ATOM C LAYER ETCHI NG USI NG METASTABLES FORMED FROM AN | NERT GAS BACKGROUND
OF THE | NVENTI ON [0001] Atomi c | ayer etching is a technique known in the art
to perforwoaenidtdie@b etching with very fine precision foPCcyaseendilst or

devi ce manufacture. In atomc |ayer etching, etching is perforned on a thin
| ayer while attenpting to avoid undue sub-surface damage or undesirable
nodi fi cations. Atom c |ayer etching nay be perfornmed to etch a very thin

| ayer that overlays another critical |ayer, for exanple. Atom c | ayer
etching may al so be enployed, for exanple, at the end of a bulk etch step
whi | e att enpt iangvit B\veR EzaINGUsINa yERsTWhLES BoR@ETSARRDM RgNERmaks t he et chi ng of the
thin remaining | ayer does not result in damage to the underlying | ayer
and/ or underlying structures. [0002] To el aborate, it is known that etching
usi ng plasma has the potBACK&JR@IfNDMHEgVNE&‘T&OUr enenti oned sub-surface

damage di fjcation der Lyl n i ng
| ayer. %sd;ﬁ)of Am'f"c lad’ ebcq]l'"(%ws?ﬁc mqate ?‘ ﬁg’%g(ﬁﬁ% eﬁ%ﬁ T%cg Py n%ew ching is
an exanpleg fofe psisios dorfsernigoridostsr, dewncemmfaCtmésstoomclayqr nghldgx retChrgg gat e etch

even thg}aqmepon 297 B ﬂ\mlssﬁ %&qmwe§&b0£.}faéesdama§%¢mdesmlesowe

situati asma et chi ng Wlt n energies greater t 00 eV has been
known t qurfmawswmgéaxeoetébﬂﬂmammﬁomg & qtddrpevepeiniaysethagvertys sur f ace.

Thus wi th h¥REGah nagat ﬁ)r gzslngﬁ Munq&eyé&cmgmwan;oooemﬁatyw%exa dﬂé §t comon to

observe SI recess oOf - angstrons post gate étch. Oqﬁj The
present therpdief p bylk eteh &flb‘gh'iedml?fﬁ?ﬂ"@\)‘é§e%ﬁﬂ?aFTaWM§é§5“§h%i‘hﬁ%P%ﬁ§"§ the

per f or myg raﬁm%\% W65 nBi edMi MY ddnthe® RIThCHIEHGE ARy 8t ¢y andBRBME act ur e.
SUMVARY OF THE | NTI ON [ 0004] The invention relates, in an enbodinment, to

a net hod"rg¥ et ching a | ayer on a
[0002] To elaborate, it is known that etching using plasma has the potential of inducing the

aforementioned sub-surface damage or modification to the underlying structures and/or
underlying layer. Loss of silicon below the gate dielectric during plasma etching is an example
of sub-surface loss, i.e. Si recess occuring during gate etch even though thin gate dielectric
(commonly SiO2) is present. In some situations, plasma etching with ion energies greater than
100 eV has been known to induce damage to about 20-40 Angstroms depth below the surface.
Thus with typical gate oxide thickness around 10 angstroms, it is common to observe Si recess of
about 10-20 angstroms post gate etch.
[0003] The present invention relates to improves apparatuses and methods for performing
atomic layer etching in semiconductor device manufacture.

SUMMARY OF THE INVENTION
[0004] The invention relates, in an embodiment, to a method for etching a layer on a
substrate in a semiconductor processing chamber. The method includes introducing a first gas
into the chamber, which is an etchant gas suitable for etching the layer. The method also
includes allowing the first gas to be present in the chamber for a period of time sufficient to
cause adsorption of at least some of the first gas into the layer. The method further includes
substantially replacing the first gas in the chamber with an inert gas. The method moreover
includes generating metastables from the inert gas and etching the layer with the metastables.
[0005] The above summary relates to only one of the many embodiments of the invention

disclosed herein and is not intended to limit the scope of the invention, which is set forth in the



substrate in a sem conductor processing chanber. The method i ncl udes

I ntroducing a first gas into the chanber, which is an etchant gas suitable
for etchiwg2otsib@yer. The nmethod al so i ncl udes all ow ngcrhis2dizngdi3gas to
be present in the chanber for a period of time sufficient to cause
adsorption of at |east sone of the first gas into the |ayer. The nethod
further includes substantially replacing the first gas in the chanber with
an inert gas. The nethod noreover includes generating netastables fromthe
inert gas and etching the layer with the nmetastables. [0005] The above
sumary relates to only one of the many embodi nents of the invention

di scl os ecqldnn@ﬂe% A ﬂ{EE’e dnd ofhet feér{?xfe?m%jprés@m u'n@uﬁont“hﬁ béﬁé?,%eﬁﬁn hére gbayent i on,
which is set forth in the <clains herein. These and ot her features of the

present hemeﬁthedwa\}ﬁdlqe“f}etl%sf&e.'b\@a"an@nwrcemd@tﬂam pith ghe dolioving frggreget ai | ed

description of the i nveridOPESORIFTNONE HtAEIDRAWIMAER the fol l ow ng figures.
BRI EF DﬁSCRI PTILON OF THE DRAW GS £0006 The present inventi

i |1 ust raf®8) py T\'R&E/'efﬂ'“ iavenhos s Mustried hyway of grainplst andings By ¥4y S Pmi“i‘f'c’f‘he figures
of the asﬁﬁmga’asym@e adea:vpangsg d@aelingdandivi Whicl liketefeRhRmMameAlshersmbal s refer to
simlar nqnts ang MFICh [0007] Fig. 1 shows an exanpl e substrate
processﬁH@ ¢ AaRERT 2" d??ﬁ e for performng atomic |ayer etching in

accor daro@7w t Ifigdohehodrs afBxatnpie s buiiia@prdcessiaf cahberd snitebid fooperforming atomic

layer etching in accordance with one or more embodiments of the invention.
[0008] Fig. 2 shows an example the separating plate structure and the optional collimator
plate in accordance with one or more embodiments of the invention.
[0009] Fig. 3 shows an example of directional etching with metastables in accordance with
one or more embodiments of the invention.
[00010] Fig. 4 shows, in accordance with an embodiment of the present invention, the steps
for performing atomic layer etching. '

DETAILED DESCRIPTION OF EMBODIMENTS
[00011] The present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. [t will be apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details. In other instances, well
known process steps and/or structures have not been described in detail in order to not
unnecessarily obscure the present invention.
[00012] Various embodiments are described hereinbelow, including methods and techniques.
1t should be kept in mind that the invention might also cover articles of manufacture that includes
a computer readable medium on which computer-readable instructions for carrying out
embodiments ot the inventive technique are stored. The computer readable medium may
include, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable medium for storing computer readable code. Further, the invention may also
cover apparatuses for practicing embodiments of the invention. Such apparatus may include
circuits, dedicated and/or programmable, to carry out tasks pertaining to embodiments of the

invention. Examples of such apparatus include a general-purpose computer and/or a dedicated



[ 0008] Fig. 2 shows an exanple the separating plate structure and the
optional collimtor plate in accordance with one or nore enbodi nents of the
i nvent i orwO[2003082¢0g. 3 shows an exanpl e of directional PeTaiseong/owéish

met ast abl es in accordance with one or nore enbodi nents of the invention.

