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[0004] A mask, representing the negative image of the desired pattern, covers the
substrate to delimit the area removed by etching. Masking may be accomplished by any
method well known in the art including for example: hard masking, resist masking, or- oxide
masking. Hard masks may comprise any of a number of materials including, for exanple,
dielectric materials such as silicon dioxide, silicon nitride, and silicon carbide, and mestallic
materials such as aluminum metal. Positive and negative resist masks may be utilized for

etching crystalline silicon, polysilicon, and amorphous silicon. Notably, mask erosiora
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[0007] Scalloping along the etch profile sidewalls is a phenomenon that has been

extensively studied. With scalloping, the sidewalls of the etched feature assume a scalloped
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[0013] Another embodiment of the present invention provides a method for etching a
feature in a layer through an etching mask where the method includes the steps of providing an
etching gas at a first pressure; forming a first plasma from the etching gas; and etching, at an
etch rate, the feature defined by the etching mask into the layer. The method continues by
providing a polymer deposition gas at a second pressure; forming a second plasma from the

polymer deposition gas; and forming a passivation layer on all exposed surfaces of the etching
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close to one another (preferably as close as possible and most preferably substantially the
same). While the additional requirement that polymer deposition sub-process pressures and
the etch sub-process pressures be close to one another may result in some compromise
elsewhere, it is believed that such an approach is still worthwhile, in an embodiment, in that
such approach may result in a highly advantageous etch profile, particularly with respect to the

ability to avoid scalloping for deep etches or etches that involve narrow features.
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[0029] Once operating parameters are established, a wafer 300 (FIG.3) comprising a
substrate 308 having a mask 304 thereon is placed into a plasma chamber 500 (FIG. 5) at a step

206. Asnoted above any number of substrates known in the art may be utilized including for
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a substgig §@$r ek thi plagesing priogess chpmper St (i ren) atgrsjep 204.
number of masks well known in the art may be utilized

[0030]; nc| uchmeaninde progesnshamber0@ imaldustrataddnifdG. sk will be discussed

. iyde: i d s .rom t he present .

i fart2E U BERS? DA AL U8 R O B0 cpmprises

single tlantbeealitlamgh bne siied inathit ad will racqphdedshatthasieim nyYes single

allows for selectjve_etching of an underlying i
chambg 5 aRuieehempet cesign; it 308 iuay he eacaesl iwavoscsnghamber 500 in any
; f. j r
s OER KB 9 VR, 00 EETEAAEC Al ORI o o
electrogimic@hugk. &t orze staeple@bodifeR)walksr 30dsplacepon dessirface of bottom

ha r 500 .is illustrated.in FIG_.5 and will be i
clectroff g&qﬁi’g@ﬁﬂ%@m% A Hid D PR oBRdigy %@Q@g msp be achieved
by mednBloBa €U-Gied SRR bhilRr RIRGEASn ENATREIpe PG CRBPE ‘ch%ec%nﬁtnsation point.

si ngl e chanber although one skilled in the art w

Typicallgceogh tepmgratirgimayhee abpst EntGaWafer 30Gisrgbdshasinet todnhibit a

< C er design. Wafer 300 may be secured in
pdym‘%rdggé)esg%onc%%;ﬁ‘r‘ger 500 in any manner well known in the

art incluydin for example, vacuum assj st ed chuck
o020 LS s f S BTl Bl
polyme [BAski tia (bub-PrRicess) RAAItINE iPh i‘)ﬁ@ﬂvﬁfb_ntlgfer%ﬂéﬁﬁﬁﬁ% Yith etching (sub-
bottom el ectrode with backside heliumgas acting as a
procesy} @gpbstraim sFherpraeass descibed hargimiapobkmited by wey obder wé steps 208-210
= Cl j hiller. which. maintai
a0k, DO 4l SRS, MO TR AL o ugepypcyan
(C4Fs) Betludtenqicin FGS3Brayd BB. @Pusaslfoemadiiecdet Bt 3G staRlr@Bubic

. SO0 as not to inhibit_a polymer deposition step. [0031]

centimeters PeH IR _&gcwbp & ¥fsscemdor palypyer deppsédaniteps. oye inital

polymd?deF&BtFor Eésﬁf‘edof@;FQgésyig@gta 134 'ah{iggs ﬁgw}ét%rig Eflf]tﬁ}lled by a
resulting in a passiVation lT‘ayer al ernating w

throttleetabstei hayingsubpseo valss positien bss sednein FIGe 3Br passis/ation layer 312 forms

on the desfs” %l?%ffggfﬁo i 3%(2?&4&%1}1?%%9@&%82?%@%{] dFeIrG. 8fD i%lhset?astes a

passivaidh ayRf SLLHhed $h BlewhN 31X AR channel 316 ¢ i
Cct of | uor ocycl obut ane (CAF8) is Fla}nll}gtratseugs?%ueﬁ 8§net°h1ng

step. Oz parresgpf the prgsiypdion flayena Ithis togredtle prasent®n fot aiasaB@k and for
sidewaﬁ%?k ﬁuﬁﬁ‘%&ﬂ %ﬁiﬁ%%teB?r m nute (seem) up to 200 seem for
pol yrmer on

eposi steps. An initial
[0032] A result of an etch step 210, is illustrated in FIGS. 3C and 3E. Silicon etch step
(sub-process) using Sulfurhexafluoride (SFg) may be performed before or after a deposition
step (sub-process). SFs gas flow may be set from 30 sccm up to 300 scem for an etching step.

