; ghe3ef ct 6TEI MAGNETI C MATERI AL FOR NON- REACTI VE PROCESS OF GRANULAR
PERPENDI CULAR RECORDI NG APPLI CATION Field of Invention (0001] The present
invention relates to the recording, storage and readi ng of magnetic data,
particularly granul ar perpendi cul ar magnetic recordi ng nmedi a havi ng

magneti c material deposited by a non-reactive process. Background [ 0002]
Magneti c di sks and disk drives are conventionally enpl oyed for storing data
in rragneMAGNEEFIKbMATERéAErEﬁR)NONﬂBEMWI%PBd(REggﬂé‘y CRANEEAS a
central axis in coRBRRENDICULAR RECORDINGIAEPRICAIAON posi tioned in close
proximty to the recording surfaces of the disks and noved generally
radially with respect thereto. Magnetic disks are usually housed in a
magnet i Cieldl sfnvBdion N a stationary state with a nmagneti c head having a
specific Toad elastically in contact with and pressed agai nst the surface

of the @bﬁg D@ pRlsBntthidikidn réBle9 tPihd récdding Isestage arainkaldiyg obtagnatg
recording di sk by neans of a magnetic head transducer assenbly that flies

cl osely,over th urface i haeRodticeach di sk
will ha a,ip?rgw&%ﬁ@i%%%“%%r E:Pnetg‘gﬁé‘%éﬂ%ﬁiﬁ%%e‘lgrﬁ%hn%‘gﬁgﬁlgg medi a, digital
information (expressed as conbinations of "0's" and "1's") is witten on
tiny megaEnpkdeppsited Qyf RN-TREHEA VLSS are made up of many even smal |l er
grains). Wien a bit is witten, a nagnetic field produced by the disc
drive' sBadamtoundents the bit's nmagnetization in a particular direction,
corresponding to either a 0 or 1. The magnetismin the head in essence

"f1i ps” (0002 Maisineratisknanddishdribistarbeennentionaliy esmtved for steirmdatdns .

[ 0004] Magnetic thin-filmmedia, wherein a fine grained polycrystalline
magnet i g, rﬁé%rféﬁzalb@é/ﬁfrms ar¥feiabls ohber motd disksae artated gn meditahakisyier , ar e
generally classified as 2 "longitudinal" or "perpendicular," depending on

the orichbihih i 1S (ARAARHGANEIRoned i HSsprakisind hrcorgnet | c

mat eri a ongitu nmedia (al'so often referred as "conventional "

nmedi a), the etizatipon in,th iLtSqi i e i allel and
anti - pa?‘ﬁFaF‘éﬁng}tg‘Be fisgs ﬁ‘?‘f‘é‘gﬁdo%e | rr@%?%hﬁ}f ﬁghﬁ%ﬁaﬁg&%\} Mgéﬂre{ellgggﬁe to the
disc. In perpendicular nedia, the magneti.zation. of.the di i.nst ead of

| yi ng i #retueally haused ‘QIadﬁég%cidfsl?(d’é‘é@giaﬁtaltl8ﬂ@9'ts{}]&? ngl 4t nr%g? H%a'?i stands on
end perpendicular to the plane of the disc. The bits gre t en%f;t gresent ed
as regi bnsnpi spesifey Idad elasiinatyian eordaqt v themd pagised r22anst BiF P8 E nding to
the 1's and 0's.of the digital data). [0005] Figure 1 shows a disk

r ecor di gigk "Pdiali amntica oatoossl rsatfromm ropidly Wiatingstewiling diskdydngans péace

bet ween | ongi tudi nal and perpendi cul ar recordi ng. Even though Figure 1

shows ORg.sdteheall rhhQIuBa sbEa1e that Nilshoselyorethesurfecnsfithadiskayer s are
sputter déposited on both sides of the non-magnetic al umi num substrate of

Flgure dodN8i0: oK ke JOUENGER Uil Bavk NP irdBp@ldurt ium substrat e, of her

enbodi e a substrate nade of glass, glass-ceramc, N P/alum num
netal a , plastic/pol r ter| . 1 Tatel cnE@Nposi te
mat er i aiiﬂ%gf oﬁﬂé‘rm%ﬁﬁﬁﬁéﬁa flgﬁﬁg n%o?‘ﬁgf@ﬂﬂ?%h%%ﬁ%ﬁ% glrts lglf'{gs{:o%?i nual | y

bei ng made to increase the areal recording densit L 4€. it density,
or bi t sauhi ks aisedritteen %‘i’)gﬁ’égmi“&-br‘r@&Wh@ﬁ%?‘gs@ﬂfeitai[éom?%\mgIg%“}{) Jeenrragnet iC
medi a. To continue pushing areal densities and increase qverall storage
capaci t ymalidrezraias)a Whersa bt ¢t wiiieadeagngis figd Pé?ﬁi”ﬁ@lgy éllleo‘gé"r rfYnge‘ieﬁgr .
However, there are limts to how small the bits may be made. If the bit
becones otiegs git's mhfretiomipreiniapaetial g ditectiati, ngrrespending t¢ eithsr adeorday becone
so small that thermal energy may cause it to denmagnetize over time. This
PhenomeRyp 4l Sn&RoNh BE hSAPRIRHnBEBGIPS! the Magnetization in the bit between two

stable orientations.
[0004] Magnetic thin-film media, wherein a fine grained polycrystalline magnetic

alloy layer serves as the active recording medium layer, are generally classified as



