1 SYSTEM METHOD AND APPARATUS FOR PLASMVA ETCH HAVI NG | NDEPENDENT CONTROL
OF | ON GENERATI ON AND DI SSOCI ATI ON OF PROCESS GAS By Inventor: Eric A
Hudson BAURCGRAUNEI29[ 1] The present invention rel ates gemeraiskgr1ioesopl asnma
etch systens and nethods, and nore particularly, to systenms and net hods for
pl asma etch havi ng i ndependent control of ion generation and di ssociation
of process gas. [2] Asinplified desciiption of a typical plasma etching
process is plasma chanber with a process gas therein. The process is

excited by a i i I rd Nt process
gas. Exciti @’Fﬁl%@ﬁ!@@éﬂ@ﬁfé%ﬁ%ﬁ@ﬂ%%r E in the
process gas. _HMIN?INBEPMDENW@QNWO@ oxrleN GENERfaﬂI(r)l\acg to be
et ched. e ions and r c e urface to be
et ched using gas fl o@ﬁh@@h@%aéﬁ%@%$ﬁg urfaces within
the plasma chanber. The ions and radicals react with the material in the
surface to be etched. [3] Increasing a density of an etching plasma is one
met hod to i ncrease how fast the etcWyduvéhace is etched (e.g., etch rate,
usual |y expressed in Angstrons per mnute). Increasing the density of an
etching plasnma increases the concdicrmatiwroof the ions and thus increases
the reactivity between the process gas, ions and the etch surface. However,
increasing plasma density can al SOBRagRGG§SS di ssoci ation of the process
gas mxture into constituent el ememts or nofecul es, beyond the |evel of
di ssoci at Oﬁ]Whl f’h% plrésser%%tnlfe%(l)ﬁ relates generally to plasma etch systems and methods,

and more particularly, to systems and methods for plasma etch having independent

control of ion generation and dissociation of process gas.

[2] A simplified description of a typical plasma etching process is plasma chamber
with a process gas therein. The process is excited by an RIF or microwave signal
electrically coupled into the process gas. Exciting the process gas causes ions and
radicals to form within the process gas. The ions and radicals are then directed toward
a surface to be etched. The ions and radicals can be directed toward the surface to be
etched using gas flows and electrical biasing of various surfaces within the plasma

chamber. The ions and radicals react with the material in the surface to be etched.

[3] Increasing a density of an etching plasma is one method to increase how fast
the etch surface is etched (e.g., etch rate, usually expressed in Angstroms per minute).
Increasing the density of an etching plasma increases the concentration of the ions and
thus increases the reactivity between the process gas, ions and the etch surface.
However, increasing plasma density can also cause excess dissociation of the process
gas mixture into constituent elements or molecules, beyond the level of dissociation

which is optimal.

[4] For example, increased plasma density typically causes atomic fluorine radicals
to dissociate from a fluorocarbon process gas mixture. The dissociated fluorine may
accelerate the undesirable etch of the etch mask, of the feature sidewall, or of the etch

stop layer underlying the layer to be etched. Additionally, the excessive dissociation of



[4] For exanple, increased plasma density typically causes atomc fluorine
radicals to dissociate froma fluorocarbon process gas m xture. The

di ssoci atw0 2biwiosi2zne may accel erate the undesirabl e et cirCofustdig/oezoch nask,
of the feature sidewall, or of the etch stop |ayer underlying the layer to
be etched. Additionally, the excessive dissociation of 2 fluorocarbon
source gas may |lead to non-optinmal conposition of fluorocarbon radical
species in the plasma, with effects simlar to excessive fluorine. [5]

There are ofii@bcartsnliBScOFasuiiyllQND hyh-apting esthp®ltiohbatlugbertnsadic#duced or
| ess than desirable that can occur when the process gas is dissociated too
nuch. | n vi 8%cisT intheplagide yoh sgects HBHY P §xgshedofigs: syst ens and net hods for
pl asma etch havi ng i ndependent control of ion generation and di ssociation
of process fds. Bumvprytherigpegpgagpyniysed k] thahwe plsesdptedionleehti on fill s

these neEdsthQX d&'irglylie qlaﬁ&n%&h%n the process gas is dissociated too much. In view of

the foregoing, there is a need for systems and methods for plasma etch having

independent control of ion generation and dissociation of process gas.

SUMMARY

[6] Broadly speaking, the present invention fills these needs by providing systems
and methods for plasma etch having independent control of ion generation and
dissociation of process gas. It should be appreciated that the present invention can be
implemented in numerous ways, including as a process, an apparatus, a system,
computer readable media, or a device. Several inventive embodiments of the present

invention are described below.

[7] One embodiment provides a method of etching a semiconductor wafer
including injecting a source gas mixture into a process chamber including injecting the
source gas mixture into a multiple hollow cathode cavities in a top electrode of the
process chamber and generating a plasma in each one of the hollow cathode cavities.
Generating the plasma in the hollow cathode cavities includes applying a first biasing
signal to the hollow cathode cavities. The generated plasma is output from
corresponding outlets of each of the hollow cathode cavities into a wafer processing
region in the process chamber. The wafer processing region is located between the
outlets of the hollow cathode cavities and a surface to be etched. An etchant gas
mixture is injected into the wafer processing region. The etchant gas mixture is
injected through multiple injection ports in the top electrode such that the etchant gas
mixture mixes with the plasma output from the outlets of the hollow cathode cavities.
The etchant gas mixture is substantially prevented from flowing into the outlets of the
hollow cathode cavities by the plasma and source gas mixture flowing from the outlets

of hollow cathode cavities. Mixing the etchant gas mixture and the plasma generates a



and nethods for plasma etch having i ndependent control of ion generation
and di ssoci ation of process gas. It should be appreciated that the present
i nvent i orwoan1®éei2apl enent ed i n numerous ways, incl udi n@CRASAIPHOIHRES, an
apparatus, a system conputer readable nedia, or a device. Several

i nventive enbodi nents of the present invention are described below [7]
One enbodi nent provides a nmethod of etghing a sem conductor wafer including
injecting a source gas mxture into a process chanber including injecting
the source @asfddsiéddhemidal PededMltid wirer fr@lehDdyy 6@bhoehdingay btines eich a top

el ectrode of the process chanmber and generating a plasma in each one of the
hol | ow cat h‘&?é‘éltsc?‘égietsiﬂé%c? trrdthstli ng the plasma in the hol | ow cat hode
cavities includes applying a first biasing signal to the holl ow cat hode
cavities. THE gerencetiagpigtasigashsonsof %thOH%ﬁ@tWr%@bwan Hylwdet | et s of each
of the holl - bt i ! - ' Mol W he
P ocess. chanba e R g T B R P he ot 1 et
of the hol | 6wt tiatimbdgnat an sefad camdicaveslayefr atibe tap dietredec thediollgm et chant gas
m xture is injected.into the fer processin egi on. .The. et chant gas
mixture i (IR oms g Bl BOREFIREs 168 A iRt BRENE SR 2255 ode
such that t b isdledeamtRIOESsid sxdndl. ENHAIfXQ Diaging Bighdl@apinasii@arORIE pighalf r om t he
outlets of the holl ow cathode cavities. The etchant gas m xture is

subst ant i al MhiBRAdHEs e B PrRbP oW g andAbeutIRdMBtt | et s of the hol | ow cat hode
cavities by the plasma and source gas m xture flowng fromthe outlets of
hol | ow cat hBde cHirimylaRle ingckiphgotstan B¢ sybsiantially disHbetedagrosyifie WABT pl asma
generat es aprodessifil r@fond6Fideed 1 hGIUI&RH0dS PREIHBH0Y Rathfife MALE! caRhECEsSi ng
region, leading to optimal etch results at the surface to be etched. [8]
CGener ati ng pibatentally disggwiedaaesohe whisr prokdspng tgtohoddace @b ibeiterss can i ncl ude
cooling the | ect . B asi hol | cat .cavitles i ncl ude
appl yi ng th(él%(ﬁf%rd g‘t %%i %@ﬂﬁlﬁ h?!kg"ﬁé Q?C%ngg(gscag%hec@lﬁlg@g?n (%/Cgixﬁi éé/rgsrca%? Qt he top
el ectrode, tdbetaldillly eventyainteogersabacirdsk e vadirpgpckaingeekiomsuifaee Eeleanpl
conductive |ayer. The first biasing signal can include an RF biasing

si gnal . Thee]F%/Ufoél‘?' bi asi ng signal can include an RF signal within a range of
bet ween abofllt0]1 and about 15

utputting the generated p'Yell_si%Iia from corresponding outlets of each of the
hollow cathode cavities can include applying a second biasing signal to the lower
electrode. Generating plasma in each one of the hollow cathode cavities can include

applying a third bias signal to the outlets of the hollow cathode cavities. The third bias

signal can be a ground potential.

[11]  Etching the surface to be etched can include applying a fourth bias signal to the
wafer-supporting electrode or to another electrode coupled to the wafer processing
region, to augment the plasma generation and wafer ion bombardment provided by the

plasma flowing from the hollow cathode cavities.

[12]  Etching the surface to be etched can include removing etch byproducts from the
wafer processing region. A ground potential can also be applied to a first conductive
layer of the top electrode. The hollow cathode cavities can include multiple hollow
cathode trenches. The multiple injection ports in the top electrode can include a
multiple injection trenches. The source gas mixture can be an inert gas. The etchant
gas mixture can include a fluorocarbon containing gas. The outlet for each one of the

hollow cathode cavities can have width more than twice a plasma sheath thickness.



