SYSTEM AND METHOD FOR DUAL- SI DED SPUTTER ETCH OF SUBSTRATES BACKGROUND 1.
Filed of the Invention [0001] This invention relates to the art of substrate
mcro-fabrication and, nmore particularly, to patterning of substrates such
as hard disk for hard disk drives. 2. Related Arts [0002] M cro-fabrication
of substrates is a well know art enployed in, for exanple, fabrication of
sem conductors, flat panel displays, light emtting diodes (LED s), hard
di sks for hard disk drives (HDD), etc. As is well known, fabrication of
sem conductors, flat panel displays and LED s involves various steps for
pat t er ni NgYSTEMARBMETIHODIFORIRUALSIDEDSRUTTERETCH 0F SUBSTRATEHSN of
hard di sks, generally referred to as |ongitudinal recordi ng technol ogy,
does not invol ve gatterni ng. Simlarly, fabrication of disks for
per pendPAGKERPWNBr di ng technol ogy does not invol ve patterning. Rather
uniform layers are deposited and nenory cells are generally defined by the
natural occukren€deddr fhednventiant hin the unpatterned magnetic |ayers.
[0003] It has been denobnstrated that non-patterned disks would fail to
sati sf y[00Rg&] This invention relates to the art of substrate micro-fabrication and, more

particularly, to patterning of substrates such as hard disk for hard disk drives.

2. Related Arts

[0002] Micro-fabrication of substrates is a well know art employed in, for example,

fabrication of semiconductors, flat panel displays, light emitting diodes (LED’s), hard

disks for hard disk drives (HDD), etc. As is well known, fabrication of semiconductors,

flat panel displays and LED'’s involves various steps for patterning the substrate. On the

other hand, traditional fabrication of hard disks, generally referred to as longitudinal

recording technology, does not involve patterning. Similarly, fabrication of disks for

perpendicular recording technology does not involve patterning. Rather uniform layers

are deposited and memory cells are generally defined by the natural occurrence of

grains within the unpatterned 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. It is 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



needs of the market, in 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 generation disks should be patterned. It is envisioned
that the patterning process may utilize photolithography, although
currently there is no certainty which Iithography technol ogy may be
commerci alized, and no commercial systemis yet available for commercia
manuf acturi ng of patterned nedia. Anong contenders for photolithography
are interference photolithography, near field lithography and nano-i nprint
| i t hogr afghiptetference iphotaiithpgraiihys gearffieichlighdgraplogarg hgna-wapnnd lihggraphy| i zed,
once the photoresist is exposed and devel oped, the disk needs to be etched.
However (NiLp Regadiess pEtherithagygphydschiredogyputitiped exce dthe phathiasgt & di sk in a
comercially viable environment. [0004] To be sure, etch technology is well
known aexpasetilandelegéloped| the diskeweds tube etched f Hatvepen & datestl taphndlddy s, etc.
However, in all of these applications, only one side of the substrate needs

to be ethahbekn pabbsad fog etchifyucdisk in appinynerciakievidisle @ndirdrohentt he substrate
fromthe backside. A plasma is ignited to etch the front side.

Addi ti ojo@ioly, an Tel lrcsuredeich sedhbRbRis WelbkiRatlac well Hbeelopatiforso as to
apply an electrical potential to attract the plasnma species to inpinge on

the frogdmpund@se, Mt gdnel gieplayE®s, d00PRlveler irean 6 thédagiiR¥fons? oRRt hod
and systemare required to adopt plasma etching technol ogy for etching hard
di sks tenesiay iofthePibkRafRAEIE % Be eRHMYARNIowing a chuck to apply force to and

hold the substrate from the backside. A plasma is ignited to etch the front side.

Additionally, an electrode is generally embedded in the chuck so as to apply an

electrical potential to attract the plasma species to impinge on the front surface of the

substrate.

[0005] In view of the above, a method and system are required to adopt plasma

etching technology for etching hard disks to provide patterned media.

SUMMARY

[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 i§ to present some concepts of the invention in a simplified form as a
prelude to the more detailed description that is presented below.

[0007] In considering the application of plasma etching technology to hard disks,

the subject inventors have recognized that standard plasma etching technology is



[ 0006] The followi ng sunmary is included in order to provide a basic
under st andi ng of sone aspects and features of the invention. This sumrary
is not an extensive overview of the invention and as such it is not
intended to particularly identify key or critical elenents of the invention
or to delineate the scope of the invention. Its sole purpose is to present
sone concepts of the invention in a sinplified formas a prelude to the
nore detail ed description that is presented bel ow. [0007]1n considering the
application of plasma etching technology to hard di sks, the subject

i nvent qreblemadic farcdehing pattarhed harndadisksr dJnika sewmiconduétats arstother ogy i s

probl ematic for etching patterned hard di sks. Unli ke sem conductors and

ot her applicatnisothe, disksenedd d& be méahedton tuth eidebedhenefdret ¢oryedtianal Ther ef or e,
conventional systenms having plasnma etch on only one side are not workabl e

f or harsystinskisavidy plasmaietcheorbonlip ose dee are nohwodkablesfoahardfdisks. cdsed, no

el ement of the fabrication nmachine can be allowed to apply clanping force

t 0 t he giicbah sldet at the disky arerfatbrizatdu)ob eldreerdios kheofab deationunpahite cdrher ef or e,
prior art systens utilizing conventional chucks cannot be used for

pr oces Yehgliowaiddo Gbplyclaraging fisrve &pplediseiskifate if ordee td ohsaktpediskioneo di sk
fromits backside. This ralses another problemin that, if no chuck can be

used thngbd. trherefbreKpridiaint S@tends iilamgninesitional Eucke Bhh®st HeQuseduse speci es
of the plasma to inpinge on the surface of the disk? [0008] The subject

| nvent Qir§cdbRiRy HHrvisHE CasSpky Rﬁlv%hh@(iﬁ@ﬁ)réé’w&lplbbﬂbﬂ\@mékﬂ%@h revel oped

