SYSTEM AND METHOD FOR COMMERCI AL FABRI CATI ON OF
PATTERNED MEDI A BACKGROUND 1. Filed of the Invention
W 2®90738Fhi s invention relates to the art of PCT/US2008/085728
substrates, e.g., disk, mcro-fabrication and, nore
particularly, to patterning of substrates, e.g., the
magnetic | ayers of a hard disk for hard disk drives. 2
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fabrication of sem conducMEDisA flat panel di spl ays,
light emtting diodes (LED s), hard disks for hard
di sk drives (HDD), etc. As is well known, fabrication
BACKGROSIND conductors, flat panel displays and LED s
i nvol ves various steps for patterning the substrate.
On the other hand, traditional fabrication of hardOI
i sk I erred to as | ongitudinal recording
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disk for bach disksliveg. nul tiple grains within the un- patterned
magnetic |ayers. [0003] It has been denonstrated that
non-patterned disks would fail to satisfy the needs of
Z he gk Al terns of area bit density and costs, in
order to remain conpetitive with other forns of
storage. Consequently, it has been proposed t hat next

[0002] ?ﬁgfrl\?lh Ofbaqq céhﬁn gggbgtée}gg?%b/v F ?nc?vg art emp%r;/\éld in, %r example,

fabncatphaif@em.b@mmdms flad parmidis plays, ghi dmitied Gldd%sr{EED s), hard
y Wwhich Litho graphy technol o
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perpendidular recording technology does not involve patterning. Rather uniform layers

are deposited and memory cells are generally defined by the alternating change of
magnetic flux induced by the recording head, with each recording bit encompassing

multiple grains within the un-patterned magnetic layers.

[0003] It has been demonstrated that non-patterned disks would fail to satisfy the
needs of the market, in terms of area bit density and costs, in order to remain
competitive with other forms of storage. Consequently, it has been proposed that next
generation disks should be patterned. Itis envisioned that the patterning process may
utilize photolithography, although currently there is no certainty which lithography
technology may be commercialized, and no commercial system is yet available for
commercial manufacturing of patterned media. Among contenders for photolithography

are interference photolithography, near field lithography and nano-imprint lithography
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exposed and devel oped, the disk needs to be etched and
fabricated according to the desired pattern. However,

W@ 00darssnuch of the devel opnent efforts has bRERUS2008/085728
focused on the patterning step and no technol ogy has
been proposed for fabricating a patterned disk in a
comercially viable environnent. [0004] To be sure,
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fabrication. On the other hand, HDD di sks need to be
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hour. the invention. Its sole purpose is to present sone
concepts of the invention in a Si nplified formas a
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fabricatipn ®f ihaed diss toprcagdapetielfrwrmediaufonl-kﬁD di sks to be
used in HDD in a comercially viable manner. Vari ous
processing steps are outlinedand their sequence is
designed to result in a functional patterned nedia

SUMMAR¥kK. The

[0006] The following summary is included in order to provide a basic
understanding of some aspects and features of the invention. This summary is not an
extensive overview of the invention and as such it is not intended to particularly identify
key or critical elements of the invention or to delineate the scope of the invention. Its
sole purpose is to present some concepts of the invention in a simplified form as a
prelude to the more detailed description that is presented below.

[0007] Methods and systems are provided for integrated fabrication of disks to be
used in HDD in a commercially viable manner. Various processing steps are outlined



system may be constructed by nodifying a conmerci al
processi ng system such as the 200 Lean(r) avail able
w0 e@a7assevac, of Santa Cara, CA. [0008] As nRCEUS2008/085728
above, the fabrication of patterned nedia requires,
anong others, incorporating etching technology to the
di sk fabrication. In considering the application of
I V - [ hept
and el N aoh ST R TPl p2Emd TRCSHPUERT The
system memyhbe Icogstructed hybhedifiting afammeedialngropedding spsteharstch as the
disks.. Unli ke m conduyct and t her applications,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorporated in and constitute a
part of this specification, exemplify the embodiments of the present invention and,
together with the description, serve to explain and illustrate principles of the invention.
The drawings are intended to illustrate major features of the exemplary embodiments in
a diagrammatic manner. The drawings are not intended to depict every feature of



drawn to scale. [0011] Figure 1 illustrates a flow
chart of a conplete process for fabricating HDD
w@2ave73881 nedi a di sks according to one generiBCT/US2008/085728

enbodi nent of the invention. [0012] Figure 2
illustrates a cross section of a patterned nedia
under goi ng a gener al process flow according to one

actual &ﬁﬁ@dlh%n?é"'ﬁ&dl‘é@tﬂfe cﬂfn n'srBfQH 'd%ﬁictécpgl%ﬁlerﬁé,géﬂoea?é not

[ustrates an exanpl e a patterhing system

drawn tat‘;‘@alejl ng to an enbodi rrent of the invention. [0014]

Figure 4 illustrates another process for fabricating a

[0011] pat t dfiged Mildistratéssk flowohad ofta tomplete phsudisgor fabtichfiey HDD
gure 5 illustrates )a:@general

0015
pattem%\q Hﬁ‘ﬁ%glsbﬁ &CEPr J&%%?%ﬁ?ﬁ?%?@@@ﬁﬂe heiingnties.
ess of Figure 4. [0016] Figure 6 illustrates

[0012] anot Iﬁ@urﬁr%d@§§aﬁ§ra erassiseationgf a nedterrecheedissdndergoing a

generalcﬂdgg‘[e]sj gur@g&ghr:igf cﬁé‘rﬁg‘gﬂgﬁ%g@ﬁ&n&%ﬁ f tﬁ%?@e{@% of

as t for executi,ng the roce s of Fi
[0013] ¢ .yﬁ%ﬁﬁ'ﬂa?%{ﬁ%sgn eFAIBB I e aliine 3 Epaasnrdlon To an
embodifr@lt bf tid ingemtigrat t erned hard di sk according to an

enbodi nent of the invention. [0019] Figure 9

[0014] I N usmgo o5 iIRsFhRS S HBcat O fébﬂk%‘iun?‘#ét@eﬁleﬁ%édua disk

Figure 10 illustrates a cross Ion a
accordlmg t@gnmmmsnggf@esnvqru@m] Figure 11A is a parti aI
i sonetric view shown the novable cathode in a position
[0015] away Fﬁguum& tlestiatels,a gbneéral f@DRELIUFE ofasydikn tailosed for

.pa I SO ric view showi ng the novabl e cathode in
exec““é)xg B&P@FG?\S nfgﬁ“ﬁ%f‘e the disk. [0023] Figure 12

illu trates a di sk etch chanber according to an
[0016] enpodighstd HJPSFWQS@WQPRFRIQC?WMFGWK@EWQ ajgatterned media disk,

accordn‘\g# td'sh 'éﬁit?o%nﬂ@nﬁ&ﬂﬁ@ 7 Af @ system having

ternating etc Fg and cooling stations.
[0017] Figure 7 illustrates a general architecture of a system tailored for

executing the process of Figure 6.

[0018] Figure 8 illustrates part of a system for fabricating a patterned hard disk
according to an embodiment of the invention.

[0019] Figure 9 illustrates a cross section along lines A-A in Figure 8.
[0020] Figure 10 illustrates a cross section along lines B-B in Figure 8.
[0021] Figure 11A is a partial isometric view shown the movable cathode in a

position away from the disk, while

[0022] Figure 11B is a partial isometric view showing the movable cathode in a

position proximate the disk.

[0023] Figure 12 illustrates a disk etch chamber according to an embodiment of

the invention.



[0025] Figure 14 illustrate a flow of a process
according to an enbodi nent of the invention. [0026]
WO2@anessib il lustrates an alternative enbodi neEPCT/U8200$1¢85728
system according to the invention. [0027] Figure 16
illustrates certain alternative features according to
enbodi nents of the invention. [0028] Figure 17 is a
fI ow t t
o0 L Lo BBt & BT TR g geinbfing etch
Chambeir‘ﬁlauétqoailegsmt@lnber process for fabricating a
patterned nedia di sk according to an enbodi nent of the
[0025] i nvertigure. 14 MOSWater fowof Brokess heedrdingatoganemdbdiment of the
. architecture of a systemtailored for executing the
'”Ventoﬂrocess of Figure 18. [0031] Figure 20 illustrates an
exampl e for patterning-first process according to an
[0026] enpodiighst 1 DHHlustates @peaitarpativg embepinmerjuafdhe system according to
the inventibySt rat es anot her exanple for patterning-first
process according to an enbodi nent of the invention.

o027y S A AR e B b 5 s Baimens

of the ineatipmi.ovi ded for fabricating patterned nedia disks.
Figure 1 illustrates a flow chart of a conplete

[0028] prOCﬁ?Jréor? fsaAOﬂM%hbﬂgndé%tlﬂgtérﬁét%ﬁ 88 La «gn%g to an
ra

ene di vided into four nddul es (i ndi cate
embodlmegh@ﬂ@ednwnthme boxes). In Figure 1 solid-line box

i ndi cates utilization of conventional continuous media
[0029] f abr iFigireck8 idzlqstirzﬁ&sranptqufeceets' foe fadwicatingiacpatessned media disk

| i zation,. of ography equi pnent, such as, e.g.,
accordiri g f FRIRAMeD ﬂéﬁ?g'b@qéﬂd doubl e-1ine box indicat es
utilizati o f novel patterned nedia fabrication
[0030] ¢qyui fige. 'ﬁ%%@ﬁ@ enarabaichiestyre ot asystepytadpeachiong

executlr{q:ﬁ\ecbr%lﬁésé Bf Ialgﬁ“équ' ng apparatus 12. The disks are

noved to conventional processing system 14,
[0031] SUSN Uk f0%rdt88 A dxample for patterning-first process according to

an embodiment of the invention.