[ 00010] Fig. 4 shows, in accordance with an enbodi ment of the present

I nvention, the steps for performng atom c |ayer etching. DETAILED

DESCRI PTI ON OF EMBODI MENTS [ 00011] The present invention will now be
described in detail with reference to a few enbodi nents thereof as
illustrated in the acconpanying drawings. In the foll ow ng description,

nuner ous, Bﬁtmgf feﬁceﬂ@ﬁe%'ab?roﬁfa?elysﬁr%mfaﬂme@aﬂdr]n@rlgc@t'fdetaQorgﬁngéﬂoq%f5‘ t horough

under st an Ing O sent 1 nvention $.£ ar ent hovvever to
one ski | doggutesicopipatingdevice #gdedippediregammatlngenis adppt Sg r e vgstongesksed wi t hout

sonme or &hl,m@g[ngq,%@,n§p§gf[ﬁ,gg,vgﬁfoal | s. In other instances, well known
process stess and/ or structures. have not been descrihed in_detail in order

to not uAMHEEsEapefnepnetlF BVEHiaN Bl OAPPAASEHAN GRethofH9HRBTORINE | ous

enbodi mesadnsic aalga eetenﬁ@roh hegenFheubthat Qith ASra@krudbmctmw@dﬁamcbahap hai ques. |t
shoul d be kept g(]dnd that the inventjon m [1 0 CoV articles of
Tanuf act T & PHEETPHPIE. al%h%&%asr‘fé%&ébﬁtag rF@f(ﬁ‘%rﬂgdﬂl. SHRsal 1aver

conput erink@@ckathe thensmnwmhttemodemingcmﬁmwr NDo @tk a Sinbed |fcrremnﬁplofthet he

i nventive tec e are.stor.ed er a i ncl ude,
for exa ‘ihé'" Se'ﬁ?%uber?ﬂﬁﬁodra m”r‘r‘éigenet ?’Cﬁepg o”r(r::gt*r ﬁegﬁ?{’ﬁé’p gr&rr%)r(d ot her
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Furt her ' fo tX'su cne[nﬁg'x%rgu%poﬂ%}é tgpcsr%nt%ﬁl\égsrt so%pepo"iuih% ellRénT ;sg-{-aug‘é %tb% g&s@ﬁ)ed

enbodi ment s nven appar at us ‘may P circurts,
dedi cat eldtoalwdtlxyr togreeghedmBabieayently tmtqhynt@ems teakkes hyan ingitgan@uahes erbodi nent s

of the |SePRkiale of XEHD!BSNBIXESHEN BRI R hdATOMIE rBmIRNRLRLRIM POSE
conput er and/ or di cat ed
perform atomic layer etch on the substrate layer. The cycle may be repeated more than once

until atomic layer etching is completed.

[00014]  In one or more embodiments, the metastables are formed by igniting a plasma out of
the inert gas in a plasma generating region of the chamber. Metastables then migrate from the
plasma generated in the plasma generating region through holes in a separating plate to contact
the substrate layer. The energetic plasma ions are, however, prevented from contacting the
surface of the wafer to minimize unintentional etching and/or sub-surface damage and/or
modifications of the underlying layer. During atomic layer etching, the substrate is disposed in
the wafer processing region of the chamber and on a chuck. Upon contacting the substrate layer
surface, the metastables are de-excited, and in the process, give up their electronic energy to
cause surface reactions at the adsorbed substrate surface, thereby etching the substrate surface.
Since the directed energy of metastables tends to be much lower (e.g., about 0.025 eV for argon
metastables) than the 100-1000 eV of energy of energetic ions of the plasma, damage is
substantially minimized when etching using a combination of inert gas metastables and adsorbed
layer.

[00015] In one or more embodiments, the aforementioned separating plate is a multi-plate
structure with the plates electrically insulated from one another. In one or more embodiments of
the invention, at least one of the plates of the multi-plate assembly is biased to repel the ions

emanating from the plasma. Each of the plates of the multi-plate assembly has through-holes to



conputing devi ce when appropriately programmed and may i ncl ude a

conbi nation of a conputer/conputing device and dedi cat ed/ programmabl e

ci rcui ts woapt3ad2d2or the various tasks pertai ning to enpotiusenia4@aBr t he

i nvention. [00013] Enbodi nents of the invention relate to apparatuses and
met hods for performng atomc |ayer etching on a |layer of a substrate (such
as a sem conductor wafer or a flat panel). In one or nore enbodi nents,

an. etchant source gas that is suitable for etching the substrate |ayer is
i ntroduced into the sem conductor processing chanber. To etch a Si |ayer,
for exanple, the etchant gas may be one of or a m xture of Cl2, HCl, CHF3,
CH2F2, kR mle_,astabﬁ@lo?’vra\@s%‘/r]owﬁ'f’rgm tlﬁ%’lasn@%&mera@ﬁére B fo thgz'afels&goessggs etc.
The etchant as Is allowed present in ﬁ suf fici ent
amount dreiey- nehethoysbrigies O%we P'é‘&%'t‘%’?fr?@g'éﬁj i ‘rre eétbeq’ra}mt oga'gy PFaSt"éP*i'Yar to be
adsor bedyfsktipdetifa. |"ﬂ=ﬁé@ﬁro&g® hBRs @ﬁtmgaratﬁlglé&%ﬂ@ﬁieh% subh@n@ﬁ)@ﬂé\%t gas IS
repl aced by an inert xture of Ar

(such as one of o Ne,
Xe, etc. e)"e“%?tpé@f"éﬂfeé@s g?'é "f‘YFé%’r"gr‘B"r-‘r?Bﬂa“f"rgé’Fﬁeﬁ?g ﬁoWéFﬁch'ﬁ%Q’eP‘bbsﬁﬁFf or m at oni ¢

| ayer etsbacen the substrate | ayer. The cycle may be repeated nore than once

unti | er etching i,s conp Ied

enbodi meALE) « RESTet Loratatmere Feopimap By i rgeSieet BEREPO0RE of ¢ e

i nert gadate rmdahepduasm g etianad tha@eraagblexntherfeb)t dlbwiiganiysnbstavballyst abl es t hen
m grate fromthe engrate n [. l.op, t hrough
hol es |nJ"ae°"s°e’%|é’reé ag'%s t|r()’lrgt"[{)1 fon ctcr)at r{acettﬂggng‘% "rchtlt'ﬁ°r?£'l;}£eb?r?£ g‘ﬁe g’ner getic
pl asnma |tbﬂeermabdnrehtmnelmrs pepemii@inr excthé mma@ﬁnﬁnacﬂ'her@llmmommefmye of the
wafer to Iy nidm ze unin sub-surface damage and/ or
nodi fi caP%n(')Jr%sdmg\"g% rﬁ%sﬁﬁnﬁ Jb%r%?(lunﬁéd%bw ??ér?ggdat om c |ayer etching, the
subst r at(€0Q13] diTopowent npmrwnlﬁnemmf"eg Obtrheee@sqMtqfégh@npwm@ef‘éhanber and on
a chuck. st paRn GRMAGH! RPcdififarSipird, El@%@pal’ﬁ)‘@ﬁlaé'ﬂﬁ&@fqﬁe colilbtdrplashabl es are
de- exci t ed, and In the process, give u;l)_ht elr electronic energy to cause
surface Yeanyed wHEVaio lherrebsaa's&?rtyed~5fa®s gieBli jprmtwovenkatdBiF et ching the