00071 Perpendicular recording nedia are being developed for its

“Capability of extending the areal density to a much higher |evel w thout
the simlar thermal stability |imt that |ongitudinal nedia are facing. One
of the major designs for perpendicula recording nedia utilizes reactive
sputtering the magnetic layer in a gas m xture of oxygen and the popul ar
inert gas Ar, to produce so called granul ar perpendicul ar nedia. The
magnet i LAY QOUCEA Bt utahb Yep@Nifiasm BX bflenthfiogsahe nbgnettaddresins whi ch
effecti‘\cllg+§m@5neagk§dgjo§%nexghangg coupling and results in better recording
performance. [00 The tendengcy f ' ' LPHESrebdired Jqaterial to
line up® ?gﬁ[ﬂéﬁ Oqﬁ'}’e %@P%k&%ﬁlﬁ%ﬁ' thgfoélggh&g?hqé%&?éﬁcaﬁ ed eexchzfnge (or
exchange coupling). Basically, .exchange results om t he .over |
orbiti n‘g:oethomd% nesfliagfhgcaagnetition In HrPigey Pc?e%??&r??n m%}%ar%ﬁ%r%%?s
proportional to the angular nonentum of the atom This angular nonmentum
consi st sntparalidito die diregtibmin whivh theirad ismpyingrelative @ithedisef Il ectrons in
their orbits and spin angul ar nonentum (called "spin" for short) which is
due to phgeddadidid edigfthepghstatombbiat disoginsteawf lyngsin the distieplept #s angul ar
moment um of two el ectrons on neighboring atons is s and s2, then the energy
of this;paLy; | S rdife, stahd9by 8R4 PetpEndicul@do e plassof thbdise. J is a
const an{tl%gg ]Inceiénéhgﬁ{éaxg%gﬁégg’isnt egral . Férfpf erromagnetic materials, J is
positive apd the nonents ' WlaldtifeRRdSRdRedtRat i On. N
?Bﬁgg%%r]??l&enr{g{)@?em«?c{s e,lsa}géi%ﬁg Q%u ?R%r BE 11! € ]

antifer a I'S negative. In an antiferromagnetic
material, the mponents of adjacent at.o oint in opposite directions and,

t hus, t(?@Ff@SR%ldH@ttoﬁ]é@clﬁﬁ%‘f%é’gﬁ\eé@%’r@ﬂgﬁ%’i n the material. Still another
type of exchange is called RKKY in which J varies fromn ive to positive
or vi cel0f9Fka vﬁlgwetlrﬁélowﬁiacﬁtsrkeff}%oréfngtrﬁ%hﬁ‘ﬁ@ﬁgtaicéoslsé%*".ﬂ 0ngatw]S%E%“ﬁgglng,e is
| argely a nearest-nei ghbor phenonenon that occurs across distances typical
of the giesdiffaeacdittweanloagioudinal and perpendicylar fesovdingg Jiventoughiigirpdre’ is 4
one atomc interlayer of one material such as an oxide in grain boundaries,

t hen t hgtowBohegdcesTaHOhor-hagHEtt dikli, ekhetinteesidnpenyasatecspatisalepesiteded) to
break down the exchange between the grain boundaries separated by the

interla Thi ﬁm idtictEnBtshanaedst Fear O Aish, dedmigaighes al | ows
the gr a¥ﬁi’bwo%ﬂ%ﬁ§r?gli e dfgtgg égllctas tlo be made snmall er and put cl oser
together, Thus, for the.purpase of 100 3 I 24 RStratS RAHE 8F1 Ng t he
magnet i E‘g"é&g?h‘?‘ﬁs%P%}ﬁgmgq%{gﬁsga%b%%ggérﬁ]@ncgilg%g@%%s been found to be
quite useful. [0010] However, the reagtive process results | ch worse
uni f or mtws,i@ﬁSﬁicpm?,éﬁﬁf%f?@?%@%ﬁ aflaxs PB’Q{}?;’B?I ngﬁ?&%&aﬁgﬁ% wel | as
difficulties in process stability. Consequently, the manufacturing

capabi | iglags-pslyomrmoniriosiseimaieriaker (ofhek nep-MaeBeds Al ol as wel | as

t hroughput limtation due to additional reactive gas input/stabiljzation
and pumpogne] t i PHortsirercefittmen]lyibeingsnadeghlincrerss itheedstad reqordiag dpusityal-qovel
magnetic material that could fulfill the simlar performance w thout a

react i Ve, SHylidRity RrQiRAmit afdd, Snd Syeitd-aredieh abBs rdtd ($MiiBhefthe al | oy design
that nmeets such a requirenment. Summary of the Invention [0011] This

invention breferahl Yo RhBRIRE] dendi®GUndiingede diveral s@Me Sing a
subst ratnéagglﬁt? %@?O?&%ﬁ?gﬁ? ng gheti cll ayer conprising grains, wherein
the magnetic | r._has Si bet.ween ' I algbved B

Si 02- coﬁ?%ﬁCHVntggﬁﬁﬁﬁ’éttsi’%usgéflg}adF g™ %’%2@9% gﬁélgiertt eﬁ{seg'bst rate’ byres?)rat ter
deposition in _a chanber containing a gas.under vacuum erein_the gas
cont ai ndinsitsdetham small e bigs gay feanade. égt,%e HH%SQ%%%O%HWH;A%%{?%H%% y
introduced into the gas, for exanple. In one enbodi nent, the gas.is

subst antenaiglyhoplingtharbitdn plaee anas baspye se paakitl thesmabsnsTSYnAREREE 11d°] ayer
contai ns about 6-10% Si 02. Also, preferably the nedium has a higher SM\R
t han t hafenfkn@netober timedThiv gharémenan is knewn as superparamagnetism.