[0032] Figure 21 illustrates another example for patterning-first process according

to an embodiment of the invention.

DETAILED DESCRIPTION

General Process

[0033] According to embodiments of the invention, system and methods are
provided for fabricating patterned media disks. Figure 1 illustrates a flow chart of a
complete process for fabricating HDD patterned media disks, generally divided into four
modules (indicated by light broken-line boxes). In Figure 1 solid-line box indicates
utilization of conventional continuous media fabrication equipment, broken-line box

indicates utilization of lithography equipment, such as, e.g., nano-imprint lithography,
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for fabricating non-patterned nmagnetic | ayers.

Thereafter, the disks are noved to a |lithography
wore@alezssit to i nprint the patterning. The |it hPCF/HWYS/085728

nodul e may be any of the technol ogies currently under

consi deration, including, but not limted to,

nano-i nprint |ithography. CGenerally, in the

and doublé-NR8 'b@thYdlﬂﬁl‘é@hﬁlIlEélﬁ)rﬂbﬁﬂfO\}e?r pafaiRe mebia fbrication equipment.
phot or esi st 8 otoresist is "exposed' to the
¥

In modw%dgufab@cqimséaﬂs ideaningihe digkain aﬁleannpmgsp@ratus 12. The

t e, LR n
cisko o838 5401 B Lol bnelpBpes L RERT Y, AP 5h I 200 Lear
for fabrlcatﬁ@namp@tterr@menabhetlct idyeegr Anbneaftenths Yisks dré moved to a
eted, the disk is transferred to the patterni nﬂ any of

Ilthogra%% mﬁum 6 ft%ew]mtl the palepPg er ned@wwgpam%m
the techﬂbﬂfg?éé?nﬁeﬂyﬁ%ﬁcgé r{%ﬁ%rat‘ﬂ‘m QHCIU@M tgﬂtﬁ’cﬂqlrﬁ]lfaeost%uﬁbno -imprint

rim ep05|t|ona resi
lithographiy.i Genﬂmlal uEﬂhehltInr@graphymmdLdatheadllsk\rmcoditedwth aphotteesist,

the phofiieatis cexBrRetha? s st e Patsrn Raner P rdENRisE By Sical
contact th Riste1gi.an |mﬁﬁﬁlﬂ924ﬁéﬁ tN@E%b’é@e‘d“r‘ésfé? r%!@éi‘\!ieloped or cured

however, once th enters sy stem 18 it neve
under UMcisragiatione Qaceithe Iﬁhognaphmocmmg |smamrds$d1ghe disk is

ted., The det about these processes and the
transfer(c}aé{? tﬁg Pﬁﬁ‘ﬁ{%ﬂ% 8%19?15@ used to performthemw ||l be
descr i Iow e p{ pcessi nrg in the patterm n

0034] 305t in S pateRlin ataa T8 Qi oCas g e gerBTHERuRich may

include ae s%ﬂﬁh $8s.smin$ hhad f?né’ékt déﬁdﬁtY&f‘éné @tdm) ees%&t&tﬁﬁtmetal etching,
di scl osure lbure 2 il ustrates Cross sectl on
Q*mi'ﬂ @ar

planarization (whtchemaxem nde:fgnetﬁgoaogda aefill apd etobsisadk) oWhese

th L.
processB8 2% Behn 3N s DRI T reltharn, s faVibgandtdepd bt
vacuumi édwmhhﬂirﬂﬁw@ﬁe@%na@mestﬂléld ehtere sysimidest héver leaves the

substrate 205 upon which a soft underl| ayer (SUL{1 210

vacuum; envirepeant eatil nw@e&mg lissgempleted. Thefdetailsrahqiit dheseopipcesses

st e ICARSIEH) HBEELL Lo BeA TR,y BRI PHER s, once

processwrg methqa(piaetetn:mg lsgsﬂeat U8 s ponpledéd tthe diskeadirdi mMgvdedmodules
ed | formed over the SUL, 210 and the
20 and iig"ﬁ'%’?ﬁ@r? Wéfelﬁ‘ﬁf‘t tQ the BHRIECLYSFIOBHIE. seed | ayer. To

tect the magnetic |layer on disk from nechani cal
[0035] wear Fugurﬂ?e!"ﬂstyatﬁg crestaSemionaf\a pafteread anedia smdergoing a

general PPOEE! Ry aBcdrBiny "M ERXbOUmERs thE iflleATBARY The disk arrives at

the patterning system having the structure illustrated as 200. The structure includes the
substrate 205 upon which a soft underlayer (SUL) 210 is deposited. The SUL layer is a
"soft" or relatively low-coercivity magnetically permeable underlayer that serves as a
flux return path for the field from the write pole to the return pole of the recording head.
A seed layer 215 is formed over the SUL, 210 and the magnetic layer 220 is formed
over the seed layer. To protect the magnetic layer on disk from mechanical wear by the
flying head and environmental chemical corrosion, a thin protective coat of diamond
type carbon (carbon overcoat, COC) layer 225 is applied over the magnetic layer 220.
Then a patterning mask 230 is formed using, e.g., photoresist or other masking material
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type carbon (carbon overcoat, COC) |ayer 225 is

applied over the magnetic |ayer 220. Then a patterning
WOore®RrR/02887 i s forned using, e.g., photoresist oPCDUK®NS085728

maski ng materialin a nano-inprinting step. The

structure shown as 200 then undergoes processing in

the patterning system as generally shown by

ina nanétlﬁiﬁ?lhﬂﬁ@%te%‘loTh@§9uct€|§é’sﬁ6\ﬁn 48G0d {P\Qﬁﬁlnde"r‘gc?é’&p%%ssmg in

| ayer has been etched so as to be used
the pattefasng SYHh%m as geoaradly showody stayeluresadd(hedd, aﬁemm! 27ﬂhe
phot oresi st nmay be renpved and the COC | ayer woul d
[0036] nmi ntra240 tires CAKS layed hpateenretchido so @k 1@ D@ udes angherd enask.
Thatis, piih thst CRe et S bRER Lo ThapPBIOrEst BRKDR Geshoved and the
coc layﬁ#%ﬂ& hiin@ireie désn%d péﬂe‘?ﬁ' “Fﬁneﬁr&t Z%DC{ﬁe‘Pﬁag?rﬂﬁlc%%r is

time. This woul Ealne m)recorrpete
etched Uﬁemg)the C@Qta@eaaeéhe)bard eaisk] Haghenf th@sajmstqhesiep@may be

performed e el TEOEL encdCRb el pr e o & alilfs  Fhiou

be explditgd Foré @empléielylidlow. tlhl260|Qa" eadohi reflll Riyer |sD(ﬂepOS|ted to fill the
di anond-1i ke carbon | a (generally referred to as

patternedamagngtisolayer, @nﬂothﬁedhe @mweﬂ&weéﬂﬁ aicbrptbaskdp dorm a
relatlveliﬁgf’te%b] JUritee A} 17d AR 2) rr@%aﬁv%ﬁ?é\ﬁ?'cﬁ In& 1RBLFE Mer

according to an nventi on.
(generaW’u@f@w@t@bsNGDcam@)tDsffdrhnedsyst emmay mmc that of
t he 200Lean(r) available fromlntevac, of Santa O ara,
CA. In this exanple the systemhas two el evators, 302

and 304, and si xteen processi ng chanbers, | abel ed

General%y%@em'ﬂchﬁ@ctﬁb@tem each chanber has a Iovver part
that functions as transport chanber for transporting

the carrier with the disk, generally 306, and an upper
processi ng chanber for perforrri ng the process on the
[0037] di skFigtte I3ellssirates harexantple od agstenoiny systbes actordirg to an
. di sk mul t aneous ot hers, process,only one side, .and
embodiBg oA THER: | h'e GBS StEEhEE &f thenrineSBandly inic Hat of
the 200IQ=5Hrf® §Vé¥%‘-’olé’?rohjf‘ﬁ1té”a%k of Bgﬂ?astldrﬁ the Iﬁ%ﬁ@'@x@nﬁfle the system
Figure 3, chanb I $ a de-scum chanbe whi ¢
has two glevaters, a@’é@nﬂd’r% randmnﬂgem neoqm@trm@arnbersmb@ledwa{w In the

val v, tter t hi.s
system, 420 chafif AR 20 kgt PaGhRLRHRRS 55 RRNSRARSPAmGRL:
transportihg ahél eairice iththRaiSK) Gediepaly 3D6TRING fNupsr procedding chamber
mask pat terni ng woul d “renpve any excess
for performing the process on the disk. While some chambers process both sides of the
disk simultaneously, others process only one side, and so are provided in pairs to

complete processing on both sides of the disk.