substr ats%péwofr %f‘e andof B EcdilitRatsH PiRCIAkde &@Wa%&ﬂfraféﬁh@e‘ﬁh?d@h&@ hhsxpes to be

much | ower (e.g., .about 0.025 eV for argon netastabl es) than thfer 100- 1000
eV of erféiegPl Bievesting BeiireuchBple PEffe”tSr?é‘hﬁls%"é‘Wﬂ°" Riaifragle PUlBYHRIARP A | y
m ni m Zecrél PriRedCRy G dRdimgred of MERLBIARLE Qnfatd. | nert gas met ast abl es and

adsorbed 00015] one or. nore enbodi ment fore ntroned
separ at i H%O éfatc@[e 05'“8“’r‘Fﬁ’Ik’?‘?'mf)'?‘ﬁ?é“%‘f’ﬁﬂ‘&?'h‘?éer\kﬁe 'He‘F‘?fié %ng‘?%rmm@l &ctrically

i nsul at efdorhit mytro:ma asdatiited herkin. Oneoanoreankodendacdif tendveniadh cotee thenvent i on, at
: gﬁ:t e(r)rgegs?ratﬁ (j)r?ces@l ng tS)hs§em zing.é)ﬁsaubrm tlroz,%%s%{gﬁch?‘r%lfe? 2\ Su}/g C} esh d&?e %tsr}n?)e gfgl the
assenbl yhereaxsanurmraylaghnhtnldebgtccowhlplemm be lmetea@mesbrledectmteﬂﬂcmmls'em hr ough from
the pla i t h

b ough- Ty Sana e bR YR ol by 4 oL o G e B B b

sl i ght | ycopifisereadaple dekrer"éddledﬂhé C?"nPWgﬁldW wedign andjer t@@%‘ﬁ?‘?ﬂt‘i’ H8 plate are
sized tQ,3uBRLARHnfkbYonRERY/ESHhp RN €5 @edchfonlts BRITR sHRASHRS 2 bisuMaliledt¥ier si ng the
separating plate and fromreaching the substrate surface. [00016] In one or
nor e enbisdyarefirduding adetal arpmepyorh pyes thedntgingthosed bet ween the separati ng

plate angdodiBe Sthbiahds@nd Rivihdel SBIBOIIRRNEBE BSIa&HiIES may BeimABY0ad | owi ng only
subst anti al | di recti onal net astablt% fol?q reach the substrate surface to

render tWEh sleEResg s fighies prddaispisions thay the vertical direction that is
per pendi ©od28] tEmbobignesitd B5ihe aventigh aﬂﬁﬁloy ?Eh@stﬂﬂdslo’fmwtdarnopd ia¢regasmyo i ncl ude

t hrough- hal es may be .grounded o S desj . [,00Q To prevent
non- uni f*lﬁr'Yﬁ‘%scugin‘ierfﬁf‘%‘f"St‘Wg reageet 28% oege'f% i t%slﬁ%'l %ds%rgffd['g &hﬁ ¢ qiszrltf

separ at i layer pd. ga,taéi auydf) OAltlidogh the Sl layenisempplyed &,an ekeenpdeipagimitisboulpbeat e and/ or
the col | tor v ce
versa). q ? %mygteV§Fen%@@mn?p%%kxﬁﬁéag%%§p§%9§%ﬁ€$gmépg%:éor t he
col |i mat rovenpbratle oaat/nmre ¢nihedineeher th&supfadeeaf thehaddl issexpesabioan§ig8ant B3 ef f ect  of
preventing the through-hole patterns of the separation plate or the
collimator plate frombeing inprinted only on certain areas of the
substrate surface. [00018] One or npre enbodi ments of the invention cover
the nmethods for performng the atomc |ayer etch as described herein. One
or nore enbodi nents of the invention cover the substrate processing system
and/ or substrate processi ng chanber having the hardware described herein
and may al so include logic (which nmay be inplenented via dedicated | ogic
circuits, programmable logic circuits, and/or by a

m croprocessor/ m crocontrol | er/ conputer controlled by conputer readable
code enbodied in a conputer readable mediumand/or transmtted to the

_____ o o M



[ 00020] Enbodi nents of the invention enploy netastables of one or nore
inert gases to activate surface reactions with reactant (e.g., hal ogen)

t hat has weenizads@nbed in the substrate |ayer (e.g., a BCTiusg@Er)p4618¢ t hough
the Si layer is enployed as an exanple herein, it should be understood that
any | ayer may be etched using the atom c etch technique of enbodi nents of
the invention. In one or nore enbodi nents, the surface of the wafer is
exposed to an etchant gas (e.g., one of or a mxture of Cl2, HCl, CH Fs,
CH2F2, CH3F, H2, BCI 3, S1Cl4, Br2, HBr, NF3, CF4, SF6, 02, S, CCS, etc.).
I'n one or nore embodi ments, the substrate processing chanber may be filled
Wi th an @LCRAYr B Rixdre 8 EL, ﬁdﬂ@mﬂfcﬁm@m 1928€8, dier,, g, Hrr cFe (about
0. 05 seconds to about 180 Seconds) to allow the étchant ‘gas noiecules to
adsor b o stPreSQuEOSy tit-& 18 QRT ecrere smbodimeniss thhinbyraggsergrsingrthamber may subst r at e

processiigilch iR es et QA€o d thixRek wetcharagas@stfshmbn AR (Doud 0¥ s¥dodliro Of
et chant gases for about 0.25 seconds to about seconds to allow the

et chant 424 1ABresedskie aliy thaeshast g ntoﬂféu'suag{"%oabt@ the upsiRle surfssso e R e, 1
shows, idt naﬁé:amamceetsvw ihbﬁfhteqﬁ&!éﬁiiﬁﬁﬂim&f mhyBe filled Qhthiaf Btpha%ﬂgzebaﬂm e

substrate. roces in cl udi,n uck 102 o a substrate 104
(such asma N o sty ChHoue) Bariangs gt feens SouPy huamt2aBb or ot h
inlets L%e(ﬂllbd(olﬂ&ﬁﬁﬂlﬂ)&bsdmtyatbﬂlrﬁised to inject the gases into the chanber.
a rie, TR0 RGN aReorda i SR S e Py S iR gl on 110 vi a
gas i nI esubsh@E prdwdsegehanihanmclgdmga;cmclel (2ron maebh @sabsirare d04(stchtas atvefepr ocessi ng
region 1 inle / S LA ent er

bl asma. gegeyorht Hifienslh fled 10639 fetpd & GHER 6F SlaAPhy RSGRY BOURRL BLFT |
pr essur enjest thl @asavantgha ehaben dn pegir orerelcnboidigneats, lhm(eéqu@I aspee ofor exceeds
the presgufee dASHOK A &e%@qseﬁfeu@@mtoqms&a Q;L,Je?amae%&m.@mgxsqmwg region
110 i s separat ed from substrat e processing region | east by a

separ atuW@“fblllla@téha@tg%tamlet@wd("aﬁdubfﬁw@waqswg fegiog 1tbYip Eapdtley pl ate as
will be m8§m5@g1shr@tef%ﬁanh§§s€§d?))mt e{n@e@mlnb @e&hﬁn%%élbnfpt@nn i distichhe et chant

gas has had sufficient tine to adsorb on the substrate surface, the etchant

gas is eVAaPFRrEYE B Rariersue ingiasng SEneitingregion &) 0rs pdeastisiry ‘?ﬁf"b"é Yone in

