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devices. Mre specifically, the present invention
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e @ERMA sEhingde die vekingreasing aereshiatip ;me%ﬂ@ért@ msekdesighirpeuirements,
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is a change in an ellipse ratjio during etching.
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g IS a fluorocarbon containing nolecule and an
o ”5& %gﬂ?alning nol ecule to the etch chanber. A
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S|gna is provided'to transforn1the e?ch gas to a

pl asma. [0005] In a
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flow of an etch gas, conprising a fluoroca
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is.provjded to the etch
gn etcfl gas is provided, comprising a fluorocarbon containing molecule and an

oxygen containing molecule to the etch chamber. A pulsed bias RF signal is
provided. An energizing RF signal is provided to transform the etch gas to a plasma.
[0005] In another manifestation of the invention a method for selectively
etching an ultra high aspect ratio feature dielectric layer through a carbon based mask
in an etch chamber is provided. A flow of an etch gas, comprising a fluorocarbon
containing molecule and an oxygen containing molecule is provided to the etch
chamber. A pulsed bias RF signal is provided. An energizing RF signal is provided

to transform the etch gas to a plasma.



chanmber. A pul sed bias RF signal is provided. An
energi zing RF signal is provided to transformthe etch
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i nvention an apparatus for etching UHAR features in an
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an oxygen source and a f| uor ocar bon pol ynmer gas
s pifcesingchapber giclaspre; andcpatsrantietior gxlaypiieggas drany thetpdasma
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one processor and conputer readable nmedia conprising
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conput er readabl e code for providing a sel ective etch

ofearlplde db@d foc provirdingy eelectymptahad t tteic layeagatbrespect to the

d di
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ex&d trérthi (RNI188BE L0 Eﬁyﬁn@ﬁ 0 3R6QRE (d¥he Prdel @d AANTRHE S osure,
to provide energy, to forma plasm ron1the etch gas

andmpakyreedabocadedgr gmsgizing the RF bias source, computer readable code for
pulsing the RF bias source, and computer readable code for energizing the first RF
excitation source and the second RF excitation source to provide energy, to form a
plasma from the etch gas and polymer forming gas.
[0007] These and other features of the present invention will be described in
more detail below in the detailed description of the invention and in conjunction with

the following figures.
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conjunction with the foll ow ng frgures BRI EF
DESCRI PTI ON OF
|nvent|on is I H 2Ad not by

"mﬂ‘ﬁ t H@ f Qé’tﬁa‘écﬂ; P&I% X&H&b
dr avvr ngs an E:g 1 I ke Srle erence &]Efre S re er to” Y
sofilimantied, emr&t&tfsgu&md)f ithe askompanyfif¥d@ayideks @nd In which lifke g¢ference

| evel fI ow chart_of an enbodi nent of the invention.
[ 6BPERIHELST tosimdlapeleprBpiyadnsd & WpilW of an etch reactor

y be [ .
oo™y, S B RSL ST AT IR encion
| $00101 t abl e FIGr2 ismpkcRémaid vigw ol én ehtr¢aotdr @iat ug@deiuled in
one or nore enbodi nents of the present invention.
[ QOEdying th ingedignpD are schematic cross-sectional views

TRt e PiGIoh BRESE L AR ATRRI R B i Mabte or

| lithpisteati@Stht RenthdRS Usddig ohber ARLdhbafimbi S tHeGresent
[0014] FIG 6 is a schematic view of an ellipse.

DEVANMI®D DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

LI C L PIGREPLE N S e st s ERE A R chched

t H&ro@&iﬁ% asarl élhb&ﬁﬁ’l@ﬁtaﬁ thdtinb&Ricacconpanyi ng drawi ngs.
In the | ow ng description, nunerous specific

dEB] s ar e F6t5 sarscheraticoriee thag dllystrotes the measharoilglamount of
unde{ist andi ng of the present invention. It will be

, however, to one skilled in the art, that the
Pﬂﬁﬁ!‘t I nventien a’E%HerHﬁm%@%fﬁﬁth‘ﬁké hout sonme or all
of these specific details. In ot her i nstances, well
known PEJAIEEDIDERSRENIOL REEERREVEEMBOBBSENTS

bed | detail in order to not unne essar

og‘i"clé:'e the B BLSHt IRYFPERR Wk noY s £61C $t 6i‘i@d %@&?@reme to

d Yk ?réf&?ecﬁérﬁ%dﬂgeﬁg Hekdor 85 1190 a3 REGE aErﬁﬁﬁ&nglnglﬁF%vmgs In
featu such as holes. Wthout wshing to be' b
byhet foHo W ig| dewdripgion] tumeaotespeeific vedails tuktesef forthdn bhiat td previde a

t sting is a result of asymmetric et There are
?%hgunderstandlng of the presen%llnvent{on It wﬁ be gpparent 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.

[0016] Twisting occurs during the etching of ultra-high aspect ratio (UHAR)
features, such as holes. Without wishing to be bound by the following, it is tentatively
theorized that the twisting is a result of asymmetric etching. There are several
possible mechanisms contributing to asymmetric etching as the feature aspect ratio
increases. One mechanism that has been discovered is that during etches that deposit
a net fluorocarbon polymer layer over a mask, the fluorocarbon polymer are deposited

asymmetrically (nonuniformly).
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deposit a net fluorocarbon polynmer |ayer over a nask,

t f |l uorocarbon polyner are deposited asymmetri ¢al
( E@HJ hﬂ f or n'§y sq%@g'aﬂrﬁyf\&ﬁﬁat%w BIARHEA xastrpasdion gndesired, to

oL i DL ‘ . . . , Cald |
< Iggéé\lpﬁlgo%éo’[# sp%&olgg of éﬁﬁ&dt@.r‘% ch @ rﬂtﬁgl crbQ-RbHAVAE a98dth and a

acts. Such an elliptical cross-section
hasdth, whangtle dindetar of it bllipsdsrtbe tehethdif alvedlBpseofArt élEpse ratio is
ellipse is the length of the ellipse. An ellipse ratio

i defirend; a5dle 280 chEherlggth tothe pidthy dHgther distartian Eﬁuaﬁlﬁn etching of
AQ]?Jhr@HA(ﬁ éﬁﬁh&'i?ﬁle&%gq’ for B l'i&g r&ﬁo t%qﬁé}eége, R that the length
features Is the tendency for the ellipse ratio to

I o theadlipse intytil@tast hehileelgivhitiotiedrémsee! | | pse may

increase while the w dth decreases. [0018] The )

i i on prlHeityestighprgyisar at eRPEes drenpibgd ferreducing

] . o ” y h. . '

¢ SEVRE UHAL SRRt ot o b Ea Rt e oh el Wi,
abfteefcatiesh 4rbe@bghtheourhskmaditiftoa lhpstes bé exchal @leg Asdbstrate.
over a substrate. The aspect ratio of a feature is the
ddpe Rsrest iatia oha feptyrs isghe depthferatidthaatipeitha featyrg opejng. In the

