ULTRA- H GH ASPECT RATI O DI ELECTRI C ETCH BACKGROUND OF
THE | NVENTI ON [ 0001] The present invention relates to
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specifically, the present invention relates to the
fabrication of Qnduct Qr peV| mh h_y ,Itra
hi gh aspec } 2 S i

processes are CO@M@RWUQFT trh% %g%NfﬁN on of

sem conduct or devices SIst materia
f po00d ] f eat ufThe padsér@rimsenann tehﬁeStd)rtha Ebriofitidnhe seaicendiicor
be etched, and features are then etched into the wafer
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g&nlca?&cpdcr dtebl%esc t&ﬁh&he&g%ﬁri gfr‘ gsﬂe@t rg 18‘%%@5 ching is
€ ever-increasi’ng aspect eeded to neet design
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?%Tleljf%e A \M&gr fodtle e?chlgg \Qﬁ%at{u%g %eé%%yétisésd 19&)%1@ w%ﬁsq by

ur e S Cri t I Ca
f eﬁlﬁdé;[r%&haﬁx@fe@wkgﬁh@ﬁﬂaﬁty@b Bgétehlng gae Ohe w&he E:hztmnges faced in
create higher density structures, the CD of each
i nﬁaﬂismwtfamgﬂé ﬁtelmér H@@@g@anﬂmeyt @é@ mé%&bééo mgat designjequirements,

dept.h ﬁf a%Q{es r Thus, the
a r u tra I eHsu u de mg features on semiconductor
asrP ]t 10 O i Vi dual ure I nNCreases as

t Ki@féiﬁ\thé:@péﬁaﬁtl}tf 6f Mt¢hwseatﬁ&993&flrféd@§m&iaflé bétlebiy the
energing recently during ultra-high aspect ratio
( Eranmy’selepth and tlnq/\iegwrmgcrlww étlinqnglogéﬁ&) aAsynafe feahues are
deV|at|ons of ocat VWen t he..a
- BB HR U Rl bR Bl e BNE by BRI YRRRE B cocn
t RRliVigad YERwS nabdtb Al Sedtis¥s, S)\!Tﬁie'the H&tis bf the fFQGEHEE femains
particularly near the bottom of the feature. SUMVARY '
OEnatEEg¢ANVEINT] @Rl af[@o0u}io Do earbiindiy sluphisatiiesy ingishyeg aathg device
IE cho%ﬂﬁpce with the purpose of the present
Vet a method for etching an ultra high aspect

r §6003] f eat unendw dﬁﬁéﬁlgﬂ @edrEing rdR_RNEY dﬁﬂﬂfgﬁh&ﬁlh@gh%b&@ Matio
based mask is provide The dielectric layer 1s
s éUHétR)\ﬁgjhyls evisheg] whittisgesgyelty defmet e dedation obéesetion of the
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fluorocarbon pol'yner is sélectively reaned Wi t
réspeet to the carbon based mask, so that the carbon

based mask remai sy W N POF THE INVENTION

[0004] To achieve the foregoing and in accordance with the purpose of the
present invention, a method for etching an ultra high aspect ratio feature in a dielectric
layer through a carbon based mask is provided. The dielectric layer is selectively
etched with respect to the carbon based mask, wherein the selective etching provides a
net deposition of a fluorocarbon based polymer on the carbon based mask. The
selective etch is stopped. The fluorocarbon polymer is selectively removed with
respect to the carbon based mask, so that the carbon based mask remains, using a
trimming. The selectively removing the fluorocarbon polymer is stopped. The

dielectric layer is again selectively etched with respect to the carbon based mask,
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trimm ng. The selectively renoving the fluorocarbon
pol ynmer is stopped. The dielectric layer is again
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mask, wherei n the second sel ectively etching provides a
net depgsition of a fluorocarbon baseqd pol yner t he
c&@ﬁgﬁﬁf @aﬁw SlRCUYBOYSTNE R eIt Slﬁlégtoéfl?@ﬁr%ﬁrbon
tBQseH?%?Mé_r%H tRe FRbROChsEPMmagl Ching & plurality of
features with an aspect ratio of at least 30:1 in a
s{0095¢ di el &candtieer nzanéfiesthiisroofghe arveaticr phethed dar didring a

mask isﬁfrovided, The dielectric layer is selectivel¥
ePEHHHY Rf fo3turesspigh an ppeetiatiapptdestial:d 4 poieipgtigectric layer
WREHE Hart Ao RORGRHDER! MRS PloRRieR §4E ﬁ%?ecﬁicnl%rer is selectively
deposition of a fluorocarboh based polynmer on'the
apehphwith respedian theashkorpnshscargon ingsg, phavindhaglatigaly etching
conprising a fluorocarbon containing nolecul e and an

oRYYEIFS @Gt ATRIRINgN 19b P dlarasaiben Rass pobgrer R dhpporphous carbon
b . ' . o
LB R L0000 oy Bh S L, 18801 Mg e

sah@ i bxRley comamigdnvletile kes peetssichaber, formlinhe gas into a
carbon mask with a selectivity of at least 1.1 to 1,

s 8lasmat andrieonginsr thh stlectvarctdn Trsdlioresathon pobimeer as yeéactively
f L 4000Ga0R0RROY %ﬂﬁé aﬁlﬁ{ﬂhS{IPXa%'on“&h{igwﬁh b ELITR G of at least 1.1
conprising providing a trimmng gas, conprising-’an

OXy 080 tERMhadpPo@aSrfdrmakhtmgint Aed i hetoh@eadaltm polymer is
pol ynmer, energizing the trinmm na@gas to forma plasma,
afRM@ed pising§ tHIAENIgs] OB BIZ\Pre WAME arif MHBE BRs 6PORHEAY AN

B e L e

S ?@%Cfoﬁﬁ b @Gdsindend bppihd e REIBMIV@RSrethonBig (HEAQSIOEABON
of a fluorocarbon based pol yner on the anorphous
c apbosr.miBkdicleoumdiyer i setrstindy etehed Wb resppgrio dfe anpyphous

invention an a ratus fo t chi ng. UHAR .features in. an
et U0} By s Mt ibslreBad s Hinad d b e g or o
PasfHRaBbR 68=d ipdYntdh aA R arhSipR6 ISR haskTber wal |

form ng a pl asma processi ng chanber enclosure, a

si96L at e slippmthermanifssipiper ofi theyinyestidysa apperastthi efching

t ' hanb | .
- SRR TR P B IR prBeL GREl firef BT Rt plasma
PHRIESH NhafibaNRefprRBEh ORMAK: walll TbBRRE aPMnRl $64dsQH€ chamber
for providing power to the plasma processi ng chanber

encdtlogug, @ shbstrasaistpapmifergsuapgtiag raybsanateRFitn dlse Paunagprocessing

providing a signal with RF_frequency, between. 1 k
DBt g0 e A ey e et e SO Re P i P Gema
SipaRal sir\lgl:éh@nﬁc%cicfsﬁ&y SNEYst BRE ¥B&RHAL tHHFrof ﬂﬂlgﬁpd\ﬂ'& to the
second excitation source providing a signal wth a
RPlafme gueasyn hadtanwebenerkolosvidzfoa mebtadinykiplasenagas RE i astsource

FOroVRiRY b Hohfh % o R ey DS PL9S S3P IR L A RS RE
excitation source providing a signal with a RF frequency between 1 MHz and 5 MHz,
a second RF excitation source providing a signal with a RF frequency between 10
MHz and 40 MHz, a gas inlet for providing gas into the plasma processing chamber
enclosure, and a gas outlet for exhausting gas from the plasma processing chamber
enclosure. A gas source is in fluid connection with the gas inlet and comprises an etch

gas source, a fluorocarbon polymer gas source, and a trim gas source. A controller is
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encl osure, and a gas outlet for exhausting gas from
the plasma processi ng chanber enclosure. A gas source
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conprises an etch gas source, a fluorocarbon polyner

gas s and I mgas so A contr

" SouFbI Cgﬁpiﬁtf‘&@tﬁﬁéf‘cgaéowwet e @&gasssgmcee&etfﬁ% Regexcitation
b L&eS AHA B seb bRl BIE ERditafbn SUEd ﬁ{d' Q8 atsl%kft e el@ffbdeNehe
second RF excitation source and the at [|east one
ebmﬁhﬂbdananEsaohhn@hépnmeﬁnpmubesmmnmheambbomaha The
processo uter readable nedia. The. conp

r e%a%%r PIPBECSCORpHE realabla 4p1%IoE Babalélag a first

p f i

PO L3 G ATE A . o
f lflmtselsa[\&cem}w;ﬁoelﬁeha petaiepolgsorpofinefiudteqolsirt basad pdlymer,