conj unctth@preddlire in @B%@dﬂ&&gsm ra,flonl ner Plagﬁ%eﬁ&annlgmégbnplha%r@pa@ﬁ&fﬁ(ﬁﬁ i ng
region 110 via gas.inlet 9 | f. et chant ﬁ%s evacu\%l on is. 1 E wi t hout
concur r eHPSTRITRFEeY 48 e B, 2 ?‘H?S%ﬁse%"f"é‘ﬁg SIHRGF (F'i’do%"ﬂ'éf‘ YRéPt gas(es)
into pl aﬁ)nﬁlagﬁlpﬁfeaakl\\ﬁgbd’(ﬁguﬁad I]itleﬂhetrd‘ilﬁ)ough gas inlet 106. [00023] Upon
substantl | acin 0 chanmber, w ert gas,
i nert ga[g }alts &9 %%ragl ‘ed” er«a{n gngraWéchen% e [ONQﬁ)rbrr%"r%e ssu;l))g(rﬁlefl cally
in plas rmﬁg@ntdae athang;als egvanatdd by chhmb@ns\aen‘pmdp ha9atl 204. Hghisshaptiemibngas i s sai d
to be su sta a I 9 t he
Lochant o Sh?JgL?{mJoagfn@r?gﬂn{?ﬁgeagqaﬁ .A@%ﬁafsmg elafinPeabPRE iR {w{the ® chant
gas is sla)bdl&e@hMgM%latmlladidnywtb@lt m@’f@yln@h@slﬂ?éfr the gexg stk may | east 90%
of the efchaowdas ér?ga@(ggllﬁG%ﬁas%E;Q)e;anﬁg aeg\emugﬁ,%ugd g{is%]@@bom ment, the
etchant gas is said € substan repl aced )é he inert gas if at
| east 94 Q¥f3]tH@oeﬁwﬁmta"ga@'wgﬂ@mch%aas\ﬁxomh% shamibpfayith iparseas,|iferone
enmbodi mep pna;;mels F@Hepa&am the BasrhaSchiRbd abPmbe ssdlFRiIgNh Fﬁé&%geh@@dl@cr@{gorby the
ace

i nert gas east 99% of the etchant gas is re the inert
gas. 110 In one embodiment, the etchant gas is said to be substantially replaced by the mert gas 1f at

least 80% of the etchant gas is replaced with the inert gas. In one embodiment, the etchant gas is
said to be substantially replaced by the inert gas if at least 90% of the etchant gas is replaced
with the inert gas. In one embodiment, the etchant gas is said to be substantially replaced by the

inert gas if at least 95% of the etchant gas is replaced with the inert gas. In one embodiment, the



[ 00024] Met ast abl e species generated in the plasma transit through the
separation plate structure 130 into substrate processing region 112.
Pressur e WO 281819628t € processing region 112 nay be cont palrlusdoiasueig; f or
exanpl e, the turbo nol ecul ar punp, a pressure control valve, the design of
the separation plate and the inert gas flow [00025] In one or nore

enbodi nents, it is desirable to keep the pressure in the substrate
processing region to <10 nmTorr such that a significant fraction of

nmet ast abl es entering the wafer processing region are able to inpact the
substrate w thout getting quenched through gas phase collisions in the

waf er proges bﬂgsa‘?dqt%@%bstahﬁhll?%la%@’&qhgﬁéﬁ gastif e 1edd DHANE fhe RRAMEER i De
separation plate and the subsfrate nmay be naintai ned between about | cm and
25 cm fremacekwithihe Ine['®®926] The pl asma source for generating the

met ast ahb@34 L aAMdPRiabRIspsele8 derlefaily RE bR tAGNRRIuGDING Separatiéd pist Ng

i nductively coupled plasma (I CP), capacitively coupl ed Pl asma, an array of
Hol | ow CHPHYE &3 HPOSHEHGELOCHISIE SR&ARd 15 %féﬁ?ﬁreb‘}sué?"@@tpf‘&fﬁ SESETEY dA resonance
(ECR) plrasie cefrofey/usteBF exatipleadil Qurth) rAG1 6015 PUHALS; @ piee@P@hg Walvé, @R027] Fig. 1
al so shows an, i nduct ve‘\éecﬂ% Lq)l.e%:gs&srm source 150, representing the

ant enna 9y ¢ikRERPIIIONP'A 8I‘ N Nergy with the plasma generated in the
pl asma genespt iimenerce GiotdenibbBimeh®, itis déserhitaé foddepahdmredsame i the bubkir{id nduct i vel y
Coupl ed Pl asma) or EC | ectraon Cycl.otron Resghance | asma .sources nmay be
onpl oy ed SRR P I BTPr ey I SERUPD e TR R I o

pr essur esocedsing deptoncare abiber te irepdootie subsitase withoet gertmg guenmehddnhrpbghgamplgemer at i ng
region 110 .is .between t 5.mrqrr t rL,

{00025 SR s R PR e Sraed? i oAb S Bebveen e e
sur f ace stmrdtiomplatetahe tha muhsinate why pd maintaindleoiaeg abdut bugindtZiemhires in t he
separati. 1;9!:.at e(s) by substantially preventing plasnma charged species from
reachi n% t he substrate. In one enbodiment, the separating plate structure

i s sai d [0@2eLibJheplasred soyrep fasgensratipg ks metagtplesganbasiseied §ompaaus eachi ng t he
substr att@c,hhéuo@éﬁ, Jna@ﬁhg ﬁ.gtgetmnyt:&mewalpfaémai@gﬁs@@an@mghg@d bihsRta, MP4Hag have

ot herwi se reached the substrate surface prevente rom reachi ng the
subst r atod Heljow pashagle disshatgen grigpwave plsmp et sigeron gyglogpmresnmisgi(heftplaspie

separ at igpgnyduedr Suitble BREHA Sutct &Ridlogy0 substantially prevent plasma charged
speci es from reachi G(g t he su st.réte i&ﬂg& | east Sg% of the B,Iéasma char ged

speci es [PIPA1] whia §2HATOVS AR ERUTIYEY FRIR SPUEED T PRy BOL g g QRICTR
pr event ger ihduetivel yeauplingR R dhergy ik ttiegii8mb gerieheed e phaphtrhagenprhiigaegiat r uct ur e.

I n one odi ne th epar atj | ate structure | hd to~substantially
prevent e'g? 'ag‘r?&r%%?ﬂgeg‘goi'ﬁré@i @(ngﬁvgéggﬁ?lﬁﬁﬁﬁ% %rulgcs'?&é?cgo? (f:yca(?rolneast 95%
of the Heasascelplasngesdursgandyds etpklediue kakhisabdity togenenits bigh dashed t he
substrate surface is v [

cepar at ) ATST wbPyRE AN SR ekt SRARREI, ROplGre S DR feriha o,

st r uct url@Oisdeseniatogt Gumdpapand abohyl 0prdeant pl asma char ged species from
reachin 38 S Ief 0 lAsdR sGRAL Gafnis@meci es that
woul d hgsaedag} hgrQ%t“g@E?leag:csﬁg%u%ﬁ?%g%ﬁ#g{ogtﬁ??a@e i sS preven'gled from

r eachi ngmohet of plesey laakéngsronghethe eqlesrimthe sepafsiing Rty Ryt brastial pou2Y|neThe

pl at e( s),iRha SERAIpdc Y B3t LhivE I Ghidfe. UAQndENbIARncha BieiseAl@H pufe Of netal s
(e.g., alumnumor stainless steel or a simlarly suitable materjal) or

