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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 retrieved from
one or-morc discs that are rotated at more than one thousand
revolﬁtions per' minute (rpm) by a motor. The data is recerded and
retrieved fro’m the discs by an array of vertically aligned read/write hee.d
assemblies, which are controliably moved froin data track to data track
by an actuator assembly. |
[0003]) - ’fhe threc me.jor components making up a conventional hard
d.ise drive are magnetic media, read/ 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




carbon or boron additives is 700 [err] FeCo30.8B12/ 20 [err] TaOx/ 700
[err] FeCo30.8B12/20 [err] TaOx/ 700 [err] FeCo30.8B1220 [ &7 EH&EkP®P58
[err] FeCo30.8B12/17 [err] Tal 49 [err] ITO 33 [err] CoCr37Rul0/2.5 [err]
COy/ 2.5 [err] C/[(CoCr9)C6.8/Pd]19/50 [err] CHN. [(CoCr9)C6.8/Pd] 19 neans
19 layers of the bi-layer stack (CoCr9)C6.8/Pd. TaOx stands for

sur f ace- gxid] r.Caxi ) sl ndi um
Tin i d?ﬂﬁgﬂﬁ%%ﬁg@%&% ﬁ%q%%%l%grhc@é %\g g@‘B/ %'i&l?béﬁ?‘gﬁﬁﬁleﬁer cent
respectively. N refers to, hydrogenated and nijrogenated carbon. 29
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Hi gh-carbon Additives to CoCr Filnms This application clainms priority from
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2002. BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The
present ilpdidyerahil AdlaGoashGs Wit o tihheybh %:f@iloarﬂgg&ﬂ aﬂ’éx?%dayswzage,
a. 2.

and nore particularly to nmultilayer perpendicul ar nmaghetic

Descri ptighinfink s EIAHGIH head assembly in a closely spaced relationship
to the disc surface. The actuator is used to move the heads from track to
track and is of the type usually referred to as a rota.rj voice coil actuétor.
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.




[ 0002] Conventional disc drives are used to magnetically record, store and
retrieve digital data. Data is recorded to and retrieved f o "AER G nore
discs that are rotated at nore than one thousand revolutions per mnute
(rpm by a notor. The data is recorded and retrieved fromthe discs by an
array of vertically aligned read/ wite head assenblies, which are

controllably noved fromdata,track to data trac b n,act assenbl y.
[0003] Q0% ce Magnctiomeshamtsugaresprepyp? %‘Mﬁ?ﬁ%ﬁglmﬁg‘ﬁ# i sc drive
are magnetic nedia, read/wite head assenblies and notors. Magpetic nedia,
whi ch | serieedf thirefilmgi depesitethgnetopeef alprpimam gulstrates eI pi cal | y

I ncl udes a | ayered structure, of which at |east one of the |ayers is made

of a MegRBLiraté@beiglass stbskraaes CEICRBillustrates AicgnverdBorBHPTEMBER 2006
coercivity and high remmant nonent. The read/wite head assenblies

typical Ly include a r SOL k40 i | 1) Qe sRle

beari ngnégnc? ¢ %ﬁ@%ﬁﬁ?ﬁnﬂé‘éﬁ?%}lgsﬁ%% %flgﬁérf&gg'? gyﬁ]qa cooperative
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spi nni ’ e ship
to the disc surface. The actuator is used to nove the heads fromtrack to

track aofiCoFel, d frattidayes 48 ynads ef Tedrt TaQs, a fifth dayer d20ameds
actuator. A typical rotary voice coil actuator consists of a pivot shaft

1501 o el Wb BSes D dageo v TaOlosdeyeathdagr 18 he oute
A , pin the magnetic nedia
at rateg .de 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 higher than 1,000 revolutions per mnute (rpnm, typically include
brushl ess direct current (DC) notors. The structure of di s& HFTHESRIOE wel |
known. [0004] Magnetic nmedia can be locally nagnetized by a read/wite
head, which creates a highly concentrated nmagnetic field that alternates
direction based upon bits of the information being stored. The highly

concent ¢ ahd Laca! | 389 TRgRRLGidreHopsadliradaey sphatering/target e head

magnet i I NS ~the"magnetic nedia at that |ocation, provided the
magnetic field is greater than the coerci Mil: ‘ i ia. The
gr ai ns Mats é’fr’{sg'}?;ﬁ[ ﬁﬁ%&ﬂ@?%c ﬁs[é‘},élilrggé%%%ﬁf;e“@ élgeﬁ%d is renoved,
whi ch points in the sane direction, of the magnetic fi read/ wite

| d,\f A
head t hthirpfilisafdhgrspiidered sarteriad greseon %B?lté'?‘f% THe%nal can t hen
read the nmagnetization of the magnetic nedia. 2 29 SEPTEMBER 2006 [ 0005]

Magnet i gﬁgggiﬁb;ﬁ procdsy Bsusuallyyjiroaht pmbigatitomiprraiures anskdnls of

thin-fil deposited on top of alum num substrates, ceram c substrates or

gl ass Sg_ﬂ;%k&gkecfepdgi n%ﬂéﬁb%%%ﬁ@ﬁe&%&ﬁ%&éd’ma'lowmmiresnedi a

structu I'nga substrate 1 a first layer 112 made of CoFeB, a
second | ayer 114 made of Ta or TaOx, a.fhir ahtCoFeB, a
fourth h@»}léﬂaquepﬁﬁﬂ%mg\m%f 6‘?“"%&6?, tya’l??%f ﬁ":bﬁ%@%d i‘%‘gd%%@b‘g‘ CoFeB, a
sixth layer 122 nade of Ta or TaOX, a seventh I&&g& 24 made of CoFeB, an

ei ght h teyseratrevfrreshdrprintesfanest hetvesest Cooan YER%i um Tin Oxi de
(ITO, atenth layer 130" made of CoCrRu, an

