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devi ces are being pushed to their limts by applications as diverse as

digital video editing aTHIN®FICM MAGNEFICRECORDINGIEDIA! Or age industry is
continual’ly under pressure to increase the capacity of data storage

devi ces. One of the primary nmethods to increase capacity is to increase the

recordi ng E'Ii(ﬁq ic recording nmedia in nost storage devices.
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To achieve anu ing density of, for exanple, about 100

Qi ts/inch2 or hi gher magnetic recording nmedia are required to possess a
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magnetic recording nedia to reduce the grain size as well as to reduce the
i ntergran fect he magnetic particles in the recording
medi a. Thgﬁégé(h(gbybgo%aﬁﬁgﬂpﬁjﬁr‘i EISYi ng medi um having a grain size of
about 8 - 12 nanoneters (nm wth a distribution width of about 20% or

nore. In this context, the term"distribution width" denotes the Full Wdth
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a high coercivity (Hc) as well as a high signal-to-media noise (S/Np).
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In a conventional magnetic recording media, such as a Cobalt (Co) based
alloy, non-magnetic elements such as Chromium (Cr) and/or Boron (B) are
incorporated into the thin film magnetic recording media to reduce the grain size
as well as to reduce the intergranular coupling effect of the magnetic particles in

25 the recording media. The result is a magnetic recording medium having a grain
size of about 8 — 12 nanometers (nm) with a distribution width of about 20% or
more. In this context, the term “distribution width” denotes the Full Width at Half

Maximum (FWHM) height of the grain size distribution.

30 . In order to obtain a high S/N,, magnetic recording media, the grain size and
their distribution width as well as the intergranular coupling between the magnetic

grains must be properly controlled to further scale down.



Wil e the above nmethods provide possibilities to obtain magnetically
stabled grains with further reduced size in a first place, in the
subsequent postdeposition annealing process, a high tenperature, for
exanple 600 C or above, is to apply to the substrate in order to obtain
recording nedia with an appropriate is cpystallized structure or with
chemcally ordered Llo Feet or Copt. Unfortunately, this high tenperature
anneal i ng process al so increases grain size fromabout 10 nanoneters (nm
to about .30 nm RadubforfePgsir Sgetfbi Cofbdgad av_taqu‘écér@:gtj Hddiy i RAHEE By thE
recording density. In addition, no solution is provided by these neyhods to
control t htegnal-instakilityicd dhe oragnietictgraipgeortparticies, corgemonty esferred 2@ aatbea o

t hei i de« di ' ' A dt h ' rat her.

recor ding. Sepp RHERRIE ftech BREoHR 5 VBl 7S Hftaub e e

hi gh- t enpeinaBffeet Diaghetic ANGOESFY DistAbLLIGH WP &bhgikedinalt ThidXFirh iMedigeppet i
recordi ng nedia fabrication process and materials. 25 SUMVARY OF THE

| NVERTI ON Hige e abddAnnhbas: oviolsaa 87 OP100P36 20A8) 1eed &ha. DatentalNes f or

‘ : hi . . . ) . { . . b
|7 TL19 " PO ey IO 0nRS b S lStq S iR dded
i nvention media for allowl stleerdeduttion 6f then gragmsize clnr eorradit,the kb patehouses

accordi ngl The pr nt ipvention successfully elimnates the post
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avoids the graingrowth aft mat1 o In filmmgnetic
recapdi ng nmedia by heating up the substrate for annealing purpose.
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during the deposition process. In accordance with a first aspect of the
present i ngepAsition appealing prosess. adigh terspersdureo forf examplg 04°HC rorfabiave,

magnetic r r gl i , onpLi S pneratj.ng.magnetic .
nanocl ust e@?f%@ﬂ?ggﬁ% %%t?stt%?e ﬁéﬂcﬁ%t@ @%'@rﬁ%‘g?%@ﬁ%@ﬁ Igf'@i apﬂéoql?@é%eti C
nangs| ust egrystaflizdddstesire orowith ehamgsialyi srdepsoct (seRt 6r CoPe. rfoRshatake t o
forma thin filmof magnetic particles thereon. The magneti c nanocl usters

are deposi fésihight lemnesatiie anngeling pregessr3ise dNereases arain isivs Bp6Y abawt 19t he
deposi ti 0Mmaddmberd TARARS BbYut SNAR! in'thd ipdURed rtgihefum nyARECROAREEY ¢ "

a second aspec present invention, rovi ded an appara
for form ngdacesi thef récordimgndensity. elmoadditionirat aoution & pubvtieatlsy these

apparatus conprjses a first chamber, a secopnd chanber connected to the
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fabrication process and materials.
25 SUMMARY OF THE INVENTION

The present invention seeks to provide a method and apparatus for forming
thin film magnetic recording media with higher recording density by virtue of the
reduced grain size and distribution width. The present invention also provides a

30 . thin film magnetic recording medium formed accordingly. The present invention
successfully eliminates the post annealing process necessary for the conventional
methods as the deposition is done after the magnetic particles are crystallized,