(SRR AN A0, B Bl e bl (O BARD R B el g

aifleptidir isQefihétl & 4 @pttotgh ek edtiot diédierdbart 25 . 1. MAbe: preferably,
preferably, an UHAR for a feature for this invention

i 8n AR dor wfsatyre fop Hys ingontian is defiyppskas g bepetr398pyl, Mest

UHAR. | s, defi as, .at |east 40,40 .1.. 1 n.addition

opsrr S T Ok RRelhed SRR i aprRaOR g it gro prosent
f epleHfi@Bapplict Rectelif RGEIECinltRY @kledirichayr Wit width 80no more
nore than 300 nanoneters (nm. Mre preferably, the '

p s naperaeteisdnmapMoreprefasatdy.dhe prgsdns arvigneen applick o etching
di,electric layer.with a wdth of no nore n 2 nm
VTSR s 41Tt sl R BB i B Rt leteraby,
etieirb@nf RbntiddSaphied Bt RedirdsGn HRYBEIeMMit Mydr Witk Rvidth of
of no nore than 0O nm [0019] Preferably, thé present

i noarre thandgpnimes to any dielectric etch. Mre

p ably, the present inventi.on applies t .
GHEIELETT Y BitroBeRE e et AP an filegircieiy More
O R SRS :pire%é’rﬁ iMNdnfibA8p RS el diel R trRtd@ WwHOE @ ditiREtric layer is
dielectiic layer is forned mainly of silicon oxide or
siilicompxide pr sileonmitiiredrma¢d. dn otiren wards, dfe ditlbaric laypess fofmed
mat erial .m xed.in. [0020]. FIG. 1 i§ a high Ievel flow
ATy B s EOhP ROk ey Rl et af EREEePRt
| 3¥edial sisgligctively etched with respect to a carbon
based mask, where a

[0020] FIG. 1 is a high level flow chart of an embodiment of the invention. A

dielectric layer is selectively etched with respect to a carbon based mask, where a
fluorocarbon based polymer is net deposited on the carbon based mask (step 104). A
net deposition means that more polymer is deposited than removed, so that a growing
fluorocarbon polymer layer is deposited. Generally, an etching gas is provided. The
etching gas is fed into a plasma, which provides the selective etching. While the etch
process is stopped, the fluorocarbon polymer is selectively removed partially or

completely from the carbon based mask (step 108). Generally, a trimming gas, such

4



fl uorocarbon based polynmer is net deposited on the
carbon based nask (step 104). A net deposition neans
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gr owi ng quorocarbon polyner | ayer is deposited.

General |y, et chi ng.gas rovi de he et chin S

| & FLarYeRh 6 JupinkseRtiAg SRR %ﬂtaﬂ 525% Qi g ied. he

eh"ﬁﬁ %a\é\vié {hen tf(g}?ne@tlﬁtla gf %Qﬁasv%hlcﬁ asHeQBPEShs thRfIuorocarbon

fl uorocarbon polyner 1s selectively renoved partially

opolyarphetedyickly dmntthe cabobbaset asskl s i;elc(cmtve perﬂ@&) of the

erally, a trinmmng gas, suchas an

Eﬁamw@oe BRAEICKIMY Piraeip e Gaon Gijechmask ¢ @Stopa?d Cfs splgsequent
Qgétfi/% @e ﬁé H@le@glcqgfer '155%1{){) By f@{g}g% sQé&ldEﬁelectlve etching
asna es or trins t |'Uor ocar bon pol yne

rT'pl‘chldfﬁsl Iaaiet Yepokiaion tofi e flnardearbobased puhsker ofike mb(ﬁmlnlaske(step

renmpval of the fluorocarbon polymer with respect to

t &2k Y eisiPeate Wﬂﬁ@ﬁnmgogﬁﬁ%@ovgegﬁgglg&:@éﬁqe described below.
Wﬁd(ﬁﬁ ' ve etF ké‘@ 18 z{scthgﬁaﬁié %e%c&f h%téhqggcé Ijtﬁat%egyﬁedl?sgd n

ere the second sel ective etchin rovi

depetitihg tie iabemiohl wocarhor elﬁﬂﬁ)ﬁﬁnembfl yinRe imBntidig an etch
carbon nmask (step 112) Nbreaé§e0|f|c i mpl enent ati ons

feaf??‘?é Q‘Bé‘?ﬁéplé??é@d?ﬁr%f‘m“ab‘?léﬁ 2Pppien opsr slgctrods bottom

&H{)a? el%cl!r%ie g%}gc{?f)ét{:on\/ I ?t%’eggct%e?tlg;\vftﬁﬁ%tc% mbgla\;fall 250.

MRy ©p QeI 207dhsildtes the Y@ dnaal elédirodt Cb6 fidacthe top&er
conprises a top central electrode 206, top outer
e PlsetrodsRD4p gy botkm ispaganinga) 1 2anadatesglie bon cepenl glectrode 208

b%t&n %8&?11;1 ou e? %fec&g%ogl:bo’Al wtli]tlh{h t?ﬁ &]:ﬁq@ac[or%b gu%gtrate 280

ator nsu cent

ehﬁfdsftﬁﬂ@d 3R 6o sfane bdswbnﬁ eEhtRAVEREL®IeDI8r mﬁoaﬁlﬂy tH bottom
bottominsulator ring 212 insulates the bottom centra

ekFenital plgetradyd208ringarporatep a shibthlosnbsirate chegkingdmechpgism (e.g.,

n the et h reacto hst
o ek it §RmpR”bobe SRPLRpPPRE L GdE 58
Opdo2anal 1y, AR sbeick oM seithh@e®oqRd Et0Kl 2208200 and supplies the
i ncorporates a suitable substrate chucki ng mechani sm

( etch.gas ejt@the[eggltraaqt@c 20abiniapitiradtcl prangsiserg , In ¢lris example, the gas

ST S D e 80 R im0t T EESEEBE DYoTiHpolymer
%E’sofldu?c% zélsqoﬁlslebldqagsa i Bcdrbéh F1Gker &e%@;l%n 408 Fe IeRBing.

e etch processes. In this exanple e gas source
220026])npr i sésbianREtseircy aéS sdustocR@tN BF totrem %;59?8 and a second

sour.ce 2 and ol as source 268 for
= SH5i0p 8 &L B g Firel CHepOE oM P (e hisoBpL e o
[ @04RIefo By @)Sprgl/:ld§ B EL0HBele@rddel 304,.9061 IR LA I The bias RF

source 252, and a second excitati on RF source 256 are
ebaote R%gdnyramﬂn&sdﬂé pover andeuppleh theetiat BF p206r toltheetgh reactor