[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 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




el eventh | ayer 132 nmade of boron-oxide (BQZ), a twelfth |ayer 134 nmade of
B, athirteenth |ayer 136 nmade of nineteen bi-layers havi ng SEBEMPHHand a
fourteenth layer 138 nade of hydrogenated and/or nitrogenated carbon
(CHN). [0006] Substrate 110 is typically made of Al um num (Al ), nickel -
phosphorus plated alum num glass or ceramc. Although all of the layers

cont ri bighin l&ydristrupane E6n sty bf €5-alioy BAdPAek Pttﬂl'ﬁattlb,l diffeeeqh | ayer
136, which is made out of the nineteen bi-layers CoCr/Pd, plays an

eoor ai i ceRseRITHAEG FE, bR Bl ?‘?ﬁ“&&?ﬁ?@%ﬁé FrofEe i
anu ac E6F ERGbANES GOMRITE of Rl ryRE PO AR Rl araii RS o

include texturing substrate 110, cleaning substrate 110, and deposi'ting
| ayers Shagp sEerfamErRbebosen Qm-ailbycalgthiaﬁt Pifitmdebkig isoespeaialys
i ncludes sputtering target material of usually the sane material as their

respect tge fopilesnfedihBdpositeidiat bhiBieat téﬁ@e%aﬂifeer?ﬁeﬁéfo%'xﬂhaﬂww on the
substrate. The depositi on process is usuall'y done at anbient tenperatures

Vi 1 e LT o taRaRaReliedis HAPhTC WitR PRR BRI ARiscel oy - S
tenperagure for sharp jnterfaces between and Pd/Pt | ayers. [0008] The
magnet i &Wﬁ-&aﬁr m@ilﬁb ﬁii?rBéP- amsjbawem the Co-alloy films and the

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

temperatures.




| ongi tudi'nal recording nedia, which include a single or a couEIe of
magnetic | ayers wherein the thickness of each | ayer can rafige” FHBF 2°%bout
10 A to about several hundred angstrons, are typically deposited onto
substrates that have been heated to high tenperatures, such as 250 oC.
Gowing thin filnms on hot substrates reduces noise by pronoting desired

crystal | ographi c orientat kpjig Feﬁ_f@r} | foNsSegregation into grain
boundari es. During deposi%%’ X e tenperature enhances
nol ecul ity tm.tting desired crystallographic orientatjons_to grow
ond ennd9T o ¥ BEiClinaon s svetmomt WommPPER RS SATEOT L hafoR
coupling of the grains reducing noise. [0009] The magnetic nedia structure
of FI G addisivies ippe iammiultilaygreperpandipelar magbetisumedin shiragetursi da

resulting from high nmagnetic exchange coupling between grains. The

requi r engfgortianiaveithhen® embbdirh@eresf e iBemtibid,feu®on baywrenwhi | e having
a lamnated alternative 4 29 SEPTEMBER 2006 thin | ayer structure consisting

B g
nul tilayer e pendi cul ar nedi a i

nd naintain shqrp . nterfaces between
Co- al | oy, Bedm strperreT(; q@ﬂ&lag&qeapppgl ylae magneHe media

deposited at anbient tenperature. Therefore what is needed is a magnetic
medi a ststoactnee hias sharghinterfaet s anahsignificpytlp redtibed machidngeer nedi a,
sharp interfaces between the Co-alloy filns and the
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




Pd or Pt filnms that reduces noise that can be deposited at anbient
tenperatures. 5 29 SEPTEMBER 2006 SUMMARY OF THE | NVENTI ON SEOGYVETR 2P s
limtation is overcone by incorporating carbon or boron additives into a
mul til ayer perpendi cul ar magnetic nmedia structure. In accordance with one
enbodi nent of the invention, carbon or boron additives are added into CoCr

alloy fi oh..th thayer- R dicul ar gnet | ia structure. The
resul ti #g%é?%gﬁm‘%%rébﬁéﬁé ?‘céﬁﬁ C, rg@@ﬂ%%#%%é‘ %-p i nterfaces and
Si gnifii: td% reg’rc d exchange _ coupli r‘lg One possi ble reason for the
decoupl (ﬁ%’ )ehaiPhe Reans L 9 lavess ofithe hi-layer gtadk (BoCreSlsisg®Pdof t he
Co-alloy filnms have much higher concentration of C, B, or C than those

i nsi de ThOxgstands. fofrmutace Bxidized Fd.i CO, Btasaslfbk € ARiddsx, BIQ¥thhaant | y
reduces granul ar exchange coupling. Chrom um segregation is nmuch enhanced

by bOr 0fbroindifih Tin OXRftlahd! dbrASR! dAREDILAE HIOEHPYH JRAIE! the

i nvention, the perpendicular magnetic medi a Str re-w car bon or boron
additiv Lhel udes a,substrat FeB | ayer, ,a Ta or Ta | ayer, a
second gq;%éﬁlcalrag%rpfné r§888ﬁ§"§r:‘3- g;}fﬁaf Ifsagé’eilydﬁpgwﬂt& B |ayer, a
third Ta,or TaOx _layer, a fourth CoFeB |l ayer, a Ta layer, an IndiumTin
Oxi de (PHryeenagled carbawCr Ru | ayer, a boron-oxide layer, a boron |ayer, a
set of nineteen CoCrB/Pd bi-layers, and a hydrogenated and/or nitrogenated
carbon [008) pr oOtheretnbydiments of the perpendicular magnetic media

structure can include various thicknesses and compositions.




100121 One such perpendi cul ar magnetic nmedia structure is 700 A
FeCo30.sB12/ 20 A TaOx/ 700 A FeCo30.8B12/20 A TaOx/ 700 A 2FECSYEERBI2/ 20 A
TaOx/ 158 A FeCo30.5B12/ 17 A Ta/ 49 A I1TO 33 A 6 29 SEPTEMBER 2006
CoCr37Ruio/ 2.5 A COy/2.5 A Tj(CoCr9)Ce.s/PdJ19/50 A CHN.

[ (CoCr9)C6.s/Pd] 19 nmeans 19 | ayers of the bi-layer stack (CoCr9)C6. s/ Pd.