25 In accordance with a third aspect of the present invention, there is
provided a thin fil mmagnetic recordi ng nedium the nedi um conprises a
nhon-magnetic substrate and a magnetic thin filmlayer disposed on the
'substrate. The magnetic thin filmlayer conprises magnetic particles

i sol ated by a non-magnetic material, andsthe magnetic particles are formed
on the substrate after crystallized. 30 -4 BRI EF DESCRI PTI ON OF THE
DRAWNGS Figs. 1 Ais an enlarged cross sectional view showing a thin film

magnet i ¢ r fepsvd GvaRiy B JF&iAT ﬂoﬁghté?té?“ﬁeefﬂ?ﬁ’%itiﬁﬁfkff e I MAERRYnetic.
invention. 5 Figs. 1 Bis an enfarged cross sectional view show ng “a tﬁl n
fi | m magnetgcordisganedindynbeiting up the dubsfrate fananhealingnpughosentAadordihg to

present inyention. . Figs.. 2A is an epnlarged to i ew showi ng a, parallel
magnet i zat %c?nérgéem fr@(%PH?ri"o o agng{?%ﬁa_%)é@?(@ .fa%gprg@gpgm%ggft&l%earea ¥ di ng
to one embeshifEid aiiridnd depesiionMBEsSnd dher el MaRReAE|FHHALs e
view showi ng a circunferential magnetization orientation of the magnetic
nanopar t i cwell isadateddrere eachiatiher eithen defere orslusimgdtie depositibntpvecessesent

i nvention. Figs. 3A and 3B are enlarged cross sectional views show ng
per pendi cul ar magneti zati on orientations of the magnetic nanoparticles

formed accor di nth aecdrianes aatBry fifsh\wepeetost. thé presant ivérition, 36188 prévide@ar am
showi ng an apparatus for form ng magnetic thin filmonto a substrate

accor di ng 2MFheddabluminga thin ilfemagestia recaidiagt media, theymeathod semprigesC
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according t not her _.enpodi nent_ o e present I nvention. - 1 g.. 'S
0 2ihtie o L6 Aih Wipat ADAENFUR ReSGIFnNRIRING: | EhenmacnPii,

a schemati ¥

b . . 1 .
onto a su ﬁéﬁ&%llgstégsc?l;ed%é}%ét%d%hﬁtb"iﬁé"ﬁlﬁbﬁfmecﬁft@??hos I%érbe?ﬁcﬁ BrrBfore after

invention. s Fig. ow chart showm ng a me orm ng magnetic
thin fil m hetdepositidss itriauanacessaty tgheat umthecsdhisdiatent of the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1A
illustrates a thin fil mnmagnetic recordi ng nmedi um formed accordi ng

15 In accordance with a second aspect of the present invention, there is
provided an apparatus for forming a thin film magnetic recording media onto a
substrate. The apparatus comprises a first chamber, a second chamber
connected to the first chamber, and a third chamber connected to the second
chamber. The first chamber has a source for generating magnetic nanoclusters.

20 The second chamber is to receive the magnetic nanoclusters and crystallize the
magnetic nanoclusters. The third chamber is to receive the crystallized magnetic
nanoclusters from the second chamber and deposit the crystallized magnetic

nanoclusters onto the substrate positioned therein.

25 In accordance with a third aspect of the present invention, there is provided
a thin film magnetic recording medium, the medium comprises a non-magnetic
substrate and a magnetic thin film layer disposed on the substrate. The magnetic
thin film layer comprises magnetic particles isolated by a non-magnetic material,
and the magnetic particles are formed on the substrate after crystallized.

30



to one enbodi mrent of the present invention. The thin film magnetic
recordi ng nedi um 100 conprises a substrate 110, a thin filmmgnetic |ayer
120 deposited onto the substrate 110 and a protective overcoating 130
‘deposited on.the thin filmmagnetic |ayer 120. The substrate 110 nay be
formed of a non-magnetic material such as_silicon, glass, or alum num
alloy. The thin filmmagnetic |ayer 120 conprises a plurality of nmagnetic
particles 122. Exanples of nagnetic materials that nay be used to form
nmagnet i ¢, (BRIEFCDESCRPTION oderide DRAWINGS Sm Pt, O, Ta, Nd, Pd, &d, B,
N, C P, Ti, W M, Ag, Ru, Au, Nb, Pb, Dy, a binary alloy of aforesaid

el enents, a ternary alloy of said elenents, an oxide of Fe further a o

conprising at .. . i I t t her .than, Fe.. barium..
Fortite and st FRE T 2R, Alaldb GRs0 SELRARA P hying oS iR anatibic
The pr ef erreeordiregneidilim Erterding fo ane enfbudirtsan® the pregént imeaition. Coed. The
magnetic particles 122 are encapsul ated by non-magnetic material 25 124a.

The 3magnetic particles 122 are oriented with its nagnetic easy axis 126

| d Il e : f . . . Fi
magnet i o parti d1gs 134% $h Hifigblaths SeRahaThER ety o it shelnely
wi th a nomreegriig metiimacabrdiidgo asothbr Ehdodirhentafdhepresarihvention. 122 are

di spersed within the non-nmagnetic material 124b. It should be appreciated
that the intergranular 30 coupling effect of the magnetic particles

i sol ated by thegpon eLiC i 1 (& Qi 4 i in
t he above stru?tlggezgﬂgb%he?ﬁ%gﬁdvgkg ?@chéﬁcﬁmn&-é %?g%'gzﬁagﬁggiﬁ%ow
t wolexanplagentdtianhef theghagnetid eanaphrtitleg formed atcordinueto ane asybatdiinentdf t he
magneti c ﬁll‘ti cles.i réﬂt%.he magnetic thin filmfor |ongitudinal recording
medi a. Fi B.GQAG WEYSWAE- t he nagnetic easy axes 226a of the magnetic
particles 222 are parallel to the surface of the substrate 210. Fig. 2B s
shows that the magnetic easy axes 226a of the magnetic particles 222 are
paral l el to thd&igur2Bde apfenlaegestop vigwesixawingral ciiceméereotiak magnetization