fl uorocarbon based pol ynmer, conprising conp
r EANRHTIBE ERRUtEeadAbIR Gadie gy RIoYIdHg oW AT a1 %tﬁh @&%fr?mdh% etch

t
e TR FR3 ARHAGRAH s HERRE 2R T BTh A mer
t Gortrtigg stcsoe&s it theqheoebeng emmhh@s eifictosucg Rppeter readatadtale for

code for energizing the RF bias source, the first RF

exRrgizingdhe REMiaseouka dthe st &Ecasrsiatgn sokeser 3nd B seond BE

t ' r t

S0 S5O0 gk LT RS O LS FELaotymer

C Gorplifie gasradddedateea biadenll aomphitepgrddblé brleffbosomiing e flow of the

etchant gas and the fluorocarbon polynmer formn %@3

c 8iepit@as prchidg Bluerasaiden pelymss lf@e%mg/wycqrwmr rﬁgc?qb ode for

fl I

msﬂéél%tﬁ%@h@&%vﬁl tyérﬁ{lor&aer?oﬂ; éﬁg&g W tlg(l_‘) 3@&? ?éa{h%r gt{/bgg%ﬁged mask,

achinpmsing cémpiiteMehdi®ldasle for Rovidhg d fldwmogRsrimMMLEs, from the

conput er readabl e code for energizing the RF bias

S Hin @as squies, FPMBRYteRPadably @%hf@rner@tﬁ#léé thegltld biap sowyeks dhefirst
ﬁas r)éltt ?ogllns]%?lﬁ%ou:dl tﬁTenser(ngB(ﬁ gggl eé(ﬁl g)r%gsa%ffcetto Broglcfn ener&y, to form

c apRkRIfrdne &@alhenia 9 ges 4rarcrédi®P Biab Gankitemipu@wrédtiablB €ode for

triming gas, and conputer readable code for providing

asoepiog dhesféfp\é of thedrigmphg gis, ﬂﬁﬁéC@nElt@fcIWdabld cogle forjirpyiding a

res where the

L SRR bbb e B RARR T Ry s G eSS i ed mask,

f kx}h@fqu@g&@ﬁd BaSAH e RRIYIFBYidesCORMR e SdsitebnCsiUoRbcarbon based
readabl e code for providing a flow of an etch gas from

t belystee lvogwsismggonpuen teadalfle g@decf@apt@cyrdnpgja {lgwrotfanefahrggs from
fromthe flu carbo r formn rce
¢ Bl i otlss PRGe SRaREaPoR Reb BEL Famin s Y R dbigigbon
C QI8 nieP forBNGS gszbiige th e @Eoc*é'ss@ﬁg Sbe endibi@rd, kb®butFreadable
excitation source, and the second RF excitation source

t oogr oy E@MglenlgngyRFtbmsfsoumahp Kizst ey mumanﬁ@u@pcmdqhs second
o BB PesstB6 e PR PErEYs PURRT A R T fFereh g and
ebehaRt t@RInARA dhberdalUrBiag ahhesmPaky RBIaIOESHNS: 8Shing the
flow of the etchant gas and the fluorocarbon 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.



[0007] These and other features of the present
i nvention will be described in nore detail below in
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conjunction with the foll ow ng flgures BRI EF
DESCRI PTI ON OF
|nvent|on is I H 2Ad not by

lim t B@fﬁ&ﬁﬁcﬂﬁ&z 13&'% M&H&b
dr aW| ngs ang%:g n [ klé Srle er eenc %ene S re er toyway
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 [ .
F0o™ 02 FS S L R I o RHRRh i of it fencion.
| $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.

DETFANI®ED DESCRI PTI ON OF THE PREFERRED ENVMBQODI I\/EI\ITS
[ The nvention w | e desc
LI T PIEREP DL BY St st s SRR ElH REciched
t H&ro@&iﬁ% asar élhb&ﬁﬁ’l@ﬁtaﬁ thdinbBRicAcconpanyi ng draw ngs.
In the | ow ng description, nunerous specific
dEMBl s ar e F¥at5 fsarschemaficoviche that ollystrotgs the meashipnoihglamount of
unde&st andi ng of the present invention. It will be
, however, to one skilled in the art, that the

!(ﬁﬁﬁ[‘t I nventien a'E%HerQﬁm%@%fﬁﬁth‘ﬁbé hout some or all
of these specific details. In ot her i nstances, well
SRENAON OE{TiHIC P '-;5.4 EMiiOIbEéENTS

bed | det a|I in qrder__to not unpecessar
og‘i"clé:'e the FBEPé?ﬂt INYFRERR | 61111110‘["(5’6116?‘3 &t ‘i‘i@15 B%téﬁ?@rence to

d Yk ?réf&?ecﬁérﬁ%dﬂgeﬁg Hekdor 85 1190 a3 REGE a&ﬁ)trﬁ}f%lngllgglﬁﬁ)avmgs In

featu such as holes. Wthout w shing to be
byhet foHo W ig| dewdripgion] tumeaotespeeific vedails tuktesef forthdn bhiat td previde a

twsting is a result of asymmetric etc There are
o hrepugh Yssiap e b Lt Shb Y B Bbwﬂﬂ'ge TRPAEL By §Tto one

eLgihbdth @S a}t!"t‘ﬁatf tﬁ@i)fgsgntmﬁﬁgn Bﬁ& 'b8 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).



i ncreases. One nechani smthat has been discovered is
that during etches that deposit a net fluorocarbon
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are deposited asynnetrlcally (nonunlforn1y) [0017] For
HAR f eat ur es [liptical Ss-sectjon
dwlﬁfd t o "8y NG E‘H@sl% ‘z%c?‘h laflc srﬂsaé?félon%é%ﬂaﬁ to
ehhb\%lo‘éé‘ﬂ S 9519 of é&ﬁ%dt@nsll}ﬁ% %11 ﬁgltd?oﬁnsg @on\’ﬁ%t&h n t}}l1 and a
where th Il aneter of the el |p elIst fengt 5

e W1dth5®herAmheed1hmptSEOf tht leblpses isdbd lengtth i she diBpseatArmeltipse ratio is

the length to the w dt Anot her distortion found.in
etighnedgs she @fje Rt ﬁllflA?élH‘ﬂé&% e @ddihs Anether distpstiesy fquge ip plghing of

ol
P RRBATE o IS GRMR e e Golo e s " G g eret
TbéﬂmqumémaW1mnam5dﬂﬁbamawﬁmmdaﬂuseﬁnd a nmethod for

reduci ng tMAStIng in UHAR di el ectric etch. During the

f Y8t at i on THE inyERtiQbPIRYIEHAN a@%ﬂr%%ando% mgthod é%rtrmh&ng
aE\leﬁgg Is}lﬁlgHEAF{a 191%&?% tES lbd ?Ifalgﬁgg{ont(g [?IC%B&HI%& (}%&VICCS

over e asp ec ure 1st

defithfdatmay 4t Btchéd theough atrh@kflﬁ@tawa@r@@ BoktdBed dverhRebstrate.
EFlelcatlon and clainms, an ultra-high aspect ratio
PRRIPeEigiatia of a&age 15 e depthyovviddretion the fensrr geeniag In the

o BTGOS0 BB GEc A0 8 MG,
i Sm‘éﬁtﬁd)rﬂﬁdieﬁﬁe(ﬁis d @pHi-t3W@idt ratio dvbsér thired eoakl Mor@{ﬁeferably,
UHAR is defined as at least 40 to 1. In addition,

prefdtalifera Eh@rmﬁéhtmﬁm idefineshsiar tgstt3d) tetle VoY

fea S | t
S g RS AL B g oo

pﬁrﬁ&ﬁﬁén hppriedtd QehiaPRlatiRss ahedickihig 1£;%@Wﬂf@swidﬂq &t more
dielectric layer wwith a wdth of no nore than 200 nm

MBEn 300 e eoragiksp, (nmhel\/{@rtésr@fﬂrablmﬁb@]plie@wt ap@nil@sanmles to etchmg

of T BRI etk M B BT b e 200 fa” pbgeravy.

