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[ 0001] Enbodi nents of the invention relate to hard-di sk drive (HDD) nedia,
and apparwoustiasasiget hods for maki ng hard-di sk drive nedca/usknw®ss206
specifically, enbodinments of the invention relate to nethods and apparat us
for formng a patterned magnetic disc nmediumfor a hard-disk drive.
BACKGROUND [ 0002] Hard-di sk drives (HDD) are the storage nedi um of choice
for conputers and rel ated devices. They are found in nost desktop and
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[0001] Embodiments of the invention relate to hard-disk drive (HDD) media,

and apparatus and methods for making hard-disk drive media. More specifically,

embodiments of the invention relate to methods and apparatus for forming a

patterned magnetic disc medium for a hard-disk drive.

BACKGROUND

[0002] Hard-disk drives (HDD) are the storage medium of choice for computers

and related devices. They are found in most desktop and laptop computers, and
may also be found in a number of consumer electronic devices, such as media
recorders and players, and instruments for collecting and recording data. Hard-
disk drives are also deployed in arrays for network storage.

[0003] Hard-disk drives store information magnetically. The disk in a hard-disk
drive is configured with magnetic domains that are separately addressable by a
magnetic head. The magnetic head moves into proximity with a magnetic domain
and alters the magnetic properties of the domain to record information. To
recover the recorded information, the magnetic head moves into proximity with the
domain and detects the magnetic properties of the domain. The magnetic
properties of the domain are generally interpreted as corresponding to one of two
possible states, the “0” state and the “1” state. In this way, digital information may
be recorded on the magnetic medium and recovered thereafter.

[0004] The magnetic medium in a hard-disk drive is generally a glass,
composite glass/ceramic, or metal substrate, which is generally non-magnetic,
with a magnetically susceptible material deposited thereon. The magnetically
susceptible layer is generally deposited to form a pattern, such that the surface of
the disk has areas of magnetic susceptibility interspersed with areas of magnetic
inactivity. The non-magnetic substrate is usually topographically patterned, and
the magnetically susceptible material deposited by spin-coating or electroplating.

The disk may then be polished or planarized to expose the non-magnetic



drive is configured with nmagnetic domains that are separately addressabl e
by a magnetic head. The magnetic head noves into proximty with a nmagnetic
domai n amaloabtignsssishe magneti c properties of the domai nPrCo/useeonss206
information. To recover the recorded information, the magnetic head noves
into proximty with the domain and detects the magnetic properties of the
domai n. The nagnetic properties of the domain are generally interpreted as
cor r esponbpwrdaresoaeupf tﬁww&@l%@@ﬂgt@t ds, same cages,dhatreagnriic material

e um an TR S RerBnd LV TBs0R RRUndts BFFRE MR RO R &7
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here is a need for a process or method of patterning magnetic media to form
magnetic and non-magnetic areas on a medium that has high resolution and does
not alter the topography of the media, and an apparatus for performing the

process or method efficiently for high volume manufacturing.

SUMMARY
[0007] Embodiments of the invention provide a method of forming patterns

including magnetic and non-magnetic domains on a magnetically susceptible
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SUMVARY [ 0007] Enbodi nents of the invention provide a nethod of form ng
patterns includi ng magneti c and non-nmagneti ¢ domai ns on a nmagnetically
suscept i bve 8urdsesie of one or nore substrates. |In one embodiso®wtss2as met hod
of formng a pattern of magnetic domains on a magnetically susceptible

mat eri al di sposed on a substrate includes exposing a first portion of a
magnetically susceptible layer to a plasma fornmed froma gas m xture,
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magnetically susceptible layer while forming a protection layer on the substrate
surface.
[0009] In yet another embodiment, an apparatus for forming a magnetic
medium for a hard disk drive includes a processing chamber utilized to modify a
magnetic property of a first portion of a magnetically susceptible layer, wherein the
processing chamber including a substrate support assembly disposed in the
processing chamber, a gas supply source configured to supply a gas mixture
including at least a halogen containing gas and a hydrogen containing gas to a
surface of the substrate disposed on the substrate support assembly in the
processing chamber, and a RF power coupled to the processing chamber having
sufficient power to dissociate the gas mixture supplied into the processing
chamber and implant ions dissociated from the gas mixture into the substrate
surface, wherein the ions implanted into the substrate surface demagnetizing a

first portion of the magnetically susceptible layer disposed on the substrate.
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BRI EF DESCRI PTI ON OF THE DRAWNGS [0010] So that the manner in which the
above-recited features of the present invention can be understood in
detail, awvoonm/3esisi cul ar description of the invention, pomiustéig/osizoerari zed
above, may be had by reference to enbodi nents, sone of which are
illustrated in the appended drawi ngs. [0011] Figure 1 depicts one enbodi nent
of a plasma imersion ion inplantation tool suitable for practice one
enbodi ment of the present invention; [0012] Figure 2 depicts a flow diagram

i1l ustrat g DESERIPTRON DR THE DRBNVANEGSR | on inplantation process
accordi ngTto one enpodinent ofr the present invention; and [0013]Fi gures

3A- 3C ar e[ostdiematS@ thatdbevinangenin whishbther altaveatecitad |fea1$1res afde pfegend
met hod of inE/ieﬂHéﬁ gén be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings.

[0011] Figure 1 depicts one embodiment of a plasma immersion ion
implantation tool suitable for practice one embodiment of the present invention;
[0012] Figure 2 depicts a flow diagram illustrating a method for plasma
immersion ion implantation process according to one embodiment of the present
invention; and

[0013] Figures 3A-3C are schematic side views of a substrate at various
stages of the method of Figure 2.

[0014] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements disclosed in one embodiment may be
beneficially utilized on other embodiments without specific recitation.

[0015] It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally effective

embodiments.

DETAILED DESCRIPTION

[0016] Embodiments of the invention generally provide apparatus and methods

of forming magnetic and non-magnetic regions on magnetic media substrates for
hard disk drives. The apparatus and methods include modifying the magnetic
properties of the substrate by applying a plasma immersion ion implantation
process to implant ions into the substrate in a patterned manner to create
magnetic and non-magnetic domains with different magnetic properties detectable
by a magnetic head. The magnetic domains are separately addressable by a
magnetic head held in proximity to the substrate surface, enabling the magnetic
head to detect and affect the magnetic properties of an individual magnetic

domain. Embodiments of the invention include forming magnetic and non-
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[0014] To facilitate understanding, identical reference nunerals have been
used, where possible, to designate identical elenents that are comon to

t he figurwe.2oiossEscont enpl ated that el ements di scl osedPpcm/use@oestroei nent
may be beneficially utilized on other enbodi nents w thout specific
recitation. [0015]It is to be noted, however, that the appended draw ngs

Il lustrate only. tﬁgi cal enbodi nents of this invention and are therefore not
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[ 0016] Enbo nts of the invention generally provide apparatus and nethods
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[
manner to create nmagnetic and non-magnetic domains"w th different magnetic
propert i eénplantatioabpeodegusesyaguietnay redeal. beThusedatmethiowved oamsuissteate with

tel ddr.essabl e. .magneti c ad held in oxim t ath
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magneti ¢ phameer bedy ab2aihvinf b\Wdteah 10BIBab) ¢ 260 BRH BidEWRAS i1PPNd foieding he
i nvention include form ng nagneti c and non- rmagnetic domains on a

subst r at eafyocaSS de@ipB k1 Mk iA sebglialeesyrrst PESSIHOVNE2] dhsypPrPHgd dfom Hiee
substrat €bottom 124 of the chamber body 102 and is adapted to receive a substrate 302 for

processing. In one embodiment, the substrate support assembly 128 may include
an embedded heater element or cooling element (not shown) suitable for
controlling the temperature of the substrate 302 supported on the substrate
support assembly 128. In one embodiment, the temperature of the substrate
support assembly 128 may be controlled to prevent the substrate 302 from over
heating during the plasma immersion ion implantation process so as to maintain
the substrate 302 at a substantially constant temperature during the plasma
immersion ion implantation process. The temperature of the substrate support
assembly 128 may be controlled between about 30 degrees Celsius to about 200
degrees Celsius.

[0018] A gas distribution plate 130 is coupled to the top 126 of the chamber
body 102 facing the substrate support assembly 128. A pumping port 132 is
defined in the chamber body 102 and coupled to a vacuum pump 134. The
vacuum pump 134 is coupled through a throttle valve 136 to the pumping port
132. A process gas source 152 is coupled to the gas distribution plate 130 to
supply gaseous precursor compounds for processes performed on the substrate
302.