et ching systens and nethods that enable etching of disks in a commercially

vi abl e_b%'&l(&i&@.nﬂ‘ﬁ@traisggﬁﬁé‘ﬂh_@?ﬁﬁoﬁlém irf tA8t, ifN6SEHuUCR Ba BaRIsBd b ASIEBhElRRI Ny of
both sides of the disks, w thout applying chucking force to any surface of

the di iy %g@glggs ntfl bd QB?IiéMS’E:FaLQé‘s%c?& &Qﬁ@kg%sﬁ%"tbﬂnﬂﬂwg@%ﬁﬁh@m enti al

to cause t speci es to I npinge e surface of the di'sk w thout
havi ng 4 be disthedidi@ched to a chuck. Plasma is sustained using, e.g.,
capaci ti ver our 1nductively coupled RF power, and may be enhanced and/ or

coompdiatBe O atfingtoitl iR Hare ehimiicd soiehe Rl Baolfbpeie The
developed etching systems and methods that enable etching of disks in a commercially
viable environment. Embodiments of the invention enable plasma etching of both sides
of the disks, without applying chucking force to any surface of the disk. Embodiments of
the invention also enable applying bias potential to cause the plasma species to
impinge the surface of the disk without having the disk attached to a chuck. Plasmais

sustained using, e.g., capacitively our inductively coupled RF power, and may be

enhanced and/or shaped using magnetic fields.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] 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.



part of this specification, exenplify the enbodi ments of the present
I nvention and, together with the description, serve to explain and
illustrate principles of the invention. The drawings are intended to
illustrate major features of the exenplary enbodinents in a diagrammtic
manner. The drawi ngs are not intended to depict every feature of actual
enbodi nents nor relative dinensions of the depicted elenents, and are not
drawn to scale. [0010]Figure 1 illustrates part of a systemfor fabricating
a patterned hard di sk according to an enbodi nent of the invention.
[ 0011] Aihpudrawingsl dre gtterdesistoaliustratesmaioec featurea bbiig exempianaembiodinféndsiie 1.
[0012] Figure 3 illustrates a cross section along lines B-B in Figure 1.
[ 0013] F diagendmiaficmanper tTihel drawingeiare sohintendsd toiepittevenvfabiuse of ect rode i n
a distal position, i.e., away fromthe disk, while Figure 4B is a partial
i sonet ractualieevboginoamts got fedative dirhérsia saaftthe@ depictedalgments nadd aregiati on, 1. e.,
close to or slightly touching the disk.

drawn to scale.

[0010] Figure 1 illustrates part of a system for fabricating a patterned hard disk

according to an embodiment of the invention.

[0011] Figure 2 illustrates a cross section along lines A-A in Figure 1.
[0012] Figure 3 illustrates a cross section along lines B-B in Figure 1.
[0013] Figure 4A is a partial isometric view shown the movable electrode in a

distal position, i.e., away from the disk, while Figure 4B is a partial isometric view
showing the movable electrode in a proximal position, i.e., close to or slightly touching
the disk.

[0014] Figure 5 illustrates a disk etch chamber according to an embodiment of
the invention.

[0015] Figure 6 illustrates an embodiment of a system having alternating etch

chambers and cooling stations.

[0016] Figure 7 illustrate a flow of a process according to an embodiment of the
invention.
[0017] Figure 8 illustrates an alternative embodiment of the system according to

the invention‘.‘
[0018] Figure 9 illustrates certain alternative features according to émbodiments

of the invention.



[0014] Figure 5 illustrates a disk etch chanber according to an enbodi nent
of the invention. [0015]Figure 6 illustrates an enbodi nent of a system
having alternating etch chanbers and cooling stations. [0016] Figure 7
illustrate a flow of a process according to an enbodi nent of the invention.
[0017]Figure 8 illustrates an alternative enbodi mrent of the system
according to the invention. [0018] Figure 9 illustrates certain alternative
features according to enbodi nents

[0019] Figure 10 is a flow chart illustrating a process according to an embodiment
of the invention.
[0020] Figure 11 illustrates certain alternative features according to embodiments

of the invention.

DETAILED DESCRIPTION

[0021] According to embodiments of the invention, a system is provided for
etching patterned media disks. A movable electrode is utilized to perform sputter etch
which is particularly beneficial for sputtering of hard disks used in hard disk drives
(HDD). The invention is particularly beneficial for metal etch on a disk of the type
commonly referred to as patterned media. The electrode moves to near contact or in
slight contact with the substrate so as to couple RF energy to the disk, but no chucking
force is applied to the disk. In implementations where the electrode is held at near
contact to the disk, the gap between the electrode and the disk should be maintained
smaller than the plasma dark space, so as to avoid sustaining plasma between the disk
and the electrode. The material to be etched may be metal, e.g., Co/Pt/Cr or similar
metals. The substrate is held vertically in a carrier and both sides must be etched. In
one embodiment, one side is etched in one chamber and then the second side is etched
in the next chamber. An isolation valve is disposed between the two chambers and the
disk carrier moves the disks between the chambers. The carrier may be a linear drive
carrier, using, e.g., magnetized wheels and linear motors.

[0022] In one embodiment the chamber has a showerhead on one side and a

movable electrode on the other side. The showerhead may be grounded or biased, and



of the invention. [O0019]Figure 10 is a flow chart illustrating a process
according to an enbodi nent of the invention. [0020] Figure 11 illustrates
certain alternative features according to enbodi ments of the invention.
DETAI LED DESCRI PTI ON [ 0021] Accordi ng to enbodi nents of the invention, a
systemis provided for etching patterned nedia disks. A novable el ectrode
Is utilized to performsputter etch which is particularly beneficial for
sputtering of hard disks used in hard disk drives (HDD). The invention is
particularly beneficial for nmetal etch on a disk of the type commonly

r ef er r d@stRsowsiopafarsielivaiingeafisdntothechamben ede atgvbseadivagareS GHCAEGS or i n
slight contact with the substrate so as to couple RF energy to the disk,
but no @Hckingrs etcc el ieschappiler elsothastdwideasi arikailsi far thedineaediive: dislhsanider e t he
electrode is held at near contact to the disk, the gap between the