0 bR Po R R e, PRLEr. L0, RE. €] £55 YRt ana
10 mega Hertz (MHz). More preferably, the bias RF power has a frequency between
1 MHz and 5SMHz. Even more preferably, the bias RF power has a frequency of about
2 MHz.
[0024] The first excitation RF source 252 generates source RF power and
supplies the source RF power to the etch reactor 200. Preferably, this source RF

power has a frequency that is greater than the bias RF power. More preferably, this
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source 248 generates bias RF power and supplies the
bi as RF power to the etch reactor 200. Preferably, the

whe@s/oRP2power has a frequency between 1 kil o MEF/UE2008/052950
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(kHz) and 10 nega Hertz (MHz). More preferably, the
bi as power. has_.a frequency bet VHz
E@%‘HC%FQOWFE?@%%‘H}“’H‘{% aigp %thﬁﬁm E(EMZMﬁost
IE% Sourg)/th%fsoﬁl%glﬁF ﬁox%f‘zhas L%Qéé'éncy Beof Migs excitation

e 252 generates source RF power and supplies
t pe025pur ce Rke pawad ckdtatibe Rét whrae@abtegoner2@Oanother source RF
Preferably, this source RF power has a freguency that

i BOYPHIdePRliRaihg HwIes %Epwerﬁaw%erewwaet%? -&f aggligion to the RF
magﬁ%f %%t%&ﬂ%fst B@Safioh %%ﬁfb%&s&h@}eféém?e@m%ﬂrc%%

st preferably, this source
haswar Hasedienencyahat2y givhder thad @23)iasTRE ss@comtt the flrst RF
excitation RF source 256 generates another source RF

péwifatian dowem pMoesprefreably dhcscrpd grsation BF spwceha frequency
[ RBRH Aoy O A GG, NGy BE QI SRR Wi Rler v

st excitat source fera

S frgtj G cRbf POMIIz.has a frequency that is greater than
the bias RF source and the first RF excitation source.

wﬂ‘@ﬁbr ef er b giffarens Redenids maxbe snpbiad RPvasioys eembigatiens of
f TR & (%/ b(gtp%lg egttrﬁf{ %abﬁ:fertaﬁ &'1_18 rlov?e%’I ﬁrl %ue%cy gf tMH%{F should be

MOSt source

OﬁplﬁQ’,dMﬂZ)ugl[l Qﬁ%}tofﬁf'@edﬂﬂoﬁé eh Q&ﬂﬁc}ﬁlﬁe ﬁiagfﬁ*ﬁtﬂ b‘elﬁgytch@i is placed
supplied to various conbinations of the top and bottom

emdighrip dlais exapplp ¢y hp bottomigentyad wlestrode Mfuency of the RF

b | h |
T ne. maReFRRrOBERRE R eblfecl & U ESUCERPLAR: oo Rr

t %L&c@m&ﬁﬂsﬁe){chﬁtlﬁﬂm Qhure€M37, ahd eleaetsad&chitbn RF source
[ 0027] The controller 235 i s connected to the gas

s 306.céhogantrollpe2 15 cpatrRi thoflpwef Begstch gas ififorthe etch reactor 200, as

o 51 o2 sSien S8 BL R AT 25t B BBE R eRE S p B0 6. he

t BRc@bER 208206N 08, & 2 80, GRd RAGhAIst pURp. @as wel | as the
generation of the RF power fromthe three RF sources

24828952, 25tﬁthlst mn@ﬂee confotbesnp Ongs 2ARGire pASjdedria pRviie

2%&1} q%gﬁgﬁ?fa tﬁ @Ed ggsogv cﬁ%&%ﬁét?vsg%ﬁ%#ﬁ%nement rings and are

cgmdug@g\gg;ttheogxhgﬁgq plipsma and gas, which pass between

t he confihement ri ngs and are exhausted by the exhaust

pl0629] [ 0029FigeirgpLi/esndBB ahotr3® ai dohysitar aysera, winiep st witable for

R 1n81}t)1%n@ent\{\1@gl 2 cl)r?trosliér E? Iuseedfn? rone or more embodiments of the present
invention. Figure 3A shows one possible physical form of the computer system 300.
Of course, the computer system may have many physical forms ranging from an
integrated circuit, a printed circuit board, and a small handheld device up to a huge
super computer. Computer system 300 includes a monitor 302, a display 304, a
housing 306, a disk drive 308, a keyboard 310, and a mouse 312. Disk 314 is a
computer-readable medium used to transfer data to and from computer system 300.
[0030] Figure 3B is an example of a block diagram for computer system 300.
Attached to system bus 320 is a wide variety of subsystems. Processor(s) 322 (also

referred to as central processing units, or CPUs) are coupled to storage devices,
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i mpl ementing the controller 235 used in one or nore
enbodi nents of the present invention. Figure 3A shows

W@r@spo™es bl e physical form of the conputer syRCEOSR08052950
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O course, the conputer system may have many physicw

I

h
P8 APy EATRY; ORI it 3 GLAROM S v

dirisectdds unadkeyivaaltyto3hOCPanmhdeR Abllis @sQiliFpicillysto tBihdfer data

S conputer-rea able diumused tg transfer data to
Egﬁsgﬁ‘ft%‘ﬁb‘h% g‘r IESFEo R PG [%g Of thesgtypes @fpnemorigs may

f t 0
PRyl O P 1O AL
S 0D6 ysstl enmupRddd-efsaidnally E]ZQP(J@QQ pit pefvédes @dditiona slata storage

central processing units, Us) are coupled to
s EVAHL ARFLTRE 81O sy §F Fhsns@mp@z Aca fgﬂlas@%cnbed below.

[

@B&H%%Qﬂ%@&%&%& tpﬁﬂ}%%’m gﬂég F}{eﬁﬂ{%@p gsgttyglc?l lya
t sanafay sdadge mddium aich lA@hlh@f(delsk)Ithaillif dotveothah pyimagy storage. It
the CPU and RAM i s used t%plcally to transfer data an

i mi,ltl b aprrsriated thag they infprmagen sincdoyishia fixegdisk 8¢ n%%{egle

8P8§rtg, r@%sggg&bﬁﬁc at!eﬁgxllegtglr%llag&]}gfls 1%|nta§"9 i Xeg?y in pemory

3 264 | Reibgabledivp B et maly tdkertRefar@ndlahy of the CBpdR2readible media
prOV|des addi tional data storage capacity and may al so
@$U€@ihﬂywof t he conputer-readabl e nmedi a descri bed

g‘i arf ljxte #Pﬂ ﬁ?el% g‘ﬁsa Q;Bé{pl?c? ('Y Zzﬁ’re&ly ofi 151 t?m%gqul CAT® such as

SHQpﬁQ%Oﬂfﬂdﬂybmrﬁ SUGmése31h aﬁ@l spbakd) 3B¢)1 atn ge‘hefal QWefiput/output
than primary storage. It wll be appreciated that the

i devenaey bp apeefaivived disiptayb.rirack balds, arisd ksﬁ@arﬁbymlqrﬁphones

ag(RlCR ransgt]we ré?@z}%/s tr%nsﬁ%%%?arl %fe?sgg{%né%:laog%gf)gréa@ ac?ers
Meabdea ke 1isBe vorseBr GhnBititi reééﬁl&mﬁqﬁﬁnés%m ®r other
nmedi a descri bed bel ow. [0031] CPU 322 is also coupled

t gompwtarsi @PV B2 qpﬁpuﬁllyofnmpbn cqjl@ilndde gnotercdeompyitatiospl ay

b 310 3

s n et e B0 Be TR oR sty et f pgyork
d iR Sit ist doAfn bl that He@BU kBYRO&HR, informhGANEBRShe network,
touch-sensitive displays, transducer card readers,

rragmht ouput phperatipn ptethpelatmrk in thatsioutse of Bftnmruslﬁthe above-

ICG.O iti reco mstrlc reade
T R L A S R AR e R
t thaFRRENRS sAIQYRPEETPOr 30 9ERMBXUAIE Bl drANRNEKWAEKas the Internet
usi ng network’”interface 340. "Wth such a network
in conjunction with a remote CPU that shares a portion of the processing.
[0032] In addition, embodiments of the present invention further relate to
computer storage products with a computer-readable medium that have computer code
thereon for performing various computer-implemented operations. The media and
computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known and available to those

having skill in the computer software arts. Examples of computer-readable media

include, but are not limited to: magnetic media such as hard disks, floppy disks, and