of the another nedi um contains about 4% Si 02 and is sputter deposited in a
chanber containing a gas m xture of argon and oxygen under vacuum
Preferably, the Si02-containing magnefic layer is CoGPt-Si QZ. Mre
preferably, the Si02-containing magnetic |ayer conprises 015 atom c percent
Cr, 10-35 atomc percent Pt, 0.01-12 atomi c percent Si02, and 35-90 atomc
per cent oGy ms}ier;{%%ﬁfcﬁfa@ﬁécﬁrdigﬁle@la% Béing heveRdf2A-foind @ipabiligy ofigneti c | ayer
|rrproveg a property of the S (z-containing nagnetic |ayer by segregation
and decoupl j.ng_ of t rains. The. ' hes theRRA staBRitan
addi ti o?fﬁgndh%é%taf@?ﬁ?%éty t%ﬁ&’“&%?ﬁ‘%ﬁghwg} ggﬁ%‘g-ﬂfﬁ%neti C spacser Egt ween t he
Si 02-contai ning magnetic |ayer and _the _addit.i onal netic | r. [0012]
Anot herllmﬁﬁb@ilth%l@l mefisdo fesre: (aRof BEBYPh Shgngg rPeetrIi)eéld%%}c/agr di ng medi um
conprising obtaining a substrate and depositing a Si 02-cont aiogi ng magnetic
| ayer croprdisl mgdignalinss, readtive sputtaring thagiastqte 1pyey &t 2 gasmuitys BOXFEEn t he
grains. (0013] Yet another enbodinment is a magnetic recordi ng nmedi um
conpri shRpthd popilat sk @asnd, ta pridide sotilkidniragilarggmeniicule arediz orhsr i si ng
grains, wherein the magnetic neans has Si 02 between the grains. [0014]

Addi tiopal G 0 vl s waPKENsiaR inhin treeirs! whithleyfeapply ent to

t hose S%%Hleg%\'i?ﬂetr?) I scartglf rlom ?he foll OI%/IVI\g ng detail ed description, wherein
only the preferred,enbodi npn ISy LA rerfoiRMteand descri bed,

si nply E?%@PW SYGhARRS O |13%§%(?;efs‘%lg %ggﬁgﬁgdg coitenpl ated for carrying
out this invention. As will be.realized, .this inyention ] bl e of other
and di f {0908ht chisdendrRgy for I%’a?fﬁ?lbf’flgg g |SI"§a&?aéer%:a\égoa@ee‘gbo#asrﬁ%%?) i cations in
vari ous obvi ous resgect s, all wthout departing fromthis '@nvenhi on. 6
Accor di agfiparalichty chchwihegss eabad gxehapggior gxchange frnblige) elgf‘%ﬂ?f g Genange
illustrative in nature and not as restrictive. Brief Description of the

Dr awi ngsesi OS5 the guertaplofschiene tiectmon gn sdievent atomag e jatomic SROMFE 6f di ng
medi um conparing | ongi tudi nal or perpendicular recording. [0016] Figure 2
i's an exaupheisHropdiBoddl kanhetanpelhtmemehtunhef tagtet.i This esgurlal mgmredima i n
accordance wth the present invention. [0017] Figure 3 shows

Cross-sectl ' Afenflins HESTO HE tothddn &F MdtloBs bf therorsitsiandl ayer s
havi ng &‘Er‘%]g‘{"%%\ﬂﬁnggﬁfﬁ’é’n-eé’xi di zed) and 4% Si 02 material (oxidized).

Detall egpilx:l)ealslglrlllap rtnlognre]:ntum (called “spin” for short) which is due to the rotation of electrons

about their own axes. If the spin angular momentum of two electrons on neighboring
atoms is s; and sy, then the energy of this pair of electrons, E,is givenby E=-2J 51 * 55,
where J is a constant called the exchange integral. In ferromagnetic materials, J is
positive and the moments of adjacent atoms point in the same direction. In
antiferromagnetic materials, J is negative. In an antiferromagnetic material, the moments
of adjacent atoms point in opposite directions and, thus, there is not net macroscopic
moment in the material. Still another type of exchange is called RKKY in which J varies
from negative to positive or vice-versa with the thickness of the magnetic layer.

[0009] Exchange is largely a nearest-neighbor phenomenon that occurs across

distances typical of the distance between atoms in a solid (a few angstroms). If there is



0018] One wa o result in an inprovenent in the signal to noise ratio

"(SNR) of a magnetic recording nedia (for further increasing the recording
density) is by decreasing the average grain volunme, V. The attai nable SNR
increases as ~ N 1-2 with the nunber pf grains, N, per recorded transition
as well as wth decreasing Mt of the recording nedia. Mt is the product
of the remanent nmagnetization, M, and the filmthickness, t, of the

magnet i RO ' Ot §F MR YSatd ] isBAT 825 xFNRnl @@d boonduriesBhéethaemey gy
arrier, , I C resists rragngtl zation reversa ue to therm
barri EndRb 'idv\ﬁkerlﬁ@ . : . & o8 % |