| peaittdeANin@ORldn@$pli®s BRYCheH le@tikdsiif (RGN ectP IKer with a width of
preferably, the present invention applies to

dinelnege thap 160 om.wher e t he dlelectrlc Iayer is silicon

(o)'¢ or Si on, Ni |de based.
CRUABLET | o PhISROD bk bl oD 2ot pleiRyrsatey More
S bfe,lf&@m[y Nhb bkéﬂ@nt%&éﬂt@ﬁﬁ%ﬂlﬁa% (AARIRER Qdh @h&@ khel di@l%&n@ flayer is
material mxed in. [O IG 1 is a high |evel
c hlémcon ofidanr ghbodinitredetbasdd. t Ihethenwends, tre. didediie llaelct mlfcrmed

el ect.ivel y.etched w.th ect to ar bon

Ghy B Do s L o G T R a st fEp LSRG of

dg&g§hjggm9nnthe carbon based mask (step 104). A net
deposition nmeans that nore polynmer is deposited than
r 020ed, soFGat isa lgglolevelglow 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
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fl uorocarbon polyner layer is deposited. Generally, an
etching gas is provided. The etching gas is fed into a

WEk@sngro2mhi ch provi des the sel ective etchi ng. PA¥IUE208/052944
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the etch process is stopped, the quorocarbon pol ymer

is selectively renoved artlall or | e from

t AL SP6R °b BUendedkonics g himges it Ll 9 v ¢ is ovided. The
t 'Eﬂnﬁmlﬁgg H3StheR YGHRY iAQ aoﬁié(sgﬁi‘wﬁ’ﬂéh BLHQ b} GﬁIl§:@l@tfﬁllochgﬂ)on

flash |ng gas, such as O, is provid
t polymenghogaguicldly thwarthé oarhmdbasndi maak.pTs meomhe oehn«a&h efthe

or tri the fluorocarbon pol yner nor ckly than
t HEOOSHBER PRRYEEH W gﬁspeqtﬁe tacsqoan Gased @ﬁévawto&peq v subsequent

];rgésig&%%{&%pcgghé’ f&lec &?@@%9 ell cbvﬁé?@ tHed &91'& sggéﬁﬂe etching

I's st A su se uent ective etc
dipsivédis minet deppeition of p flosiodedbon Meﬂ@ot}lmrmabenchrbon mask (step
sel ective etching provides a net deposition of

f Lok Maresprritia yBpiepaniptens Aithe shove smbaimeaRs Rre(dﬁ%wd below.
1 Mo
O e T SR

s phetfeih i chevinestioh. anoet efméeaaibodindiad oty inventisedn eth
practicing the invention, In one or nore enbodi nents

feaPWé 200 cempiish 2 tahceatighelpeirde 3P0 20D oBtshplertseds 04 bestom
&{tfa"il le& g&etio%dgncé%gottogrg gutg}'l%lg{tfo%le%br\ggﬁn%% Ell’ntII \;\/ﬁ%SO

ectrode omouter elec

2 WOrop \i\mdhl'ﬁtcb’t rengclabanate@dhk tabéentrdl dleqirdda 06 &lo@ the itdiDouter
207 insulates the top central electrode 206 fromthe

t ébcmfiee%‘le |Aebetteyd énspipor ringd dnvldtessthe Aoieem cpigpl gleptrode 208
Ibgrt% Ot%}% %é%ter eFe?t teg eegl%%lﬁ ?t?l rt?l% %tcﬁ(%%acwr%ﬁpt z{] Sibstrate 280

I @asdsiond@Bn tad SURSHHtEINE caftfd] biSctipsii 2080 Mo lly, @i Kdftom
the bottomcentral electrode 208. Optionally, the

b @@Itt@ﬂrﬁl@@mdea%Sen@@wr@@é a3pgblnabsiye shecking meghaatsimele.g.,
necnani. s

te chuckin ectros ,
R SRR TR R B fror b B Rl 2s0.
Eﬁﬂ&] ate Z&O%as[s@%@]&lﬁls%ﬁné‘&éﬂ t6&@h2&éh tRcEPNOGEAEHIphRes the
t tch reactor 200 and supplies the etch gas into

t Rshgaehte tactarrezne Wrdunige threctel plocgisec da glds example, the gas

t hi le . th
SSUPESESRG T RS CBURE e De TR HUps) et s tvmer
S QW Rirc26% 8o pBt R ﬂ@or@cefrb&?%cﬁg[ﬂérh@goﬁ%ﬂ BBffing the etching.
deposi tion dur| ng the etchin bi as RF sour ce

2802348 fir stA BrcREFaviron 24; adoutraxeit@iih R meliree 28k ondla second

exci.tati RF squrce 56 are el ectrjcal connec to
ChEibafon Mg 3656 Artudiy coneaind § Tt Sa0EE 20 mihgh a
Dwﬁftkdiﬁr POYRS prb@idt BEwel ©Ghd Ad&dé0%04,2986, 2(%0 §nd B The bias RF

The bi as RF source 248 generates bias power
amzhrseuw gamsratdyebidpi RIS pRFepovisnpples thvebies BR pDB’aL‘tO(Ihe etch reactor

20 B0 U5 B RS e EROERR)  n
L\J/g?\%\}eﬂgﬁ b QMH’Z). Misze Bf@éaﬁg, (RO WRS ﬂTaﬁov@erfh5§ AHEHGNhcy 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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1MHz and 5MHz. Even nore preferably, the bias RF power
has a frequency of about 2 MHz. [0024] The first

We2@Boeeon RF source 252 generates source RF PONES208$1052944
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supplies the source RF power to the etch reactor 200.
Preferably, i s source RF power fr
i §°1§Ff‘e§? é’PWF’h H & HeAusnast %PEEBR%’FH ?ﬁ/ﬂyﬁé cﬂ?@% 3}{]0“

t = s between 10
SR RO R R o« b

h§024a] f r equéhe yecohd 2xcitdtipn RFO0AGE 2Fh @esaratenanother source RF
excitation RF source 256 generates another source

p BAEFT HNFUBRHSSI U IR S BV O RS PERERCOH20Hdn é@%ﬂon to the RF
'tr ﬁg&%@gengﬁ@ed Hﬁh@ﬁﬁét% {AuBR Rtphs%ggF 28%‘”@ ef&% r t’f‘ﬁ ?%uf%% RF

st exci'tation sour ce era
S powechdsh fpaertcytast 1ﬁg1feﬁteqth@.ﬂ che tiibaRFissurge exat t&ae firlta®RF
the bias RF source and the first RF_excitation source.

W¥etaﬁpeﬁ@rra%| Morg prefesabdn fbe Egend et @vorRRE sere Baymigeqpency
Elﬁlg ﬁ p%}g%&é}rtﬂ%f 01I e‘qt Elrt%%bq\r/lthhWEﬁ:s? Bre?é}ﬁﬁ thg sé‘)ﬁ g u ower has a

Most I'S source ower

ofre@ﬁanZa%(DMI{;ﬁ] The different RF si gnal s may be
Su&ﬁél ed to various conbinations of the top and bottom
todes. Th? diftareiIRF signids mawbe ﬁuprpheﬁ treyiEipup Fompiaatgns of

Wﬂi 8 fa%? b3 el%gﬁrécg:eoflgel%er%j ét 8 ?re %Ftnr %P thg ?QF should be

eria In

t Hp;&heﬁ)tﬁtlmﬂgle tHesbottb dléﬂtﬁo@ﬂbﬁ Q&ﬂﬁ(ﬂﬂihe ﬁ{a&ﬁdaﬂ beleg Bﬁﬁed is placed,
[0027] The controller 235 is connected to the gas

s Bilnichan 2lpig exapple by e bpgtos sgpted ei@«svgodet HB.first

e tion and cond exc t

SHibaE H25. The bRy &7 1 S0 B RRC PR PR R B EP

t boured 248, astidsnd:Rithileh RE @BurE@QS’Z,(ahd 2R0Cec@ dhRlthtiGhSRE E@Jrce
generation of the RF power fromthe three RF sources

2486. Phosomsfer T ipecostiebithotiew Oé@hb etgtogs ip@dhe etal reag¢@r 200, as

B B2 S57Eb B REED 24,52 256 e

CORELIHRRPOL, Mo, DOE aRl 2asOBna Mk Sdgust PYainph pass betvveen
the confi nement rings and are exhausted by the exhaust

p U028] [ 0029]n Hhiigeraewl3 pomimEnBBt Fihgu(I2rae proxyided p proaide

st m_ Whi swt ble for enment i ng the .
(FgieB o plrsdh b S T RIRRBLUF REMTE s fipgs and are
pE%?a%%d'bPYl%‘éydh%‘st fingur e 3A shows one possible
physical formof t e conputer system 300. O course,

t (029bnput eFigystEmmbyB Nhseatwarpnpoles isgs¢mfwhias is suitable for
a printed circuit

ran from an I circuit
Ig’lam%%%s e SpRiFe eﬁ%ﬁ%ﬂ n&aw{:eowpewd&nﬂuge% 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,