met al s CHAEWE SiPidfe fubptarnallepgvent At chargedperisiom reah gt THYEBE 'l wi t h
Y203, YHhehst 6000 thelasmhichirged Sperids at ko8 RavebihtMaseseRRddahd RBstalealfacny be

bet ween 1 nmagg 25 n’g) in one o B;Dre enboqi ment s. 'Il'he di %ng.t er of the

hol es i n PRENEESRMAETC Wgﬂleé’t'@"ﬁ‘ﬁéy & STRBURHP'ED SR i 3 8"  Mant i al | y
prevent tpd @pdRing@akagacttifanoiagho sibstainalle prevanplasiychbgedptaiesdion?20 urn and 5
mmin one or re enbodi nents, 0030] Ln one or r odi.nept.s,

separ at irﬁﬁgﬁfgg{gé&ssfr?tﬁggh{r%t g@ﬁ °|[ptge Bésrr"}'ﬂ Ppref a?gcr'essfga?tﬁvgf' lggg\e?oéhs S %wn in Fig.
2 i n acoesctanbesubjttare sarfanbweNened fromfreachieg the yubstrdtoby) thekrearetns flas® conduct i ve
pl ates 204 and 206 are separated by an insulating |layer 208 so as to be
electrically insulated fromone another. Top plate 204 is in contact with
the plasma in plasma generating region 200 and is electrically grounded.
Bottom pl ate 206 may be biased with a snall DC voltage to repel the ions
emanating fromthe plasna. The applied bias voltage on bottom plate 206 may
be greater than the plasma potential to prevent majority of the ions from
reachi ng substrate processing region 210 above substrate 228. The applied
vol tage on bottom plate 206 may be between about 10V and about 50V, in one
or nore enbodi ments.



[ 00031] In one or nore enbodinents, a collimtor plate 226 in the form of,
for exanple, a nmesh, maybe di sposed between separation plate structure 202
and substwete13aad200 repel any plasma charged speci es t Pamaiseém®4¢1BT ough
separating plate structure 202 fromreaching substrate 228. Colli mator

pl ate 226 may be biased to repel the plasma charged species or may be
grounded, if desired. In another enbodi nent, substrate 228 nay be biased
positive relative to the plasna potential to prevent plasnma charged species
fromreaching substrate 228. [00032] Separation plate structure 202 al so
acts to collimte the neutral beam emanating towards substrate 228. By

mai nt ai ng gyt h dE @,ﬁgdanﬁenb%l.e%\%%mgmre trudl (sQR A dabSarkial T GedenOV f
substrate 228, in one or nore i ment s, |S|ons between gas emanati ng
from sepPiasme Fhareed shesies remreaching the ebstrasnif a‘t'??é‘ ?jé(sof the Wepgichaiesd specféessi ng

regi on Zj0 a3 ne e wWafetlisrhinbShBubk iRt &l i§ioreveh iR fdMULdcRing IR 3tbstriiee path at
| mforr is around 25 cm This ensures that the netastables. arrive at the

sur f ace WftheHspasting plate Srugiytr Inpne emboshiment. thesepacaiing plaleSHUCYRSAYY 19 he tr ansi t

f rom sepasenting ppévaﬁtqnasm blﬁi&géﬂ epeZQQﬁaxe réadtisd mamst?az&fat[lae()@@a offtidodi ment s
of thelnventlone af X 0 inert net | e at msarrlwc{;g on the
et er SRR EHASPaPis Her oy hart SUFIER RN e SR BAHeTEt | on
speci es f{en @aqhndgaﬂecsgedﬁst)e by Mtsaikaibh plagts@idurear ry si gn| ficant electronic
energy t fer i nduce ¢ ble atons (Ar*,
wher ei n [?%Oégf*%ﬁg‘ﬂ%{sgggsﬁparﬁaé‘tnﬁgpﬁg}r%mfrﬁ ﬁfm%yabre ”C? ggxg tglék “&round 11.7
eV energnw:11nﬂ'd1ﬁ6rsmné¢sgyteéISr aieinnlwgr@dawmath@lmheralssmatédmeh mrlerﬁe &r* atons
i nteract surface. 3 tr | eto the
ther el 5o gl oh B Gica0y vt YRR oo ST R il SEREC TP
monment u rsmamhobplmsamdrbe between it ha agdi2§ moeincoepaned emtmdemeng eiihe diametes
(100- 1008 15 Ybtes WAL AL pRLRR) deXnddSE rhifinf? e%aglrbgtamtal%msemb hed
respectfu y subm't h atons are substanti al |l e of
causi ng leakngeabreughahmliptesignd mayy bp between?Oumeand 4 um in qnnormwy ephed@enty. 00035] To
achi eve Bé(ﬂbj y hdé)rfe%ﬂn%% e%b%ﬁ‘ih@gts sgﬁ%tlgﬁﬁlmegfrudafre aduchs @‘hultalta%tr&ﬁﬂe be

further coll1mated using another perforated plate as shown in Fig. 2. In
this enmfadihaun Figa 2abRIcPidaics wvith pmeabosppeniphthe ivaEemhesspy vorqadusiie hol e

pattern Afest208tndbs SRRAFaR:IIYY aR |1t@ﬁl€t(rfg)la)%94b8%ﬂ(35 08 eleSripdigGRdlated ml I

di stance away from seé)ar atjon g pEUCt ur 202. Col |l i mat 2{) late 226 is
al i gned %‘E&T?"iehaYOP/Q’a“ ¥V 8Py ‘31‘ e Ba %“mafgefteﬁ‘é'“%ée&?f‘ P8 Bl ate
(i.e., chﬁﬁldl Golinadd. tBbttblh@la&Em)ﬂrn&y Ibeblas&ﬁatnﬁ apmalh B vobayandrepel ligtioat e 228

havellne of . s i,n nerating
regi on. T’Uﬁﬁ?%f'%%?eepqﬁs Fﬁﬂw ¢ Al}'q‘s P%\?@P?omm %'atft)&emg)y ”e%tegﬁ, ﬁ h a snall
angl e ( pheglasmalpbyntiatgspréveamajdrity 8f tegnefeen aeammmesnple@fceeabgyegioess t han +/ -
0.5 0egrAGhyd bR hi kel tl{agacln b%f%r% Fi%lsﬂ% b@8er A8 a8t Sy

per pendi‘cular e 'sép ar an can ss through col | i mator

pl ate Z%dabciuhiﬂ)’t nmnyocmbtelembwmelmth coI | i mat or pI ate 226. These Ar* at ons
are ShOVYBO(BY arll;ﬁ r fiiofe &%lezr%gtf d@ollnnﬁt&?ﬁfaﬁA"Zé nﬂh@féﬁn%%ﬂe%le’-%@

travel ling a I'gher angle relative the vertical axis suffer

col | i si oneshuhayhe diposeddiervyenmseppragrinalase dyetueer282 ard wheiteads tamesl Yy t ur ni ng

into Ar JSQH@ﬁar%ﬁ%&w‘s‘H'%ltﬁgkﬂrb@hg&araxkﬁ Sats SRR AR A2 fANSredBingdubsaick i cal |y
dlrecte Tl ux on the wafer surface(alon wth Ar atons)

to creat@SaCalmatoyRipt 2g&may ‘Pﬁﬂ'@e%ﬁlr%l the, plpgmagaharged Sp[:‘ﬂﬁfd’\%ﬂayl?ﬁe di rect ed