Initial etching pressure of SF¢ gas may be established and gas flow rate controlled by a throttle



pol yner deposition pressure of CAF8 gas is established
and gas flowrate is controlled by a throttle val ve
whanshgsowr preset val ve position. As seen in Fl PZJT/BSROOS/009531
| ayer..312 forms on, the exposed es of

valve I%gfrfgl al\,ﬁtgqlg Xe ﬂ%]tl%tb {qggtcgnwgeng)dé:p ro]';rp@?& {Dal(\:fote that

depos1‘ubﬁ &&ﬁfétéﬁlﬁ% ﬁ)c% basadel ARy lbR%EI with 2hd @niESskeR valve position or
dewal | s R etch channel 316 subsedquent to an

with a étf&ﬁnﬁ,dm@ s@zstarmﬂ,y pinttilso preseifvaleepositing. \lﬁxrtmrmb@ye de®sition and
Vi de rot ctlon f
cching e b b R 6Pl s R S5 aRbostiq nd tching
time ﬁ@fn BfRwade6hds tupRo ﬂ&cxin‘iatélt; bostdoat e dThip o%@ timen@ythlso be set
3E. . Silicon etch step (sub-process) usin

with asipdfvidusb stap1 Y Yelllusicgps angiclbehgmaiel é}muw@géfc?l acyclic etch
sep 20 S8y RASLAL e PSR BE 85 il SR 2081d Moyt urin

etchingt lapprefened emboditrehisng pautien ofi passohtiSh@ayga s 1 rdhat lves formed on

tahlish fl troll ed .
mask 17, e B0R VR HSORIPEo B LRGN BS 0t 681 Bgsegn in FIG.
3C, mésR '39141 {SprbeeRdTRIM E&Eloﬂwlﬂa%vatﬂbﬂqﬁy&mﬁ dﬂ@ﬂﬂ S cty‘cﬁ@ eBfhg step

etching process pressurés may be set wth e sSane
210. F;iGe%létllus‘aab@sarﬁmﬁwtr etsh step 2Dt the oyiclit preness. but
substantially simlar preset valve position.
[0033]Fur t hedmwprap, etehineges 210 bay cangla¢d; the medtcmlpdemamﬁhesmhether more

. tinme can be ta. b nafter each ,c e of pre
ctcings U ghoiaR 2t SR QG RBIRY B b e o BhuBug o user
selectea%faaaetémhﬁmal@ f&eé;@ﬁ% dddied e&ﬁeaé;ﬁw of il q? bEBYspBhsife to any

set with an individual step. FIG 3Cillustrates an
other Qadpmntcth@lnme dimoreeohing irgrequi, theyrobess refuots totstep 208 and

continfe LR KBS0 e bt SRl B e 8 sencrea
for bomrdeﬁwiﬁcﬁpblﬂrmaﬂngrﬁglms n@iRgintd @ﬂo@éhd@@&épdéﬂidr&{hd' Mlfhg steps.
312 that was forned on nask 304 during a pol

Furthegdp sayme fﬂ@hO@fr@ptSzg@ swatehing debrechaleposiban and e ‘éhwgtﬁéeps may be
controggdselgslr g} ss 41 %ghtr(ﬁﬁl%gl 3% ¢ §a195)°t£ Ghatn ftl['xﬁ:rﬂl&rrx?zﬁ 1,202 the two

Yayer cyclic et
steps i2 @ ferddl GlesS ElaMIZSOSmlilwbamd& AurME@rV&W&hrrﬁdtem&l&E' dontrols the

gases GpAGEpRpIEG G YONICHER HaBS SR Pt QT R R0y one gas i

supphé’ét%hhé‘ﬂrobéssrcﬁ&iﬁbér%@a@ﬁneSt ep 212. This determ nation
may be based on any nunber of user sel ected paraneters