[0038] In the example of Figure 3, chamber 1 is a de-scum chamber, which may
also be used for trimming the photoresist. Note that when the process involved hard
mask patterning, this step may be skipped, provided that the photo-resist is of a desired
shape and gross dimension, as the hard mask patterning would remove any excess
photo-resist. This chamber processes both sides of the disk simultaneously. Chambers
2 and 3 are utilized for carbon hard mask etch, i.e., for etching the COC layer. In the

example of Figure 3 the etch process may be done by oxidation assisted soft etch using,
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phot o-resi st. This chanber processes both sides of the

di sk sinmul taneously. Chanbers 2 and 3 are utilized for
w@200007885Ar d mask etch, i.e., for etching the BATUS2008/085728

| ayer. In the exanple of Figure 3 the etch process nay

be done by oxidation assisted soft etch using,e.g.,

bi ased RF source or renote plasm using, e.g., oxygen

e.g., bidded. RF BolifeSorcreninie la?snbaag BRI dofs. umetﬁl.s c.%m le a
9o t hat each of chanbe?s th et C'Ed)s one side of P

biased BF lasnraiis useg, ssethat @gﬁl@ pf shambeis 2 and S etches one S|de of the

disk. Tﬁl% %%ﬂttﬁ{ Ig&ééndﬁél}/sh%g%mgﬁw%kgggef&}'& %:tﬂ%ﬁg%ﬁéégﬁé’ gfagg Igﬁechanlsm

used initise statidns &, 8, 8 anedn®t i sph@sbasedplasmatidigsed, @ﬁ%erﬁ@l;e plasma
e performed n a si ngl e chanber, etching both sides
source, éh‘?rgrQ%édU%Y e newfogr@ﬁer"a@ single champes eishig kethisidesy

mmultar‘ﬂafcnlsryE ﬁ\t%\érél ?ﬁhﬁ*%t?é%@l gbf?f&t}fﬁeté‘tmn?%w%crgﬁﬂtaé selectivity

bet hot or es car
ratio thaieaxm®etv1eedphotqu@smtoadd dérbodeweitti can be betveearan Hoto up to 1:10,

cependigdF PR S P e o b 1R85 ) B2 avou
10- 1000Aﬂd&ﬁ@h&ﬁ@@ﬁ* tﬁé‘ﬁ\a%héhc We?'fﬁlbwhééé aer3fhet &@h %égémb@y% For the

shown hereln, the énd poi'nt of
examples slncpwalhes@nati\et@chp@mdobmg@@Op@cb aNaYY ge @ntucai@o as to avoid

oryoen B f Ao Bk o B SR PARER e 1S e

end of tRé tlard rRSExidAtOr0essitea Bt éIs-priceRB ey dem ldWris étBBped, so that
process continues with oxygen free pl'asma. In anot her

the prommnﬁenes witheoxygra diselasmactia@no embpdimeat.dhesuidative

escan( 0583 (e B FRUGabb oLt CARphOEHES (S8
oxidationgiaerseafecke tlaatdafmlchw!]? staps ali theenetal sa:tfac;:mamﬂ allbws for
. ! rocess step. [0039] Since in nost applications
d'ﬁere”{%ﬁé)'{)ﬂfotgﬁﬁ\é@soregesté%teﬁhotoreS| st woul d exceed that of

the COC layer, it is likely that sonme photoresi st
[0039] woul Pinesl mogt arplicagiaps e thickness cbthepbatorasist wewdexceed

that of t@%fi%(g(? n%tderr ﬁﬁjéj(fll{é n%ﬂwa?ts (N @ttl%tﬁﬁéélscttw&% rBhith Bfer completing

inc ers n subsSequent

the COC Ieacﬂ‘beTlse@lfm’e aimm))f re'ﬂmnﬂvm’gnpb@‘ rebso ng éIQdS wecpatfonmed in
urce Since this pr ocess

chambefg 25 Qg SURpEEM aTBELs (RAHONTY. A et yaino
performt@i@'u%ﬂgj X OEE.SH%@%%’H%/D@ JRYEE gag ?ﬁ%d@%@ﬁro@@@ nf3 also use

pi ng oxygen ormn
oxygen, rjta'@sqrmgtal toravoig) exydes goisofing dfdhe @la)gnmlerlaydre Trhag eyl lme done
by tlmely s¥opp|ng Flg\gveof %585 rgr %9 fct)Pn?mStar ;Iagssxva lon Iayer (% g., Pt, Ta, Cr)

over the magnetic layer before performing the strip resist step.

[0040] Chambers 4-9 are used to alternatingly etch the magnetic layer on one
side of the disk and cool the disk after an etch process. In this example, no cooling
chamber is provided between chambers 8 and 9, as in this example cooling between
these two etch processes is done in elevator 304. Of course, if necessary, another
cooling chamber may be added between these two chambers. In this example the
magnetic layer is etched using ion beam etch (IBE), which requires biasing the disk.

Therefore, each chamber is structured to etch only one side of the disk. If a reactive ion
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[ 0040] Chanbers 4-9 are used to altematingly etch the

magnetic | ayer on one side of the disk and cool the
Wele®rR/OZIBsEr an etch process. In this exanpl e, POI/US2008/085728

cooling chanmber is provided between chanbers 8 and 9,

as in this exanple cooling between these two etch

processes is done in elevator 304. O course,

etch (R[IBGE%384Y a&f‘é’ﬁﬁﬁbeﬁ&%‘g'ﬂégcé}ff@r')?%s exa%ﬂgg s:multaneously.

tween t hese two ¢ ers
The magmgheﬂayerlemhsls pe‘fwmeldelmlmgs angnmmtlbemretbambéBfEbat will be

describg i JlaTFdh 15 sestoreiities loe BRaRGF R EISIERETr t he

disk._If a reactive ionetch (RIE) is used, each
[0041] chanbEie MagNsEC kayer ekl @@C%é éheu)aldmﬁ desigaed so as to avoid

puncturﬁisdlﬂﬁet@d?SQHﬂ'aYd mHR, Q@QE% ﬁél n‘Eer tlﬁ?\?&% |frﬁ>ogt§'h{.°ﬁ'8f%‘ijetch

an i nnovative' etc
depth oﬂthas stdmad aboutid0@i-1800A tthe desiced toleavd sonmenthitierds of the

co a5 BB B 0k RS o e s e R Se to e

magnetflaben hard mask, so here selectivity is nore
i nportant. Total etch depth of this step is about 100

100 : i , t
10042) 00Nt S SESLEE R SThRLE S0P LA OF Bl S
regionsh é’[ his mayeeedone gy dputtgeng oatbon, eegynNOTcol smﬂtere'ﬂ @adsdn, filling

with SiQ3, i ihe¢ maleiis e dne Spkist §ing SRl S asusgdidttto allow

- c
follow oﬁﬁ?lléhﬁrg id\}mﬁtnhﬂh?%g ,exgrrn%éet ofgfi@#&f g?ﬁgl?ééfﬁhg%g‘?ﬁrﬁgﬁ i two stages

f
(chambefs 1 Gandek2)] witk o felldveos pidnarization steps (chanther|1dvaneh13). Of

course FARAEIEAA Y o) O8GRI EEED L458 Bl
plananiat@nf olhepWrrangehnts haddifktest rﬁiﬂﬁbéﬁ@fﬂd@ﬁbé& rﬁé‘;d bé tilized.
course, depending on the refill material and

Plana“?faé@ﬁ'rﬂaﬁb@ﬁ %@dut’flag etqiebad, ietg., using mottrieh z dhedafill — etch back
proces AR SIS LipRIEC ALY I CAUNIRG 95 PIRSISypea o

form a tmrdkproectjve Ia;@lr rmgestbfet plahatizedr I’eilllr Ari hdidltloﬁalmrbﬁcbf the
[ gwed with a ol.i ng chanb

carbon fefilis &2 ef %@“V&Jﬁapa%s'\@t@ the serwall o theneichd r@meé@tfpewres

f
This is ér?etbrﬁzgi fdt?‘ﬂgé r@é@e@%?@%ghw tfx? C*'Sé?'oég‘f@%ﬁ 5 \;ﬁﬁ@med media. The
side-wafl @oyeragecanchpassidationdf thefpatieenext n‘ieeidalrw:gmwalls can be

accom b3S e N lefigk 4B ER bRy SR e A rAdek i zero-
bias, effecting a chemical vapor deposition environment for isotropic carbon deposition

and side-wall coverage and passivation as needed for the patterned media.

Alternative Processes and System Architectures

[0043] Figure 4 illustrates another process for fabricating a patterned media disk,
starting from a photo-resist-patterned disk 400 that is the same as 200 in Figure 2.