[0019] The chamber 100 depicted in Figure 1 further includes a plasma source
190. The plasma source 190 includes a pair of separate external reentrant
conduits 140, 140’ mounted on the outside of the top 126 of the chamber body
102 disposed transverse or orthogonal to one another. The first external conduit
140 has a first end 140a coupled to an opening 198 formed in the top 126 and is

in communication with a first side of the process region 104 in the chamber body
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[0017]Figure 1 is an isonetric drawi ng of a plasnma i mersion ion

i npl antation chanber that may be utilized to practice enbodi nents of the
present iwoentivses1sThe chanber of Figure 1 is useful forcparstaomssegs pl asnma
i mrersion ion inplantation procedures, but may al so be used to shower a
substrate with energetic ions w thout inplanting. The processing chanber
100 includes a chanber body 102 having a bottom 124, a top 126, and side
val |'s 12218AcAossapgdaenil ddObshasegnovperiag 1RB6scainleditte thaippri2tagndrivliy 128
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process gas source 152 are introduced through the overhead gas distribution
plate 130 into the process region 104. RF power source 146 is coupled from the
power applicators, i.e., core and coil, 142, 144 to gases supplied in the conduit
140, which creates a circulating plasma current in a first closed torroidal path
power source 146’ may be coupled from the other power applicators, i.e., core
and coil, 142’, 144’ to gases in the second conduit 140’, which creates a

circulating plasma current in a second closed torroidal path transverse (e.g.,
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correspondi ng one of the external reentrant conduits 140, 140'. The
conductive coils 144, 144' are coupled to respective RE power sources 146,
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interrupted by an insulating annular ring 150, 150" respectively that

i nterrupt Ertgn ot erwi se continuous electrical path between the two ends

140a, 1408Mpgagend hda the, i tprrgdal rr@thegrj@cﬁewde@réwﬁar patle ARGledes dBRdui t s
140, 140" godQH %Q@rﬁé( r%tenjérﬁﬁt SHORLIf 246 S ftﬁé;fpr (%S%%pfd?rl ig&j Jﬁroug anbl as

generator 154 coupl e e substrate suppor ssenb
i npedancecuaents inigachidf the pethsnestillatd e.g], (Dé@ﬂr]sé’rdureehsn)@stbs fieqakndies gf

gaseous c ounds,.su ied fromthe as_sour 52 are introduced
Phr ough & M GRABIRASE Ta SoHes (SRS SAOp T 46e WHU0" i DEHBS rueey HGBin

104. RF pg@e&t s g diftihés coupl ed fromthe power applicators, i.e., core
and coil, 142, 144 to gases supplied in the conduit 140, which creates a

circul ati [0@2¥jl asna aperation, a progess gss noikbseds povidsditl thpaahanmme‘rorsdhe ce

146" may dfro e ther at or.s

Ta5 | 1 aaPoc R Re o 82 s BB nE ERpoS Rt Inep Bies€ 88 ol at | ng
pl asma CURfNtoimprideSReRNEr GEAsHR tg@éé@'téabe Pidhizel aNG \Bfetted QoWard the
orthogonal) to the first torroidal The second torroidal path includes

t he secon8ulstfaienii2. ré/@rﬁlralbm@nrc@ﬁadﬁat mey beyeastinionirest 688 heegbed indae The
pl asma CULL SRbar '1@0‘9@03@%&& ret%tpc?ot r&%n?ss 8’f rlré'J‘ r%/e%?oﬂ %&%% Jg%ﬁ é{%}s{e&lﬁﬁgn) at

the frequencies o sources 146, y be

the same araysbeghéed rmfmd@théhumn angenamﬁdmerkry;btaa%hbrnxermr at Resctive pFocess
gas m xture |s rovided to the chanber fromthe process gas source 152.
Dependi ng &AM %‘ﬁ%dm?érﬂ‘ah% Uﬁ?@c'@%‘d@agoﬁﬁnﬁt ard TieagIQIRBHS, s8IGnast or

reactive gasesnd. hf?]%' |t§6ﬁ%éjr'{1fe%ma‘?§néom6 eh '&Gngﬂlﬂﬁ{; r?%tgﬁ %aﬂ%er 100

Virtually any ga tht may be easily 1'oni zed can be u
to practi centerrbm@hg&sntrwcbd)geme:annmemngr gasesSoorygeme contgaseg gddsEs, aybbe used
and enon ive or reactable

| ude hel i t ct
baces  nacontEing 6885 e PombinaBbaR tnaRr. F o8ie Coher SaScAEeoH, 425 ane.

phosphi neh?d% ehSg&d,| SRS gad’ 8hdCorbihBHERN tﬁ@r@bfi'nﬁ‘éy“%egmy IRabpgen
cont ai ni ng” gas, hydrogen contarnrng gases, oxygen cont’ai ni ng gases, carbon

cont ai ni n§ ¥Bentsn EMPBeRiA ea ighdetivativest analogseswanshhoaiolnes, Myt b@gen

R S T s ks A T

nmay be usembodiméie! bargeansoriddingRgas®s, s &% flebhﬁ@%rrmrorhe HeR@inihd
still other errbodr ments, hal ogen contai ni ng tg}ases such as fluorine or

chlorine @8srsulkf B3 gAa¥Pe Lxed BABY sibptanceuibatmaxie seastlyaperieaat angy be

readily v r n o} I

i denti cal ﬁ’r%‘? %éjrra(gngte Fggf I% @%&é@g"tﬁ)u eéﬂlﬂaa ngr ‘&?1%%@ t% ugT%t ?rﬂz?%ﬁé?,cla}fy be

used to rmulsdeptrbtelslaryagomhe:swsiw&er rdreydbmueetglnci)hmm@r;tﬁmgﬂenc pk@mmel s

i mrersion,_ion | t t ri des may. be use ch as sil ane,

borane, pHBLPAR %r@r@ ﬂ@r ?)/%f MEeFRieh 'm@ﬁﬂta@PHeﬁ\%ﬁWde'Q@S MAY o,

carbon di Bé'LQ%daé‘Lfr’ch% *éﬂé‘ném&ﬁéhge ictankqBAI THRRME ot offRF N FF
at’ their ef f €ct

power source 146, I'S operated SO t conbi’n
efficient hydrdie@sdéslsat ewbohelipride asd cgasws momppidesday bemstelde pr ocess gas

source 15 duces a_gdesi,r ion ux at, th urface strate
305 The PBRAr OrTiehaSHe” of SaH BRcpdbat sqlind e, d4B: i el 16 Tt dedib
level at whinshedheffeen HMAEEYY carmtééerrhef ﬁo%ﬁés@egaéé’é?%iﬁ)pgééeﬁor'?ﬁl(hé’e
accelerated toward the substrate surface and inplanted at a desired depth

bel ow t hePtasgss gdsaseurse 1 andbeioaddces 30debifed ioediuxeat thenswdarsenf ithe | on.
For exarrpgg%sty%té l%)geLl'ﬂE' o?lveyr of%\’e %:F Bloavéeéeneraf%l?q%h i5 cgntroffvodJ afj a%'eY tec? n

energy of "a
level at which the ion energy dissociated from the process gases may be

accelerated toward the substrate surface and implanted at a desired depth below
the top surface of the substrate 302 in a desired ion concentration. For example,

with relatively low RF power of about 100 W would give ion energy of about 200

-



eV. Dissociated ions with lowion energy may be inplanted at a shall ow
depth between about 1 A and about 500 A fromthe substrate surface.