7



interface, it is contenplated that the CPU m ght
receive information fromthe network, or m ght output

WO pdososmes on to the network in the course of peCT/UBI0$ES2950
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t he abovedescri bed nethod steps. Furthernore, nethod

s g}baéﬁé;?q’}%%% oo %%ﬁ?%@%ﬁ% C@é@ﬁgﬁﬁgg&gﬁf deitessmgpeto
A8phaE nledRLER s NORANAAS hh@RavhAd %%gg?ltaﬁr%&&ml

res a portion t he processing.
adoinfiguost toesndre didrexsicsteqgiirogrive cpesectt ad appéinatiomrs pecifit eegrated

rel ate t nput er storage products with )
csﬁﬁﬂtSéégléiﬁd@Bs@%?ﬁﬁagt Vigss(fd-ley %@@M&aa &AM devices.
h o g . ‘
SR Lo AL R bR Bl LA b,
S ped fikk leyntdiméiggrighbranc] obesie thue ietexieouted be a poimposessing an

the present invention, or they may be of the kind well

k SRR ComputesPadabls ez may ék?P%@ ceRppier fefletppgsmitted by a
c L war .- I

OO RO LIRS  EXAPRL 85,0l COMU g L Eor

S ishuasonBalidl acH edesutable bppyprebessos, andmagneti c tape;

opti cal nedia such as CD-ROVs and hol ographi c devi ces;
n%éc@igbgti cal media such as floptical disks; and

2?6(%\%” e deYﬁ g8 eé:{%raeg(élﬁ{grﬁ (ifgagngf{nﬁjso{(%ﬁgnggg lh%l‘ifneeqlti%g, a substrate is

oré " and exec

appvidedtdvenwhiR ai di¢lectiif gl @ fétheel dvetlivhiEh (@A%H68 )based mask is
programuabl e | ogi ¢ devices (PLDs) and ROM and RAM
d &meds FIEdEm eschematioergtr wetiensd sieivnd] thejeubseiethtié the

such i ler, i | es. .
o R aPSPLAECH B RSB ATBA ARy e

C aNiK Sanip$d 9 Ghéwin tBESPIOPIOE khe uBHRIE 804 fRPEabhBonBikia412 is
may al so be conputer code transmtted by a conputer
dahavisiodeaan teprdisdictier layers08 aenel asrmaiglayesrigay be disposed between

RS L R REBEREE R IR 805 P e
s peithdtivatesa R s@aRf40amne FiMeel (e BArbeh bhded nha3K &Mb iOdver the
substrate is provided over which a dielectric | %er i's

f dietastiicolapar 4A8i K nat patitsehcdntase withdkkdicksctrigrayed 408-| 13, this

4A i s .a sche i cr .sectional view of t )

< B, B IEIR e 208 88 Sk low bt & e sy, gracerial,
cg;d@,qp based, fskathble, 1 fubQUAN40NR diiRloBGldtbiCandad&dielectric
408 in this exanple is shown to be on top of the

sldyst satsengddlyend stllveneaddmOmaskliddmniirgled RoWwrbased ieterial. In

on .t he di el ctr'c%l% r 408, one or re |layers may b

M SISO HEEE masl oot agbof i bt tymples the

| @%8bn bsse@ WLk hl§ b%%%f&&ﬁst%gﬂfr@# ARYrphdhs@hfbBhGis similar to a

contact with the substrate 404 "and where the carbon

baskythendsik with2ess hydmogen advemore carbon, so that it is more etch resistant than
polymer. In other embodiments, the mask may be photoresist.
[0035] The dielectric layer is selectively etched with respect to the carbon
based mask, while depositing a net fluorocarbon polymer layer on the carbon based
mask to provide an affordable selectivity (step 104). An example of such an etch for a
Si0, dielectric layer, an etch and polymer gas of 200 sccm Ar, 20 sccm C4Fg, 82 scem

C,F¢, and 64 sccm O, are provided to the interior of the etch chamber 240 from the

etch gas source 260 and polymer gas source 268. The bias RF source provides 4,000
8



dielectric |ayer 408, but not in direct contact with
the dielectric layer 408. In this exanple, the

walt@Beeoes c | ayer 408 is a single |layer of a sPeyU82008/052950
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uniformmaterial. [0034] In this exanple, the
substrate S 11ican wa and t he di

g@’aé & 8533?114@1 J%F%%FX%%@I@P&&LS&HH%P&%W@@. 13}) (5 Mz, The
S %édoﬁ@ @xﬂtah()h $3 %%&?{pr&qé&djw &k b1, nTﬁJ‘ét@h %ﬁmmer gas is

t he carbon based I's anor phous car bon,
oh’a&sfommirtptoesplhhm cAmbosub @ 80l mikskis nm;ntlamea, The etch is

photore3| yner.. Anmorphous c sim]ar
?ﬁw%smnfi%@setﬂmrao%@ %{?@ @O@éﬁl bohe etglals then

n@% _ "is more etch resistant than pol ymer. In other

e ]al ments, the mask may be photoresist. [0035] The

di@i3stt ri ¢ FaEYSIB isa sshéraatid aredsyseeti@iab diew dfter tlespletivd @ch.

t he carbon based nask, while depositin

f iThe .S%ieféws@#hwpvﬁ%%a nf'éﬂélpr%ﬁrbpﬂ oLy %ﬁ%g@@& Lgepgthe grask
P QL?Z' leal?atﬁf' 9!26 ‘ﬂ?éfeebe%ﬁ Pgﬁfahy gIc%e({ Sfy Qs ﬂ'e%ﬂ)unla@}ctedly found
exanp |

such an et or a dle ectric

et}mln therfthopedaytomrpolyaserafe p@@@ors@ad brbe aRfnteein i sEc&L a Wy that
seem C F , and 64 seem Q are 1Erow ded to the interior
oPn¢ pide gag Feceinanivere deposifip il pentisue ko F4eive sipre deppsigion thus

R WO —.
REwis g, G tHat théicdpersldihdBatondofMizetc hansecae dnequally spaced.

excitation RF source provides 500 Wat 60 MHz. The
etleHacihatepaidprsandiygs thed 16y ‘Hﬁéh%’i’ﬁ'r@@ bptierp Oét\pw Epappacs Ring
PSTAPALEE! BT B TR DL RL eSSl Epegty

1aﬁ&neﬁk2,mﬁc}ﬂk%k’eat&tﬁdﬁaﬂ stopped [ 0036] FI G 4B |s a
schematic cross-sectional view after the selective

el®B7] The sdheéupipeaibre EObrrtw M@l@cavqimemcwd rfmraﬁﬁcmask (step

33BVn BB BERED APy OiceRBe 1 el 87405 m A
URRK PG SdcalDY alfegﬂb‘ﬂdéd]@tthé fifRerfdr W@ ERCAEHANIRE YABfrom the trim gas

deposition tends to be asymmetric in such a way that
oneursd det. t Pt bipeREisywrse puovisles POV 2 DNH#. | Thedont dxgitetion RF

to receive t hus Qeconi n en _nore .