aligned. Fj il lustrates hin film netfic recordin di um for med
accordi ng q%“&%@(rhe{)#eﬁ%’odﬁﬁgﬁ?&%f nﬁﬁgpﬁ?{égegnt ngnt?%ﬁfd'aﬂgel?m%m‘ﬁ 'm
magneti ¢ repsisddiimeat bpPtHEesriesBhBiA0estmr i ses a substrate 310, a thin film
magnetic | ayer 320 deposited onto the substrate 110 and a protective

overcoating 330 deposited on the thin filmmagnetic |ayer 120. The

substrate 110 s.Pga %gprgﬁjlafg eflla BRI ﬁ%i;\ﬁé\htﬁleshﬁﬂﬂfp ﬁlfe[pécn%ricular

exanple, a silicon wa gl'ass or¥al umnuma m nagneti c
| ayer 320 maghetiration quientationkyofdhe maggredticcnasopartitles f&zed agpoidiigi the
magnetic materials, such as Co, Fe, Ni, Sm Pt, C, Ta, Nd, Pd, Gd, B, N,
C, P, Ti, RIpS§M INENMOR,  Au, Nb, Pb, Dy, a binary alloy of aforesaid
elegents, a ternary alloy of said elenents, an oxide of Fe further
conprising at | east one of the said elenents other than Fe, bariumferrite
and strontium fRigr4tisa schepatie diagram tshowéngBn apparatus for forming magnetic

thin film onto a substrate according to one embodiment of the present invention.

Figs 5A, 5B and 5C are schematic diagrams showing various

25 configurations of the magnetic field according to the present invention.

Fig. 6 is a schematic diagram showing an apparatus for forming magnetic
thin film onto a substrate according to another embodiment of the present
invention. .
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the said elenents. ao The magnetic particles 322 are encapsul ated by a

| ayer of non-magnetic material 324a according to the nethod illustrated
below, and with its nagnetic easy axis 326 aligned perpendicular to the
surface 314 of the substrate 310. In Fig. 3B, the magnetic particles 322
are disposed on the substrate 310 as simltaneously with a non-magnetic
mat eri al 324b, such that the magnetic particles 322 are dispersed within
t he non-nmagnetic material 324b. As shown in Fig. 4, an apparatus for

form ng magnet imgt iig afséu"érﬁé\ﬁcodwmsgﬁowﬁgwaﬁﬁéramstfbrqaﬁnrﬁgbm@gfrﬁm of
the present invention conprises a 30 cluster-form ng chanber 47I0, eating
chanber 42bin §iln eontapsusuhstate cacoarding4to aafiertkerdepbodiment ofidhbepresgat The
cluster-faqrm chanber 410 conprises a target 416 made of a nagnetic

mat eri al QY%@?)@d from for exanple, Co, Fe, N, -7 Sm Pt, C, Ta, Nd,
Pd, &Gd, B) N, C, P, Ti, W M, Ag, Ru, Au, Nb, Pb, Dy, a binary alloy of
aforesaid elenents, a ternary alloy of said elenents, an oxide of Fe
further conpri dtigigBas alflays charshewinga mathededos femisg saagnreticnthin fils) obta | um
ferrite a [ ' ' iLtr] sai d el enents.
The cl usterHrjﬁ%grﬂr)nﬂ%Slégb éﬁﬁ%%§ni%g{®ﬁnﬁ9ﬁg§fstﬂ% ‘{pr%g%?tqﬁ\ﬁ%rﬁ%ﬁ'lz connected to
an anode 413 and the target 416 (which is used as a cathode). The

cluster-fa I_En ng chanber 410 al so includes a first conduit 411 for supplying
a tirst gat TALED RESCRIRTION PrAbEPREESRREQRMBOUMENTS suppl yi ng

second gas such as helium (He). The Ar serves as both sputtering gas and
aggregation gas while the He is used to control ~o the cluster size and
initeal distriliigi oA ilisitdtesaethirofilm magngtic leedrdingumetitrm dbirhéd wccdrdingiui d
ni trogen gool i n% nit 414 ﬁ al so provided for_pronotjng the formation of
the clustéef Wq IMgRt of Jae RERSERY byerlion.nd r%tl p flm magpstic recerding ect
current ( i i ' ki
Chanber 410 o 4O R R SH SRS TTar e R ety 220 QORBNR
0.1 Torr tanta thesubstratecti G andagitetectivaoverematiog t130edepmsited ncthal thin film

sputterin [essure, [ RO Q in essure for sputtering i.n this
I gvel i's %g%f%s)t{ﬁwa(gernl?@ @ﬁ?%“?Stiﬂ{ecﬁi‘%@yg?eof%@eﬁﬁﬁ '&‘Pré'”garﬂi‘eﬁﬁ "F%‘PHH ar ge
parid cle. slieh aarsmeIrer§lads, eprHiimiddnMoalldye Mael tifih €l AfadritticuRfes a0

pressure, gas flowrate, ratio of Ar and He. A diaphragm 417 is provided at

one end ofCOMMRIISGSt @Q}Lfafiwcﬁf! magnelic particlas he?. dixapmiey of magnieticamatepiaty,i ded
Pumpi ng. sy orey HEUSEA )8 ity AEPatfin e IRfudatCh. PR, BTRHF PEES,
of the cl Usd,eNd,flRd nisdgBe iardeP, Fi GV, Mg Aay) R sAl aNboPbe DaraetindRPakkgydof
aforesaid elements, a ternary alloy of said elements, an oxide of Fe further
20 comprising at least one of the said elements other than Fe, barium ferrite and
strontium ferrite, carbide and nitride of the said elements. The preferred magnetic

materials are, for example, CoPt, FePt or CoPd.

