TEMPERATURE CONTROL OF A SUBSTRATE DURI NG A PLASMA | ON | MPLANTATI ON PROCESS
FOR PATTERNED DI SC MEDI A APPLI CATI ONS FI ELD [ 0001] Enbodi nents of the

i nvent i orwoebat®s6430 har d-di sk drive (HDD) nedia, and appeaeratSasioasisonet hods

for maki ng hard-di sk drive nmedia. More specifically, enbodinents of the

I nvention relate to nethods and apparatus for formng a patterned nagnetic

di sc nedium for a hard-di sk drive. BACKGROUND [0002]Hard-disk drives (HDD)
are the storage nedi um of choice for conputers

TEMPERATURE CONTROL OF A SUBSTRATE DURING A
PLASMA ION IMPLANTATION PROCESS FOR PATTERNED
DISC MEDIA APPLICATIONS

FIELD

[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 material 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
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and rel ated devices. They are found in nost desktop and | aptop conputers,
and may al so be found in a nunber of consuner el ectronic devices, such as
medi a r ecwoderiwsedsd pl ayers, and instruments for col | eccmgsSand/osiseor di ng
data. Hard-di sk drives are al so deployed in arrays for network storage.

[ 0003] Hard-di sk drives store information nmagnetically. The disk in a
hard-di sk drive is configured with magneti c domai ns that are separately
addressabl e by a magnetic head. The nagnetic head noves into proximty with
a magnetic domain and alters the magnetic properties of the domain to
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magnetic thin films, the domains can be physically separated by a non-magnetic
region (which can be narrower than the width of a Bloch wall in a continuous
magnetic thin film). Conventional approaches to create discrete magnetic and
non-magnetic areas on a medium have focused on forming single bit magnetic
domains that are completely separate from each other, either by depositing the
magnetic domains as separate islands or by removing material from a continuous
magnetic film to physically separate the magnetic domains. A substrate may be
masked and patterned by a mask material, and a magnetic material deposited
over exposed portions, or the magnetic material may be deposited before masking
and patterning, and then etched away in exposed portions. In either case, the
topography of the substrate is altered by the residual pattern of the magnetic
regions. Because the read-write head of a typical hard-disk drive may fly as close
as 2 nm from the surface of the disk, these topographic alterations can become
limiting. Furthermore, during the depositing, etching and patterning processes of
manufacturing the hard-disk drives, the substrate may experience multiple heating
and thermal processes. The thermal energy provided to the substrate during these
processes may adversely harden the mask material or disrupt alignment of atomic
spins arranged in the magnetic regions. Hardening the mask layer may result in

residuals mask material remaining on the substrate after the mask layer stripping
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supporting data density up to about 1 TB/in2, with individual domains

havi ng di nensions as small as 20 nm Were donmains with different spin

ori ent at iwWONBB6433t here is a region referred to as a Blrozhusaalosi3n7 whi ch
the spin orientation goes through a transition fromthe first orientation
to the second. The width of this transition region limts the areal density
of information storage because the Bloch wall occupies an increasing
portion of the total magnetic domain. [0006] To overcone the density limts
due to Bloch wall widths in continuous magnetic thin filnms, the domains can
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about 150 degrees CeIS|us, (b) cooling the temperature of the substrate after the

first portion of the plasma ion implantation process has been completed, and (c)
performing a second portion of the plasma ion implantation process on the
substrate, wherein the temperature of the substrate is maintained below 150

degrees Celsius.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above-recited features of the present

invention can 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.

[0010] Figure 1 depicts one embodiment of a plasma immersion ion

implantation tool suitable for practice one embodiment of the present invention;



[ 0008] Enbodi nents of the invention provide a nmethod of reducing thernal
energy accunul ation during a plasma ion inplantation process for formng
pat t er ns wochudisag3magneti ¢ and non- nagneti ¢ donai ns onPaT®gMenssat | y
suscepti bl e surface on a substrate. In one enbodi nent, a method of
controlling a substrate tenperature during a plasma ion inplantation
process includes (a) performng a first portion of a plasma ion

i npl antati on process on a substrate having a magnetically susceptible |ayer
formed thereon in a processing chanber for a first tinme period, wherein a
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enbodi ment obh subsirgie as edriousvRyisi b iiie method of Figure 2.
[0014] Figure 5 depicts a box flow chart illustrating the temperature of
substrate depicted in Figure 4;
[0015] Figure 6 depicts a temperature variation of a substrate disposed in the
plasma reactor of Figure 1 according to another embodiment of the invention; and
[0016] Figure 7 depicts a system that has a plurality of processing chamber of
Figure 1 incorporated thereto according to one embodiment of the invention.
[0017] 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.
[0018] 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

[0019] Embodiments of the invention generally provide apparatus and methods

of controlling a substrate temperature during a plasma ion implantation process
for forming magnetic and non-magnetic regions on a magnetic media substrate for
hard disk drives. The apparatus and methods include controlling a substrate
temperature below a predefined temperature while performing a plasma ion
implantation process on the substrate surface to prevent the substrate from

overheating during the implantation process. Accordingly, by maintaining the
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WO 2011/ 056433PCT/ US2010/ 053397 [0011] Figure 2 depicts a flow di agram
Illustrating a nethod for plasna ion inplantation process according to one
enbodi mrerwoab1ttdses3pr esent i nvention; [0012] Fi gure 3 depiPCTAISa0190MB30RL i C
side view of a substrate having a nagnetically susceptible |ayer disposed
thereon for processing a plasma ion inplantation process according to one
enbodi nent of the invention; and [0013] Figure 4 depicts a tenperature
variation of a substrate disposed in the plasna reactor of Figure 1 during
the plasma ion inplantation process of Figure 2 of a substrate at various

stages of {gstRE h%ﬁratﬁi&%&@?\@- al W IHFeautenperdeRl Chsing Pescdsbipy, chart

illustrating the tenperature o
magnetic and non-magnetic domains may be formed without adversely disrupting

or destroying the magnetic performance either of the magnetic and non-magnetic
domains during processing.

[0020] Figure 1 is an isometric drawing of a plasma ion implantation chamber
that may be utilized to practice embodiments of the present invention. The
chamber of Figure 1 is useful for performing ion implantation, but may also be
used to shower a substrate with energetic ions without implanting. It is
contemplated that other equipment may be adapted to perform the invention. The
exemplary processing chamber 100 includes a chamber body 102 having a
bottom 124, a top 126, and side walls 122 enclosing a process region 104. A
substrate support assembly 128 is supported from the 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 160 suitable for controlling the temperature of
the substrate 302 supported on the substrate support assembly 128.

[0021] 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.

[0022] The processing 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 to one another or orthogonal to one
another. The first external conduit 140 has a first end 140a coupled through an
opening 198 formed in the top 126 into a first side of the process region 104 in the
chamber body 102. A second end 140b has an opening 196 coupled into a

second side of the process region 104. The second external reentrant conduit



substrate depicted in Figure 4; [0015]Figure 6 depicts a tenperature
variation of a substrate disposed in the plasma reactor of Figure 1

accor di ngvocoanss4ser enbodi nent of the invention; and [ @0TAJSEI1gOsIBIT7
depicts a systemthat has a plurality of processing chanber of Figure 1

I ncorporated thereto according to one enbodi nent of the invention. [0017] To
facilitate understanding, identical reference nunerals have been used,
where possible, to designate identical elenents that are conmon to the
figures. It is contenplated that elenents disclosed in one enbodi ment may
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only process region 104 and a second end 140b’ having an opening 192 into a fourth
side of the process region 104. In one embodiment, the first and second external
reentrant conduits 140, 140’ are configured to be orthogonal to one another,
thereby providing the two ends 140a, 140a’, 140b, 140b’ of each external
reentrant conduits 140, 140’ disposed at about 90 degree intervals around the
periphery of the top 126 of the chamber body 102. The orthogonal configuration of
the external reentrant conduits 140, 140’ allows a plasma source distributed
uniformly across the process region 104. It is contemplated that the first and
second external reentrant conduits 140, 140’ may have other configurations
utilized to control plasma distribution in the process region 104.
[0023] Magnetically permeable torroidal cores 142, 142’ surround a portion of a
corresponding one of the external reentrant conduits 140, 140’. The conductive
coils 144, 144’ are coupled to respective RF power sources 146, 146’ through
respective impedance match circuits or elements 148, 148. Each external
reentrant conduits 140, 140’ is a hollow conductive tube interrupted by an
insulating annular ring 150, 150° respectively that interrupts an otherwise
continuous electrical path between the two ends 140a, 140b (and 140a’, 104b’) of
the respective external reentrant conduits 140, 140’. lon energy at the substrate
surface is controlled by an RF bias generator 154 coupled to the substrate support
assembly 128 through an impedance match circuit or element 156.
[0024] Process gases including gaseous compounds supplied from the
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.,
orthogonal) to the first torroidal path. The second torroidal path includes the

second external reentrant conduit 140’ and the process region 104. The plasma



typi cal enbodiments of this invention and are therefore not to be
considered limting of its scope, for the invention may admt to other
equal | y evbeeotiioses3enbodi nents. DETAI LED DESCRI PTI ON [ O@C9juSntioasisent s of
the invention generally provide apparatus and nethods of controlling a
substrate tenperature during a plasma ion inplantation process for formng
magneti ¢ and non-nmagneti c regi ons on a nagnetic nedia substrate for hard
di sk drives. The apparatus and nmethods include controlling a substrate
tenperature bel ow a predefined tenperature while performng a plasnma ion
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may be used. In other embodiments, ammonia and its derivatives, analogues,
and homologues, may be used, or hydrocarbons such as methane or ethane may
be used. In still other embodiments, halogen containing gases, such as fluorine or
chlorine containing gases like BFs;, may be used. Any substance that may be
readily vaporized, and that does not deposit a material substantially identical to
the magnetically susceptible layer of the substrate, may be used to modify its
magnetic properties through bombardment or implantation. Most hydrides may be
used, such as silane, borane, phosphine, diborane (B.Hs), methane, and other
hydrides. Also, carbon dioxide and carbon monoxide may be used.