L SotEE i e R En SRt eopd s SRR 16 S Tisyides 200 W
oht 60WRHZ. Nhe thifh $R3 chReoiRAR6S PMsnider BRELREST 86 miTbe: is
etch features are unequally spaced. To facilitate

undértsined dTmggrentolvel iFn@intiBed o se¢radbot horansfvat pugcess is then

f eat ur e se e di st ance X1 .and t he

b SRPBHE SRR Bt S P e pRhattey Thy AR M ar Sridg some
*BorBidfent, bubASAIR T by alls dbADSThe Bie f | uor ocar bon
pol ymer is selectively renoved fromthe mask (step

[0038] FIG. 4C is a schematic cross-sectional view after the fluorocarbon
polymer removal, which reshapes the mask. The reshaped mask is patterned more
correctly, since the asymmetric fluorocarbon polymer has been removed. The process
also opens the mask features to closer to their original widths.

[0039] The dielectric layer is again selectively etched with respect to the
carbon based mask, while depositing a net fluorocarbon polymer layer on the carbon
based mask to provide an infinite selectivity (step 112). An example of such an etch

for a Si0, dielectric layer, an etch and polymer gas of 200 sccm Ar, 20 scem CyFg, 82

9



108). An exanple of such a selective renoval, an
ashing or trimgas of 400 seem Ar and 10 seem O are

w@e@sigwes to the interior of the etch chanber PADU$20081052950
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the trimgas source 264. The bias RF source provides

300 W 2 . The first excitatjon RF_source

pPER e ifefgg%@cafn FHRMEOV! Oé%fcwﬁ&l%%%m%@#aﬁker 240 from
S &éh s%hﬁé@ 5644 ngﬁlepgas NGrce 388 Thd Fla@RE sbirce _[provides
transtfornmed into a plasma.” A pressure of 20 milorr is

mei000 aV aed W Thte Meéhovat firg emeaitatioaiRtesbufe@rpréadesetdnWsat 27

The renoval process is_then stopped. The al | ows for
t MBS hRat5aRd DYdapel Fepircapioviges h %%ﬁ% Wiz ot etchand

b Tt r i ;
R
attchiis mhmtfihadournit grebticleqak yayer isrcompleadly ewhed hThiesbiapaben

the mask. The reshaped nmask is patterned nore
c8PR&: |y, since the asymmetric fluorocarbon pol yner

Pztg)ﬁgfe” reRRyefh isﬁ‘s%h?rﬁ&’t‘f@&%s@eé&o;f’aﬁ’ Vi %fE:? tlflég%geg?ve etch.

es to closer to elr original wdt

Thhae diledtBetetdhprbayey a hed fRgAicarba lpeBbiner @kbposaionvad om thé mask
respect._to the carbon based mask, while depositilgg a
ymer

nét 2.rwhilsrisatares 4RO pave/basp PrEipdy eished- hEhaBrasaenrbers

A AR SR AR 1485 0
adedstionanitl doatiyien ré@sveahodQRpseedn. ABuch2a aSarmeickBposition

82sccm C F , and 64 seem O are provided to the
i Hteyquste twisHag.dn dnt gieagepters o4be boterms ¢fdhe eich fephes are

OG5SR PP PR AR 3151 P Bl Bpom ot v

ex&indrad by %aﬁ@&lﬂ%ﬁa dk@aNdetsand Dhk B¥t@n efftwMHaatuld ®eing
second excitation RF source provides 500 Wat 60 MHz.

Thepagtechbyan disppors xe whigdisis geeater Hr@fxor med into a pl asma.

A sure of 25 .mlory is maintained.,The etch is
PIRGESC Bpvifhe g el PP v BEaficibeb Bolymer from
etiehfshk, AREIAE elimh Sk febigipis eRRYktink @OAGLcddl Eor hnhSie dvithout
schematic cross-sectional view after the sel ective
ethetmaskireshgpingdhé digfereneés Yetwedndesind xn etay ok dorldedr bon

r deposjtion 416 on t mask 412, while featur
AT o b Dt APPSRy Pl B0 prS L or e 2T K
POLTRLI9PIS LR, LU LONDE. ARYTTRLALE iy Such 2

that one si at receives nore deposition wll

cQ043hue t o FieCRis\eschan&ichdew sikéfubidr niddaltingnhe amount of
asymmetric deposition is a source of twistin in that

t histent Braselipses R4 pAemaksalbfillpsigntethe hoftems e? gish fgagures. The

gggﬂ lﬁggﬂg%grgtggﬁ%elo%g]toﬁég% %P[e?%gf 8 geed{u?f&a&qhg ga’yoﬁtho? the original
mask, where the center of each feature is at a grid point. As illustrated, the centers of
the ellipses 504 of the bottoms of the etch features are not all aligned with the grid
points. In this example, to measure twisting, a twisting in the x direction is
determined by using an average of the root mean square (rms) of the difference
between the center of the ellipse and the related grid point in the x direction and a
twisting in the y direction is determined by using an average of the rms of the

difference between the center of the ellipse and the related grid point in the y direction

10



features being separated by a distance X1 and the
bottom of two features being separated by a distance

wo2008bii9eh i s greater than X1. [0041] By proviBECTHS1008052950
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sel ective renoval of the fluorocarbon polynmer fromthe

mas resul.ting in mask res in the twisti S
r éafieéqial gsting Ffhp s dwtatnﬁeﬂfteiﬂﬁfgfwgwﬂf elsths ﬁ«%@e fipfthe related
d%ﬁﬁﬁgg@ces between X1 and x2 may be doubl ed. [0042]
e above exanple, a 30:1 aspect ratio was achieved
f go04d] 2. 1 mAdlepdnh pedvides féatd@s Wvithpeddtingah ithE xmisection of 2.40

achieved for a m dept h et ch. [0043% FI G IS
s 8Renm PRI .tly\huﬁ@eqi%hlng diPnevas frund g e aa%fd% i fhe x direction

m’iéé%gftﬁtgo%ls tﬁg Ve gﬁé@éleﬁ& SaCJE Lé &%{cﬁ é}o%ﬂ th«%’ﬁh&%&?rbon

at ur grl ustrates

t pelyhree &bmoths rrﬁlfsk LCetatiging vafs rhdsaemfeém b ¢93a.t he | ayout

of the orlglnal mask, where the center of each feature
i 00451 5 gri dhpérafres 3 efliptigalite allew claspieplacsteat of e feagaes in