The magnetic particles 122 are encapsulated by non-magnetic material

25 124a. The magnetic particles 122 are oriented with its magnetic easy axis 126
aligned parallel to a surface 114 of the substrate 110. In Fig. 1B, the magnetic
particles 122 are disposed on the substrate 110 simultaneously with a non-
magnetic material 124b, such that the magnetic particles 122 are dispersed within

the non-magnetic material 124b. It should be appreciated that the intergranular

30 coupling effect of the magnetic particles isolated by the non-magnetic material

124a (Fig. 1) and 124b (Fig. 2) in the above structure can be effectively reduced.



25 the deposition chanber 430. The pressure of the deposition chanber 430
is maintained at a | evel |ower than the pressure of the other two chanbers
1o enable cluster transportation fromthe cluster-form ng chanber 410 to
the deposition chanber 430. The pressure range of the cluster-formng
chamber 410, the encapsul ation chanber 429 and the deposition chamber 430
can be set to about 30 0.1 - 1 Torr, 104 Torr, and 10-6 Torr, respectively.
~g_ At the start of the process, energized argon gas ions {Ar+) are

accel erated toveEiggs2ahgnd @B0ehowlvd exginplds af es highly forieftddalig@nant of 6
upon inpact. The ejected atons 421 are then decelerated by collision with

t he ar gon rgagnetic Gasynaxist &f ttheo magyedice pattislaso in othe enagneadics thimhéim ifqui d

ool i g« Haalindtebotit g PR AT RRR i ob BRI, S8 dids Pga bt |
exposed t ahthragredilceprtisies 222 ar, pdrhkelad tisé sufade’sf theesubsirgee R0 Owe) dfhe
di aphragm 417 and aggl onerate together to forma set of Iarger clusters

423, 5 whi cishasy that eagnstiaanay axes £R6a e she mpdpetispartides 223 ese garallel
di aph ' - ' ti hanb
2P 20T 35 SO T 0 e UL R it 10 chanber

420. The c may consi s severa e i'c atons up to
several mllion nmagnetic atons, which are |oosely bonded with each ot her.

In the process,_atgns are agglomerated together to formclusters, and nore
atoms are at t adfi@doRdIVSIERten Ahi Jim BIadNGS rpording FIAIB QB SRAaRIRg .

As a resuliy.addice ] idf ! rﬁ‘?ﬁif it R | : o i qq@ :
| ocat ed attbte}ﬁe ce‘?]‘%ﬁgr%glmrwgrﬁ tg%?r%\ﬁ rtﬁﬂ g?ﬁvéﬁ/eg@rﬁ% 1"2?'% zelgqgg&%ﬁﬁ&
agghomer atreediuot 308 comprises dsubstsate P, ta thin filop omagreetici laget 320 depositex

e LR e T SN R
the cl ust apaghdtt BFeFH 29, TheQu@Btrale1 i Ay BORrMdd of tAMEn syt th&terial zed

aggl onerates renoved. Therefore, clusters with a distribution width smaller
t han t hat reade d, éorusxamples 8 silieporwateie glisapdir atwminad elley.belbthinn@lcn | n

o to 20 dhparees e pAR IR BReRi anlsith s dndgatc, Prtide? SB RBnisiig be
appi€ci at atdagesiy shateridls, sueh fbCveFe] NUSmaPt, @, ThaNdy R Gds BYN, WTE? €Fis may
be adjusted to control the dinension and distribution wdth, including the

pressure o, MR RguBUeAL; Aty Rl PiaapRinanialloy abalysasaidrelaments. e ternane
oo Al it el a oA oL R AP B RRSIH Botrfe o e i,
t he di aphrelgmentsldthendhatliBe, badum ferrife and strontium ferrite, carbide and nitride of
the said elements.
20
The magnetic particles 322 are encapsulated by a layer of non-magnetic
material 324a according to the method illustrated below, and with its magnetic
easy axis 326 aligned perpendicular to the surface 314 of the substrate 310. In
Fig. 3B, the magnetic particles 322 are disposed on the substrate 310
25 simultaneously with a non-magnetic material 324b, such that the magnetic
particles 322 are dispersed within the non-magnetic material 324b.

As shown in Fig. 4, an apparatus for forming magnetic thin film onto a

substrate according to one embodiment of the present invention comprises a

30 . cluster-forming chamber 410, a heating chamber 420, an encapsulation chamber
429 and a deposition chamber 430. The cluster-forming chamber 410 comprises a

target 416 made of a magnetic material selected from, for example, Co, Fe, Ni,



The apparatus further conprises a nunber of heaters 419 for heating the
gas- phase clusters 424 to a tenperature of about 900C to achi eve
crystallization. Exanples of the heaters 419 include a resistance furnace
heater or a l.anp heater. After heating, the clusters 424 are converted into
crystallized magnetic s nanoclusters 425;with a desired crystalline
structure for data storage purpose. The magnetic nanoclusters 425 are then
noved to the encapsul ati on chanmber 429. A surfactant 427 is then supplied
to the encgpsPtadromac iy, Gy, a,snp,_r@?f oGz e K38 AS R AS, Nbf"f#},“mf,eé-
The surfactant Is preferably a material io whi'ch can be absorbed By the

magnet i ¢ nRIRBEt JlyofafarEsaidbelementsna igrvanaaliiay ofspidelementsoan pxidd ef Fe6.