flux of #Msindd, ﬁ@Ssnﬂeﬂrplnﬂiﬁ&SerQﬂbbdiﬂerft65@5%@3281ﬁthBde isedpesaivbedatk toh et chant s
as nentioned earlier. The Ar* atons nq‘ef tf the el ec I’Ol’llé}) energy to the
sur f ace, N5 PIRRTEIPRIG™ A IRrevant Rlasha chasgrd spaqiss TrPRTRehing pHOSYalT 2By anpl e, et chi ng
of the sSuodiare Sapardiioe phatstrosture 201 fie desad wllenatdolhé naohl i@amtelmenasinglewal | s. Upon
conpl et e _exhausti on_of etch nt s nthe I et chi ng
(or Ar* tPWHHSc%'EStWSrS}%?pP ! %T "‘["F?e TR eéc Yion ﬁg{rbp A f ncle'ln? 8‘(r?reglrnent um

t r ansf ersubstom22$én reanmofe eArboandmArcbllibinmﬁdmt\venlggétSh@awrlt fiow separatige r enel y

smal |, substantially no damage occurs to the surface. Fig. 3 shows this
vertical etching aspect due to the fact that only vertically directed Ar*
atonms inpinge on the bottom 302 of .feature 304 but not on sidewalls 306 and
308 of feature 304.



[ 00038] To prevent non-uniformetching of the surface |layer due to the hole
pattern(s) of separation plate structure 202 and/or collimator plate 226,
separ at i omopbst2&0r uct ure 202 and/or col li mator pl ate 22&/Usayi2loes1avved
relative to substrate 228 (or vice versa). The relative |ateral novenent of
separation plate structure 202 and/or collimtor plate 226 and/or the wafer
& waf er chuck assenbly has the effect of preventing the through-hole
patterns of separation plate structure 202 or collinmator plate 226 from
being inprinted only on given areas of the substrate surface. [00039]
General |y speaking, the relative | ateral novenment of separation plate
struct ur;ﬁatﬁ%c@&d/oe ik Lasm@&fslempé AR5 GeAHY 19Tabd S NRD S is Saiif 4 Chuck
assenbl ould be sufficCient Targe to ensure a tinme-average uniform fl ux
of Ar* @nncarhre newfabmeant free path el '0'F1§°'6F$ apoyad Yigrer This epsyendatahe metppiablest er al
NOVenment Ak ihk Y@ BMvAE 288 whiR@RS bnydSentfREM QolBiSiodshiBrifll ®i¢ /AGR rBAL Ween t he

hol es in the separation_plate, referably 2x the distance between the hol es
in the §§ﬁﬁ?§5PgﬁsﬁP Hire 2 06H§”6F 2bre embodi nents. [000401Fig. 4 shows, in
accor da_r[o@om{i t lEndadiaidhe df ive hverfton EMBloP4 ﬂﬁ)&b’ltlndnﬂﬂ&ﬂidbl&rhton{sh&wsﬁg&ﬁ&hé or

performn mc |ayer et n In step, 402, the cha

parti culﬁig?r g 8‘]@h‘éﬁlﬂi"é‘9y? &rbﬁ‘ga“&f?éﬁaé“rftg%“%ﬁ’eé‘i"°l’§peﬂe'f @d Og%‘njgn et chant
source gastashz(blepft@ﬁﬁﬁa&y admiacaat élamro@.f: e»&tr@haﬂte Wb rmiahxee ulheeﬁcaateactthes substrate
surface. Eﬁ t,he et.c A zaﬁom the clharrber and
repl acedA"\/UI’et‘??ta af°ﬂ}§|‘(f\r gagerflg )’es The"s teﬁen éxcited and

i gnited dreunfior.Med epdrays rEhid enerfgh & qalv&sadao tdenafeaturface whfglﬁch atows geeret at e

met astabl %,Sd,és'[{e 408). [00041] As nentioned, the inert gas netastables are
enpl oyed to e cﬁethe substrate | ayer by inducing a surface reaction at the
adsor bed08Wi#T acencefArt fiemsudyst at alose. to thedleepasl god vetpcppy €125 sV). nstagielle ey be

enpl oyed, 5 W%Lcﬁ {ﬂ:ﬂlléﬂ#&nge%dn?anﬁ%ﬁbzﬁ&n&ft ol REsuPhARpiE P ARQRERCT I NG the
substrate ace m nim zi ng damage or undue etching of the

subst r at lensduﬁ‘rq‘ E98 eV). 1\~'hué§remuca"auwlm siehurcorasppsatibis pepecHibosupeitefBisby ed to
further pPeQRREGre&lGRndiilyardapMNBfichking @it Bdnftde LfbnampPABIBH the @AfeB OF T OPI C
etch. [00042] To prevent non-uniformetching of the surface |ayer due to

t he hol entt€t-n of the separation plate structure and/or the collinator

pl ate, tlagosEPatathionr wagh@t&reaeaiéta{lng bR bedh bf ABh® I rPAiehEcalBY fib@edroved, in
step 410, |aterally relative the substrate (or vice ver s%vaThe novi ng

my be peb T“B‘feﬁé’a‘"by“oﬁ‘eéEﬁ’f"&’qué’?"é%‘lsﬁﬁ?‘m‘"zgt‘gr b‘é%ﬁ‘f’ ‘(‘W’ﬁ"&ﬁ [%cl ude a

not or  anglat©pie \anedubsyanasw)aaé aheahogepamdnng;)mat Bbsrepammmlam(s) [700M:azp6As can be

appr eci at ed fro t ti |

met ast abl && 6?"”!11 '7‘??@? ?Wadaéonf b%l%‘fm\})ﬁaiat[eg? ré’fﬁ" gt@?’e ‘?Ogla'trg °rd)nate a2 'Flg%"g%bst rate

| ayer t hath thasirbeeveliaglsongabelaxid dfithestigamint plawl(iec, wempsndid@ar enthé sepamigent he

- el ectronic ener 0 t. rate's
adsor beoplate (); \aszug‘%}a%%ggmv%%ns 91“5%%( (fer(eth atfggggl:ntgpglgge}ll& ‘Eg‘eﬂ:&gﬁ borbar di ng

t he subsgenabte‘tgswdlace during t he atom c | ayer etch, enbodi nents of the

i nvent i %?@qra%@rgg alisky, 4Yhibh Jgfaﬁnybpmmﬁarsmgms@%qp&mmegyha%ner getic

speci es asnas tching highly delicate |ayers and/ or whe

per f or mi Hg3 éf?grqeﬁ angl mage Bfﬁfeéables%I‘haét* tRSdegreopaue s varticajagis i(‘f?\*?é?ﬁ i on has

been desghidigd pkieddiuli® iothe s%swmlpuawm,@mﬁgas@ b&h raamnsm ﬂa@rz@s are
alterations, pernutations, and equivalents, which fall

E{(Pe scope of

this i nveHoRoRY cplfisipnsevithepliimatos phate;226. SHhsse S FIOmS A8 Sﬁ"w'é%ﬂmt“érz P i nt ended
to have ips Amm@pm*yamm@manaqdz)mwmw.@hermgamemgvémtwarcalmrso one, or
nore than _one nenber «=1= inventio uld Qe un erstood to al sg enconpass
these al 8pellsivEs “"Hb‘th AR ipaigRlate d"e iRvE-( eH’te%e Y MBI 88 be not ed

t hat t hedife ajof colbisiyn. all Iﬁﬁcﬁ@ﬁel anewy\&ys vofncailyrpiremﬂmm nfAt*heimmetdeodsheand

appar at us of t rese ent i n. Al t hough varl npl es are

provi ded‘vﬁ%rséff?ff’?‘ﬁ?'%i“gﬁ‘i’g aéo lﬁ’ TRat” T‘ﬁee§eem°ea>g Arpl ms%ﬁép‘? %(t?}’ustratl ve and not

limting with respect to the invention.