[0026] The power of each RF power source 146, 146’ is operated so that their
combined effect efficiently dissociates the process gases supplied from the
process gas source 152 and produces a desired ion flux at the surface of the
substrate 302. The power of the RF bias generator 154 is controlled at a selected
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 low ion energy may be implanted at a shallow depth

between about 1 A and about 500 A from the substrate surface. Alternatively, high



[ 0021] A gas distribution plate 130 is coupled to the top 126 of the chanber
body 102 facing the substrate support assenbly 128. A punping port 132 is
defi ned iwotha/shsaber body 102 and coupled to a vacuumppuifgs2@sAs33The
vacuum punp 134 is coupled through a throttle valve 136 to the punping port
132. A process gas source 152 is coupled to the gas distribution plate 130
to supply gaseous precursor conpounds for processes perfornmed on the
substrate 302. [0022] The processi ng chanber 100 depicted in Figure 1
further includes a plasma source 190. The plasma source 190 includes a pair
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[0024]Proces§hgﬁ] %eEQS# d'%%ﬁ%?szfg? conpounds supplied fromthe
[0028] Implanting ions deeply in the magnetic layer effects the most change to
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 beneath the
implanted area with atomic spins 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 imposed may be
selected by tuning the depth of the implant. The size of ion implanted will also
affect the energy needed to implant to a given depth. For example, helium ions
implanted into a magnetic material at an average energy of about 2000 eV will

demagnetize the magnetic material by about 20% to about 50%, and argon ions



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
t he powerweappllse43ders, i.e., core and coil, 142, 144 toPGaAIS01BOPT ed in
the conduit 140, which creates a circulating plasma current in a first
closed torroidal path power source 146' nmay be coupled fromthe 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 cl osed
torroidal path transverse (e.g., orthogonal) to the first torroidal path.
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substrare 369088 ey B bLd et AT koo B e IR e RERbE 0 E G0
neon, kryptonfigwaed txpadorm sina iptasatehiensmpRedationyeocessingaditaaiilee, gachess t hat

and i s ol igonerEssng ShaBBe Rl o SnTub AR R Ja o€ SoRaMBRRT gl N g

gas, hydr ogmh@coaoalmayl@eg@&ﬁmedwgﬂhercsxnﬂaaienbnmgemswtemrsbmlmrg ai ni ng
gases, and COITBI nat ons th%ﬁﬁJ In sone enbodi nents, nitrogen gas,
hydr ogen gd® eéﬁ?n“ "®Snbi nat i ons t hereof may be used. In ot her

enmbodi nent $o03@MOIMha rA8fol 2DodsIginhi step ,2oar@,1 @@Ui@iﬁng @%dbi&ﬂaﬂ@' a@hess nmay be
used, or h drocarbons such as nethane or ethane may used. In still other

enbodi ment € BASYGERS %H?@Ftﬁldd@ F&’é%%1 adch e FI”GS‘?%W H?a”&tPﬁrorqonB‘

cont ai ni Ng gaARJdirkénBd, subBYatBB02SREYy bédbrRHRRH Al Ehdthiadr Bigcdreadi |y
vapori zed, and that does not deposit a material substantially identical to

Lhe magnet iseBstraje diglseipeibplkempieyia anst mefrb alisee IS AGIASE SUSBANERS rod T y
I ts magnet gﬁcrpré%p%fa{sbl%érén'ﬂé0&9%430”9369@%b6bﬁmbﬁp'tﬂQtﬁidsﬁate Mpstpdydri des

may be use such”as silane, borane, phosphine, diborane (BZH6), nethane,
and ot her magneﬂ@@y saisgentibiealayen 3 giapaeed Hrereen, Rsnshasvoii Elgur@aﬁ}/ bee used.

[ 0026] The 'éng{ufye@ﬁ&eﬁrbleokg(er SSyAr G€ gﬁw@rall&“%rrﬁeﬁl FBAT Yrd oFOmbhat their

conbi ned e icren socl at es e process gases supplied fromthe
process ga@rmgr@tlct@zatamajs |dn@duwmtapchmghhsetﬂ\eimagrfeltiuallya&usch@tibfbeﬂamce of

the subst r%F)E c%ﬁ‘?perlltsg? Ip@ﬁ%ﬁ& &fla%é?s hREm RS sg%%eéraci dér}eﬂi?é‘orbﬁ s(ft%tsr 94 led at

a selected Teve e ion energ T SE0CI At e € process gases
may be acceheram@atimema tite h’r@nemtaﬂyrmeemlbte‘ lyer 804l complriaed edfirat lagedesi r ed

dept h bel the t f trate 3 i.n ired.i

Conconty ot PR ehiha e BoGlad OF SRe TS UAST, Wit 15k BRT RE L drsdlbo w
woul g gi velnnaytme&@enajynajf whithuis géHerally. dehresioas at mdatermmfww lolv haghetin ener gy
may be inplante

t he substr SPECH y?\&}&@ g"aslfe!éq?qvﬁ\:lhlg?%teh eé'h\,\%ﬁ:rc])e?c?v?tlf/ than th fA eaflrg I%Perultn 3509n0e A Trom
embodiments, the first layer may comprise iron, nickel, platinum, or combinations
thereof. In some embodiments, the first layer may comprise a plurality of sub-
layers having the same or different compositions. The second layer may also
comprise a variety of materials, such as cobalt, chromium, platinum, tantalum,
iron, terbium, gadolinium, or combinations thereof. The second layer may also
comprise a plurality of sub-layers (not shown) having the same or different
compositions. In one embodiment, the magnetically susceptible layer 304
comprises a first layer of iron or iron/nickel alloy having a thickness between about

100 nm and about 1,000 nm (1 pm) and a second layer of chromium, cobalt,
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bi as power of about 5000 Wwoul d give ion energy of about 6 keV. The

di ssociated ions with high ion energy provided and generated from hi gh RF
bi as powew0 28ucis643 hi gher than about 100eV, may be i nplPamttsdoioMsiz39T he
substrate having a depth substantially over 500A depth fromthe substrate
surface. In one enbodi nent, the bias RF power supplied to the chanber may
be between about 100 Watts and about 7000 Watts, which equates to ion
energy between about 100 eV and about 7 keV. [0027] Whereas di srupting the
alignment of atom c spins in selected portions of the nagnetic |ayer is

desired, i ‘betuhmﬁ' @r”éoﬁ’fblhé‘tldrf%' tﬂ%?éb?lhlévmggé‘tkﬁ%regé’ ’beﬁMé‘éh §§ouq ejgeNapout 200

eV and about keV, or between about and about 4. keV, such as
bet ween ab@boutzﬂkem aneh apebeutdkeny,; Thege l@xar@ﬁh@y b@cﬁ@fm@l toy a@vswmie be

useful . The,Go0pi gatd an be EQQ 98&%# Qileéggti Bt meﬁrﬁ%rﬁﬁerﬂf&% ?B‘P' RF

pl asma bi as power di ssoci ‘i ons as mxtu
i mparts a depositeh, miarem- anmartmedmherrmad; vaperddepmsiiont &l@n@oelm redatingdey

distributi o118 Hg?ﬁ‘gﬁ'cgl & GSC%JO[&P(E# eénc}g’\% lika! he ions are biased and driven

toward the 'su esur ace her anting ions into the substrate in
a desired |[ana1]concﬁemaslamahenal @08tis abpitadotn anappke sutfae ofrtheheagndictihat e

f I
ot ween abGlitcERuRE 1R A0 e b TRak Bbultl 769 R Brastiedout ofSABET A Flégi ng
from about ekpose Liamabkatt firk @ortions defele ol theg uaderlyirey hiziga kg sm‘scémrblerragnetl c
in the nagnetic r eff t he nost

| ayer. [0028]I anpting ions deepl | a

e To fer T BibeeSaise. | L 1oyt Namspd reasa d, G Tons GHE! Phiia ol an .
such as 2- Lﬂd@mmgﬁrr@ga»&ﬁbamyrbu&ecphmbas{m 304! doveRAMS, the Fe@BINinCiedHiomMef ti on of
t he Iayer beneath the i area with atom ¢ sglns in alignment., Such a

shal | ow i mt&amtasti mﬁtef'é'ngo%aT/h%BaE‘?fé%y“%‘t WESHEEN ﬁtprgmt%\f,h%ﬁac%ut