[9] The multiple injection ports can be substantially distributed across

t he wafer processing region surface of the top el ectrode. The hol | ow

cat hode cwoi2vig®eran be substantially distributed acros®Crhms2ewaineso21
processing region surface of the top electrode. The nultiple holl ow cat hode
cavities and the nmultiple injection ports can be substantially evenly

i nterspersed across the wafer processi#g region surface of the top

el ectrode. [10] Qutputting the generated plasma from correspondi ng outlets

of each of [iB¢ hehdwemBbORER praNdds a8t forigBidrAtAe aR PihiYk Bekcids Second
bi asing signal to the | ower electrode. CGenerating plasma in each one of the

hol | ow cat hBgRdEgRispireseas A UFFoBEe 28 5Ehint g QuichrhdR Piogss hagival- to t he

outlets of fhe,Balkd Mﬁglhag&s%%{ﬂ Q&R de I8 FRbHIRIER. SI‘hQE@ _can be a
ground potential. [11] Etching the surface to be et ched can incl ude

appl yi ng a ¢lotradhnirgiudes milgpglhotlov tﬁmdmﬁenesswplpdxetspmrge glsegkiuodeuee t o

anot her electr cou E to th pr ssin |on ment the
pl asma generé?gggog%leno awhoneo Oﬁ%§ﬁ cmﬁ ecm&@'%rﬁ% ?ﬁﬁmﬂ?égﬁa fl owi ng

fromthe hoinlcmmemﬁlbtadgmgavgnh] @ﬁrce chubBd tEba:chlongoﬁ thehcslww‘ aaedt o be etc hed
can incl ude reani etch ro%1&ts from QF m?fer rocessi ng. region.

gr ound poteﬁ??é?a CQH%&?“ 2 QP gachynyg of e pllowy fay CW@mﬁ 3@? of the top
el ectrode. IhRshliln@Wulal Hodeo & auict hsessia rdelifali B pratkdsicRh@bdiolrhow cat hode
trenches. The nultiple injection ports in the top el ectrode can include a

mul tiple i npalet prosestipgrreiadeingfrrase hipiecryls ookt dlicachcdthadwllan i nert gas.
The etchant %M&ééraﬁd Ffdﬁéde‘?c t@%f@&& gvéét%%@aﬁ%tc at R@gRs. The

outlet for eac one of ow ca ities can have wdth nore than
twice a pl a'Hl[iHEtlslh]KHtshotﬂiecbﬂONWChantégas paidde. Aheimwtloep@aohrmmablpobvi des a

system for generating, an et.ch speci es .i nc sou as mxture
source.  an Drehnn e SRuRl o ER BB TR TuLDeuHE DR RS FalESa e narber
includes a tupporheahicadiaciandater, BRtstavedeet vateincllomg tiepugheat bode i ncl udes
mul tiple holl ow cathode cavities, with the source gas m xture source
coupled to dfhgdn] et of each one of t he hoIIOM/cathode cavities. The top

el ectrode also includes a first bJaSI nal source coupled to each one
of the hol | Bl cafasbqae s ft‘qr@%poaﬁlagau Ww& Yeaprdhanityice@ach one of

the hol I ow EIQM?Q&%atﬁ%&ﬁn'egs Alt-gﬂl‘?au% &‘&Rﬁ@gf {9 c&'r@s{a&%dﬁl QRAGs L Byvaf er

processing region in the process c anber The wafer prdocessing region being
| ocat ed betmm@hhhh%m@moﬂ%wél@ﬁmeatﬁa@miﬁm@hﬁm&h@m/cathode cavities and a
surface to be etched. The top electrode also includes multiple injection
ports couplH@]toAthﬂembhﬁmmeESW@mummﬂxﬂTﬁewhmges@hmmxpgmtwﬂare capabl e of

injecting the etchant. into the wafer processin .on.. The bottom
cl'ectrode AR GUBRIN "a SRl cBnalcr e GarBr S RE B R ne S S o
i ncl udi ng t hRr@ual aceurt otd ekiptdetiow cathode caV1tles in a top electrode of the
process chamber, generating a plasma in each one of the hollow cathode cavities
including applying a first biasing signal to the plurality of hollow cathode cavities,
producing activated species in the hollow cathode cavities and outputting the produced
activated species from corresponding outlets of each of the hollow cathode cavities
into a wafer processing region in the process chamber. The wafer processing region
being located between the outlets of each of the hollow cathode cavities and a surface
to be etched. An etchant gas mixture is injected into the wafer processing region. A
plasma is produced in the wafer processing region by coupling a second biasing signal
to the wafer-supporting electrode or another electrode which is electrically coupled to
the wafer processing region. The etchant gas mixture being injected through one or

more injection ports in the top electrode such that the etchant gas mixture mixes with



[ 14] Each one of the corresponding outlets can have a wdth greater than
tw ce a plasma sheath thickness. Alternatively, each one of the
correspormiDregliowsi2zet s can have a width | ess than or equaCTius2emioz®2a pl asma
sheat h thi ckness. [15] Another enbodi nent provides a nethod of etching a
sem conductor wafer including injecting a source gas mxture into a process
chanber including injecting the source5gas m xture into nultiple hollow
cathode cavities in a top electrode of the process chanber, generating a
plasma i n eaehc@neddpecidoutdal frdiviteaunader wakllowesttone taiglisd gn@ppl yi ng a
first biasing signal to the plurality of hollow cathode cavities, producing
activated spPEbig epierating 2gtired RheicH soreics avihe Paker BIPEesHIe HSan -niet he
produced acfi.yat ?Q iRk i@%ﬁs(aﬁﬁﬁl&%év@&t@@ﬂ%%vﬂ@i!n%ttﬁe Qfne8a¢Bacfifop t he hol | ow
cathode cavities into a wafer processing region in the process chanber. The
waf er pr ocethsihnow edfiasia chaiigsdyltiocativdedwevesiowineironttihequsleoof ersbhf of t he

hol 1 ow cat hodg AaY LIRSS AN (RULIAC Rl 8rREe 8 G0 R ADELE IAR.Gas m xture
is injected nto t he waf er processi ng region. p?asma S prodeuced in the
waf er pr ocessidigoflegithan thycea@lysinaRbpath thiekond THeasifng ts bgeraledtioththe

waf er - supporting el ectrode or another electrode which is electrically
coupled to ’E’tﬁléer&wafer processi ng region. The etchant gas m xture being

i njected through one or nore iaaj ection ports in the top el ectrode such that

the etchant [1§hs Whgiaspestsnd advapjages of shepipeention wijbheseme paereastrgutsut from the
outlets of tihgwheldeaecsathafion aatntii EshjdRbod NEh B RGnPeReiLdhPW@ed desired
chem cal species in the wafer processing region. The etchant gas mxture is
subst ant i al Hpstatiag bnver of exemplel tlesringiplasobtheneyvepian. et s of each of the hol | ow
cathode cavities by the activated species flowng fromthe outlets of each
of the hollow cathode cavities. The outlet for each one of the hollow
cat hode cavities has a wgth SS &0 twi ch | asya sheat h t hi ckness.
The surface to be etched L NOFT pects and advant ages
of the invention will beconme apparent fromthe follow ng detail ed
descri pti onl17] akB1s Areseridmyeatien Vrpedpadsy paderseaddnpimipl pwying detgilsdyss |
i T ustrati nge By d@Yn &niEramPfn i echpRif &swaks the invention. BRIEF
DESCRI PTI ON OF THE DRA\JN NGS [17] The present 1nvention will be readily
under stood fyg t i, {10k L QWRGidEL Fhh & a JRSGA pRELOR, LRnARPINAAH.OM W th the
acconpanyi ng draw ngs.

multiple hollow cathode plasma cavities in the upper electrode, in accordance with

embodiments of the present invention.

[19] Fig. 2 is a more detailed view of a single one of multiple hollow cathode

plasma cavities, in accordance with embodiments of the presenting invention.

[20] Fig. 3 is a schematic diagram of a two dimensional array of DC or RF-powered
hollow cathode (HC) cavities in an upper electrode, in accordance with embodiments

of the present invention.

[21] Fig. 4 is a schematic diagram of a two dimensional array of DC or RF-powered
hollow cathode trenches in an upper electrode, in accordance with embodiments of the

present invention.

[22] Fig. 5is a flowchart diagram that illustrates the method operations performed
in generating an increased plasma density without increased dissociation, in

accordance with one embodiment of the present invention.



[18] Fig. 1 is a schematic diagram of a plasnma processing chanber system
havi ng mul ti pl e hol | ow cat hode plasma cavities in the upper electrode, in
accor danceowntinoerhodi nents of the present invention. [PCIUSEIIG023D2is a
nore detailed view of a single one of nultiple hollow cathode pl asna
cavities, in accordance wth enbodi mrents of the presenting invention. [20]
Fig. 3 is a schematic diagramof a two6di nensional array of DC or
RF- power ed hol | ow cat hode (HC) cavities in an upper electrode, in
accordance with enbodi nents of g PEsRARCRIPYRINIon. [21] Fig. 4 is a
schematic diagramof a two di nEnsional array of DC or RF-powered hol | ow
cat hode tre esq¢ i n r i ] epbodi nent s of
t he present [Elémvesrﬁvfﬂgﬁ&e%?%g‘ﬁ e@%ogﬁﬁ%%ﬁgf %’St?]ing\%\%ﬁ%fgtﬁ g%iefg%\él%s%ate}g%t illustrates
t he net hod bpedgabddpasdepedohaslne don gengreter atl idisgoctdtion DEpreaseghsptilanw density
in acco nce with one enbodi ment of the

\FI)VIr te ch)ﬁt : 26&%&%% 'eg.l ESQ a%é_%%’nﬁ@é]a%‘a p}ﬁi{ld n the art tElat the present invention

may be practiced without some or all of the specific details set forth herein.

[24]  Typical plasma chambers for etching dielectric wafer films have a common
problem. FEtch rate of the targeted material is often limited by the ion flux reaching the
surface. To obtain higher etch rates, and thus a more efficient etch process, ion flux
can be increased. As process control parameters are adjusted to produce relatively
high ion flux to the wafer surface to be etched, the corresponding increase in plasma
density leads to an increase in dissociation of the process gas(es). This changes the
combination of chemical species present in the plasma. More specifically, the same
parameter changes that increase the ion flux to the wafer generally also increase the
electron density of the plasma. The electron density is a plasma condition which
directly influences rates of molecular dissociation of the process gas(es) chemistry in
the plasma, and thereby changes the chemical composition of the plasma (e.g., ratios
between different radicals, process gas parent molecules, and etch byproducts). There
is more dissociation as the plasma density increases causing corresponding changes in

the overall plasma chemistry.

[25]  Fluorocarbon (or hydrofluorocarbon) source gases (FC gases) are typically used
to etch Si02, SiNx, SiOCHx, and other silicon-based dielectrics. Excessive
dissociation leads to unfavorable plasma conditions and less than optimal process
results. Specifically, too much dissociation creates a plasma chemistry that is too
“lean”, meaning the tendency to etch surfaces is too strong and the tendency to
passivate surfaces by forming fluorocarbon (FC) thin films is too weak. Too much
dissociation converts polymerizing neutral species such as CxFy (X=2, 3, 4) to etching
neutral species such as CIx (X=1, 2, 3) and F resulting in reduced polymerization of
the source gases on surfaces. The excess dissociation and the resulting low
polymerization of the source gases causes low etch selectivity to mask and substrate

films, as well as undesirable sidewall etching.