7



super conputer. Conputer system 300 includes a nonitor
302, a display 304, a housing 306, a disk drive 308, a

weeoBogroeh 310, and a nouse 312. Disk 314 is a PCT/US2008/052944
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conmput er -readabl e nedi um used to transfer data to and
from conput er stem 300, [.003 Figure 3B is an
o SIHSIRE BEMRTHi B ﬁamalar%%%rlg%a PSS PERPRJRAM) and

SRS o SO D 5701y 2y M K81 O gt

c éntmetiong uac dssdtiogaliyniottbe CHU (0RURA Mais esalotypiceldly toaransfer data
st orage devi ces, j ncl udi ng nenor 24. Menory 324
i Aot HERctoRs ipibudisedion r (ﬁ&(ﬁxf? giree peghofgnerpories may

t;”ﬁ{gg@éea& i abld St Jhé cYRbhite X RAWDBILE &e{i%%e@&fhed ﬁg}%‘c{; gix&?disk

ta and 1nstructions uni-directio
t B26 GRIcaruthpRAMidfrectmdlly ypCBEIRY; it praviden atiditiond idatassagtage
instructions in a bi-directional nmanner. Both of these

t GHRES1LH NGy Alse dnchyddp any of theeogmytesuradgbleangshia dasgribed below.

c t k- ' ' I b '
R A B ) Ao GormS o Rl gy B R SpRty o
ps@vhdes saddietmatah (dahas aharddek)ahpacilbyeathan prsas] sarage. It
i ncl ude any of the conputer-readable nedia described

baiilbRke appre@ated it thedgfommptieretidgd Wishia fixed diskogp apmy; in
d i. i ' : )
s?%@’%@ﬁgnec d%gﬁrﬁe'(lﬁﬁ’éﬁ&g%‘fh 3“ %1%1?(2:?9%%458 5°ﬁta2 Sﬁ%ﬁﬁé Swer Temory

t Ban Remowdtye 8ikloB & may kdkewhd forinefappbLtic abaguichadadhtie media

information retained within fixed disk 326 may, in
appicoped brlewcases, be incorporated in standard fashion

a Ly tual | no 24, abl ' 314
L™, PR SRR FEd BB AR Al B s
mafkbRy 368 Ctdybedd Bed anoust 302 hhd (FRk&2 230.5Inadenerat QdRh®A/output

to a variety of input/output devices, such as display
3davickepbapay ol gideadipptaystrack balls pred &exbaagly, migjophones,
general , .an i.nput/out put devi ce, may be any of: video

ar A 25 Y e g st R o gt o il ders
t @dbidis, S8Mssed, Ve G BRABYIStingl redsphEeeL bidhddthlcs 8AREY, r other
magneti ¢ or paper tape readers, tablets, styluses,

v epmputers. BN aptingallyenagbd capted thianemberjopputegder s,

or ,ot her conputers. .CPU 322 opt. onal | .be coupl ed
PGB Bl B Spri e thinRT s YfaXiBRugri Redon

U$i tfi@ac e W tdntPIREd 8Re 34U Wit rSdeR ifod@hMEY ffom the network,
interface, it is contenplated that the CPU m ght

r eceiight oppubimfermiaginn te dwnnetveorkén therckurse pf pgrghmingithp above-

¢ A 5B B e AIBaar RELhBEs MBS SEPA G Hor e AECRBAR ention
ephgdiaRn §01%(F,> tlj{jglg gPUeQ?&rHr rhdPVe&BE L By FaYn BN S&UWLEN as the Internet

sol ély upon or may execute over a network such
asn ¢dngurichipe magdta remoto@PUrleatisharesvt péortian oé thetpeo@Riing.hat

S ?&{33? a pOI’hg ilc?cﬂtignf, e%n gdi re%%seosfst. engr'esent 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

8



[0032] In addition, enbodi ments of the present
invention further relate to conputer storage products

wWaraokogroeonput er - r eadabl e nedi um t hat have conPt/E82008/052944
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code thereon for perform ng various
conput er -i mpl enment ed oper atjo The di a_and .
c IHBDEET RS @stlﬁyw&éa %ﬁ%@p@@%ﬁ gt ﬁ%f@%ﬁgf‘aws; magneto-

COPtdl Ul ubRhs %15‘;?109}1&91%3, G8d ﬁzlirdizvﬁfc RYREE Hat !u_@?é g&%&@n '

or they may be o he ki nd we known and avail able“to

t hasfeguinal/torsgpres kind execntetpnegremmpde, esncts af dppécaicardpscific integrated
Examl es of conputer-readabl e nedia include, but are .
n ﬁtrcwsr@\tséés)t OSHEYRRIS logiethvices E&IrP%@nﬁ dne RAM devices.

T EQPRYId 0P BARE AR hthe QAL Gl {'%:%'@cﬁ‘b*l\ Mhpil
CD-%%%g angﬁﬁ%ﬁograpﬁ?%(ﬁév?%eg; nﬁéﬁet%o tchl %eé%aplm;
suandfiks chhtapinglaphatilsks of anld thantaeentdd by e esmpinat udngan
specially configured to store and execute pro

. ram
c SHEPredere (- opubgs seadableinastis pay plsp be i%@é@%f@&qanﬁl@me@y a
( l.ogi j
350 b R PCETIRLR e ey eemd RNy St
C adepctians hha araxéxedutaledd boy processpi | er, and files
cont ai ni ng hi gher | evel of code that are executed by a
c using an interpreter. Conputer readable nedia

so be ] . e .
L0 or AR SR A B RS susoce
I pvasedrdveNghizh s&titlednae 1a9Er is isintedadvieOWiich hatarbdheased mask is
execut abl e by a processor. EXAWPLE [0033] In a
spasleti £lG; schematic grtiogrhien visw efibe subsente 18Hh, thy
S trate. | r oV ich [ trig | J
7 STl G Gy 0T S GB35 R B0 e YR er 408
4fh ih$s exaBHNERBhOWN € 56 SPWF i abst¥it€¥0Pind the carbon mask 412 is
substrate 404, the dielectric |ayer 408, and the
c shwyontodesedtherdigkectricolayen 408 oengrprinkere dayersandy badippgsed between
408 in.this lLe,is.shown to he on t the,. ..
olt Pabd SpoBAARRORes PR bkl 98 P 4t By ingrec
0Both@ vl itethe GhitistiGtel AWM QIhd 438 re (AP @1Bbn BRNed nhARN 3 i B Nr iR
di sposed between these | ayers, so that the dielectric

| dipdgctiicslapareiO8t i notibpstiregt eontigti withtthsdielerticdiyee 408. In this
contaﬁt‘ﬁﬁhh tpe Fub%béate.4 41and er th% cart%lgn.1
bSSUIP Frellk IS UISAE 803 1S RS 1DET P "Z:Slflgkfiélrm 208 MUt
neso34n di r eqd 1EONaRle. Md MibtBfe ddLlsecilidon WaY¥end4R8diclectric
In this exanple, the dielectric layer 408 is a single

| &ayer isafsinglslapel of siivohoride faOepr slicor] MORK](SIN) hak¢dmaterial. In
n fer and the

exanmple, th sugst ate 404.is a silic
Gy Bl Uhe, POt Qe apasyiscmpalfigns siron s ghotgesamples the
( Shbdn Bhised inhdsk Ay Hela irdeorésHlc biypRs e @nﬁhﬁ‘(ﬁis @hrboh s {ilMiler to a
exanpl e, the carbon based nmask i s anor phous car bon,
bpolyimer.diuhgithdssamytiogen el marcharbdnasedhani skmometdheresistant than
P e S Y R e e A P Y S b OB beb S M ar o @
[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
9



pol ymer, but with | ess hydrogen and nore carbon, so
that it is nore etch resistant than polynmer. In other

wersddivent s, the nmask may be photoresist. [ 00BGI/UT1968/052944

10

15

20

25

30

dielectric layer is selectively etched with respect to

R o BE TR ayiatign NPt oy e0dY f4 R Midz. The

p'é&:\()hg %xﬂ&tl@flfl@fs%ﬁ@e rSEUEFIOMW LY 66 MIGP "%Qe@tch AN ]i?olymer gas is

exanpl e of such an etch for a SiOdielectric |aye
etrahsfamaedpotoynpinsngasA pies2@® of @8 mTAny is2histeeed CTR8¢etcB2s
seem C F eem O are, provj ded the interjor
ofMaHgingd Eqs%@ﬁé?f;&@fls R8T POFAPHECAPERE (09 nay Facetolg gy then
aggl F%i_ymar gas source 268. The bias RF source

proe es 4,000watts (W at 2 MHz. The first excitation
RES6ur ce pPFiV| 4Bes aldBenMtat crdss- d\ibﬁona]l’hfeWSzEfteoﬂd: selectlve etch.
excitation RF source provides 500 Wat 60 Miz.