1,000 eV wipgbHicrause 6f FPI\?étdn@brlﬁﬁg"ﬂﬁ@gﬁéﬂcélﬂﬁsﬁ@@ﬁ%lbcla%ro@@c{ tffcﬁ‘ﬁ beldyHs,
degree of change i ed be sel ected aﬁ t uni ng t he
e

i npl ant. TIRECGEESRd. o hq Qﬁtt¢rﬁ9¢ ameskdlayen BoGy WafGFO@@m?t ﬁé verrymggmaﬁ@@w‘ed to
i npl ant to a4y Vl%”bQQ’BFrﬁ'ed RO th & 4R4AERE8 aﬁbehhHﬁbkéH“%oh%H%aﬂtzeda1'4”BPth?e

magneti c materl al at an average ener% of about 2000 eV wil'l demagneti ze
t he magnet |n¢emtl@allwa$uss§ptéq%myezmt abvatk By 3aAdeaetil GoomyiseA® ant ed

at an aver%%g%rgag%&ycaﬂfbe%gblﬁ rerdRRd &MLt bitdh gﬂﬂ?ﬁé@t%n?ﬂlyas@glfépté&%to

about 80% ure 2 cts a flow dragr ratrng a nmethod 200
f or cont rolldyien§O04, orearpreatanairtbabwlllawqtla@lsensatyeam lthee pewte)pmpegtm iplnakma i on

ol antat] QReRIAE RS AREMLNGD AIS.AIEAY FRILLAl o desd €380 puenti on

The net hod i's co ormin a I"ant
processi ng solvamblﬁmld smm:h awame oprhydesartog. clmasdme eﬂrﬁibdaserdasmelrbesk in

cul'tabi o pldEtS0PTE P EE e AlbulR A% gteets SRy mefer R b0 Ricel s
imprint W|th a template, and cured by heating or UV exposure. The mask layer
306 is also resistant to degradation by incident energy or energetic ions. In some
embodiments, the mask layer 306 is a curable material, such as an epoxy or
thermoplastic polymer, that will flow prior to being cured and will provide some
resistance to energetic processes after curing.

[0032] The mask layer 306 may leave the first portions 314 defined by the
openings 310 completely exposed for processing and the second portions 312
covered with a thin or thick mask layer 306 as to protect the second portion 312
from being processed. The unmasked first portions 314 of the magnetically
susceptible layer 304 are exposed to energy during processing which alters the

magnetic properties of the unmasked portions 314. Upon removal of the mask

10



[ 0030] The met hod 200 begins at step 202 by providing a substrate, such as
the substrate 302 depicted in Figures 1 and 3, in the processing chanber
100. I n owe2entsei3aent, the substrate 302 may be fabricaCedskelonsizer al or
gl ass, silicon substrate, dielectric bulk material and netal alloys or
conposite gl ass substances such as gl ass/ceram c bl ends. In one enbodi nent,
the substrate 302 has magnetically susceptible | ayer 304 disposed thereon,
as shown in Figure 3. The magnetically susceptible |layer 304 is generally
formed fromone or nore ferromagnetic materials. In sone enbodi nents, the
magnet i cal |y useepiie! fa n%@f.eéuﬁ%seéamré Seerasol ualdt Yyief .isaxbﬁpﬁqahav' ng
the same or ‘different conpositions one di ment, the magnetically
suscept i bl ¢opagyanhy304t powpn¢lades a very fne pagt@rn @fnﬁaw@,@oamidnwagr@nnqﬁl%posed
on the fir e i of i ial,
which is ggh(rﬁra Heﬂ %%&Eh@aérggegéeﬁsﬁrstj ?‘y\ffi\n&t] r:iﬁldfaav?/%I rnatrji ng(?&gg?:ogr g?%/ﬁ Y,

whi | e t he pedond 3|1aycepatb1a9f hmmmng:$ena©exdenyltle$1mmhes 6 t $b/in“ayer. In sone
enbodi nent he f I er, r C t

conbi nat i oiqs?% Ther eofsstérf r@ébrreﬂg'y %Q!gr%ehitsg bl%%ﬂa 'Bh Fj%:laé'tée)[IrO%n}é@ldg%srrggri se a
plurality @erfeuned agelrrﬁaldfrawong inkee thanfafsbrpoctldn{seBemtofcmepssbskt'rab@ssozr he
second | ayer

chr o um T BRTSRIR BF A AROh EPE IS i Gahh 08 troCe MR i on

t hereof . THeesgasnd |d>raymplamyioalpﬁ@cesennsnrrro$mea aalmépalmuwr@iarﬁylnarisamws (not

shown) havin e sane o er ent co osition (o) e e di 1t, the
mmgnet i cal Hpieskes FBeo1 S b IHesGaoRaitaly sutcRlB arer LiehRGh MPSiED:
i ron/ni Cke|th@Ha@Mef@}étdb@rt®sthltﬁgﬁﬁégﬁwelﬂ@élmcébmlé |aheP 30m aml igHeoszds 1, 000

nm (1 pn) and a second | ayer of chrom urB pl atinum or conbi nati ons

t her eof ha&’isﬁac'atePHP6%850:?96%9\/8@?{“9%19 3§ ﬂ?ﬁcéﬁ?dtoé’ﬁﬁhiheﬁ%ﬁ? eséh as

about 50 nréhdﬂr\ﬁﬁr@gésabﬂr e R¥Xpbsed UNARBKEY FoMiorkUishabbe thethagheticm as
physi cal vapor deposition, or sputtering, chem cal vapor dep03|t|on

pl asma- enhaHeeapliblee FveRI30¢agefinede i sthei eReningsi 816 odft theg Maskaleyay 366-
el ectr OChe@xﬁ%un@ﬁh&b%éél@de&ﬁtléﬂ%aﬁ‘ﬁ ot rhdtshehib&is: SLEQQ&HeAIa s¥o4rgf eri al

306 is applied t0 an upper surface of the nmagnetically susceptlble | ayer
304. The n@ﬁsmeaerwmaan@%sogatpdt@@rw@cgen@rdlmfoﬁg@ﬁ@rdnaﬁ@@ BHchapge fose

unrmasked f i Cptrb;S’é}ﬁesg%v‘he fth%hﬁla%geéﬁéf n@a%egfs,g@é idtéd @ﬁﬁg&&f' ehe

| ayer 304 essin eave nas secon portion

under | yi ng snﬁlgnaet ingendity tsﬁmﬂntetthemh&iyeotlcgoaf thevatoats lbytheheagrm’mailu ng
portion of Kk e tie t events
t he second h? ?@Iﬁg’s l%& é(?ft he g%e%ﬁ??%gé n%%ngl rs‘ﬁ%%sﬁé%iégu ayer

304 from belnssgcuptedcmednplﬁh’edpattd) ehhaemagaskcdllyyauscaﬁﬁolal lagars 3ﬂ)érrm||hs of

k d
5557 5 o taonzE G Shib et of Mo Fiopls” rd GG M Ratng E TaSEe 06 O
general ly (pﬁmﬂrmesedtlae matatdl allagiwic soaased:memtyeemd S’aS’eE\mVWﬁICWd fatdriabl t eri ng

t he magnetical |y susce bl e | ayer 304, or er.i t. Wl | t

haver ool'y. uiiF apduite BegBeln D erated oA meo PRy, Medincalom el Be | o nany
enmbodi nent ginnfaBRedrgRitidndy 814 aﬁahesmgh@thﬂaﬂylgusaeﬁwelewerl 3M"c¢eaté$l(é”l as

wat er or hydrocarbon. In sonme enbodi nents, yer 306 is applied to

t he
the substr é’?ge@s"fagoénﬂ%f’%ﬂrﬁdd%’ he Lb‘&ingfer‘ﬂe?fCBQd ;B?Ei??i”ga'*ﬂz (HsrRatomPt h a

tenpl ate, andnfaghestany sh@tﬁidtlﬂﬂz Igyeﬂ%ﬁﬁr@%cﬁby Theniz8R kaye?806) 8P thes al so
resistant to degradation )é”l nci dent energy or energetic ions. |n some

enbodi nent §n°q!fﬁ9é’ firas RoMtigpe 814 dte; Rortor: gf H’lﬂ @aﬁﬁ@t&ai'hISUS%QE’@hled§Y%fn3%oxy or
t her nopl ast g RRUYAESy thbathabk | bydd QOGP iTRE bsHdR| &ayCHéeféc_?%ﬁ!zawlés pr ovi de

sone resistance to energet|c prOCGSSGS after curi ng e mask Iayer

306 may | eapenodifiedidomaingld et ithshenraadifie magker Wmﬁ@oﬂp’é\rm of gEgneiithpl et el y

exposed for ecan V, in or

t hi ck mask Ié;%/%rﬁ%géﬂgglﬂg%j db?%t'%cggt ﬁgggﬁaé:dc') por%?l%’g @%gg?ﬁrﬂ%'ﬁn%gg hg

processed. tighsonHrapsietcl nﬁateml pounmonifed tomafinst (secmcgnettlooa31l29 of isgtept i bl e

| ayer 304 d i I netic
y Hgongfio fisfd s‘ﬁ @'&ﬁ.e%ydo%‘élhg%ﬁ{ %9%&? Ay p%lghs{ csf.&g ored

properties o unmma ortions on re
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| ayer 306, the magnetically susceptible layer 304 is left with its original
t opogr aphy, but now includes a very fine pattern of magnetic and