TaOx stands for surf - axidi.zed. Ta. @@Mi des . I TO stands
for IndiumTin OXi de‘ﬁﬁéﬁﬁ# . LQ@@:E 80 and 20

nmol ecul ar__percent respectlvel .. CHN refers to hydrogenated and

ni t rogerl&lcglﬂ]car boRiG| doisA b@%dimsh@mgcﬁ Pries gergaamandional nagneti ¢
media structure can include various thicknesses and conpositions. 7 29
SEPTEVBER 12 il e rBif fije riaiSGRuPTa@ ete middid NyRMtu@, [ 0014] FIG 1 is a bl ock
di agram showi ng a prior art conventional . nultilayer perpendicular magnetic

Tedia stigeptgr e [PRASH £ Loidi didrlbeshoting tftageg a mil til ayer

per pendi magnet1 ¢ nedia structUre having-a oy filmwth boron

additives in ordance ‘wi.th o enbodi ne af th 0016] FI G
3 s b PPeREREE T TAg A g e SIRar R PR BB G Hek P FERer |
medi a structure 200. [0017] FIG 4 is a graph _show ng the nagneto-optical
Kerr ef fhenorpadditives in accordance with one embodiment o 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.




a function of applied magnetic field for CoCr/Pd nultilayer nedia with and
Wi t hout carbon additives in the CoCr |ayers. [0018] FIG 5%9S5PEMgFRAs

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 showi ng both the SMNR and M T dependence on boron concentration
of the mzﬁﬁéli media structure 200. [0020] FIG 7 is a _graph showi ng the
SW\R depehd@adé on &6 ¥ 13 Aikamewmphromparniagtbei SVATR o4 18a8HetiGr e 200
with fixed boron concentration of 6.8 atonm c percentages. [0021] FIG 8 is
a graph smediagstrieture20vioryor{ ryeakimixefsabstrat€eCr B t hi ckness of the
magnetic nedia structure 200 with fixed boron concentration of 6.8 atomc
percentages. 8 29 SEPTEMBER 2006 [0022] FIG 9 is a bar graph conparing the
SM\R of magnetic nedia structure 200 for on three kinds of substrates. 9
29 SEPTEMBER 2006 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0023%]
The i nvention provides a systemand nethod for high areal density magnetic
recording using nmultilayer perpendicular nmagnetic nmedia having
significantly reduced nedi um noi se.




[0024] FIG 2 illustrates a multilayer perpendicul ar magnetic nedi a

structure 200 having CoCr filns containing boron (B) additfAESTHEFT8%uce

medi um noi se, in accordance with one enbodi ment of the invention.

Per pendi cul ar magnetic nedia structure 200 includes a substrate 110, a

first layer 212 nmade of approximately 700 A CoFeB, a second |ayer 214 nmade

of approximately 20 A Ta or TaGs, a third layer 216 nmade of approxinmately
DETASLE e RIPTIONANE IHE ARFPERRIED EMBODIMENGIS TaGs, a

fifth layer 220 made of approximately 700 A CoFeB, a sixth layer 222 nade

of approf0@2BEl y 2TFhe ifiveaticlnprovides eveyitent anel melBédnfedchigh areal

approxi mately 158 A CoFeB, an eighth |ayer 226 nade of approximtely 10 A

Ta, a ni | | | kde (ITO, a
Conth 1 snsisTRagaehcReBrain AREE LI iader Pefherl SELIE Rdlfiie™ o 2h
made of appy.oximately 2.5 A boron-oxide .(BO2),. a twelfth |ayer 234 made of
appr oxi nﬂf‘%ﬁ?)}?‘gnﬂ %gng?qarﬁt%f éﬁﬁ?ﬁe& P&?@S‘@Sﬁ"ﬁﬁde of nineteen bi-layers
of approximately 2.3 A CoCrB/ 12 A Pd, and a fourteenth | ayer 238 nade of
appr oxi nAQ24] 50 AFE. Znijlsitriesta malidayer perpendicatian maghetic qoetlfa | n an

alternative enbodinent the boron (B) can be substituted with carbon (CO).

Per pendi strugtur@ 20et haviRdCaCatfilugd LbAtAPPnS Porbhy(B) Eiieives th0redflice
SEPTEMBER 2006 ani sotropy and sharp interfaces between the co-alloy filns

and the Sldihm Roidd, ilPaddtifdahREUGRH Rk BmBARInGRH oPthd SROSALSH. & ambi ent

t enper at ur es.
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




[ 0025] In one enbodi nent, the perpendicular magnetic nedia structure 200
is 700 A FeCo30.8B12/ 20 A TaOx/ 700 A FeCoso.012/20 A TatF70YyBA 2006
FeCo30. sBi 2/ 20 A TaOx/ 158 A FeCoao.8B12/ 17 A Ta/ 49 A ITO 33 A
CoCr37Rujo/2.5 A COy/2.5 A T [(CoCr9)C6.s/Pd]i9/50 A CHN.
[(CoCr9)C6.s/Pd]i9 nmeans 19 | ayers of the bi-layer stack (CoCr9)C6. s/ Pd.

The first CoCry layer_ is deposited prior to first, Od.deposi}i,0Nng4l

st ands anigotsopy & skespin d@¢e@b§t‘§?%a§6f¢ﬁ-a@°é’x@&%§.aqc{r@%? gn(gl?(f or

I ndium Tin Oxide and consists of 1n203 and Sn20s at 80 and 20 nol ecul ar
per cent Pt édnncthaeteducd\noectlsait campedr depositeastabagnbientogenat ed  car bon.
The Co-alloy and Pd filmthickness is 2 and 10 A respectively. Al though

pr eci set&}jg,@rguﬁ%rsgent ages and thicknesses are given in this enbodi nent,
actual valoes can vary. The tol erances for making a working nmagnetic nmedi a

rsntagrggg: Pi‘iﬂég? ??gs rlf}iclfé‘:e éﬁ%%%élg%ﬁ‘gk%ﬁr Eclﬁumalg (%rgl fgltids u@ f :il%: gg!t r; t hi ck
. >t aidity. S 110 :