etlBA SURFIVESIPriEpvigesa 1 fupkcarogp ﬂ?@b’meﬁ ﬂep%ltmnaéslﬁam the mask
PLES SiMife fggt%n?eé 4%85&6 Bedn ﬁh? 'eQﬁgd 11RSs & ee%{ﬁﬁk)?ﬁectaeggluftound

mai ntai n secon tO etch to a

15&@t}f¢rﬂuof<5tarlﬁﬁlqﬁ1§rﬁertda§d5blﬁdrotﬁ@@ﬂ0 HeQORbInefricGn sddh 4 wag@that
schemati c cross-sectional view after the sel ective .
epewldfrﬁ@t Keriget ok depertiph will geryinge fefeceive grase agnession thus

PR, @ egn;ﬂ)}e aggméfeﬁq Rl RGn TBRH R ac Ml i GROMCESs

unexpet i tay tHeQ:uﬁ\tdrsth alie bdi@®nid dfAROeal hﬁﬁlr@ﬁdry aBé¢qually spaced.
d?{posmlon tends to be asymmetric in such a way that
e

fagiltate; elerstandsigy e Figr €B dlgypsthe bettomiof twe Eaturgsiieing
t ge a?a%?d lyy a H%{a%ﬁdep n%iI tflé 8&{ th %? t befceg{ntr&q)e‘ia ggsrégyg{eg bg a

oﬁlstdﬁt:@f(i m\gnchlrggtdm;rtﬁdﬁexl enters of the bottonms of the
etch features are unequally spaced. To facilitate

ubB7§t andi Age flupwcmben palBmeh sveslechiecly fﬁm@micﬁlfom the mask (step

sben r at ed a disstance X1 a
balDors b C U PESED e Chi g SSa ERai sy Mt Papscom Ar
X3nd ‘N)‘ b&'fh 0$ af'Re4i8Ed B in¥drior [00 B tchldRnibe M PGSR trim gas
polymer is selectively renoved fromthe nmask (step

16@)rce 261 ekeripheRbrowoe proaidse PO W ote2 MdtrovHtie firatrexcitation RF

hi 0 A and 10 0
orauraagvids (R AR g R R B BE T TRs o o 200 W
t heoG MIHD. 9BR (HRGESs #8fkfortRE iRbaADIRmaS W pRSsiRE BV 2ERTorr is
300 Wat 2 MHz. The first excitation RF source

provnitaiesd. 100 ey alRy nivitaingdh éor 8 sermdex The eemayal pecess is then

source d 200 at 60 The trimgas is .
¢ PRSRLr D1 Ry dor e 2imine ol B meliifes’ ThT b8 MayaRovidg some
”Bbl%ﬁ‘dﬁféﬁt bﬁhﬁo&%ﬂ“ﬁi’eﬁ‘ﬂenio%alr@kiﬂﬁ@lbmg d,or 25 seconds.

he renoval process is then stopped. The O allows for

t [ﬁ!)36$h| ng ®IGtHeispoichamatic oFhss-sactioray vigmoafied éhesfbrmeocarbon

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
10



bonbar dnent, but nost of the renoval is done by the
2. [0038] FIG 4Cis a schematic cross-sectional view

wW@La0s/0919be fl uorocarbon pol ymer renoval, whi chPCEER2PE652944
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the nask. The reshaped nask is patterned nore
correctly, ce the asy i ¢, f] uorocarbon I r
hé%“%éé‘jf-? f ‘C @n@re P toailf‘slalt%% AL the i fghagaiber 240 from

f aatdiae sQu&E 95@ bnd ﬁolgllﬁ@f s%(){ugb pas. vhapas RF[SQQI%Q rovides
The di e ectrlc layer |n selectively etched with

r )00V attsoa W ha 2ddHao rThb ésﬁcéxnmion Rthsduecedepaded 150gWaat 27
net fluorocangon pol y | ayer o %56 carbon based

Bheygeson @‘Cétﬁtl%?\FﬁP‘Efée BEV ) at & M1z 1e etahypnd
T Ay N

82&h ¢ymainkainedandil G deetmiOlareis mbni\pildﬂﬁyl etched.hEhe etch is then

interior of the etch chanber 240 fromthe etch gas
s&'9PR¥ 260 and pol ymer gas source 268. The bias RF

pr ov S 0]0)
T, P BTt e St oL B ehe sfefive en.
sane Bﬂe@%@ietcﬂhtpr@ﬂd&za 8 fluoeocpibom ipdBencd A6pJAitain A6 dvHie mask
The etch and po gas is transformed into a plasnma.

|
AthE-edygrfatyres 2@5 ﬁﬁrt?rl?een Parigilnetehed dTheﬁi#@re@aé?pu Rolymer

) LS Y BB S5 e
S @B@midn(}w@lrd@ﬁﬁm&ﬁ@trb&lﬂﬁﬂ muie@op&iti®. $ed agak@finktR deposition

etch. The selective etch provides a net fluorocarbon
pdi /yaEFceqy rswssitltlg,dﬁ thpt ghegrgntereofitag Rotworns of{h¢ pleh fesyray aig

42? cﬂgﬂy (sj}ga%g&] hflgteg]nS%r%t'HE%n%TH@ Ff %ﬂ 89 arsklﬁg ‘Rottom of two

\A@ééttdrbﬂbelﬂg'l %p&ta@dﬂ Bynadistafeet a8 tﬁ%(ﬁtoﬂﬁ@m\}d ﬂeﬁtﬁrééﬂbbing
continue to receive nore depOSI tion. Such an

a§9hﬁ%@ib$36§§@§?Rb@@“ﬁgsﬁﬁﬁﬁmﬂé@lbf twisting, in that

t nters,of th t f.eat ur

MR o S B ubiing B S re afi e HRoRE Bp RbSimer from
Flife m4WR, FRONEe ‘imﬁlagl@feﬁlﬁ%@ir%f tHeWvidtatidfe88cddeiFog example, without
separated by a di stance and the bottom of two

f dwtrorsdgedeping thedifficernecs tpyweendiisnd e gray e dahbled i s
g r tha 0041 rovi d|n t he sel ecti

RS of “Tnd et St ﬁp3|9011 SREH TR FEIGYRL RO a 2.1 1
r g reduced.
oSt oS AJ-‘O ek EROREk Ahigicherot Ah L bith Len.
d{déd4ai ences FE@tS/\Belrscthanﬂm(\a usEMl ﬂa)e mwwidngdhe 418642 Jof
In the above exa a 30:1 aspect ratio was achieved

f §¥istng, Thesltipsss A ‘éﬁ%ﬁmaﬁxc&lb illugsyethe begems ofgish features. The
agﬂh %5?9111;385&:9&% lg%a%]%% Qf cee'il&:l?s ot{ tﬂQ %C%%Uﬁ'gg (% the labrgutaof the original
scéhenmati C or

VI ew
mask, where the center of each feature is at a grld point. As 111ustrated 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

11



twi sting. The ellipses 504 schematically illustrate
the bottons of etch features. The grid 508 illustrates

W@ b@shgwai i ons of centers of the features of tPEI/US2008/052944
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of the original nask, where the center of each feature

Is at a grid point illustrate the centers of e

ofird ﬁgﬂ)é%lq%%mws ik e Gt Do cehEieceRRr Fee G pse dpbhe related

nghﬁ@b ntdligned with the grid points. In this exanple,
asure twisting, atwsting inthe x direction is

deaddin ned Bylaysitpgovadesdeaniagevithfa tiWiingaothenedinecsiqu af 2.40

(rms) of the difference between the center of the

eI g8 £ R asettelivgialghs BapeuRe @ R tere s taere étq pgirection

aBfl6a dM BLhOBbdWR ¢ %(Q&Rbé N %Cs%ie%ﬁ geng) RhESThO Affo¥arbon

usi ng an average o ference between

t pelyaentfiem thé niakle, aawlidtirgeyamkashed tebat €8 ngr.i d poi nt

in the y directionand a total twisting is the ms

di%Mahce betthe&inturpeare gHipdiealde atlow sty pacementiol ‘Il‘lé features in
ﬂ{e@! &\ g 091511 das %Rb\pﬁ F%Qa%ée éle'?‘ezlt?c)ég Hlte c?c;sgf/ { ggtﬁelf 1?1?1&& ﬁﬁectlon
ei 1on O . Z? nm