non- magnewoeodaseidnas defi ned be the processed first por ®PCOUS3WH/053307
unprocessed of second portions 314 capable of supporting storage densities
in excess of 1 Th/in2. [0033] At step 204, a first portion of a plasma ion
i nplantation process is perfornmed to inplant ions into the first portions
314 of the substrate 302 unprotected by the mask | ayer 306, as shown by
arrows 308 depicted in Figure 3. The plasma ion inplantation process
performed %nﬁbﬁﬂéd%’&n%uﬁ?'(@@é&nd‘ gBﬁuohr@PZ)U&”ﬁi K%a?ﬁ‘&lcc’g@s gaﬁblﬁ’t aie
magneti cal |y susceptib | ‘ayer nodi 1 es The magne roperties
of the magmeadifiesl dgmains &t Dbﬂtlénli’éfrépf 804 mapineti¢ susceplbilii sdendrdingld, i n t he
processi ngy i nges
on the expogQﬁgﬁﬁﬁ%éagﬁﬁ%ﬁﬁﬂ?%ﬁgb@%ﬁﬁgﬁﬁﬁﬂ%%ﬂﬁ‘%ﬁ??@g I§(§h§xﬁﬂg e |ayer
304 defi ne@ BDgsitate aowent nfe Be0magneticallyesisceptinte 13@6. 3@k pibei magnate
unmasked p 0 I 4 pl asma
ener gy andPRetiES: & e oS SLAERLIA pOHZa5R el 1, eiEhur RebdRal 2T
magneti c prebmmalteobanuvrrdrmnge@ tplfasnadesmed gya@mlictdmml dolsem:acgnatled:lo'rrmws reach

sufficient en |, at not.i on of t ns, AN the
mmonet i cal (LTSN Petond o 23812 R gy - dtisaNestos PRIAIBRT aldiol 4 caused
by the di ssmeiat edhecdwahmnb@mtrﬁmngmg intb hiee mneﬁctamglshyc@msmelpyéMM | ayer
304 will randonlz@ Qg E rectlon of the atﬁgs or el imnating
the magnet inayheplizef da © ’f‘”qen erfﬁ?%ﬁ“&lpro © Mg, ﬁ??' USESPUDE { he
ease W th VdyeeB02. P& SERle VMﬂplarﬁé‘cﬂldinEGSWbOr@m p\mhemoaﬁd akrseric
magnetic field. Mdification of the unmasked portions 314 of the

magnet i cal I§NSs M’é‘b@%tt Ty gandayrize StBNelie Masenys peat Kenmprani sHas Ut 39 ned by
t he unnodi frh?ﬂ't RSP BHIPAHEGhEItS prderiidsh® Y LR frebliBngBgnethadld h
suscepti bl e er 304 protected by the mask | ayer 306) and the nodified
first port |naﬁwegq@rqplert@8pwqfi Fhdnagnriizipg i dhe H@QP?’“@J%@E?RGIPBP'@ lpygfer 304
unpr ot ect e%rbﬁﬁetuhw%ldméd( rég@dr?'(: &30k scbBRd R 813%)h BRe 'ARRhéRd tr?eS
unnodi fi ed donai ns .e., the unnodi fied masked second portion 312

magnet i c nmagnemm@méhmgmtmﬁmﬁmmgy ¢f the. magnedicaltydiusrertibimiasek f| rst
portion 31 i r i fd (o] ap=Y cond
ort i on 313)ore AT oPRAARALOIEREERS or velfiBRicneho OB BT en
314) of | owomgﬂeglat Iefaséladdomnt atenmsuiit Seledteddnan resgrosie condisiieg of beros12) of
hi gh magne e i j fi oAl Ns 0, 4) of
ow magnet PROTHRE SRR bt IR ladols refec Mo einbbbiflertCLlicBR G

pl asma enemngytutethiatphanbe sised ad»lpeodicdmdspaaﬂi; érgovthe tsubstcmenm@nheaablmst i nt o]

t he nagnetlcall pt rties of the
magnet i cal I%¢s s%e%f@% eéq éygﬁ giH é‘uF‘b éﬁ‘l‘ P?E %ﬁﬁr}‘]@ﬁl? h Sl@l?r?ﬁ nat ed
and cgange@ntbmdfrg)énn Mesligmﬁdssm%ed fronedhe gm@rrmmg@atayobeg?tmamsd (n‘t% g? ?8834]
secon ortions n the C | r

The dopant SIHEBRLCH T REIEY v PHE Shizgroered By S Bectiersl BaseR ohoa may
be utilizethd maghatitggy mh@;eﬁﬁlgeeéyee 394 qaebrnteleeﬁodaﬁmémeth@a@ﬂ@éneqmlpla\hted

suscepti bl e Iayer 304. For %aﬁ nB ant ed ions, such as boron,
phosphor us," ta fiptupars APeut; Br%n 13boHb8 &Wfr%ﬁ%ﬁ@@r%gﬁqg??% BoPRsht s near

the inpl amenﬁboﬁﬁﬁentb% Q’éssﬁll)éttﬁfﬁaédpptléwUﬂrlmrd@gQﬁé 'nﬁ‘aypfuﬂﬁéf 'Fricﬁféietéh the
surface, resultin ch an% in magnetic properties, such
al

demagnet i zinggt eas. éatHﬁ(j’Pi@mP qf%%'ﬂ@@élﬁﬁl'rlﬂ“@el My &Y, He Xe, Kh@nq’ sl &8t ed
region (1. e hBe RRCARY BRole fheioR) bolBaRiifer TRARE TRA! midkite, TRAASE | sm of
t he magnetic suscepti bi he magnetically susceptible |ayer 304 may
be nodi fi emqwamﬂmelrdb?béwp@fsgrpée%maaw@thalpdnﬁmrettx)reﬁug@g i redueed
compr i 51 19 ralorliflonof 407 ApefbE T onCLABbAMRE Oe ol HHRWES AL Y Of
bor on, phos I ne, arsine ower ol 1goners thereof n one e

sui tabl e gaspmhe)dt intoetheharbcessindbenarsieat atea ﬂowvawebeiwpantaéaouhﬁcsct:rhnearsijbst rate
i nclude at | east one of BF3, BH3, B2H6, P2H5, PH3, CF4, CH4, SiF4, Sift’
and the like. In one enbodi nent, the ions dissociated fromthe gas m xture
may be inplanted into the magnetically susceptible |ayer 304 at | east about
50% of the overall thickness of the magdetically susceptible layer 304. In
one enbodi nent, the ions are inplanted into between about 1 nm and about 80
nm fromthe substrate surface. In one enbodi nent, the gas m xture supplied
during processing may further include an inert gas. Suitable exanples of
the inert gas include N2, Ar, He Xe, Kr and the like. The inert gas nmay
pronote the ion bonbardnent in the gas m xture, thereby increasing the
probability of process gas collision, thereby resulting in reduced
reconblnatlon of |on spe0|es In one enbodlnent the ‘gas nlxture may be

b S Y o, I



[ 0035] A RF power, such as capacitive or inductive RF power, DC power,

el ectromagneti c energy, or magnetron sputtering, nay be supplied into the
processi yochamse33100 t o assi st di ssociating gas m xt uP€TAIS2I10H53397
processing. lons generated by the dissociative energy may be accel erated
toward the substrate using an electric field produced by applying a DC or
RF el ectrical bias to the substrate support or to a gas inlet above the
substrate support, or both. In sonme enbodinents, the ions may be subjected
to a mass selection or mass filtration process, which may conprise passing
the ions tBpBYIDASIRANH &a%be‘?'p?égshfélsfde%legall?lmﬁﬂﬁﬂweﬁrﬁéﬁﬁgé}paboﬁtql the
desired direction of tion neti ¢ or efectric field provided by the
RF power nﬁWﬁbéa@h@@mﬂﬂpQ@W?ﬂbﬁuphéa@bpvﬁﬂymﬁgﬁpled for purposes of

RE po |
ol o, Suchsd an RETT Pale AP Ernseer e Gl B pAle RSN e 1o

a precur soelegiremagneti mnag;yamyr ofaghbieae spludeend,smey gensmatied iiotesthd n one

nmbodi t k
e = prd s RSBTSRBTS BB
3.5 keV. | ﬂbrsaorgenenatmﬁlhyeﬂws digsbeiatieess eperdyainmayn dee necajertatad |tmmardntt}e be a

| asma. An e ctrlca out 00, V | appl i ed
Do the supstpSfe L et feafle i oGfieef g dosbals B TIR° BlectBatiias i SPPc
i ons towar thd bebsitas supp@t stifpar gasminldl ddose dl@élsubdra&éwugportl or S&theIn
enbodi nents, the 8' ctric b hias is Iso us 0 ionize k? rocess gas. In
ol hor . oroe ShmenuBod bl The JbES b be FRbiUR Iaumas Felnel hamasboase

gas. |In ongtemibe Prossds, whidhi @bﬁfdmﬁé%s@ﬁgfm@@n@ﬂdo th @wmgestitesey RF
field are provided to ionize t agrocess gas and bias the substrate

support. TIREHIGIRT pliangd Eipoppral do the drsyep gegctian %W?@@u@h%?‘a@f‘eﬁ%o% MHz
and a povverelécmteftel@glédmra @,bmetRF?PQwélV B¢ bakRphcitvdlPBr }Abue«ﬂ'uéul led

| ow frequency field provid frequency between about 0 Hz and
about 10 kifgr awpasm%ﬁoméowthgeata@én ag@duey 51 W Reddiggmrge Z‘Iﬂﬁ W dhergetic
ons mRY D@iGRARAG YRR, Bichhd BAUGE iRl Y BRHRHEY FHAKEIE chbRlyd mlay gy ovi ding
a recircul ation pathway through an inductive coil powered

bet ween ab@upllesbtova RregUEHSO gBs So0talvingrary poihese ﬁlﬁgﬂm@m}g@wraiel Ipn@eHEr ally
be accel ey bj asi: as
dlstrlbutorﬂg§98%§??Fﬂ &§g§§§®tF§5§@?¥ﬁ g%iégg‘ ﬁgﬂﬁééﬁﬁgn@%g?pgn of

i ons may bémplahtedch Pphetwesnabbet @pkelehdiabouhé. 8d1@&/smx @(eurpdmatﬁmxt 3& desi red
time, and n,di r S [