[0034 ]I ncl UdT rod &3 AR «%qsea’t stgﬁg'lﬁ Glef 63 n‘i@ﬂ&@th%ﬁ #i@ﬁe%rrng'l%s whether

respons e to any nt techn
anothee proleessing paramefen see shouﬂdﬂae mwemmd rfet ﬂrermnteﬂt pﬁemré&&& and P2. If

and conti nues c et is no | X
anothef BAFISRIE PR St RN s (oAl AETuRdp giegaldriapeayide a ew
procesélgg p@[@hﬁtéﬁ' 8BQSitile %Ehn"i’tﬁﬂn%t B0 bRgert 208 ule’ PTBINAS) %Qreupon the
hroughout deposition and etching steps. Further,

methOé gwﬁlr@n-bthmmfths steprdesenibedaibong he@me@nbcdhmosi auvmferdmlng
be c ntrol led b

substaf st GOk B ot Rt B PO LB AP T s

manndr,\/izﬁ)ocess profiles may be recorded and analyzed to determine an optimal process

parameter set. In other embodiments, wafers having different compositions and/or

configurations may be placed in the chamber using the same or different process parameter

sets. Once all process parameter sets have been utilized, the method then proceeds to step 216



steps is preferably less than 250 mIliseconds. An MFC
val ve sinmultaneously controls the gases correspondi ng
W o005ke89tTW0 cycling steps such that, in sone PCT/US2005/009531

e FERTE g B B RS0 15, PSESAe
investigh&R AJRoteBabsvd ProcERIfIedules e 2AgPoLM %’Lﬁ%’é&fﬁﬁfl? Stmilar, but may

anot her processing paraneter set shoul
range ffony adew gatad td saverah gumxhrcd wilorrp Tbs suatksl Mlenands.P2. | f
anot her processing paraneter set is desired, the
[0035] net hod hus; fior esamysle st mpthA0 fortdetepmininglan eptisal pieh f@ssgiRven wafer

ranet er set || e maintaining the current pressures
compo‘lgg‘i’nﬁﬁaoﬁgjne\ﬂﬁé?@ the nethod continues through the

S descri bed, above. | n one enbodi nent, a wafer

1. P1 %%@5@@%&%@{%‘2?}% stantipdlyedualito Bdnf i gur ati on and
CONPOirb iR PEBRE JBi F_qed in the chanber. In this
manner, process profiles my be recorded and anal yzed

t o det er ni deepmuitioptBtolaCyqle ocess paraneter set. In

ot her . enbodi nent s, rs having different
coﬁboﬁr?‘feéf‘]gar f%ls\éﬁggfi gurations may be placed in
t he champerpdrektiontHien & or different process

par anet er seetp?. Once al ?Mﬁrocess par aneter sets have

beeh Frdesy Barametes Seet.Aod t hen proceeds to step

216where.itn] ' whet her anot her set of
oper at i né‘ &%’?&%ﬁé@tg}egﬁ% P2 shoul d be investi gated.

2. P1 As00mTett, aheneR?2 Brsabdsmially egslteBl Pl and P2 are
substantially simlar, but may range froma few mlorr
to $evErcess Ruametd Sairdlr . The nmethod then ends. [0035]

Thus, fok %&a‘&@i‘ti%n/]i?oﬂ‘@%&@d for determ ning an opti nmal

etch for ‘a grven wafer tonposition may outlined as
f ol d.0oWsocess Pirameter 56t 2iforr, where P2 is substantially

equal to.Pl.a. Pro s Paraneter Set 1.1 i.

Deposi t i bn/%etpeﬁlt@é% gy&?’r ocess Paraneter Set 1.2 i
Depos iPrdeBé BhirahefeY &2 §. Process Paranmeter Set 1.3 i .
Deposition/Etch Cycle 2. P 1 = 100 niforr, where P2 is

subst ant i-allPaposigion(EieloCrile d. Process Paraneter Set 2.1
3. P1 ‘—JX'm"Pg"r?,o\%flérle %/isE tstfbhsta(r%/iglllyeeq%al tlgrfplcess Paraneter Set 2.2

g. Process Parameter Set 3.1

i. Deposition/Etch Cycle

[0036] As can be seen from the above example, this iterative process may be continued
indefinitely until all process parameter sets and all pressures are tested. The results will yield

data that may be analyzed to determine the best etch process for given production criteria.
Method: Using Selected Process Parameters
[00377] Note that the sequence below is only illustrative for an exemplar etch using an

exemplar recipe on an exemplar plasma processing system. Not all etch recipes will require all

these steps. In other recipes, additional conventional steps may be employed.



i. Deposition/Etch Cycle f . Process Paraneter Set 2.3

i . Deposition/Etch Cycle 3. Pl = X nforr, where P2 is
waeolsogsit al |y equal to Pl g. Process Paranet ePCBE82085/109531
036] As can he seen from

100381 b PeTESE AN o RS ey RS Syrob Batactrs o

optimi€®the ietthadtel &@Efﬂdﬁlé @hy etdR katlsfakibn, pF@lc&%ﬁlﬁPércﬁﬁﬁfb%f  pressure
sets and all pressures are tested. The results wil

throughowsithe drpositiph atep rag thsetcing siopuay be cdatisiehy n@mthme@ es tlose as

possio PR ER R s LR BACTHEH . FAE i S gt

step olﬁimimg rjﬂ@ssﬁ@aﬁwm stclitlestepl dpesitiba btegsurt & prafere¥§Rebeto a minimum.
et.ch using an exenplar reci pe on an exenplar plasma

Mamt%ma% aSensigt Spsiabing Piestureihroughewt & depppiign/giah 0310&11@?){ geduce
poces L S S ek B RSB s o

converitivualdystemsc dm fue atpb<ailmsn1$ depesition pad tichinggrocem tpraskures are

i SR A S S £ LR PO o o

mTon&@g@,@g{pgyﬁdrg@ﬁlm%po& tion step and the etching step
may be relatively maintai ned as cl ose as possi bl e.