n 01{ ' )gﬁﬁ&g?ﬁ,gaﬁ%go&zg eﬁ?? Us@ {ﬁ% fgzl‘tultepg e%tI&SF Iogg&&r R ?Hfzctlon

ol n exa

t chenii@snues atewhsitichigcaldn thal ;sdilmgon Jproviding sdiaﬂleﬁﬁole@dihcb§ in the x
determ ned by using an average of the root nean square
(A89tiodf the difference between the center of the

eb R$8G Akﬁﬁifelated grid point in the x direction
ngla—tmﬁggrng—rn the y direction is determ ned by
U$00a6] an aved agthdfeximple! e dfleduielatié:fif edlenizelyrethaaenth
the center of the elllsise and the related grid point

i Fespes tg theicpdonibesrarbask. whitlatlenonitingiamgt flgoropaben golymer layer
o SR Rt B B b Moa S bR e Wk spgmpte of
Wistidh a'lh été’ld o 390 dieleb@icNayd, ra%(‘ettélpz{hdq}‘olﬁnér%aﬁl B 2@ sccm Ar, 20
control that used etching al one was found to have a

t o Clgy, 8 saceCubsditndeled scom ©Of arg providad tp the interigh of/ e etch

ex | e i.n selective r val of the fluor rjon.
psﬁ%%ef 24D it s bl ool PP pet R ol O i s

4 5O FcHPlovIde94 b0 Thasf @t ddneaHar ahelfirdt Rk éifdion REF @ut@Wrovides
closer placenment of the features in the x direction,

aé 56 Nown7 Bélraude se¢rmdfegaitativoRBs@ired poeides ﬁi@beImﬁOlMHz. The

G ralpP B S Par IR SRR ot PRGDEr AREBUST Epaitpr 1
il LR VO 4, LA,
r 4@ttt o thhe flvardoathoh aekydlerra@clecmly eermspdsfrom thg naask (step
n?bS)f lAu19 fr:xoa(r:ﬂaprleb 8{] sup ﬁla se ectlve ereni)val an ashing or trim gas of 400 sccm Ar
and 10 sccm O, are provided to the interior of the etch chamber 240 from the trim gas
source 264. The bias RF source provides 300 W at 2 MHz. The first excitation RF
source provides 100 W at 27 MHz. The second excitation RF source provides 200 W
at 60 MHz. The trim gas is transformed into a plasma. A pressure of 20 mTorr is
maintained. The removal is maintained for 25 seconds. The removal process is then
stopped.
[0048] The dielectric layer is again selectively etched with respect to the
carbon based mask (step 112). In this example the bias RF source is pulsed. In an

example of such an etch for a SiO, dielectric layer, an etch and polymer gas of 200

11



on the carbon based mask to provide an infinite
selectivity (step 104). An exanple of such an etch for

wa2@Beel ectric layer, an etch and pol ynmer geGI/o82089@52950
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seem Ar, 20 seem C F8, 82 seem C F , and 64 seem O are
provided to the ingerior_ of t etch chanber, 240 from |,
tﬁ@%?\e’%og%g B 588 Ghet aﬁ@ﬁ%@?ﬂ FadresRygyided tpige interior of

The RiechaRibes A £6mRhOYCH ggs &m&%%%hg 301%5 Jer %sat%ugé;z%s. The

The first excitation RF source provid

Vhizs RFheusegood dexc0@aMaarn (W asDMide witrecvthd s 5daMs auilsed
60 MHz. The etch_ and ol¥rrer as is transformed into a
pMadR, SOAsshbs erleat 0% sThariist excitatien RE apwegiproyifiss dp@ NV at 27
i i ' £ T '

B TR 30 S0 KIS 58Sl BB e e
S@bBaict ¥& iy tasstorMesl ihtoonpladita. NASHescst P 23 @8)orr Anaintained. The
exanpl e of such a selective renpval, an ashing or trim
g@ylsed eap o maiatingd watiitheglidectiie perp eopplstalieighads whird in this

L5050 S0 Ghe FIREDSE R LUAER Y| s mor

MoltygehiBarf 4 §ifililafX6-p@bd e gREinS O tHeGRil 26 @¥dcdSprdPidedMhate
27 MHz. The second excitation RF source CE](rcovi des 200 W
apolggeNeptionng therphoraerd axyeemisgeetaddd recice palyplesization.

A sure .mrorr 1S maintai ned. I val, is .
TS ca Flo s ToRhimiiR o B Ph G s SBPulETEARn § fagha wiam
SkORPREIpdeQRB]s dERBedbineGhtid 6f the@kthi 5 tROWIdEh y/x. The ellipse
selectively etched with respect to the carbon based

megtio (fsheloyautdyatuienist ho® lmaagoplrel tebtevhsireis nRpWedrbdas RIis was

ul sed. . I.n an.exanpl e of s n_etch for Si
atetcR P A B R ARE BOeSheh 58 Brtlsbuneme e
AtondRoe @i cfosk SectBR of @RMestufe tend@NE ifPe B ﬁme%tﬁraﬁd shorten in
provided to the interior of the etch chanber 240 from

t medibtcabsiggthe sHipse eat@d0 irmmehspoltynebeegamespagtedty 288d that,

The, bi F source provides 4, 000 tt at 2 )
oiEr e Rt BRI By 1o 0 div el @b b ipse
CY4oSs abcrel¥. e fai)cﬁx%texﬁfﬁ%iet, ﬁfeie@l‘[bsB’r:atﬁﬁMsCf%um VeSS,
150 Wat 27 MHz. The second excitation RF source

pf@s0ties 50D Wadlier @mbbHimenThgngtlelpudsed el yurbras gdsn it CD of
transf or

d into.a plasma. A pressure of mlorr is
nﬁlerﬁ‘%eﬂg%@mf?h @rea;%rﬂg,éawsé% iEaBe ACERGTEY BitiFh 2 £, the pulsed
diek %ﬁﬁﬁ$ gn Ly ?ﬁag'b% SR RERYe 8L BER 1L fhdval &fths

exanpl e 600 seconds. The pul sed etch is then

s floppeakboil polynet gthpespectde shenmngk. Bughan etchamyaussitha prdsed etch
non-pul sed step, since the pul sed process provides
nEOFENHBEFRETE S PI8FFS35d t her ef ore nore oxygen is

OS2 | ey RO Rk PRSI B b o
witdirhask has a selectivity greater than 3 to 1. More preferably, the selectivity is
greater than 5 to 1. Most preferably, the selectivity is an infinite selectivity.
[0052] Preferably, the selective removal of the fluorocarbon polymer with
respect to the carbon based mask is at least 2 to 1. More preferably, the selectivity if
at least 1.3 to 1. Most preferably, the selectivity is at least 1.1 to 1.
[0053] The dielectric layer may be made of one of many various dielectric
materials such as silicon nitride based, silicon oxide base, various organic or inorganic

low-k dielectrics.
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X. An ellipse ratio is defined by the ratio of the
length to the width y/x. The ellipse ratio of the