Fepoat od f 6F7a eBPRmBAehRL IR G e Rphy Terde s iay bRE P,

cycl e. | n mangleeinibeldbiasnifshetiveen pEbasidOnelyarizk apudﬂsé@b at waabpleixwmdge bet ween

about 0.1 Hz about 000 ch etmeen ut,, 10 and, about 500
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degrees Celsius. [0037] At step 206, while Perfornln t he plasma ion

i mpl ant ati (fﬁqb‘?'&’e%': f'%l'Q@@F’l%'@W'féﬁqL@f‘%bREd!@ d @rﬁé’rf’\éﬁ%FodPG'lz% thi PRoRESS

substrate igas Gl Siﬂs hed Qubatrale %bbﬂemﬁéﬁ@ﬁff?éqm%ﬂcy ﬁélddllsS&rHﬁaéGi aAkpve,
during the |on i npl antati on process, the therma

ene or ot her types of
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transfer k'WeédocthgW-@rﬁq@énéyh%lcﬁ@?r&%é&aﬂ é’ﬂ’é Jé?lcgliﬂ)%tv{i@éil%duﬂmbflﬁzce

t her eby inducing differential random zati on gne Ic nmonments with each

col | i si on, 2@Hi 1put H&N Yz taiea peyREteel heppesn ﬁéQUta @ Weantyaboutz 0@ Wf t he
magnet i cal Iy SFIHYESRAL Bhsy | Bhncifba. HOVRY Hauciip Shuple! BREWENRIGN,P! Ov) ded
and/ or gener at durlng he asma 1 on 1 nplantat rocess nsf e
excess ki neravidieperrggircutatiohepatimgmethrougiuan acdecivfe chilepavdred rbatRF poWerr eby
adversely f

per f or med %nvf he %}%ﬁ’?srgzﬁga% %B{r]goéngfy?ﬁ‘?w”%qhg??@@b&? i e(r?{éle?% Pe’ needs to
be efficiently controlled during the process so as to prevent undesired
nodi fi cation of the magnetic performant® of the substrate or over hardening
of the mask | ayer 306 di sposed on the substrate 302.



[0038] I n one enbodi ment, the tenperature of the substrate is controlled by
turning off the RF bias power used during the plasnma ion inplantation
process. Wo 20ti@sRB3power is turned off, the ion bonbar diemtusand/opd3asma

di ssociation occurred during processing in the processing chanber 100 is
substantially reduced, thereby stopping thernmal energy provided to the
substrate. Accordingly, the tenperature of the substrate is gradually
cool ed down. The cooling of the substrate may have an endpoi nt based on
duration of tinme or measured substrate tenperature. The cycle of cooling

and addi ti %@é’élet‘a% f%r@%@%u&?ra@%y lB‘f‘asf _ILMsHIkE! dr ﬁgg§%is"tr%tor as

concentration of Inplanted rons Is achi e@ for exanpl a concentration
suf fi ci ent descrihedepo¥ei ze t he unmasked port i ons 312 of the magnet i caI |y

suscept i bl g, E@yer '@gg?ﬁggwg'@&,@g Pé tﬁﬁdﬂpéf otk & ;Pﬂi@g[xr%lebl” DI B

sufficiently en resune I'n a secon portlon
of the pl abeeapptied itwrmeapltaamiamoumm&mgsde&reldntph@mnd thes dlmommtlntlml fulsstrat e

a0 st ep 208ty AECOUl LIRS ob Pond-nth o7 Bl 2 ARG BEERR 8o

performed belrow a tenper at rees I Us

t enper at ur elesuraiaﬁeqmency amopdmiyecd/cteo n sanab@mleodlﬁﬁntd;egneaesasw siaysbeduri ng
step 208 pr | ant i n unt , of coo step
206" and t he@-BEdcfa® o R Grvia” FRRYT ot B 809 cibobf otk P G858 my “be
r epeat ed p@refvmemedbomsﬂslmzvxand))abautr 600 240, Ira$>thimneymb¢drmsms tl@b@llarsmb in
order to ach| eve the desire Iev

trat 040],Fi 4
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per cycle) between about 10% and about 90%, such as between about 30% and
about 70%. During the first portion of the ion implantation process, the substrate
temperature is maintained below a predetermined temperature, for example,
below 150 degrees Celsius.

[0037] At step 206, while performing the plasma ion implantation process
described at step 204, the temperature of the substrate is cooled below a
predefined temperature. As discussed above, during the ion implantation process,
the thermal energy or other types of energy provided during the ion impinging or
plasma bombardment process may transfer kinetic energy of the energetic ions to
the magnetic surface, thereby inducing differential randomization of magnetic
moments with each collision, which change the magnetic properties and
demagnetizing of the magnetically susceptible layer 304. However, excess
thermal energy provided and/or generated during the plasma ion implantation
process may transfer excess kinetic energy to the magnetic surface of the
substrate, thereby adversely affecting and destroying the desired magnetic
performance performed on the substrate. Accordingly, the substrate temperature
needs to be efficiently controlled during the process so as to prevent undesired
modification of the magnetic performance of the substrate or over hardening of the
mask layer 306 disposed on the substrate 302.

[0038] In one embodiment, the temperature of the substrate is controlled by
turning off the RF bias power used during the plasma ion implantation process. As

the RF power is turned off, the ion bombardment and plasma dissociation
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pl asma reactor of Figure 1 during the plasma ion inplantation process.
During a first time period t1 in which the first portion of the plasma ion
i npl ant atworropwesesss i s performed as described at step PO#/USRO16/0SIBHTBLr at e
tenperature gradually increases due to the ion bonmbardnent and pl asna

di ssoci ated ions inpinging the substrate. The substrate tenperature is
raised froma first tenperature Tl to a second tenperature T2, as shown by
the trace line 402. After the substrate has reached to the second
tenperature T2, the cooling step is perforned to keep the substrate

tenperatur %c&?rté?i"’o%riﬁ?sbrro%gsélr?dmﬁrt%ubeceEQﬁg e%%’ﬁ’fﬂe‘? 136°Qs d&ﬂfs | sius,
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t he mask | a§ducedotherahy siprpiegriimacenergy peovidesl forihe subpiratacfcapsdinglir ni ng
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suppl | ad ¢ So0rRE YR SRR, 16 gt dhe  LamA R ety Bl “Tndidre

ener gy and nhgmkticatly sostaitior layertdos. substrate surface and in the pr ocessi ng

chanber. In one emnhodi nment e yin e coolin nto t

processi ngl Q?ﬁ%inbe:mefﬁ'ée (,SHQ%?% E%ﬁ‘r‘@ ﬁ%s BS?H Y 'Icl?g’ﬂgtcoﬁlﬁdv\g'é‘?ﬁ{}bout 100
mr and aboybwer is thes res@hed\® Baginfd Q@édnattﬁ)mome%rﬁ@hdrﬁmtpﬁntbﬁnﬂeen
about 100 sccm and, about. 5000 sccmto maintain the c B(gmessure at the

desi red raﬁ’&é’esﬁﬁoHﬂ@?ﬂ‘e‘P”%tﬂS‘ééﬁ%ﬁ‘ﬁStraﬁ%@t E%BI%O§9T5%§GH%{W eu9ptheed from
(he backsi dsh GhplRisHDELESIL i perBRasl boflt O AahbYtlure §esoUlksieed e may

be transferred ool i ng processing chanber to performa coollng process
to cool dokeldite I§dbetsuREEAlgoiRMRER IR rises BhdS dedierted tefiperaboyee!dR. The
cool | ng gageliard ¢alstbYURhGSBY SO oRECRERTIANGNAERRLIGA ahfdfinf 8PIdnas
processi ng chanber is selected froma gas that "can serve as a cool i ng

medi um t hathe aeplingsitelt Y06 and ke seeongcrarion af ke ineanplentatine psedess istare
surface so f I d LAbeot hin a
desired shc%@tg rlth?@e Féﬁeg%td ﬁ?rt?%ﬁ{etdh%%}tstraybﬁﬁas Zgge%ggﬁél grnggﬁéfor a
second per|ded|rec2|naztd|erttne\cbr@bsthadasnrteérh@@dmfuorectmmtretmn ned to a desired

substrate era P t escri bed
at step 20%‘,ﬁ tl’oﬂegresu ﬂandﬁeﬁﬁ’%@&d\/@?gﬁ@e% %‘U%Qtr%e %%I% fﬁlg%and
bonmbar di ng ptdsmagcmmdf figure 9 during mamlmna)mntlmpdmnahmmwodemcﬁmlagea and

i npl ant |0S|ntothe subs €. ~as _shown the trace 406. Simlarly,
L Ter™ he” B uleSndrBar BEPhiER e 1B eHREAR M biliSme i8S P o Rl togPs o
during theig tmeﬁdrmedrwspeésametwat btep PB4 pheekulsstiyi | teshpbaatliree gridoamssi ng
chanber is. tenpora turned of f . to adjust the,substrate tenperature,
o et Aioreaegs Hhigt theon opbarivSat il Mas bt Sl S Rt TG 18 oo
from the segpstehté.eTme sabstffe TEmpemturk ds triiged iffosh atﬂgpﬁinﬁﬁdtét@rér T, t8sa shown
by trace Iine 408. The substrate tenperature y cools to the desired

the first St tempeasatire durdnghun Bﬁﬁ't%tr?F%g%ép?oﬁﬁ?r the SUOSHRGPAS n trace

l'ine 408. |réadh%dﬂ9ttl%jsé&ﬁh"d tehPefbal TAlR &&iTH@rs?édlfsepéi%YmBQ t6RE&p e from a
subsequent portion of the inplantation process as many tjnes as needed, as

shown by t §EbStERIp tempestigarbelpw arrgsiras Empafature. fok examaleq 160 degreesi14. 416
for a fift t qﬂ%@ f in