ol udi ng. PERey SRR SRSCRGRS the el st el @R vt
al kyl i sonand kgsntiwhifeftité scarbicenahd hittidde bheHe ssid Alémaatsedhelyster-RaeHIRg | C
nanocrystals 425. The surfactant nay also be a metqr;#) ene having a chain 8

to 12 ~s uFhiambernhil GamRIIFes: 3\RaNE YhibAild eapaciachio B9 pnededtl 3t ard the
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chain structure of CC.CCC CC ( neans, carbon, ot her. bonds of_carbon
bond to th@%‘ﬁc?@%'bf‘gﬁg%éé'ﬁpyygzé sgeAKyeAs sueh as defiumHehc dheuPht ed
magneti c ngdyo t ' £RQSIH driyroer
438 to be depgés?fs’ e t@ﬁégﬁ?ﬁégéggp Paa{gy‘%@@”ﬁaél %H%?@%r%dlggﬁgye@%ecabse
t heioagnetthe clastec sizetands intk disteibutigrs madthi dexltd s digh heattransfe abilihe A

bstrate 431, th 1 tals 425 L i ngl.e domai n.
Bocauso. & H opey hbotubE s i SlsfatpyioRd Tar R ting i, o datice L 1he |
encapsul at gdstesReiel Hesifed @fdeY S Exatmiad ofithe goRvEr wnit 94 2C4redh tfifecl @RA®NE | ON

onto the substrate.. 30 An external magnetic field 432 is provided adjacent
to the subdl¢heerado, freguaneyr (imspeweeisuppivel yhartlesterformingdhaniber| 4110

di rection I S LN Eiag . 4 n_the I netic
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magnetic field 520 aligns the magnetic particles along a directlon parall el
to the topddirface 531 a of the substrate 531 during deposition. In
addition, the substrate 531 and the magnets 537a, 537b may be rotated
during the deposition process to achieve uniformty of the is nagnetic thin
film depositi Omupﬁﬁi@@%tdnﬁls F38, 484, aned UGBThes epvoviiedy for iafitidgmaset i c
field 540 may be obtained by passing through an electrical wre 538 t hr ough
t he cent erPrgpsyneofdhp Alysderforming ghramhggAdli thefensagsalation chgrber donanrshet i c

c VEer. U AbAAF RSP O R IThGBlAod Bt 20,
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perpendi cular, tqg a to urface 531 f the substrate 531 nay be obtai ned
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t he magnet yahe rq Pesidd 0 i i eneh c r to
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appropriate_ magneti ¢ . f4ield adjacent to the . .substrate. 3 0 Fig. 6 shows an
appal at us (f'clr“ ?3%55:18 &ﬁ&qdcﬂ?hﬁ'ﬂ"f f?ﬁﬂGSHY%ya substrate according to

anot her enbodi nent of the present invention. The apparatus conprises a
cluster-form ng chanber 610, a heating chanber 620, an -11 encapsul ation
chanber 629, and a deposition chanber 630. In this enbodi nent, the

encapsul ati on chanmber 629 is coupl ed between the cluster-form ng chanber
610 and the heating chanber 620. s The | oosely bonded magneti c nanocl usters
624 formed by the clusterform ng chanber 610 are transported into the
encapsul ati on chanber 629. A spray of organic solvent or surfactant 627 are
supplied by the nozzle 628 into the encapsul ati on chanber 629 to mx with

t he magnetic nanoclusters 624 to formthe encapsul ated nanoclusters 625. io0
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30 to be deposited onto substrate 731. At the sane tinme, non-nmagnetic
materials are al so deposited onto the substrate 731 by a source 736.
Exanpl es of non -12 magnetic materials that may be used include C Si02,
Si 3Nd BN and/.or carbon hydrogenate polynmer. Fig. 8 shows a nethod 800 for
formng a thin filmmagnetic recording nedia 5 according to the present
invention. In a first block 802, magnetic nanoclusters are generated from a
target. In a next block 804, the magnetic nanoclusters are heated to a
crystallizati onaf (heRRaAGItISe prEts80¥nbRzdRARRN @@ﬁiﬁ%c(erlﬁ} 8fe>aéddierated
crystalliZzed so that to process necessary properties for data storage

pur pose. . tOwardmthetarpat 416 Go tefect asbosk4BDEom the targst 461 upoedimpapiet The
nanocl ust er.s _m.xed up wi Lh a, non- tic,mterial. The non- eti

mat eri al ﬁ%‘é‘ﬁgﬁ%‘é ‘%#e)a%?r{f&eﬁaﬁ’?‘fe?%%?%ﬂgxépi'@'%wﬁtﬂs@ésa%n Qﬁﬁr@ﬁ rr e,
the interggtanubag @@Hié'rét@gtcﬁférﬁ?hlﬁter‘shefﬁ@ﬁlﬁlﬁ&'rﬁtr8§élﬁ'&Jo‘ﬁﬁ%"\?ﬂii 4%9% and
reduced. In a next block 808, the encapsul ated magneétic nanoclusters are
di sposed dilidmsdppiad e the donduit4di5i aid jin geelingthreeejectqshatons 421 td form
shoul d be i t according to the above nmethod, since the desired
crystalli négg‘gt{cﬁ‘ﬁdﬁzﬁg% i% obt ai ned before deposition, the substrate after
t he magneti c nanocl usters deposited thereon needs not be heated up for
anneal i ng purpose. Accordi nglé, the grain growh %\ t he post-degosi tion
anneal i ng i s ad\fterceeingrexpp§ed te theyaoble gases Ard).Aheslusters 482 ben mopve
formng a ¢ | r’%gﬂ 1.C o [ i t 0 1:SLNQ:
generati ngtmr:% r?eﬁé:drll nogémsﬁg?sgﬁdgrd&g{dﬁ%ag? r%aﬁqg? %QS@&'?’. gp%%néﬂ%gg'érs;
deposi t i nglustersé@Bewhichreomtiolesheve onmiaeds te tis heatigy chafem420t thiréudh | m