agitation. [0 The .si gnal [ iais
propor t B% ﬁ‘ﬁ{“ggggg’}wgh ﬁ\}\fsﬁeg hnq%r(l)aﬁlg gl&?]tgg QEF %tg Elg&ﬂé(g??%% g(r)gﬁrregl?ﬁ%ﬂsc iﬁm%(rj exanpl e,
in the case of a particulate madi%? t he ﬁglrticl Sé)f the rpﬁlglpetic mat eri al
are rel hetigen jhegsaipboupdaricaveparaied Ry thedaicglayers JOF Beakdgi e 8N d require a
| arge fil mthickness of the magnetic |ayer to produce a high Mt. On the
ot her handhange bativarrugiamgbavatanidszallows thertriatns habig@&)sbﬁﬁiﬁtaél\j tq008%F t he
material is 7 magnetic can give adequate signal voltage with even a thin
film begausd dlpudibsd@fiogetsdh. ahis, lfon thapuipessaof foringrstiajlet graiis. [ 0020] Thi's
invention relates to a magnetic recordi ng nedi um having a substrate and a
Si 02- copt qi i i SORBARIrS icBBtafidd eSged Res bargfetindtolbeyer has
substan?ﬁgﬁeﬁgg&é@?%ﬁlﬁae%fgf%%t mat eri al be]'?gmgbgyr% the grains. This
condition.is hi eved by sputter depositing the nagnetic |ayer in a chanber
cont ai I W4s under vacuum The gas contains substantially no oxygen.
Such a gas is one into which no oxygen.is intentional ' ced to
create lgiyge}ﬂ‘-’Y‘,’E‘)YﬁratihﬁF%tlﬁﬁgroﬁf%gfﬁ%s B YRRy O(rzsgnl{%g{o}r({ngyﬁ g@% anount of
oxygen nol ecules in an anmount that are pr essggé. [ p ai.r under a.simlar
vacuum ampetiies dug tq frst gagen gorsyEptinamsetell psg iy tﬁsgw@c%“ssf?g’\}%tya
sinplified cross-sectional view of an enbodi ment of this invention. Al the
| ayer s \@oheequenttiytietmhmifactsting fapabpity issrompyemisad bathedlaek efeRraresed fil m
structure for a typical sanple is: N P-plated Al substrate/30A UL1l/ 800A
UL2/ 15A  bheRi1 29 Q11 As /4100 e GhiftatiGh Aaé 804aditldmal maapesias igmt/stabilizations Ti, UL2
is FeCoB, U3 is Ag, and IL is RuCrl O The nmaterials suitable for these
under | aygq £l B el ANEr Thefkites K19 YRARbRARIILE S nolelmepRnphaverid 1

ef adhe

could be o sive netal matérial including O, TiCr, UL2 could bl0Oe

ot her high sat.uyration nagnetizati . : i efhal (FeCo,
Cozr. e eanp e TR PR B BieEP ol SRR BRI e
metallic layer having FCC, BCC or, HCP . crystalline structure, and IL could
be anot AeyenhEprelaeeio amagigiic aRgy dpyigy that éﬁeﬁﬁé}\‘i%ﬁﬂé‘f‘f%e o alloys). The

nunber of the |layers shown here is also illustrative but not restrictive.

(0022] ISwsimary off thg Invéntipsed| ayer, the | ayer on the substrate could be any
Ni cont ai ni ng seedl ayer such as a NiNb seedl ayer, a C /N Nb seedl ayer, or

any ot hgooMi]  Bhisamteation peefereblyiralates a nanetin sdcpyding MedidMceUMRIIIRE Ain
adhesi on | ayer between the substrate and the seedl ayer. The surface of the
Ni - cont aj,pithe SREAS @ ontihg niagneid laperadomprising grains, wherein the magnetic
layer has SiO; between the grains. Preferably, the Si0,-containing magnetic layer is
deposited on the substrate by sputter deposition in a chamber containing a gas under
vacuum, wherein the gas contains substantially no oxygen, 1.¢., no oxygen is intentionally
introduced into the gas, for example. In one embodiment, the gas is substantially pure

argon. Preferably, the SiO,-containing magnetic layer contains about 6-10% SiO,. Also,

preferably the medium has a higher SMNR than that of another medium having a same



oxidi zed nbodji nents of this jnvention include deposition of an

such as O or a Cr-alloy underlayer, e.g., CM, on the

Ni - cont ai ni ng seedl ayer. Enbodi nents of this invention include the use of
any of the various nmagnetic alloys cogt aining B O and Co, such as CoCrB,
CoCrPt B, CoCrNi B, CoCrN PtB, CoCrN TaB, CoCrN NbB, CoCrPtTaB, CoCrPtNbB and
CoCr Pt TaNbB, and ot her conbinations of B, C, Co, Pt, Ni, Ta and Nb, in the
magnetic | ayer. r SRR B! ' fci1 &yl @Y Bfe andther
Co-Cr-Pft-r‘bw%rf.as Itﬂnanﬁto t@%ﬁg&r}ggﬁl ment 11@7@%@%&?‘%{% - Si conprises at |east
0-15 atom ¢ percent Cr, 10.to 35.atonm c.perce : mc

per cent MSARBN CYHANFAOGUY 4% %%‘tcgaﬁnaﬁ%?mfbg% T eidr;ﬁhglactpl)’? & gr(r)%oéltctjaqrg#%g ?rent t he

t hi ckness of ULl is 10 top 100 A and nore B eferahly 10.to 40A the

t hi cknessxigfe QflagorsarBoTRyEen BudRy VACUURhd FigfER bp 8?%?1 BCONIREHE PBEHHE0A, t he
thi ckness of UL3 is 5 to 50 ~, and nore preferably 10 to 30A, and the

t hi ckneggepfs CdCrPs-SED,. tMofeGfeRrably) dhaiCe-qontirdngiviagneatdayes coponsesdhd t he

t hi ckness of the nagnetic |ayer is about 50 A to about 300 A, nore

pr ef er alk v B0 c berctR0A, 10 BRatsHRPetRht POOI0d- Ieatbimily Rgemab b, amd 35-8¢enat ed,
hybrid or other forns of carbon with thickness of 20 to 80A, and nore

preferab .30 . t [ ShnshipEHiauRethasya remanent
R uiE pR Rkl R pepchogine dumbap

coer ci vi abo and an Mgt (product of

remanan¢ce, M, and nma ticlayer. thickness, : 0 about 2.0
menu/ cnPMPIOYeS2 BroRFRY 3@@6&9 6'8¥W3W1“}g Ipﬁ%neg% éar}{:el} \9?%@/&?% WSB %ﬁfz d5500 to about
9000 Cersted, nore preferably int range of .about,.. .9 4000 to ,abgut 8000
Cor st o oupiinamidhe phisme APy CHUO UGS COmPHRDI AEth BRBSE 00
Qersted. In a preferred enbodi nent, the t is about 0.2S to aboui 1

menu/ cnénd optienaply efrenabignetin spaver betwgen te SABpgentainme Bags§a1ayst Mdrenu/ cne.