[ 23] Several exenplary enbodinents for systens and nethods for plasma etch
havi ng i ndependent control of ion generation and dissociation of process
gas w || wowotodrscri bed. It will be apparent to thosePsiriusb@d/opinzt he art
that the present invention may be practiced without some or all of the
specific details set forth herein. [24] Typical plasma chanbers for
etching dielectric wafer filns have a ¢onmon problem Etch rate of the
targeted material is often limted by the ion flux reaching the surface. To
obt ai n hi ghgge] et &ljudinb @ gar Ak bld WS he pidme cRbifibsi @RkoRdums AT Reess, ion flux
can be increased. As process control paraneters are adjusted to produce

rel atively RHHLIORPERsaR heexetrs diggdeafionyHpueier pajupiingdhcsie dixipise

correspondi

i SS001 at i ontop E R b OO o AR D of

cheni cal spplies fr egente ckamplhef thlsasotdem Moeen wipadigh- @aslwndltcheelx ane

par amet er chan ncrease th f ux e IIy al so

i ncrease the’ gg}é)c Smagfcdjérsl%%r R arefus?cﬁ‘ém%F e %‘ﬁems tl% roéx’nS eﬁ%lli ?t y is a

pl asma condmtgamanwgkmhteﬁalg.ect ly infl uences rat es of nol ecul ar di ssociation
of the process gas(es) chemstry in the plasma, and thereby changes the
chem cal coppsi Theaosetodpligg pdtasdBiof Bugand did@tbO8emig} el irdiifficelt ent

radi cal s, process gas parent nol ecul es, and etch byproducts) There is nore

di ssoci at i ofP&& apfemp cardionguheh ¢tines p dipbden Lunandiy crlbmpldLisBsPHY changes

in the over glymPlR&MRyC TRRICREE Youplihglcebh HAIL YRR ( 8f, h'&béﬁrreﬁ«f: hiipf ocar bon)
source gases (FC gases) are typically used to etch 5i0 2% Si OCHx, and

ot her sil i cbighbdediditdi Bliskadepldss compeadisingeundirediodi gt dsper!- reéladHAtR@

unf avor abl e pl AsHE. 4 %ﬁﬂf fi,r,' Wikt A etcﬁﬁﬁestaﬂaad%m?a{%H dRlo Bk ﬁ 19; Ryl ts.
SpeC|f|caIIy, {00 TuCh drsSoci ati on creates a plasma chem s ry that is too
"l ean", neafilnmy andrtagh ehdenoyis tieired die ts tiref castesd p@nplent}ejf sappdyisgdlickhe
tendency to pml vate surfaces by formng fluorocarbon (FC) thin filnms is
too weak. TBE*MUEH di ssociation converts pol ymeri zi ng neutral species such
as CxFy (X—F%8 3, .4) to etching, neutral Sp eci es such CFx %X—l 2, 3) and
F resul ting!3®h r@ BWaﬁbO)Pﬁ% DS PHeHE Pﬁ%‘n%gﬁﬂs‘@éw Lucased yr f aces. The

excess di ss@igicefalionisahehedtb @ high Abhslty PHish®WaRAYBEZAdOR t@fpetaife SOUT CE
gases causes |low etch selectivity to mask and substrate filns, as well as

undesi r abl ecnRIEHEP IyPiseksdigons fr HARgliclpgijiqeh. nphiy #lovgdighionfiuree 9 n t he
pl asma chem Sty ¥e GaRk: SRR bIBRadks Jﬁ@ﬁ%&lo%&ue&}dnx v&tﬂ@%@&ﬂ&&e@p ?excess

di ssoci ation. However, adjusting t as m xture cannot co y overcone
t he | ow pol Wﬂ@ﬂbmimnqu piocess |g@msTTm‘cat1Ihea¢hleg/hd tespaititly q@pfa&ng theAn extrene
exanple of this emis en .wh h-density inducti vel oupl e plasm
(FOP) sour cblthls BUGRSE Wb EER pi0d Mofd SERM R RolaV B afB0i £, 71 6

or gani ¢ nasknif@nenjealos of b(l}tﬁﬂasﬂiﬁlendlﬂre&es £01b thagvab@tpmegmg@égléﬂ u¥ and
el ectron density makes it difficult to obtain a plasm_condition which
conbi nes a Hﬁlsg‘ﬁay B PIASRIR I4GTRFURR Wd‘Bt“i‘%SélPSt’FaFethrbSE’é?F%%‘ﬁl ‘5111451}1%&& ReMiist r y. This

cl ose coupl pngyldk6siod vhi REePhinPE&hWRE PecuRingh1ghiNs fak@nd a hi gh
selectivity. This tradeoff s comonly encountered in high-aspect-ratio

(HAR) cont agltermtiveli Rhseeare Rfoag)ivalgd ér regioghvhechahsapatated figmethglpoicesabl e due to
the rel ativ? ;cthick films, and high selectivity is desired due to the cost
and conpl exfty of supplying thick mask fil ns.

[29]  One approach to increase plasma density without increase dissociation includes
directly injecting plasma from the plasma source to the wafer processing region. The
plasma density in the wafer processing region is provided and/or augmented by the
injected plasma, such that the electron temperature and thus the process gas

dissociation rate is not increased.



[ 28] One approach to providing an increased plasnma density w thout

i ncreased dissociation is to create a high density plasma but with a | ower
el ectron wergpar@s1zee as conpared to typical conditions fPom/ussRidem®Rectric
etch. This allows high ion fluxes to reach the wafer surface, but reduces
the fraction of electrons with sufficient energy to induce dissociation of
process gas. This can be achieved by spatially separating the plasm
activation or generation fromthe process gas dissociation, in a way that
al 'ows uni f pOM | RpREdriaptoRh (bpicRaRRSHR damity PrO6QRSSrgasdikdtatiéhe waf er
processing region. In this way, the plasma Interacting with the substrate
to be procedsBdesiniertingageyaiadepedqidiont the plappsiresde dearafsdegen Hegh pl asma
density, begapsenthmcRbasiBshife SEARMALEHRefhbAl RRE hyilyesgases are
preactivated in a region which is separated fromthe process gases. [29]
One appr oachibtagonallyrceed npllasiea od edgiatspragutdidwtméleaitas dseocditissouéhat i on

{ ncl udes di fechly HMEFHNGRLATIR [LAMCLDS R BB AU GPybRE wal er
processi ng regi on. e plasia derisy y 1n VAT War ey processing region is
provi ded anaddnolaciguspiised ibthe khiecd qus agtied. Plasns, prodictd inhid wifhe el ectron
tenperature and thus. the Brocess gas,diSﬁocla,ion ate i s not é@greased. 8
[30] Anot hePSPPPEEIPTRS 4 HICFE5E X plademynigR At ipeilrenn Bisexsilfiprgliac

di ssoci at i oplaifieddueles By Waget EehpRGhé LU S18E | @Scah havd dnher Rhas® source to
the wafer region. These species may include netastable electronically

exci ted at ofignafd aprdied us-ed/ Mbizhindithothi kondagitvetlaigr o) ddhyl tep clegrodg adi cal s
produced by i | &d | S - : i.eshave a
substantiaIf%H%gﬁg#%F%ﬂ¢§§§@g%&gﬁg?%ijﬂgh tlgé%g§§%§a§¥%ﬁgﬂgﬁﬁ nol ecul es
present in tongedbythe plagasimthx tvafeeproRissisgeegion. pue tdube ceducedtibrézanah er

processing regio an electrijcal. excitation which is distinct fromthe
et tati o BRobis et he Ry ST S Sl EhemBaified Miksc rode 104
can have angBmikivas pRAgms t@mdrindwidltelacigeyelevidh. loweéd Mejonanegichand hi rd
conductive | ayer 112 of the top el ectrode can_have a ground potential S3
applied. A Psiefqrpheplaspp i @%W@&é?@ﬂesélﬁééqgé%l Wllaﬂluﬂéoﬁg}weié]&“w t he pl asma
in the waf efe RLARRS STHIGIOWRRH ARetrdMBmMpQathlEyil 8HHIGE ProifRi 1ZRtsOR ighent | al s
whi ch characterize the activated species, relative to the unactivated
source gas i the eiclkant grsarintareead tiel spie plapmanildnbith er getei dessecdatigintahhigbsier ed

el ectron energies, ..an ref.or I ' f.er._pr sing region
W T o) ust PeahESnsfits RECELEE: LBRANTE ddbdf, SRS T RERGRET 1

t enper at ur eptatdsking exgtbntoan pe aditroked tlggBe phives eqiptitd onhofladnhesoetcelapnt gas

m xture at }he Same Elﬁsna dgnsit , Oor same dissociation at higher plasm
density. |npEbhccapld rondeds BE4ION REPCt s H US WACHBNSTEYE i n the waf er
processing fB@hon can be controlled by the power supplied to the plasm
source(s), largely decoupled fromthe dissociation rate of process gas in
the wafer pr:gessindish8&eBRtic dibddh ofh Glastha pPcdsins bRMel §s@dhag@nam of a

pl asma processi ng chanber system 100 having nmul tiple holl ow cat hode plasma
cavities 10Baving muEplghpdew edteqde pligaa ¢odtiesilHS grbeorrrshelectigide 0% ibodi nent s of

the present fu%cglxﬁgﬁttelvﬂ@lcfnﬁ;o i‘me%tsio§ th%p%érﬁ 1%&%1{ %q%\él i@{van%;e c?eta‘f’l!e@gile% one of

mul ti ple hollow cathode plasma cavities ccordance wth enbodi ments
of the preseid simge omevadmiuligrie holle @istiephs@Ocavitiet Uite s acpllasewitpr ocessi ng
chanber 101 d.a co ol ler .125. The pl asnma processi ng chanber 101

“ncl udes ¢ e EBAFENdR P FRIAR i R PR LR O EM . The | over

el ectrode 1Pdcishial dd@menl @hingls coftitior BASPABE bRis@anrot&sial edntbecalll y coupl ed
to the wafer 102. The plasm ?rocessing chanber 101 al so includes a wafer

processi ng Peldeviha ppehdecmodn L andihlarerglespdoly- 188 1oyvg clepeode sk r

el ectrode 10w dhenial §hicRERpESSiags LI8FHQNy EAPINAY hedv@aR 0P Thof bet ween
about 16 nm and about 36 mm 9
plasma processing chamber 101 also includes a wafer processing region 106 between

the upper electrode 103 and the lower electrode 104. The wafer processing region can

have a gap D11 of between about 16 mm and about 36 mm.