E/‘L ;J _,rO\r/n!sme it rplr%%cbm i “giﬁel(tééso@ﬁfiujﬁr?,trﬁrﬂr:&a_ emm%&@?&%&@#ﬁ&h _um e

al um num based alloys, other non-nmagnetic netals, other non-magpetic

al | 0ys, Ta®dF00 SeFeCoso sBl/20eASTaQkAESS deFaBoarsBayd 7cAbased and/ or
| am nat es thereof. The CoFeB 212 | ayer is nmagnetically soft magnetic 11 29

e nont T A o e O B D e hon o, d 2

Ta. [(CoCro)Ce.a/Pd]io means 19 layers of the bi-layer stack {CoCrs)Ce.8/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

11




The alternating CoFeB and Ta or TaOx | ayers (212-224) make up the soft
magnetic underl ayer. The total thickness of the soft magneti<EPTHEETI%yer
is in the range between 1000 and 4000 A. O her soft magnetic materials
that can be used include NI, N Fe, CoFeB, CoFeC, CoFeZr, Co, CoZr, CoZrCr,
CoZr Nb, CoTaZr, CoFe, Fe, FeTaN, FeAl N, FeTaC, FeSi AIN, FeSi Al and FeN.

Cozr b, e, Fe, | Al Fell
ot ThotRArCR PRSI Kh ATRICH fayel A1 08 RE2oR atie AR 170
and can’ FABARRS PPAVGHP, FERICH: WR BRoHUAGREERGIzer L6 P Ay ST OAgRR T8 { ho

art. The total thickness of interlayers is in the range between 10 and 200
A. I n al Thersdtervating Suifedhend ThorGe@Rayeray2i2e224) mekeiupdd@ softhere i s
selected fromthe group consisting of Ru, Pt, Ta, Mo, B, Si, Ge, Nb, and

W The Cﬁﬁ%ﬁeﬂ@&@ﬂekmﬁk‘p?ﬁ@thaBthiBEﬁe@@@ﬂQhéCsoﬂ?@hﬁs[g'r?étid\hﬂi&le&*iegfbrq _
content such as 37 atom c percent. The thickness of carbon overcdat is in

the rangg, heinpen: 20 aRle1001 doo LOP3EOAL! SHEN Gt BEAEhcHL 3o FBGIRI | ©

nmedi a struct € prror art structure, “Tererence
magnet | cEAN 49 UBeRiBCuo N B b1 (Ol Galrezr. foer €agee. and
significantly reduced exchange coupling. Al though the exact reason for the
decoupl i 89Zir€rnCoZridy, tGTaZn feoFe,clbe,yFeBaNhReAlNeFalaC, FaRiAlNj al s- at t he
grai n boundaries of 12 29 SEPTEMBER 2006 the Co-alloy filnms have nuch
hi gher cpasll bald PEN. OSirhilarly otbler mdr\@Ragnetic 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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those inside the grains. The C, B, or Crich glass-like matrix
significantly reduces granul ar exchange coupling. Boron anéf BB 2006
additives additionally cause chrom um segregati on, which can produce
favorable fil mproperties. [0028] O her enbodi nents of perpendicul ar
magnetic nedia structure 200 include bi-layers that are CoCrC/ Pd,

CoCrB/ P P, and CoCrB/Pt, Either |ayer, of the bi-layers can be
deposi t g}}e %—%Pﬁ&a’aﬁﬁwm%h bighercopcandyations offecBear £ HidBer of
these bi-layers, denoted as "n," are stack on top of each other to forma
super | atthpse insideuidraugrainal Theugh, Bher €-ricinglassskiké ehatmxon t he nunber n
except that it is an integer, the nunber of bi-layers (n) is typically in

the rangggeifichntly rethacddpRutlilarbxechArie ARiplihgeBoton shdaakben! ar
application wherein specific magnetic propertiés are needed, as i s known

o) - | ayer iy addRiohdly ¥use ol i SerltioR, WEGH S BARRGI it o

magnetict‘. mad':i\ ﬁructure .200 wherein information is stored: The thickness
of each @6‘253%’% UMBEeReNtiSfar is in the range between 1 and 4 A The

t hi ckness of each Pd or Pt layer is in the range between 6 and 14 A The
atomi c j@028ht of Othmrosmbodiments of perpetifculangnagattieenediand 30. The
atomc percent of C is in the range between 5 and 23. j0029] FIG 3 is a

Ha owc hakstriidthirs LIGY iﬂ@ldd%ebm@e%rﬁit@te@éicpéépayﬁd@w g@endi cul ar

gnetic nmedia structure 200. "First in step 305 a° 13 29 SEPTEMBER 2006
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 110 is textured prior to cleaning. In step 305, the ass
substrate is textured/ polished, using conventional nechan|€5FP%WPﬁ§ﬁan
processes, to have a surface roughness of |ess than 50 A. Next in step 310
the substrate is cleaned using a conventional glass cleaning
procedure-invol ving conbi nati ons of acids, detergents, alcohol, solvents
and water. This step.cl| eans the substrate 11Q of an ée i due | eft over
fromt hesﬂéﬁtr@t\?ﬂdicg%ﬁ tesHirgd pdek & CleaipEe %%@H%@ nggﬁ?%ﬁ% 110 for

the subsequent thin filmdeposition process. In step 320, the CoFeB |ayer

i s deposstbdtmate ds thxhnecktpaishe, ewng@omeammqa&onsclmﬂwllm}ahmgn t he
substrate: Typically the CoFeB | ayer is sputter deposited onto the

substr a:graéég&sc 85 Heivel D RArfAdY Polighmesy efldystieehnbouks Nexgt i steisl e
t ar get de out of the appropriate alloy CoFeB. Adjusting the power and/or

adj ustin ﬁm

appr oxi éggl@%gﬂbﬁga%g |cgé%%p$?%g€é 5}& nce gl 5 \M%é I%ipi cally
sputter deposited, e, substrate is lo to a vacu osition

appar at uBresedire- %mrcgmgeaﬂgdvmﬁ gén efrrgsptsy ﬁ@ogﬁe@lwspﬁ 212
I's deposited in step 820. 10030] Next |n step 330 the Ta layer 214 is
deposi t edndntatémheThEnsed cheears @i subbtrate 11 of any msjdge left dvert he same
deposition apparatus as the CoFeB was deposited and is usually

acconpl i e the teRBYHDG ?aﬂa t;frabess Bntr ftipdtes ethEasmasﬁate anQti ng the
Ta target in front of ubs fate and strikKing a plasma resulting in the

deposi ti %ggljf)s%aﬁegﬁ th%?ﬁn‘?ﬁép%lﬁcn’? p?gé:g&.l ﬁ%’%ieﬁ é%(),-m% Eywlace of Ta

filmcan

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 820.