WO 2008/09792%at ures is 1.69. In a control test WhRCEHUS2008/052950

10

15

20

nonpul sed bias RF was used an ellipse ratio was found
t 3.11. It has been foupd that under norma| etch

c el ons, Yhi B 668 Gavrp ra‘rﬁ%m EHUV 2 CCRFYI T

| F«ﬁé&?«%%ﬁl@v&l P e RS A o Rndr Troth Hem&RUS 'b@tgvets{ﬂ,%ther
el pse ratio to increase. 1t° has been unexpectedly

f examplehaby padvideaugile spletisvengcliensvidaskstied emdvahe, thdy

sl.owi ng down the etch process, the ellipse ratio is
dEuposaidan pplymeR i BRsEE- dieasplaple g wiqefivg aicheymey Bragsed

f . [ Ug|
AP0, 00 b e LIRS0 0 RS 5 L0 s
f eqilyutiesasapeockssigetime vius tongl fiietfiendetrdase tavistongc dioo. mdny

such a case, the pul sed bias during an etch may be
usdectivietspoyalt pleths flaprosarber palymey a1ay angksiipblyfrepge too much of
R IIeTeTot-Yel o oloh Iplggkyrrer with respect to the mask. Such an

etch may use the pulsed etch during the entire etch
plaossgses. [[BOSdctReetdimbdithé bieleselcasiivs pedvidinggn efch and
the dielectric layer with respect to the mask has a

sepater gy yhigh eamprises igithera flypracarhpsy & adivdraffugppaprbongas. More
S |V i ter than 5. . refe

R R T S

Prief estedldypol rhe e hater Xt@rnpﬂ@‘dﬁloxﬁ%:ntcbﬁtafﬂi B0CFhlBMay be
pogléérrer W th respect to the carbon based mask is at

| tor Dot gndiis paserebly it dYlaus|pyeferahly, ieleseht angipolymdr gas further

I ggr%tril.ss to?nblrd I\%gt |rsefhea{rS rI y, the selectivity is at

| 635t T.ftio iy n[l §§{’) Yedi'el ectric | ayer may be

mpelB6Pf  one TofindfBdi¥ tveddel RUSitdbethe ¢dhoval BRIE fludldtaibds Ppolymer
as silicon nitride based, silicon oxide base, various
omgtrrespeet toithroeagben astbmakk, di is Imwee piceyalflo 68 4he yinborebased mask
t he above eggﬂgwpl & dr ovided two selective etches with a

s & Be1] VBOPERVEB ™% f1 uor ocarbon pol ymer from the
MpeUS7i N bet wek thRliRRNGSY AAPh&RS deRYibRA QY leffls BP{Reral preferred
sel ective etches with selective renoval of the

f Embpdicenbothepodry plerafionsbpermaigationfend eriaem sebstititgequivalents,

sel ectiyve .etches may be used.requirin ot al .of

¢ mim fett it U8 Seamardiis ihensod off shotd afic b poted fhat e are
a H&Elg QRSPatNYwhyidf %ﬁﬁnﬁﬁﬁ@ﬁ%'nﬁ@h&ds &d ap%gratﬂ@élo‘# the present
further decrease twi sting. Too many sel ective renoval s
ofinviehiorf. | It or therafdro mtguleyt tent theefpllowthgsippervleyt clagmpbeintopreted
nmuch f.th? caybon based mask, £0035 .The Eel ective
eta%H]iCﬁrG”‘tﬁfa b ieh gltgpaensy PETUEY PP -SL KL’BWS&“ R Lo egpiyvplents as

aRf] within the true spirit and scope of the present invention.
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pol ynmer gas which conprises either a fluorocarbon or a
hydr of | uor ocarbon gas. Mdre preferably the etch and

w@ologeio2fas conpri ses a fluorocarbon gas. NMorBCT/US2008/052950
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preferably the etch and pol ynmer gas further conprises

an oxygen contai ni ng gas, ' y be COor O, and

is preferably O. Mre prengLégth the etch and

PN c18dsgfiyr ther conprises a bonbardnent gas, such

as Ar. [0056] To increase the selectivity of the

r énovalA mbthbb €orfdtehingpaanlbahigholspem rati felrureediplectticiayer through
the carbon based nask s nore preferable for the

S
CACBORN BA¥EdNFrgdR 2R Stcbéh%rﬂi’%n‘iﬁr%&&}sgi car bon mask.

[ 0057] . this. | o . .

terms o lé:%atsv 6 rég%}ﬁ%ér @% gﬁ%@%@%@?ﬁ%@& t dg?g%g?g based mask,
amtheread thenslectperanttiag poniies anet depositons oSafisdiotarben based

equj val ents, which fall within the scope of this
i ROWAer 8 theyqarbophasesl WrYs be noted that there are nany

aItern§5§%§g£@y§ﬁggyé9@hgﬂﬁnting t he net hods and

apparatu e present invention. It is therefore

i nt endadubdegiient bdedtivklcahinpghapietsededagdraiitbreRgct to the carbon
interpreted as including all such alterations,

persedtRask oipsIPIiSHY®: var i ous substitute equival ents as

fall within - [0t s - t o
nvent | on. CPAGR GRS ey e Rl £ AR RRSHontaining
eheiddl: did anldxfgerndopibnimiap atlledut toohd &@alh diientdirel ectri c

| ayer through a carbon based nmask in an etch chanber,
conpri si ng: PEovédingapplsed biag RFrvignakandi el ectric | ayer

with respec%gﬁﬁﬁh %1&%5 99@9@§S§n sk, wherein the

sel ective e rovides®a net deposition of a

f buor oqae hehddasecipl MERIimOl) whakeil tleBeRciasachin@ e diclectric
stoppi ng the sel ective etch; and a subsequent
s&dyeewith eespet 1o g carhondiaggdanask eOMAYEP: with respect to

the Ca%po%ri]digg 3 %%wn&‘sa.lt(l’etc%gg bha b Bord2h Bbh dlo]{1 ef Ilsl Qe !:tch
an et ch gas,®conprising [FUor ocarbon cental niFhg
meh&sbdre and an oxygen contai ning nolecule to the etch
chanber; providing a pul sed bias RF signal; and
provi dPryiding e gentyiughnyarrbigs BHalgnak andhe met hod, as
recitedckqﬁglgﬁg&%gﬁﬂp%ﬁggnnﬁhe sel ective etching the
di el ecPFi'E "8 & ghat
3. The method, as recited in any of claims 1-2, wherein the carbon based mask is
one of a photoresist and amorphous carbon.
4, The method, as recited in any of claims 1-2, wherein the carbon based mask is
amorphous carbon.
5. The method, as recited in any of claims 1-4, wherein the ultra high aspect ratio
feature has an aspect ratio of at least 30:1.
6. The method, as recited in any of claims 1-5, wherein the selective etching has
a selectivity greater than 3 to 1.
7. The method, as recited in any of claims 1-6, wherein the subsequent selective
etching has a selectivity greater than 3 to 1.

8. The method, as recited in any of claims 1-7, wherein the selective etching has

a selectivity greater than 5 to 1.
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| ayer with respect to the carbon based mask,
conprises: providing a flow of an etch gas and a

WO bawsogwes bon pol yner gas to the etch chanber ; PCT/US2008/052950
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provi ding a continuous wave bias RF signal; and

provi di an energi zing RF signal, 3. The pethod, as .
réci t gﬁﬂ? eyl o e lﬁsanip cHiiRl-8 Hherm & harusACtective
MR&King$ha® R 8ellltivityRhQkG (RS Sto ANd anor phous carbon. 4.