Irec

c et disthndeb aﬁe Iﬁﬁled:rlﬁt:zﬂhh ag ﬂﬂl@d&ﬁoﬁ\@ﬁoﬁdhfg(intaﬂelht@l&aﬁes in the x
twisting in the x direction of 6.4 nm In the above

efHpiod. usi ng a sel ective renpval of the fluorocarbon

p mask, a tw sting was neasured to be
4% @%(IG %I'hefeatures are elliptical to allow
cleree] pl ac @rﬂ@fﬂith@fexﬁl’ﬁglef @aldil@srid Rydhe selediveBGddRA with
as shown. Because the tfeatures are closer together in

t Fespsct e thecriben basnsl rdiskt whide deppsiingwmst Spprorahon pelymigelayer

X diyrectio oVvi,di || er. t.ol ance

P RPN e R AR Bakef SRARTST i1 A5 A0 xample of
t Bechdindt@rtor b Gibadielech® 18Rk ftddteind pEh@baWot P00 scem Ar, 20
respect to the carbon based mask, while depositin

neeent Culdy 82 sechoh frotndhiet scacan(@r arg pravidedda tiointesios egthe etch

k to vid an.infinite I tlvt ste
X Bmieg 28p Ptihe Hhmas kot 28 el ainsat S8 288 mlfes v
ets&ﬁc@ videl Y180 Veass (W) A00Vise e Mhéfirst 2RciBRBARE JoBrceGFovides
seem C F , and 64 seemO are provided to the interior

ofl 5@ Néae T Hzh éﬁmgpcmxf:mimntlﬁé serehprgades il Weat BOMHz. The

o PR mst 8% R Ty e g€ Ay ot 35 mroris
Xt @hb @ NI e SR W AnRIHRY 16101538000 atrhe Ztcivl-kzthef{ be

second excitation RF source provides 500 W at
TEH04E1 ch andhpélugreearbgagolysiet isasletovaie demaed fmnptlamk (step
i S mai ntained..The etch i

AP ST ChuSh SaEISHAN TS e FERIE THER b Shidiscem Ar
[ ?lg(fn Y(%) I%%B?rrgg Llfé%ﬁ@&eig&p@rlh@ RleBof iR S8 8RhIbYEDID FEMANEHim 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

12



108). An exanple of such a selective renoval, an
ashing or trimgas of 400 seem Ar and 10 seem Q2 are

w@e@siogwe to the interior of the etch chanber PADU$20081052944
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the trimgas source 264. The bias RF source provides

300 W at first _excitation RF source

PP éé’sz%em\%ﬁ’h&? W@Fm&d?@ém Oa 2E5 R1QY1dgHh targe interior of
S &éh &faﬁl\ﬂef@@o 2989 tﬂx &kn @95 Midéce 2608k @]bf%r%?%aé sburce 268. The

transtforned into a plasma. A pressure Torr is
mhiantRdi svacke pfonadeseh@aWatts (Waant dMihe avifeor th2 512$ etgnaljls pulsed

The renpval process is then_ stopped. ﬁ 048]
divathedtd0 s quiyexcls at Sa| “ﬁhes%qste@%catwry EtS%Wé‘%IPWVt‘WS 150 W at 27

F RHRE C'i“h‘{ %é:g%? e)&:?t'ézgg RP %gl?rge gﬁ%ukc?eé ég@ @Y %(,102() Mﬁ{] "ltl‘{l e?fchf and

exanp source | n an exa

S pslyman g & i€ frahgbrndedShéd?a plagh&CA présshi@YER S5 nﬁ[’brﬁis&ﬂalﬂﬂﬁdled The
pol ynmer gas of 200sccm Ar, 20 seem C Fs, 82 seem C F

andlsqbets srmonminedpmngl the slelecsrie e if p@mp@felbrtcwe whighhin this

h 0
o ARG 01558 J% LGB A AL o
% gen(thin Adim2aMén-piibear gepd, RRICO R LI ﬁbﬂiceb§pr@%ﬂ§f€ﬁhore
an 80 nms duty cycle at 50% The first excitation

Foléxmrlééthﬁlrmuﬂ@régfqesmowwgmlsmeﬁdedﬁﬁ gedyse pplymerization.

cHoR! O PP haEnRhe GER pEaliof 6B M 1ty gpd a widen

p&eMEp&fratﬁlsm-Eﬂhéd dy‘b‘»th@&ilt[li & tﬁ@ﬂbngfﬁh@ Ry Eielly Rt CheleSipse
mai nt ai ned until the el ectric layer is conpletely

etativedf thanlayeut featurehissl.e% akmpl eonirol Gs)towlme; endepulseddias RF was

Oyt e ra i foupt ROt < Bts Besg o B baC R Rt et

PUbSBGoR! BERSks @é&l‘éh%@ﬁlé’f@ﬁtﬁreﬂ@ﬁdﬂfﬁ 'iﬂo%@etsé aNleARd and shorten in
therefore nore oxygen is needed to reduce

pw«}th@awm thoellips© c4i@)to MaBase Itshaab@nhmchwdw fowndfhat,

604 th | h dt
Al B hing e RRaiO )Y e Tga et e Fottbroaiy e slose
t BRioW dbdredbb.- InTthg aﬁéde‘ Ram %afeaEHe%llﬂfse bR WAYRHAd to be 1.94.
features is 1.69. In a con where a nonpul sed

b{@SORF was Irustwdhfarenévlothnmeumag ihe pvdsd femhnshichas lpden the CD of
f ound t hat und r nor mal

11. It _has beeg Lﬂ% hlg_,
ditghied features are prge S WIiogngay Ilﬂ‘ £ AEOREM e uelep gasey the pulsed
' 'th"s %ﬁf—iﬁ% hiedeR ﬁ%%e%@é’d %ﬂ%dt% étéb M\f Qi icarddl éff}ge

1 pse Tatio to"increase. been unexpected
f dunnbcaﬂban polyhteh oiith reqpattsd mI@ nnmskr eashk an etchhndyi uve theoypulsed etch
sl.owi ng down the etch process, the ellipse ratio is
dEEHRR LGNS FIEHRIOESRPe exanpl e, the el lipse ratio was

f jto be [
U puI ced ggegﬁr’ﬂblg tg&ﬁgé%ctl gﬁﬂ%%?%bedrggahlwgfecﬁ/ﬁg D& pect to
f &mtmnﬁdaaaneelba[\g@r gréarershamy) tarhyMond pileterabl g.ahe eflettivitn is
such a case, the pul sed bias durlng an etch may be

¥rl

uSEdteithaRe tH\éose?tPéf‘pferéPle%‘leéElFFt\l/‘é éﬁwg}mtsfselpﬁéwty

[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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fl uorocarbon polyner with respect to the mask. Such an
etch may use the pul sed etch during the entire etch

wpe@seswes. [ 0051] Preferably the sel ective etRdi/ng008/052944

10

15

20

the dielectric layer with respect to the nmask has a

S ctivity er than3 re eferab the
si‘}@éﬁ ivity Vig@ﬁg‘ii% APRHC KARA eaor%d%ﬁ) CCBV%%L%&W

t

e B
pekaympes may brdVﬁk’:pﬁoﬁe stlectiveectciaes voth deksade reaskval of the

least 2 to 1. More preferably, the_ selectivity if at
| Eggtocarbgn PBlYTlef Wo'%f’ctwﬁ‘?”efFé)rréB?fi}P ey e ssiqcive Fwﬁwn%bealesed
I
?%;éﬁmgg zgtotaq’ o?thrrréaegs%?e\égl}f%— %S%diflg q@?&ﬂﬂﬁ&gﬁbﬁé?(ﬂ g S@ﬁch zhprocess
amasfllhdreaml pmotefmrdgemha,slmﬂ woald fucther dexiede: todsing. \Zaablmajfy
anic or inorganic lowk dielectrics.[0054] Whil
t ﬁ e%ﬂy@\r@ﬂ@&aé tBe Hrgipcadan paymse may tndesirablyHegovg iOH nguch of
Sﬁleeéﬁ%o‘ﬁeoaﬁ&f‘iﬁ}g{ﬁé of the fluorocarbon polynmer fromthe
I n between, other exanples nay provide nore
Sﬁb(}S(S!I ive etfab @ﬁedtdvtsfétcfﬂﬁigecﬁtthé/ gicleetiMaduifs pidi@ding an etch and
fl uorocarbon polyner in between. For exanple, five
seplerer ges whig é@mﬁﬁ§ﬁ8@éh@rsﬂe@uqr@mbqu qrgl hydgftugrocgrbon gas. More
t B%e%grag'lgltﬁ étcﬁ/ Snd;:}?ﬂo % rs%tgrenf h%‘e%r o %Jj]?éaébnﬁode gll‘é‘f’&ably