el ect r dfbentiee dibie calriskastumdsdrbecssingmasitioadthers¢dimdetihmovedieloseds tte dar k
space, so as to avoid sustaining plasma between the di sk and the el ectrode.
The nmatdisk, ahd thoaybdigbtlc toaidhimg yit, bet doesalof apply .any Coudkingoraes an meldisk, met al s.
The substrate is held vertically in a carrier and both sides nust be

et ched.i.el rthedskasrhaditamed jn plaes by the ¢asriat relFipowene.g.hadBéMHzid t hen t he
second side is etched in the next chanber. An isolation valve is disposed
bet weercoupdttothe biaothadss which it kapakithlelcesupier torthy disk! Repldsaliss thehween t he

chanbers. The carrier may be a linear drive carrier, using, e.g.,

magnet iigmtbdih éed goidpetiddnathe disRtaPdIhe showerhead, to thereby sputter material
from the face of the disk. The plasma may be ignited and sustained either by the
capacitively coupled RF power, or by a separate inductively coupled RF source.
Additionally, the plasma may be enhanced and/or shaped using magnetic fields. 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.
[0023] An embodiment of the invention will now be described with reference to
the drawings. Figure 1 illustrates part of a system for fabricating a patterned hard disk
according to an embodiment of the invention. In Figure 1, three processing chambers,
100, 105 and 110, are shown, but the three dots on each side indicates that any number
of chambers may be used. Also, While here three specific chambers are shown, it is
not necessary that the chamber arrangement shown here would be employed. Rather,
other chamber arrangements may be used and other type of chambers may be
interposed between the chambers as shown.
[0024] For illustration purposes, in the example of Figure 1 the three chambers

100, 105 and 110 are etch chambers, each evacuated by its own vacuum pump 102,
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[0022] I n one enbodi ment the chanber has a showerhead on one side and a
novabl e el ectrode on the other side. The showerhead may be grounded or

bi ased, and has provisions for delivering gas into the chanber, e.g.,
argon, reactive gases, such as CxFy, Cl2, Br2, etc. The chanber al so has
guides or rails for the linear drive disk carrier. Wen the disk carrier
assunes processing position, the electrode is noved close to the disk, and
may slightly touching it, but does not apply any chucking forces on the
disk, i.e., the disk is maintained in place by the carrier. An RF power,
e.g., 1845608zEach afdbe pextessing khambersthasdetrangférsiectien, d2gat?4 roeng6.coupl ed
to the disk. A plasma is then ignited in the void between the disk and the
shower aedd prooedsivey sduyios 1021 €34 arat €36. ADisk r166hig meuhted ntd adisk adirgl. The

pl asma may be ignited and sustained either by the capacitively coupled RF
power, 1Q0. liy tts spadiateat theddisk isweld/byisipéripheRF, i.8qwitheut taddhing anglbof ifs t he

pl asma may be enhanced and/or shaped using nagnetic fields. In the next
chanberurfhbss, asdoth surfazegarefibricsteds0\asde gatterndmtt sides.t Mbe disgaarree f aci ng
order, so that the opposing face of the disk is etched. A cooling chanber
may be 120tREROSR &f Whbsr e 1tthat riderotfeukb €nst shownah Fijurd e Invemechanber s.

[ 0023] An enbodi nent of the invention will now be described wth reference

to the eHioMingst; thel ihEels drel thhéiedtizad 86 aBas pravidebaties tradlidroand stabiliyat i ng a
patterned hard di sk according to an enbodi nent of the invention. In Figure

1, thr g®eligCOFfeMR MRS Gils pRVIdeHAR i Fardsk: sctiensSEwu to poditidiet hr ee
dots on each side indicates that any nunber of chanbers nmay be used. Al so,

Whi | e fgdidin i Bn%céWEé&ioﬁhWBﬁé SmBbBintEH Wotivel folc® I8 ProvitREESEahYIy hat the
chanber arrangenent shown here woul d be enpl oyed. Rather, other chanber

arrangg SisKBYriBP 156 ngﬁﬂaeha?}tr?%%rz %ﬁf%@&fn?rﬁ RASIRBbIN TR Eideee HNt er posed

bet ween the chanbers as s ' ustration purposes, in the

exanpl 0@55{!Fi gur§igaretf'ﬁlugﬂ?ét‘é§a%%ﬁiég%ng%ﬂés andinliQuay ¢ pbeh chanbers,

each evacudted by~“Its own vacuum
simplicity, in Figure 2 disk 250 is illustrated without its carrier, but it should be

appreciated that the disk remains on the disk carrier throughout the processing
performed in the system of Figure 1, and is transported from chamber to chamber by
the disk carrier, as illustrated by the arrow in Figure 2. In this illustrative embodiment, in
each chamber, 200, 205 and 210, the disk is fabricated on one side. As shown in
Figure 2, as the disk moves from chamber to chamber the disk is fabricated on
alternating sides, however it should be appreciated that the order of surface fabrication
may be changed. Also shown in Figure 2 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 processing gas delivery apparatus 262, 264, 266, such as a shower head.

[0026] Figure 3 illustrates a cross section along lines B-B in Figure 1. Disk 350 is
shown mounted onto carrier 320. Carrier 320 has wheels 321, which ride on tracks 324.
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104, 106. Each of the processing chanbers has a transfer section, 122, 124
and 126, and a processing section 132, 134 and 136. Di sk 150 is nounted
onto a disk carrier 120. In this enbodinment the disk is held by its
periphery, i.e., without touching any of its surfaces, as both surfaces are
fabricated so as to pattern both sides. The disk carrier 120 has a set of
wheel s 121 that ride on tracks (not shown in Figure 1). In one enbodi nent,
the wheel s are magneti zed so as to provide better traction and stability.
The disk carrier 120 rides on rails provided in the transfer sections so as
t 0 posiTheowhédle 3d1 skay e miagnetion rewisich gasettiel teatks BA4 omey ainade wént , noti ve
force is provided externally to the disk carrier 120 using |inear notor