CLAIM5 What is claimed is: |.A nmethod for etching a | ayer on a substrate in

a sem conductor processing chanber, conpri sing: I ntroducing a first
gas into weiadizshaseher, said gas being an etchant gas suipCahiseoi2ouciet ching
said | ayer; allowing said first gas to be present in said chanber for

a period of tinme sufficient to cause adsorption of at |east sone of said
first gas into said |ayer; substantially replacing said first gas in said
chanber with an inert gas; generating netastables fromsaid inert gas; and
etching said layer with said netastables.

[00037] The directed flux of Ar* atoms impinges on the features dosed or adsorbed with
etchants as mentioned earlier. The Ar* atoms impart the electronic energy to the surface,
inducing chemical reactions that result in, for example, etching of the surface at the bottom of the
feature, but not on the sidewalls. Upon complete exhaustion of etchants on the surface through
Ar* induced etching (or Ar* induced desorption), the etch reaction stops. Since the momentum
transfer from the beam of Ar and Ar®* impacting the surface is extremely small, substantially no
damage occurs to the surface. Fig. 3 shows this vertical etching aspect due to the fact that only
vertically directed Ar* atoms impinge on the bottom 302 of feature 304 but not on sidewalls 306
and 308 of feature 304,

[00038] To prevent non-uniform etching of the surface layer due to the hole pattern(s) of
separation plate structure 202 and/or collimator plate 226, separation plate structure 202 and/or
collimator plate 226 may be moved relative to substrate 228 (or vice versa). The relative lateral
movement of separation plate structure 202 and/or collimator plate 226 and/or the wafer & wafer
chuck assembly has the effect of preventing the through-hole patterns of separation plate
structure 202 or collimator plate 226 from being imprinted only on given areas of the substrate
surface.

[00039] Generally speaking, the relative lateral movement of separation plate structure 202
and/or collimator plate 226 and/or the wafer & wafer chuck assembly should be sufficient large
to ensure a time-average uniform flux of Ar* at all relevant locations on the wafer. In general,
the lateral movement amplitude may be at least as large as the distance between the holes in the
separation plate, preferably 2x the distance between the holes in the separation plate in one or
more embodiments.

[00040] Fig. 4 shows. in accordance with an embodiment of the present invention, the steps
for performing atomic layer etching. In step 402, the chamber and more particularly the chamber
region above the wafer is filled with an etchant source gaé to promote adsorption of etchant gas
molecules at the substrate surface. In step 404, the etchant gas i1s evacuated from the chamber
and replaced with an inert gas (step 406). The inert gas is then excited and ignited to form a
plasma in the plasma generating region to generate metastables (step 408).

[00041]  As mentioned, the inert gas metastables are employed to etch the substrate layer by
inducing a surface reaction at the adsorbed surface of the substrate. A separating plate structure

may be employed to prevent the energetic species of the plasma from contacting the substrate



2. The nethod of claiml| wherein said netastables are generated by formng

a plasma fromsaid inert gas. 3. The nethod of claim2 wherein said

nmet ast ablwe 2013zaed28e a separating plate structure whil epPairgisatiziogeiBT om sai d

plasma to said layer. 4. The nethod of claim 3 wherein said separating

pl ate structure has a plurality of holes configured for substantially

preventing mgration of plasma charged species to said |ayer. 5. The

met hod of claim 3 wherein said separating plate structure conprises of at

| east two plates that are electrically insulated fromone another, said two

pl ates having different voltage potentials during said etching. 6. The

met hod  of,riedeahiRet}, M%gh@daﬁﬁaggonﬁdaéétamoq#tlﬁlsﬁ&rsémwe[faesﬁeu Li mator plate

whi |l e n1grat|ng fromsaid plasma to said |ayer, wherein said collinator

pl at e i scollimas ke mrtaliedn e@aliouedéejf}wwa&r@mamcwfea"@ém*fa%uﬁwg M at e

st ruct uri@anhly dhisokBic &t .hod of claim3 further conprising moving at |east one

of said sqﬁaratlng pl ate aggpsald s bstngte relative t e ap ther during
t @wav

sai d et cRPHg) wilerpresmdory £iphing of thg surtppe layer dpe g thecho erein said
etcﬂagt ?&&?tfbﬁlﬂta&lsﬂﬁctfﬁ: aw@aﬁed@nhﬂmga&f fhB ckparaiich dgﬁy@fd/dimtcalhﬁﬁto& . 9. The
nmet hod of cl ai erein,saij eriod of tinme is between out 0.05 second
to aboutPABEFLRTBAES, In S‘WD“E?@%?f%‘lé%?@ﬁ@ﬁ‘%‘%ﬁ/‘@%‘i@fm) € moving

may be performed by a suitable actuator arrangement (which may include a motor and optionally
associated gearing), for example.

[00043]  As can be appreciated from the foregoing, embodiments of the invention employ
metastables of an inert gas to activate surface reactions with a substrate layer that has been
adsorbed with etchant molecules. By employing the electronic energy of metastables to perform
the etch on the substrate’s adsorbed surface layer and by preventing the plasma species from
bombarding the substrate surface during the atomic layer etch, embodiments of the invention
advantageously avoids the bombardment damage caused by energetic species of plasmas when
etching highly delicate layers and/or when performing critical atomic layer etches.

[00044] While this invention has been described in terms of several preferred embodiments,
there are alterations, permutations, and equivalents, which fall within the scope of this invention.
If the term “set” is employed herein, such term is intended to have its commonly understood
mathematical meaning to cover zero, one, or more than one member. The invention should be
understood to also encompass these alterations, permutations, and equivalents. It should also be
noted that there are many alternative ways of implementing the' methods and apparatuses of the
present invention. Although various examples are provided herein, it is intended that these

examples be illustrative and not limiting with respect to the invention.



10. The method of claim 1l wherein said generating said netastables is
perfornmed after at | east about 80% of said first gas in said chanber is
repl aced wipt2h13gae&oi nert gas. 11. A substrate processi rgTABRIMRMEIAVI Ng a
substrate processing chanber for etching a | ayer on a substrate,

conprising: a chuck upon which said substrate is disposed during said

et chi ng; a separating plate structure separating said chanber into a
pl asma generating region and a substrate processing region; a plasna source
for generating a plasma in said plasma generating region; and | ogic for:
introducing a first gas into said chanber, said gas being an etchant gas
suitable for etching said | ayer, allowing said first gas to be
present in said chanber for a period of tinme sufficient to cause adsorption
of at |east some of said first gasClM¥Ssai d | ayer, substantially replacing
sai d firwha&aSaimbd 8ai d chanber with an inert gas, generating netastables
fromsaid inert gas, and etching said |layer with said netastables. 12. The