Figure 5 illustrates a general architecture of a system tailored for executing the process

9



side-wal |l coverage and passivation of the patterned
nmedi al side-walls, can be acconplished by the NCT
wee@piomss’ t hat are fiel d-deployed in the HDD i PC/ES$2098/085728

with zerobias, effecting a chenical vapor deposition

envi ronnment for isotropic carbon deposition and

si de-wal | coverage and passivation as needed for the

t [ \. I

of Figurg e SPEe O Sh o e JEI R TORTRRn SRR 1, the disk
is movedrto cdamifesr2 fonletéhing thegthin CAGE endéﬂen@dlcaeahesa(hard mask with

some pipE igsire PRSSBLCR M SHAIRG o3 (OB e COF I9is: aslss 200 the
magnetk9apénik AEdl. t RCthiy &xcthple, t'ﬁésﬁﬁghéﬁd: |a‘9/é?€tdtl"0§tee is performed
executing the processof Fi respec

sequentialyovitla ietkagiag caolirg stepsr ?Wsnsgt@wn im Ellamo'éanereumawe disk

onderodht ARRE R SORES of AR G35 R BB iy chamber
4, undeesi ftheSétchlorf theedamhe gidenwitiop foflowing cﬁ@ﬁ‘n%@l@f Thén the
step 450 the magnetic layer is etched. Int

PfOCeSSefﬁaﬁﬁFSefOTf'??eo%%tﬁ side by s exampla spmePhoiofesisieill remains
I
after the; Egm@tpﬂéférﬁ‘@%d%‘?ﬂécét?ﬁe bk BEPLiABS of tH% %sk.s

ereln I Sk under goes
Thereaftd®e 'amtepelGlO(m cE[btnlm) reéill stepois newbrmedefollnwﬂerebch&uacks This

step maglg;ﬁfegq%ge a«ﬂ? T %rs| }#ﬁg d@ erh Eaiqrez on ﬁ{ﬂdé’{é@éd back so
as to expbE WY difP B Ferﬁﬁuhﬁq“&wéte%ﬂs% @stéﬂ) d?o ' Plntahx‘;a exdERl e

sone photo-resist st remal ns after the conpletion
protectivg Iatyleel&m@gmedmelrdyedls&tmnhsm@r@nsmﬂm&u des of the

di sk. Thereafter, in step 460 a carbon refill step is
[0044] perf angm 6 ﬁlublratsschrhﬂh@tmbcbsn:for falbricatmgeppatbgrned media disk,

h th | |
starting fiERE ARHAC B B arned Sk SO thakiitha AT ehe e k2
Figure '/pm%ﬁ’atre%sd §éndral S&h‘ﬂ@@ﬂ.ﬂe Ef aalkiem GRS é?(’e%ﬁﬁéltﬁéeprocess

| ayer is formed over the disk’in chanbers 15 and
of Figurp @0 44fterra derssu/frin gtap it chanabvert hex hqmd(mesls ldyer, e.g, a SnO2 or

abon (R 56841 B9eRoRabA BB ED St bl S EEH 2 ey be

perform%@QJsllrfg Sp@targlprotbsd! recharhbérst ﬂ'ﬂbﬁ%h@pﬁ@fﬁﬁfe@ist is striped in
architecture of aogystemtal | ored for executing

chambegp 3p sedRatgnlythrpaO hardirpask eeraaing custep 65 sfl”ﬁ)hafrﬁ]i mask is
then usﬁd; ?d;@?r?rg\st& é\?etﬁzolg?t?#udg ﬁ‘%%ﬁe{rﬁéﬂghegg?g% cBb '&?%R%’EESS 4-9

O-resi S
(step 66820 WHén mesmegneag Id:yer ptotf stepe thave ibegnsqontpeted nithe SnO2 hard

mask m@M%% |onaflynbg pg%sed in cr-\rahr%BeE q‘ 8 usur;%t % gr ersnlldsrtogersm g:f?atsr ' ped
Alternatively, chamber 10 may be a cooling chamber and instead of removing the hard
mask, alternating steps of carbon refill and etch back are performed over the hard mask,
with the last etch back used to planarize the surface of the disk and remove the SnO2
hard mask. Then a protective coating is formed over both sides of the disk in chambers

15 and 16.
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chanber 3, so that only the SnQ2 hard mask renains -
step 650. The hard nmask is then used to etch the
wore@netiss? | ayer using alternating etch and cooPCTS2008/085728
chanbers 4-9 (step 660). Wen the nmagnetic | ayer etch
steps have been conpeted, the SnQ2 hard mask nmay
optionally be renoved in chanber 10 using, e.g.,
Etch CHaysb&gen gas. Alternatively, chanber 10 nmay be a
cool ing chanber and instead of renoving the hard mask,
alternating steps of carbon refill and etch back are
perfornmed over the hard nask, with the |ast etch back
[0045] used It thep Ezavaplescoftfakricatinggratteshed heedia siskardisoussed eo far an

etoh step(f sRUTTRILE HSPATS MABSeDr TlRs o She 1okt garave] gaxable non-
contact bfediode |§'&é§&%ec{ Qﬁ‘b@fohﬂlrfd’@ptﬁf@@ékﬁﬁh&fh i§ ?)Bh"rt'icg.?‘éeﬂ IS%neflmal

atterned nedi a di scussed so far an e
for sputiesiggi ofdward dlsé(ﬁdhiedhe haa@dm d]‘Mea)(lellDD)l nlhehelettrbtiewongs to

near coffeBPYBiaR B ARGy, B e B AT B RFneray
the diskbertes meterialft@besa@macemvgaeomemr@l dicdpecyA sifildranetals. No
di sk drives (HDD). The el ectrode m)ves to near contact

surface gpataghissaliavechby apy PacHiithe Sysigm. Rbe substratetie helsl westically in
a camefe ggﬁggm n%‘}'gg n‘ﬁjﬁrb%yetﬁﬁecﬁ e, @)é Embgﬂﬁgrgms ?hb?éé?é R %{sped in one

e netal,
chambeNanduhéndise sea:mai:Sldess etdheﬂed thvey nemtychmntberOfArﬁ iwlatlon valve is

em he subst tels vertically in a carrier
dfsposearhset%?ﬂ he e c %@51%3'5 |°ﬁfraﬁ{énevﬁ;%mer@ﬁ'ss bghyeen the

chambe? d¢hk%a gﬁérhﬁQ% ba é’ﬂ?eacrrb?%ecrarﬁé‘rd ubirgnel gg?%ofgvﬂgels and

is etched in the next chanber. PSof atd
linear mtayposed bet ween the two chanbers and the d| sk carrier
nmoves the di sks between the chanbers. The carrier may

[0046] be alh bnezam@bdlmntﬂ‘rer clambeshaga shoyerhewmborbnzaide and a
and |near ﬁ a,ine 0046 I n one enbodi nent the
e

movab'%ﬁ%%fefier?&st g Qhgie %@aémﬁ drokipee) & biased, and
has proﬁh%ﬁ%rf8ﬂ§el%nh§§ga§tlﬁt%r 'cﬂl\%m@ee?oﬂl‘gbpe Veaﬁ:ﬁve e gases,

rounded or has provi |ver
such asg’b)é:y, 2l Brieetch él'ﬂnleerhambeg‘ alsahgs gwcmsddrcralls fmdhe \Maear drive

disk carfas WheRebS ok gt pSTUmRS ProdReSinadR S PTG SlSH Dg s moved
close to\éﬁg Elt.gﬂ(g ggﬂrgﬁggsgmw RS RIMBSWEF, @S 3B BBMIS id t&libled RSthe
electrode, which is capacitively coupled to the disk. A plasma is then ignited in the void
between the disk and the showerhead, to thereby sputter material from the face of the
disk. In the next chamber, the exact arrangement is provided, except in the opposite
facing order, so that the opposing face of the disk is etched. A cooling chamber may be

interposed between the two chambers, or after the two chambers.

[0047] An embodiment of the inventive etch chamber will now be described with
reference to the drawings. Figure 8 illustrates part of a system for fabricating a
patterned hard disk according to an embodiment of the invention, e.g., part of the
system illustrated in any of Figures 3, 5, or 7. In Figure 8, three processing chambers,
100, 105 and 110, are shown, but the three dots on each side indicates that any number
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close to the disk, but not touching it. An RF power,
e.g., 13.56MHz is coupled to the el ectrode, which is
W@ 2apaniIssvel y coupl ed to the disk. A plasma i SPETIES2008/085728
ignited in the void between the disk and the
shower head, to thereby sputter material fromthe face
of the disk. In the next chanber, the exact

of chambef@ngRNtsés AlseY invihlg hepx mb sp@ctfbezr@hmstafﬁe 5R6WAYIt is not
order, so that the opposi ace o di sk
necessa_fvéh@dhe&f@amr@grmt sgwmmererwwl@ @eewbl@wﬂe .Rather

other cﬁa'?l’?o%[ é?{baé?;;?@ﬁtﬁ 818H dnid& théénggaJF%W lﬁqqe[rg 9n4a7yJ

vent I've etc moer now’b

interposaelsistivbed thebhanﬁb&r asshowa. t he draw ngs. Figure 8
illustrates part of a systemfor fabricating a

[0048] pat t Q‘Tdﬂfﬂmsh@hdn PushosREC AT theNdkdriplaidbf FiRaei gt thide Ednbers

part of the systemll ustrated in any

100, 10618nﬂ| bm %@ ejcfg\shambers .each evagyatedby itsowe YaeEs pumg 102,

h
104, 0818381 Bkl s AR Bl o ol 120
and a prazgsbiegiseetion AB20 130t el Ier Bisk M50ds smaaitéd ontdardisk carrier
120. 135 sidsoriient s ok B B b Lé‘édsvﬁ‘tﬁa"ﬁﬁ@pchmg any of it
surfaceéé,# othkReEs %"r%?ékgﬁﬁ?éﬂ So ESX%& ttléﬁ?go %a Nehe td‘J’/é@(ecarner

anbers m e I nterpos ween t nmber s
120 hasghee\hof Wiaeeis]1 2Ftdhai tideist rtmcksrﬁncpnﬂlmwem Flguret 8e In one

ermboci AT ey S Saob i 858 S BRGS0 el S0 sabity

The disk 88#1eMMROMRIes®h raliS$provided |rE?ffehtr9rﬁsfbh§eéﬂd?%%Sé§g) posmon the
chanbers has a transfer section, 122, 124 and 126 nd

disk in tae prmm@e@@@t ilBienezmbadimentamotie: farce s pawides externally

to the dlgﬁ %'3? er 12 Sﬁ%ﬁg ghéér r‘f‘@g&r aj %&@t?p&@él’%ﬁ Ef@ﬂ?g 53).

