iid X i s sel ected from
t he group consisting of boron, carbon, silicon, and phosphorus and a

second | ayer pehRdReilhf1Q Al POHR B HE 18468 coffpald di um (Pd) and

pl ati num (Pt) deposited in contact with said first |ayer nmaking a bi-I|ayer
wi th a perpendi cul ar. netic,anisotr .and | ow noi se. . ~1he nmet hod
of 1 ai m 14 whdreieE R §ORE pAP T RYBAIBIS Rernifid TS ofGarfPona

bi -1 ayers consecutively stacked on top of each other. 16. The net hod of
clai m 14 wherendPslai d | ow noi se includes an SMNR greater than 11.3 dB. 27
29 SEPTEMBER 2006 17. The nmgnetic recording nmediumof claiml1, wherein

t he magnetic recording medium has a | ower noise than a conparabl e magnetic
recordi ng nmedi um having identical structure as that of the magnetic

14. A method of making magnetic recording medium, comprising:

providing a substrate for depositing layers;

depositing an underlayer over said 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.

15.  The method of claim 14 wherein said recording layer further includes

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

16. The method of claim 14 wherein said low noise includes an SMINR

greater than 11.3 dB.
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recordi ng medi um cl ai med except the first |ayer of the conparable magnetic
recordi ng medi um does not contain B. 18. The nagnetic recofiERFVREH¥m of
claim8, wherein the elenent is boron. 28

17.  The magnetic recording medium of claim 1, wherein the magnetic
recording medium has a lower noise than a comparable magnetic
recording medium having identical structure as that of the magnetic
recording medium claimed except the first layer of the comparable

magnetic recording medium does not contain B.

18.  The magnetic recording medium of claim 8, wherein the element is

boron.
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