That
00|12 3, Bt L SRS LR o o
steps, for exsuple, raamlalam bedesivablg. &t emienip&nahtanga p]ramfreﬂzd IaSsystem must

ref er abl t to a ni num Mai nt ai a const.ant
remainfglce gl BB AP R T B RoDE Lo HBSTET B st wolume.
MaintdiiMg b HIER ﬁé‘l&ﬂ]@&%hﬂ& 4 dpBsilEHBRIA ByAe 25 B TLOBY0BQKing time
require wait intervals to equilibrate as in
becausg grsyeiami maanot sg@tingrveait intereats toreguidibrasnes 1nob®|m'sn1ucnrmh syasmins The
t.chin I ces e nalntaln a
exampfR SR INAGE A SR 68 Mo dRolbRl DESuR) ofRiiA solizs

Howevel,@het sbanvedBieh as,ICPIRMBE Rl d@uﬂ@a 9chs frHcR [(BR3®bn cyclotron
Addi tional | Yy, .mintaining a ghasma duri ng

resonangg) JUGHAERCIING jsgesiahin), adheliknmey Bpiilizesrwithewiplepartingyrom the

presenfﬂn%%ﬁ desirable. In order to maintain a plasnma
(5 a system rrust remain as close to equilibriumas

[0040]pg|53I %e%%Ln% %;GLAF ggpgg?e%éﬂgr ecﬁ?lg ra(grha d %?y etching a

substr@@ﬁ%b@ﬂd@ﬂﬁle&bﬁlha@&ﬁb@hﬂ@ﬂt ofelbsiesaRt REBHI IThe PR cess illustrated
because a systemmay not require wait intervals to

in FIG 4y tiay ibg paackiceds i apreduriien envrameny.s inehiiep 4018, asenppiting pressure
for P1 gﬁicggzﬁg ﬁgylggéfgt}g%éfu%ﬂaje%péﬁang H&E pgéce@ﬁgﬁ{l%esr aré %i’lelzlleFegmmed

using, for example, the process illustrated in FIG. 2. For illustrative purposes, in an example

embodiment, a pressure of 50 mTorr is set as noted above. Pressure is maintained by way of a
controller 535 (FIG. 5). Controller 535 and its associated structures and functions will be
discussed in further detail below with respect to FIG. 5.

[0041] Process parameters are provided at step 404. Thus, for example, in an
embodiment, C4Fg gas is used for deposition. Plasma from deposition gas is generated by
subjecting the gas to a radio frequency of about 13.56MHz from a top TCP plasma source and
bottom electrodes. During deposition, TCP (top) power is maintained at about 400W and bias

voltage is maintained at about 50V. SFg gas may be used for etching by releasing fluorine

10



However, other sources such as, |ICP (inductive coupled
pl asma), ECR (Electron cyclotron resonance), R E
W@ e@aoes9ve i on etching), and the |like may be ur@T/Ugmd5/009531

rodicaR TR G Pk Ry Pisocil - Sl uBedor LR, BRgA source and

bottonk SectBRiel. "BltiNg @ttcﬁﬂﬁ ECP ( t%Hﬂ?&v(/é}t1§nﬂaﬁltﬁﬁ&P£t@9&Q€4Wthnd bias
an enbodi nent ~ of t e present iInvention. The process

voltagg i maltn‘rameédtt alvpuif I ®V4 Imayndagnlmchmtnfswg@mgea ipnetiinttodoeed with

402
both 5F¢ 4 €3 Pl rieihiegig Ay §Bl By AT AR a00%, o
ionizaR6 W HESSsnRY SHS YbRFalB nbfiRARInetividl ashousts 89 incfdefrt ions present

exanpl e, the process illustrated in FIG 2. For .
during plaw qehing eT&sp mé@ay stkensidguthind wepioue p pertion gf a passivation

layer cﬁéu%ﬁgﬂé a sqglevga%bllgglﬁ{l{}g e &gﬁcg}?eﬁ Iﬁ?ﬁ?}iﬁ%d g%}fo?&lc@[lﬁé?lﬂiﬁle of each

a ne
of depﬁgtibm ahd echib@Stepnalay bs madsgiaedifos dess thancaboutel? seednds, in a

nctiqons wll be discussed in further detail pelow . . .
Prefelwﬁteﬂ@é t Othsr moaesssﬁarql%fzm}naw%és%%s teny ‘Psé%&r@tlmlzaﬂon

methoﬁrd@é’d fgg&ia@gvestep 404. Thus, for exanple, in an
él ment, CAF8 gas is used for deposition. Pl asma

o R A0 SO 5

the etqhvmnmtlﬁowodnez(mzm Okmtdemnbeﬂ abdveddeBIG.DU rThug a result of a step 408,

osi tion, t op) p is t, aj
polymapiRpatian G mEQgP O ommpls; (il inp gk B UAS Gkand 3D.
C4Fg @@ﬁoWaﬂ% 468 86 7 scBiGlp 18200 s¥orh %reaakﬁﬂﬂﬁer deposmon OSltJ . An