[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

14




29 SEPTEMBER 2006 oxidized in a gas m xture of Ar and oxygen or b%/

unl oadi ng the sanples to atnosphere and | oadi ng t he sanpl &HEERAuum
chanber again for repeating the deposition of CoFeB. \Wen using vacuum
deposition apparatus' that do not have sufficient target / stations to
deposit the CoFeB/ Ta/ CoFeB/ Ta/ CoFeB/ Ta/ CoFeB/ Ta stack, it nmay be necessary
to deposit the CoFeB/ Ta |ayer, unload the substrate with the CoFeB/ Ta

| ayer, am#idiged inta gaswniHusetafe\niapdsepigen eppirimipading thessaaglesi ti on

of CoFeB/ Ta. When the substrate with the CoFeB/ Ta | ayer is unloaded from
t he vacuumatharspdrerehend doadirgitiasampledintylvadhans chizanber ageitafoon of Ta
IS not necessary fromthe point of view of magnetic properties. In

al ter nat Eé;ﬁ_%é’t{?ngg itﬁetd%iﬁbnr@gﬁeﬁcﬁ%' ﬁgiri)%%&ﬁu%;dtég&‘sitiéﬂr face of

t he CoFe er to control e anpbunt o xidatiron a the substrate

with the CoFeB/Ta layer is,. lhoaded hack into the vacuu ithon

Appar at LEPERGRRE SRRt ROb HER Rt ce BrRat ) o5 oS oy BBBERY 100314
Next in step 335 a decision is made as to whether steps 320 and 330 need
to be re 'Ta/CoReB/day 6nFeih Tat CpEeBiDastackait may beareessary wi ce
each, so that |layers 216, 218, 220 and 222 are deposited. |If the decision

in step $§3YepdsitottiecPoleB M laye urdlbad theansh2tandtlsthe GoBeBgPasi t ed
again and if the decision is not to repeat then the process continues on

Ijgpztsieltoe%é %Eeac(:its% ;?/':4’9%%?%&% ﬁge ?gﬁgsg%%}a?g Sggggﬁ?gzﬁ%glsggépg?ﬁ%%ﬁ&s as

used TN 3 eRkeH s Whzn thef3lnsitatt Shth We EdFen b Tyer is unloaded
from th-e 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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15 29 SEPTEMBER 2006 Tin, Oxide (1 TO |ayer 228 is deposited using simlar
processes as .were used in steps 330 through 340. Simi | arPAPEPTHYBSTAY 365
the CoCrRu layer 230 is deposited, in step 370 BOZ | ayer. 232 is
deposited, and in step 3.75 the boron |layer 234 is deposited. The BOz film
can be grown by sputter depositing boron in an environment containing

oxygen. [00321 Next i(n ste 80, ,the_ stack of ,alternating CoCrB/Pd | ayers
236 is d%ﬂé@’f—‘é’ﬁ @'H@gl%ifelbgggﬁsﬂ&‘fpﬁltf@ﬂﬂm?} i@nBB%ﬁq%’?ﬁaﬁ'Ejie gst ack
i ncl udes nineteen bi-layers of approximately 2.3 A CoCrB/ 12 A Pd. This
stack camsed itegtegist 330 ithraughr340y Similaryy innetepdtg thefeaCsBlaysyi ng
the substrate in fromof a CoCrB target and a Pd target while they are

bei ng spuigeisdesOsitédlirt BRPBIOKBOL 184¢re2 325 Mg pogjteds arsl huistép GY5 Thi s
stack can al so be deposited with by alternatively firing two concentric

ring typ r f I c%no? ' El,o%gg t

| ayer naggég?&%haa%%% %eggg?ﬁgﬁdb\%fé ?E)e stack o Q(tg’g%%#é'}’g Iayigreg 236.
CHN 238 | ayer  consists ,of carbon with hydrogen and nitrogen that is
deposi tede@psmgivoapaén YR FEIIGTYREFE CP B8iBYEHeposi t ed magnetic

| ayers while the substrate remai ns under vacuum CHN 238 |ayer is
deposi t e@@0$2] r ans Meexti imgsteipe380bthe ataclnof hltehhatihg] G@C.I‘B\K%’d laysssng kept
under vacuum to an adjacent chanber that is isolated fromthe chanbers
used 10 GeRPH JebHSited DHIBUT BovH Fayefdri4.i DAINeyemBdlinaft, thiy stadks

deposited in an isol ated chanber becCause.reactive gasses containing

hydrogen; oLy ey S3eEAHPBHMIE Or 2DprBRiAER5 2. 5N VOIS F$2 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




If step 385 is not done in an isolated chanber then there is a |ikelihood
16 29 SEPTEMBER 2006 that the reactive gasses can contam n&tSEPEPEHREM
targets. Finally in step 390 the vacuum deposition process ends by noving
the sputtered perpendicular nmagnetic media structure 200 into a

| oad/ unl oad | ock and unloading the magnetic nmedia structure 200 fromthe
vacuum chanber. [0033] Although the above-pentioned progess,was done using
a conmihal Hic Harfive BRI IR COBIATIRLG BfiagTIH té‘é'g‘?'i%e %u?%t]ﬂ'ﬁg sputter
machi ne from Unaxis, Germany, it can be done with a variety of different
thin fi$tepddp0shie ercuam depdsition praddsg, endshby moving thensgapéeried on
processes including but not limted to plasma sputter deposition, ion beam

deposi t homerfdieisan AARAic ARRSIStheenae206a6td ¥dohdiweflohtidockaindan be
used to e perpendi cul ar magnetic nedia structure 200. Finally, in

accor danc 4.0.h ene enbodi : Of ' R{]F t}ﬁ%&&ﬂﬁ' Bagnetic
medi a SFP?RQ\I&}%@ Me r‘g%%g ‘g?'{rrgxﬁégu ering apptrrgg%li%%‘tle targets
at anbient tenperature. [0034] FIG 4 js raph co i ng._ magnet o- opti cal
Kerr dalQP33] a fHHdqueh she Fé&eﬁ‘&’@’?@a rq @ﬁ&gﬁ%& & eferred to
as Kerr Data), for perpendicular nmagnetic nedia structure 200, with and