ar r angegraaimagnetic mhtanal. i In this @ubddiment (RO2aTiET igunisved byl lineat mater328, cr oss
section along lines A-Ain Figure 1. For sinplicity, in Figure 2 disk 250
is il ugfHoalR dthwr itk forcss GAd/oF franddirterité naly®el tbele Grivertheichawdet igat the

di sk remains on the disk carrier throughout the processing perforned in the

syst em &fachh@d frobesPgak lls%u?ﬁlfé@ﬁﬁ@rthédhéﬂhﬁm @A 241 e 6héweCcHerddB4. by thise di sk

carrier, as iliustrated by e arrowin Figure 2. In this illustrative

enbodi iculamex@ffile HeadHWVer hé8@is g?reénam;d ﬂ&gnatish@nwé@gna mairtbihegayed on

one si As shown in Figure 2, as the disk noves from chanber to chanber

the di %dlﬁn§ RETHi&E R 90 o PlelRE R BEhhSISH. m\n@werlrﬁeamqe igniRgy
appreci ated that the order of surface fabrication may be changed.” Al so

shown i 4 FingiMiSiniAg MeEphsPhdhiPbe YR8 Sme0fble 28B ol BlovidR thb ;a%aé‘ﬁér anber
%h % E%cﬁ haﬁg ﬁu g h

durlng ricatio er 1 nc es a nova el ectro e (|n IS

2aa T SHeoSY Rl e e S e T IR TR R Shes Ech as a
Eﬁéﬁ% Py "{?Q%Eaﬁ*f@qﬁ Fak BB R s Lﬁ‘é?e%%ti?i' o
i o’ cieamatBbfieleoSfilePeidee e r7 Bps UMRRNolFE IR s Paf AR T

For 83'3”%ﬁ%ye%?a‘?s%?é%%ﬁseﬁgvaﬁ%vgséi*ﬁf' Il e

process, gas IS

his papitenpl FEHR 'i'&"‘lt"ﬂb% kBRerofies rqs\é/t:@r'%ﬁﬁﬁfdj aﬁ)\ﬁg%oeapﬁhgga},e:dnand
i I I B g 4
ohe; RSk PRREI R Tl DcbE R SR e i ey ©

novabl e cat hode provi des the bias eqe necessary to attract the plasm
Speci ek RRPHERYIORHiRS faremia BRdlids It HBWA by aBbresltacbthabihie FigHER 213 al from
the disk. That is, when the novable cathode 344 is noved to its proxi nal
posi ti diP a'@e%\a%eérswvfépf Peve sathpde B4 thg samesfippt ean P%écwﬁ‘é%i) b¥o t hat

pl asma species are accel erated towards the disk so as to etch the opposite
sur f aceusingd aKving anpdsuahwilkbe explained with sesrest toauret-m proxi mal position
is defined as a position of the electrode where it is very close to, or

sl i ght I[P028uchi ngsgu&né/\ssjapad@l tspmeties \dew lshowntheiowyabletelegtiols imay chucki ng
force to the disk. It should be appreciated that while Figure 3 is’

expl ai reigfalwasitionespesgway from thevigh, whiteFiguce4B4sa patial isametrif fiewt can be
achi eved by using a noving anode, as will be explained with respect to

Fi gur e showirgDthg]rio\pbiecelédtirode ia gopnokinell ppsibomtiel,clodedos of slightlyttbaeching abl e

el ectrode in a distal position, i.e., away fromthe disk, while Figure 4B
i s a pdheidak. iFsguredAl itustiaées thb@ituatipri wisemineadisleis ¢list driseoted into tiee pr oxi mal
position, i.e., close to or slightly touching the disk. Figure 4A

i |1 ust ranaetber beissitiouatd leaverhechahbedi ki nspjogsssingisardrieaned! Figune4Bhamber
or is about to | eave the chanmber, and no processing is performed. Figure 4B

i |1 ust riistratdshtee sittatiin csmh@f:hérhserodwmbqfromélr@m @ 0GaRpEtoBingiof the digkir i ng
etching of the disk. Disk 450 is held by its periphery by clips 423 of

carri erDidRas( isohald 8l ith pedipierytyldiged23 Bf &ditier 420 (four clips are utilized in this
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exanpl e). The novabl e el ectrode assenbly 444 includes the el ectrode housing
441, el ectrode cover 443, and electrode 447. In this exanple, electrode
cover 443 has notches 449 that match the clips 423, so that in its proximal
position, shown in Figure 4B, the cover does not touch the clips. Also,
while a bit obscured, the electrode itself is in a washer shape, matching
the shape of the disk, i.e., having a center hole nmatching the center hole
of the disk. [0028]Figure 5 illustrates an etch chanber according to an
enbodi ment of the invention. In Figure 5 sone elenents were cut and sone

I enov e@xampl) dThe ihtovak[posiecteldernassemblytd iacladesihe\sadtrode hoodiegsidandi ng t he
enbodi nent. The entire assenbly is nounted on a mai n chanber body 500,

havi ng digtie Ravér £B2 af@ LICHEd@84T.I RNBRWXampis reevtrotie covar443etast r anspor t
and upper part 532 dedicated for disk fabrication, i.e., etch. In this

fi gur e notdiestaudakst mateh e \eips 478t &4 thah it its o RBdl PosiBen, down i FRyaseOr t
chanber 522 have been renoved to provide a clearer view Process gas

del i veiyy ise S8R dbEOABIABECISIHARIPE. MRS, WA a BlaBBEITed Y ehldodwitbéipisRF
ener gy coupling is provided fromthe other side. In this enbodi ment process

gas is .r@slwaé%%aﬁét %a&@ﬁn&@@@?@be%ﬂh@%& $eommh§@cbea$e&em dhakbihg RF

energy coupling is acconpl1shed using a novab ectrode assenbly t hat
cComes \(ﬁé ¥emtbPRSle bPiheMigis! 1 ght 1y touches, the disk. The el ectrode assenbly
is noved using notion assenbly 585 so as to be in a retracted node during

di sk ”‘i&bﬁﬂl and hg @Tnﬂéérél’é% H%g&&wmw a%E&rBIn%Qo(aﬁeé?nlfdcﬁkHéﬁtsof‘Me and 4B).

