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cradpysd it feppriigebeicep.a rodeRombrnvilie: el §id DiebEsIERd e
S r ; :
pe?zldg K%Pcon?&t%ﬁﬂub\l&g rglngtﬂ?@@e}teﬂh?ﬁ%e?o@ner R 3'1931& 1?%;%%&%?8 er to
bd @ahe&i ’ltfzﬂm oad pmherd:eﬁ@n bam siage kit o pedetetdined tseqenat. In an
el chin substep y .t hen E erfornmed, thereb usi ng
erplpd g the s 1@13}*,%,? o 81@ S ?‘t}ﬁ Saat tw;bmg ke eh{z@%gpm 2YET, &
Rkt @@c@b Asnivakd z@ﬁrgkh@{e lonRd B sRORE SEHES sﬁbxrk%qa x§ é;m@d the (hird
period. Tn are odi ruent, tare yga mxture for
d@emmdsuéit@rnm Pegpeilysee pfnrt’wlhbédamyﬁ@t heigyt, an broygen- wmga\
R S L CANE AL ST TN
thile BaRInt HiN oBHRIL@PIFRYeRRIREIHEDTR®Ebriof NTHNBrek RibkiEps are
deposition substep, an oxygen-based gas m xture may
al@@‘tdbﬁp\inb;ﬂ@dwﬁ@ﬂ@w 0l ee tehd Taithy ssemmd siviing ovbsien beipg greater than

ih\?éﬁ%ggtgdﬁ \g\ﬁ%@ ?6,?{%[‘110 @é’{%ﬁc @‘éoﬁnm :ﬂ'ﬁs&% I%)B]E ijbx!na@ ﬁnﬁmd

ettitnar @Bsi@itﬁlstiﬁlpﬁmade@uss1&:Izltsalﬁslt@tnﬁtﬂ hﬁngmhbmdﬂde Hmtet Q@MvegBating
voltage | evel for the second etching substep being
t 1g plelipeandithiagnidabiprstenst Fobpn 9TEE my Pe BgEIdpeost *hﬁ glergl Wéh‘““
cQh¢ deposition scabsep.. In. the prior art, the
second et chi ng substep and the third dep03|t|on

lPsttJP%lt ep nﬁy ﬁ lbgﬁmgﬂ%%éum %gd'lmgﬁ slﬁp%{c@lglopﬁm 5 t?nliotgl

ng an e OXl R st con

wdeeMbdadh Eéfaﬁémt‘ hethé Bfeésaihd emtsmg the Qnpen@nture 1 Baka in an
311 The features and advant a%es of enbodi ments of the
epbOgingBh R SN B! HaPRaRIng FRERIE f S ald s RBLaRER press

{CW ;Q' 155 uyff,'?gu 16&\«@@9} dg L RGHS § PR 3 tbat(l f»;o#i %\M\h '»gk*b?l?’%mx b

rrrent.” a si'nple
useld H)@mélnmlmgn b aps a Swstrae. CPlietsiimahte diapbe dmmut:dm J@lbetiom

ess ure 2 is disc sed in rel
el% Fiaa %\%mg pmsgsmn%d%mf)m gn zihﬁ slgp g\ qu?/u @'1 sx?uon laveris
provided The silicon layver may be disposed above an msulator laver. In an embodiment, the

CDCP mav include a two step process: a main eleh step and an overetch step.

[Para32]  Figure 3 shows, in an embodiment, a simple diagram of an exanple of a siticon

substrate, prior {0 being processad in a plasima processing svstem, such as a LAM 8404
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used to etch. a silicon laver of a substrate. The
substrate may be di sposed above a bottom electrode in

W@2(BA6Is80 pr ocessi ng ci hainber. At a first stepCRO007069910
substrate with a silicon laver is provided. The

DSxiEI“i‘ QR AYiRbleMakn ban Hesnols €6rpakgosoFamtnt, Tﬁ&lﬂunﬁi OX silicon

e.r. l:rr tier er~3bodiraaent, the CDCP ma
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enbo ram of an

anglial restd mashs lﬂdsm hat\er %Opmud'r qqtm)l\ memgemmual@d&em anth a

BB 36 S eSS bbb ey ol AN S, The
frentleeé Q(I‘fh"él £yl kﬁlcfoﬁ Rt 30k 3 RRIGARF ﬁit‘erQ@I% RQY 8s é[@%%@f {omyl device

Frenont, California. A silicon "scubstra.t
stiuniotes desva m@rcm sobyraase Inayanr 1362 3 0dana insulicitoore ayedrirom

,er.3 6. ,.an 1B TBS 308' .,.ln an
ordssttise R iSRRG e Pt T edli i e P
udd@siblBakcBinfeskbstanthag thesbet arrasl . Silrconn layer 3
6. such as poiv sdicon, epitalial silicon, and
HWJéﬂﬂocrkétﬁkh%ﬁﬁtoFﬂ@wQGMaQiu%u,h%4aﬁh&b%ﬁ5&ﬁ§§ﬁnmxbunn
dependi n upon devi cé requiremen The ftrenches
witlor meid <i sgpl hmmmba@@emsl@@n ek siep Efsuzatlm ud@aeyémusmmn taver

may be etch S
s o S e o 485 Mol el RhO RN S G B spotuce
a B e&td e€pd @LHBES T BMntAKORRI G AMhn/2Qondi RAHEARKIHN 0! silicon
materials. Insulator layer 304 ma also be utiUed t
lapnr a6 eepae thathighwss iihesilope hinlwgalof senesliy kunt. b%wehqkéwfém that
f-g; [ e
mg egs tth))w?g é"}c!} S%%J tjr? SDSP{ 14I1§§gocptﬁ%{( an e%ﬂnglcqg &etgmm% d ‘ﬂ‘ﬂ E%ltt‘hmé,
th &tlﬁdﬁ RH8 P mhin erN sephethaERtcondR gl adht bu,h stlmﬂ&%ldﬂa)&% may
| ncI ude etching silicon layer 306 to am appr oxi mat e
o alraupkergggressiasiaiedbayihg %ygrégingbagh Aleeb the grgrpclpgiey thus
;eﬁﬁcﬁ% sk AndBRis BEhMARs. Fhbd {(%qg&f p@&@rﬁ‘?&e o? Qz'lxp&x 1hQr 306 is etched
orarm substarntiaii vertVc:al
at cacmsm dey, alidseer palrrbére norsifitest eldhrpr aomsnesuh&a\le e aﬁﬁedl Bt dast results
th knes of the silicaon material is genecally .- .
PPN A SERPOSHITE BoPHe tnap et Epe o BN GuBy b wi
8 §151%Ff)1 @i elte TP QGOU RfcoR I DRERAY 11U @ ‘)ﬁ]}&@&'{ dehe silicon
Et chi ng that may occur in main etch step 2 may
iﬂb@ considered a. fast etch since silicon la. e:r 306
may be etched at a quicker rtegregate rate than the
lPaggiﬂgat dekuet cb:ﬂnon ateaofnitcdenoy esatsohic dtreyy, maiheish siep 204,