oo Sl S e Bl A o
smplncﬂ?arnf Figurel @ Qlidress RisSiflistRiteWRARlot {2 Eatriart but |fj§h6151d be

racks (not shown in Figure 8). In one enbodi ment, the

apprecigipddhat eél%g&mma@@ the disk eayripr tivpuehcmdttheprwc_relss@mgon
perorm &1, e sthral s 0ffe i e Bl Rnded font SFa st piamber by

the dlsktdaen@h ak illustriabed by €eeagbWwdn Fegire®). Inl thisdillgstertvedeiBodiment, in
tive force is 81OVIded externally to the disk

each chagibiel 200, 2959410, théé’f's'ﬁ'r@tféﬁa”%ﬁt?ﬁ@@é?fﬁ@d?neﬂs SHmhin
Figure 9 %s"fh@ E‘l‘isgﬁ r?\))ve% %ﬁ'%?ﬁkﬂéf ﬁ)ﬁ\dﬁ\ﬁé’ﬁhé?@?ls%ﬁl@g@d on

section along Iines
alternating sides, however it should be apprecnated that the order of surface fabrication

may be changed. Also shown in Figure 9 are isolation valves 202 206 that isolate each
chamber during fabrication. Each chamber includes a movable electrode (in this
example a cathode) 242, 244, 246, mounted onto a movable support 242’, 244’ 246’
and a precursor gas delivery apparatus 262, 264, 266, such as a shower head.

[0050] Figure 10 illustrates a cross section along lines B-B in Figure 8. Disk 350
is shown mounted onto carrier 320. Carrier 320 has wheels 321, which ride on tracks
324. The wheels 321 may be magnetic, in which case the tracks 324 may be made of
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simplicity, in Figure 9 disk 250 is illustrated

Wi thout its carrier, but it should be appreciated that
W@ b@9a738K7 r emai ns on the disk carrier throughoRE€T/UK08/085728

processing performed in the systemof Figure 8, and is

transported from chanber to chanber by the disk

carrier, as illustrated by the arrow in Figure 9. In

paramagﬁétﬁz Haltéf?arlr M S eRTHREH e darﬂrl &%Wﬁnea?rqgotor 326,

nd 210, the disk is fa rlcat on one side
althougls bthat metive fg»m% and/asatrapgeinektsnmay def ussad. c(aam)ﬁre ¢liamber is

evacuaff BRI el SubBIE Rl B GtarfPerl F S ST iRt ase. he
shower Bead m b&lgfoeriddOrPIaBMals ighiriaast rr(éluﬁam‘éhcwﬂapmymg RF bias

i gure are isolation valves 202 206 that i1solate
energy @atgﬁ rach\éahi@pamdﬁr?g‘mr aWhlI@axthemnega% fordgaiting andrivainiriging the

plasma @fﬁ%%@e@%ﬁrﬁ@% %t'thé e su§'8§ e %@%H&gezsfé?y to attract

the plasﬁ%épecaassiaad peslerate rth@aaod/ekdymeyduﬁlp paatty spafier material from
. a shower head, :%)050 ure 10

the d'Ski THag is athed thegnevable cathasie dowgnpv YeRy. gose torppe purface of

the dlsk8§ gghé&tl\iﬂg cbﬁp%iﬂ’i@ REPHRLEhR ® Y disk's 03%\% p%%Feﬂd §Pecies

which ride on tracks 3
are accelaesdéd tcmzardmipe Iddslqmgasato etchithewdpipokite aadacde lttshaaldsbe

apprecialfg e Fire Bif BPTEe IS SPTRETt 1ha moVRAG Fathsge 344, the
same ef?édt RaHPe AHIGIed®Y L¥RGIPARMPAER, RTWiRl PRESBIMKiRedWith respect

be used. Once the chamber is evacuated, precursor gas
to Figure d6suppl i ed into the chanber via, e.g., shower head
364. The shower head may be grounded. Plasnma is
[0051] i gni F@ramdﬁnisiawpaﬂﬁabiskometmapiew stypviRir- the amvabbregjgcﬂr@de ina

positioniaia Foig) tim sl WIS o 1118 op Beia! ity o yiaw shewing the

movablé@hé@ﬁb&e Gk %&ﬁloﬁr&%kﬁ'@eﬂ tb % BiskS Fﬁ{;‘@r’é%ﬂmﬁl%ﬁférsythé Qjtuation
attract the plasnma species and accelerate them towards

when the igéskdisgustgoserted inte tha chamber er isabout toreahe thie skambeatand no

processiryis MeHbyRg, FRe, e i SReRs g sifiality Sy Shanidfuring
processingei. & doring etctiingof the diBR. Disk456 @& h@lﬂtbyﬂisy@lﬁ@m@?%@lps 423
are accel erat ed towards the disk so as to etch t

of carriepAgBdfaus clins per btilized igrbisiexapwlappf e mavakle ﬁlgptrqﬁe pesembly
. . I
444 incli; &(?#fh%e gﬁﬁ?ﬁ%ﬂb%lﬂﬁg@g’; Héc?r%ﬁ@ %'li)/eF 94%‘ evegggﬁode 445 In this

e sa can be ac
examplea efentioug coved dd3dmsmadtthde449 thatimatdhvhe Inluwaaecso that in its
proximaﬁ)gsﬂ{ign,ls?iown in Figure 11B, the cover does not touch the clips. Also, while
a bit obscured, the electrode itself is in a doughnut shape, matching the shape of the

disk, i.e., having a center hole matching the center hole of the disk.

[0052] Figure 12 illustrates an etch chamber according to an embodiment of the
invention. In Figure 12 some elements were cut and some removed in order to expose
elements that are relevant to understanding the embodiment. The entire assembly is
mounted on a main chamber body 500, having lower part 522 serving as transport
chamber for carrier transport and upper part 532 dedicated for disk fabrication, i.e., etch.
In this figure, the tracks and linear motor that normally reside in transport chamber 522
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[0051] Figure 11A is a partial isonetric view shown

the novabl e electrode in a position away fromthe
WeIR®R/O73/T | e Figure 11B is a partial isonetri cPUI/Es2008/085728

showi ng the novabl e el ectrode in a position proxinal

to the disk. Figure 11A illustrates the situation when

the disk is just inserted into the chanber or is about

have befe‘h reAfieditBreliaetetieartdidll, ProGRSS! G4k Uéh\l@%fsotﬂé@from one
igure 11B illustrates the situation of th

side of t@@rma@ fii’f%'&fé%fsh%t{ 5Q0, awhiledRIr iengrayt eoupliggds provdded fom the
otner it ¥ §705lophdp ekl 3R BRAL B ksl ol Ayt vapo o

showertided asserhblg 582¢ ORF etergssaupling |§ééc®mpll$lﬁbtﬁuélhg a movable
el ectrode housi ng 441 , el ectrode cover 443, and
electrodg) assemRls thel £omes Yoy slesexiopbut deespot ioyeh dhw diskasfhe

electrocféaéssré?ﬁtﬂ\? ?ssm‘(‘)@gd U%Iﬁ\? ﬁ’iﬁhﬁn a%Q;@rHBM %’%Sr é@ %f éﬁ PeliRc re’t{écted

ts prox posSi t the "cover
mode ddmazgdrsditml)mand lrean leixtendedl mode alorihg edching (@bedlig@es 11A

he electrode itself is in a doughnut shape, matching
and‘lﬁ)he shape of the disk, i.e., having a center hole

mat ching the center hole of the disk. [0052] Figure 12
[0053] i || &R gﬂ%@yaqw@élea iz dan® earactivalv ey asoaduelisoeliestsade to the

disk and’fhg‘n'&@ th '?IY@ J1'I[?e BldoBe s se By g{)ﬁwﬁg%é aﬁ%l?ct%e 544

sone re in order to expose
made of edrelumtive matandleami simapethtot ¢mnpl&bm1ht thhean surfadeeofethicl disk. An

electrod% Senbaépltlss 8§rrgllci%f gp&& tgg'@-i;cgp@‘}g Saq(gg% S yond tﬁ\éierllgctrode

544 so t‘héf Wh%h thé asgde/de i3 Mits BP&(lmBﬁretn @Ze@?%ﬁi% eﬁheféléctrode cover

di sk fabrication, i.e., ur e,
543 covershiesedges ¢f|the@shrdndhmmtlcrmﬂweeleqtrwcaco\een543 prevents

lasma 808l BIAONSE 17243 01 Bk SRR i

the baclidee soffaédef el disk Narbsreveaypladifa fidi |e§icﬁﬁn§ 'ﬂﬁé %ace

coupling i s provi ded fromthe other side. In th
between: Hisostirfaas faginadhe siectipde and the elestrede.i nto t he charrber

using a showerhead assenbly 562. RF energy coupling is
[0054] acco %plr inoheg@agtivengtch, theveriecarser gas male bestoe ehgnpidy atrgon.

since thg R G el BBrb 1y Uilie el RPRanasht 8Ks HRvhe Fyvaigaly
etched, $6., &y dputtefing Nargohas GawiitadleBeeutlisrigad. B sihgrocessiagdhe

in an extended node during etching (see Fi ures 11A
chambeaﬁaﬁm%yna"pt@m atreduerd glEsSHIR |- gg 10s8Qalbtorr (mT), although

certain ORBSEY Y&l He PABLAHEES YiBs Tr SRIT B %0 t&r ! Hfe RF energy

may be set to, e.g., 100-3000 watts, at frequency of, e.g., 13.56MHz. In the example of
Figure 5 the construction is made compact by coupling the RF match 580 to the etch
chamber. RF power from the match 580 is coupled to the conductive electrode 544. In
one embodiment, fluid pipes 547 provide fluid as a heat exchange medium to cool or
heat the electrode 544. Similarly, fluid pipes 569 may provide heat exchange fluid to
the showerhead.