[ uorinéradi cal s by means of radio frequency of ab
initial palys6:r MM)Sftmmr@sSm P TR gisasayebesastablishedrnwheboghs flow rate may be

controﬁlg& ﬁ ?lﬁg@Ie th;a)ij {lle}%g%/?% KﬂV%P%SgtlQ}gl)‘%gffgn Iruéhs(} 3B, a passivation

layer 312 fobad iesh @ipo@&?s!i&fa&&(b\f botmaskMR4emaadbaR 30 8 #yEAN FIG. 3D
gas is not introduced with both SF6 and CAF8 gases

IHUStf@IQFr 2 pRgsivRiorelex et Yg famerdont sidasyallgSpd of en eigh ch@mﬂit?»éﬁ subsequent
to an &Qﬁ%@stﬁ@ aéné élllp%?etd rloasﬂveﬁ{o%ﬁ&er 34 953 to 5]\? §é néljc;‘cectlon to mask 304
contal

nontrivial *anoun i"nci Fesant
and tockiteiwad] 30B daring i elching stephese i ons may str| ke a
sidewal | and renove a portion of a passivation |ayer

[0043Pr undanediilt oF ahictVedp 4 10eBUllhdtReed il RGSCRE hi@P88. A silicon etch
profile. Theref ore uration tine of each

of
step (Yepwagess) asing s eraythergrfermagskbafery op aftaia dengritien stenr (sub-process)
sPe bRty PR S 18 SAEATa00 Do 0 6L B (BPA ARG ecing

pressurdref Smtgamgtbe@stahmlbda GvheRSeas iﬂa@\dra&hmtﬁbe &cﬁf%ﬂedmy a throttle
t ¢ch/ deposi tjon c ? 408/ 410, proceeds in a
valve Ggyiag ameseivelyedontion fusing tomirolerchode ot that&epe%qoe and etching

o R3BLAE, P ot A Lt L By 1 S
substafitallyesimntpt, pres@4mpve msitiohu Furthtrewrd, @ dépmlorssldam;thﬁ:@ step overlap
time can be set to begin after each cycle of preset deposition and etching time from a few
seconds up to approximately 20 seconds. This overlap time can also be set with an individual
step. FIG. 3C illustrates an etch channel 316 resulting from an etch step 410. Notably, a
portion of passivation layer 312 formed at a step 408 may be removed during etching. In

preferred embodiments, a portion of passivation layer 312 that was formed on mask 304 during

11



CAF8 gas flow may be set from 30 seemup to 200 seem
for a polynmer deposition step. An initial polyner
waeleesydion pressure of CAF8 gas may be est abl PGHES2005/009531

where gas flow rate may be controlled by a.t tile

a poly(gr JepoRIiPn §tpP4 08 rergains i mpgk S%éi &5 g0 beendn %ﬁ%n%u rppsk 304
1éot QPR S \6Adsi Shvatibklal @3T8 dBAngEn BXRRELep 410. FIG. 3E

maybggiﬁ aces 2‘? g%t(ﬂ-pbn}%agis 3%4 aﬁ% sggstrg e 3089I§g:1ygl?s.
illustr#es fisMer ¢tthustep 41 @ acydis pracass.on | ayer 312 formed on

sidewal I s 318 of an etch channel 316 subsequent to an
[0044Et chi nin tht dpscribad epbodiosat, afaimaipmgsi plasmeaoficldaydra Sdifth time

e GBI S5 Tl b TR EAASHE n i
intervﬁtb%ﬁve%ﬁ%asé.(s $ndy dohithaAd Btdble Sduiibrivits@Rs \%ﬁich;oassﬂngﬁt?&féd above,

etch step (sub-process) using SF6 nmay be perforne B
may r¢glice pecessingftinee becadsgposyisteimomay tefreqeitdowpit detess)s tosgeilibrate as