redu sk u rcuts and.not ches eat er
MBI ER Creah iabaor B o rER e drta T it
mhidkRh s@p bashar be@uﬂ%lm?ﬁ@w GOD L8R 518G R HRG 8RB substep. In an
resul ts In an enbodi nent test results have shot-era

erabofimaem, é’p@aﬁn migRiurest eanphaarpd @@ngpim Irgdlepasitian pebetep maediller from the
f
o BG-GB o 850 REREGTbyen, th il ? PRy PLB G gt mer

foBRinpeisaRRtbelilifdeliditzGatival @MEkideh BREE2 dALiKLOMERN 408, In
shows, in an enbodi ment, a substrate during amain etch

igflépdglowbstap Wﬁhum@tt@ﬁdg@gjd\gm:&w ﬁ@@y@gg@naﬁymﬁu R agin, for
n S J | |
{"R{ngL { .{ﬂr (0 %ﬁlt ﬁn t% “?&mf“ piﬁié eﬂr}?{ %gg?abﬁgpg Y{IF gmll of bxm alls (202
aRubstap ha‘mbnu‘al sluﬁ"b.ceems hza.js ha_l&&mezped tlsmgazl tholy mer -Jformm g gas such as
CaFs. During the fivst etch substep, vertical etching of siicon laver may oceur. Preferably, a

fluorme-based gas, such as SFy, may be emploved as an etchant. These two substeps moay be
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enbodi nent, the gas m xtures enl o~yed during the first
deposition substep may differ Ircrrrr. the gas
wWOorRooB10w30 ermal to ed during the first etch subST/ES2001/669910

the first deposition substep, a polynme-r- formng as
aleBMichevilitiid remedd ragd Jf e ikt REE s {3RE LMakt O O pskidawalrdisof the

402 and 404 of trench 408. In the first etch substep?
fugt depepgrpalsiERSB ‘@%\@“«h‘ﬁw Pant g5 IPPEMIey, BE froralppgpl 0 percent

I 0 r
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regipek @ity S B el Sty dpeed B QAR o eMleRide i rioded
et chi ng of sjlicon Irxs er I nay occur . Preferably, a
Tahle ?dﬁ\“ﬁ!&’é‘if{f@&-§§§@h§‘%? APPErhs SF(, may be enpl oyed
as an.utchant. 'These h...o.substeps.my. be 7 WD ...
2008/ 00BBEBPCT/ USROG7 BESYRGubsad t or nABEAKIC Hbyde
remviaiPorat e of (@il Et et ch uf >W¥t8p st Eat er t han
t he {FassPiasat i on ratetsty the firsti depd&ivti on subste
unt iilCharheBesthy eshioliichegoithtiie .,  appuioxs it elignst he
re: mubtiime, 10 pergent of silicon.sfkaver, in an
enbm i nent) has been reached. In an enbodi nent, nore
than one process recipes may be used durim the main
|Patxc kbl s epA'ml@h paemetfionngs mh‘ur:a»l deppndinf vppn deegs of devices and
m de end u e .
BB Bro G Gl e i T e BB E v e B some
ofEX AP0 foMak MrERGRsiBhERbRGS &H@kﬁfi\ﬁ etch vubstep Torahigh frequency
Pararreters Dur rid 1~i 3 rosrtaon Substop During
EOEhY Sibs tep cmboemvér the n@n it wep3 0@ Onclwe Mf@@thwwctmﬂm

rcggg OI% éxiﬁw %‘ el ﬁ‘i chi \lgbsllg,% 919:? E)MQ%}}OI PIIQ? ? ?%Fl gn;smm e different
thild 4 pro@sy i F@mﬁ@& bl Iﬂ{el fraregosinoRsubbleX t NEe ¢t pmd%gs 2 pes far
| Par a 351 l'ithou par aneter ranges may vary

thy BB lngﬁp GRS HERCH ug@{y\ﬁ}@, ype davhsEas zxgﬂﬂdsnt qp@tﬁqug Fgstern that
m&r&qﬁﬁuﬁg systemthat may be utilized, Table | above
vvs an exanple of sonme of the pararreters for t he
lf %‘} 6 A ge rﬁq%:&tr 'é@? ﬁgab%t“ef) R id pgo?;%tsg%:;p%% fr‘gfu hﬁr?:r\ S, F,tspglﬁle and/or
tht et ﬂ@;bﬁil@iﬂ@ihﬁi@i B mmreacmqel{mr Sdbban saney pgﬁ SeRSSange
reci pe. In an exanpl e e first etch sideste

MR BYrosinpbc SV ﬁ(e'ﬁ}}*bé”t‘*%%ﬁ NNk Opsighrafenis waﬁdhm
toff pRLAEE {Rﬁﬂ% %&Pﬁ l%qptrg%l)glgié R%’ggcéé%b Lﬂ nﬂ ﬂ%ﬁ gx%'(_ésk Plipes for the
fustagh bmmpdﬁﬂeﬂmm Ga;pdxm}ostwm g mefx m@;mmwm #r & botthm bias

| rrsnma. . proc ssng sterrm t hat be tutili
agspeel 3ttt ok cew il @RapbsoNer BRGH Pis %P%%lé’s"i ajplied
'i@ﬁlﬁ%(}ﬁ@r‘ﬁ cleBhode l?&?i\ th Eﬁwlcﬁtb@n z@&'@ﬁﬁﬂp\ %UQJOQQMOUQ be i 4 éur 5l

deposition sLi bstep may veen about
m’db‘dums.ﬂso‘l})nwmbmggeem}é’at dpaiﬂg.bm a low frequency 1}¥mnm sV alum As for
chamber pressure. process recipes for the first etch substep andior the first deposition substep
mav include a chamber pressure vange of about 5 millitorrs to about 200 nulitorrs. Preferably,
chamber pressure may be at least 30 nullitorrs. Further, although different tvpe of gases mav

be utilized as an etchant, a Tuorine-based gas misture is preferrad.