Al t er nat iwel2g11/ds6gg8 bi as power of about 5000 Wwoul d gi peTiusRoienes2gy of
about 6 keV. The dissociated ions with high ion energy provided and
generated from high RF bias power, such as higher than about 100eV, may be
inplanted intQ the substrate having a depth substantially over 500A depth
from t he §¥bdlissaciated ipae avith fpw N @nsedy mav betinwlditad dtra shadewsigihi ed

to the ch t 7 ,midi ch
equat es tg%eﬁ%?%? ganﬁ%rp@?ygt'&&%%]ﬁ@?\bdﬁ fa%%%’tﬁ Hgé?(e%?&f%%f’\m%eas
di srupt i nbiasheoater gofmabbub 5000 M/ cweplidngiven isel @wdrgy praboan s dde\t. h€he

magnetic layer. is desired, . ion inplant with relativel igh energy, such as
bet ween aB@éPC'EW Lhs N Risgutonsenegy RIPviged gghe! efgé%nb '%%ﬁ%ﬁt 4.8
keV, such e ?@QKt kKgy,i | &2 5
keV, may Bgﬁlsggéwa%hegﬁ%rnﬁ}aﬁa%@gﬂdg t ’en%gnfﬁ%/érln{pg% tﬁ%qﬁ@a@&%ﬁgg
power andh&fngladepttbsasstaotimly aiessiiliadeptrefrent thensulesithte susfaca. trhengas

m xture, inparts esired mentumtao the jons, and generates a desired
Ton i st r PTRREITRE T 106, 0145r B LSt UARLREAD thBGTHIHET TR O, RS BreRB PG
driven tovwap §vatieasdRBblEYE0S WALRS WhithBheMEstIRbRBhEREY Heteeh BbBut HEO
substrate in a desired ion concentration, distribution'and depth fromthe

subst r at ee¥Y@ndaakout|/nkeMbne enbodi ment's, ions may be inplanted at a

Gept h bRl r oNERs S RlNgnEBBRR BB AR e St e R s2s RT RO fie Bhees
of the magremayrctyebyel ROABIREASIDAR INBIBRS Woth @i ihigh iepefgydegmhyasn the
magneti c | ayer causes the nost change in the nmagnetic properties of the

i mpl ant edPaaen abarA00heN ians abrut Skel. asbotvesmahow 016\ ansh i Bayer,
il eavged SidNhE beRlbebELED KBy LG abBYEH KA/, 9 %Q@Bhs@%ﬁéﬁt%ds%‘%ﬁgy th

atomc spinin I gnmen a shal'low I nplant 'w't avi ng ener
bet ween abmytb@BekN At adobinalicfG thy csinttrolled Ufe ptagpad sbalcechangeahd t he

magneti c operties. Thus, the degree of change nmay be sel ected by tuning
t he dept h&%ﬂﬁ?ﬂ@ai RAVEr ¢1$80CiAS ¢ecirgns BS?@P% RghasRsdNYe. BIRAISAf ect

the ener gycBREARTHhENIUIP G he 1IBRS 584 gqewevaesdaerafeeireg%n Gafaﬁehgfon felthaim

ions inplanted into a nmagnetic nmateri at an average energy of about 200
eV wil | deregseingzenarneemdgbel he ions aredliaggd abdudridptdavardbibet sEiitate and

oo L on L AL A R B L R4St e bt

noted t hadistritutioAngndideptil edrh Rhé PbasER 5INEEST AR ddife IdbENERND Nons
may be implanted at a concentration between about 10'® atoms/cm® and about
10%® atoms/cm?® at a depth ranging from about 1 nm to about 100 nm, depending
on the thickness of the magnetic layer.
[0025] Plasma immersion implanting ions deeply in the magnetic layer causes
the most change in the magnetic properties of the implanted area. A shallow
implant, such as 2-10 nm in a 100 nm thick layer, will leave a significant portion of
the layer below the implanted area with atomic spin in alignment. Such a shallow
implant with ions having energy between about 200 eV and about 1,000 eV will
cause a partial change to the magnetic properties. Thus, the degree of change
may be selected by tuning the depth of the implant. The size of ion being
implanted will also affect the energy needed to implant ions to a given depth. For
example, helium ions implanted into a magnetic material at an average energy of

about 200 eV will demagnetize the magnetic material by about 20% to about 50%,



process, as described herein, are generated froma plasma fornmed by
applying a high voltage RF or any other forns of EMfield (m crowave or DC)
to a procwengseianber. The plasma di ssoci ated i ons ar ecrhmspolbioszee t oward
the substrate surface and inplanted into a certain desired depth fromthe
substrate surface. The conventional ion inplantation processing chanber
~utilizing ion guns or ion beans accelerates a majority of ions up to a
certai n eded g§rgodsuens ngnlantegpehndn ngveregel enatadd afodbolht b0B0 ceWt avik
deeper regj : S r t,0, 1 i i npl anted by the
pl asma i d rﬁgpﬁétlélegﬁ]ei 'ﬁfgééént?éaﬁa&%%é&gc%?ﬁg?r{‘gtq %@%‘hm‘h ded in the plasm
i nrer si onpobgs) | MYl isModéd €at RIN® @R RSPravidedtinGeplasald inrhalstoraiopariplantktogner gy
distribution as the ions in conventional beam iners. Due to several
factors, RBiQERSsAs das@HIad Rereiy argaseesatefram aplagmectosneddacapriidovar yi ng
i ntensi ty; I L g Wolo TR t I asma
L ons havedn VEfags FIZbt AR Mo 8 B el GREIMAAR o D27 Io Shrfbedif e
i on concecharabéonTips gflasreaf dissedaicd idre aubsheatisabyd dopbes the i sustigiteon i on
the iop_concentration profile fornmed

i mpl antation process is different from
n the subdack ad§nalaRiskUBH f GREP GReiTesienth o e LoSIiAlF syTRRRNTRS

wherein t J b ; dm% 1143 40 | ati ocess
is nostl y&ﬁ?\}se;h ??Balﬁghqc @etgt%{%ﬂ F ﬁ)eogéﬁflgzccr‘e 0 ltslfl;[giizlsri @P r%ﬁh‘?re%rﬂéi ons
i mpl ant edadneleratess envejoiitynal idren upnbd antcartiaom gneogie ssuljng hiamaplanting

Furthernore, .th ner requi,red,to perform | a i mrersion |

| npl ant at FEPIGARGOS Tt 3 CEMPRAPTRL regBR g thesUPrBate: BSSHABREI R then gun
(or an iognBeipiPlanted byRhanslasmaninkmeefiss - iod NtndastaBbn §HBEEYs.T €TiNé rigfls f rom
the conventional ion gun (or an ion beam ion inplantation process can
provi de i pieyidsid iR thegﬁ@sma HpMETs N ion imp@Enigtiaropinoess det koti grnerallyibayrr

ol ant at F QNP URE ST PiiiRaRs s iOR WERbore R SRR TS, B

i npl ant i ngeveRgluFdctors| esgheasrion tsllidions, pictekbetipbasn@ pravessispack oand

i npl antation process sq that the ions generated fromthe plasma can be

ef fi ci ent YYEENDISISIE T Argeierpinghpésmentieldaa rsigniticant| faciivacvplaerperons om
the substpaje Uéhéfggf spfedf E!|oW%' %ﬂzosBl ft° TBrd MO%' e(?g)é.' ARCHENAN #ld 9ok
process provides an “€conom cal efricient Ton inplantation pr ss, as
conpar ed tandemérationv prafil@n@irmedoin gie/ sedstraten bynd aplbatiaoimpreysiess o 0
inplant ions into a substrate surface at desired depth with |ess energy and
Ut act UPIPIRBSHION FEBBARGUE et dET dDS 181 [oBRPBT AGMAT TS deThed ihga
process 2{thdiRite byPhagsRveniBRAIS Io(h”imiﬁ’lantdﬁéhaﬁltc%b‘sgiﬂgp&%ﬁﬁér, aGIR&EsH Mk tO
one enbodi nent of "the present invention. Figures 3A-3C are schematic

cr oss- seciohsniamplanteds byf thehplasuha timsoersRop ien irplantationst pigeesofis tmestly ocess

f Fi 2..Th 200 | ' be. f d | |
imer o ord Rt Ui BERE B R i scel e SR WEiD B, S inyfa@aler HE
chanber 1g8hvestigdralCidrpaehgianthtiGn ! Srokesdihgl 8h&@BEE MPuRthefmbRat tHhenir@gess

200 may be perfornmed in other suitable plasma i mersion ion inplantation
syst ens, feqeireditagperionsea plasmaim@ersian iemdnplastation poeesTircless dear the oo

begi ns at . Qi . st rat e s t. 2, in
the. pr ooy et iqhaY 28 Bn HBEle itk on iinE sl fuftiHahf Fifoetd
conpri sedTieé higheal ertargglregsireds ffont tine codheéstidnal dorbigluk (whteer ionl bead) n@t al

al I oys or, caonposite glass, such as glass/ceranic blends. In one enbodi nent,
the subst'ﬂ&i'@”tﬁmnhﬁg’cﬁsﬁa@ﬁ@t PEAiy onsc iy Hligheraymplasdation sried &ver a
base | aye | $ed8s r

mat eri al ;g%riﬁﬁaggT@été;ﬁéé%+rgr>sé§For§Q§gn%ﬁ g , or E%kécﬁlﬁ@?%atlﬁo%#ﬁpﬁé{f g%%w#% base
| ayer 303inpnessiateorsimpiabiatiah mbcessutilizangl Rfo pdwad e silasma aisdoeiate ions
magnetical ly. susceptible.layer 304, and is generally magneticall. .