f et it armqwlﬁ@aegaﬁ Wirgter Bempriee aﬂBﬁYgeﬁQﬂoﬁtﬁiﬂlf\igEgz[s?Wﬁibwrﬁay be
of the fluorocarbon pol yner ty undesi rably renove too
°r

mséh o502t el is @rﬂé@ﬁblbfé%ze Mwsqze abb5 Bl ettieanddiobmpgrgas further
etchln of, t |eIe(:tr|§1 &wres provi di ng an etch
s Q' bohjbar suc

and po yImer gas i &R conprl sés either a fluorocarbon

omwsnwdr of TearQeRE BIRNselREvit)vBr @e PéRd RN 8Pihy bRl polymer
and pol yner gas conprises a fluorocarbon gas. Mre

pmetﬁlerpm@WOtthmcaéb@hbaéﬁ@n@di yinie mageprefarnblp éor thopqbosleased mask
encnta| whi ch may be COor O, and

|§°€er ?/usdar q{}g[P%Sipr eferably, the etch and

PPAOSTET 9 as yiild RNn &ARBh heEBecdt dRQHPRH HMRRhs BR&vedYpiRferred

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

r embydimeofs, theee dré alderacarsbpermusdtipne randiviihousesipggtitetequivalents,

PR i G AT SR T e
[ Q0R¢ hiedMhdi Jvzb}’s%f '1ﬁgﬁ%h9ﬁ‘g hRmAR&R He %?%drg’tﬁges'o? the present

terns of severdl erred enbodi ment s, ere are
alitvenaen. ol s, thpefmmmetnd@d ghat mwcfouawmgwgp@ubét:laﬁmis be interpreted

u1v|ent h fall within the scaq
wﬁ yd 'ﬁ St“mg HE%FF‘HO% BYREALQLE é&dtVﬁﬁ St%ﬁlg?tét“*&reéluwalents as

fall within the true spirit and scope of the present invention.
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many alternative ways of inplenenting the nethods and
appar atuses of the present invention. It is therefore

WO paogioiwed t hat the foll ow ng appended cl ai ns bRCT/US2008/052944
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interpreted as including all such alterations,

permut ati ons, and various s Ezj!igte equi val ents as
fall within the true spirit ope of the present

| RVeRtd QnfekAlLM5 What is claimed is: 1. A nmethod for
etching an ultra high aspect ratio feature in a

dilel ectAr inethbdYaret¢Himpargiiltra htgr d3pect bavefdatorsik,a dielectric layer
conprising, a first selectively etching the dielectric

| Syaveha eROeERseE Mty CORErigARhon based mask, wher ein

the fi l.ect - i j
deposi%?%%%g?gg%#*ﬁg%ggg%%%ﬁgggg2%kgo 92%%9%60FE§Mbonbwwd
c arablonwhrasia thanfiuskseletiogyp ietetyitgheo sidé e hdt\dep@ditodn of a fluorocarbon
sel ectively renove the fluorocarbon polynmer with

r Baysd PeST PR PRI ek Bdskiask, so that the carbon

based ﬁ%éﬁm&%ﬂﬁkﬂiﬁvy§%ﬂg a trinmmng; stopping the

sel ectively“renoving the fl uorocarbon polyner; and a
secondsdedtBely r¢mloye eHedthiongrattod pdilygheectith @speayerthwcdrbon based
respect to the carbon based mask, wherein the second

s 813l tsPat yhestaEbinkpsedt Bslaesainsnetinga FH8MiN%n of a

fl ; - 0N .t : K.

1o OSpRD SR DAL YIRS AP R FRAGH RRSRE, 1R

sel ect avedoyid selserinengettiigg tHeudicloaat yor With yéwpect to the carbon

conprises: providing a trinmmng gas conprising an .

oR9§d masknyagraintbe saend spleciiyplypéchingepipyidsy daefrdsppsition of a
_ T 9 to f

o bRl ST A G ORI A PRES oF claimt 2

wher ei mhe Retssrl ecilebivel i RMDN Whgrdih thefskoti @CRicR®Ving the
pol ymer wth respect to the carbon based mask has a
s dluggocuppr polymer.«g8rises1 to 1. 4. The nethod, as

recit edroivndifr{l n%{ t Orglm(i:rllgai arg%orlﬂp%sin\é\@lg royegi 1S .tct(])relta%nelg ong for ashing the
selecthefy S éﬁlng, %onprlses. pro@%éﬁng an eeth gas,
cgngkk@magpawﬁkﬁqm@carbon contai ni ng nol ecul e and an

oxygen contai ni ng nol ecul e; providing a pul sed bias RF
si gnal eneigiging the trimming gas to form a plasma.
3. The method, as recited in any of claim 1-2, wherein the selectively removing
the fluorocarbon polymer with respect to the carbon based mask has a selectivity at
least 1.1 to 1.
4. The method, as recited in any of claims 1-3, wherein the second selectively
etching, comprises:
providing an etch gas, comprising a fluorocarbon containing molecule and an
oxygen containing molecule;
providing a pulsed bias RF signal; and
providing an energizing RF signal, wherein the first selective etching provides
a bias RF signal that is not pulsed.

5. The method, as recited in any of claims 1-4, wherein the carbon based mask is

one of a photoresist and amorphous carbon.
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providing an energi zing RF signal, wherein the first
sel ective etching provides a bias RF signal that is

wooispiozed. 5. The nethod, as recited in any BET/UB208$r852944
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1-4, wherein the carbon based mask is one of a
gotor |st and anor phous car bon. f TH %hod E )
ci te £ eyl a¥ regtel gy ohclaypel-&i Whetrl the raBen Based gnask is

n§§%&ﬂ§u§ggg&hous carbon. 7. The method, as recited in
any clains 1-3, wherein the second selectlvely

et’chi nGhe cwtpd, sescitqliawingiofiglaams EBcwhegan), the sarpnd selegyively
a fluorocarbon containing nolecule and an oxygen
cSﬁ?H@n?ﬂ@mﬁﬁFecule provi ding a pul sed bias RF

si gnal pr(ﬁf'?(ﬂn hip Xﬂcg oY c@fﬁgﬁﬁﬁé QirfibRRaffon %b%glléne% %olteglglg and an

met hod, as r C|te In an clains 1-
ubkm@mhbghnﬂmpemkxnhtlo feature has an aspect ratio of
at | east 30: 1. he thod, as recited in any of

cl ai nspaovsdln%@PléF%bnahBFfSﬂ%{ agdld second sel ecti ve

et chi ngs) netﬁ%éﬁgmgé& st gﬁﬂVlty of greater than 5:1.

10. Th ascrecitedoin any of clains 1-9,

wBer ei Tht hetidideheetitécinlany ef cliainal-§i wheein thx ull@ High aspect ratio
silicon nitride based | ayer. 11. The nethod, as

r &Atredas i %ﬁ?téﬁtl%‘l’faﬁtﬁ%a“ﬁ%b wherein the dielectric

yer lIﬁe pel%’ﬂdgig %@Eegf?&{ 3! ﬂg o?Xl%[ms ﬂ'% wﬁelgﬁlttng ﬂ{sft 91{1(% second

efching a ura es W th an aspec

okeladtivie@fhlings Ghavelan fick s@bd’ﬂ@ht@ ofpehee tHah(S 1 ay er through
an anor phous carbon mask, conpri sing

séPect iThempethade a isgitechia agy ef élétmﬁ tr9| ab@ﬁuwl@ Hle}eégpyeléyer is a
t?h%!;‘;f Pﬁf&ﬁ &ﬁ{cﬁ%sé”{gﬁg wherein the first
ely etc

provi '3 net deposition of a

f hwor ogae Mdaasse&cmi MRy ooBlainhe] -A0DK e ShEdieRotic layer is a
mask, conprising: providing a gas conprising a

fﬁm@kd@dbﬁﬁﬁ%@bntalnlng mol ecul e and an oxygen
C?Et al ngtho for e ch%é%t_lagpﬁl{ﬁlrt € tSeEc’lftuﬁ arrgT eczﬁpect rattlcg%ft atheast 30:1

gaS'into ap ve e

sel £§1hgl‘éQllléledtﬁdSTIh‘y@r thReigh lakl @fr@@;ﬂfoﬁ@ BarBéh YiAEK, cWinpHsing:
respect to the anorphous carbon mask with a

sel ect pyirstyelogtively ¢tekigg the diclegirig layspwith agspe¢tdo the amorphous
cari)grllq QA3 E}le?ecilq thn%rst selectively etching provides a net deposition of a

fluorocarbon based polymer on the amorphous carbon mask, comprising:

providing a gas comprising a fluorocarbon containing molecule and an
oxygen containing molecule to a process chamber;

forming the gas into a plasma; and

stopping the selective etch;

selectively remove the fluorocarbon polymer with respect to the amorphous

carbon mask with a selectivity of at least 1.1 to 1, so that the amorphous carbon mask
remains and a net fluorocarbon polymer is removed using a trimming, comprising:

providing a trimming gas, comprising an oxygen containing gas for
ashing the fluorocarbon polymer;

energizing the trimming gas to form a plasma; and

stopping the selectively removing the fluorocarbon polymer; and
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remai ns and a net fluorocarbon polyner is renoved
using a trinmmng, conprising: providing a trinm ng