{Para 37 Once a threshold point has been reached, different process recipes may be

appied during an overetch step of CDCP. Referring back to Figure 2, at a next step 206,
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waasmeoichat top power is usually used as a pPORET/US2007/069910
source to generate plasma. Al so, process recipes for
clbi@: sifidok &hvo@h&hoftiRs bheh aabadrarh &lie 1§ ht &hbodRRAS il b@Reiching
substep may include ranges for a bottorn bias_ oltaige
PIPERyRIpaY \)m;\@&hmﬁlﬁyi lb‘é“‘bﬁﬁlﬂéﬂ/’@@i By [ww;rpuhlaql@m,b@chgmnt overetch
h
N v
blgf)j(k%m 1'3.@?5\ g&! tutm%ﬁl e%%{e 8&%&0 \}\!Engﬂjbg% (5\ ? %QHQW iub&te
220 aVhird utEpemm suemdpddRrent s, a, preferr ed range may
be doubled in a .lc3~a. frequent plasrraa, s stc
[Pak£B8] As At b bt s&;b’k@;ﬁmﬁﬁf a PIESEIh&iticR KASRP Sk &l Ie Ferfodiking a
the first etch stlbstep and/or the first dep03|t|on
PRENERE 1 RRIYMPTIE I oRS Y U RIS (it edisnrtiasvalige I fabbure-
deterfillel | Ing bt By Pe%o@g% SVt @R 81 FOGRABNY with a layer
essur arra at | eas m:lT11Orrs.
offsgrohner demkxteﬂougihmdmfsé@né ﬁ&petiy@&suﬁfte@ aseeuinA0 eidhaﬂiaon laver
utilized a an ete gant, a fluari ebased ash(in d
3 f‘é“’ﬁr‘“éf“éf‘-‘r O Bt 1 £ e STRPESHBIRE Pigioibesiy's and 304
andRRRK chfe%%&h@éd andHokT €5 B8R ;}W l&@ﬁﬁé{:ﬂﬂ'@’cthﬁ%\ S b@gwnd
appl i uring r.n overetch step “CDCP.” Re erring?
dd@afckomsub%pgmzepl@ edabuangibx ser:ettdenhpm@n sulg gD polymer-forming gas
m 9‘&8 étg} %6 éﬁfﬁggﬁbiyﬁ%&%? egf 0 %ég W?‘tg{lig Bi gqpﬁ)i g:l.]conq'n X5 ang
Wi Q@kcﬂan"é TIHOOMET AhClbll (R RES IShd R lb ﬁd%#r% e &Bing
limt |ateral etching; hat may: transrn re.
coativie dSilipaudater ‘(Ev@qr\ektcdwudsk\etbnwmﬂm et g m& Hiragd may

mg"?‘g%%ﬁsﬁﬁ%\%g Enet?%ﬁ]gul&gﬁg ﬁllé &}aﬁl:?)lredé{%ﬁgxﬁog ?Jti %’* 1 fn§ eﬁﬂogﬁed ata

dzaiai&e ulvRad Bord BibsAidgas Nexkd SUhRLEMAR sy ab&ﬁﬁ&l@ dnderauia 506
position substep ma\ include dep05| ti i ng, }/
ansis‘*ﬂ*hg“ﬂé tsargamf é‘-ﬁﬂ*lf‘t‘f? FbEIPRy sigewals i a2 ey 1b*~ &bf*‘ Irie“fmﬂ“

0L &M b@%md bt uxﬂ%ﬁ a8 %€ lockQf @ ana er ﬁgﬁslﬁxﬁrﬁ'lzﬂe}gec}&@a& and

perio i gure 00S, In an enb
S uthsg. m:aihemsﬂh@ sw bthnak Iuageemis Sof andcm%y brexdddepabsd deethd deposition

t hout a se 05| tion, continuing to
Lév‘eft'im‘sﬁdﬂ rE‘d lrI1 ‘\)é’f’ haf Splgee :‘0?@3 gﬁ‘“b i nsul ator |ayer

3ttt nmax cause Iateral etching resulting in notches 502
PapedBte t Ahpeehen: ndereideichsoltansy su8ide vbing Hesilicpelaver

at aq L%E@ingﬁ& %hﬁ( bltLh@(Iﬁ gk Xx L@ﬁ)‘?q tpﬁ:d"" 5‘199185]91 e g&fi’)ﬁs"ﬁ&&nh

step”is enplo e second
dzﬁ’en’rastttqm of ga:spmny«nmu:ém\m} r&@mgmsx fluotixd-bisel g elthasSRAn bea

may be e oyed to deposjt polymer on .top of silico
e SRS 5 R AR Tt G s celiyesed

o @&‘? mnﬁ‘uri (hgmﬁk |k &QQntlxcﬁMw%n L@cBeub SR db aRETQY b@tdﬂh Brch substep.
“etching, continues. [1con [a:txer 306 nay

Sihedpdinler >%W@}dpe$fht‘:d hg"mzm imh]yﬁé‘lﬂ\limtﬂ@ mhenkbﬁ)iﬁ@&i alid Due 1o

g B i oy PSSt Es bt 647 FCH atpeg i MRwans

60 Bl am%‘,m@M@i;)d:\fnm Mdekskedaes i DM BdrDhembb@aht difdvalls
i n undesirabl e mask undercuts 506 and 508, Wth the

“Paud it aapsdperednt stlbwr Bxinel dewaik us £ AP 16 i ggpalls
Mk?_)ednﬁ %Pij I_L ~n({ 10k ] %F&!maﬁ %%195%‘(‘@'&&%&%& ay &bnu‘?ocg i avmmge?
rraybelocaeda a OSEr proxXinmlx to ms eges 4
digmeke from mask edges 514 and 516 than sidewalls 520 and 522 Lateral etching may also
cause notches 610 and 612 o be formed. 1o an embodiment, the second eleh substep may

cause part of msulator layver 304 fo be elched to form a horizontal surface 614,

t)



516., thus, reducing the site of mask undercuts 506
and 508, in addition, the second del ositiorn substep
WO 20080sB&so result in horizontal surface 524 tRPCDHES2007/069910
rebuilt. [Para 391 At a next step 210.. a second etch
[Paubsiiep maynest Adkisslel 2eh tld dgpokinen aibkibe oay Inales an @tdaflon step
second hi gher bottom bias voltage | evel fora ,
osFEng e MY ot biser plae leapl diiouydetamired igiiperspdn the
$ {188 N Al S(%-t, t & A%
mgg J4RSES (B¥al B ngb BRef! &glgtghlg@ maud LHR0L0E BRIER he
siiton lsida\gﬂi"siahd xmebulilatlﬁ hotitdeashswiabest aglasn kme(m]fls el“sa,\(re? ghows, i
chl ori ne a ase ure C=shod s,
SHDOHEL B %““ SEPYIPLE 3%%0 SHDEt e -t s 8?%‘@? PH’é“f-s‘B%@Hﬁ
dﬁ.?t)*glli du s%h@@t 8Povvedp- b &Qs hAVGRE s3B8s BMab8: ﬁﬁ}ﬂ(ﬁ%ﬁ’ KI (Qﬂdl& the
ormtrench 408 i ~.i.th new sidewal s 60
sitan ash@rh atler MO0 ni Tay braf e ’ﬁ}aé\thmd:wmmmkqtep n‘m tebwld at

under uts t 606 y..he for i,dewal |
B SRR AR SN I R e T
m@RAin&d8sts 4o (RMRFRO Wi IIBN tay 2108 BWWhatcb St bE Qehodif Bl 80%y Een-
ay be located at a closer proxi mt to nmask edges 514