. as. fl.ow ma e set, from 30 em.up to 300 em for an

in conRbignrC RN, ARroied oSt urieh g pPebl e PRl fisin 250

milliséBUdd) En&6ind Rhibd ARt S issofsy Ediim] Kalle nigYbdtilized to switch
controlled by a throttle valve having a preset valve

betwegrpRlioesss Bagass idntngle ses valveassegsjhat ply one e efegnsds telenged into the
.0ce r . e
pe B8 3000 P8 8o BB B8 By B e
wheregpdistha Mdtladd detinihdsahat apdieisgd] pydesingddig ot t&uired at step 412. The
Furthernore, a deposition and etching step overlap
methodithgn @@ be set to begin after each cycle of preset
deposition and etching tine froma few seconds up to
Appargiysr oxi mat el y 20 seconds. This overlap tine can al so
be set with an individual step. FIG 3Cillustrates an
[0045kt ch cRafenaig ®IAGr sKIG. Sngya Eermmalizad ethematicepew bfa process

No a _portipn of passivatien.|layer 312.for .at
chamtle? s0 sk, iy B LGSR A eoBRRRhaT b aohfin, B leeiRifby
illustr@e®AI1 B8R Srocésidg chindBer00 RamPiiva Aol AMEE0iBpRAsTHAZTCP) coils

was formed on nask 304 durin mer deposition step

a poly
502, anygperehesitade dvd.mdewenelactrods 58&@ 296 sawen 514, #ilegst g RF source

r e ' ' i Q
s F s oSS L P AR o PRSI Y
enclodukd insvltiali E€Paofls S0 ppatddttistie p04 bad lowe edy@tdde 508 are disposed.
In t heid%q?scr i hed. enbodi ne

Blectthdgs, 3040508 %g 160 et ek s ned Blgrpe ﬁokl?lit‘%ﬂ%_t%? Ilpagt one RF
sourcd m@%tl? :éfé:lcgiéﬁilf c%cﬁﬁ%iﬁ%pﬁeasélé&@dg 5 P%Htﬂ% 1w efectrode 508.

pl asma and a swtch ti I nterva tween gases
RF sonmy 54dt4 intayrtcentpoiss siaple @r differdrit bombimatiorest @SR F wh power wsper

o]y aboye educe, grocessi,n i ne because
clectr g5 04 Ay TR P e PRCr DaEr plsS TP e ghamber
500, vatFer IB0C QR SHHIMON bsEHR ISR and$ AN RYlerd RPERiticMdtGBn lower

time intervals are preferably |ess than 250 i )
electrofel 5085 d e slectred nemprdicha suisable sabsisatel chiwcliogmeshanism

nY il % o) R ef ween pr ases.

(o2, YRR mEtlipl QDo U NN O80T PRER rencor o
528 incsrpoedieagpdr ¢latttodel®4 disposed immediately opposite lower electrode 508.
[0046] Gases may be supplied to confined plasma volume 540 by gases source 510
through a gas inlet 543 and may be exhausted from confined plasma volume 540 by exhaust
pump 520. Gas source 510 further comprises a passivation layer gas source 512, an etchant

gas source 514, and an additional gas source 516. Regulation of gas flow for the various gases

12



pl asma chanber 500 at a tinme. The nethod conti nues
until the desired etch is achi eved whereupon the
woredokogBodet er mi nes that additional processi ng PEI/IB1005/009531

is acc{rg%%]rag ga‘é?ély%it %& , g%&, rgpggi E?Fr;;a?)gg te%r?q%%nergg Ty ﬁﬁé gt%pufsl’ow for the
variou GBS Mdybe\dc € Plishad BY ﬁ‘éﬁ%fe RERTRRY crfid1 leaﬁftet(ﬁgtysh%%). In other

used i n"an enbodi ment” of tthe I nventi on.
wordseseparieganes may berausaded a campiarsmaltippdoebsisvghatewitrhing between

ri,ses.transfornmer cojl plas TCP) coils 50
gases B pE SORFURE 3t b SRR SBATEEogiBlus CusklE: S bgitigae 320 forms a
gas ousletfog Corfikidd pilsmaRRim®OsD. RF source 548/ 544, an exhaust
punp 520, and a controller 535. Chanber walls 552
[0047p€f | neCantRIIRS IBS BAG be SRCRohiBal WU dnledtéPwhAl Vagiond Gomponents of a
upper el ectrode 504, and | ower electrode 508 are
systemjjosiggialalg plasmaqr pesdeeorBRnesid $ncduding, br cwiniisle S0PRAsbine 544/548,

fi I I 40. At .1 t F
o oGRS 80t AT e LR w5 LR e 512,
controbUdvessh ¢dmedtodvaitheheedhaMiRs sddce R4, 908 b AnR4BIAI4 58BY¥onnected
rise single or different conbinations o f RF to