Wi t hout comanhémiabsitiglée disk prbcessipgaysteml sych fas the KérqulDst spatteri s f or
per pendi cul ar magnetic nmedia structure 200 having a thirteenth |ayer

further nﬁwﬂiﬁg%&% Brx%.t:@&,k(‘r@f‘r_n@.h??ti@l@@n% BeRewitha Phiety df elifferdfioCr O/ Pd)
whereas second Kerr Data 415 1s for perpendi cul ar nagnetic

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 sﬁh:cfure 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




medi a structure 200 having a thirteenth |l ayer further containing a stack

of ni neteen non-carbon containing | ayers (CoCr/Pd). First ReFFTEMEER%10 17
29 SEPTEMBER 2006 is a hysterisis |loop for the perpendicul ar magnetic nedi a
structure' 200, containing a series of CoCrC/ Pd stacks,. having a
coercivity (Hc) of approximately 3660 OCe and a nucleation field (Hn) of
approximately - 1902 Ce. Second Kerr_Data 415 is a hysterisis fg he

per pendi isuk diystemigiscloiop fasdihe pemendicalaropagpshicansdiay SErieEirEs2YY: coar/ pd
stacks having a coercivity (Hc) of approximately 4100 Ce and a nucl eati on

field (&tmtahiraparseticabsDpCITY P Seacks, havingencostcivty {Hechef CoCr ¢/ Pd
medi um has a reasonably hi gh negative nucleation field Hh and a reasonably

hi gh YD el j 28xirh JPd
redi um SPpHEHnS e/ 30eR ORndS RuslEandr GBI 8 abPROxARISE I ) re.
wh M i h ti t h di,um ' ' ti
el d. AR Ga) Seeondb KTEEata b adr a3 o tispefendfudP g Lo
Since a reasonably smaller alpha (a) leads to |ess di_u oi se a

r easonahinagnedid media)strgctrs 2@0, containing am%af%ﬁﬁ%%ﬂa‘:ﬁ% 5is a
graph showi ng the medi um signal -to-noise ratio (SMNR). dependence on boron

and car bpRvERNE VderaligN(H¢) dfhepprainendycsl 00 Pegnel amueldationt fiekt ur e
200. FIG 5 data shows perpendicular magnetic nedia structure 200 with

‘éﬁ‘},\lﬁi N @@g@é@@éﬁﬁawﬁr ~BangnoaNdriga ubeimagddittdte8hat Tt/ Pd Boron
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:

o = 41 (dM/ dH)ke,
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
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SMN\R data for perpendicular magnetic nmedia structure 200 contai ning boron
addi tives whereas Carbon SMNR Data 520 shows SM\R dat a f or 2° 5BTHERAUI ar

magneti c nedia structure 200 containing carbon 18 29 SEPTEMBER 2006

addi tives. Perpendicul ar magnetic nedia structure 200 with boron additives
IS the same as with carbon additives except that carbon is replaced with

boron in,all |ayers exce t he CHN overcoat. Both on,, SM\NR Data 510 and
Car bon %‘ﬂﬁﬁ“ﬁét aﬁ %@F@‘ﬁﬁ&&%g{""%ﬂe@l Ct'%rFrﬁg{)W R th high
boron or carbon additives have nuch higher SMNR than nmedia w thout

addi t i vadditives, issthehsamet anwit canbenmadditaca excopt shabeapeemitul ar

magneti c nedia structure 200 increases from approximtely 11.3 dB for no

bor on agihilhtadsvith Waeno altiayyrslexdeptBthd CHMbesicoRh bBot Butdkt i ves.
Additionally, FIG 5 dhows that Carbon SWMNR Data 520 for perpendicul ar

carbon SRRt P30 A8 Gothorl EMINRI3 520, SRER AT ARRCAL Aol Do,
ppr ol SHEEHY 290 WiBIEL DOren BB hoRER(HES FRE: B1UCEHBBRT SWR Dat a
520 decreases to dB for about 13% carbon additives. [0036] The recording
per f or nBNDER thiant mediarwithout ddditivegn G S sbawvs thatiBeror SMERwere tested
with a head having a ring type wite elenent and a G ant Magnet o-resi stive
(GWR) rpatla d 1O pbAféndietilar magnetic media structure 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

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

19




tested at 500 thousands of flux reversals per inch (kfci). [0037] FIG 6 is
a graph showi ng the nedium signal -to-noise ratio (SW\R) afitt dependence
on boron concentration in perpendicular nagnetic nedia structure 200. Mt
is the product of magnetic remmant nonment and thickness of the CoCrB/Pd
mul tilayer stack. The SMNR 19 29 SEPTEMBER 2006 was neasured with a head
having a single pole witer and a GWR reader .= at ,500 kf,ci, e d%\[ﬂ% shown
in FI G wesymeasaited with abigagd havingp steie ;e Wilkes fagd E&F@ erein
the boron (B) concentration is in the range from6.8 to 12.8 atomic

per cent ag 00 kfid. SRJIBbA shdten isRIGs 6 was telersirvRmiedda dwstBgas t he
percentage of boron increases. In particular, the SMNR i ncreases from

bout 1 j i 15.7 dB
about et pemaAyeh stadtoWiiereRP s Bodg (B) dopicentiariontsin

ercentage of boron. The increase in SMNR as a

function, of increasi or,Qn, at.Qm. gexd I ar. On the
ot her hah@ rapgs mm%ﬁﬁo é%ofisaﬁﬁ{xgst ?Eﬁﬁ%e%,?l‘ééﬁ%ﬁ?%g? e percent age
of boron increases. |In articular, &ﬁe Mt decreafsgs from about .44