[0029] 'n tHis speCific exanple energy coupling is done capacitively from

R R S S D B SRS T bt
to Conpllgrnng&g tl%gleareg 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
have been removed to provide a clearer view. Process gas delivery is done from one
side of the main chamber body 500, while RF energy coupling is provided from the
other side. In this embodiment process gas is delivered into the chamber using a
showerhead assembly 562. RF energy coupling is accomplished using a movable
electrode assembly that comes very close to, or slightly touches, the disk. The
electrode assembly is moved using motion assembly 585 so as to be in a retracted
mode during disk motion and in a proximal mode during etching (see Figures 4A and
4B).
[0029] In this specific example RF energy coupling is done capacitively from a
conductive electrode to the disk and thence to the plasma. The electrode assembly

comprises a electrode 544 made of conductive material and shaped to complement the

9



surface of the disk. An electrode cover 543 is provided about the

el ectrode, and extends beyond the el ectrode 544 so that when the el ectrode
isinits proximal, energized position, the el ectrode cover 543 covers the
edges of the disk. In this position the el ectrode cover 543 prevents plasna
species fromattacking the sides of the disk and prevents plasma from
reachi ng the backside surface of the disk, i.e., prevents plasm from
accessing the space between the surface facing the el ectrode and the

el ectrode. Also, the gap between the el ectrode and the di sk should be

mai nt ai $usthce o theedisk. h/grm etelgtroge agves Sdarikpropised about the elastrgdei ahdsust ai ni ng

pl asma between the disk and the el ectrode. [0030] For non-reactive etch, the
pr ocessexjandsieayobd thef electeodmPpidso thafohen Sienglectrdue imigitepioxinmat al s general |y
utilized for magnetic disks may be physically etched, i.e., by sputtering,
ar gon isnagiged pasitien, pheelessodmsoveDid 8 ngvars tluesdgaspftimediskalrbibis may be
mai nt ai ned at reduced pressure, e.g., 10-80 mllitorr (ml), although

cert ai npguitameths efectrayle bevep B arewahtsaplapme spacies frofn dttatking th® siles of The RF
energy may be set to, e.g., 100-3000 watts, at frequency of, e.g.,

13. 56 MHhe disk dritieprexexitpbrisafa fforg wazhingt the baoiside sinfdcernfitise digkld.econpact by
coupling the RF match 580 to the etch chanber. RF power fromthe match 580
i s_coupprederits ptaamaciesia uctéssihgthe epacsibethdén thasafedating tiedlbctrddeui d pi pes
547 provide fluid as a heat exchange nmediumto cool or heat the el ectrode
544. Sidnd @elefectiodsl Aigd, BRSgdrPBetidEn Heodbtfodeeid sdkgpuldte d to the
shower head. [0031]1In order to effectively couple the RF energy to the disk,

t he el egbingfifeddfaaiHharPBel)idmta YEKSPaLE D 400 MbidSustHihihy plaeiE the di sk.
In the enmbodi nents illustrated, the di stance between the di sk and the

el ectro&@wg@,ytmﬁd,g@gnd me@ém 0.02" to 0.75". In these exanples the
pl acenent may be done to an accuracy of 0.005". In one exanpl e t he

pl acenmggpagecur a%‘ héh ?éb%hb@gtchyth\é rocksd g%%%ﬂé Yoﬁ&%?@dle ati

one or nore optical sensors. wn 1 n“Figure 5 er opt 5%@ pr OVI des

opti Caltp@%gqnfeﬂ(?megﬂg ggh«?r‘éhy ngzeé%lrr{\ r?é?lc%lés% §§gﬁ daﬁ\/%tch%dp grality

of fibe CsS an rrespon sens may be ‘use arious optical
col 11 51 erffBling or 'S'fﬁﬁﬁb@eﬁ’?ﬁg%ﬁia%%ﬁ@%%%ﬁﬁ*ﬁ%? PRy B 1 ne
otch ciianEnic 8. Ee et ol 08, d830TIRP M, %@‘@P@ﬁ%&“b %eéae%@é' and
ar ounddBoL R PROSL A breoetbim e Thy18 [HHRTRE Eferg BB o AP EE rmde of
2 des IO 3 ety B ar 7 AdROVP G P e R PR B8 oved.

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.

[0031] In order to effectively couple the RF energy to the disk, the electrode 544

must be place very close to, or slightly touch the disk. In the embodiments illustrated,

the distance between the disk and the electrode may be set to between 0.02” to 0.75".
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[0033]Figure 6 illustrates an enbodi nent of a system having alternating
etch chanbers and cooling stations. As indicated by the three dotes on each
side, the arrangenent may repeat itself or be coupled to other chanbers
perform ng other processes or to cooling or transfer chanbers. Notably,
chanber 600 is positioned to etch one surface of the disk 650. The

i solation valve 602 is then opened and the disk is noved to cooling chanber
600" . At the next round valve 602" is opened and the disk is noved into
etch chanber 605. Etch chanber 605 is positioned to etch the opposite side
of the |dithkse dipngad therpladiindlit shayi e dBNLED dntaceleichof +0 006t Nig aieat i on 605" .
[0034]Figure 7 illustrate a flow of a process according to an enbodi nent of

the i NVSHMAE. théhblatbRRnt AELUrA is SRAAEY 09 u&ﬁhE\éﬁﬁroﬁiﬁﬁty%@ﬁﬁo@@dcfﬁés,ﬁ@p 705

the carrier is transported so as to place the substrate in the proper’
POSi ti ofhd OF mBFLGAREl hsordt A RWN/iAFIUIE 5| AIRdrAptie B8Y prRdel GpticbisAll and at

step 715 the el ectrode noves to its proximl position, i.e., near or slight

t ouchi i u 1 gas is
suppl i APTa EEERAS B8 ol BB Rl o R Bh of fberrEs 82 Drect rode to

lgnite ?ﬂ%sgpg@hg's@g&g? ﬂ%ﬁd\'}%ﬁ?ﬁﬂ?% oPﬁcef’l‘%Hﬁbeé‘H@’w&m%d t used to

ignite enbte mcrowave, etc., the RF to

the el g Ha(?\gg gila%eﬁ{eink 50&?&%};ﬁgf?%rﬂ%lli’é@n%ﬁvthg%' he bias potential to

accel erate plrasma specl es e substrate. The gas and RF are

SUPP! L Shodgy! 0191 BnR REGTAR, D6t HOCRERSHA e HBWRIIREASR. hade SRR 0t

step 7 s termna . . fvery I's termnate , and
R o e T A
e e e Pl R R R SR LRl o
e e SHENDSEE GOnROR B0 (SO B T BN %
R RN T S R S
[0036]Figure 9 L1l uStrates Sor LAl aht Shagkons, deaLus o5 aceerding g o