[32] Multiple gas sources 129, 141 are coupled to the plasm processing
chanber 101. Two gas sources 129, 141 are shown however nore than two gas
sour ces cwOl2diiatoszobe i ncl uded in or coupled to the sysPemuso@.1/oIdvel gas
sources 129, 141 also include subsystens for controlling gas flowate and
m xing (e.g., valves, manifolds, flow nonitors and flow controllers). The
gas sources 129, 141 also include subs9stens for controlling gas pressure
t he gases contained therein. [33] Miltiple biasing (RF and/or DC) signal
sources Sl-33]areuRip®Qat fkdscerh, iim beogy&t e BeiMma PreRingzhinrgbsi gnal
sources S1-S5 are coupled to portions of the upper electrode 103 and | ower
el ectrode 162 alsvaas poweesdéSlril BEEhHN Ay @ crrapsithaniep 8 soufeguiouithe upper

el ectrode 143 pipLudgsn 8 LEFREIAUIRIEPIIN Ohe SHSELIBIA falisecont rol 1 ng
the tenperature of the upper electrode. The upper electrode 103 al so

i ncl udes nuhtmp¢sMWMﬂmwﬁm@mh@waggbékwum@awimmag(Q@8vdWﬁemmpﬁéh el ectrode
103 al so ingludes. del | nd 12 stributing the
respectlve gasesniﬁﬁamﬁﬁﬁxfgtmm’nﬁ %%%zmsgﬂa”ngq'%Sk?gEhBEZQ 141 to
respective posytensdbr dvagoldisg glﬁqﬁ:d‘slslhemelgﬁsemmaldﬁittadzrbmbe| ow. [35] The upper
el ectrode 103 can be fornmed in multiple layers. By way of exanple a

t enper at ur e[3B3PNt ¥altipleayBing ARR af@dr IDE) Aer@DQUrdefIS1-88 lareGddittided én that eri al

such as a netal (alum num stainless steel, other suitable thermally
conductive ﬂﬁ?@¥“§lTb?bﬁﬁﬁ%Wﬁ%%WHW§S§ﬂS%ﬂ%ﬁ?%?@?jV%?@F@BWeGQWﬁlde The

t enper at ur ecleQRYIE )3 ARMEKerkZlurb@S108 ab RiIFkNRS§ivPd ¢h QbreA0MiI BIbHADI e
di mensi on. Byway of exanple thickness D10 can be between | ess than about

3mm and nor B4§ haﬁqeﬂfﬁﬁé&tele%QQé@Tm [n?@ddes“a fenfpefanf ONAMET dy¥€ml 1BY K01 20 can be
formed above the HC cavities 108. The first conductive |ayer 120 can be

bi ased to agsmgﬂmgﬂxdmngnMuwgﬁﬂhempﬁabnu@kﬂdhﬁﬁm%mebdﬂweﬂﬁéﬂﬁﬁ cavities 108
as descri bedc Pe m Owlasghgavfltllersslb ¢ edul'ICE:rI thr gfyﬁh 20 has a

t hi ckness DB Ot b % en a %ﬁﬁ% nd “About % AR et ectyi calt y i nsul ati ng
| ayer (not slobdes)detiedry p]@hmmstMI and bes fondisubadnd@t vepartitdigaséselizBerdat ur e
control IayFr 122 and. the firsthggcgfctlve | ayer % [32; A second
conduct i ve aydRe FPIRSCHYTER REECE ©4eiPeres p%‘@ of pge 43ide§tiBed iBescri bed i n
nore det ai | pael Wi e Ng the HC cavities 108 in a conductive |ayer allows
a relatively sinple structure for applying a biasing signal Si to the HC

cavities. {8] The upper electrode 103 can be formed in multiple layers. By way of example
a temperature control layer 122 can be a good thermal conductive material such as a
metal (aluminum, stainless steel, other suitable thermally conductive material or
combinations of materials), silicon carbide. The temperature control layer 122 has a
thickness D10 of any suitable dimension. Byway of example thickness D10 can be

between less than about 3mm and more than about 100mm.

[36] A first conductive layer 120 can be formed above the HC cavities 108. The
first conductive layer 120 can be biased to assist in directing the plasma 140A formed
in the HC cavities 108 as described in more detail below. The first conductive layer
120 has a thickness D9 of between about 3mm and about 10mm. An electrically
insulating layer (not shown) can optionally be included between the temperature

control layer 122 and the first conductive layer 120.

[371 A second conductive layer 116 includes the HC cavities 108. As will be
described in more detail below, forming the HC cavities 108 in a conductive layer

allows a relatively simple structure for applying a biasing signal S1 to the HC cavities.



A first insulating layer 118 electrically isolates the second conductive

| ayer 116 fromthe first conductive |ayer 120. The first insulating |ayer
118 has awohwtkwers D8 of between about 1mm and about 6mreT[IB3)11A2¥etond
insulating |ayer 114 electrically isolates the second conductive |ayer 116
froma third conductive |ayer 112. The second insulating |layer 114 has a

t hi ckness D7 of between about | mm and @bout 6mm The third conductive | ayer
112 can be biased to assist in directing the plasm 140A forned in the HC
cavities 108 fas iflesGht Do 1118 erbEi€allaiAs theteovnd chhgudcibé Taderaopdagt i ve | ayer
112 has a thickness D6 of between about 3mm and about 10mm %39] The
control | er Pedirgtsendugeys lpshi +b) Thefiry insulsijag layss 1l BIsydhiskperolds ef * sof t war e,

Pr oCcessor (Sherwha MUE! 16am hPLlQdRUt subsystens, display subsystens, data
storage systens, nenory systens, comuni cations and networ ki ng subsyst ens.

The control | gj 113§eéoﬂ<‘fln%@éng%a{e#ﬁi@&e&@&hy Flgfralegﬁq% E&‘Bd%?d}u&%% 1@%? ation of

the plasnma chanber system 1 e contro 1258|s coupled to various
sensor syst éhfsfr¢ne aghird @héstirg kadr,11dpThaeabondpnebsiog Byert ldAper athickagsset c. ) in

the plasma pro sing.system 1 t o nmonitor.the processi wi thin the
e o o DI RS LSRN u ok TR rhEbisk B QG TREL Db bR 0ol r ol
i nput s and/ piasdiee sncia (ﬁlﬁ&tﬁﬂgtﬂfﬁe [ﬂisntah@()hif@fﬁieﬂgn ﬂlbgﬂ[adiavﬁﬁﬂl@&ﬁ SI S5, the gas

sources 129, 141, tenperature contral system 122A and to variQus actuators
for moving feciped ip gk degl helner g hirdqoadugivaivatd atas hickisyPerbsi ng,

etc.) vari OpSwESMPONSS afdboud TOngRMe enbodi nent, the wafer 102 in the
pl asma processing system 100. [40] Fig. 3 is a schematic diagramof a two

di mensi onal 139 I ayhQbn e [ 2 hcIRQUNR bR EHIRPLI QL&A fh@ﬂ@in% ¥elc, SaMldd es in an
upper el ectrode 103, i n accordance wth enbodi ments of the present

i nventi on. Piogessat(s).harlwach eypat/ duepud behgyemsoflisglay swbsysiemsndatotiethgear ray of DC
or RF-power | | ow cat hode trenches | I o] 103, in
accordance %ﬁ?ﬁggﬁﬁgﬁwﬁgﬁﬁg’8¥n W%gﬁﬁgi%ﬁ?QPﬁ€§ﬁ ?%ﬁ%%%#ggﬁi, 2 and 3 show
mul ti pl e di saetle 1BCsnch@8s aredipd imcdefines ihaesttd operpontos thkpkhsina t he surface

of the upper el ectrode 103, The i ment. shown in Fig. 4 replaces at

| east some GF bﬁ]ésyatﬁ@clpét ih?—ﬁ%‘“i@%nqgg&_cai‘%l‘é‘f OranpH ey %yﬁte%?‘?%’ 127 with
trenches 108ectaad, o%azal,,prés@&@,et@ﬁlpefﬁhﬁég etk Nintthepiadid pe@s@hg dyemuppes el ectrode
103. The trenches 108" and 127' can sinplify 11 manufacturing and assenbly.

It shoul d b&wptIehestretsesinguithin Hie BB AFaresing saven s hisvienirplles iLapisi £ i ed,
schematic form anfqqs &nlot BRPAThda¥acl o AMstoP 1R GlsBip slefdilsodiD& $1C cavi ti es
108 generate ﬂ}agna vﬁg’a]ﬁ@ﬁfom1cathoaecéﬁggcttmheﬁegﬁ%bﬁsgneréy el ectrons
ar e trappedSheahesenodrtre 12atIHbdempahthe.coffing syCne &244 ynd10 8arkvas aguapdt h D4 of

BSE ﬁgz :Bgﬁo%r Irg)n%{n%gzezg, ga%gnuli}lox%%%m% ﬁ%‘?al lgl%vgrfaigrilt,t a{)er}lgg—c ogi%g,aétc. exia%gltls D5 of

components and, in some embodiment, the wafer 102 in the plasma processing system

100.

[40] Fig. 3 is a schematic diagram of a two dimensional array of DC or RF-powered
hollow cathode (HC) cavities in an upper electrode 103, in accordance with
embodiments of the present invention. Fig. 4 is a schematic diagram of a two
dimensional array of DC or RF*-powered hollow cathode trenches in an upper electrode
103, in accordance with embodiments of the present invention. Figs 1, 2 and 3 show
multiple discrete HCs 108 and discrete injection ports 127 in the surface of the upper
electrode 103. The embodiment shown in Fig. 4 replaces at least some of the discrete
HCs 108 and discrete injection ports 127 with trenches 108’and 127°, respectively, in
the surface of the upper electrode 103. The trenches 108’and 127’ can simplify



[42] The discrete HCs 108, discrete injection ports 127, and trenches 108
and 127' are shown substantially evenly distributed across the surface of
t he upperwelzettwoerte 103. However, it shoul d be under st o®dTiusad110kz21

di stribution of the discrete HCs 108, discrete injection ports 127, and
trenches 108' and 127' may not be as evenly distributed as shown. It should
al so be understood that the relative silzes of the discrete HCs 108,
discrete injection ports 127, and trenches 108 and 127' may not be as

i1l ustrat edmiafuffdi@sng ahd 4ssemb¥ 3]t shibgd bSurd@rstvoli itRvmbanbodinagik am shbvad
illustrates the nethod operations 500 perforned in generating an increased
pl asma densintsmpifiedoishemiiclemsany A ¥ seqeaibrlravhiogeder dance with one

enbodi ment of the resent i nvention. The operations illustrated herein are
by way of ekdhpl “Ehe cyvities HBY RN Ripfererda dbrlloprrathodeeiiechbpberabigBns may have
sub-operati gns..and bk £ ANGRS caukeRE LANY BRATAELAYSFRRGS | bed herein
may not be %ﬁ% Qh tﬁg%e ﬁﬁgtrategnope&gt?ons @b\ﬁg ﬂgs in mnd, the

met hod and mﬁhhﬁ@wﬁh@wﬁﬁowmmﬂﬁmm@mi%euﬁ%eum|B@ﬂﬂCCPAWPOBthﬂKm@Erat|on 505,
t he HC cavi e 08 and/ or trenche re supplied with a source gas 140 via
dlStFIbUtIO% p?enu IHTE%% na%£ﬁ85§¥§ i'on 510, a first signal Si is applied