bageibas MesiwR aﬁo wpngk 409, which spay srelgnasy sPevwthingigpthnigy. Tnan
£3 el&?]%dxlﬁxq 3 qlﬁ%-{‘ ﬂ%&\q%% 653{1219108{;)}%1 I(%yszl&%% ﬁléso‘gﬁglﬁ? l?](ﬁt \\%}Ch may

besthehRid\al ﬁlll;&l 5{'8@1 péRdo 5@2\ edhat5e4 &i( { db, Clh\hun gsdtmyw 1ék 8@ of mask
cause notches 610 and 612 to be. forne
wglgtsa Pt 008 nle @@e h &mélel&hdugwgwabwy“ a c%&a sl prhoriggntal

forma horizontal
Sdgﬂ‘%?g?é&%efgax% 1g}gosgﬁgo g‘s’gﬁiq%%uggOOW 069910 | Para

ffr\mlr\f\r\ ovial Ar

%IQ}ZEAJ; E‘?lp’gngéyp%{cggfe%lﬁim%et&tgl rd deposition substep

ay mn operatl ne. at a | ower
r..ol o A

Ai-r-a—bottom Lﬁu?‘}g ¥ ‘{}9 n?t?ﬁn A" During 3 Daposition

prgedetel Tiri ed 'Sub@iﬁg i od. ”tnh stethl rd depogjlhon

TSR €0, —an-axygel, Yased gas guchas, 1 t ”dhoﬂ’*?msrgpuw

GRhyed-torpasy yat=e-the: EM;» LA sTdevaty 5, agd 1o

C},mn Jsls,s,tl S-h01 ﬁ%}g@g@xn _éf_)_b__:_:_{l_t_ _3_”_{_\_; _____ o rE,%u (g%;\ t@?ﬁ( mnh 1_)_!_‘!'_\_;___ _.fl}’iﬁur:gmytﬁ milltarrs

t.1. A )W An haceaed..aac t.

Ltd‘f mli Wax L
J.\J\J \J [ Aallr "UA ycll Ao CTu 3_.40.0 AL Ul v,

H' i ? i
E?@Sf, s{iﬁﬁe Ukt dngeposi L on Supslep. an oxygenghlased

ﬁim{ﬁ %l”b{,\g e SUcCItlr as v, nuy UE (S| -pl Uy ro-oxXrarze
ﬁ@y;; bihd COnoapdyfanmy@t hi oSk, Nerdnes r' B idonch A\ hitohestz

706 " THe Thi'rd deposition sobsep may rebuiTd at Teast

part of silicon layer 306 by form ng SiOx horizontal
[lJﬂﬂ'zy flﬁ Z?gwu‘uwh gﬂ ﬁ%&gﬁ ngqglﬁtg Slég*ed rfgg{%ﬁﬁ u &El%n ﬁ:ﬂt‘ Ef (%QQLH and
the bllaﬁ@a BOCENMOE e as @tk mmm’@(ﬂ aﬂ.ﬂe“ bk 9 shcﬁ\mh*\ékﬁg&e 01 50Mme

ch many create a new side.-all. in trench 408
o é’ﬁ‘? PIEPIGL @F ge serPRbiRRPY NG teanige suan Gy Weslgredidi the mt‘@)
te L 7 d I

de{pgsé%?]e gﬂ@:\t’g‘( igh Qﬁlg’iﬂgb&&xgﬁ?s&ﬁt ‘i’ x?t?rg' IrIT}HVMS? w&B%fg@éém i?éem eretch step
mBlincithuso r;n thue docprngest lee pss [ lza ean eﬁfamp)a e procers dene lmzsh«ﬁ@&*nd
dand 608 aﬂ%%ﬂ%on.j ﬁ ird de S|t|on % Sin' ad it
R 58?’5%99 TR S O AR [ ?Eﬁ’r‘i‘?\a feciis ‘?‘f‘ HOEUET 4'Cp gUplgp and the
p;f)&@%'ehbe Lo 11 tIRMeRbsPon BRsled OBtk L8YRbss FQGhes T Bl etch

Exanpl e of O ervtch Step Paraneters
stepy process weipes for the overeteh stepomav-depend vpon the bvpe of substeate and device



During 2FRt Deposition During 2N During 1*4 Deposition
Paraneters Sufistep Etch Sufasti p Scih tegi ---
WO 26084005636 - - - - - - - - ---- f i) I>0 "ei 1 oo "toPemUSDN7/069910
g, if) 3000 1 {k "~"Uto 3000 VI Botreiri kias 0 Vto
PB4 O; Procds@rec®B0Ath0 odfrettiDsiep3dBAndVude-a-top power and chamber

fihe overetchlslepalar bb EdeShunP 1SS érlé?ﬁ EL1P R power may

T AL T b PR LT UE e B B P poer

vary dapertineorpod the@icRO0 ratd. i I b Fast @bMe-raiGasletedt preferrdd radde (i top
Sk ft, . s _ . .

power may be aboul 800 W to about 3000 W, 1 alching s performed at a slower rate, than

preferred range for top pewer may be about 2000W to about FOOR W - - - - - o0 - -
.* .4‘. req . " Ceee :ﬁ. ~| . ( ARV u
R MBS Nt Llpl ol T s o

thE-reguencyy horvahaleparlegupon te bubpiep. Bylcostrallingkid eR Infietivtes
R B ot AT Y Gl Gtk
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pl asma processing s -stemthat may he utilized, -1

walbicet @dabovéjngshovie selrtaeialiyirpluesdofr eBioimeted dliringtpeocessing of the
,Earirrpters for the second deposition subsep, the
SUERBHRE" et ch su. bstep, and the third deposition

substep (n.a high frequen | aspa. syste, In an
Farib bt nehﬂfeméwwé&a o el abgring Grhgleriging OFHERP
m@ﬂﬁmp§$9&§@m&§ﬁbQ%kaﬁm@@ﬁﬁ%ﬁ&@hﬁww&@ﬁhQﬂﬁ&ﬁ§§mﬁﬁﬁh@e
for the second deposition substep may be different,
mixhags edyelsprbe deksenr e ipeyefeh stibseepslievundcletichasubstlep
d,<':1\nd.t0heﬂ %%ocess‘rg&ife gonythedt ird{deﬁqsiLiOﬁ‘u, -
DEfteepon AR IREP S CoUBIGE B TR I L HOPTP e HEF e SRt
the L@MixRFORA SRy 18 AeRBGORe &H@LAY RESHBMHED LR, BERRMARL
upon the type of substrate and device that iravi be
segnglicr del, the s 1D e JBBIE0BE3W [ Pet Mo 070 O SDR0 Berl @aRiehg gas
;n&% wProcess recipes fi r the overetch step max include
‘a 1Op power and chanber pressure. which max be

imJ.ar to r rprairr ef.ch stenp. s, . the .t wer

e Ine B smuelnEbiiondeS o ifle Satft bl OPupB g o cocn
Qe QAR orvlretch siep. B laRFPaEH RERmpondX Shebd @flrEIRag8yd, Atk

top power may ary depending upon the etching rate.
widpregl apdiet nastheiai gy hearhstndaliyeejueaihr ehinbred dethonageingof the
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rale may be significantly reduced to enable a more controlled and precise etching of the

remaining silicon layer.