[0055] In order to effectively couple the RF energy to the disk, the electrode 544
must be place very close to the disk. In the embodiments illustrated the distance
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di sk and thence to the plasma. The el ectrode assenbly
conprises an el ectrode 544 made of conductive nateri al
waeasrsped to conpl enent the surface of the dPGRUS2N8/085728
el ectrode cover 543 is provided about the el ectrode,
and extends beyond the el ectrode 544 so that when the
electrode is in its proximal, energized position, the
betweeﬁ&t?éﬁfs?%octﬂ\éeéle@t%’déﬁl‘é 5190 2AERD 0% B thihese
his position th | ectfode cover 543 prevents plasma
example$)§1ﬁ plgcem@m mayahﬁ(dnge th enacqeacyfofuiﬁ)é)(lﬁ”s Kn @ne example, the
revents m%ﬁ# m reaching.the backside surface

m
placem@i dcHlLdey s VRS S PARIMIY pEfteslih Y ¢ fc ore or more

optical $drRoes. bAt;\Mh@Wnt |h¢|§ B gibenobhi@ 58D preliass bptigalgiih o the
el ectrode. £0054 non-reactive etch, the precursor

electroo@a@ma%@p '@Qirse@ﬁahﬁﬁ’é Aeplyeality of fiker amiies magreariesponding
sensorsrgﬁ%\gi Al Cké{rd&ﬁé !)btﬁ?aq téc‘?{nmﬂﬁ% Eak %e tﬁ&%ﬂ qf??ﬂﬁSnce

placemsmtjacaiuka:ypar&tpra@ht ga!$3|oﬁlmtm’g\em9|ce33| ng the chanber
may be naintained at reduced pressure, e.g., 10-80

[0056] M | | ilh @he dx@EfMple 2bdthaHe RIs@Fdde dhPIHRCERFRSThEBY 2h8 made of hard
performed at pressures of 1ml to 10 torr. The RF

anodlzegr@qumy Nedaklyt unlike eonyentiopal. eggl(g@hamblegs hgre the conductive
surfacefg'ffﬂﬂéjegf%%Yropé S )([9c>sed1§nd'3 %’Wﬁ coklgr%dqglltﬁ)é?lm%ﬁaﬁ)fr Asglﬁr_o%her

cons ru0|on|srra couplngthe

examplesyithé sﬁ&@et‘heatd‘ue gfbﬂhd@ch agbw flxeRF |I@OW&Tt ngmmsbalj hmsmmmig parts
580 is, cou to the conductjve el ectrode In
may beéﬂ%ﬁfdph%'HnP ing ?\Mharep%&susa to plagmagmay jogeH”) £ Wiamatith the

embodlﬁ?é?\ QQ@eE@fﬁ ttéh R84 E%eﬁ‘?ﬁén ﬁ@ﬁm?e?%te"ceﬂﬁ nﬁ_’?ﬁf'be achieved.

arly, plpes rovi heat exc

[0057] f ' u' i g?&et{’flllﬁgﬁ%‘feégﬁggﬁp% %érlt ch% Qsﬁ&%&a‘?/kng alternating etch

ef fectyvely cou enefrgy to

chambeei; eatircwan@éthtmst Azeindicat®] bgthe thres dotes dmeadh side, the
enbodi nents illustrat ed t he di st ancebet ween t he

arrangemegu “&?ﬁﬁretﬂ?@t dPEPF BRCOHRIPAHE aller ¢harplersdaifming other
processs ot to chhr?/J‘gfﬁSﬁ%fggEhﬁlﬁlbbﬁe RbefH tan{@f 609 |Q gJ'Bgltlbﬂed to

an accurac one exanple
etch onasudace pf the dinkiB58d The iaelaltign azapneoG@Znsttynee @rp@oed aswcthe disk is

movea gl RN EpCE R bbby 0B 5o S S B g ik i

moved Htﬁefélhe&iafnﬁl%? 60 ERhahapbedrays |§%%ﬂfon5§4o efeh the opposite

urality of fiber optics and correspondi ng sensors
side of tﬁ'ﬁ)ﬂl% Eg@@aﬁﬁathﬂadlsg@nwed dalanptheimoglieg statipnids’.
utilized to enhance
[0058] Figure 14 illustrate a flow of a process according to an embodiment of the

invention. At step 700 the isolation valves are open and at step 705 the carrier is
transported so as to place the substrate in the proper position for processing. At step
710 the isolation vales are closed and at step 715 the electrode moves to its proximal
position, i.e., near but not touching the substrate. At step 720 gas is supplied to the
chamber and at step 725 RF is provided to the electrode to ignite and maintain the
plasma. Note that if another arrangement is used to ignite the plasma, e.g., inductive
coils, remote microwave, etc., the RF to the electrode is still needed in order to provide
the bias potential to accelerate plasma species towards the substrate. The gas and RF
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pl acenent accuracy and prevent collision with the
di sk. [0056] In one exanple, both the el ectrode and

W@ b@9srssker head are nmade of hard anodi zed al unP@IES2008/085728
Not ably, unli ke conventional etch chanbers, here the
conductive surface of the electrode is exposed and is
not covered with an insulator. As in other exanples,

are suppli€d 88 Q?@%de%s HgProeeed$8Ad | whéh ?(S’ces's lfste’rmﬂ%tted at step
ey DA

novab nsul ating parts may
730, RR \mérramei@ybaww tgasplelyety wdyrmmet&c) ab'r’40UI anmmewthe electrode

s _as descri.bed hi gher than
s movel i R TREL BRCHEn % - SRSK AL e kyisil ) The dipePseymay then be
repeateld! tb yebesLheadiext ARkt nEmove thé cawéhﬁaﬁsh@dbﬁsther chamber.
alternating etch chanbers and cooling stations. As

[0059] | ndi qagE 1Y illuBBafdrfEalthe @En%ﬁhnéhld(? tgé@gstem accordlng to

ar rangenent repeat It se be cou
the investignbén & Igweﬂ(‘ﬁr/ thenyvo etebingelaroberssS ) am«b 806are rmgupled without

any cod 3 NEt 1R BRI MR Rl 1 BBln B Bel B {4 6 i
provided deteeéddath dblBRtOBESRH chathBdrs, b flat tfe SIS Qndergoes
cool i ng. chanmber 600'. At the next round valve 602" is

etching opebrsh Sidas haferaiit ertars agnalingichepbsrch chanber 605.
Etch chanber 605 is positioned to etch the opposite
[0060] si de Figunentd tiuskateSineriair akkernative thaturessacoovdidg to embodiments

of e i RRYE = 3R 5188 3R cobBREE b Fiee G2 simiar to that o
Figure ‘FOYIaghIigetihg dhe FdIRWimY gifferices At FitainTe, hBeichah®edr Of Figure

val ves are open and at step 705 the carrier is
16 one of MPEP JAs dRjeslorafr? @r@psw@dcfdnéath%émarauenngra shewerhepdr

Converdif b3 gl S afoaftn S AP A RBAER, o
examplé, dhetshomeob&eatﬂinayqsbwdemne tyﬁe of gagfe lgutma@ttvetgasc vHilg the

injector gﬁ%\ﬁ%% gﬁtg{h?etr iype?{)fe;atsiggz égp)quczf’/g I,g%sg.,su ¥ ttlpgrdf@ﬁg.lre of the chamber

of Flgur8|1%C|Ert ﬁ%sé‘bf'a%b@z?olé%oﬁ@' et s ﬁﬂi‘%eo%l"f’szﬂﬁer ngu@% the

anot her arrangenent I's use td |
RF power . Gouiptetlitrt avséatmlanselec&nﬂe ©6d whmkavuey oencay notize Bfmbedded

s RS e PR T

t he substra ) as and RFare supplied as
[0061] | %ng?@"sr@c@s% Ny Cﬁaﬁad@e%@,a%aeca PRASERS gFeREdg foan embodiment
a t
of the IrYEPIETVRE pRooeesdt Fidtre {7 nigy SELMIBAR by EFthe Hfbers

structured anweimg o thessutbjext avemtisnt il Btep 1@0Q, aasuhstfateis mbeed into