| mper meabicé’ ITRANMIGnIREER 1os5, Siifrgy vist yllel (e RIETR: IBTTBBeY (97bs.
For exanpi h Dt j i i i b ase
ayer 303 e R o B o e <
about 1. 2cargrddled ROG2@0Ataetedndntot Ac telbtvaly sshestavb| defthytsom3dide | subpinade al | y
formed fro one£r ng.re ferromagnetic.mat.eri.al S IF sonme enbodi mants t he
magnet i catYNASuLAEATIROY. | RigPaztimERHRT | QRsMPIANEHaN | RIOCEES |RIOYWAES 1l ng
the sanme @ordnitar Eicict® THP inblitatidm peotes8Magdédmphred e tHE@BRYERRINaY
suscepti bl e | ayer 304 conprises a first layer 308 and a second | ayer 306,
wherein the first layer 308 is a soft npagnetic material, which is generally
defined as a material with | ow magnetic coercivity, and the second | ayer
306 has higher coercivity than the first |ayer 308. In sonme enbodi nents,
the first |ayer 308 may conprise iron, nickel, platinum or comnbinations
thereof. In some enbodi nents, the first |layer 308 may conprise a plurality

Y o o L, N o o - - r r o " o "



chromum platinum tantalum iron, terbium gadolinium or conbinations
thereof. The second | ayer 306 may al so conprise a plurality of sub-Ilayers
(not showwd 2havisegyst he sane or different conpositions. POTarseo1emb2dé nent ,
the magnetically susceptible |ayer 304 conprises a first layer 308 of iron
or iron/nickel alloy having a thickness between about 100 nm and about

1, 000 nm%%lngr@/gand second | ayer 306 that conprises chrom um cobalt,

pl ati num PARY o5 EHE? Pragessnty R ﬁnk'Qﬁéé@Ob%ﬁ\A@F?tﬁﬁb'ﬂﬁcg@tnm

and about dGraiesAli RSt pAnIMariBoh Ay 5y 306, 308 may be formed by

any swtabl e met hod, suc si cal vapor deposition, or sputtering,
chem cal {08@Ur dd"pgslet2cdeplqj$asﬂmNei1ﬂgian'edlusﬂnahmg:alpma@$HZG@pﬁorsatplzmma

t | ati b t h | trol dth
Pke. T oosBerdadiohamBlar cherSeasa shrrisiia B Bhe TREsTalT A4S Biesent ne
magnet i caldyentys Cﬁiphfé&' Al BFe fMbmdiecroBskebidfdIvdwsdPtneSsUtRtLES Bed to

form openi ngs 312 to expose unmasked first portions 316 of the underlying
magnet i caPf yakeiscelageblat thepercessofffdguier dcbhks png:esw%)(hlasctorrﬁrgumd td bg10

ayer  s0aPROGHER 71 shPBerg R maL i TnfalBhoN MeERE shAfeet SRR " ©

nmasked anthalprireksgrsianisdrs1Gl8s d@&6risdd ImEigim@nett |§aidn1/erﬁy|%f@:pthd@|tﬁel ayer
304 so as to form domains of varying magnetic activity after further

processi nBIOCEsE #RSKk May ebe 3perfg aln yothehpyuiteble apiaamer iigmersign dan be
readily r égpat $y§ n{'él [aawm tEB ?ﬁ%p‘fS{hﬁ Og%fg&apqutl ble |ayer 304, or

a materla vers evi ce propertles if it is

not rermvgm)zs]For E@m@sslmmﬁe@nerﬂnwmﬁﬂfz&)y plwidingla saystratd1€udrsas
soluble i | vent 1iquid, such as water or h drocarbon. | n sone

enbodi mentne Y s straies 1802ay8r they Precessing i vsters 4@ dubere gebadimenturthe e
liquid, p@&&éré}schoqyb@%ﬂp?@bd'mﬁéﬂai OWPH%s sﬂi.e&a?'&é%ctr%nﬂuwg%navangat' ng
ayer 310 1s a a

or WV exposure. The nask so resist'ant to degradation
i nci dent eredalgyalioys eoercgnmbmsiieorgiass,nssdnreasen@ladsﬁmerﬂrel,c tbﬂmwdsasklm agee 310

bI t th I th il
1 ow pri oFTRSeBREHg Tt BEFERIE e hoSEs BirdhsticoRis FesPLp sriekon SDEHEPBRE o
processeso@ét arb&4H ilfgr $@3)311@%a§38|5 Leyes élgeﬁ@rﬁu;b %a‘éﬁu&tim@alfy' §8bng
portions 316 defined by the openings 3 2 conpl etely exposed for proceSS|ng

and the sBwderRlpoichi aheetalgglassecedmmict br 8 aambination giemofrérﬂf b@@felay:em to
A
ok | ayerd18 oS et @l Sendnaref’ (b BRI 58, Jaiiqtigaly©

unmasked, sudtdptiblehelageheBopor bh@nss a @nmﬂyednagh@nd‘anystumlp@rrheglsl@ a&ﬁh of

;
t he substrate 302 may then be exposeg to energy to alter the nagnetic
propert i e@'aﬁ?agr}?é'cuﬁﬁﬁ’@l&’eﬂerﬁdo‘ﬂ@?bﬁywégn@ﬂbﬁr%ﬁfdﬁﬁal Fef e?‘ﬁ@%s‘ﬂ sospRr

iavy |1 e SHEBLERERS e L Hgeoptbiurl o Bk 1800”300, ey o

support i ngO§t(meagagdehmssmsmtlbmtyemfczdam|mjmls about22x107).
[0029] The magnetically susceptible layer 304 is generally formed from one or
more ferromagnetic materials. In some embodiments, the magnetically
susceptible layer 304 comprises a plurality of layers having the same or different
composition. In one embodiment, the magnetically susceptible layer 304
comprises a first layer 308 and a second layer 306, wherein the first layer 308 is a
soft magnetic material, which is generally defined as a material with low magnetic
coercivity, and the second layer 306 has higher coercivity than the first layer 308.
In some embodiments, the first layer 308 may comprise iron, nickel, platinum, or
combinations thereof. In some embodiments, the first layer 308 may comprise a
plurality of sub-layers (not shown) having the same or different compositions. The

second layer 306 may also comprise a variety of materials, such as cobalt,

10



[ 0032] At step 204, a plasma imersion ion inplantation process is perforned
to inplant ions into the first portions 316 of the substrate 302

unpr ot ectwo 2by/asbsasmask | ayer 310, as shown by the arrowrc3is2aeps2zoed in
Figure 3B. The plasma imersion ion inplantation process may be perforned
to inplant ions into unmasked regions 316 of the magnetically susceptible

| ayer 304 to nodify the nmagnetic, pro ertles of the magnetically susceptible
| ayer 304¢h fﬂﬁ@urfbrpiatw d\@@g%%matr@a SibiUAY GRASHBRIED . ) caaRipationpthereof.

directed e d
portions gﬁéa%%obﬁelaiapﬁgtéﬁ@gygg%u%ﬂg) ?;&Qﬁﬁahg}‘ ggﬁbgé?é}%e@og ﬁ}éﬁ
oEenl ngs Bé\?inlg}‘the hyammskdgfhayemt c&itﬁpos&b(qm&l hgohdaesnnhsmt&mlead tpenﬁagmreilcéllﬁdof

t he magnetica suscepti bl e layer 304 to ener soci ate
ons w1 | SUSRAHIS Y Beg0h COMRIRER ot SalY o ARBY OEo SHBIKE! BRI G
when the B'tﬁﬁfﬁﬁe@é“?fe%eéﬁ‘%btoﬂf 190SKRACHRY %du‘f’ﬁsodc?%ﬁ? ?Lcﬂrf] 6h8™ skBb 5' ty
to stinulate thernmal notion of the atons I n thé nmagneti y suscept i

| ayer 304layEne&dQfy thdioeemprises tchrcvmtumn ,esolodlt) lalatlnmmeodlcsasﬂnmatom thmsof
irrplantedlntothe tlcaII t|b| 304 wi n ethe
s di r eBPVBA AGRESE BehESen BhaLT AT RG Suf AhBHETP A Heh AR AR IET fim
properti esheflafdia 3@6eBO@'maM@“I%ﬁ'm%dSW%ﬂptédﬂab!é YndtRod h@u&ﬁ%@ | aisliba\{m' ch

a material wl acquire magnetl sm when expose to a magnetl c fie
Modi i cat Vaperofiepasitionnes kerutigsingi ahenscal yapohsepagition mStrya@nbeeped bl e