[ 0026] Al npbst all the manufacturing of a disk nedia takes place in clean
roons Wy fldittabrapndticdiayedust in the atnosphere is kept very low, and is
strictly controlled and nonitored. After one or nore cleaning and texturing

pr Ocess?gmglr a RRBmPRAREldisiesUb atmah& oft MeamFadIsiingd Mapagicancatlinga- cl ean
surface'and’is ready for the deposition of |ayers of magnetic nedia on the

substr ate, ;{0031 THE BRRAAE Yabdale HBRRSLLAD. SId,-dikuitiAY Sisgnageded f or

such rretﬁ‘?eél Sputter systemor a pass-by Ssystem where all

the layers are deposited sequeptially.inside a:suji envi ronment .
[0028]  HBYERCHPPHFBE PR ?igl%ﬁé&ﬂemgnﬁﬁc %ﬁarneatsi%ééf ié%:tg}rgé‘?tr%%g?]a of the
present invention, except for a |ubricant topcoat |ayer, nay be deposited
or ot hed0RK} f o¥eeanodier smpodimans i amagRRticagording gred SWPfl%ﬂg?echni que
(PVD), e.g., sputtering, or by a conbination of PVD techniques, i.e.,

sput t er isabstrakeadunSi©sapatadting magaetis, meadisttRMPHSNG &Fainy vHeray thsmeageted. The

| ubricant layer is typically provided as a topcoat by di pping of the medium
into a badds 6ANSI,Vefgeen thokaiison of the lubricant conmpound, followed by
removal of excess liquid, as by wi ping, or by a vapor |ube deposition

met hod. [b@’ﬂﬁfﬂ RRHIHRLI 29 ahta o RTHRE SnveRBoiMSH bédRRY feadily fipefent 1 thbe whol e
process 0 reating recording nedia. There are two types of sputtering:

ass-b t.teri.n nd WG ! . = J di sks are
Bas s edyisﬁgtégén g“?/%% %8 m @‘%m"g“r"?‘%{éﬁa tEi ﬁsé? bg?rg %ﬁ%ﬁggf gg’é{%\nﬁ{éﬁé}%ﬁe magnet i ¢

and non-e%%%?rgérﬁs gP tﬁ'llesrilngénstiOtnr}Sa gho%ean%e&)eggrliﬁe%gsi%%l}p Q}? w%f of illustration of
the best mode contemplated for carrying out this invention. As will be realized, this

invention is capable of other and different embodiments, and its details are capable of

modifications in various obvious respects, all without departing from this invention.



DL€ s on.the substrate, Static sputtering uses smaller nachines

and each disk is picked up and sputtered individually. The |ayers on the
di sk of Figure 2 were deposited by static sputtering. [0030] The sputtering
| ayers are deposited in what are callgd bonbs, which are | oaded onto the
sputtering machi ne. The bonbs are vacuum chanbers with targets on either
side. The substrate is lifted into the bonb and is bonbarded with the
sput t er gd sBEBYy, Me drhPR3L ahd Seuetibe6h A th badgatdedssnibuspatité tulaatreand or mat i on
on the post sputter disks. These particul ates need to be renoved to ensure
that the doqu&h%ead to the scratching between the head and substrate.
Thus, alP i As&e e preferably applied to the substrate surface as one of the
t opcoat Ia¥ers on the iuostrate. [0032] Once a Tube is applied, the
subst r aBsiel Reseription ofthg Drawangs, r ni shi ng st age, where the substrate is
polished while it preferentially spins around a spindle., After .
buf f i ng{0915hi sHigere ltssheatinally shews & magpelis daﬂweao@r%rﬁe@lﬂwecwae%m y
applied on the surface. [0033] Subsequently, the disk is prepared and
tested {ggitadiaki drpetpradiouhraotdimgest age process. First, a burnishing head
passes over the surface, renoving any bunps (asperities as the technical

term gof{fdm] Therighiedeis A afarhple v gaeBinpyaictird ef teshagnetiecdebniing medinermai ni ng
bunmps, it any. Finally the certifying head checks the surface for

facturi th ti di bilit f

RO S RBRIEL SRR eARaP U oo e maneri € eporing abt |y o
d by Keryp, L i | ] k028 al l

Ty < Ry R L EEOPh P CARI GRS 051020 1 o

magnetic layers having CoCrPt - 8% SiO; (non-oxidized) and 4% SiO, material

-

o

(oxidized).
Detailed Description
[0018] One way to result in an improvement in the signal to noise ratio (SNR) ofa

magnetic recording media (for further increasing the recording density) is by decreasing

12 \with the number of

the average grain volume, V. The attainable SNR increases as ~ N
grains, N, per recorded transition as well as with decreasing Mt of the recording media.
Mt is the product of the remanent magnetization, M;, and the film thickness, t, of the
magnetic material. Both ways to increase SNR lead to a smaller energy barrier, KV,
which resists magnetization reversal due to thermal agitation.

[0019] The signal voltage produced by the magnetic media is proportional to M,
which contains all the media parameters. For example, in the case of a particulate media,
the particles of the magnetic material are relatively apart and have low M;; hence, such a

media could require a large film thickness of the magnetic layer to produce a high Mit.