[0033] Figure 6 illustrates an embodiment of a system having alternating etch

chambers and cooling stations. As indicated by the three dotes on each side, the

arrangement may repeat itself or be coupled to other chambers performing other

processes or to cooling or transfer chambers. Notably, chamber 600 is positioned to

etch one surface of the disk 650. The isolation valve 602 is then opened and the disk is

moved to cooling chamber 600°. At the next round valve 602’ is opened and the disk is

moved into etch chamber 605. Etch chamber 605 is positioned to etch the opposite

side of the disk. Thereafter the disk is moved to another cooling station 605’.

[0034] Figure 7 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

"



of the invention. One or nore of the features of Figure 9 may be

i npl emented. For illustration purposes, the chanber of Figure 9 is simlar
to that of Figure 3, highlighting the follow ng differences. For exanple,
in the chanber of Figure 9, one or nore gas injectors 972 are provided,

rat her than using a showerhead. Conversely, the chanber may enpl oy both a
shower head and gas injectors. For exanple, the showerhead nay provide one
type of gas, e.g., inactive gas, while the injector provide another type of
gas, e.g., reactive gas. Another feature of the chanber of Figure 9 is the
use of 7 0headdigtionnaiks aréltitsetl aindian stehe7 16Hthectrode Fogas éo Bs ploiEndRF power

is coupled to a stationary el ectrode 964, which may or nmay not be enbedded

in a shousrionensl; ndardr \saghteo@imle bBddxdringed fréslon thepsubistidte. [AtGis] FR@ure 10
is aflowchart illustrating a process according to an enbodi ment of the

I nvent i gi¥ is 0pplRHas s ciimidr@intiant Lepms R isirolides tb ietdlectrydead idrite
chanbers structured according to the subject invention. In step 1000, a

subst r affy maintdly 8k piBéRal RSP SRothbPadaRerdi s (46 tanyR the PlRfid, Ode s

nmoved to a proximal position to the substrate. In step 1010 gas is
i ntr oducgdiddifcfvd E5iIsCRATE MmidBRald cid eIk PR ciode GOHMI Rbded il t her the

novabl e or stationary electrodes, so that in step 1020 plasma is ignited.

I'n thi s, gangdi dbAle HiFoigy BolchihiGo bEcdlbREEFRERa WeciBs bwarBE ¥ Slstrad/ or

reactive ron ‘et Cﬁl ng. % n processing step I's corrpfet ed, either by timng

ol et r ot pas % RE FEGERBas" O pS pREENG Bio-PRACENE el ®Ed® 1110 Lhnamber
or ocees i REaiebt e At s ihotibBa 1% a8 N Ok IR, i1
Cepar aneR e QU8R Rt 0 R R LR IR Pl IR ek B, 75, 0

Cor tai ParTS AL 1D BeCRPaReY ‘SBREF ' s LR AR AP borkb SRR Ton. one

or nore_ of th% {C@atures of Figure 11 may be inplenented. For illustration
pur pos ORI LNAMBELer of Figure 11 is simlar to that of Figure 9, |
hi ghl i i the follQwing differences. Fqr exanpl in.the chanber of

Fi gur eg[%agig he whl9uee gm%ﬂ'@teét‘?é‘rﬁi@mag‘?"é e&%&ﬁﬂ%ﬂ%ﬁ?ﬁ ?yét?rﬂécﬁ(ggl”pﬁ@ has an
RF transparent window 1186. A coi]. 1164 is OVi about the w ndow and
RF supphfdiventigs InsFigyigpt de %tﬁéme&%W%ﬁf{(\/mﬂ&%cawpfeérw' is
energi zed, it inductively coupled RF energy to ignite and sustain the

pl asma. anpeoolagehambeidn bgtwegn thamy| Rather; 988 crglindrdapiier (Htheed0P Prcont r ol

the plasma density. On the other hand, ion bonmbardnent is controlled by the
power G )iis@ravides katween eaah daulyiets of pichahambets. se tleat thewrbstiad® ng such an
arrangenent, the RF frequency of the inductive coupling may be set to be

t he sarendsrgassgiening pakotihsideobeloreit apieshHa soelingctheder. For exanpl e, the RF
frequency of the inductive coupling may be set at 13.56MHz, while that of

t he noVi@BBEl el ecFigude ddtustrateswertaindaliemative features@ccardingfopgmbodimgnts 2. 2
MHz, or also 13.56MHz. The frequency of the inductive plasma nmay be higher,
e.g., Xfithizinveofidiz, Ore or more of the features of Figure 9 may be implemented. For

illustration purposes, the chamber of Figure 9 is similar to that of Figure 3, highlighting
the following differences. For example, in the chamber of Figure 9, one or more gas
injectors 972 are provided, rather than using a showerhead. Conversely, the chamber
may employ both a showerhead and gas injectors. For example, the showerhead may
provide one type of gas, e.g., inactive gas, while the injector provide another type of gas,