e/ crshours it the SYINR arTea 3 45 A8 RETEENIARC AL DETem JBETeaReS oty ¢ o

for about 12.8 atom c percentage of boron. The decrease in Mt as a
functi Ol@aﬁfﬁcu'ﬂfﬁq rthesE MNR énoreaates frompeboahtléy? dB far ebotitds8 atomicnear .
[0038] FIG 7 is a graph showi ng the nmedium signal-to-noise ratio (SW\R)

oo et SRy B AT B k8185 omiopasagt of 0.9
boron. The increase in SMNR as a function 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
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medi a structure 200 having 12 A Pd thickness and 10 A Pd thickness. 12-Pd
SM\R Data 710 shows the SMNR dependency on CoCr B t hi ckness?® SFBFEMBER 2006

per pendi cul ar magnetic nedia structure 200 having 12 A of Pd whereas 10-Pd
SMNR Data 720 shows t he SMNR dependency on CoCrB thickness for

per pendi cul ar magnetic nedia structure 200 having 10 A of Pd. The 12-Pd

SMNR Datag 710 sho t the SMNR j ncregses as,t 29 SEPTENBER 2006

t hi cknes&@“@@r‘:\éﬁ(Fﬂa%éé‘E@aQ%-p%ﬂaﬁﬂF‘& T, thgh%&? REFRREESTPPOm  about
10. 3 dB when the thickness of .CoCrB is about 2.3 A to about 13.2 dB when
the thi chbest 161.3cBrvhéen thodhickness oHEoCrE tmabouh 25hMRta bt 1d& i on of

I ncreasing CoCrB thickness is close to |inear for perpendicul ar nagnetic

nedi a st gEciies S0tHRKNEs b? CoCeBtiBidUAfsS A.aMthef inceadoinSMNR ast rat i on
of 6.8 atom c percentage. On the other hand, 10-Pd SM\R Data 720 shows

that the | i . 1 hi ess of CoCrB

i ncreasegw%&omﬁcﬁ ca:g’fﬁaél @ﬁacggep}%%gggggtlﬁ%gﬁﬁg%géﬁavi ng 10 A Pd

t hi ckness and_fi xed boron.concentration o 8 atonj ¢ ,per.cent age.

- Speci f i BsFpgndickdar mww&tmgm%ée&ham&% A §F?g§“1° fPSbout

12.5 dB to about 13 dB when the thickness of CoCrB varies fromabout 2.3 A

t o about aRdAixed BB86h den@endration ofréaphatohois perdemdagee @n thieyothiar)
dependence on CoCrB and Pd thickness with fixed boron concentration of 6.8

2O, PRI SR gRrTooseysNgeL SHNIR-sygtab - 200 v 0 1
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 He 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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coercivity (Hc) dependency on CoCrB thickness for perpendicular magnetic
medi a structure 200 having 12 A of Pd whereas 10-Pd He Dat % SEBPYBEHO®s t he
coercivity (Hc) dependency on CoCrB thickness for perpendicular magnetic
medi a structure 200 having 10 A of Pd. The 12- Pd He Data 810 and the 10-Pd
He Data 820 for perpendicular magnetic nedia structure 200 shows that the

coer ci Vi HycddelsdR6i£ B8Rt B0 O fdH CHKOBBIMEL GO Bf hBEIRILBSA thN
particular, the 10-Pd He Data 820 21 29 SEPTEMBER 2006 decreases from about

3900 Ce ' f ut 3400 Ce for CoCrB

t hi ckneséeéyp?bgo(&6;&%%8F5%4%?p@ﬁégg?§égﬁg\%%£’ta that can be used to
establis oces erehy perpendjcul ar gnetjc nedia  structure 200 can
be made Mq"ﬂiave d%é@?%oéé dwhaéﬁéﬂ-gg\)’eﬂeﬁle@ esfiablish p presesst es
that high boron concentration reduces the MT, which can be conpensated by

i ncr easi whereky tparpendsculafr magnetiCrBetay struchdde G0theahybe Ehdle To
illustrates that the SMNR can be nade to be constant or to increase with

| ncr easi Rgvedes fatle sWmes MArahHEWaIues] 116810 Ahesrhhal dhienaer civity

can be nmade to decrease with increasing CrB thickness. This flexibility
al | ows r he. bor concentradi on.gnd CrB__thickne to achi eve
desi rab?@‘?ﬁﬁ%ﬁ&ﬁﬁ?%ﬁﬁé&%ﬁﬁ? hflgtm‘ﬁ‘l &3ty ?gogl}g)%ﬁlsqﬁeap conparing
t he SMNR of nmgnet.ic di a st tg}cﬁture 200 both with and w thout boron

r d‘dﬁ

addi t i veSiCIRasg the, thicknesst CrCaBslayers Asiditiomadlyy #HIG.H G 9

illustrates the SMN\R for
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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CoCr/ Pd deposited on polished Ni P al um num substrates, CoCr/Pd deposited
on textured Ni P al umi num substrates; CoCr/Pd deposited on 2NFPGHESmaet

G ass (NSG gl ass substrates, CoCrB/Pd deposited on polished Ni P alum num
substrates, CoCrB/ Pd deposited on textured Ni P al um num substrates, and
CoCr B/ Pd deposited on Ni pon Sheet dass (NSG glass substrates. The

magnet i | . Wi t hy-bor.on | . Rj SM\R t han
t he mg%%&%@?ﬁﬁﬁ%ﬁﬁ&% ﬁ%ﬁ@%ﬁ?%%@%‘?gﬁ"e@%ﬁm | three
differenf substrate FIG 9 shows 22 29 SEPTEMBER 2006 . that the SMN\R for
magnet i Wt&ds?’i;@j]c theseabsizateylpbont ﬁ@-%@%&%&d%ﬁ E}({N ee
substrates is about 13.2 dB while the SM\R for nmagnetic nedia structure

200 havimggfietic/Rddiepusictude 200haviry €eCrg Fdsdepnsited snanldthreel . 2 dB.
[ 0042] Using high concentrations of boron or carbon additives in the CoCr

al l oy | ayfystraieatiaidisowsthal @ gpt er f aces between the CoCr alloy |ayer and
the Pd | ayer of perpendicul ar magnetic nedia structure 200. The high

coer ci vi t he ' . _red] ] i r : :ni gh-car bon
(rmore t r@ﬁ“%& ato m‘g&gé @%n@%%#éﬁ%gﬁpﬁe@eé\%g?dg ggg&gf%@ﬁgg ﬁgr p

I nterfaces between %oCr and, Pd, filps. The sanme effect is seen in the

CoCr / Pt thﬂlcﬁcp%yﬂil@y Aen gtaivh sharp antesfacess belayesn she (peoalloYr e added.
Additionally, other additives such as phosphorus and silicon c¢an be used.