substratle pr6cB drref e RIS °'t*} %ﬂibf'ﬁafl‘“ﬁﬁ%‘?‘%‘i“ﬁ“‘é%{lpéocﬁ%t“§§t‘aﬂﬂeés are
gener at edmbysih@r M ng a plasma within said substrate processing region from
said inert glahstrohlsclmg% f;srsaflggs i tloaéz?igahasm lé{ g’ald gas being an etchant gas suitable for
etching said layer;
allowing said first gas to be present in said chamber for a period of time sufficient to
cause adsorption of at least some of said first gas into said layer;
substantially replacing said first gas in said chamber with an inert gas;
generating metastables from said inert gas; and
etching said layer with said metastables.
2. The method of claim 1 wherein said metastables are generated by forming a plasma from
said inert gas.
3. The method of claim 2 wherein said metastables traverse a separating plate structure
while migrating from said plasma to said layer.
4, The method of claim 3 wherein said separating plate structure has a plurality of holes
configured for substantially preventing migration of plasma charged species to said layer.
S. The method of claim 3 wherein said separating plate structure comprises of at least two
plates that are electrically insulated from one another, said two plates having different voltage
potentials during said etching,
6. The method of claim 3 wherein said metastables also traverse a collimator plate while
migrating from said plasma to said layer, wherein said collimator plate is disposed between said
substrate and said separating plate structure.
7. The method of claim 3 further comprising moving at least one of said separating plate

and said substrate relative to one another during said etching with said metastables.

8. The method of claim 1 wherein said etchant gas contains at least a halogen and said layer
contains Si.
9. The method of claim 1 wherein said period of time is between about 0.05 second to about

180 seconds.



13. The substrate processing systemof claim 12 wherein said inetastables
traverse said separating plate structure while mgrating fromsaid plasna
to said |w@ean13/012620 The substrate processing system of eCaiusedi3/owd18T ei n
said separating plate structure has a plurality of holes configured for
substantially preventing mgration of plasma charged species to said | ayer.
15. The substrate processing systemof claim 13 wherein said separating
plate structure conprises of at least two plates that are electrically

i nsul ated fromone another, said two plates having different voltage
potentials. 16. The substrate processing systemof claim13 further

conpri si g alﬁg)hluhaaiiazlsfgﬁaraﬁﬂln@\tht@.;emvyglfﬂrg@&epmﬁggaqh Bl AR A ABmli 3Rerdaf aVer se sai d

collimator plate whil grating fromsaid plasma to said | ayer, wherein
sai d col leashehony80p eftseid fisst ersdpwidechambenr wererlacs@vith sahger gase and sai d
separating pladuBsudleprsckdding sysieihadhd 3s6bl it oSetiihididmhBé AdGiRing aldyer The

substrate processing systemof clarm 13 further conprising actuating
ar r angen®¥ft subensPHE %t | east one of said separating plate structure and

said col | i matehucRlupdbwidikariaubbirstd RStigpaded dirdlgabid ¢hing, One anot her during
said etching wth said netastabl es. &8. A substrate rocessi.ng system
havi ng a subdtfRAPENHPIRE STURI RIS S71d FRmbeT RIRA Pps R ?%@f'"%ﬁg'a st rat e,

sai d subsbsiateeradtesPasetbnon a chuck within said chanmber during said etching,
conpri si ng: te st I‘.?IC'[ ure separaf i.glrgag@i d chanber into

a pl asma genérpgfq'%%"fcgg‘?%g%egagi & gl"@ﬁﬁas'f’ sUf BlayasreRerainglee au il "2 pl asma
source for gdémerfating a plasma in said plasnma generating region; and |ogic
for: introducing a first gas into said chamber, said gas being an etchant gas suitable for
etching said layer,

allowing said first gas to be present in said chamber for a period of time sufficient
to cause adsorption of at least some of said first gas into said layer,

substantially replacing said first gas in said chamber with an inert gas,

generating metastables from said inert gas, and

etching said layer with said metastables.
12. The substrate processing system of claim 11 wherein said metastables are generated by
forming a plasma within said substrate processing region from said inert gas using said plasma
source.
13.  The substrate processing system of claim 12 wherein said metastables traverse said
separating plate structure while migrating from said plasma to said layer.
14.  The substrate processing system of claim 13 wherein said separating plate structure has a
plurality of holes configured for substantially preventing migration of plasma charged species to
said layer.
15. The substrate processing system of claim 13 wherein said separating plate structure
comprises of at least two plates that are electrically insulated from one another, said two plates
having different voltage potentials.
16. The substrate processing system of claim 13 further comprising a collimator plate,
wherein said metastables also traverse said collimator plate while migrating from said plasma to

said layer, wherein said collimator plate is disposed between said substrate and said separating

plate structure.
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introducing a first gas into said chanber, said gas being an etchant gas
suitable for etching said | ayer, allowing said first gas to be
present iwoOaixbiedzanber for a period of tine sufficient pCo/usaugm4@dsor ption
of at |east some of said first gas into said |layer, substantially replacing
said first gas in said plasnma processing region with an inert gas,
generating a plasma fromsaid inert gas in said plasnma generating region,
and etching said layer with netastables fromsaid plasm,
wherein said etching is performed while substantially preventing mgration
of plasma charged species fromsaid plasma to said layer. 19. The

substratg pr Qﬁ(.es%%ftﬁga p?é/c%&sﬁ@&iten%taélmwﬁ MRS c%l'nPn§ Al AnaGRAfAhéRnp! at e

structure has a plurality of " holes configured 1Tor substantially preventing
i gr at i dar weving asdeas oemfrsg-éde@p@es elstets@cgw apd|sgig eqllimatorplatqppd saidpst r at e

pr Ocess'sﬂgsn\'ﬁaé%lﬁme‘%ﬁ orfelafdtier bBrimheiaRiching il saﬁ@ﬂ@x’és’%&ﬂlé@g plate structure
corrprlses of at least two plates that are el ectrl L%rﬁl ns Iat d fromone

anot her ,'3saj & sthRyai8IPERCESSINR SXFIeTHhAYIng £ sy hstrgte P/’B?eﬁ%'b?ec gega azf The

subst r at ARLEEE SafAGuiSyrak @p&td 6 AdhitklSitivéald¥hambS A gShid@tcdingol | | mat or
pl ate, wherein said netastables also traverse said collimator plate while

m grati fg"mPPYM sai d plasma to said layer, wherein said collimtor plate is
di sposed bet wegaragad lats st tufddeparing ssid clchnbeqiaw atplaaga pénataéngsiegios bdrae.

substrate processing region;
a plasma source for generating a plasma in said plasma generating region; and
logic for:

introducing a first gas into said chamber, said gas being an etchant gas suitable for
etching said layer,

allowing said first gas to be present in said chamber for a period of time sufficient
to cause adsorption of at least some of said first gas into said layer,

substantially replacing said first gas in said plasma processing region with an inert
gas,

generating a plasma from said inert gas in said plasma generating region, and

etching said layer with metastables from said plasma, wherein said etching 1s
performed while substantially preventing migration of plasma charged species from said plasma
to said layer.
19. The substrate processing system of claim 18 wherein said separating plate structure has a
plurality of holes configured for substantially preventing migration of plasma charged species to
said layer. )
20. The substrate processing system of claim 18 wherein said separating plate structure
comprises of at least two plates that are electrically insulated from one another, said two plates
having difterent voltage potentials.
21.  The substrate processing system of claim 18 further comprising a collimator plate,
wherein said metastables also traverse said collimator plate while migrating from said plasma to
said layer, wherein said collimator plate is disposed between said substrate and said separating

plate structure.