heroin A Atbn Dedsery B SRR Rt R B E e felunratend P Eor coour oo

of between aberdwr2fibttentRle tenBARQrikale@RELSEDI SupRL b G hp;sdryleatoda pressure of
bet ween about 50 and 1000 mfl. In an _qgperation 515, the plasnma 140A and/or

activated spetilyvver gehquwdbeyndeitogd hapke é%strweeé%féhmw%ﬂ&% 1996 | ocat ed
bet ween t heggud dG&bRBAL 97@%1&&9&%91@@5‘11&%' ﬁ&ina"t%% Qfeniyhe HC cavities
108. [45] The source gas 140 is supplied fromthe top of the HC cavities
108 to pr ovilideibatd epthiowal Itph@lé@@isebq yndetyeodat e rdlites SIZW trpdisae@e gas 140
can be a pu . 1 t das The source gas
140 is subspﬁhtldl??mgﬁﬁfg%éﬁghﬁ%%igggcIF@%]§§tﬁP! %'%'g%e to be etched.
By way of eimsplielinhligzssbdr ce gase(es) 140 can |nclude one or a m xture of
argon, xenon, or even a nolecular gas such as N2 or 02. Although N2 and 02
are not nornBﬂIyﬁgah@hdememnﬂmeﬁmnﬂ&ﬁﬂh@ﬁmgaﬁ:maymh@mﬁmmﬁdﬁered as inert in
this instance_if the source gas, %? 02 .and any. dls%ggiatjon t her eof do
not cause aPpPlERFal NI RTTas Hlﬁntaﬁénﬁl%f%ﬂlo‘étt}?‘fﬂéf’é IBHOCREAL e cavity
108 or tren&ﬁom@&@xﬂ@uﬂ@%nb&&hk&ﬁﬁﬁﬁ%@@aﬁq&ﬁnﬁﬁlﬁhﬁ%g&ﬁ@ﬁ@@ﬂmgﬁ&fs whi ch
are intended to have low | evel s of dissociation Where activated
speci es areh@ﬁpéﬁﬂéUWWﬁﬁeﬂwmmﬁw&ﬂe@ﬁ@i%ﬁe§§$ngﬁ@@K@WCTQ@UW§H@Wsource gas
L5 et ect ey QUG EnSHEIn AR3) Oh SBCEh S opdRIon EXAMRLE skl FinF At ore
such as argon and Xenon are known t uce met ast a Fectr nically
excited at ohtsmulmd@hnlﬂwpllmiatepIoaamtmnsommtthlsnsmm]ihtes ecthet] asd gizkaioat ons may
have much Ig@f |on|z%f(¥@(gotentials than the ground-state atom Likew se
the N2 nol et & 5> 7er tlvely efficient at popul ati ng netastable

ol ccul o malihi 08 BePRRin e A 1EE e (oot EFRhsl: FRTING U co 1 egi on
to produce guastgas QU@QHl@@'bﬁudﬁfplé‘{ﬂnﬁd\lﬁ B dn@perhtidN0ZatiksPfgROS eRt i al  t han
the CO ol egplil)lhgd to the HC cavities 108 to generate a plasma 140A and/or activated species

therein. A high density plasma 140A can be produced at moderate pressures of

between about 20 to about 5000 mT and more particularly at a pressure of between

about 50 and 1000 mT. In an operation 515, the plasma 140A and/or activated species

is delivered into a wafer processing region 106 located between the surface 102A to be

etched and outlets 108 A of the HC cavities 108.

[45] The source gas 140 is supplied from the top of the HC cavities 108 to provide

an optimal pressure in the HC cavities. The source gas 140 can be a pure gas or gas



[47] A fluorocarbon or other halide-containing etchant gas 128 is not
considered inert, as may etch or form deposits on the inner surfaces of the
HC cavi t ywoQ811zmeizohe surface 102A to be etched. A di sseciraiScan/oedfo2n

fl uorocarbon or other halide-containing etchant gas 128 can al so strongly
affect etch results as descri bed above. Therefore, the fluorocarbon or

ot her halide-containing etchant gas 128 is not injected through the HC
cavity 108. However, a fluorocarbon or other halide-containing etchant gas
128 is stil hineededvd @mdrbgased. ClieRghcheri1aals subaiiaOninvd kil Adie surface 102A
to be etched. [48] The fluorocarbon or other halide-containing etchant gas
128 can al s&FHEMitdhysuriasg (e cshedy diyekay oSsrunpja e soyree g%@%ﬂé@% gas

m xture may;Rfqb 8RS dr 3R RO R @ASEIoh, br ENG aThotbddi£ gé@s\éclpéf‘s NE&qhi ve. The
rati os of the gases in the etchant gas m xture nay be adjusted to achi eve a
desired rat Aghoughdyaantl (Ferse 1@ @omeatly lsensedesidnggire sqyage g9s may basonsidsaedr e whi ch
contains the, e &Rl dRECK AR Dl PLECWS SO G LIELSOL Al CR iRE g5 chem cal
etchant at the surface oltge &t Ched 1024 y vvayyo exarrpfe, { e et chant
gas 128 canndtreabsddpprédiabie modifibaios td Or imeODRirfates lof de HC1&vitpn0&Sir et ch. O her
gases such as 13 02, , or HBr may be m xed with the fluorocarbon

cont ai ni ng S%Pe@f‘,dof%ggé&ﬂlﬁ eS§P‘&’e%R/aﬂ“PmﬁgflEgl? 4TS WHCbIC GEAerd 9dKEE i ci al
effects. [ #%1eldls duiRp&sahi on 520, a second gas including the fluorocarbon
or other halide-containing etchant gas 128 is injected into the wafer
processi ng [£Yi OWhdBGetiviRE sPREQNR ifjeSicPYRARS Gafel PRcddins AYidni 166, #08 and is
injected directly into the wafer processing region 106 via injection ports
127. The i njeieeigenispelected pprodyeesuch desired siseieselen exdreplg Uik @assataig8A of t he HC

cavities 10 ch Iag'jlr Gh 511{21 e}lglFarg &(ﬁ;(lm% rp%%l%&e%ﬁé@ta&%e é:l@&lloﬂggll)g&l l %’cf%}ég?% ;Ihgnums

etchant gas from &n etchant gas sou {5 one or Nore de
124. The delmdeetypicpl pasunwoi®dondi $hese imetastablatoaisagritavgaschli2®et o t he
injection ports.127. The etchant gas 108 is.inject i nto the wafer

b boessi ng PaRHH TR g £ aees B bie it o s it BT Lor ocar bon
or ot her hatddli€clgemcanhitpgp@heiianitasgde eletBomly Pass esdet Ipickiplganmi ties 108 and
is injected di .r.ectlé into the wafer processing region 106. [50] In an
operati on 58UitoRE 8t ¥RHENE CHEPI OB HYIRALe Wi H3Q IS Piksthes 140N and/ or
activated speci-BR iRWeRbhrct F@n kb BrolceAnli€tSadi@8AWhily hHR M & Processing
region 106. Wien activated Species are output fromthe HC outlets 108A, a
pl asma can beizgérnarogngel than thheOvadlequlqr ocessi ng regi on 106 bay applying a
bi asing signal S2 to the | ower electrode 104 and a ground potential signal
S3 to the tH7l1d &dmdiwcirbareoriogheehalilit 2owhintngetchppens Bl8ashatedesideAedconbi nat i on
of a selected flowrate of the source.gas 140 a i dth.D2 of the outlets
T and. vertrchiveRen i ar ot g AT rte TR L LiRraEind i cosur o
drop as thesyplfaas RAlY®A caRell. X didgiciavai eth Hpesiaddn bt oms: Halidndnheninut | et 108A

of the HCs 108. Qutlets 108A width D2 can be between about 1 0 mm and about
15 nm and t HENERLES LS canpe SI“@H%JY Ay res il a5 dessEbSHBRY apidgteiore.dhgym and
about 12 mMEQbcad@h o b@wt fdloQUEH,iRiNg BRRIHE WAse128 iR Ifdctdd ibudhge et 1 ow
rate to the area represents the flux, and this paraneter can be adjusted to
det er m ne t pRYitsBYS. | Hgweyer, ahlwoiperbepaer othephnlidg-contaipimgtetahpi@ss 2805 eilyas

transport i Rect fo?ﬁr%%%hﬁ:%/scg%ﬁl%ﬁtréa%ﬁ?q ;Vrnﬁtﬁelsﬁ?facgflogé‘%o l:;le4chh@&d pl asma 140A

t hrough the outlets stantrally prevents gas species present in the
waf er procegghn i dn&g ing.th Hg:[f Hr t he openi ngs
Tosa Thus. oho BlGRaRsBaEo S LRSS R APl U ERR o ocducts
ar e subst antiabieyf grsey efvihedafes dimhi: etckanagds migtund inhy bdiaers uid s@oeasensi de HCs
108. . . . . . .

in the mixture may be reactive. The ratios of the gases in the etchant gas mixture may

be adjusted to achieve a desired ratio. Etchant gas 128 can be a single gas or a gas

mixture which contains the chemical species or precursors thereof which act as

chemical etchant at the surface to be etched 102A. By way of example, the etchant gas

128 can include fluorocarbons for Si02 etch or CI2 for Si etch. Other gases such as