[ 0043] [ayew &hddheoPd dayecofjpezmpehdigudsormgidtid mxbdia stimacture 20Qt
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 nediumof claim1l wherein salid Co ayer  conprises to 30

atom ¢ percent, of boron (B 4. The magnetic recording nediumof claim1l
wher ei npsai d ﬁlg@ﬁ@@q over(sa)ld substrate; anéJ g

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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recordi ng nmedi um has | ow noi se having an SMNR greater than 11.3 dB. 5. A
magnetic recording medium conprising; a substrate of a nof-SFRGHEET ¥
material; 24 29 SEPTEMBER 2006 a first |ayer containing cobalt (Co),
chromium (Cr), and carbon (C) deposited over said substrate; and a second

| ayer conprising palladium (Pd) and platinum (Pt) deposi ted in contact

wth said first layer to nake a bi-layer, said by- havi ng

per pendi cul ar nagrefiry layersentaping Wéi@o)sah\mmé%t)camé@@rhﬂm@)ned| um
has an SMNR greater than 11.3dB. 6. The magnetic recording nmediumof claim

5 further com@{repggllﬁgj oferdaid 3hbdtyatef as@l d bi -1 ayers consecutively stacked
on top of each "other for prodUC|ng a perpendi cul ar magnetic recording

mediumwi th | ow nqise. (z The rra netlc 1€ ordbpéﬂ 1'6? fémOf ﬁ% |m5 vvhereln
said CoCrC | ayer @Shbr® EHC?W B;n?ﬁB ladimy Hafharst Platinggs,

magnetic recordi ng nmedium conprising a substrate of a non- magnetl c

mat eri al ; an dapesitesdiercondaginyitle daidh fizst teengn é¢ inedkielaybislefer, saighley-i ¢ mat eri al
or a pl ural i ty of layers of magnetically soft nmagnetic naterial separated
by non- magnet i3 BaGhig 4 p¥fichididlial AEheAPGNRBROPRYNEti c interlayer; and

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




25 29 SEPTEMBER 2006 a perpendicularly anisotropic recording |ayer
conprised of a first layer having cobalt, chromum and aff &l EEHt2006
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 make a bi-layer, said bi-layer having a
per pendi cul ar magnetic ani sotropy. 9. The magnetic recordi ng nedi um of

cl ai m 8 wherei n salRderpgnéictilzalyl aniscioppicrragersting layer epingirised of arfprst sed of
cobalt, iron and boron. 10. The magnetic recordi ng nmedi um of claim8

wherein said [8r ”ﬁﬁﬂﬁigi Eobab) BERImiAY Skl A Blet A sbRe I oinathe i Or
surface-oxidizéd tantallum 11. The magnetic recordi ng nedi um of claim38

wherein said non- netic interlayer is stack of Ta/l TQ CoCr Ru/ BOz/ B.
12. The magnet?! qﬁ‘?ﬁ)?{i:bﬁ’é"%&fcﬁ’ﬁv %‘f‘dﬂlhgﬁﬁlﬂ%r%er ein said perpendicularly
ani sotropic recording layer further conprises a second |ayer X selected

from the group congisstémblagfer Bansistihgof paldadiner &d) agildtineec@d | ayer is
deposited in contact with said first layer. 26 29 SEPTEMBER 2006 13. The

magneti c FECOHQ%MtéEﬁQJ d&ﬁt&ét_xﬁ'tﬁgﬂa%ﬁé@%fy%mﬁ?ék% NSLIRGAIL S Blbyer
ani sotropic recording layer is conprised of a superlattice structure

havi ng a pl urﬁli.ty of altern ting | ayers, of CoCrB and Pd.
aving 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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14. A method of maki ng nmagnetic recording nedium conprising: providing a
substrate for depositing |ayers; depositing an underlayer &\REFTESEFTP006
substrate; depositing an interlayer over said underlayer; and depositing a
recording |layer over said interlayer, said recording |ayer conprising a

bi -1 ayer having a first layer containing CoCrX wherein Xis selected from
t he group consisting of boron, carbon, silicon, and phosphorus and a
second | afer Jdhpacagneticrespnding grasipreoidaisn Bgherein gl adi um (Pd) and
platinum (Pt) deposited in contact with said first |ayer making a bi-Ilayer
with a per pengefinicdlBERehidHtRIYiS AdoPBheaBders cogWriidssf.a 15. The net hod
of claim 14 V\Eefrig: n sai d?recorﬁjipng | ayer g?u?t her ?\rg:l udes additional

bi -1 ayers consecuti.yvely stacked on top of. e other. . 16. The hod of

o) it m 14 whor STRCHAAEe Vb Rer Bavika BRudlins Sk Ghe s PRERCTR '3 an, 27
29 SEPTEMBER 2006 17. The magnetic recordi ng nediumof claim11, wherein

t he magnetic aeddddi ng nedi um has a | ower noise than a conparabl e magnetic
recordi ng medi um having identical structure as that of the nagnetic

recordi ng nmedi um cl ai mred except the first |ayer of the conparable magnetic
recordi ng nmedi um does not contain B. 18. The magnetic recordi ng nedi um of

claim8, eregin the element is bagron. . . o
IE'.h A fhethod 0% making magne’gc 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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17.

18.

29 SEPTEMBER 2006

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.

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

boron.
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