12



[ 0039] As can be understood, while in the enbodi nent of Figure 9 plasma is
sust ai ned using capacitively coupled RF power, in this enbodi nent plasnma is
sust ai ned usi ng inductively coupled RF power. O course, other nethods for
sust ai ning plasma nmay be used, such as mcrowave, renote plasma source,
etc. [0040] Al so shown in Figure 11 are magnets 1182, which are enbedded in
cat hode assenbly 1142. These magnets are used to enhance and/or confine
and/ or shape the plasnma. For exanple, the magnets 1182 may be used to push
the plasnma away fromthe edge of the cathode assenbly 1142. Alternatively,
or in axgi teastive gagnAtsthéd@aturaypf the ghambed efiFigb@A istthe use béainmvablfe t he
chanber so as to enhance and/or confine and/or shape the plasma. Either or
bot h ofanvelgndhat it lBZhachaaberldfdgura, e RE poweeistconplgddd & stationary

el ectromagnets. [0041]1t should be understood that processes and techni ques
descri hasctiwelecdoa, ahzhmedy dmheay aot by embéddetintaostmmerinead | A iovableredat us and
may be inplemented by any suitable conbination of conponents. Further,

vari ousgmypeaugédg;eg@luah pur pose devices nay be used in accordance vvlth t he
t eachi ngs described herein. it may al so prove advant ageous to construct

speci al[ogsH appaFRuks10 & PBEW @hzﬁﬂtill‘ﬁ@tr@ﬁd‘@?ro&b@@écdﬂﬁﬁﬁ@ td8hl eRdodintent The
present invention has been described in relation to particular exanples,

whi ch ajfend mvenstd THe By bbesfsecﬂ'ﬂfi%‘ré mon@@bé Litinzabi hadhi My dfakd Bharhbés

restrictive. Those skilled in art will appreciate that many different

conbi najyieife@hctRIAYRS the s'ifBEécWﬁfv@ntlcﬁff‘ans'témWOe aubktr&8 i$ Hdva®lifto f or
practicing the present invention. Moreover, ot her i npl enentat i ons of the

I nvent iyR8 chahbe Sn 3R Wth&%é@%@elé&h&deﬁg mdvel & 63{ 6xnifn"aP odgé at i on

of the specification and practice of e invention scl ose erein.

Var i ous; gspget Sn g’ﬂﬁo QP\%B& m{Me%ﬂé%lePSHd el é\ggﬁﬁabe used

singly or in any c nbln ifon In e server arts. I's Tnten t the

speci i g gbleﬁ ﬁﬂeﬁﬁ?%v%ﬁleb& s‘feﬂfb%%gﬁ IEGr s %‘cf{ﬁ% E{/ &?gﬁgbgop‘%h@ g true

scope an iri he ‘I'nvent1 on ng 1 ndicate oW ng cl ai ns.

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 another substrate. It should be
noted that while removing one substrate and introducing another substrate is shown as
two separate steps, these can be done concurrently, i.e., as one substrate moves out
the second one may be moved in.

[0038] Figure 11 illustrates certain alternative features according to embodiments
of the invention. One or more of the features of Figure 11 may be implemented. For
illustration purposes, the chamber of Figure 11 is similar to that of Figure 9, highlighting
the following differences. For example, in the chamber of Figure 11, the walls of the
chamber are grounded, while the ceiling has an RF transparent window 1186. A coil
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CLAI VE: 1. An etch chanber for etching substrates, conprising: a main
chanber body; a process gas delivery assenbly coupled to the chanber body;
a substrate positioning mechani sm supporting a substrate during etch
processi ng; a plasnma power applicator; a novabl e el ectrode
assenbly coupled on a side of the chanber body and operable to assune a
distal position away fromthe substrate during transport of the substrate,
and assune a proxinmal position close to or slightly touching the substrate
as the substrate is supported by the substrate positioning nmechani sm during
t he et civigriepedsdatDabout the windoWla@ddRFE bupplianbtds isfcoaplad o the edilelri€dn t he

pl asma power applicator conprises an RF power supplier coupled to the

movabl engleARF S@plier 1166 is energized, it inductively coupled RF energy to ignite and
sustain the plasma. The power level of RF supplier 1166 may be controlled to control
the plasma density. On the other hand, ion bombardment is controlled by the power
applied to electrode 1144 from RF supplier 1168. When using such an arrangement,
the RF frequency of the inductive coupling may be set to be the same or higher than
that of the movable electrode. For example, the RF frequency of the inductive coupling
may be set at 13.56MHz, while that of the movable electrode at a few hundreds of KHz,
or a few MHz, e.g., 2.2 MHz, or also 13.56MHz. The frequency of the inductive plasma
may be higher, e.g., 2dMHz, 60MHz, efc.
[0039] As can be understood, while in the embodiment of Figure 9 plasma is
sustained using capacitively coupled RF powef, in this embodiment plasma is sustained
using inductively coupled RF power. Of course, other methods for sustaining plasma
may be used, such as microwave, remote plasma source, etc.
[0040] Also shown in Figure 11 are magnets 1182, which are embedded in
cathode assembly 1142. These magnets are used to enhance and/or confine and/or
shape the plasma. For example, the magnets 1182 may be used to push the plasma
away from the edge of the cathode assembly 1142. Alternatively, or in addition,
magnets 1184 may be provided about the exterior of the chamber so as to enhance
and/or confine and/or shape the plasma. Either or both of magnets 1182 and/or 1184
may be permanent magnets or electromagnets.
[0041] It should be understood that processes and techniques described herein
are not inherently related to any particular apparatus and may be implemented by any
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3. The etch chanber of claim1l, wherein the plasnma power applicator
conprises: an RF transparent w ndow provided on a side of the chanber body;
an antenna provi ded about the wi ndow, and, an RF power supplier coupled to
the antenna. 4. The etch chanber of claim1, wherein the plasm power
applicator 16" conprises one of a mcrowave or a renote plasma source.
5. The etch chanber of claim 1, further conprising magnets situated to
enhance or shape the plasna. 6. The etch chamber of claim5, wherein
the magnets are enbedded within the el ectrode assenbly. 7. The etch
chanbersuithblelcambiratiomol ca@nporidrgs. nBigittedr svaaioas ypeeiad génerabpdrpbbe devitey | or  of
t he chanber body.

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

consideration of the specification and practice of the invention disclosed herein.