of magnet i articl thereon, 10 2. The nethod as recited in claiml
wher e?n t Hﬁa gae F’ggnﬁﬂgépﬂg?"e@"hf'ﬁald@%?ﬁ 844 Jnt thet hratinghshamber 420er
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not heated during deposition. e net
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recig ed i mtRichbdtd, thbUsdUiRiarg PERIdrY SOtRNERBRS FohhAudlidy TBENat fdult, the
nanoclusters with the non-nmagnetic material. 25 7. The nethod as recited in

clai m 6, westeisiwillie iesmedayjiretargensized ngglopmrpicsdesated aditianeotes pbrtiam . 8.

conpr 1 ses St eldifvel" sfragor sfoec aGuBhesEs JBRRER T e BeliRast\ifutionn ( ne
fﬁlﬁ ing is Yysorf passifg iedogh thbaliapteraghi 418281a8lle1S4i2éd aghPneénssdRldchieat

the boundary portions of the clusters 423 can be trimmed off by the diaphragm.
20 As a result, the clusters 424 passing through the diaphragm will have the smaller
sized agglomerates removed. Therefore, clusters with a distribution width smaller
than that of the clusters 423 before the diaphragm 418 can be obtained. In this
embodiment, the dimension of the clusters 424 is in a range of about 1 nm to 20

nm and a distribution width of about 10% or less.

25
It should be appreciated according to the above illustration that various
parameters may be adjusted to control the dimension and distribution width,
including the pressure of the cluster-forming chamber 410, the sputtering rate of
the target materials, the ratio of the helium to other noble gases, the distance
30 - between the target 416 and the diaphragm 417 and the size of the diaphragms

417 and 418, etc.



10. The method as recited in claim9, wherein crystallizing of the magnetic
nanocl usters conprises hearing the magnetic nanoclusters and fixing the
non-magnetic material onto the magnetic nanoclusters. 5 11. The met hod as
recited in claimb5, wherein the mxing is perfornmed after the magnetic
nanocl usters are crystallized. 12. The ngthod as recited in claim 1,
further. conprising providing a nagnetic to field adjacent to the substrate
to control the orientation of the nmagnetic particles upon deposition. 13.

The nmethod as rpge bpfaldlué fatierldomphesLbm@atér 6f heARreaa0abl heBfRg itié €S
has an easy axis parallel to a surface of the substrate. 15 14. The net hod

as recit ecgaf‘npbiﬂﬁ gusters dRérteiantenmreratusg ohrboukPR0Katmachieve er}@talkymtm each

per pendi P PEs g e pleR 408 Tobleg aeBlskihos BN ealEy AER VB0 FRlerea

claiml, fAmtémeﬁeam@prtr@ NGlustéws | 894 dePpes cbhverted mn@ws&alr@w%@gh@fé
dep05|t|ng a non-magnetic material onto the substrate to mx wt

magn®t i ¢ raalustes42S with erdesires ¢rpstallinesiructetferdata sipedge purppeet her
conprising rotating the substrate during deposition. 18. An apparatus for
formng a thin filmmagnetic recording nmediumonto a 30 substrate, the

appar at us conprTise mgagretfd mainochatdrer 42Bwvareq theers ool ftor thee eacapsulation
chanber connected to the first

t | -15
Thomoer t ohaaa4Ad A suactar AT ARG SCRB IR En TS SneARRAtIoRn eramber by r d
chanber COJ‘%ﬁFé)ﬁﬁoiﬂe 49, § gea% sh?émm%i Ofhd Qﬁﬁ"%é’téﬂﬁst Br%f&rra%fgi gl bt
magneti ¢ nanocl'usters and depositing the crystallized 5

nanoel ust ewkicbrtan béebsobsad hydhpaeagmetuedammymats 4%eoe‘onntér&:amglaeéd c

nanocl =t chSoBilh FERSHAG. 0, Wher PN Al ol 8 YL 658, s o
organic materials, including fatty acids, alkyl thiols, alkyl diulfides, alkyl nitriles and
alkyl isonitiles, which is an end group that is attracted to the magnetic
nanocrystals 425. The surfactant may also be a methylene having a chain 8 to 12

15 units long, which provides steric repulsion to prevent the magnetic nanocrystals
425 from adhering to the substrate in the subsequent deposition process. The
term “8 to 12 units long” denotes that for polymer materials, its structure is chain-
like, for example “8 unit” refer to the chain structure of C-C-C-C-C-C-C-C (C
means carbon, other bonds of carbon bond to the function group such as

20 hydrogen, -OH etc.)

The encapsulated magnetic nanocrystals 426 are then transported into the
deposition chamber 430 to be deposited onto the substrate 431. As illustrated
above, because the magnetic nanocrystals 425 are crystallized before reaching

25 the substrate 431, the magnetic nanocrystals 425 are usually a single domain.
Because the energy of the magnetic nanocrystals 425 is very low, the
encapsulated magnetic nanocrystals 426 will remain intact after deposition onto

the substrate..