., conp :
with %6&@?10% BaY S Po s mited abane.lagirgle alastflovderl Bo@osashown) may
It hi ' .chanber. 500
o oS 0 LSS DR s o
controlled efra single puskedsipoired Coptrolldr G386 mas et eoge:d50 ontréVss pressure in
felectro e 5%8 iggprpgrates a_g;i@able substrate i
a waleg ARl \VAGT RrkRidh Herfioplng preswre bigspandyyatious fempgiatuaey in

synchi©hBABSWith QklvE Rntkdike) for hol ding wafer 580. Pl asma
reactor top 528 incorporates upper electrode 504

i Sposgal:i ' ' . r..electrode, 508.
ooss e Lt BTP A ARE L St LS008 e
embocﬁmentg,)thgaa&sal’szmgio?a Iﬁﬂlﬁuth?dsnwg]bdiﬁiogﬁﬁnsi emlﬁe&arﬁfﬂ@ salgs@itute

. . uste rom caonf.i ne asma vol une 540 by
equivaliys, ;Wi’fc%égﬁr&l@%?he EERPesy g BVs 0T e ampimattheieali an etch sub-
step isRB&Wh YrbeBAg h a¥ sitgﬁ%uﬁ%i%égﬁg FR3S.2 Ay @,ttﬁé%'i%\b%%s may be

source 514, and an addit | gas source
reversgeeid desiteilo bt shpulgadsofieawtddohatithere wer menssaltEarnetivesways of

. C ish by valves 537, .539, and 541. |n an )
1mplerg%g1glgglllae( @etglg%sb %}d r@ﬁga%qsﬁseofgtgg PECSE T Yeption lI'R/la ?]?qggfgre intended
that the sl RsvinBappeadeiCl sl VeShefhrétyd as SRl MBS hidi@Witions,
control valve (not shown). In other words, separate
permutghiens; megifiqaHonsy grd variays substitiie pquivalentp as fall within the true spirit and
L el et ween gases nmay be controlled at a
Mmpeg?%épéﬁ%?%géggogoint by controller 535. Exhaust punp
520 forns a gas outlet for confined plasma vol une 540.
[0047] Controller 535 nay be el ectronically connected
wi th various conponents of a systemto regul ate plasma
process conponents including, for exanple, an RF
source 544/ 548,
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an exhaust punp 520, a control valve 537 connected
Wi th a passivation |ayer gas source 512, a control
W 200809980 connected with an etchant gas sour cRCBHU&2005/009531
and a control valve 541 connected with an additiona
gas source 516. As noted du®MS a single mass flow
val ve (not shown) may al so be el ectronically connected
.with controller 535 so that sw tching between gases
I Claingay pe controlled at a single process point.
Controller 535 may al so be used to control: gas
pressure in a wafer area; wafer backside He cooling
L. pherathpdefor piching adfsatureniniadaier thyapehr au gtchingimask comprising:
synchroni zation with valve controls. [0048] Wile this
i %ventpréﬁldm%sa prdpmedidspositior gad at atfgstpresfurgever al
preferred enbodi nents, there are alterations,
per nutigrhings finsbplashe Eomchs pelyithey depopitdonsgdsst i t ut e
equi val ents, which fall wthin the scope of this
i nventfooningRgpassixatinl leyerantaHeugdsed suefaces ofiths ttehiniganask and of
}ng/n grecedi ng a deposition sub-step in FIGS. 2 and
CtHEe sub steps may be reversed if desired. It

agould al 50 be % t.ed Hﬁgt there are many alternative
yS o‘?rml’inaﬁ?gear'f’e RN, 235 2 SESORE PLSSE- appar at uses of

the present invention. Lt is therefore intended that

the f otI%fIBWgr?gseg?ﬁf]:eﬂaséﬂa Plgitﬁ%etﬁgng gf8r preted as

i ncl udi al,l ch alteratjons,.permnutatign

modi f ie&r%lﬁ’f’%h?,fg%% $ared e sibitg B f Jees @y

fall within the true spirit,kand scope of the present,

i Sventiridties wstiot exid b syiRbnBe RGeniies POYERT AgPabition gas and
the etchi®@lgds ithih AsdN&T tithB hRdRteRWiR&RIRS ﬁ?ﬁ%kes?ﬂ%l : S%t b¥hd'Scond

a) providing a polyner deposition gas at a
pressujgrase sihstantiplly equivelentfand sthersimthasteps aprandb) melrgpeated until the

itioon gas; formng a passivation |ayer on all
featuregg%giié%edé,urfaces of the etching mask and of the |ayer;

b) providing an etching gas at a second pressure;
formng a second plasma fromthe etching gas; etching

the feature defined .by the etchi mask into th
2. |ﬁ§? o teping B\ﬁqﬂpﬁbwgefa?ﬁh'ﬁ? giltysines W?erg%?eﬁimassure and
the secbfd surt heepahydrene,deposi tion gas and the etching gas
wthin a selected tine paraneter, wherein the first

pressure and the second pressure are substantially

3. erHd Méh6dhs RBAIRENAN Hi8eR!(BR FirdbréRHrdnddh€second pressure are
repeated until the
selected to optimize an etch rate in forming the feature.

4. The method as recited in claim 1 wherein the first pressure and the second pressure are

maintained at about 3 mTorr to about 300 mTorr.