14 [51] A conbination of a selected flow rate of the source gas 140 and
width D3 of the port(s) 140B and vertical length D12 of the port(s) 140B
det er m newa 2prigwszpe drop as the gas 140 fl ows into thePEHCAS2@/023DbE f | UX
of gas 140 through the port(s) 140B and the width D3 substantially prevent
pl asma from extending into the source gas supply plenum 126. Port(s) 140B
have a width D3 that is nomnally |essi3than about 2x the plasma sheath

t hi ckness. By way of exanple the width D3 can be between about 0.1 mm and
about 0.7 nuplhEg4,ap ek uixg bs nild0Bn @a ghdtoditdntanaitghaiwpan pakart 1 nm and
about 12 mMm. [521] A conbi nation of selected flow rate of the etchant gas
128 and wi dtifievrs! psvatien gt ethgpbenedicial ¢féeciper t ures 127B det erni ne t he
pressure drop of the etchant gas 128 into the wafer processing region 106.
Apert ure 1281 wi iR opsraoap2her sendeaninglyding ty opmepRag oapbithaldes nm and t he
aperture | engdind 3ccANaRYBRINEEN ARAUE wAPpREARE ARAU06 20,0 mm The f1 ux
of the etchant gas 128 %nd the wdth D1 of tPue apertures 127B substantially
prevent s gasecepbgis bzpapree §eiC tavitieh dOarfdgs inpredelsrséthygntodleyd waferl06 f r om
entering the. LOLECLON PRLLIEAT TREI A 8Ll BT phes. Rf,Lihe source gas
140 and t hePet¢ha fggas 28 'TER B e se}e(‘:ti veIny CoRtT ol éd Stich as by

varyi ng thebgwessh¢ esleafl0Bh@f eIpecdvitiee 10 SInkoincaRSed28; gat 428 can[ 53] By way
of exanple, the ratio of flow rates of the source s 140 and the etchant
gas 128 canmﬁgdgﬂﬁ’éfﬂﬂi‘%?961636%%@}35{%@ dPapt e S%‘“F%ﬂ%gé? S HGn of the total
gas flow i nggivt léeﬁfn’é‘ﬁz@r%%ﬁbé}%ﬁ%sofm&%&ﬁe thbechAWE£e28@a51hd 40 and

pl asma i ons 140A outlet fromthe 108. Simlarly, theratio of flow
rates of thevessenpwtsdad. Thoetehaat gapndlets dhegied igedhg peleepiacpEngEReRt | Vel v
control |l ed : r [ fl i nt he waf er
processi ng ?(Se%gﬁlr%ﬁh]fg%]%?dsoggja{t? fe)%ﬁ f@g ?h%%%&&?orﬁhlg)%?i%%%ﬁ%g r itl(ge\,\élOI 7 gﬁﬂﬁt SO
simlarly, tthiesnrgtsil@8 bfpabdeothetit evites 10hamdsomjeced gasctiydfiodrdvdfitre et chant
gas 128 can_be sel ecti v%y controlled so that the total gas flowinto the
waf er proceBSFHY % 5§ 206 is divided substantially evenly between the

et chant gas 8 outlet fromthe injecti orts 127 and t source gas 140
ohd ol asim 1he BapAbsHeRDr P H TEEReST 1B Windh e (P8R or Sohe
openi ngs 108Aivekd theictbutp@\ioni @8 HEOShtisneg AN thakiater Plodssinb rdetd 186Chant  gas

128 fromflowng fromthe wafer processing region 106 and into the HC
cavities. THdeppgtvAtehopacies gutoaipi Feg ey outesi KSAof Pl3tas¢id Psnd/ or acti vat ed
speci es i s geaRdn R vifer PHcBMn ol Mdzs%ng 19if8a vid gypanhes of the
15 particul g‘%%& asrrlra 140%:ﬁ By V\é; ggf exaa F‘Z?}Jlt%% wﬁg%ﬁg%‘z ?s ngder t han
tw ce a pl abwar ghaadh l§hindkrpendypoteagal signaeddao utlard dvadypitiaes hgeri 142
transported rough .t he openings 108A and into the wafer processing region
106, Conver SE1y SR e IRgCEE TRl 3Bt S HF oL SRR RERETY  ended
t o be i nj ectvalih DDbotht beatiawaf@EA prdaesisslilagi BEHONoLkBGoutleke0S A lietemhidé h D2

woul d be made snaller than tw ¢ | asma sheat h thi cknest%eto ensure the

a
pl asma is e% Pllfehsglm %rﬂ%as the, pﬂaﬁ@a 6%%? a I’e\gi}gd species flows from the outlet
108A of the HCs 108. Outlets 108A width D2 can be between about 1.0 mm and

about 15 mm and the outlets 108A length D6+D7 can be between about 1.0 mm and
about 12 mm. For gas flow through an aperture, the ratio of the net flow rate to the
area represents the flux, and this parameter can be adjusted to determine the ability of
the net gas flow to prevent undesirable gas transport in the opposite direction. The
flux of gas 140 and plasma 140A through the outlets 108 A substantially prevents gas
species present in the wafer processing region 106 from entering the HCs 108 through
the openings 108A. Thus, the etchant gas 128 and its dissociation and reaction

products are substantially prevented from interacting with the surfaces inside HCs 108.



[ 55] The HCs 108 and/or trenches 108 are distributed across the face of

t he upper electrode 103 so as to deliver a substantially uniformflow and

m xt ure 200 20fv/the9et chant gas 127 and the plasma i ons PCTASa@in®3®2t he
waf er processing region 106 and to the surface 102A to be etched. In an
operation 540, the electrons of the plasma 140A interact with the etchant
gases 127, in the wafer processing regidon 106, to induce controlled

di ssociation and create the desired chem cal species 208 needed for the
etch reacti 1] andl casbiasioatodd sfass ok fa@ b \hd dduich 8assUnfaag &idlWPA.of Due to
renote nature of the plasma sourc 108 and the diffusion of plasma 140A

from t he HCePOBs) HOW %nﬁéeﬁaa%lé?ngﬁ%éb?e%féh%@rwdﬂ% detefmnings prgtsEretdion he
transport ofg tﬁ@%&s"lﬁ?%ﬁﬂﬁ&{h@?{d’é‘m@ TRVEEEY o 9[‘404%&1@&@@5@(?}14@535 fromthe
HCs 108 into th processing region 10 the electr enperature in

t he waf er proidhswidtlyDB egistntially psévgni pﬂasmwftdnye)it@dmg inth &l sohige ggﬁpl cal

el ectron tenpe ure reen ypi ca Rdlee iCc.et 56] In an
oper at i on 5%"@“‘1 25,75 H K“OIB '1%5%%&”‘&121@3\ “toﬁ‘lna@éi"is?%l e 0‘“ 2’[

speci es 208the@la§mhsheamedlcmsitmuswcffaﬁanﬁl@%mdxhbcs @hbhedwm z(bbunetches t he

surface to etch hi n the surfac 02A erat S etc roducts.
In an operag? ﬂ’otlﬁy WB?IBH%)(]S4%§ enet BWe?Ihg”\ﬂg

processi ng ﬁﬁgéﬂa%&g(ig el ivering the plasma 140A and t he desired chem' cal
species 208 to the surface 102A to be etched al so includes applying a

si gnal fronys3j 9nRloSOHAER oPelé@ed MRy QW iheth @Ghr R 28104 widi® 1singnal  S2 can
be an RF bias to control ion bonbardnment energy. RF bias has a well known
advant age olragthDXA3Isi Eis,apRirdsi 134D cleinrrijec dippresek dip oligh cighanlt gstl2Bc fil ns

with mnima| 60 vahie e or

ceram c Iay(=§1rt(§&)l|£§/qeﬁgll I%%&?Q G{gfong]h Fggrﬁgé E%ﬁ‘?@?lo%gg%nhat { %Héllg()%?lal S2 can
i ncl ude bot H.3 R antaHo@ 8 gmads] thoafdeitars 1¢nye ID Han belbe;%edeuﬂzJ@lmnﬂ'he bi as
signal S2 a i ed | o | ec ode 104 and/ or augnent a
o1 Sem densEyont 4 unfare Fi ShS e FugPhath 5] RS BT SF uBibuiie oY gl s
S3 and S4 camabRifaligpdvénds galagperc@gpﬁgéﬂt Uehé ARfed gOca@fdy Refohaubidn of the
HC cavities 108 to inprove the livery of the El asma 140A fromthe HC
cavities. THECTHIZ4Re jegen gortsé%nﬂwsaﬂ%%frﬂ%aé?sg Baserrgsoree Atq and therhe
tenperat ur e cont %58'12!3 @éﬁ% sél%gm%gikoi?&oﬁéh%ﬁ&das%%ky g%égﬁé@u@é &&hog signal S4
as the first conductive |ayer . Al'ternatively and as described above, an
opti onal i nsgpeativagps bayens 1@%.r14él ectrically isolate the tenperature control

| ayer 122 fromthe first conductive layer 120, thus allow ng the
t enper at ur e[SbntBoivay ayesrmplo, theraip abBav witdshof diegnarce 85 18 and ths edhdnf er ent

fromthe bias e rst c ndu r.. [58] The
Source gas. 130 2h M SEpERR doRolled M5t b REOREHELY M 6@ Rbkinihr ough one
or nore por the whid Brdeaing gegdon (BLiHithBSourdd@s My iddylsnan@lsl14pQbtiget 140B
substantially prevent the plasm 140A from | eaking upward fromthe HC

cavities 108°EAke Hht &% nbmeaty the 3ot diquiratey olghe WW&‘%E‘}OWH thte pl asma
N ection aickiiee@Ubk ehn A8l BerbHER I0A ) Audr SAIGH 6118PRNI 0 Lo al | ow

pl asma transport and/or active Species transpor h the m nIrmum possi bl e
gas conduct aneénto tesgiferiprocatsingegip Hioyis @Fﬂ%ﬁpméhﬂlnjeﬁtlt@ mwitghdl. &Ssowoul d be
an RF in thg gﬂ? i r it -floating
surface fil msl-lmjf}5 %ﬁt ec fok %sgﬁérﬂ g%lgg gﬂ%‘ﬁlé(?%@l}fr?%etaggtsﬂi}l% %uqed be Argon
and t he et ck‘eaemvegﬁsonlrbaedmuhd theao@l gus)ﬂbwnetoolie \f/zifutqrroccemnhgmglpn 106 is

hydr of | uor o n re ar, alternative enbodi nent
PASR ARt T R U Sl e R R e

the HC cavi t2emdIii8oukeghdidan@phangpds saphodibeforh iR rsdgnal Si coul d be
applied to an optional conductive |ayer 116A that extends over the top of

the HC cavi [34¢s. THtBIh Y81 (B dRASeAl(BAM SR RO 0B Butshaiggs feed
geonetry, since two separate gases 128, 140 are supplied to the wafer

processi ng P&y e pobaneas |ASdtomnflpwing yrom the walst Praecsyag ireiond0eand he arr ay.

into the HC cavities. The width D2 is determined by a choice of plasma and/or

activated species is desired to be output from the HCs 108, and by dynamics of the