On the other hand, a film using materials in which approximately 100% of the material is



putter process.  The Kerr loop is fully squared with coercivity in the

. Is suitable for high density recording. Table 1. The magnetic
properties for a sanmple with CoCr6Pt 18 Si 028 alloy sputtered in
substantially pure Ar (wherein a trace amounts of inpurities could be
present), but with no substantial oxygen, neasured by Kerr Looper.
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?E?Petlc roger |e2 arR f ble 1, together with reference sanpl es
ef erences and..2) . erence 1 had CoCr 6Pt 18Si 024 magnetic allo
sputterggnﬁwlgﬁﬁgﬁgép%%ﬁg%? containing a Ar and 02 gas mi xture, thgrefore,

a reactive oxidation process. Reference 2 had Co i [
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The neasurenent was perforned on a Guzik tester at SOCkfci |inear density
and 540@1Si0-cdiakihmgnagRetio fajeneprajarisingograinsr Jbe seagpriesiariedas wilsngob si 02 and
non-reactive process, and 4% Si02 with non-reactive and reactive processes.
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sample (8% Si 02 w o oxy,en~ 0.67 2582.6 2417.2 ~ 5.4 _7??;(2.2 |4?9( )
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contains substantially no oxygen. Such a gas is one into which no oxygen is intentionally
introduced to create an oxygen-containing gas mixture but may contain a trace amount of
oxygen molecules in an amount that are present in air under a similar vacuum as that of
the gas in the chamber.

[0021] Figure 2 shows a simplified cross-sectional view of an embodiment of this
invention. All the layers were produced in a static sputter system. A more detailed film
structure for a typical sample is: NiP-plated Al substrate/30A UL1/800A UL2/1 SA
UL3/200A IL/100A CoCrPt-SiO,/30A C. The composition of UL1 is Ti, UL2 is FeCoB,
UL3 is Ag, and IL is RuCr10. The materials suitable for these underlayer/interlayer
include many other candidates: for example, UL1 could be other adhesive metal material
including Cr, TiCr, UL2 could be other high saturation magnetization (Bs) soft magnetic
material (FeCo, CoZr, CoTa alloys with traces of other elements), UL3 could be other
metallic layer having FCC, BCC or HCP crystalline structure, and IL could be another
HCP material (Ru, Ru alloys, or non-magnetic Co alloys). The number of the layers
shown here is also illustrative but not restrictive.

[0022] Instead of a NiP seedlayer, the layer on the substrate could be any Ni-

containing seedlayer such as a NiNb seedlayer, a Ct/NiNb seedlayer, or any other Ni-



00301 B onparing the SWNR values of References 1 and 2 in Table 2

""one finds that the of oxygen in the sputtering chanber, which

results in the formati on of oxi de between the grains, inproves SWMNR given
that the other paraneters including the concentrations of Si02 in the
magnetic | ayers are substantially the sane at about 4% On the other hand,
it was found that increasing the Si02 content in the magnetic |layer from 4%

to 8% wh L L1 4RE NDRLBRAY, BeRURSAER hidhdhesion 1y Gerveeniersabsene i n t he
deposir?%rlﬁggﬁlg%er%r?% sp%tteri ng of the magnetic |ayer increases the

SM\R val ue .t o beyond.t hat f are . 2 i i gnetic | ayer
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gas m xture. [0037] Figure 3 shows the cross-sectional TEMinages of the
sanpl e ﬁ&ldizlq@- CoCr6Pt 18 Si 028 alloy sputtered in substantially pure Ar

w th substantially no oxygen (top structure) and of Reference Zl'Séb ttom
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performance of the CoCrPt magnetic alloy filnms by effective segregation and
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oxi dation process I's needed thereby producing a huge benefit in process

cont rol s wel | o Fanutashurabiibl ¥ochQR98) cSummILZERGULS.  nvent i on, &

shoul d crange o 9 preferably 5-8%in the magnetic

| ayer; Pt should be j he .r 0-35% pref - 20% d Si02
shoul d 6€CoPidrB159 rﬁﬁ&?é&nﬁtﬁ{;ﬂgt%% &%éﬂ%’ﬁggon&%h Aenxé ggﬁéﬁ’ee.o’ he
substrate being used could be Al dom n?te (’:Tﬁ}r%)gucti vtgl tHY%e 'Ofa |.ass, gl ass
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Nb, Ni, afmicPbrcestiGr, Mpto Z5 atogi€ perftie PrElyhita 12 dtemér pdromt S0y, agéCoaul d be
single layers, or nultiple adjacent |ayers, or lamnated structure with
thin no é@@é}f&gi c spacing. (0041] This application discloses several
nunerical rangés in the text and figures. The nunerical ranges discl osed
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be applied to other enbodi nents and applications w thout departing fromthe
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[0025] The magnetic recording medium has a remanent coercivity of about 2000 to

about 10,000 Oersted, and an Mt (product of remanance, Mr, and magnetic layer

thickness, t) of about 0.2 to about 2.0 memu/cm’. In a preferred embodiment, the

coercivity is about 2500 to about 9000 Oersted, more preferably in the range of about
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me. 1A Bgnetic recording nedium conprising a substrate and a Si02
( I ng magnetic |ayer conprising grains, wherein the magnetic | ayer has
Si 02 between the grains. 2. The mediumof claiml, wherein the

Si 02-contai ning nagnetic layer is depgsited on the substrate by sputter
deposition in a chanber containing a gas under vacuum wherein the gas
contains substantially no oxygen. 3. The nediumof claim2, wherein no

oxygen hé?]d {bta%gﬁﬂ' 811%)@'cbéfstkdi',tarne%ﬁ‘se?reif&&aytilhﬁlegaﬁge &K abblied00Bdb ubvwf claiml,
¥ﬂere|3_t e ?I f-contalnlng magneti c | ayer contains about 6-10% Si 02. 5.

e nme aim 4. wwh | . I\ [ Whe 2t hat of
gpgéher5ﬁ@%§ﬁﬁ&ﬂa&?ﬁéﬁ%?%§%§h§¥%€§ gﬁglggh$ﬂ§?§8P5?ﬁg&ﬂ§diuﬁ?ggggbt t he

102 containing magnetic |ayer of the another nmedium contains about 4% Si 02
and is §}5’l‘ﬁP’@fer@éﬁé‘%ﬁ?éﬂngeﬁé’g@i’f%@rab@&ﬁb'girﬁerrﬂ “® gas mixture of argon and
oxygen under vacuum 6. The nediumof claim?2, wherein the gas is
subst an{0026] y pAineostalythe. manufacturing of a disk media takes place in clean rooms

where the amount of dust in the atmosphere is kept very low, and is strictly controlled
and monitored. After one or more cleaning and texturing processes on a non-magnetic
substrate, the substrate has an ultra-clean surface and is ready for the deposition of layers
of magnetic media on the substrate.