BbSt tgp 1-6%% RE PSVabIE eYecttro%e is moved to a position proximal to,

the cham
but not touching, the substrate. In step 1010 gas is introduced into the chamber and in
step 1015 power is coupled to either the movable or stationary electrodes, so that in
step 1020 plasma is ignited. In this condition the substrate is processed by,e.g.,
physical and/or reactive ion etching. When processing step is completed, either by
timing or by detecting an end-point, the RF power is turned off in step 1025, the
electrode is retracted to its distal position in step 1030, and the chamber is evacuated in

step 1035. In step 1040 the substrate is removed and the process repeats itself for
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repeated to process the next disk and nove the current
di sk to another chanber. [0059] Figure 15 illustrates
w@eooaltisshat i ve enbodi nent of the system accorBCTES1008/085728
the invention. In Figure 15, the two etching chanbers
800 and 805 are coupled w thout any cooling chanber in
bet ween them Rather, a cooling chanber 800" and 805
another's“ub@frgt?edl?@ Qemvweenoegqhamm ?érﬁo\%g el SUbREARCARd iftRoducing

su strate under goes etching on both sides
anothertseibstrate is shomar as twe eepana@e stepshthese[qaDdss dehgaopcuréently, i.e.,

il rates ce rnative features according to
as one subsYiG s i SeRvAd b RS neiFes FRMESR, atton
pur poses, the chanmber of Figure 16 is simlar to that
of Figure 10, highlighting the follow ng differences.
exanmpl e, in the chanber of Figure 16 one or nore
Altematg@sn%ﬁw Brasesses apd Systamdueh Itecgweér than using a
shower head. Conversely, the chanber nay enploy both a
shower head and gas injectors. For exanple, the

[0062] " GRS PRRY i P Rfesl RGeS it ey e o bAfElneY nedia
disk acdbr@mg to @acdrnbedigfsnt oMy ineenfiedt Figuréfi otigstehesagjenetal
gure 16 is the use of a novable anode._ That is, in

archltectufe eraa%é@mdﬁllqrregJ@ree&@utmaéhﬁprwﬁéroﬂ Figwisuls-eln this example
ion mpléhﬁa@@ﬁ@%e& It(?ﬁ%ﬁﬁéj éﬂer%'o?%%g%%tlg?gyﬁntﬁo@SMnQ de-scum

nas A nova ano
/ strip pmeeps adchambeotinion u[n@(&iﬂdantéhgunﬁpéﬂonm?ecaaf stey 8AarAs shown in

Figure 1,7 T SXPTGIR tHPGN IT BIABLEIGS PRGSS S REHEFb@Ne Side at a time,
with codl'lhbhh BRelvdb NTRBYmPBlentdRafiGir iRf/ Se % re”§t WeeﬂL@FRPfoWs'THat

he subject Tnvention. In step 1000; a Substrate is
would dmblwrectherm@gnet@ lay@mseas ta deﬁm@pattelmﬁthermnnwm @nplantation is

complet?gﬁ%ﬁ%t%g%iohtggg%pg? f%st'% |g 2 L { Ieélg(cg\ |eg§§ -tl‘génbélJ tpr&ggtive

layer is fd?Hé@ﬁémépBBDQchékﬂbéhW’%ﬂﬁ fnd in step 1015 power is
coupled to either the novable or stationary

el ectrodes, so that in step 1020 plasma is ignited. In
this condition the substrate is processed by, e.qg.,

AttermatBBih R piceaCd/end ggs@mmaqtec g0 processing

I et y detecting an
end- poi nt, the RF power is turned off in step 1025,
the el ectrode is retracted to its distal position in

[0063] st ep Fi§lae,2rilldstrétes einaasenple JoepattarairRdfirsBprocess according to
an embodiment of the invention. The process of Figure 20 starts by patterning a
photoresist 2030 over the SUL layer 2010 which was formed on substrate 2005. This
structure is then moved into a system configured according to embodiments of the
invention, using any of the examples disclosed herein. At step 2040 a hard mask 2032
is formed over the patterned photo-resist. In step 2050 the photo-resist is removed so
as to leave only pattern formed by the hard mask 2032. In step 2060 the SUL layer is
etched using the hard mask for patterning. This step may be performed by sequentially
etching each side of the disk, as described above. The hard mask may then be
removed (not shown) and then a seed layer 2072 and magnetic layer 2074 are formed

17



step 1035. In step 1040 the substrate is renoved and
the process repeats itself foranother substrate. It

WG b@alomsbe noted that while renovi ng one substPEE/ES2081085728
i ntroduci ng another substrate is shown as two separate
steps, these can be done concurrently, i.e., as one
substrate noves out the second one nay be noved in.

over the%t%ﬁl A3hitdfh m%«(e)@zg?o Hf"cﬁ%ﬁ?e@??p 3 WiRcarbon deposition/etch

ctures Igure 18 | rates a non
back angdreopredectiverlayerit082ainiatgp 20pat t er ned nmedi a di sk
according to an enbodi nent of the invention. Figure 19
[0064] i | | uFiguakes iHusteates ahoti’retrieixampielfm pa‘tteanlagsﬂrﬁmrocess according

t ai ored r executl th s of Fiqgure, 18.
to an ergiadiMeRhapiNe et i BTk RIAGHRS o4 FIaia 2 HGES Phdatisaing a
photo- re%"i’ét@%@@sdn‘éfctlg kge rrt) t€ 2'0@59 MThig Q{riJ@th'é‘% #H8n TRV into a

strip proces |nca 1, ron 1 nmp enentation Is
system p@nﬁgwa@acamdmgatm @nbodmarﬁh ohthe imvention,eisirly any of thies

exampicy GaiaRed NEreiR. ALK 2bA) Pl Rk aLi s Tamed Buer e

patterndd%@tﬁﬁ‘@én@f ' W‘sté@)mbg tRé ph@t&res@t'@s réneved\soia816 Iéd\at only
di sturb netic layer so as to define

pattern ﬁmmedrbv thedastl rﬁna%% 2.y stap 2ipgrhe §ub§ﬁf@uee2‘é1:5 isgtched using
the hara?rﬁ]%gl,( %gggﬁglte%%ve gﬁ'élg tstésos‘rfn”f‘:l& Beo&? Héfébaﬂgg%q@ntlally etching

each sidecbiatfibetiskl hsatubcliBed aBbtler Mk herd Pﬁéstkema gheEm bétremoved (not
Processes _and System Architectures [0063] Figu

shown) ang daen araidL IRYeE ARG @ SPEH BRI 2 A FaBgetic e 2474 are
formed 8\?%3@?'8 %}é%) e e”@%"éﬂr ' SQ%hlEH?s héé?‘\ﬁéb?é)%ﬁ -wilh'§ carbon

depos:tlph.(etta:h baa:lsandlﬁaﬂotemaveﬂayerSUBZImystafp 208@ whi ch was
forned on substrate 2005. This structure is then noved

[0065] i nt O [tasiRysd Bmacp@réd@t@detﬁameqwrdbé@dscaWémruescﬂbed herein
the inventian, using npl es di scl os

d
enable GainaHANEb RS ORAEIaN (etis RISeTDr hard WS ARt production
and high} R%lcPQFé éﬁéslﬁgd BIQ%Q 'nﬁvhe?é]n Ptl‘?@%‘?m}a%g of the photo-resist

to-resi I'S rem) as to leave only
pattern ﬁxerdreldlrbmotvbd nhtarwhcuaerkeri\ﬂﬁﬁment lBItlmJSQﬂéﬁl arbthelgntire

pattemi#ﬁ{g@ﬁaﬁﬁé%&@ﬁ%ﬁ&baﬁb&ﬁ%@ f“?glf'p iﬁarnl A

env'ronrﬁ@ﬁh side of the disk, as described above. The hard
mask may then be rem)ved (not shown) and then a seed

[ooes] ! ayei d%%?d BOdndRANGY %%8&@%@%@@ t%cﬁﬁhﬁ@ggégﬁnﬂ&]anerein

etched patiern in step en ca

are not mbetmﬂlydelated to any padh:ulmcappamatua amdohawble\nmpllemented by any

. 2082b.i n.st e]p 2080. : .
suitable combination of components. Further, various types of general purpose devices
may be used in accordance with the teachings described herein. It may also prove
advantageous to construct specialized apparatus to perform the method steps
described herein. The present invention has been described in relation to particular
examples, which are intended in all respects to be illustrative rather than restrictive.
Those skilled in the art will appreciate that many different combinations of hardware,
software, and firmware will be suitable for practicing the present invention. Moreover,

other implementations of the invention will be apparent to those skilled in the art from
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[0064] Figure 2 1 illustrates another exanple for
patterning-first process according to an enbodi nent of
W@ b@9ojrssent i on. The process of Figure 2 1 starPGI/b§2008/085728
patterning a photo-resist 2030 directly over substrate
2005. This structure is then noved into a system
configured according to enbodi ments of the invention,
considergtiordofaRy specifibatie an® peactibesstItRs ﬂﬂ/éﬂﬁbﬁ'd‘scldﬁecﬁﬁ@r@m
2140 a hard mask 2132 is fornmed over the patterned
Various @spestsraryd/ak comporents of tp deserihssoembedinents imay benvised singly