Fi gure 4, l'?ﬁ%ﬁ?ﬁtéé@ggé}?@fh%ﬁfﬁﬁﬂ%e@c |oﬁr§§ﬁ%eegﬁhggﬁb%@éaér??efgrﬁl p?]r? gg@he
substrat e @htha haslddauent306ohcent eatbiodimeniy ihedcdoting rstepstnblyﬂe%tttﬁnm@ft eached
to a desir S [ ted
nto he st b A B D s g e B e P & "2
about 1x El@@ﬁp@'atmslmscflbedﬁ} btepails. AstibeliRirepowerntibdewpoiaritygugeesl off xt ur e
supplied d 0 per i wn t he
subot v at e CedpgealERud Sl B R b St corlele MR e PR B0

N2, N20, and the like. In one particular enbodlnent deplcted t herein, the
cooling gas m xture used during step 205 is helium (He) gas. [0042]In one
enbodi ment, the first tenperature T1 of the substrate is configured to be
mai nt ai ned at between about 15 degrees Cel sius and about 30 degrees

Cel sius, such as about 20 degrees Cel sius. The second tenperature T2 of the
substrate is configured to be maintained | ess than 150 degrees Cel si us,
such as at between about 50 degrees Cel sius and about 130 degrees Cel sius,
such as about 90 degrees Celsius. The tine periods, t1, t3, t5, t7 for
perforntng the plasna |on |nplantat|on process, as descrlbed at step 204,
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[ 0043] Figure 5 depicted a process sequence table perforned during a plasna
ion inplantation process, such as the plasma ion inplantation nmethod 200
depi ct ed WO 2Bi1g#64332. Similar to the process sequence destnish@d/osisvh
referenced to Figure 4, after the first portion of the plasma ion

i npl antation process as described in step 204 has been perfornmed for a
first tinme period tl, a cooling step as described in step 206 nay be
consecutively performed to cool down the substrate tenperature for a second
time period t2. Alternatively, after the plasma ion inplantation process is
per for med ifpianBliar (Hobad lsnm,n%urﬁﬁ kb&a@éacmgugstaa@@%mlédhﬁoﬁ#%rate
may be transferred to a coolin er or queul n_Ig station to performa
cool i ng domcmlbte@wr@iurq b2 sawaltoéheyﬂt&idemphr@ttgfabst patseoworbyt fieceslisond ti ne
period t2. tﬂorh@?to %&Rv%bftéttﬁe E@d%‘i@&éﬁl%omsgr%@é}, 50Yofify QQs?ﬂﬁﬁé red

t emper ature rang I nplan I'on process escribed in
step 208 myaydw p@trdrtaﬂyredpﬁh@d tatmmpm@tewmgaclpmnb@'dotacsslst carcyomg away the

i mpl anti ng i t I tra

t enper at uréﬁe(r%rﬁ%l remtseggJ %ﬁer e%gr é@éugnué%% S'n tg?e%%&rg%egépg 5t %’R?n(nsﬁtﬁe 206
may be conms:;lmglcyambelfdmtmeletrdoodmméntdwhen Sthpmlwn@ﬂtercaiahng gapmtaithﬂe for a
four time period scri bed above, the Q aortion pl asma
on i i antatian el oB8 ey 2 < fo R o@D aPrlg M bcoss
as descri bedrl ahd abem ZN6THERgLlRg rgé@élamdt@&faf/wemﬁﬁwtr‘bﬂéd aubétweka albbmas such

as for fift si xth, se and e hth t eriods (t5-t shown in
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over heati ng the substrate durin sima ion inplantation process

[ 0044] Fi guiPé 1 aepsitiele aamseAey- 'g'ltﬁfB@Iti'VﬁB’mtth%is“*&%Fﬂt‘? oY by trtaﬁéfeérﬁﬁ§9 @t e
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above, while plasma i nting ions into the substrate, the substrate
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st opped as el | coofld BRT! BecRB AR 1 CAREURL UL ol o NEBeR ROk, P o0

of tinme to nas rate t race line 602
depicted i metErr@ldr ® 6, desradheulbiffrgtetempailreed;, dlltnel plgsmbelonomplamiamn ation

process is in pul sed node h trat te erat ur be dro

P hoanThy ¢ RSt ProaEn ot e 20 AL ot HRE ST PPt d” As
tﬂe RFI pom@rssbsiarre;wmdbbr?bmirﬁgeihet fgessmbemreardsetriheﬁ hﬁgécﬁcbnagﬁldtbnbryud he _
thernal ener ene romt.he wer, an e Ssu rate .enp ature 1Is
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i mpl ant at i @mprc aRss thaSsupbpae tBnpbRtureidsaisénl tbnee 886oriteRhipepstuian T he
substrate te erature trace line 602. In this conflﬁ%ratlon as the RF

power suppl duERg the INPdie RefiRd kol RibPowsr surplied)to¢t PEQRESSIPGCRaMBRDer at ur e

i's cool ed gopmdAsHy t@nEd A6 ad]usiheUSUDSRERSERPelAIMRE B HEE&IDEY dttdeSume
the plasnma ion inplantation process, the substrate tenperature nay still be

i ncr ement al20§. itoicallons dhp cﬁwpﬁﬁﬁ@tet ioe br gasyalinfcopleds gewn n@omhéﬁemsa@w i on
i npl ant at i eopEBRRS T, 'd'BwﬁFtOQHé 54 1M aturOF4 AL BN LY trhe Ans 4HEMRId C. top

pl an vi ew of an exenplary processing
substrate temperature gradually cools to the desired the first temperature T,

during a fourth time period t4, as shown in trace line 408. It is noted that the
substrate temperature may be cooling from a subsequent portion of the

implantation process as many times as needed, as shown by the loop 210 shown
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system 700 that includes one enbodi nent of a processing chanber, such as

t he processi ng chanber 100 depicted in Figure 1, suitable for practicing

t he presewD 20mvss3Bon. | n one enbodi ment, the processi n@CTUSLENI03307 may be
a CENTURA(r) integrated processing system commercially available from
Applied Materials, Inc., located in Santa Clara, California. It is
contenpl ated that other processing systens (including those from other
manuf acturers) nmay be adapted to benefit fromthe invention. [0046] The
system 700 includes a vacuumtight processing platform 704, a factory

interface T@?gu?@g é"ndsﬁféct,éalrﬂec@m 149bl 814 1A% foFrQ?ftF?' Qitfwoééve;ﬁf‘ah&‘ﬁl gHiies a

plurality of processing chanbers 710, 712 ["feast one
| oad- | ock OREedeef tipes tsﬁashta/vrelrbﬂgpweeﬁ Ltrt§l| adﬁaﬁ%ﬁmsmbts@frl@m%h@\r%b@rm

chamber %g&‘%@d'ﬁt@%é%ﬁ?ﬁ%ﬁﬁ%ﬁ&rﬁea rﬁ”cﬁ ‘fﬁ%‘? %Eb Eleg%?n su }ﬂr‘ﬁaté actory

interface I'S cou e trans t he ock
chanbers 722s reedzed Itcn apdesieath talieheint pne Feenfcalimenty ipmet eref @keelréd)zto dmpri ses

| ; . 1 b
714 to taciTPEOEa PR Bubetied 45 2Bl phoa deREt Bied ChRbHRSR, " "
confi guredand aboubb¢E1@ﬁ3eatomslmr3e front opening unifi ed pod (FClJP) Two

Cobocrate el 7 TVRER dibadiBeRtae sfing Sy BhiESubitd ufng SepSadd oy,

conf i gur at f@rtimepéiwisitaal, &, ¥s tbrai)erd@meth‘éos&btsmaibeempamirerg sslettadtl rohhe | oad
| ock chanbers 722. The. fac %Oé\nt rfﬁ ﬁbot 714 h VI a bla rge 716

di sposed ot 8FYPeAANSFINGHE Nafr iagdr ﬁ’é‘?epa Ifdar
substrate fehodiriéntf RpicEy thdrbiar tiac eodihg §4s Hivaury Qmaum Blept 208 M 704 for
processing throuy h the |oad | ock chanbers 722. Optionally, one or nore

metrol ogy SEHMEHE) 988 nay be connected to a terminal 726 of the factory

interface 8&22"0 fimcodd temhisodiRastrBE®iist AbmipBratgrab St r ot Qhé rQUbstrde ROUPS
706A-B. [0048] Each of the load |ock chanbers 722 have a first Bort coupl ed

to the f actC@F Ured & paceainignesal t&t\g@%ﬁwﬁoﬁ degsaps @IS andabeWndt er
chamber @egr (%é?égs,'&féh é%h?dﬁgﬁ %?ee%réelgfagp*rﬁ? sb&bri Bhfpepitle $oNL T Ol

system (not whi ch d vents the |oad |ock chanber’s 722 to
facilitateoplsssueptiatie I%g@@gum%tq)bevm@ntmﬁéi \eae dan dhVidegraasntelsiust he

transfer chigaber o36.0ch LGy SHY AL, A% thieHoul 338 deghldioEBRRA! ©)

envi r onnent t he y I nt er
such as about 90 degrees Celsius. The time periods, 14, {3, t5, t7 for performing the

plasma ion implantation process, as described at step 204, are controlled between
about 5 seconds and about 40 seconds, such as about 12 seconds. The time
periods, t2, t4, ts, ts for adjusting the substrate temperature by a substrate cool
down process, as described at step 206, are controlled between about 3 seconds
and about 40 seconds, such as about 15 seconds.