(oY ot ect et ef YoRal Aendf® s SRl -Gy Rl DE BT SRpfORSE oa

by the nagsledngyand 8d)ke. The pattern may be recogni zed as unnodi fi ed domai ns
318 of magnetic material and nodified domains 316 of the non- 4?rgetl C

mat eri al , [0880lunnmddi Mgk 'ﬂi‘@'ﬁ%{l%ﬁs:”EQS'SOﬁphli'% tragRetiPRer istrfacandi4oel thed
domai ns 3 0 n f

magnet; ¢ SoSeieAl; FRAEPLLE b8t B043THENRR RSP BI0TS pettnfa B Kim
suscept i bopétipgs AGdD_r dko ngkposebyumrhaskeddfiat ppogionsr @ge off thpd asnderhygmer gy

to inplant su elonseies th a desired rmunt into.the neti cal |
L oscant | DMsana)erlieiseopTibe atiTclid R pariesiriss TE Atk il i prgrects °2 1Y
suscepti by kayshd %‘hu&?é“ 348 &f fmecwfab'r%.nggﬁ@%ucaw g, rﬁféﬁpn fégam&d to

form desired magnet'ic and non-nmagnetic 318, 316 o strate
302. [003Biatked cfamarb@mg gnisceésgeidndimig, ite anasie laywgriktd defihgs suaskept and e

| ayer 304 ma nge,. t he g roperti.es,of the etic
suscept | biEmPsfer Raioea TBIRTh of JRe MREhAFRNY e B NG B B as to
phosphor uormaBEmise Bf &andng . mégrhétld“ébtl\ﬂﬂ/' wfteARGEHErzgrodBesiAg] CTABIMRALK near
the inplant sites, but also inpart their own magnetic properties to the
surface, lB¥SUIXOngeneraiyagerrisasgAehaterial dpak pa@sbe sedilyateraeyedméthogt ng of
t he magne S I ennor e,
the 1 nor mafS TS BGRBGeRl SusBuRtle ler 68, BB A M B SRy
i mpi ngi ngaffectp s ndewicerheroderiets fiff dic és snatayermbaes erFdti eRamplesndY gaey t he
energetic i ons to the magnetic surface, thereby induci ng differenti al

h

randoni za®MeRABReRtsg e Maskdaysit 1 Qv ?P'éa'@h'nc%ﬁplvgnbhqw SYEbes WRIREPAg t he
magneti c d ofsp k. h g I tible | ayer
304 as vl [OTOFR R O SO aftddBtel by R ORGRL A X MFpfEn (e
suscept i bsmbsrtr;atefast aecunalgadiguch| pautesusd:éwt plinfsécal amprlnBMhrmyemplatedmm@d
and/or elinna by. exposyre and bo rdnent to a mxture ¢ r|S| ng
o cast SRR ByehediR B PG eSS AR Lhen )i MYt onT i i AGOGIES IR (S

bel i eved &I@@ta bhen h@;) ﬂgﬁdbrﬁoé'ﬁékbi?'d}geﬂé'r@eﬁé%hé edpy @oh@eeﬂ%dﬁ‘héﬁt‘ér ?hé"a”
slightly etCch the surface of the unmaskéd region 316, facilitating

penetrat i msad@xeemasm tsta)cuwéalemgaiernalcamryas memnxywrethbayeplastl@pomnerhe
sarretirre ”3 dro gntalnln % hl%ﬁl gdlnthe g% mxture %
2esist oty b RO 1 B, Glicth A58 ufit HiaViEE ol 365 PR b listafity ¢ e
hal ogen cp,@c@ggéggﬁg,a@,m{dﬁereby mai nt ai ning the overall thickness and

t opography of the magnetically susceptible I%yer 304 remai ned unchanged.
[ 0034] I n BA¥Ienbddienttask lauet 8 0emeyarpredheffiirsheoriansgdtb cefinet ihgheyas

suppl i ed e |i

Sui t abl e %;Qerli ng%gﬂo%f g{”ﬁé‘éﬁl&r%c’%g@ ﬁf ijrﬁ%%g&%ga? é %@I g%%)aqqﬁp{)ﬁ@na iﬁs
mxture i m}eude Vviatis a BHor thickmasitifayect$i0 & prdtécetie beond lsertioner318
exanpl e, in an enbodi ment wherein BF3 gas is utilized as the hal ogen

contai ning gas supplied in the gas mxtyyre during the plasma i mrersion ion
i npl antation process, the BF3 gas is dissociated by the RF energy supplied
into the processing chanber, fornms fluorine active species and boron active
species. It is believed that the fluorine active species w ||



slightly etch the surface of the magnetically susceptible |ayer 304
unprotected by the nask | ayer 310 while incorporating the boron species

i nto the wagnatdsessl y suscepti bl e |ayer 304 which nodi f ipes/usbh@omsnet i C
properties of the unnmasked region 316 of the magnetically susceptible |ayer
304. The inplanted boron el enments may random ze the spin direction of the
atons in the unmasked region 316 of the magnetically susceptible |ayer 304,
reduci ng HAAY Being| prerastath f\ackedinalyntiea m?ﬁﬁdeﬁert?»& MAY kerP FAERIHANS y

suscepti bHe Hea&%st%ﬁ %Och?a erlaggxmrﬂ%k@ﬁyg)ﬂllmﬁg%%&r OEBhE Pd Gnddkdne

magnetically susce rogen active speci eS provided by

t he hydro@ae fm@trpc&tlmmm@@ﬂmwbst@de i302trhay ga&sn bla)etpreedr&yeaé@ysm alter
repairing i bonds forped by the attack of the fluorine active

d |
speci es, _HRTeg)ele BraseriiRs Shsi imasker RaTBoss 3G dnsn emovalhal e ask
001 ons. Ao mnOkECl filae B RSHANE orthl 1 SBIEDAY i BYSRPRAD

cont ai ni ng’gas supplied during asma IPmrer si ant at’i’on

process npgttef of:maﬂgrieyicpammmm naghetnc Icmymmsfcamablaa@tflsmppbety@r stonagdne
substrate surgace thereq? _@? |zst| ng inplanting ions into the substrate
wi t hout aHGBFILES | XE855iNd B Managi ng the topography of the substrate

surface. *&32&5 ngtieded DAY, brtﬂaérhb'?mﬂ’ié}g%ﬁtlbﬁﬁml Wﬁétld@kﬂrd&%%sfi@ &rformed

permanent 'y deposited |'ayer ‘and may be etched or cleaned away as needed to
assi st gotﬂdlrmdant winsdnta the fret padions cpidyobibieys distrate 30@gmarotestad by the

bl o 35 nb th d f
Che one. sk EYers 'eas ABouh Bt ploRne A CeRistd it PP EaciE L A o
304 to a pepkhsioh ieh hﬁpl&htaml@ﬂugr&%%sof"ndyh@)eob@H@h’ne&i hicc ki@t Olonk hiato

magnetical ly susceptible |ayer In one enbodi ment, the ions are
i npl ant edudi@agkepeaiops Hif wedhe Apeanctvalnswuseepifdatiape 304 fie gnpdife the

| bl
Paver SberPPERE g Bl R ARy Sl LI 408 e URECRLAL

second | agissodated inhthei prasessipg hasbizst 00 lsadjlkectedrpbwatdeﬂwe Sdilsstidte J02r st
| ayer 306a§§|uch .as to a depth between about 2 nm and about 17 nm from t he

substrate rmﬁg%f’r hd ﬁ'&&ﬁ@%%lq']}“%ﬂ‘se@emqﬁﬂﬁr@ | ShPerof 3the n[l%ﬂﬁﬁuceﬂy one
enbodi ”Enéusée'bgal . I XBY4 &g ] 'Tb‘?d}]h%”d Qm%rsO%%Sbfggﬁgfékﬂ%?&{_g@g" Uﬂre

an inert gas e exanpl es rt |gas inc
and the | Ekposingéhe nentasged predjorpy 31 oé thd magnetibalivbausteptiblei lay¢ha04 &s