; t
or in an} Bafibirdtion i {fie SBtver RS, 8 hENTRY 16 e SeRRitaTi g
examplédbe hanelldeted@Q éﬁémb(m?/ lraatyt i tﬂll a gue'@@ﬁﬁe %:ijﬁmﬁfmogbﬁe invention
equentially etching each side of the

bemglngpﬁgxigeﬂa%éy M@Eﬂcéﬁﬁ%e The hard mask may then be
removed (not shown) and then a SUL | ayer 2176, a seed
| ayer 2172 and magnetic |ayer 2174 are forned over the
etched pattern in step 2070, which is then capped wth
a carbon deposition/etch back and a protective | ayer
2182 in step 2180. [0065] It should be appreciated
that the processes and systens descri bed herein enabl e
commercial fabrication of patterned nedia disks for
hard drives. Fast production and high yield are
enabl ed by the system wherein after the formation of
the photo-resist pattern the disk in noved into vacuum
environment in the systemand the entire patterning
fabrication is perfornmed wthout renoving the disk
fromthe vacuum environnment. [0066] It should be
under st ood t hat processes and techni ques descri bed
herein are not inherently related to any particul ar
apparatus and may be i nplenented by any suitable
conbi nati on of conponents. Further, various types of
general purpose devices nmay be used in accordance with
t he teachings described herein. It may al so prove
advant ageous to construct specialized apparatus to
performthe nmethod steps described herein. The present
i nventi on has been described in relation to particular
exanpl es, which are intended in all respects to be
illustrative rather than restrictive. Those skilled in
the art will appreciate that many different
conbi nati ons of hardwar e,
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software, and firmvare will be suitable for practicing
the present invention. Moreover, other inplenentations
w@Roovhessshventi on will be apparent to those skPCT/E82008085728
the art frontonsideration of the specification and
practice of the invention disclosed herein. Various
aspects and/ or conponents of the descri bed enbodi nents
CLAIM®®RY be used singly or in any conbination in the server
arts. It is intended that the specification and
exanpl es be considered as exenplary only, with a true
1. A cugtbod faf rpducinggfatteived meelie hard disk neormprisicgt ed by
the. fol | owi n c ai ns. CLAI.I\/ks 1. A nethod for producing
TR BIPURBLl 14h el PSR SUBRTE! ng- 1 or mi hg o
JEBRRINGDIRSBESIYGREr thedinalyngti®sidcRt & deposi ting
phot or esi st over the magnetic st ack; patterning the
peteraingdhe photarasisterri ng the disk into a vacuum

NSRRI 3ah DS A A M .

without PEMboING the digiefrinethie vaeliah éwvildhendrRpeetormirtg ﬂlféksteﬁs:
form ng refill |layer over the etched magnetic stac

et chigighipadke magnesicistack;ayer; and, forning a
Pt Ot TEIhiNG refll lyeP ¥ike tRCeERCd Mad@fiElstadc. T Mot od

of clarm e nagne ack conprises a

car bcatclmmgrtxac&tthéﬁéﬁﬁl])layayandand a magnetic |ayer, and
wherein etchi n t he magnetic, st afc conprl ses etching

t he &“I”Qy%?r %th"@r'ﬁY o dheielidl 1aner- usi ng the coc to
etch the magnetic layer. 3. The nethod of claim2 ,
wherei n etching back further conprises renoving any
resi dual photoresist or hard mask 4 . The nethod of

| ai m,1 rther C har d. mask r
2. Tt eeds 1 ARG P thashRlb Stk Aighiides & edibon overcoat
(COC) |5yeﬁéned BehAgsetf !a9éﬁ|alﬂiu4/vhe¥\@ﬁf @ﬂcﬁlr@tﬁ@rﬁﬂgﬁ’é@‘stﬁéﬁ EBRiprises
onprises renpving any residual hard
etching the COC layer to form a hard mask and using the COC to etch the magnetic

layer.

3. The method of claim 2, wherein etching back further comprises removing any
residual photoresist or hard mask.

4. The method of claim 1, further comprising forming a hard mask over the
photoresist prior to etching the magnetic stack.

5. The method of claim 4, wherein etching back further comprises removing any

residual hard mask.
6. The method of claim 1, wherein etching of the magnetic stack is performed on

one side of the disk at a time, and wherein the steps in the vacuum environment further

comprise cooling the disk.
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6 . The nethod of claim1, wherein etching of the
magnetic stack is perfornmed on one side of the disk at
W@2a0048385Aand wherein the steps in the vacuum PCT/US2008/085728
envi ronment further conprise cooling the disk.7 . The
met hod of claim6 , wherein cooling the disk is
perfornmed after etching each side of the disk. 8. A
nmet hod for producing patterned nedia hard di sk,
conpri sing: depositing photoresist over the dISk
7. The methachef claim ﬁhwhem coolingtheodisk is perférmed after etching each
ferring the disk into a vacuum environnent inside
side Ofti?e?ﬁ%lfl cation system and, w thout renoving the disk
fromthe vacuum envi ronnment perform ng the steps:
etching the disk through the mask; formng refill
8. A mpshodinspreduciag pattameadsmedis hardriljsk corprisng:ef i | |
ective layer over the refill
c1e§l§§ﬁmgg§h%tqf Qfs'frbo rﬁﬁeg#'g%l aim 8, wherein depositing

thtetmngmephotoeesu*she fdimla maskr i ses deposi ti ng t he
ho{tor esi st di rectlyﬁover a soft underlayer (SUL), and

URANSISTERY RFHISKINOA VAW SHYIrgRMEt RSP @é%w'qaélyarsyamn and,
without ggﬁgs@h Ghé A frfﬁ'vttﬁé é/'él@@ t(ﬁﬂu%hnﬁatrﬁ BeRBrh Mg HbStepstO

hod 0 ere eposi ting photoresi st
over et¢hingithk diskrthrougbsthdapaski;t i ng t he phot or esi st

dire tI oveﬁI he diskq1 egstr t.e and further
conprPSTIRY EliblaypERYeiihe 8' S€oft under| ayer, seed
Iaye@tcmﬁ@lbg@gﬂeéréﬂﬂ@y@r an@fter the step of etching
the disk. 11. The nethod of claim9, further

conpforMing o pioteatyedayriravendlsk refildayeme phot or esi st
prior to etching the disk. 12. The nethod of claim 10,
further conprising formng a hard mask over the

9. Tm@ohemw oftclaim 8y whereit dbpogitihd ehetciésidBovertRe K €Sprises
im9, wherein etching of the disk is per f or med

deposmaa t% ehet%s'ei‘ difgdlyavek asgothundenayes faUkhans furtheecomprising
the step%tcﬁ%rn'uﬂ ééegwagmﬁo%\ébheﬁmy*er LHEF B stEB Y etHing the disk.

cool
10.  The method of claim 8, wherein depositing photoresist over the disk comprises
depositing the photoresist directly over the disk substrate and further comprising the
steps of forming soft underlayer, seed layer, and magnetic layer, after the step of
etching the disk.

11.  The method of claim 9, further comprising forming a hard mask over the
photoresist prior to etching the disk.

12.  The method of claim 10, further comprising forming a hard mask over the
photoresist prior to etching the disk.
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14. The nmethod of claim 10, wherein etching of the

disk is perforned on one side of the disk at a tineg,
w@e@wssei n t he steps in the vacuum envi r onmeP@T/US2008/085728

further conprise cooling the disk. 15. A systemfor

fabricating patterned nedi a disks, conprising: a

plurality of processing chanbers, each having an

13.  THOAGRRRAEHE cmm?yg@bsrém @g@mw thid diél@ﬁé’é’t"f&m@éﬁbﬁ BhEQide of

transporting a d carr rom one anber to the
the diskraa timehana wheréia thé steps inythe fvapuomesrsiinog e filer comprise
. onprjses: at |east one etching chanber; at |east one
cooling ﬁ'éefna'ls}( sputtering chanber; and, at |east one etch back
chanber. 16. The system of claim 15, further

conprising a cooling chanber positioned follow ng the
14.  Theonetnsholeelaim 10, wheredy stahingef ibeadisk Exerigraras on phe side of

e sy GRS B S5 BAR RE AR i

cooling thepdiekur sor gas del i very assenbly coupled to the first
si de; a novabl e cathode assenbly coupled to the second
side. 18. The system of claim 15, wherein the

i . Dk - . ise.at. | t
R b G A e L R AT R e
agplohalibhahpricessing rchaetiers, daatshavimg andhdepeardend dgcuum

. havgng a first side and a second side opposite the
EnVIFONMENLt “side; a first precursor gas delivery assenbly

asser?‘g)l(iit yé%(g%@ﬁggtrtégée(ﬁgﬁgﬁg%Eéfri e: angﬁe?ﬁgﬁgﬂgé% H\e next;
veheraingharienalityodfl prasessing thambers comptiseder and

conprjses; .a_second in_chanmber body having a third

si de aéiet?séop&ﬁ?{?mngicggmt}eﬁe third side being opposite

the seteuy opedefiirsputtdtihdg shiirhbeSiaflg, bei ng opposite the
at least one etch back chamber.

16.  The system of claim 15, further comprising a cooling chamber positioned

following the etch chamber.

17.  The system of claim 15, wherein the etch chamber comprises:
a main chamber body having a first side and a second side opposite the first side;
a precursor gas delivery assembly coupled to the first side;
a movable cathode assembly coupled to the second side.

18.  The system of claim 15, wherein the plurality of processing chamber comprise at
least a first and a second etch chambers, wherein
the first etch chamber comprises:
a first main chamber body having a first side and a second side opposite
the first side;
a first precursor gas delivery assembly coupled to the first side;

22



first side; a second precursor gas delivery assenbly

coupled to the fourth side; a second novabl e cat hode
w@s®entdsy? coupl ed on the third side. 19. The spGL/E800$/085728

claim 15, further conprising a hard mask sputtering

chanber. 20. The system of claim 15, further

conprising a hard mask et chi ng chanber

a first movable cathode assembly coupled to the second side; and,
the second etch chamber follows the first etch chamber and comprises:

a second main chamber body having a third side and a fourth side, the
third side being opposite the second side and the fourth side being opposite the
first side; |

a second precursor gas delivery assembly coupled to the fourth side;

a second movable cathode assembly coupled on the third side.
19.  The system of claim 15, further comprising a hard mask sputtering chamber.

20. The system of claim 15, further comprising a hard mask etching chamber.
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