The ngthod, as rédited in any of clainms 1-2, wherein

t 8. cailhe meltasleas rasdd insingwd clphoub-9cahdein. thd selddtiyve etching has
met hod, as recited in any of clains 1-4, wherein the
uPR Il gRlecldlet ratio feature has an aspect ratio of

ay Ll ea%? g}%iﬂm, Qs relﬁ&%ig%glg :3?' claftis {_ff@j \Lﬁé}eiinﬁléegﬁg)s&fuent selective

clainms 1-5, ereint ective etching

s efchiigihvk by irfindtatselectivign 3 to 1. 7. The nethod, as
recited in any of clajns_1-6, wherein the subsequent .
sélect ilhe methaq; pyrepised ig ckimelc{ |.ovheyeip thegdiglectiig fgyenisagilicon
1 ’ { ited in any of clainms 1-7,
mﬁé@gngﬁﬁgﬁé%@%%?ﬁééﬁggthing has a selectivity

gngat eMht hathdal, aoreditQ in B ofrefalned] - 12 swheeintteedieRc@ityayer is a
of clains 1-8, wherein the subsequent selective
efidBleiyifiREs layesel ectivity greater than 5 to 1. 10. The

T4 10C BT SRS Q0B AR IR Py Do

mdybothroud arcacionédsédmagkyin@h eedhashambdr, ¢dmprdigg:ei n t he
subsequent selective etching has an infinite o
sel ect Pyaviding 3 Slowfanegshrgsg, comprisig) a feprpgiroqnggopfaining |

SARIEHT SRS thBe EECh Pt ek SR SE AR ©

recit egrdviliagy pefsedbias RF signhB.antherein the diel ectric
| ayer is a single uniformlayer. 14. A nethod for
sel ect Pridingaig piangizig R sigeal o grnshapede cfchigap tq epkasing

Sy 1A B NEE, AR RADRARSSL TR LD R0
gamorpheuPEdrbbilg @ fl uorocarbon contai ni ng
16. The method, as recited in any of claims 14-15, wherein the ultra high aspect
ratio feature has an aspect ratio of at least 30:1.
17. The method, as recited in any of claims 14-16, wherein the selective etching
has an infinite selectivity.
18. The method, as recited in any of claims 14-17, wherein the dielectric layer is a
single uniform silicon oxide or silicon nitride based layer.
19. An apparatus for etching UHAR features in an etch layer below an carbon
based mask, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma

processing chamber enclosure;
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nol ecul e and an oxygen contai ning nolecule to the etch
chanber; providing a pulsed bias RF signal; and

w@e@siogionyy an energi zing RF signal to transforPeT/kg82008/052950
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etch gas to a plasma. 15. The nethod, as recited in
claim 14, wherein the carbon based mask is anorphous .
carbon. 16. AT 78¢ ﬂs&*IOf%stF ROV e l?w%;yﬁ@qu%n% Rpgeessing
1éhé|r§ber\éﬁa6§ir9f(;rr§?stgiinh{gaa Iglblgﬁa.aspect rati o feature has

an aspect ratio o east 30: 1. 17. The nethod, as

recited i n amRFdfiacdoaiaemprdvidibg,a signal with atRiefrepleecyt bateeen 1
ei{chi ng has an infinite selectivity. 18. The nethod,
a&Hzapd dBMHA any of claims 14-17, wherein the

di el ectric ' Y Is il i

silicon nit %lﬁ%gé l%glzeéglﬁa{/égic.% d%g.l; %Jr%ggos de{éreg@gé@;%é?sew%e’
etairiengd ke RIebihws@scd;n an etch | ayer bel ow an carbon
based mask, conprising. a plasma processing.chanber,
conpri si ng: 2ArERENBEHAR $OUFSRIPYEING dpvigieh® ihadtleBeqysgey
CB@tW%@ﬁl%ﬁEQﬁ&‘EMHE‘ substrate support for supporting

a substrate wthin the plasma processi ng chanber

encl osure; asgropd NI ecite@ed @uede froviding@uligial WithtatRF frequency
pressure in the g(laasma processi ng chanber encl osure; at
| baiteeph@d Mileand H4¥H%r  provi di ng power to the pl asma

5 °5E°E 20 SURTREG AL S B ML .2

f eego@mneunbet ween 1 kHz and 10 MHZ; a pul se generation
device that is able to pulse the RF bias source,

connect ed t 8 geheutRtfesiexsaustng ees fremthe plastrEprogessingtahamber
ngk';ﬂés%ré’r oviding a signal with a RF frequency between

1 and 5 MHz; a second RF excitation source

provi daRgs sousécdifduidedihedtidRFwith em(tjga@ eetbedi@edingt0 Mz
and 40 WMHz; a gas inlet for providing gas into the
pl asma pr oc @8 §KYEgnShaiepend

a fluorocarbon polymer gas source; and
a controller controllably connected to the gas source, the RF bias source, the
first RF excitation source, and the second RF excitation source and the at least one
electrode, comprising:
at least one processor; and
computer readable media, comprising computer readable code for
providing a selective etch of the dielectric layer with respect to the carbon based
mask, where the first selective etch provides a net deposition of a fluorocarbon based
polymer, comprising:
computer readable code for providing a flow of an etch gas
comprising oxygen from the oxygen source and a fluorocarbon polymer gas from the
fluorocarbon polymer gas source to the processing chamber enclosure;
computer readable code for energizing the RF bias source;

computer readable code for pulsing the RF bias source; and
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encl osure; and a gas outlet for exhausting gas from
the plasma processi ng chanber enclosure; a gas source

WO pooBl0gr9els connection with the gas inlet, conprP&I/HR00$052950
oxygen source; and a fluorocarbon pol yner gas source;
and a controller controllahl nected toth o
source, the RF bF%%‘P‘étS’[ﬁe&gﬁ’l‘%/ sepr dergping g st Rp reitation
S QMEE€anARE s&%ﬁd ReCR A s%ﬁﬁf‘dettébf&ﬁhesé?l@fg%/eto%ﬁntaqﬁasﬁ{a from
| east one el ectrode, conprising: | east™"one
p rlecedsgrs;and pdlyoenberteng gaadabl e nedla, conpri si ng
conputer readable code for providing a selective etch
of the dielectric layer with respect to the carbon
based mask, where the first selective etch provides a
net deposition of a fluorocarbon based pol yner,
conprising: conputer readable code for providing a
flow of an etch gas conprising oxygen fromthe oxygen
source and a fluorocarbon polynmer gas fromthe
fl uorocarbon pol yner gas source to the processing
chanber encl osure; conputer readable code for
energi zing the RF bias source; conputer readabl e code
for pulsing the RF bias source; andconputer readable
code for energizing the first RF excitation source and
the second RF excitation source to provide energy, to
forma plasma fromthe etch gas and pol ymer form ng
gas.
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