30 _ An external magnetic field 432 is provided adjacent to the substrate 431,
which forms a relatively uniform magnetic field direction as illustrated in Fig. 4.

When the encapsulated magnetic nanoclusters 426 reach the substrate 431, they



to providing a first non-magnetic material to encapsul ate the magnetic
nanocl usters. 20. The apparatus as recited in claim19, wherein the first
non-magnetic material conprises a surfactant. 15 21. The apparatus as
Tecited in claim 20, wherein the surfactant conprises at |east one of a
group consisting of fatty acids, alkyl_tyfiols, alkyl diulfides, alKkyl
nitrites and alkyl isonitiles. zo 22. The apparatus as recited in claiml18,
further conprising a rotatable stage for holding the substrate in the third

chanber . . 24| b@‘zﬂifgﬂ@ﬁ&fyﬁb"@wﬁf@ thecdifedtioh of Ghétriaightic fidld 482 wHIBPA&SIMhG
second supplier for depositing a second non-nmagnetic material onto the

subst r at e Aip &I s9baERIEs 81 orl N6 Magaetiadhin fitm neatodhers thel formed withe highly I
' ' ' 3 ' - nat.eri a
cohor [ses SRnEE ridthe ad) B aiollihrhBabRT RGP Hite RS TGS V)

car bon hydnagestietfieigpaBgrer. 30 -16 25. The apparatus as recited in claim

18) wherein the magnetic material conprises at |east one of a group
consisting of Co) Fe, Ni, Sm Pt, C, Ta, Nd, Pd, Gd, B, N, C, P, Ti, W

M, Ag, Ru, Au,F.i@lb.’ 5RO anky 585 sHow, HierARA" %BHﬁgLﬂ%tiBfgg i(%fe% Bﬁa&&ic@iﬁ@ and

further conprising at |least one of a group conststing o y al
a ternary agljdcent &b a bebsteajeeforcaligniry thed ori@mtatidn tdfithe fmbgmetkgpaiticles. In

FEA T WO RN WP R A AR R
magneti c Ridehtdln d SQbstAE H¥1.2 TH north magnetic pole of magnet 537a and the
10 south magnetic pole of magnet 537b are placed adjacent to the substrate 530 to
generate a magnetic field 520. The magnetic field 520 aligns the magnetic
particles along a direction parallel to the top surface 531a of the substrate 531
during deposition. In addition, the substrate 531 and the magnets 537a, 537b
may be rotated during the deposition process to achieve uniformity of the

15 magnetic thin film deposition.

As shown in Fig. 5B, a circumferentially-oriented magnetic field 540 may be
obtained by passing through an electrical wire 538 through the center of the
substrate 531. The magnetic field 540 aligns the magnetic clusters during

20 deposition along a direction parallel to and circumferential with respect to the a top
surface 531a of the substrate 5631.

As shown in Fig. 5C, a magnetic field 560 with a direction perpendicular to

a top surface 531a of the substrate 531 may be obtained by placing a solenoid

25 539 around the substrate 531. The solenoid aligns the magnetic particles during
deposition along a direction perpendicular to the substrate surface. It should be
appreciated that magnetic thin films having different magnetic orientations may be

obtained by applying an appropriate magnetic field adjacent to the substrate.

30 Fig. 6 shows an apparatus for forming magnetic thin film onto a substrate
according to another embodiment of the present invention. The apparatus

comprises a cluster-forming chamber 610, a heating chamber 620, an



magnetic content, wherein the magnetic particles are formed on the
substrate after crystallization. 28. The thin film magnetic recording
mediumas recited in claim27, wherein each of the nagnetic particles has a
magnetic easy axis that is anisotropically orientated. 20 29. The thin film
magnetic recording nediumas recited inqg aim27, wherein the nagnetic
particles having a dinmension of |less than about 8 nm 30. The thin film
magneti c recording mediumas recited in claim?29, wherein 25 the magnetic

particles Sgyddadlation é’idrhlbé#t 629, ancﬂtafuéyoslt@ﬁ%ﬁdamra@wt In 08 e%ibodTrheni hin

filmmagnetic recording nmediumas recited in claim27, wherein
non- magnet the @rmawuiattoon@lamber 629 ||@g:@upl@debeiwean(j,hemjus;tehﬁirmlm@@hefnbfeat ty

acids, alk s, alkyl nitrites and alkyl isonitiles.
30 -17 3 JIO?H ?‘F\Pﬁ Lngﬁhﬂ@& bgﬁ recording mediumas recited in claim
27, wherein the non-nmagnetic content conprises at |east one of C, Si02,

Si 3N4 BN and carbon hydrogenate polyner. 33. The thin filmnmagnetic
recobdi ng medi uRhedopaelytbendad anagnaties nanoclusiers Gdpforsiady by theochistere

?YASGL??itSIr n% &ufgo %ﬁg%@? 61E13F§Q§}?15§b§p8§9@$0 méngp%%\sgulatlon chamber 629. A
. A(. Aya_. Aspragaf.deyant solvedt ¥r subactant 627 are supplied by the nozzle 628 into the
encapsulation chamber 629 to mix with the magnetic nanoclusters 624 to form the

encapsulated nanoclusters 625.