[0027] The apparatus for depositing all the layers needed for such media could be a
static sputter system or a pass-by system, where all the layers are deposited sequentially
inside a suitable vacuum environment.

[0028] Each of the layers constituting magnetic recording media of the present
invention, except for a lubricant topcoat layer, may be deposited or otherwise formed by
any suitable physical vapor deposition technique (PVD), e.g., sputtering, or by a
combination of PVD techniques, i.e., sputtering, vacuum evaporation, etc., with
sputtering being preferred. The lubricant layer is typically provided as a topcoat by
dipping of the medium into a bath containing a solution of the lubricant compound,
followed by removal of excess liquid, as by wiping, or by a vapor lube deposition
method.

[0029] Sputtering is perhaps the most important step in the whole process of creating
recording media. There are two types of sputtering: pass-by sputtering and static
sputtering. In pass-by sputtering, disks are passed inside a vacuum chamber, where they

are bombarded with the magnetic and non-magnetic materials that are deposited as one or



0Cr Pt - he nmediumof claiml,. wherein the Si02-containing

. i's 8. The mediumof claim1, wherein the Si02-containing
magnetic |ayer conprises 0-1 S atomc percent Cr, 10-3 5 atomic percent Pt,
0.0l -12 atomi c percent S i02, and 33,90 atomic percent Co. 9. The medium
of claim1, wherein Si02 of the Si02-containing magnetic |ayer inproves a
property of the Si02-containing magnetic |ayer by segregation and
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substrate and depositing a Si02-containing magnetic |ayer conprisin
gr ai ns, byhkietiesputtehegnagneti c | ayer has Si 02 between the grains. 12. gThe

met hod of claim1l I, V\Ajerei n the Si02-containing nagnetic |ayer is
deposi t ggh3on t MEhesyphaerimat laybry aspdeppsiteddepdet aiceall¢hbembhavkirirargont ai ni ng a
gas under vacuum wherein the gas contains substantially no oxygen. 16
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either side. The substrate is lifted into the bomb and is bombarded with the sputtered
material.

[0031] Sputtering leads to some particulates formation on the post sputter disks.
These particulates need to be removed to ensure that they do not lead to the scratching
between the head and substrate. Thus, a lube is preferably applied to the substrate
surface as one of the topcoat layers on the substrate.

[0032] Once a lube is applied, the substrates move to the buffing/burnishing stage,
where the substrate is polished while it preferentially spins around a spindle. After
buffing/burnishing, the substrate is wiped and a clean lube is evenly applied on the
surface.

[0033] Subsequently, the disk is prepared and tested for quality thorough a three-
stage process. First, a burnishing head passes over the surface, removing any bumps
(asperities as the technical term goes). The glide head then goes over the disk, checking
for remaining bumps, if any. Finally the certifying head checks the surface for
manufacturing defects and also measures the magnetic recording ability of the substrate.
Examples

[0034] Table 1 shows the magnetic properties measured by Kerr Looper on a medium

sample made with CoCr6Pt18Si0,8 alloy sputtered in pure Ar, therefore, a non-reactive



14, The nethod of claimd. |, wherein the Si02-coniaining magnetic layer
contains about 6-10% Si Oz. 15. The nmethod of claim 12, wherein the gas is
substantially pure argon. 16. The nethod of claim 11, wherein the

Si Gz-contai ning nagnetic layer is CoQqPt-Si02. 17. The nethod of claim 11,

wherein the Si02-containing nagnetic layer conprises 0-15 atom c percent

Cr, 10-35 atomic percent Pt, 0.01-12 atom c percent Si02, and 35-90 atom c
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g! %g-cont aining nagnetic layer inproves a performance of the
| Oz- cont al ni ghetic | ayer by segregation and de-coupling of the
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magnetic layer and optionally a non-magnetic spacer between the

Si 02- contai ning nagnetic layer and the additional magnetic |ayer. 17 20 A

magnetic recording medium conprising a substrate and a Si 02 cont ai ni ng
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substantially pure Ar (wherein a trace amounts of impurities could be present), but with

no substantial oxygen, measured by Kerr Looper.

Side Hc Hn S S*
A 4.240 2.229 1.026 0.513
B 4.417 2.098 1.020 0.464

[0035] Table 2 lists the recording performance characteristics of the sample whose
magnetic properties are shown in Table 1, together with reference samples (References 1
and 2). Reference 1 had CoCr6Pt18SiO,4 magnetic alloy sputtered in an environment
containing a Ar and O, gas mixture, therefore, a reactive oxidation process. Reference 2
had CoCr6Pt18Si0O,4 magnetic alloy sputtered in a Ar without O, therefore, a non-
reactive oxidation process. The measurement was performed on a Guzik tester at 500kfei
linear density and 5400rpm.

Table 2: Recording data of three samples made with 8% SiO2 and non-reactive process,

and 4% SiO2 with non-reactive and reactive processes.