TABLE 3: Voltage Ranges for Bottom Bias Level During Overetch Step

During 2 During 2 During 3@ Deposition
Parampters Depaosition Substep Eich Substep Subsiep
Praferred Range 30V io 300V BV 300y DVt 300y
Nore Preferred Range 0V 200V S0¥ 0 -250 ¥ 0Yto -250Y

{Para 46} Although voltage ranges for bottont bias level nmay vary depending upon the

fype of devices and the plasma processing system that may be utthzed, Table 3 above, shows
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| Para 431 However, the bottom bias voltages and gas
m xtures for the process recipes for die overetch

W@ @p/oomyo vary dependi ng upon the substeps, ByPCT/US2007/069910
controlling the gas m xtures and/or the bottom bias

sov@lck@ag@es @ betkdn bibatoli@yrales dppkitedet@d Uamsiaon by, the second
electrode |t each substep of the overetch step, the

etehyubyigg) ark BnibHe dawpBonehehallepeltu s rmee fadhe *ﬁmg deposition
:,ng&%ﬁ(mmuﬁbd@[uﬁuﬁu @W&b%[n RoiP Q\ti]l ﬂgnm" ¥leﬂgd ﬁHbeSJl ax@& i a%‘()'\ym
reduced or eliminated duri Ssi ng of
atstd mb’tﬁ The mvienad faRlgeriar Mﬂdm[&a{s ﬁmn@nhe @acmdmmlsumas nRRYs
abgﬁiﬁg{ éopg Oulm‘?(r\gﬁplg aﬁlgglg p?q%x%é g@t&)w )Epg}%gxgbxeﬁpqqﬁgqm =50V 1o about
2BV AR Q¥ elﬁ@ﬁr@l"lrr&yﬁﬂkﬁﬁzstﬂu Bl dbRGisba 2 @Step A baHBS 0 V to
make al so be fferent for an overeich substep duri,
sheaicROGY .t\exﬂn'ammzn grrederred range of degéndiondgowpdit! ¥.equi r emews
of devices being created. In are exanple, during the
TABLE®: Tyad Rangehfnr Bagtow Biawitesell hat may be used during
the oxidizin step may be 02; however, drain the

TEE02 _or ot heSubsimygen cont ai nBwkstepas i xt ur &step

sec;,ond cycl e Dutile2"() Degositiont UF e Db 2ﬁe§ﬁcrber+enmingy’émepositian
meﬁaﬁ angd51 Byo.centirobdadg bot { brmdi assowak t age! S[swpdif S seconds

vapRidreitibo | hesdattemel ect r odesat veachs S uliSted tof seonds

iihe ol eretcl osé@p, the | aterabssetghi ng conporientd may

phecygont rol | edintehus, mask undensut ari di or . rowstehi ng

may he srbst ntially reduced or elimnated during
processing of the silicon |ayer. process recipes for
{Pakhed Qr er attmiruobtimp ramgys fbneltoceia volighldvehosry vbotdzpnmdpk agon

vol tage ran n that of a maipn etch s
f Bageh fgteeH R psoromBrErSny bﬂﬂ%ﬂg@gmﬂ%é’r uu\fﬂﬁﬁﬁb* Pake
SHERY s ﬁh:ﬂﬂw SGARGAY ! RAHGRS, BiR \%ﬂ@@l@« ePollali @ fRequency plasma
controll ed and precise elchnlg of til rendl ni ng

sysiemi done “‘l_ﬂtﬁ‘eﬂ““m@fﬁlﬁ V@Jntﬂageiemwgmief'xbb Botvem Bioag).s
o B B TS S SR ey DU B4

AR eI € B JBb@ 10 3uBnl. THneSdeS k@ e second etch substep may prs:iembh be
--------------------- f r fern Edl_ ktrr kd d 3t) V ter

hqw?ae\y a@mﬂ/ﬂt\ @ﬂa@@@ﬂ@l@hgmﬂ)v \t_{@wq(lmra prduahh between about 0.5 second and

ramé&s hh@ pg:mml ﬁﬁ@a\ efswﬁ ﬂ@ﬁsﬂ 5 @efuﬂbbzhﬁ@mnb & aa,oil<e>yat>rs,rpsayu@la¢,
rn= dependi ng upon the ti Lﬁw ces and the
bu&%‘ﬁﬁﬁ@% PosESay iy ’@wﬁémtmalﬂd Wagﬁf & Habquf pegecondr ap) e
3 above, shows 11 WO 2008/ 005630 PCT/ US2007/069910
ngwésk exaRptTelsh 8ep Ba g i anas) el betimgeas adilergt romer

ie§§§&@iﬂg QE%R %i%fl ¢ i 'ﬂﬂxe%wﬁﬁ §ERe eatc}t? S b§t%9 Rtled vary depending upon the duty
cvele. Consider the situation wherain, for example, the duty cycle 15 23 percent for the second
deposition substep, S0 percent for the second elch substep. and 23 percent for the third
deposition substep. In this example, the second eich substep is twice as long as the first or

third deposttion substep.

{Para 49} As bottom bias voltage levels alternate between higher and lower levels, the
botlom bias vollage level may be alfered during each cycle. In an example, during a st evele,

the process recipe may call for a bottom bias level at the second deposition stepto be at ¢ V.
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race subsea p, and [lie third deposition substep. The
preferred range for tee second deposition stibstep
wokys/os3@bout --; O V to about }00 V with a noPE&I/US2007/069910
preferred range of about -30 V to about -200 V. The
ApsehertcRALE pREAs frolpe Bl F@ade MASHMAUL NG & hRosERoMi@eD 1o
substep may be about 0 V to about -300 V, wdeli a
b%ﬁﬁf‘"é’*}?}f *@fz-e\r reRniany of PeFeShBEIPe b epsnhIPoR Bt e of dpdce
begg,ﬁg%ueg aaé&p\{mulru#@g%@ﬁm&m Rughsuhedupap fe for the

eposrtion s out” to about

[P'éagagu P X1 ne\%i é%, 8L 1eﬁf g&gd g%?} [ 33133% wh %t{)m B3 g!t"’%%’lﬁi) é"’ uom;ﬂeieh
ettipvelf a—srlnen faveris ot completely eiched; the method returns to step 2686 tovontmue

------------------------ Para aaaetrxrs During 2"a
etphpiodlicop ety gerpatingheieptibe OBl papesistonie sgpytach

<15y PSS 1) R b AU 0 AT P

etﬂreéf\\ah nﬁédmﬁ;aust "{13 notdsiazr bB&’ng viub:aﬂﬁi‘ﬂ& gcdiced okelifrénatdd. ¢
tine. .1 0.5