[61] The tenperature control |ayer 122 can be actively cool ed by the
tenperature control system 122A. Cooling the tenperature control |ayer 122
will drawbeati/meery fromthe HC cavities 108. By way of pexarspéia/o2iode
tenperature control layer 122 can include a cool ant passing through the
tenperature control system 122A to carry the heat away fromthe upper

el ectrode 103 to an external heat dissispati on system (not shown). The
tenperature control system 122A can include other systenms and nethods 17
of control | pagedliiplds@anerat By &apbt dxb@plep@e kvidh ©0tis pier hdBmwas are wel | known
in the art. By way of exanple the tenperature control system 122A can

i ncl ude heaPlaWhmeﬁb thigkpess v @ ©andke suig & Rlasga ihsapspeitsd BfAYehstis t abl e cool i ng
nmedia. [62], eln[th@&@M%%Mﬁé&r&&@sn?gt&Q@Hﬁo@aéodvérs@@qp&ﬁfgctﬁﬁte&m% and
02, the C4F8prm I"fecul e dissociates to forma variety of snmaller atons and
mol ecul es senveicpindviol pllasraar E0dhemtadid i hedaiedtedigtorthelvalat grocdssinpar ti cul ar
C2F4, GRS, realrg)gl 18% Qﬁen tHu ﬁ t\)x/%lqldsn%emdgg A& a?frt&/lcg a pfash? rheatgl e for

pol ymeri zati 6n processes passi vat e the Fdéwal 1 and stop | ayer
t hrough pol mmeﬁﬁpmumlﬂmplasmm:emitng]aslteduaﬁaopﬂﬁingg10&Ad| cal species act, in
conmbi nation wth ion bonbardment, to etch the Si 02-based filmto be et ched.
0 radi cal s gsg predaceshyd/dt &amﬁésat)Bbaie m‘%trﬁﬁted Bcroadhclatsofeliclpppol ymer ,
especially in caonbjnation with ion bo ment, thus aIIo

control | abl ‘éleﬁ@&iggg%)fasﬁ‘éflehdﬂ %/Sr‘r‘g?tf“%‘ﬁ B’i‘f orf logpand ixgre] cﬂ%g“iﬁ degree of

di ssocat i oned@NgdsN@7 hPhE BlasiRX RAEE SRRSacrdsP BRI BSPRIceRIRGESSERMQVI de a
greater ratio of passivant to etchant, which is nore favorable for

sel ective etadhg siglace [ tohe ptghgdadn aberesationdithesiecsropyolibarlasnia  shoul d be
under st 00d § Al intdifee W Bl Rt TS $R iPihc VT BHR SOTRHAG! 1l Bl IED! ©d

operations i nvol Vi ng data stor I n conputer Syste ese operations are
those requi canglighdissociationadicpalealtd desiralf chpinicsi srpactws@ﬁ)ﬁmt:@dedﬁsthdﬂsdal ly,
t hough not necessa m of el ectrical or

1.
o 00 B AR i PR Sl bbb SR B T 2 ol A B e el

and ot herw glasri@sbiufidlca)t €M .anfthetdfarsiontold plasran 1 AN Béih eRSIELIRanRIE are often
referred to in terns, such as producing, identifying, determ ni n(?
conparing. WREHPOSHEng FraRtlDBr duntodhs GAnsRoTEN s Ay SR SYHiIpwEre eadabl e

code on a CREPHL& pdi@adRRLE HEATYTS fﬁﬂﬁh&@z%%x%es&ﬁ?%@n%@%ﬂé umis any
data storage device that can store data can théreafter be read by a

conput er sy@,l@@mn tERpagsiie ¢n G wakes progessing sgianaasiabifieantis divemtiandieude har d
drives, net e ry, random access
menory, &%R/El e?@%%%&%u%é%f){’}bg&ﬂl “ﬁgRrraélénlcgf c tapes, and other

optical and[%? PeratlocrilaSISG E{Stocr)trl arpoeftde 55%165148X and ﬁlorrBsue ch rn%g‘qabl e medium
can al so be strl OVeEer uter ens so that the

conput er r egdailet BOLCiOdEiviefed$d Mk eﬁkfal dom eﬂjdzte&(liedl Whigh dtcﬁésrthd)smtrfecb Hhashi on.
etched. Etching the surface 102A generates etch byproducts. In an operation 560, the
etch byproducts are removed from the wafer processing region 106. Delivering the
plasma 140A and the desired chemical species 208 to the surface 102A to be etched
also includes applying a signal from signal source S2 to the lower electrode 104. The
signal S2 can be an RF bias to control ion bombardment energy. RF bias has a well
known advantage over DC bias, RF bias can be applied through dielectric films with
minimal potential drop (e.g. oxide films on the wafer surface or ceramic layers in the
ESC). It should be understood that the signal S2 can include both RF and DC signals
to bias the lower electrode 104. The bias signal S2 applied to lower electrode 104 may

also produce and/or augment a plasma density in the wafer processing region 106.



18 [65] Any of the operations described herein that formpart of the

I nvention are useful nachine operations. The invention also relates to a
devi ce orwearrorapperat us for perform ng these operations. PCiaSappacaus nay
be specially constructed for the required purposes, or it may be a
general - purpose conputer selectively activated or configured by a conputer
program stored in the conmputer. |In parts cul ar, various general - purpose
machi nes may be used with conputer progranms witten in accordance with the

t eachi ngs hE7¢i NBiaddighals SBWAISE cAPHEPIGAONERI IR Yeselive QS L T0UGH batdTRT €
speci ali zed apparatus to performthe required operations. [66] Although

t he foregoi hlf it icayitissads srdiprenedy dabseryiohths plsma d¢ Q) fromdhe Hur poses of

clarity of uRARLSTRNG:Gonalsts3inh 4 06 RRPALERptABLL. GRE feipBrafii@nges and
nodi fications may be practiced within the scope of the appended cl ai ns.

Accor di ngl ysonthklaperdsepin terhivodd withths sainebiagnpegmdhs adibe 6dt endidtivast rat i ve
and not restr &%b"%ner%”tg ehSa! Qéféaé‘r‘iti;eﬁ%bé R, 08t ARulalifl f,8d Lo the details
gi ven her ei iY'ba " may be “nod 1 ed“w hlﬁ’t%elécope anid %q i'val ents of the
appended cl aledsdEcallVisalatd e eingermade t@trol Ther CRAafrom thelfirsvon@ddioclagdr et chi ng a
sem conduct ?50, \t,¥16111fs gﬁov?igg I;:Itf':snllprgzgeiture control layer to be biased with signal S5 that is

different from the bias signal S4 applied to the first conductive layer.

[58] The source gas 140 is injected into the top of the HC cavities 108 through one
or more ports 140B having a width D3. The multiple small ports 140B substantially
prevent the plasma 140A from leaking upward from the HC cavities 108 and into the
delivery plenums 126. Conversely, the plasma injection at the outlet 108A of the HCs
108 is a single opening to allow plasma transport and/or active species transport with

the minimum possible gas conductance.

[59] In an exemplary embodiment, the signal S1 would be an RF in the 1-15 MHz
range to avoid possible problems with DC-floating surface films on the electrode
surfaces. The source gas 140 would be Argon and the etchant gas 128 would be a

mixture of fluorocarbons, hydrofluorocarbons, and/or O2.

[60] There are many alternative embodiments possible. By way of example, the
cathode and ground signals S1, S3, S4 of the HC cavities 108, could be arranged such
that the signal S1 could be applied to an optional conductive layer 116A that extends
over the top of the HC cavities. Other variations are also possible in the gas feed
geometry, since two separate gases 128, 140 are supplied to the wafer processing

region 106 at substantially alternating points over the array.

[61] The temperature control layer 122 can be actively cooled by the temperature
control system 122A. Cooling the temperature control layer 122 will draw heat away
from the HC cavities 108. By way of example, the temperature control layer 122 can
include a coolant passing through the temperature control system 122A to carry the
heat away from the upper electrode 103 to an external heat dissipation system (not

shown). The temperature control system 122A can include other systems and methods



injecting a source gas mxture into a process chanber including:
injecting the source gas mxture into a plurality of hollow cat hode
caviti es wo a1tfiop12¢l ect rode of the process chanber; PCT@Sp@En ariony a
pl asma in each one of the plurality of hollow cathode cavities including
applying a first biasing signal to the plurality of holl ow cathode
cavities; and outputting the genierated plasma from correspondi ng
outlets of each of the plurality of hollow cathode cavities into a wafer

processi Nng bE@n@Hlihgthe REnRFMEE 56the DppEh electrddd @03 £¢ whll RERSSIn Mg dregi on bei ng
| ocat ed between the outlets of each of the plurality of holl ow cathode
cavi ti es anBy¥20l ¢apglethe lsEpeppFegentol systemil i e4n ipgjude hepchEiRe: gas ni xture

into the vafier, RIQERISHMS, h&HhOny §Ji‘t§b1€§:&h§1%§ne9ﬁ$ m xture being injected
through a plurality of 1njection ports in the top el ectrode such that the

et chant gasgs) X . BLKRS: hd-Dok DR BRTRCAHARU! of CATLRGOE Lbe Of the

plurality o ow cat hode cavities in g generating a desired
chem cal speaoleege diysdchees wafoem aproge stimagdler ggne mdancewheseinn of Weicket chant gas

m xture is substantjally prevented fromf i into.the ogutlets of each of
The ol urali 1§ BreRub Aot CRiSEE Bl Gt el Bl PhS e 1 owi ng
fromthe outpeeiesaebatigelpafsitldier pblythaiatiyn gbcddek Wowheaishadenheawdkt i es; and
etching the surface to be etched. 2. The method of claiml, wherein

generating PRESHRISIRHRYT P ehPOobRET (PupiEPT-t§) ot bFORPEatMEde cavities
i ncl udes cogleliRgad g cSARnRlAGHHAGbomBrdnliie, (Bkh #d Soh2-6hl Mul o ther ei n

bi asing the plurality of hollow cat hode cavities includes applying the

first biasi fighesh ghaflicalparg psaslendidbyclimieriditonwé OLa(airdiedls ¢etiepalpperel ect r ode, t he

F;;;f" Ity ofphahly W GALARHS GAVbA bETbAGHAL, AR MERide LREoRERMGFonduct i ve

of net polymerization. By enabling a lower degree of dissocation than the typical
processes, the present processes provide a greater ratio of passivant to etchant, which is

more favorable for selective etching.

[63] With the above embodiments in mind, it should be understood that the
invention may employ various computer-implemented operations involving data stored
in computer systems. These operations are those requiring physical manipulation of
physical quantities. Usually, though not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, transferred, combined,
compared, and otherwise manipulated. Further, the manipulations performed are often

referred to in terms, such as producing, identifying, determining, or comparing.

[64] The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can
store data, which can thereafter be read by a computer system. Examples of the
computer readable medium include hard drives, network attached storage (NAS), read-
only memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, DVDs, Flash,
magnetic tapes, and other optical and non-optical data storage devices. The computer
readable medium can also be distributed over a network coupled computer systems so

that the computer readable code is stored and executed in a distributed fashion.



20 4. The method of claim1l1l, wherein the first biasing signal includes an
RF biasing signal. 5. The nethod of claim1, wherein the first biasing
signal i mebudirigeern RF signal within a range of betweenPabaseo11k2and
about 15 MHz. 6. The nethod of claim1, wherein the plurality of injection
ports are substantially distributed across the wafer processing region
surface of the top electrode. 7. The 1ethod of claim1l, wherein the
plurality of hollow cathode cavities are substantially distributed across

the waf er pres¢esahyn@ thegheiiosiick@med Bérein g t@m Rk@e tHe@dRntioBare The met hod of
claim1l1, wherein the plurality of hollow cathode cavities and the plurality

of injecti opsepdmaghiag epesaiiont. aHeiiayenioredlenielptes it eleyfe o8 atjappafaBs 401t he waf er

processi ng p&aQhoSitst 8GEalhs [ iR atpPzHalﬁé B3} bOGRcialPeondilRARLNAD Of claim 1,
wherein outputting the generated plasnma fromcorrespondi ng outlets of each

of the pl ur&lkiired pyipdsesl powmepbhogmephpirppsesompekigstiwppiciivaigl @ second
biasing si ngahlfigEr%d E))D § C(l)nql\)lﬁerr p?(l)g%(l:r}l Iét%ge% ‘in the computer. In particular, various
general-purpose machines may be used with computer programs written in accordance
with the teachings herein, or it may be more convenient to construct a more specialized

apparatus to perform the required operations.