her eby' + BRI YRETDH PO T eEgntT RAL s5iaRy PBARGBatsaeT anenanas he
2011/ 0568%@%@%&@&@@5@9%[@@3&3@% PRV el afssoRRAS] oNE 1Bkch

i nductive ower power, el ectromagneti’c energy, or nagnetron
sputteri ngufﬁmt tensipplta stimuiate theemak owsiosi eigthenhaieves in dioe toagnaticetly

i ssoci at POLBRBILRIRAD 540 Erehdl BpRTER Bhin SR eRn MBIt S ag i dans
el ectric imghatear tdocthe MingapitaliynSugcdplibRy |dyfer e3@L tvill cahdbimage tie tdpn

substrate support or to a gas inlet above the substrate support, or both.
In some efeiorert dhe tHeMsodsdueipI ey slimjnatingdtheo madResis RiePerissonl #he mass

e 7L R Mg R TRIERTEE 8, 03520 M) A iare acamRet
magnetism when exposed to a magnetic field. Modn‘lcatlon of the unmasked
portions 316 of the magnetically susceptible layer 304 creates a pattern of
domains defined by the unmodified zones 318 (protected by the mask layer 310)
and the modified zones 316 (unprotected by the mask layer 310). The pattern may
be recognized as unmodified domains 318 of magnetic material and modified
domains 316 of the non-magnetic material, or unmodified domains 318 of high
magnetic field and modified domains 316 of low magnetic field, or unmodified
domains 318 of high magnetic susceptibility and modified domains 316 of low

magnetic susceptibility. Accordingly, by choosing a proper range of plasma
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[0038] I n one enbodi nent, the hydrogen containing gas in the gas m xture may
be supplied into the processing chanber at a flow rate between about 10
sccm and wbaot1/BeAssccm and the fluorine containi ng gasPCH/USb@o®sR06n Xt ur e
may be supplied into the processing chanber at a flow rate between about 5
sccm and about 350 sccm The chanber pressure is generally naintained

bet ween about 4 niforr and about 100 mTlorr, such as about 10 mTorr.

[ 0039] | on§NeYdR '%"%Iﬁuﬂﬁ?'eH?BrS@@éﬁs Vﬂﬂy@éjr‘ﬁs"ﬁijﬁ%ﬁﬂ,'niﬁ’dhéﬁpa%%ﬂbr us,

arsenic, §f Jii i i Rl ald " : [ alter
ch n;gne%?%wgrtlg%erlat%}ielés% tgesﬁlbd {f‘l}éﬁ%éﬂéﬁ%%&%}‘n&e l?(ia ertllé;?@ g’y%g%?tl; n% t he
pl asna di Byeci304 @anpbecefiisiedtly i regutbe, Bfimitated gerchangédrtopformesiesirdte

lectric field,. i ded by t RF b itivel i nducti vel
coupl ed" f BIPOIGIBASHEr TRURPYS HGMATE S1nES SRS IBE d scharge 11 el d
or an al t posft i narfd gbgantShehs ﬁlﬁpiﬁgig?{mfd ﬁ+edma§bbg§a@t§5§eegp%%§ B/ Sogner oy

may be applied to a precursor gas ailning a these

gener at e Mmayschangeotte emgrditingpropeites ehthegnageeticallyasuscepdivlea fayer i304zed
for magnetic nedi um.npl ant,. such as_between about 0.2 keV and about .4.8
eV, Tor ERbRARDPI AP iats Tuefe an ot ceiaRmtiowss (kT grenis ks il

ener get i Cnbtodsm{//md&ﬂize_ Abgesis mdmaiteabhl &l intiast SfesPBLIGISH iAPAHth&P V
and about 500 is applied to the substrate support, t he gas distributor,
or both, ewWndiagneticap@peries orivetswiace. taselitigistchangeduppanatiowpropettias,

desired e e i ; lectrigal. hi i I to
oni 2ot nESST §3cAdmBgEAE ! BB hduntituk, SR-Eb Rl JRYEE BE et el <
used to imyiae Fltharneresthedhermanemergy eirtabéngpes o dieddy breaRNEMrifmi
field and a | owfrequency Rf field are provided to ionize the process gas

and bi as H%el0BURRINAURG OF Rlasspa bombardingnt precgsenegy trrapler kinglicneday ot a

frequency - NG, a;npower e ut ; t
5,000 W %h%](cj ét%e@?%%rn %qggné@@f %ﬁ%ggleﬁ(‘é’ %?@%‘%%ESH%%IBX ?rg eque‘%ﬁ\ééﬁgé%gn
about 1, OGhddmizaatibralod rhagfetidHmanhemats pwitk redotv ebllibietywtiesrebi oeHangfhg/Miaand
about 200 W_ Epergetic ions may be generated by ap ipductively cou

cleotri o MANGUEPoRRHERG dEvedioBaIGel i BRPReUA DI RGGHLEN (FYRIasH ve
coi | povesgeydly IRlbnROYRbolIRt AR Ethe2RRIgheBIMWB e RBGHELIE S0sMptibiiRy 'ofige t hus
produced will generally be accelerated toward the Substrate by asing the
subst r at emagnaticgily stisseplibletlayeradddemay hicoeduaedaad/qradindhatedsynexposure

enbodi nen eration,of ions. be pul sed., ,Power be applied to the
pl asma so%rﬁ%g% a@m&é?git? 8P Wéx?ﬁénaomﬁgﬁ'ngiastc%ﬂ%ﬁ? @gg}/glegrcoéﬁg@g]gr & tine.
Power cychhdt Mgdrdyen’ epstairtsy fuzis. at #ebeli@@dtidietheOhaleyeh &ontdinidgdgss r ed

frequency and duty cycle. In nmany enbodi nents, the plasm may be pul sed at

a frequengyPriedviedhegrsumixdure £2N shahthbeieh theonofase, ofsthenunsaghadiagiombout
e oo 1 MR e Borckty 81 DEBEE A B Sk B SR UL 0 8
cycl e) bethsesamabtimie, 10806ayritogdro won&fing Sy sapplisd Wedhe e inidd?e angy about
70% | 004%4.3'?& ngr%%gzg t ’in%éaeiFiné rI]a?yel?lozitls e eitc edr gtﬂr?gcei‘ gtrt]aci:krgal k%/n’}haetri\aolgggl{ 0cess
is
containing gas, thereby maintaining the overall thickness and topography of the
magnetically susceptible layer 304 remained unchanged.
[0034] In one embodiment, suitable examples of the halogen containing gas
supplied in the gas mixture include BF3;, BCls, CF4, SiF4 and the like. Suitable
examples of the hydrogen containing gas supplied in the gas mixture include BHs,
BoHs, P2Hs, PH3, CHy4, SiH, and the like. For example, in an embodiment wherein
BF3 gas is utilized as the halogen containing gas supplied in the gas mixture
during the plasma immersion ion implantation process, the BF; gas is dissociated
by the RF energy supplied into the processing chamber, forms fluorine active

species and boron active species. It is believed that the fluorine active species will
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conpl eted, the mask layer 310 is then renoved fromthe substrate surface,

| eaving the substrate with the magnetically susceptible | ayer 304 having a
pattern oVodormisessdefi ned by unnodified regions 318 (ePgT/USo®EQOEI20E€
dormain) and nodified regions 316 (e.g., non-magnetic domain), wherein the
nodi fied regions 316 have | ower magnetic activity than the unnodified
regions 318, as shown in Figure 3C. The nmask | ayer 310 nmay be renoved by
et chi ng wslightly etpbrithe stifacesf thie aagnaticabueusegntivle layen3@érunpratgcirtyhet i ¢

mat eri al s, s ean] - | rocess. O i A in a
et 2 Sing g S50 A B  TuSn Ay

per manent sgsgeptibld @yepBO4hahiohgnRidifid the et fropettrigest B34 unin2BrRed aphy
of the magnetically susceptible |ayer 304 after patterning is substantially

i dent i cal fagion t31& qfolieaphgonsticety” pacestiplendpyear 0044 Aheubeplaated HaiPhg a