At
Ttggig dt;rl%ahbogu eg@@}ﬁg ne,n é)e gewmﬁ@ Uﬁ!&lg an 9;31:_ cal enussion wﬁdpalm method,

- - e o= - - - - - - [ [ - - |
cqnmu{e&t(most. ificon etch provessing at amm-step 2.1(;. Figures 8A and 8B shows, m

notehes hemgmmm stmrfrcanthvreduced (trench 802 of Figure 8 Ay orsubstantialy-elinnnated
-- |Para 471 Although tane r{lrages for bottorai Ws

{hpedheiRg ef FewepPBkaay v a r y dependi ng upon the type of
devices and the plasma processing systemthat nmay be
|Para $6}zed As Tmbleeppreael/eom t'lglemhndfmergmmh@mmbxe LIMIP provides

L ranges, ..far Ion1b|a oIt eve high,

o PR GRRGy e her o b TR iR T i€ iRy Fefbhay

shESE AN the diRPOShisk QM SREBRNIBY cIRE ﬂfdembdoym@ d@ﬁ&svwm 0P QU
0.5 "second card about. 5 second. are preferably"

tapst ﬁeéﬁtdu@twam%on@s@éwﬁ@o&m Epowrpben oBelin geyices dgmay be

LA B0 e R T SIS Bl

coan AVEbODU P Smaatondsy compasiepnel @naileyo Bt adehetdfigui! a high

().5 second and about 4 seconds. and preferably at
lrethyisy phs®a BeesHEL SR HEbQUhsHRPTIBIHES Wq"@hoiédﬁék Léﬁé‘ mg
w‘iﬂg@ﬁ ont rﬂ]?lg > a8 @Wé@ﬁ L& Eh d@ﬂ@ Ih)(rd@ﬁp@ﬁ%ﬁm Fﬁ{hi QJHQML Lgnémn,s

ond and about seconds, nore prefé

maxb:mpti uﬂin'&xmefmmn dﬁnanﬁﬁ hbolit cdnsEecondreduarnd upiheﬁmimb bviy

? %gt 0.5 second. |Para 48J Overetch step may
dﬁ?@?% “ﬁﬁﬁ%WWatlng the RF bottombias at dif'f'erent

| evel s during each c%cle Time duration for

Pagese] subé\thépﬂ\#ﬁy\%w e Fesafesty e rereh el gty erbydvgnts, there
M%ﬂ’?{tgﬁw g&Jﬂfﬁl fgu‘%l' By W‘%\h%r}lﬁ: Y Hatl x(t‘ﬁ{m%ﬁg;gl &f thmt\:n%mzf}n It

. per cent or the second posit
sheulb atse pg nB81 partlwevart ount dersecondgs ef zml.amwbmt_ebﬂnah@mziﬁd
)p rcent for the third
apparatuses of the present inv em;on It is therefore intended that the following appended
clasms be mterpreted as incleding all such alterations, permutations, and equivalents as fall
within the true spinit and scope of the present invention. In the following claims, the terms

“first”, “second”, “third”, “fourth™, “fifth”, and other sequential ternunology are employed for



deposition substep. In this exaariple. the second etch
substep is trice aas long as the first or third
waeleemiicBon substep. | Para 49 As bottom bi as vPCT/EH§®07/069910
| evel s alternate between higher and | 0" er |evels,
fabdliag pubedet @Mnbioas cinal bRgRlel:RV@Ehy sl nbenealsteiherhptludidagne a
each cycle. in an exanple, during a .first cycle, the
dﬁ@@&%§§“¥@ﬁﬂ%€“ﬁﬁﬁﬁ%ﬁﬂqwq%ﬂ' a bottom bias level at the
second deposition step to be at () V. 12 WO
2008/ 005630 PCT/ US2007/ 069910 At a new cy cle., the
process recipe nma : require bottom bias |evel at
second deposition step to be increased to 2 V.
Coni plexit of process reci pe may depend upon
requi renents of device being created and capability
of plasma processing systembeing utilized. (Para 501
At a next step 21 1, the nmethod determ nes whether a
silicon laver is conpletely etched. If a. silicon
| ay- er is not conpletel\> etched., the nethod returns
to step 206 to continue etching silicon |aver. By
alternating bet, Aeen the second deposition substep,
the second etch substep, and the third deposition
substep, the remaining thickness of the silicon |ayer
ma -v be etched rvith mask undercut and notching
bei ng substantially reduced or elimnated, Term nating
the overetch step inga{ be determ ned using an optica
em ssi on endpoi nt nethod, for exannple, or- another
endpoint nmethod, If the silicon layer is conpletely
etched, the nethod continues to post silicon. etch
processing at a next step 216. Figures 8A and 88
shows, in a arious enbodinent, a silicon |ayer of a
substrate afier CDCP pith the mask undercuts and
not ches being either significantly reduced (trench 802
of Figure 8A) or substantially elimnated (trench 804
of Figure 8B). Para 511 As can be appreciated fro
t he enbodi nents of the invention, CDCP provides for
an eliecti e method of controlling lateral etching
that may occur. therebb. significantly Shrinking the
si ze of mask undercuts and notches that tend to occur
during etching of silicon |I|ayer, By reducing nask
undercuts ,and notches. the nunber of quality devices
that may be generated froma substrate may increase,
resulting in. Less waste and reduced manufacturing
cost. Wth CDCP, manufacturing conpani es may conti nue
to utilize the benefits of a. high frequency plasna
processi ng system w thout conprom sing control of
| ateral etching conponent. Further, as CDCP does not
requi re hardware changes, manufacturing conp rnlies
may appreciate significant financial benefits gained
froma reduction in the nunber of defective devices
created. IPar:a 521 Wiile this invention has been
described in terns of several e bodirrients, there



are alterations, pernut atiOns_ and equi val ents, which

frill within the scope of this inve:ntiot . It should
wabk@s/ow3not ed that there are many al ternati veP@EYS2001/069910

i mpl ementing the nmethods and apparatuses of the

present invention. It is therefore intended that the

foll ow ng appended chunmsChamfterpreted as including

all such alterationa., permutations, and equival ents
What s glaimed#t hin the true spirit and scope of the

present invention. In the followng clains, the terns

“first second'. "third", ("mrth", "fill.". and other
1.sequenpiaaha preconsmnodhogiarar :Buhmrﬁloogieidmf osmhsnhi}: MOng thereon a

008/ 0056, 0 PCT/ US2007/ 0699% [1 w, pur f

ST IR B SR RGP NE RBPE DA ¢ ﬂé}“ﬁ% iﬂ%“"ﬁo&‘“%@ %@%é?"“‘”

difosdaBplskiaebudiebbardadypbronelagi cahpsequence O a to
.wal sequence. 8/ 005630 PCLI'/ US2007/ 069910
CLAmnEDﬂnNgminaﬂckthmd |s I I na plasma processing
r, et ~substrat e. havi ng. .