[0043] Figure 5 depicted a process sequence table performed during a plasma
ion implantation process, such as the plasma ion implantation method 200
depicted in Figure 2. Similar to the process sequence described with referenced to
Figure 4, after the first portion of the plasma ion implantation process as described
in step 204 has been performed for a first time period t4, a cooling step as
described in step 206 may be consecutively performed to cool down the substrate
temperature for a second time period t,. Alternatively, after the plasma ion
implantation process is performed in a plasma ion implantation processing

chamber, the substrate may be transferred to a cooling chamber or queuing
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[ 0049] The transfer chanber 736 has a vacuum robot 730 di sposed therein. The
vacuum robot 730 has a bl ade 734 capable of transferring substrates 302

bet ween tWwe 2boad643eck chanbers 722 and the processi ng clraFhses0/hiiB7 712,
732, 728, 720. [0050] I n one enbodi nent, at |east one process chanbers 710,
712, 732, 728, 720 is a plasma ion inplantation chanber, such as the plasma
I on inplantation processing chanber 100 depicted in Figure 1. One suitable
reactor in which the process nmay be practiced is a P3i(r) reactor,

avai lable from Applied Materials, Inc., of Santa Clara, California. It is

cont enpl at ggatubﬁ% delBried @Mﬁg%ﬁ{ bR)%Qs@GF & Eaé@%l;b%o&rtﬁéts'uﬁ%tér’fopt her

sui tably adapted plasma react I ncl udi ng ose from ot her manufacturers.
O her pl asie smonudnmgr@pa@d &n Aéﬂeamfesgbstraﬁttmrmemgtumbg% beeowooledep a

manuf act ur B My mant
at | east oﬁ%gﬁ? oces[%?%tHanﬁgég%rb&Q%%#%E’nq%&g n?atlolng) rgécgc%’%%% gu(rge
dedi cate a# atepd@&m@/ lpe perésrpieddoc thitodime pered faohomonh@ue:mmlarum@norm ocess,

as desori Do et RaBie. BANe MdMAS! ShENSELER FLAYLR Fe Th GRel i ng

processing C may su coo gas to urtace to
cool down tﬂheraframpesr aioohraag ca”tep: hees siabertbealt 5)) &em%ﬂechay[ 0652¢rHeeuthiedt em
controller to,the

200 Th
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oper ati on, régeated performed for multiple times, such as for fifth, sixth, seventh, and eighth
time periods (is-ts) as shown in exemplary embodiment depicted Figure 5, as
needed until a desired amount of ions or dopants has been implanted into the
substrate without adversely overheating the substrate during the plasma ion
implantation process.
[0044] Figure 6 depicts another embodiment of controlling the substrate
temperature while implanting ions/dopants into the substrate. As described above,
while plasma implanting ions into the substrate, the substrate temperature may be
increased due to the thermal energy generated from the plasma bombardment
during the ion implanting process. Accordingly, a pulsed bias RF power may be
used to efficiently control the substrate temperature from overheating during the
ion implantation process. As the RF power is performed in pulsed mode, the RF
power is temporarily ceased and paused in pulsed mode for a short period of time.
As the RF power is temporarily ceased, the thermal energy generated during the
ion implantation process is stopped as well, allowing the substrate temperature to
have a short period of time to drop down. As shown in a substrate temperature
trace line 602 depicted in Figure 6, as the RF power applied during the ion
implantation process is in pulsed mode, the substrate temperature may be
dropped, as shown by the downturn point 604, as the RF power is temporality
pulsed. As the RF power is resumed to pulse, the substrate is heated again by the
thermal energy generated from the RF power and the substrate temperature is

increased by the thermal energy generated during the plasma ion implantation
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system control |l er 744 enabl es data collection and feedback fromthe
respective chanbers and systemcontroller 744 to optim ze performnce of

t he syst ewD200/056438053] The system control |l er 744 gener aCiryuseololosases a
central processing unit (CPU) 738, a nenory 740, and support circuit 742.
The CPU 738 may be one of any form of a general purpose conputer processor
that can be used in an industrial setting. The support circuits 742 are
conventionally coupled to the CPU 138 and may conprise cache, clock
circuits, input/output subsystens, power supplies, and the |ike. The

sof twar & 1 oiidedesag Shisih BY i1 Uaémdnr%()@oewuéact@sf.ﬁwgaoaratﬁewe@atare when
executed by the 'CPU 738, transtformthe 38 into a specif pur pose
conput er ( di@ae riop| &2 I7 4is cphBowetiemeasetheoBEi prYYerrRUPPHeS 0 belsed dnedk and/ or
executed b | ); [ 0 from
The. syat emtg070; RE4f AT ERubEhalc10hpehAis dibd urPGMAl HETRRRZY | he

pr ocessi ng uspeicesserD@Mpeyathicey & foomsumedbesmasnga tolnarrl@mmathnrmba@ﬂsn@eat I east
one plasm er,
coupl ed tnérERE TRk AN R SIS PR P A8 B PRsERsers

mani pul at e perfdinvingltred plasmaucrrarnuﬁardamedeasnnﬁfbmlsai modar ri er s or t he

carriers ”l]‘)%gﬁelvi's a .to fl the subtrates [ carr

enbodi nment | e f ngur%r S’e@sf5 n@i'&nﬁ%‘ff 'el‘)ve 2 AT EOIR i%{é{ %rﬁa?ﬁ?érig{ a
sguﬁﬂt) er i ng sgstambE0Q that mamlesairr]uelmwodrhemfwrd)arsceﬁsum alsairaberoeumma$ e
chanber, a resist s cha [

o onnatEEeng AheD R a0t L RIe PR B Blaictivan The frass e

plurality vaeﬁti@ﬁ?'flh&ﬂn@ éihmﬁ@ﬁlt thepRessdimy sidel MOEsaE bel ) CEAOURARANDer
consecutlvel roduce hard drive substrates as described herein. In sone

enbodi nent é”t rﬁEe RIBSE TS/ SHE) IETBPISIFIY availahle FemApplise Ma ‘?:féel'ﬁ*\d”%ubst rate

supports t isdatRK MO SSarfla SORFACEaRbrACh %UBér‘itéﬁh‘io%tédJ th&te ofHeP CHS8édhg
envi ronnment si nul t aneously. [0055] Accord ﬁrocesses and appar at us of

reduci ng t F¥FREE @dding Fh?é&cfforﬁrptbersrtﬁ‘@@t‘fﬁﬁiuéeré MaygPe 2pRiSHHO| kanefit

i npl ant at i gRPHRGERHtYSEd to form magnetic and non-magnetic domains on a
magnetically susc _I_ptl bl e surface are provided. The process advant ageously
provi des altPdélhod The eysiam ol0i inglugdes o sacunnetighinprorassine plaéloow &4praedef i ned

dosi red | eq iR AR AR 708 nd B s R b e T8 et o R B g
t he pl asn'apitmalitj/ mﬁpmasln@mhpmbe@sm(pr7é§eﬁ’3%s72ﬁadr2@tartd @tleparqneebaaﬂd
t opography DF R FSh AL r«leQ:oa |88tt6%{vrb% HP&IB% ra{e r ahiler 382t 1 on of
densely ac magneti c and RO Pra ns tt%e substrat e.
[ 0056] V\hl I é’vstohlead dm@gﬁlang)elrs 7EI2 raese:smem tm Erghc&jn nilme $aatdrytimterfaces @02 iison,
ot her coupled to the transfer chamber 736 by the load lock chambers 722.
[0047] In one embodiment, the factory interface 702 comprises at least one
docking station 708 and at least one factory interface robot 714 to facilitate
transfer of substrates. The docking station 708 is configured to accept one or
more front opening unified pod (FOUP). Two FOUPS 706A-B are shown in the
embodiment of Figure 7. It is noted that substrate may also be transferred,
arranged or positioned in a vertical configuration in the factory interface 702 to be
transferred into the load lock chambers 722. The factory interface robot 714
having a blade 716 disposed on one end of the robot 714 is configured to transfer
the substrate from the factory interface 702 to the processing platform 704 for

processing through the load lock chambers 722. Optionally, one or more
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and further enbodinents of the invention may be devised w thout departing
fromthe basic scope thereof. What is clainmed is: 1. A nethod of
control | iwQ 2a11303bs8r at e tenperature during a pl asna i onPCRalSaMAasi3on
process conpri sing: (a) performing a first portion of a plasnma ion

I npl antati on process on a substrate haying a nmagnetically susceptible |ayer
formed thereon in a processing chanber for a first tine period, wherein a
tenperature of the substrate is nmintai ned bel ow about 150 degrees Cel sius;
(b) cooling the tenperature of the substrate after the first portion of the

pl asma i on W diR)icy} gté‘éﬂd?\'% 79'8%5)5% B&%&?@d}o%ﬁb%S &ffle factorP/ intbface

perform ng a second portion of pl asma 1on | nplantation
substrat e, ARde Eﬂmltath@%éﬁf%meﬂt@f @e(ﬁUbStﬁ@te§mth€aT@UP§ TR
degr ees Oel[o% 4S-

ocess on the
ai ned bel ow 150

Each of the load lock chambers 722 have a first port coupled to the

factory interface 702 and a second port coupled to the transfer chamber 736. The
load lock chambers 722 are coupled to a pressure control system (not shown)
which pumps down and vents the load lock chambers 722 to facilitate passing the
substrate between the vacuum environment of the transfer chamber 736 and the
substantially ambient (e.g., atmospheric) environment of the factory interface 702.
[0049] The transfer chamber 736 has a vacuum robot 730 disposed therein.
The vacuum robot 730 has a blade 734 capable of transferring substrates 302
between the load lock chambers 722 and the processing chambers 710, 712, 732,
728, 720.