Mrt LF MF Mod | OW | PW50 | SMNR(f)
(memum/cm2 | (uVpp) | (uVpp) | (%) | (dB) | (pinch) (dB)
sample (8% SiO2 w/o oxygen) 0.67 25826 | 24172 | 54 | 75.7 2.4 14.9
reference 1 (4% Si02 w/o oxygen) 0.91 3036.4 | 29985 | 99 | 32.0 2.7 11.5
reference 2 (4% Si02 with oxygen) 0.79 2581.1 | 23543 | 64 | 68.1 2.5 13.9
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the other hand, it was found that increasing the SiO; content in the magnetic layer from
4% to 8% while still maintaining a substantially no oxygen environment in the deposition
chamber during sputtering of the magnetic layer increases the SMNR value to beyond
that of Reference 2, which refers to a magnetic layer containing 4% SiO; and sputtered in
an environment containing a Ar and O, gas mixture.
[0037] Figure 3 shows the cross-sectional TEM images of the sample having
CoCr6Pt18Si0,8 alloy sputtered in substantially pure Ar with substantially no oxygen
(top structure) and of Reference 2 (bottom structure). The excellent microstructural
profile for CoCrPt - 8% SiO; is clearly seen as compared to the 4% SiO2 material
sputtered in an oxygen-containing environment.
[0038] The addition of SiO, improves the performance of the CoCrPt magnetic alloy
films by effective segregation and grain de-coupling. With sufficient SiO; in the
magnetic alloy, no reactive oxidation process is needed thereby producing a huge benefit
in process control as well as manufacturability.
[0039] Summarizing this invention, Cr should be in the atomic range of 0-15%,
preferably 5-8% in the magnetic layer; Pt should be in the range of 10-35%, preferably
15-25%, and SiO, should be 0.01-12%, preferably 6-10%; Co makes up the balance. The

substrate being used could be Al dominated conductive type, or glass, glass ceramic type,
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with optional numbers of underlayer, and/or intermediate layer below the magnetic layer,
suitable to establish the perpendicular easy axis orientation and grain structure.

[0040] In addition, the magnetic layer could contain at least one more element from a
collection of B, Ta, Nb, Ni, Ti, Al, Si, Mo, Zr, etc. The magnetic layer for storage could
be single layers, or multiple adjacent layers, or laminated structure with thin non-
magnetic spacing.

[0041] This application discloses several numerical ranges in the text and figures.
The numerical ranges disclosed support any range or value within the disclosed
numerical ranges even though a precise range limitation is not stated verbatim in the
specification because this invention can be i)racticed throughout the disclosed numerical
ranges.

[0042] The above description is presented to enable a person skilled in the art to
make and use the invention, and is provided in the context of a particular application and
its requirements. Various modifications to the preferred embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein may be
applied to other embodiments and applications without departing from the spirit and
scope of the invention. Thus, this invention is not intended to be limited to the
embodiments shown, but is to be accorded the widest scope consistent with the principles

and features disclosed herein. Finally, the entire disclosure of the patents and

publications referred in this application are hereby incorporated herein by reference.
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1. A magnetic recording medium comprising a substrate and a Si0;,-
containing magnetic layer comprising grains, wherein the magnetic layer has SiO;

between the grains.

2. The medium of claim 1, wherein the SiO,-containing magnetic layer is
deposited on the substrate by sputter deposition in a chamber containing a gas under

vacuum, wherein the gas contains substantially no oxygen.

3. The medium of claim 2, wherein no oxygen is intentionally introduced
into the gas.
4. The medium of claim 1, wherein the SiO,-containing magnetic layer

contains about 6-10% SiO;.

5. The medium of claim 4, wherein the medium has a higher SMNR than that
of another medium having a same structure as that of the medium except the SiO2-
containing magnetic layer of the another medium contains about 4% SiO; and is sputter

deposited in a chamber containing a gas mixture of argon and oxygen under vacuum.

6. The medium of claim 2, wherein the gas is substantially pure argon.
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7. The medium of claim 1, wherein the SiO,-containing magnetic layer is

CoCrPt-Si0,.

8. The medium of claim 1, wherein the SiO,-containing magnetic layer
comprises 0-15 atomic percent Cr, 10-35 atomic percent Pt, 0.01-12 atomic percent SiOa,

and 35-90 atomic percent Co.

9. The medium of claim 1, wherein SiO, of the SiO,-containing magnetic
layer improves a property of the SiO,-containing magnetic layer by segregation and de-

coupling of the grains.

10. The medium of claim 1, further comprising an additional magnetic layer
and optionally a non-magnetic spacer between the Si0,-containing magnetic layer and

the additional magnetic layer.

11. A method of manufacturing a magnetic recording medium comprising
obtaining a substrate and depositing a SiO,-containing magnetic layer comprising grains,

wherein the magnetic layer has SiO, between the grains.

12.  The method of claim 11, wherein the SiO,-containing magnetic layer is
deposited on the substrate by sputter deposition in a chamber containing a gas under

vacuum, wherein the gas contains substantially no oxygen.

"10%
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13.  The method of claim 12, wherein no oxygen is intentionally introduced

into the gas.

14.  The method of claim 11, wherein the SiO,-containing magnetic layer

contains about 6-10% SiO,.

15. The method of claim 12, wherein the gas is substantially pure argon.

16.  The method of claim 11, wherein the SiO,-containing magnetic layer is

CoCrPt-Si0,.

17.  The method of claim 11, wherein the SiO,-containing magnetic layer
comprises 0-15 atomic percent Cr, 10-35 atomic percent Pt, 0.01-12 atomic percent SiOy,

and 35-90 atomic percent Co.

18. The method of claim 11, wherein SiO, of the SiO,-containing magnetic
layer improves a performance of the SiO,-containing magnetic layer by segregation and

de-coupling of the grains.

19. The method of claim 11, further comprising an additional magnetic layer
and optionally a non-magnetic spacer between the SiO,-containing magnetic layer and

the additional magnetic layer.
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