W@2®8/02192Pr i Si ng an oxygen contai ning gas for BSHIUMZP08/052944
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the fluorocarbon polyner; energizing the trimmng gas

to forma plasma;, and stoppi the sel ectivel

r emovi AGEINE SeieeheDesirbios ﬁ%&ﬂ%ﬁ%ﬁ? 16} ey 18 SR to the amorphous
SehB6h ask YRk GR MG OiR ieRlifal bichin id% 4 ¢ IESRERI of

to the anorphous canon nasﬁ, &hgréﬁﬁ¥?ﬂe secong&g nota
s €lueccarbeh pasetl polynger pnom desrphousstartebaposskt i on of a

fl yorocarbon based po) yner. on the anprphous carbon )
sk, 15 methodygy 4?616'3,‘1 BeTamct slieren P arGAng selegiheestphing.
t@@m?ﬁﬁ%”d sel ectively etching, conprises: providing

an etch gas, conprising a fluorocarbon containing

nol ecubpsvadidg ametol gae rompritiag niflugravatbea ebeainrgombldrulg and an
a pul sed bias RF signal; and providing an energi zi ng

REX¥geyantainipemalequihe first sel ective et ching

prOVidﬁﬁwﬁﬁﬁgg?uﬁ%aﬁﬁgﬁ%%ﬁ%gﬁgphs not pul sed. 14. The

nmet hod, as r ted 1n any ains 12-13, wherein the

di el ecpravidihgyeendrgizmgRI $iga), whdrelid the fist kdledive Bichingd@ovides
based | ayer. 15. The nethod, as recited in any of
ch&iaRH dgnd thapfreiadiplsethe diel ectric layer is a single

uni for 6. A r $ t.Gghi . .
{1t or T KA. s L ORTEEREP LY LS RO s Mg vers o
C Qilipon Sxidg or silipbrasifdefada&Eiagirng chanber, conprising: a
chanmber wal | forniq&ta pl asma processi ng chanber

deingif}p

b
ehél osUhe meghogly pisiee pbelaimol2-shppsrein fip delectric layer is a

sg&gk&aﬁgnﬂﬁ%gtn t he plasnma processi ng chanber
encPosure; a’pressure regulator for regulating the

pnessumne dppaitahis ol @stiiig PIHCR $&iniies hanseer lagdGestiieéarbon
at | east one electrode for providing power to the
pbassdangsk oaysisHig: chamber encl osure for sustaining a

pl asma; an RE bi as sgﬁéﬁg providing a signal with a RF

fr equeA &) BARIEERTHE KIS ShI O E:

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;

at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;

an RF bias source providing a signal with a RF frequency between 1
kHz and 10 MHZ;

a first RF excitation source providing a signal with a RF frequency
between 1 MHz and 5 MHz;

a second RF excitation source providing a signal with a RF frequency
between 10 MHz and 40 MHz;

a gas inlet for providing gas into the plasma processing chamber

enclosure; and
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a first RF excitation source providing a signal with a
RF frequency between 1 MHz and 5 WMHz; a second RF

W@@sngmoe®on source providing a signal with a RFCT/US2008/052944
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frequency between 10 MHz and 40 MHz; a gas inlet for

provi ding gas int he pl asma processi chanber .
encl osur e: arga%\oygtg%tf%w @tstlfl%ﬁgsetffwad%w YIYROCEIS iy hpgber

PLASH®,Pr ocessi ng chanmber enclosure; a gas source in
fl'uid connection with the gas inlet, conprising: an
et ch gagassouraen fhid termeadsar bk theglay imdet, gaspréing: ce;
and a trimgas source; and a controller controllably
connect ed ténFWEg§%§“§5ﬁrce, the RF bias source, the

first RF eXﬁ%ﬁﬁkk%%og%Pﬁ@ﬁ§§%$§n$&§aﬁfcond RF

excitation source an east one el ectrode,

conpri si ng: aatimlgaasdéuronengr ocessor; and conputer

readabl e nedia, conprising: conmputer readabl e _caode for
provi dRREECHer Faitr n@b&ﬁom@t@k erhggastsqBrcg; e BEthinssource, the

| aY& 'RP"\éy{cRatﬁ(ﬁlss%‘EPcte, %1191 thf §ec§ﬁ& RYERAKEH ISR anR! £ 1d0fone

first selective etch provides a net deposition of a

f Erotradachapridiaged pol ymer, conprising: comnputer
readabl e code for providing a flow of an etch gas from
the etch gaststireerwsessafidior ocar bon pol yner formi ng

gas fro”‘th@o&*ﬁ%f%ﬁ%%@%ﬁw@ﬁ!%%ﬁ1ﬁ$ﬂ£n1ng gas source

to the process enc ure;” conputer readabl e
code for energi zcogplhitberekifabd aslegorproeididgeefifst seddctiRE etch of
excitation source, and the second RF excitation source

t ehegligdosteie laygewil) respectite the carhomndapsd madnivhpis the frst prlective

N S e R T A

etchant gas and the fLo@poeareb@blPeddérer prboidifigOfl@aT an etch
conputer readable code for selectively renoving the

f Reolroadhbesh po sprise apfl ailuoeagpden polynds orgrng e fisers diep

n?l%léfocgr%gp E){)Isylm%g forming gas source to the processing chamber enclosure;

computer readable code for energizing the RF bias
source, 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 and create a bias;
and

computer readable code for stopping the flow of the
etchant gas and the fluorocarbon polymer forming gas;

computer readable code for selectively removing the

fluorocarbon polymer with respect to the carbon based mask, comprising:

computer readable code for providing a flow of a
trimming gas, from the trim gas source;

computer readable code for energizing the RF bias
source, the first RF excitation source, and the second RF excitation source to provide
energy, to form a plasma from the trimming gas and create a bias; and

computer readable code for stopping the flow of the

trimming gas; and
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conmput er readable code for providing a flow of a
trimm ng gas, fromthe trimgas source; conputer

W0 e@datioeo code for energizing the RF bias sourR€l/Us1968/052944
first RF excitation source, and the second RF

excitation source to rOVI ener to.forma Sna
fromthe trimm n§OgaYe %md%i‘e far oyinghzece chiye etch of

r %d(ﬁplls@cng 'I;vﬁfl r g@a% 132 Ja%nfﬂag’é’é{ ﬂ*lglskt %elterthmceﬂd selective
gas; andco uter dabl e code for providing a secon

selch prowdeset rein dqjostthm diagluvecdcaibonlbayeel polyrhdr, caspiitg:t o

t he carbon based nask, where the second selectiv

provi des a net deposi £PHRAUEEready lﬁfﬂdﬁgﬁﬁ'lﬁfﬁﬁldﬁ%‘%ﬁow ‘of n eteh

Y ,

5 DALY Ll SOTRUL SRS 0 s om e
s fluoeardnnl palyfiet Gorotey fsomet yoreie pfr@remmgclgaﬂ)ef emmmlhs
fl uorocarbon pol yner form ng gas source to th

processi ng chanber enEPHBYFErcadameRds L Orr%lé?{%ﬁpé theojlg bias
f QburEd) ec‘lﬁegftn%{ RE e&&&ﬁ@ﬁ Qﬁl@é and lﬂ{eC% HL(P%F ek&tc‘a"tloﬁlgource to Cprov1de

exci tdtion source, d the ‘Secon xcl tation sour

t engrp\to Genenplagia ﬁbm the erhgaph@bpayheoinrthng gt aid gaste a bias;
and pol ymer formng gas and create a bias; and

10 cawput er readabl e code for stopping the flow of the

etchant gas and the flyQnaCALBRMbILMTES b Hifld BY fRPof the

etchant gas and the fluorocarbon polymer forming gas.
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