. . _ ; . . Cd .
chanber . ST SR Falidorn 2 he CoRPAFECidTES BRatomdl e ikt Riigies! no
subst r at e3P egfathedmiagnetieallyr sossptithes daydredDpbmdaicirigt Bndel esliemnating ahéi gur e
2 is subjected . to a I.a% téor med fromgﬁggs I Xt ure cont ai ni ng boron and

fluorine MAYEEHE BIPRRIHE ERUElE eRtR I\ iMe dneiePYBOMBINGaR. The

process CRaRhes S ihS i ae , bi
vol t age i E abou r%%k?\é/)ﬁ?atdﬂesggumgt’h%om%qé?&gg%u%&go@éﬂ%t tlé{&t @4891;&3% S

provi ded hydragéh@etivatspeofesgiyovide8ys thenhypdrdgeneoBdiBingagasi sugpliediiddbe at  a
flowrate of about 30 sccm.and the ipnplant ti L s abouyt 40 seconds., Boron
| ons wer 9PBUMRIUTG (BN oTTattorGRAY it taRelng bards, totue By dhe 3ack, o the o
depth of AbeHKe 28LthE spedies, qaéréﬂgy BLBAN§C sHRthihg bhitheCXamBte &0 the
suppl ement plasma formation. [0043] Accordingly, processes and apparatus of

form ng piiRlenies iregiondi 346 nagpreteciedindy nibe- magietlayerddifi nEhesarase, the

avant agontitPyUFERHaiBlrS 4 pABRISD Ry HO% Wit Bt oy B higngtisn oo

subst r at epityceds phag effidiemer pravideé @nthimmayasit oft ptedliopCRFer ioh tepaliistiated
manner to create magnetic and non-nmagnetic domains with different nmagnetic

proper t i eS8UTRGS. NBFEYe AFPIRENG HEPIBPBG! ity nde thResunsiate avithout Gliersaiy | e
further - eotaang of dabpdiz H SRR Y g e Ll Y R s heEL 1t e £ o
t he basi cthee ppetettimT kagér may not be a permanently deposited layer and may be etched
or cleaned away as needed to assist good control of the surface topography of the
magnetically susceptible layer 304.
[0035] In one embodiment, the ions dissociated from the gas mixture may be
implanted into the magnetically susceptible layer 304 to a depth of at least about
50% of the overall thickness of the magnetically susceptible layer 304. In one
embodiment, the ions are implanted to a depth of between about 5 nm and about
30 nm from the substrate surface. In the embodiment wherein the magnetically
susceptible layer 304 is in the form of two layers, such as the first layer 306 and
the second layer 308, the ions may be substantially implanted into the first layer
306, such as to a depth between about 2 nm and about 17 nm from the substrate
surface of the magnetically susceptible layer 304.
[0036] In one embodiment, the gas mixture supplied during processing may
further include an inert gas. Suitable examples of the inert gas include N», Ar, He
Xe, Kr and the like. The inert gas may promote the ion bombardment in the gas
mixture, thereby increasing the probability of process gas collision, thereby

resulting in reduced recombination of ion species.
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What is clainmed is: 1. Anethod of formng a pattern of magnetic domains

on a magnetically susceptible material disposed on a substrate, conprising:

exposi ng woRnrigtsegasrti on of a magnetically suscepti bl e lpayars2a10/0852pé asnma

formed froma gas mxture for a tinme sufficient to nodify a magnetic

property of the first portion of the magnetically susceptible |ayer exposed

t hrough a_nask I%%ﬁfroma first state to a second state, wherein the gas
t

m xture i WO%des PPVETy SHED R FAPBRLINE R Ipdysiveyith PANRIF difenpower,
i _ o . . I L .
P el act agefiemachetc Mndigy . 2 Madhiefbft, tpulafics! Mall be3SNeBR Sty g as

met hod of pricessing, chdmebei ri00hte bysisbdasocatingi gangnighse i dursw pcdaadsing: m a
group consi sting of , B2HG, P2 PH3, CH4 and SIH4. 4. The nethod of
claim i, rgﬁﬁeﬁ%@? B GBen dlssREERHe nEneyey ﬂ_gavBE%e @&&ehﬁ%teﬁya%g@n%e

cont ai ni ngygRfaté LsPYEh elcztricTitad PRoNRL DDy ShailIRgla DHEF RFeI8X RSl Hids kT t her
conpri ses: I npl anting ions dissociated’ in the plasnma into the first
portion ofhet siebsteiaetippart 9r tugceas inléteabayeethe substrate support, or both. In

some embodiments, the ions may be subjected to a mass selection or mass
filtration process, which may comprise passing the ions through a magnetic field
aligned orthogonal to the desired direction of motion.

[0038] In one embodiment, the hydrogen containing gas in the gas mixture
may be supplied into the processing chamber at a flow rate between about 10
sccm and about 500 sccm and the fluorine containing gas in the gas mixture may
be supplied into the processing chamber at a flow rate between about 5 sccm and
about 350 sccm. The chamber pressure is generally maintained between about 4
mTorr and about 100 mTorr, such as about 10 mTorr.

[0039] lons, such as helium, hydrogen, oxygen, nitrogen, boron, phosphorus,
arsenic, fluorine, silicon, platinum, aluminum, or argon, utilized to alter the
magnetic properties of a substrate surface may be generated during the plasma
dissociation process during the RF power generation process. The electric field
provided by the RF power may be capacitively or inductively coupled for purposes
of ionizing the atoms, and may be a DC discharge field or an alternating field,
such as an RF field. Alternately, microwave energy may be applied to a precursor
gas containing any of these elements to generate ions. In one embodiment, ion
energy less than 5 keV is utilized for magnetic medium implant, such as between
about 0.2 keV and about 4.8 keV, for example about 3.5 keV. In some
embodiments, the gas containing energetic ions may be a plasma. An electrical
bias of between about 50 V and about 500 V is applied to the substrate support,
the gas distributor, or both, to accelerate the ions toward the substrate support
with the desired energy. In some embodiments, the electrical bias is also used to
lonize the process gas. In other embodiments, a second electric field is used to
lonize the process gas. In one embodiment, a high-frequency RF field and a low-
frequency RF field are provided to ionize the process gas and bias the substrate

support. The high-frequency field is provided at a frequency of 13.56 MHz and a
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6. The nethod of claimb5, wherein exposing further conprises:

protectio

di sposed
| ayer is
comnbi nat i
consi stin
gadol i niu
The net ho

formng a

n layer on the first portion while inplanting. 7. The nethod of
claim1l, wbaenaiisegiie magnetically susceptible | ayer inclradas2@oisses | ayer
on a second layer. 8. The nethod of claim7, wherein the first
selected froma group consisting of iron, nickel, plati num or

ons thereof and the second l|layer is sel ected froma gro

gower leyshbetweasty ahaul r%OOﬁNaQri%ﬁ'ﬁ?Utt%ﬂQ@IV\!m@nd mﬂwlow/tféewenﬁy field
PRI 4 bA0Re) heealy ool PSS! PERISBST HFRPACLOTRRNG, ©

n-exposi f ur

|d| ng

t he gas rﬂevbubetvaamémmlﬁmswmcﬁasumtfmvwl Epe@%@ic@msanmyhﬁ g@m@rasednbybrt

assenbly

gas m xtu
I npl antin
magneti ca

di sposed in a roce55|ng chanbe

appl yi ng
AB 'E‘%U(FttYﬁiyz%O%ﬁ'e@ A_gtrig ';%jr PVdHOY)'f’"t%é f@alécqu?i%ioéth%ﬁm ough

ener g%/h to the
r

?P 998‘éct%séc9r;‘>§\kﬁ%fe§y pBlR? BROWELR doldGt BbMAF aR@ ol 58b Whe

suscept |
The ions thus produced will generally be accelerated toward the substrate by

biasing the substrate or a gas distributor as described above.

[0040] In some embodiments, generation of ions may be pulsed. Power may
be applied to the plasma source for a desired time, and then discontinued for a
desired time. Power cycling may be repeated for a desired number of cycles at a
desired frequency and duty cycle. In many embodiments, the plasma may be
pulsed at a frequency between about 0.1 Hz and about 1,000 Hz, such as
between about 10 Hz and about 500 Hz. In other embodiments, the plasma
pulsing may proceed with a duty cycle (ratio of powered time to unpowered time
per cycle) between about 10% and about 90%, such as between about 30% and
about 70%.

[0041] At step 206, after the plasma immersion ion implantation process is
completed, the mask layer 310 is then removed from the substrate surface,
leaving the substrate with the magnetically susceptible layer 304 having a pattern
of domains defined by unmodified regions 318 (e.g., magnetic domain) and
modified regions 316 (e.g., non-magnetic domain), wherein the modified regions
316 have lower magnetic activity than the unmodified regions 318, as shown in
Figure 3C. The mask layer 310 may be removed by etching with a chemistry that
does not react with the underlying magnetic materials, such as a dry cleaning or
ashing process, or by dissolving in a liquid solvent, such as DMSO. In one
example, due to the absence of permanent deposition on the magnetically
susceptible layer 304, topography of the magnetically susceptible layer 304 after
patterning is substantially identical to its topography before patterning.