[66] Although the foregoing invention has been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. Accordingly,
the present embodiments are to be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims.

What is claimed is:



10. The method of claim 1, wherein generating plasma in each one of the
plurality of hollow cathode cavities includes applying a third bias signal
to the owbDevs/w612phe plurality of holl ow cat hode cavit iPes/US2d11/0230be et hod
of claim1l, wherein generating plasma in each one of the plurality of

hol | ow cat hode cavities includes applying a third bias signal to the
outlets of the plurality of hollow catiode cavities, the third bias signa
being a ground potential. 12. The method of claim1l, wherein etching the
surface to be etched includes renovi ngsgingh byproducts fromthe wafer
processing region. 21 13. The nethod of claim1, further conprising
applying a ground potential to a first conductive |ayer of the top

el ectrode. . 14. The n the plurality of hollow
Cathota. cavitt s PIROITGL SRt b POy op NOr SIPEATRode. ¢ renches. 15, The
nmet hod of cl ai MnjectithesoRidd gpd Mix@lrt {nfo @Proedds ElfdnibRNinPRHmS: | N the top

el ectrode include a plurality of injection trenches
injecting the source gas mixture into a plurality of hollow cathode cavities
in a top electrode of the process chamber;
generating a plasma in each one of the plurality of hollow cathode cavities
including applying a first biasing signal to the plurality of hollow cathode cavities;
and
outputting the generated plasma from corresponding outlets of each of the
plurality of hollow cathode cavities into a wafer processing region in the process
chamber, the wafer processing region being located between the outlets of each of
the plurality of hollow cathode cavities and a surface to be etched;
injecting a etchant gas mixture into the wafer processing region, the etchant gas
mixture being injected through a plurality of injection ports in the top electrode such that
the etchant gas mixture mixes with the plasma output from the outlets of the plurality of
hollow cathode cavities including generating a desired chemical species in the wafer
processing region and wherein the etchant gas mixture is substantially prevented from
flowing into the outlets of each of the plurality of hollow cathode cavities by the gas and
the plasma flowing from the outlets of each of the plurality of hollow cathode cavities;
and

etching the surface to be etched.

2. The method of claim 1, wherein generating plasma in each one of the plurality

of hollow cathode cavities includes cooling the top electrode.

3. The method of claim 1, wherein biasing the plurality of hollow cathode cavities
includes applying the first biasing signal to a second conductive layer of the top
electrode, the plurality of hollow cathode cavities being formed in the second

conductive layer.



16. The method of claim1l, wherein the source gas mxture is an inert gas.
17. The nmethod of claim1l, wherein the etchant gas m xture includes a

fl uor ocarwonotignsePni ng gas. 18. The nethod of clai m 1pCrRiuSe@ilf230e out | et
for each one of the plurality of hollow cathode cavities has a wi dth of
greater than twice a plasma sheath thickness. 19. A systemfor generating
an etching species conprising: a sourc® gas m xture source; an etchant gas
source; a process chanber including: a top el ectrode including:

4. The method of claim 1, wherein the first biasing signal includes an R biasing
signal.
5. The method of claim 1, wherein the first biasing signal including an R’ signal

within a range of between about 1MHz and about 15 MHz.

6. The method of claim 1, wherein the plurality of injection ports are substantially

distributed across the wafer processing region surface of the top electrode.

7. The method of claim 1, wherein the plurality of hollow cathode cavities are
substantially distributed across the wafer processing region surface of the top

electrode.

8. The method of claim 1, wherein the plurality of hollow cathode cavities and the
plurality of injection ports are substantially evenly interspersed across the wafer

processing region surface of the top electrode.

9. The method of claim 1, wherein outputting the generated plasma from
corresponding outlets of each of the plurality of hollow cathode cavities includes

applying a second biasing signal to the lower electrode.

10. The method of claim 1, wherein generating plasma in each one of the plurality
of hollow cathode cavities includes applying a third bias signal to the outlets of the

plurality of hollow cathode cavities.

11. The method of claim 1, wherein generating plasma in each one of the plurality
of hollow cathode cavities includes applying a third bias signal to the outlets of the

plurality of hollow cathode cavities, the third bias signal being a ground potential.

12. The method of claim 1, wherein etching the surface to be etched includes

removing etch byproducts from the wafer processing region.



a plurality of hollow cathode cavities the source gas m xture source
coupled to an inlet of each one of the plurality of holl ow cat hode

cavi ti es;wo02011/10e12bi r st bi asi ng si gnal source coupl ed t ®@Cagaiskolonesoof t he
plurality of hollow cathode caviti es; a corresponding outlet for each
one of the plurality of hollow cathode cavities, the corresponding outlets
opening to a wafer processing region i21 the process chanber, the wafer
processing region 22 being |ocated between the outlets of each of the
plurality of hollow cathode cavities and a surface to be etched; and a
plurality of injection ports coupled to the etchant gas source, the
plurality of3inj “élz@tmfeslfﬂpdgﬁ ctasm d ghyEB§Teomprifing ARl $AEIROEREHIC 488 nto t he

waf er processiqiQivk &8kON the top elecbd@Ot tom el ectrode for supporting a
sem conductor wafer, the sem conductor wafer including the surface to be

et ched.

14. The method of claim 1, wherein the plurality of hollow cathode cavities include

a plurality of hollow cathode trenches.

15. The method of claim 1, wherein plurality of injection ports in the top electrode

include a plurality of injection trenches.
16. The method of claim 1, wherein the source gas mixture is an inert gas.

17. The method of claim 1, wherein the etchant gas mixture includes a

fluorocarbon containing gas.

18. The method of claim 1, wherein the outlet for each one of the plurality of

hollow cathode cavities has a width of greater than twice a plasma sheath thickness.

19. A system for generating an etching species comprising:
a source gas mixture source;
an etchant gas source;
a process chamber including:
a top electrode including:

a plurality of hollow cathode cavities the source gas mixture
source coupled to an inlet of each one of the plurality of hollow cathode
cavities;

a first biasing signal source coupled to each one of the plurality
of hollow cathode cavities;

a corresponding outlet for each one of the plurality of hollow
cathode cavities, the corresponding outlets opening to a wafer

processing region in the process chamber, the wafer processing region



20. The system of claim 19, wherein each one of the corresponding outlets
having a wwdth greater than twi ce a plasm sheath thickness. 21. The

syst em ofwol2aimod29 wherei n each one of the correspondi rRgTalSRéIRS30RAVI Ng a
width | ess than or equal to twice a plasma sheath thickness. 22. A nethod
of etching a sem conductor wafer conprising: injecting a source gas m xture
I nto a process chanber including: 22 injecting the source gas m xture
into a plurality of hollow cathode cavities in a top el ectrode of the

process chamnber; bein@%&(e@bét%erﬁth@bﬁmfieﬂctﬂﬁm el hhiewpl ural ity of
hol | ow cat hode cavities including g a first biasing signal to the
plurality of hollow Gaﬁﬁlﬁ‘%f‘cfé"’élﬁwfidlaééﬂfa‘iﬁrt% Gerg: @t i vated species in the

hol | ow cat hode caviti es; aeﬁmht of in ﬁwogtabbhg&gl plell%o &@%@Hgﬁga@s@)ﬁﬂcxat ed
speci es from correspondl ng outl ets of e the pluralify of hollow

cat hode cavities i nt gheplwaligrof priatesgirtgapably @nnjpating the etchant gas into

the wafer processing region;
a bottom electrode for supporting a semiconductor wafer, the

semiconductor wafer including the surface to be etched.

20. The system of claim 19, wherein each one of the corresponding outlets having a

width greater than twice a plasma sheath thickness.

21. The system of claim 19, wherein each one of the corresponding outlets having a

width less than or equal to twice a plasma sheath thickness.

22. A method of etching a semiconductor wafer comprising:
injecting a source gas mixture into a process chamber including:
injecting the source gas mixture into a plurality of hollow cathode cavities
in a top electrode of the process chamber;
generating a plasma in each one of the plurality of hollow cathode cavities
including applying a first biasing signal to the plurality of hollow cathode cavities;
producing activated species in the hollow cathode cavities; and
outputting the produced activated species from corresponding outlets of
each of the plurality of hollow cathode cavities into a wafer processing region in
the process chamber, the wafer processing region being located between the
outlets of each of the plurality of hollow cathode cavities and a surface to be
etched;
injecting a etchant gas mixture into the wafer processing region, the etchant gas
mixture being injected through a plurality of injection ports in the top electrode such that
the etchant gas mixture mixes with the activated species output from the outlets of the
plurality of hollow cathode cavities including:

generating a plasma in the wafer processing region; and



t he process chanber, the wafer processing region being | ocated between the
outlets of each of the plurality of hollow cathode cavities and a surface
to be et oWedp11/106129i nj ecti ng a et chant gas m xture i ntoPCaSae1o23021
processing region, the etchant gas m xture being injected through a
plurality of injection ports in the top electrode such that the etchant gas
m xture mxes with the activated speci®Bs output fromthe outlets of the
plurality of hollow cathode cavities including: generating a plasma in the
waf er processing regigondraidd dedd chemicg8p&ic3tin Mg wafd @RicELihg ¢4besH hal speci es
in the wafer processing region and wherein the etchant gas m xture is
substanti al |y prRessip &8 eishairhent BiitHe s sHbBRRY rygyanieddropt flewiag ingg thehe
plurality of hol &fﬂ@fs%@&i&ﬁ@?th@@ﬂfr&litﬁ@f Mo&z*&@th@&tda\/@i&e%r RPRGIVESd @ﬂe@fé& ng from
the outlets of each of the plurality of | ow cat hode cavities, wherein
the outlet for efwhngfiemdic qutletsof @ﬁChIOf thypblfralhmﬂ@lk)w&ﬁm@tte:awv&tl es as a
\tMOdt)g gI Clhggs thatrller&Mhe ouﬁetg(l)raesac oneo tehphgrghty OPﬁO%ISO’W CaHI ee(t:a(%/l {eggse'{ he Surface
width of less than twice a plasma sheath thickness; and

etching the surface to be etched.