£ hengaiR i REp i iabaied oA P E P Risep laver s
acRAEDERd pro@hideOt Rp@lert 6O6R! 76 EnsyrRsticabe obelidgiicon

di sposed on said bottom el ectrode during said etching,
‘W:%n’prl sing: performng amain etch step; termnating

Sal ?)h!&n‘h u@’ anrh\ ‘di”‘%p Fﬁ?é SRd Y)\‘h&é}d\aﬁu rtﬁﬁ&‘(ﬁ:ﬁﬂ al lura ;‘?&L&&‘Pﬂ a second

;}rpdf«ﬁdeffp m&m i&ﬁf@ﬁmdﬂpﬁfp bﬁi ﬁgt pr&th fpsinpkQirger lﬁel’ptm.ww r@ipe,
t hi ckness of said silicon er . perf-ormng a
sl ARF QR PFPCRE EiSP CIBRlPdnGY %M‘“‘Wf?f%ﬁt &P m«&ti e Rgegs fw gpploving

3 MR GRRSs ?‘&@Q safd f ﬁég%ﬁﬁg&q el }9%@1% o x@&’ed 9 @x lﬁ E‘éufnda first bottom

process st roce s step
bihd \nﬁhﬂeﬁc\@b-ﬂ&ﬁbd tn smd beatom daitdds ezﬁd) msknpir mmxeses us;b&dmno wnﬁgurad

_qul g a sec roce sm-reg {}JE (flthlr CEeSS.

togp ﬁ” lﬁjb]" O‘yi“ﬁ’ﬁ (Alnp 1{»@0&1@&@@ app ‘t,‘ iB édu g%l {ogp ¢ T‘“I”g &1 m 18

mgse@gﬁﬁ $aidl B&l RARNAG el@ﬂ@ﬁdx BUEROL L pReskE REIFE Hﬁhsﬂ@anﬁomed o
irst bottom bias volta [evel applied to said

pepiotn oimed Bud bote) bigaiotag @\@h@b ppeie 84 bpttontlgrirofrihatas lower

’lglgbind{d ggonﬁgm&ﬁ?ggerah %‘%?"ﬁﬁﬁ?%ﬁdﬁ %gﬁgttfgén &sgiidagcao{id process

sy, ghekidithialpre@khidpl ab Sdliehaleh QR BInAE a\pRlriiRo 8 trey: 8l
said third process recipe heing confi gured to_ perform

t u_sitﬁ'n@aﬂ@ﬁ Yot BStetch sich pidd sy pili B@éﬁ‘lﬁé\?éﬁ ebiBIoREy t o
p.sal dfhgﬁ% }?{F}) Iecll il lr\‘%{? i «Qﬁ se|.(§hd é)?() m}&zﬂps i3 L()rﬂﬂnl! ﬂgqumm‘a

secon i'as Vol tage
mbiersitorphoees smmtsenpi silisa@l ldves deondd firropesss rbs;gnempi ared by said

saldthlrd &astog are alterrrat |y per.ffirmed a
ﬁrﬁq ;}rgu?s&qtqptay o fhpd progess recipe pgpploved by sard third process step.

3, The method of claim 2 wherein said first process recipe includes using a polvmer-
forming gas.

4, The method of claim 2 wherem said second process recipe includes using a {luotine-
hased gas.

3. The method of claim 2 wherein said third process recipe includes using an oxygen-

based gas.

6. The method of claim 3 wheren said polymer-formung gas weludes Cfs
7. The method of clanm 4 wherein said fluonne-based gas includes SFs.
8. The method of claim § wheremn said oxvgen-based gas includes O
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termnating said overetch step after said silicon
| ayer is etched through. The nethod of claiml| wherein
W@ 200d/0880Nd process recipe is configured to reRODUS2007/069910
nore silicon Material fromsaid silicon |iver than
said first process recipe enployed bye aid first
9. pr ocis meshe pl AN Iswietlid fuid ydmmb* €8s intiRtispeoerayetidpyind a
said third pcess step he nmethod of claim2 w
fifeprayens S d”*{ fopidk Pfﬁ%‘ét%ésfsmi* |”1ie* fopifeiraerssTening ‘ﬁ@* igeontigured

0 V\ﬂ . éér@é wdr&&he & Jﬁfeﬁxﬁg\&gsz@&%h coft fay SR A l{ﬂP;g o&gs l%l: ﬁé Phyfoved by

SAld Secon process rec pe | nc
safdrifdrpr mme«-ﬁdpa@&blegr&spm&w fehps cm[ﬁmhmda of nmtt‘axk mh;:ﬂxs dzﬁuzm from
wher.ei n sa rocess reci pe includes using an

& SR PYSHE PR ‘é‘n‘ SJ@ %“*“Tﬂfé?‘ﬁ%% d of claim 3 wherein

jpal Cth@%ei»{ﬁ@wcf én{nnf' \ﬂ&r@x@%d ﬂ@éeﬁg&ﬁeﬁ.@ defi being 4o 1eakD@ percent of
nmet hod of claim4 . wherel n said fluorl ne- based gas

saidrbickbesol Sp;i sthic@ lafthe met hod of claim5 wherein said

| PCOrR200% EaaT0 “Heth kit I EPRTRI R b reprentof

saﬁﬁhﬁkﬁ@tﬂs@ﬂ@tﬂuﬁﬂ@@yl ncludes a fourth proces step and
a fifth process step, said fourth process ste

Perplidy msthod &l dlaivrkt wlemﬂb@ Bsbdyraion pésachias! ﬁ‘@w@%ﬁ%‘%ﬁﬂbé@mﬂ
§ r%n& F‘%\é&oﬁd &ﬁ’;:fo%] Sl u?é% on”i% {4& UE&?{{hrﬁ %l&;%b(ﬁu mﬁggmd

prfid,of\a »pprocess st ep. sa| d fourth process recipe

s mxture that js different resat from.a
13 ‘gas fﬁf satﬂ'*f@ Ogdﬁwy\@a»rﬂw%@ Sy afop www bl pEyes sgp gphitferent
th %@Qweﬁﬁﬁi sBRhLAag a@du &kal @cb%dgﬁg&%l & Aﬁ@'ﬁ%ﬁ ﬂ’x‘?xg ‘Eiﬁ'nfa st said third

th be I ng ['eas
}mmkc%ness of sai d SI licon Iaver 11. The rret hod of

1.wh flned etch th.,bein
f o semSt LD 1SSl El eSS o ot SR ) and sid

thh@}d@(‘e\s aiglalas:'ﬂ%@tum R ©f scebrdl ah B afouvhgL gl a first
duration of said first process step is substantially