10

The encapsulated nanoclusters 625 are transported into the heating
chamber 620 thereafter. The encapsulated nanoclusters 624a are heated by the
heaters 619 to a temperature of about 900 °C to form crystalized magnetic
nanoclusters 626. At the same time, the organic materials encapsulating the
15 nanoclusters will be carbonized by the heating process, therefore the crystallized
magnetic nanoclusters 626 are encapsulated with a layer of amorphous carbon.
The encapsulated magnetic nanclusters are then deposited onto the substrate

631 located in the deposition chamber 630.

20 Fig. 7 shows an apparatus for forming magnetic thin film onto a substrate
according to a further embodiment of the present invention. The apparatus
comprises a cluster-forming chamber 710, a heating chamber 720 and a
deposition chamber 730. In this embodiment, the loosely bonded magnetic
nanoclusters 724 are formed in the cluster-forming chamber 710, and transported

25 into the heating chamber 720.

After heating in the heating chamber 720, the loosely bonded nanoclusters

724 become close-packed and crystallized magnetic nanoclusters 725. The
magnetic nanoclusters 725 are then transported into the deposition chamber 730

30 . to be deposited onto substrate 731. At the same time, non-magnetic materials are

also deposited onto the substrate 731 by a source 736. Examples of non-
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15
It should be appreciated that according to the above method, since the
desired crystalline structure are obtained before deposition, the substrate after the
magnetic nanoclusters deposited thereon needs not be heated up for annealing
purpose. Accordingly, the grain growth by the post-deposition annealing is
20 successfully eliminated.
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5 generating magnetic nanoclusters;
crystallizing the magnetic nanoclusters;
depositing the magnetic nanoclusters onto a substrate to form a thin film

of magnetic particles thereon,

10 2. The method as recited in claim 1, wherein the magnetic nanoclusters are

deposited onto the substrate after crystallized.

3. The method as recited in claim 1, wherein the substrate is not heated

during deposition.

15
4. The method as recited in claim 1, wherein the magnetic nanoclusters are
crystallized by being heated in gas phase.
5. The method as recited in claim 1, further comprising mixing the magnetic
20 nanoclusters with a non-magnetic material..
6. The method as recited in claim 5, further comprising encapsulating the
magnetic nanoclusters with the non-magnetic material.
25 7. The method as recited in claim 6, wherein the non-magnetic material
comprises an organic solvent.
8. The method as recited in claim 6, wherein the non-magnetic material
comprises a surfactant.
30

9. The method as recited in claim 5, wherein the mixing is performed before

the magnetic nanoclusters are crystallized.
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nanoclusters comprises hearing the magnetic nanoclustersand fixing the

non-magnetic material onto the magnetic nanoclusters.

The method as recited in claim 5, wherein the mixing is performed after the

magnetic nanoclusters are crystallized.

The method as recited in claim 1, further comprising providing a magnetic
field adjacent to the substrate to control the orientation of the magnetic
particles upon deposition.

The method as recited in claim 11, wherein each of the magnetic particles

has an easy axis parallel to a surface of the substrate.

The method as recited in claim 13, wherein the easy axes are parallel

relative to each other.

The method as recited in claim 13, wherein the easy axes are
perpendicular to the surface of the substrate.

The method as recited in claim 1, further comprising, during depositing of
magnetic nanoclusters, depositing a non-magnetic material onto the

substrate to mix with the magnetic nanoclusters.

The method as recited in claim 1, further comprising rotating the substrate
during deposition.

An apparatus for forming a thin film magnetic recording medium onto a

substrate, the apparatus comprising:

a first chamber having a source for generating magnetic nanoclusters;

Fs3"10%&' () - Q777>8899 99aSE7!

10 10
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20.

21.

22.

23.

24.
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The apparatus as recited in claim 18, further comprising a first supplier for
providing a first non-magnetic material to encapsulate the magnetic

nanoclusters.

The apparatus as recited in claim 19, wherein the first non-magnetic

material comprises a surfactant.

The apparatus as recited in claim 20, wherein the surfactant comprises at
least one of a group consisting of fatty acids, alkyl thiols, alkyl diulfides,
alkyl nitriles and alkyl isonitiles.

The apparatus as recited in claim 18, further comprising a rotatable stage

for holding the substrate in the third chamber.

The apparatus as recited in claim 18, further comprising a second supplier
for depositing a second non-magnetic material onto the substrate upon
deposition of the magnetic nanocrystals.

The apparatus as recited in claim 23, wherein the second non-magnetic
material comprises at least one of a group consisting of C, SiO», SisN4, BN
and carbon hydrogenate polymer.
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27. A thin film magnetic recording medium comprising:
10 a substrate;

a magnetic thin film layer disposed on the substrate, wherein the
magnetic thin film layer has magnetic particles isolated by a non-
magnetic content,

wherein the magnetic particles are formed on the substrate after

15 crystallization.

28.  The thin film magnetic recording medium as recited in claim 27, wherein
each of the magnetic particles has a magnetic easy axis that is
anisotropically orientated.

20
29.  The thin film magnetic recording medium as recited in claim 27, wherein
the magnetic particles having a dimension of less than about 8 nm.
30.  The thin film magnetic recording medium as recited in claim 29, wherein
25 the magnetic particles having a distribution width of less than about 10%.

31.  The thin film magnetic recording medium as recited in claim 27, wherein
the non-magnetic content comprises at least one of a group consisting of
fatty acids, alkyl thiols, alkyl! diulfides, alkyl nitriles and alky! isonitiles.
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5 33.  The thin film magnetic recording medium as recited in claim 27, further

comprising a protective overcoating disposed on the magnetic thin film

layer.