[0042] A substrate having a magnetically susceptible layer disposed thereon is
provided to a processing chamber, such as the processing chamber 100 depicted
in Figure 1. The substrate prepared by the process described above with
referenced to Figure 2 is subjected to a plasma formed from a gas mixture

containing boron and fluorine ions provided BF3; gas and hydrogen ions provided
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10. The nmethod of claim9, wherein inplanting ions dissociated in the
plasma into the first portion of the nmagnetically susceptible |ayer further
conpr i sesweubsitasgisal | y denmagneti zing the first portionpafi/usb@onmsspoeti cal |y
susceptible layer. 11. A nethod of form ng a magnetic medium for a hard

di sk drive, conprising: transferring a substrate having a
magnetical |y susceptible |layer and a patterned mask | ayer di sposed on the
magnet i cabPy\Bablagaspt hBIpsocesseehampey rareﬁsu@e@snwgtaﬂn@d@gapoum &1 TorE, Hlee

pat t er nedpask. | efy f,i fst ' r t h k | ayer
and a second lr5 %g\ﬂg ﬁﬁé%?so%%@ﬁzgdﬁ%\é’ {h%esgnuggégﬁ\évégfs; géﬁlﬁ 5% Mﬁ%ﬁﬁ"&@@? ﬁaga
magneti c jpopeided atfa flow rbtg of apaitt 308cah dndetheeBpMtd Ak progided eptal fidve

| ayer unprotected by the mask |ayer in_the processing chanber, wherein

modi f yi ng"3tRef @&@Hbépé%%@m the tmplapktimeris @bpat #0 seCaRds.HEOTRAGARS MEEE | y
susceptib e i : : Vi 1 re
into the Bﬁgﬁﬁ%gPﬁgﬁﬁﬂgﬁﬁgﬁﬂggﬁéﬁgﬁxf%ﬁgegggedﬁx?ﬁ?§9§ﬁ%P%B@gQQ?b %§%¢ a

BF3 gas anth.a BR}dh gms; may also be usedplryithig axathpleoversupplérhenigatagmat ur e
to dissociate the gas mxture into reactive ions; and
i npl ant i ntPrBW'BH- i ons di ssociated fromthe gas mixture into the first

aver on 1ReRsupetrar Engly (TUREsey) Bhil AEaI of folfing Payér Rickihe ™
modi f yi ngmagaetia@net hen-pragreticidemsnains farr s tmagngtivallpsusteptitiey setfacalonya
S CepL L DL ME o € QRS S BAAALT R bR Frbfind o efdd &' mbf) O ©f
magnetic properties of a substrate by a plasma immersion ion implantation
process in a patterned manner to create magnetic and non-magnetic domains
with different magnetic properties while preserving the topography of the
substrate.
[0044] While the foregoing is directed to embodiments of the invention, other
and further embodiments of the invention may be devised without departing from

the basic scope thereof.

17



WO 2011/ 056815PCT/ US2010/ 055206 13. The net hod of claim 11, wherein
nodi fyi ng the magnetic properties of the magnetically susceptible | ayer
conpri seswornpiiastsing i ons to a depth of at | east 50% of pcrastéiookszess of
the magnetically susceptible layer. 14. The nethod of claim 11, wherein
the magnetically susceptible layer includes a first |ayer disposed on a

second |l ayer, wherein the first layer is selected froma group consisting
of iron, wﬁim or conbi nations thereof and the second | ayer is
selected from rQup, c isting of cobalt, chrom um. platinum tantglum
Fon. ter B um AgEdToh i PNBINc, BukR U ghiade B otomeB O dppanitady f o
form ng asiBapebleCmaRshl Bidpesed dmdd dushtPdte dEdBrisiRGTP | Si Ng: .
processing chanber operable to nodify a magnetic property of a first
portion of a neymesinga fiystspaytiept dfoh enbgpeitically spusseotibie @ysuthsta plasma

a substrate support assenhly di sposed in.t.he processing chanber having a
Substr at o Qupeb i W ke toP A Slacigf R el L e qrpadty &7
supply a grs firstxdaHien idicthedinagnaticdI§asisceplibleO BFBr @xpbaéditAEb RS a idsk
hydrogen containing gas to the procéssing chanber; and ~a RF power
coupl ed tl@yﬁhéromag@g@ta@ termagranchsliaten gvhaiein bedas pidwie ineludes sbigaste t he

gas m xtu 5%9' | y rqs;—eﬁ ' d inplant ions
di ssoci at ég.'a?r m%cﬁgaggwtsgo%%;?ﬂﬁg | nt%éégggﬁ&ggﬁrgé 8?91 he substrate di sposed
on the substrate support assenbly.

2. The method of claim 1, wherein halogen containing gas is selected from a

group consisting of BF;, BCl;, CF,4 and SiF,.

3. The method of claim 1, wherein the hydrogen containing gas is selected

form a group consisting of BH3, B,Hs, P2Hs, PH3, CH,; and SiH,.

4. The method of claim 1, wherein the halogen containing gas is BF3 and the

hydrogen containing gas is B;He.

5. The method of claim 1, wherein exposing further comprises:
implanting ions dissociated in the plasma into the first portion of the

magnetically susceptible layer.

6. The method of claim 5, wherein exposing further comprises:

forming a protection layer on the first portion while implanting.

7. The method of claim 1, wherein the magnetically susceptible layer includes

a first layer disposed on a second layer.

8. The method of claim 7, wherein the first layer is selected from a group
consisting of iron, nickel, platinum, or combinations thereof and the second layer
is selected from a group consisting of cobalt, chromium, platinum, tantalum, iron,

terbium, gadolinium, or combinations thereof.
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9. The method of claim 1, wherein exposing further comprises:

providing the gas mixture to the substrate surface disposed on a substrate
support assembly disposed in a processing chamber;

applying energy to the gas mixture to ionize at least a portion of the gas
mixture; and

implanting ions dissociated in the plasma into the first portion of the

magnetically susceptible layer.

10. The method of claim 9, wherein implanting ions dissociated in the plasma
into the first portion of the magnetically susceptible layer further comprises

substantially demagnetizing the first portion of the magnetically susceptible layer.

11. A method of forming a magnetic medium for a hard disk drive, comprising:
transferring a substrate having a magnetically susceptible layer and a
patterned mask layer disposed on the magnetically susceptible layer into a
processing chamber, wherein the patterned mask layer defines a first region
unprotected by the mask layer and a second region protected by the mask layer;
and
modifying a magnetic property of the first portion of the magnetically
susceptible layer unprotected by the mask layer in the processing chamber,
wherein modifying the magnetic property of the first portion of the magnetically
susceptible layer further comprises:
supplying a gas mixture into the processing chamber, wherein the
gas mixture includes at least a BF3; gas and a B,Hg gas;
applying a RF power to the gas mixture to dissociate the gas mixture
into reactive ions; and
implanting boron ions dissociated from the gas mixture into the first
region of the magnetically susceptible layer while forming a protection layer on the

substrate surface.

12.  The method of claim 11, wherein modifying the magnetic properties of first
region of the magnetically susceptible layer comprises substantially

demagnetizing the first region of the magnetically susceptible layer.
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13.  The method of claim 11, wherein modifying the magnetic properties of the
magnetically susceptible layer comprises implanting ions to a depth of at least

50% of the thickness of the magnetically susceptible layer.

14. The method of claim 11, wherein the magnetically susceptible layer
includes a first layer disposed on a second layer, wherein the first layer is selected
from a group consisting of iron, nickel, platinum, or combinations thereof and the
second layer is selected from a group consisting of cobalt, chromium, platinum,

tantalum, iron, terbium, gadolinium, or combinations thereof.

15. An apparatus for forming a magnetic medium for a hard disk drive,
comprising:

a processing chamber operable to modify a magnetic property of a first
portion of a magnetically susceptible layer disposed on a substrate;

a substrate support assembly disposed in the processing chamber having a
substrate supporting surface;

a gas supply source configured to supply a gas mixture including at least a
halogen containing gas and a hydrogen containing gas to the processing
chamber; and

a RF power coupled to the processing chamber having sufficient power to
dissociate the gas mixture supplied into the processing chamber and implant ions
dissociated from the gas mixture into a surface of the substrate disposed on the

substrate support assembly.
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