1% he Tdamsthad s daigdooneinitibipitomios sad b eredctimds prooeed using
St tion of said third process
i"’é‘t"gg“‘ ‘*‘i‘h"q‘r‘?%“dﬁia‘f‘%‘z%%ﬁ&? claiml wherein said first

tedur ag i prsef pre@kdngribhsber Pl RERESosEERnd Ssubitffeeeing (hetbaR
ei ther said second duration of said second process
sikeqos v SBAPI @RS HErAR PN h@ﬂnwﬁtﬁmwﬁl%ﬂdemats‘c%%mw being

dz%ﬂf% dnJQQ’Jﬂ brttl]&n {,I{%gtli(tgglﬁqugiﬁ hinchmpfAgiei n said first
rocess )

second pr 0CBSS ep and said
t hi rpdrfmm&esmmst:mmmast bet ween about 0.5 second and
about 5 seconds
lerminaling sid main etch step when a predefined etch depth into said silicon laver is
achieved, said predefined etch depth being at least 70 percent of a thickness of said silicon
fayer,
perfornung an overetch step, said overetch step inclading a firet process step, a second
process step, and a third process step, sad first process step emploving a [irst process recipe,
said second process step employing a second process recipe, said third process step emploving
a third process recipe, sard second process recipe being configured 1o remove more stlicon
material from sasd sitheon layer than erther sard first process recipe and said third process
recipe, wherein said first process step, said second process step, and smd third process step ars

alternately performed a plurality of times; and
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15. The nmethod of clahn t wherein said term nating
said overetch step is determ ned using an optical
wW@rios®0w0 endpoint ne | .rad. 16. In a plasnma PCT/US2007/069910
processi ng chanber., a nethod for etching a substrate
havi ng thereon a silicon laver, sand plasm
pr oc@siaboNgidhanmhbep «Madall sgrdxnbolsteanxdmhalget r ode.
sai d_subst raée bei n di sposed on said bottom
el edtr slbodar ¥y Sartgrast S@M Y P e p RS e TG I R
gein etch step- termnating said main etch step
fe\?\%ﬁ“é‘s predefined etch depth into said silicon |ayer
W s Taehicthee d clsai ld viredehidrednd pehesd epiph iehidergusaty a {luorne-
(ﬁst 70 percent of a. thickness of said silicon |a
h%? Y9erform ng an overetch step, said ¢ ~ eretcla
18t elifie Witk bAGAn !'ﬂgﬁ:heﬁmf 43@%;@;‘3!’9&@@%?& BBudA u%'tﬁg ‘M‘&‘x en-
process step. and aa. third process step, said Tirst
bpedamess st op enploylng a first process reci pe, said

e S R LR O i e o

21 €CIME meBRY df‘@ﬁﬁﬂﬂd\ 1RFACRRS0AE-REedRk NGLAGNTH, gured to
remoe nore silicon material fromsaid silicon | aser

2% hartheingbed slamf ionderepr sidlessaadeigeand ugailh t hird
3‘” 0%%%«,&108% ﬁﬁm z‘i“!ﬁ{eﬁksﬂ zJSdaﬁg E L{ét QQB;&%%?@C@ Sl u»?n‘?! Privst

proce
h(ﬂik)t}ﬂfdﬁabb:lf oy melrfa‘ppm%ed w@d knhmmaiwu_twdoofa;d derond p&f&dx\ lﬁp \Mamnw
2008/ 005630 PCT/ US2007/ 069910 term nati
‘i’%‘\?é?‘é’t‘@’r‘r‘"ét‘%ﬁ“%‘“{”ém‘ baggivgitage I glappiiot e paig @q@t%@audc that 15

hibiih Q4G Bid et gﬁ%mﬁﬂwhgﬁﬂgﬁe\ el ﬂidmna@n?’(‘ﬂg&%éa ste?@i igemr%, gﬂeﬂ Silmed

E) rocess recl udes usi h
qugsmhliﬁ%mﬁ'ménmbma lootd apbi&idms $6] Mtenmiauu&h:lihm&dcwﬂd a said

Process rec ncludeas using a f'luohne- based gas.
“”?@%%H@Y‘h‘b‘? h‘gﬁ‘%‘o]f“ @ aim 16 wherein said third process

24 €CIDe nlehel HAGS mUS! RGred halXHyn &@Usteyﬂﬁ&ﬁ&\ d@Surth Phokess HRF and
met hod, of claim 17 ~ herein said polyner-for nmin e
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first process step is being pe fb.rined using, a first

digeesidiannt e nugpesgelayeldrngppd Bypress R bot t om
7‘\6 le GlthE R{igmd %P&lﬂnﬁ%‘iﬁﬂ%&a@ﬁﬁ% % Id%PL *h d@p‘tf? ?élp&gaj feast P‘O percent of
age leve

erformed usi ng a second bias Vo
xaﬁhbﬂch&a@l& df@mﬂauhdmﬁm&om el ect rode that is higher than
said Fir ttomblas vol t age.. | aidt

,,,(br ocde gga@)pg "l \%r;ﬁm(iﬁqnéla@gd eklh dey m‘? gunu at feast ezf\ {0 percent of

said thickness of said sificon layer.

27 The method of claim 16 wherein a first daration of said first process step 13
substantially the same as a second duration of said second process step or a third duration of
said third process step.

28 The method of claim 16 wherein said first duration of said first process step 1s different
than erther said second dwation of said second process step and said third duration of said third
process stap.

29 The method of claim 16 wherein said first process step, said second process step. and

said third process step last between about .5 second and about 5 seconds.
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using a third bottom bias voltage |evel applied to
said bottomelectrode; that is |lower than said second
whoisonsehd as vol tage | evel. 24. The net hod of BCHUA00G069910
therein said main etch step includes a fourth process
step and a fifth process step, said fourth process
3t oprhe raitpl evilag 1@ et Aidabesessy LeChRedhRab id &ermined
configured to renove nore silicon material fromsaid
usgly P gl ayisrotamdrrid Waoeh process recipe enpl oyed by
said, fifth process step., said fourth process recipe
enploying a. gas mxture that I S different fro in
aa. gas mxture enployed during, said fifth process
step. 25. The nethod of claim 16 wherein said
predefi ned etch depth being at | east 80 percent of
said thickness of said silicon |laver. 26, The nethod
of claim 16 wherein said predefined etch depth being
at. least 90 percent of said thickness of said
silicon layer. 27. The nmethod of claim 16 wherein a
first duration of said first process step .is
substantially the same is a second duration of said
second process step or a third duration of sa
dth.ird process step. 211. The nethod of claim16
wherein said first duration of said first process step
is different than either said second duration of said
second process step and said third duration of saaid
third process stop. 'ia. The nethod of claim16
wherein said first process step, said second process
step, and said third process step |ast between about
0.5 second and about 5 seconds. 17 WD 2008/ 005630
PCT/ US2007/ 069910 30. The nethod, of c_lai nm 16
wherein said termnal:#.tic, said , ove.retch step is
determi ned using optical em ssion endpoint nmethod. |1
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