Various aspects and/or components of the described embodiments may be used singly

or in any combination in the server arts. It is intended that the specification and

examples be considered as exemplary only, with a true scope and spirit of the invention

being indicated by the following claims.
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8. The etch chanber of claim1l, wherein the plasnma power applicator
conprises: an RF transparent w ndow provided on a side of the chanber body;
an antenna provi ded about the wi ndow, a first RF power supplier coupled to
the antenna; and, a second RF power supplier coupled to the el ectrode.

9. The etch chanber of claim8, wherein the RF frequency of the second RF
power supplier is set equal to or lower than that of the first RF power
supplier. 10. The etch chanmber of claiml, further conprising: 17" an
entrance isolation valve provided on one side of the chanber body; an exit
i sol ati on val ve provided on an opposite side of the chanber body.

CLAIMS:
1. An etch chamber for etching substrates, comprising:
a main chamber body;
a process gas delivery assembly coupled to the chamber body;
a substrate positioning mechanism supporting a substrate during etch
processing;

a plasma power applicator;

a movable electrode assembly coupled on a side of the chamber body and
operable to assume a distal position away from the substrate during transport of the
substrate, and assume a proximal position close to or slightly touching the substrate as the

substrate is supported by the substrate positioning mechanism during the etch processing.

2. The etch chamber of claim 1, wherein the plasma power applicator

comprises ah RF power supplier coupled to the movable electrode.

3. The etch chamber of claim 1, wherein the plasma power applicator
comprises:
an RF transparent window provided on a side of the chamber body;
an antenna provided about the window; and,

an RF power supplier coupled to the antenna.

4. The etch chamber of claim 1, wherein the plasma power applicator
. 1600



11. The etch chanber of claim 10, wherein the substrate positioning
mechani sm conpri ses: tracks positioned between the entrance isol ation val ve
and the exit isolation valve; substrate carrier riding on the tracks.

12. The etch chanber of claim 1, wherein the novabl e el ectrode assenbly
conprises: a novable support; a notion assenbly coupled to the novable
support; and, a conductive el ectrode having an exposed surface facing the
substrate. 13. The etch chanber of claim 12, wherein the novable

el ectrode assenbly further conprises an el ectrode cover provided about the
el ectrode and exposing the exposed surface of the el ectrode.

comprises one of a microwave or a remote plasma source.

5. The etch chamber of claim 1, further comprising magnets situated to

enhance or shape the plasma.

6. The etch chamber of claim 5, wherein the magnets are embedded within the

electrode assembly.

7. The etch chamber of claim 5, wherein the magnets are provided about the

exterior of the chamber body.

8. The etch chamber of claim 1, wherein the plasma power applicator
comprises:
an RF transparent window provided on a side of the chamber body;
an antenna provided about the window;
a first RF power supplier coupled to the antenna; and,

a second RF power supplier coupled to the electrode.

9. The etch chamber of claim 8, wherein the RF frequency of the second RF

power supplier is set equal to or lower than that of the first RF power supplier.

10.  The etch chamber of claim 1, further comprising:
1700



14. The etch chanber of claim 12, wherein the conductive electrode is
washer shaped having a center hole. 15. A system for etching
substrates, the systemconprising: a plurality of etch chanbers; a series
of tracks enabling transport of a substrate carrier anong the chanbers;
wherein each etch chanber conprises: a main chanber body; a process gas
delivery assenbly coupled to the chanber body;

an entrance isolation valve provided on one side of the chamber body;

an exit isolation valve provided on an opposite side of the chamber body.

11. The etch chamber of claim 10, wherein the substrate positioning mechanism
comprises:
tracks positioned between the entrance isolation valve and the exit isolation
valve;

substrate carrier riding on the tracks.

12.  The etch chamber of claim 1, wherein the movable electrode assembly

comprises:
a movable support;
a motion assembly coupled to the movable support; and,
a conductive electrode having an exposed surface facing the substrate.
13.  The etch chamber of claim 12, wherein the movable electrode assembly

further comprises an electrode cover provided about the electrode and exposing the exposed

surface of the electrode.

14. The etch chamber of claim 12, wherein the conductive electrode is washer

shaped having a center hole.
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a substrate positioning nmechani sm supporting a substrate during etch
processi ng; an RF power applicator; and a novabl e el ectrode
assenbly coupled on a side of the chanber body and operable to assune a
distal position away fromthe substrate during transport of the substrate
and assune a proximal position close to or slightly touching the substrate
as the substrate is supported by the substrate positioning nechani smduring
the etch processing. 16. The system of claim 15, further conprising a
plurality of cooling chanmbers interposed anong the etch chanbers. 17.
The system of claim 16, wherein one cooling chanber is interposed between
two etch chanbers. two consecutively connected etch chanbers. 19.
The system of dbai Mkgstemfre eehing sibstraésathasyspovempapipg:i cat or conpri ses one
of : a capacitively coupled RF source, an inductively coupled RF source, and
a nm crowave sour ce. aplurality of etch chambers;

a series of tracks enabling transport of a substrate carrier among the

chambers;
wherein each etch chamber comprises:
a main chamber body;
a process gas delivery assembly coupled to the chamber body;
a substrate positioning mechanism supporting a substrate during etch
processing;

an RF power applicator; and

a movable electrode assembly coupled on a side of the chamber body
and operable to assume a distal position away from the substrate during transport of the
substrate and assume a proximal position close to or slightly touching the substrate as the

substrate is supported by the substrate positioning mechanism during the etch processing.

16.  The system of claim 15, further comprising a plurality of cooling chambers

interposed among the etch chambers.

17.  The system of claim 16, wherein one cooling chamber is interposed between

two etch chambers.

18.  The system of claim 16, wherein one cooling chamber is positioned abutting
19°°



20. The system of claim 19, wherein the plasnma power applicator further
conpri ses nagnets.

two consecutively connected etch chambers.

19.  The system of claim 15, wherein the plasma power applicator comprises one
of: a capacitively coupled RF source, an inductively coupled RF source, and a microwave

source.

20.  The system of claim 19, wherein the plasma power applicator further

comprises magnets.
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