5. The method as recited in claim 1 wherein the first pressure and the second pressure are

maintained at about 50 mTorr.

6. The method as recited in claim 1 wherein steps a) and b) temporally overlap such that a

continuous plasma field is maintained.
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feature is achieved. 2. The nethod as recited in claim
1 wherein the difference between the first pressure
wa@pasodsdisecond pressure is less than 10% 3. H¢EUS2005/009531
method as recjted in claimlwherein the first pressure )
7. ahle mpBod arisaitedhinedaim @ whetsingthe averdep isdessphamabaat 3@ seconds in
durati§f ch rate in formng the feature. 4. The nethod as
recited in claim lwherein the first pressure and the
second pressure are mai ntained at about 3 mlorr to
. Do ited in clai
5. (IR infa O AR e LR L BBl tham about
250 maliscomisnt ai ned at about 50 mTorr. 6. The nethod as
recited in claim1l wherein steps a) and b) tenporally
overl ap such that a continuous plasma field is
9.  nEhenhethodas récitddhie diEinhodhasin dpbditdgithe pdsaivarién WHEF Sidetching
t he ove#@ap | s |l ess than about 20 seconds in duration.
the feagire ficperioppReinAconEEpR ghember.c| ai m 1 wherein t he
selected tinme paraneter is | ess than about 250
m. | liseconds., 9. The nethod as recited in claim1l
10. wHesrmethodiapissited inglaimel whersinthe Jayar i slicembased snbsingte.
the feature are perfornmed in a comon chanber. 10. The
method as recited in claim1 wherein the layer is a
1L oA mcthnd Tonetehing gdeatprgtia a layer thaoyalt a1 etching maskitomprising:
feature in a layer through an etching mask conprising:
@) pr d¥PUfing aastabinhgasgt g fisst pressurei r st pressure;
formng a first plasma fromthe etching gas; and
et chi rigr@ng@éirﬁméa&mﬁ freradhgstchihg ges;anidng mask into the
| ayer; b) providing a polynmer deposition gas at a
secondi{hinss (pabire fefinedry the stebing tnarkastrethe dayer;t he
pol ymer deposition gas; formng a passivation |ayer on
)l expoddiagupol yoersiepbsitioregastat hisegorvbskessang of t he
| ayer; c¢) providing a control valve for swtching
bet wednrmuihg asetondgiasdepiosh thepolyner dembsitiom geischi ng gas
within a selected tine paranmeter, wherein the first
pr essubeniagd passvatioadaytr pn el sxpw@edirsarfacdssifaing étahing mask and of
etguLaval,ent and wherein the steps a) and b) are
repéated until the

c) providing a control valve for switching between the polymer deposition gas and
the etching gas within a selected time parameter, wherein the first pressure and the second

pressure are substantially equivalent and wherein the steps a) and b) are repeated until the

feature is achieved.

12.  The method as recited in claim 11 wherein the difference between the first pressure and

the second pressure is less than 10%.

13. The method as recited in claim 11 wherein the first pressure and the second pressure

are selected to optimize an etch rate while forming the feature.

14, The method as recited in claim 11 wherein the first pressure and the second pressure

are maintained at about 3 mTorr to about 300 mTorr.

15



feature is achieved. 12. The nmethod as recited in
claim 1l wherein the difference between the first
wEe@ssmoe7 and t he second pressure is | ess thanPpQD¥s2003009531
The method as recited in claim1l wherein the first
15. pFlessethed asncit¢rbingdaiontl wheeisihelinstorespeanddhe gpcond pressure
opt.im ze,an c ate while formng the feature. 14.
arema‘l‘ﬁ%m%?’tf%auta@lpggﬁt ed in claiml1ll wherein the first
pressure and the second pressure are maintai ned at

out Torr.to. ahaut, 300 mlorr. 153.

t6. B paliof R bR ROl L P isep; P apd §F LZBAHRy Bpriap gch that
a contRBSR PlaRiLE88 i Emameingd. nt ai ned at about 50 mforr. 16,

The nethod as recited in claim 1l wherein steps a) and

b) tenporally overlap such that a continuous plasma
17.  f1Rd dethdd AR idtted Bedlaiml V6 wheeinthé bOdrl@sisiesithatabout 20 seconds in

claim 16 wherein the overlap is | ess than about 20
duratigzeconds in duration. 18. The nethod as recited in

claim 1l wherein the selected tine paranmeter is |ess

than about 250 mlliseconds. 19. The method as recited
18. i Fhecingihod 24 ragifed b ¢laige pbwheteinghe pelepied dimeparameten jpdess than

.ching the feature are perfornmed in a comon
aboutgﬂgﬁ‘glgf‘e.coﬁ%' The method as recited in claim 1l wherein

the layer is a silicon based substrate.
19.  The method as recited in claim 11 wherein depositing the passivation layer and etching

the feature are performed in a common chamber.

20.  The method as recited in claim 11 wherein the layer is a silicon based substrate.
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