[0050] In one embodiment, at least one process chambers 710, 712, 732, 728,
720 is a plasma ion implantation chamber, such as the plasma ion implantation
processing chamber 100 depicted in Figure 1. One suitable reactor in which the
process may be practiced is a P3i® reactor, available from Applied Materials, Inc.,
of Santa Clara, California. It is contemplated that the methods described herein
may be practiced in other suitably adapted plasma reactors, including those from
other manufacturers. Other plasma ion implantation chambers, including those
from other manufacturers, may be utilized.

[0051] Furthermore, in another embodiment, at least one process chamber
710, 712, 732, 728 may be configured to dedicate as a cooling processing
chamber to perform the cool down process, as described at step 206 above with
referenced to Figure 2. The cooling processing chamber may supply the cooling
gas to the substrate surface to cool down the temperature of the substrate as
needed.

[0052] The system controller 744 is coupled to the processing system 700. The
system controller 744 controls the operation of the system 700 using a direct
control of the process chambers 710, 712, 732, 728, 720 of the system 700 or
alternatively, by controlling the computers (or controllers) associated with the
process chambers 710, 712, 732, 728, 720 and the system 700. In operation, the
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2. The nmethod of claim1, further conprising: repeating step (b) - (c)
In-situ a processing chanber. 3. The nethod of claim1, further conprising:
repeat i ngwOlp11/056483 unti|l a dopant concentration of thePshsoa06330aS
reached between about 1xE1018 atons/cnB and about 1xE1023 atons/cnB. 4. The
met hod of claim 1, wherein cooling further conprises: turning off

bi as power used during the first portion of the plasnma ion inplantation
process. 5. The nmethod of claim1l, wherein cooling is performed outside of
t he processing chanber in which the first portion of the plasma ion

i mpl ant at | QPstRFOESRDINRF4PRENEERGta collection and feedback from the respective
chambers and system controller 744 to optimize performance of the system 700.
[0053] The system controller 744 generally includes a central processing unit
(CPU) 738, a memory 740, and support circuit 742. The CPU 738 may be one of
any form of a general purpose computer processor that can be used in an
industrial setting. The support circuits 742 are conventionally coupled to the CPU
138 and may comprise cache, clock circuits, input/output subsystems, power
supplies, and the like. The software routines, such as a method 200 with
reference to Figure 2, when executed by the CPU 738, transform the CPU 738
into a specific purpose computer (controller) 744. The software routines may also
be stored and/or executed by a second controller (not shown) that is located
remotely from the system 700.

[0054] In one embodiment, a processing system such as the processing
system 700 may have four processing chambers, including at least one plasma
ion implantation chamber and/or an optional cooling chamber, coupled thereto,
with a single substrate handling robot configured to manipulate individual
substrates disposed on substrate carriers, or the carriers themselves, and to flip
the substrates or carriers. In one embodiment, the four processing chambers may
be a wet clean chamber, a sputtering chamber, a physical imprint chamber, a
plasma ion implant chamber, a resist stripping chamber, and a CVD chamber,
which may be plasma-enhanced. In such an embodiment, a substrate carrier
having a plurality of substrate disposed thereon may be processed in each
chamber consecutively to produce hard drive substrates as described herein. In
some embodiments, the substrates may be disposed in the chambers using
substrate supports that expose a surface of each substrate to the processing
environment simultaneously.

[0055] Accordingly, processes and apparatus of reducing thermal energy
impact on a substrate during a plasma ion implantation process used to form
magnetic and non-magnetic domains on a magnetically susceptible surface are
provided. The process advantageously provides a method to controlling a

substrate temperature below a predefined level while implanting ions into a
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6. The nmethod of claim5, wherein the second portion of the plasma ion

i npl antation process is performed in a second processing chanber. WO
2011/ 056486RaT/0363610/ 053397 7. The nethod of cl ai m 1, pamarseénn/os33e7 fir st
portion of the plasma ion inplantation process has a duration of between
about 5 seconds and about 40 seconds. 8. The nethod of claim 1, wherein
performng the plasma ion inplantation process on the substrate further
conpri ses: inplanting ions into a portion of the nagnetically
suscepti bl e | ayer exposed by a patterned mask | ayer disposed on the

substrate. sugstra-[é"%up@&:%]%llgfmgln?élrﬁmg JoMPEd %\}él G thRRSedsTPHRNE QLY 0 the

magnetical |y susceptib are Selected froma group consisting of
bor on, phoitessperahse raaidtainesi dering the plasma ion implantation process preserves

magnetic properties and topography of the substrate in a patterned manner to
enable the creation of densely packed magnetic and non-magnetic domains on
the substrate.

[0056] 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.
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10. The nmethod of claim1, wherein the magnetically susceptible |ayer

I ncludes a first layer disposed on a second layer. 11. The nethod of claim
10, wher ewo 20he@056438st | ayer is selected froma group comsiraiSeeng/064397ron,

ni ckel, platinum and conbinations thereof; and the second | ayer is
selected froma group consisting of cobalt, chromum platinum tantalum
iron, terbium gadolinium and conbinations thereof. 12. The nethod of
claim1l1, wherein performng the first portion of the plasm ion

I npl antati on process further conprises: applying a RF energy to a
gas m xt ur gussiBlcififednto the processing chanmber to ionize at |least a
portion of the gas mxture 13. The nmethod of claim 12, wherein the RF

energy is supplied in Eul sed node. 14. The nethod of claim 1, wherein the
cool i ng prdeess fmeEhPé’r SRPIPIiRG -2 SUPRIIE nigMPeEaidlel AYring PESRe IQur f ace

of the subghp@ah@tion Y8294 E6QpRdsgPCT/ US2010/ 053397

(a) performing a first portion of a plasma ion implantation process on a
substrate having a magnetically susceptible layer formed thereon in a processing
chamber for a first time period, wherein a temperature of the substrate is
maintained below about 150 degrees Celsius;

(b)  cooling the temperature of the substrate after the first portion of the
plasma ion implantation process has been completed; and

(©) performing a second portion of the plasma ion implantation process
on the substrate, wherein the temperature of the substrate is maintained below

150 degrees Celsius.

2. The method of claim 1, further comprising:

repeating step (b) - () in-situ a processing chamber.

3. The method of claim 1, further comprising:
repeating (b) — (c¢) until a dopant concentration of the substrate has

reached between about 1xE10'® atoms/cm? and about 1xE10%® atoms/cm?®.

4. The method of claim 1, wherein cooling further comprises:
turning off bias power used during the first portion of the plasma ion

implantation process.
5. The method of claim 1, wherein cooling is performed outside of the
processing chamber in which the first portion of the plasma ion implantation

process was performed.

6. The method of claim 5, wherein the second portion of the plasma ion

implantation process is performed in a second processing chamber.

23



15. The net hod of claim 14, wherein the cooling gas includes at |east one of
He, Ar, H2, N2 or N20.
WO 2011/056433 PCT/US2010/053397

7. The method of claim 1, wherein the first portion of the plasma ion
implantation process has a duration of between about 5 seconds and about 40

seconds.

8. The method of claim 1, wherein performing the plasma ion implantation
process on the substrate further comprises:
implanting ions into a portion of the magnetically susceptible layer exposed

by a patterned mask layer disposed on the substrate.

9. The method of claim 8, wherein the ions implanted into the magnetically
susceptible layer are selected from a group consisting of boron, phorosphine, and

arsine.

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

a first layer disposed on a second layer.

11.  The method of claim 10, wherein the first layer is selected from a group
consisting of iron, nickel, platinum, and combinations thereof; and the second
layer is selected from a group consisting of cobalt, chromium, platinum, tantalum,

iron, terbium, gadolinium, and combinations thereof.

12. The method of claim 1, wherein performing the first portion of the plasma
ion implantation process further comprises:
applying a RF energy to a gas mixture supplied into the processing

chamber to ionize at least a portion of the gas mixture.

13. The method of claim 12, wherein the RF energy is supplied in a pulsed

mode.

14.  The method of claim 1, wherein the cooling process further comprises:

supplying a cooling gas to the surface of the substrate.
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15. The method of claim 14, wherein the cooling gas includes at least one of
He, Ar, Hz, N2 or N,O.
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