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seniconductor devi ces. [0002] Pl asma-etching processes
are conmon % used in the fabricati on of seni conductor
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gg%h{&ﬁfgdl.?: ortdlaslcésat G&lgpaﬁfy\’\ﬁlg&o}eﬁgt Iﬁlgt@flﬂrfgnisfégﬁglpit@ns on the

eature’ s w
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[0003] A newdifficulty energed recently during

uMafess. Khgyrspaetpatéq of a stehed ippamy i defined s thy ratip h@twewm theh

I %eagﬁ:“rn’% rd%étlhy(dfj%&f HE %iea%‘ﬁc' e’% %\/ﬂdﬁt( g%]?'fi%];negegc \ In%} features are
orient at nd-sSize ne i of %

f @adket @nfarsaipld blec@@ﬁ\bﬁéﬂtodﬁédt@mgh&wehh@ mklrw tHehﬂdth (w) or
top of the feature. Wen the aspect ratio of a feature
r EHENERY o4 e@éwlﬂmvmwhké@rmnwemrl yedegreasesewhile dreslepihcnt the

urs uIarI
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Viiyea0és & tHeddhicaehtdrd duihket ched f eat ures, where
tw sting occurred near the bottom of each feature. In

FLW3E 1 AN naerhglculmgrnd@p@gftO@@@Y @ln‘ll’tghétrwrg‘haaéee%fatﬂ{éJHAR)

10. nas four f re O 122, .124, 126,
FRliR s SRR NSt Sl RNEE o i as B8 b ot Bl
wahfe, At deat (he bORYmLIS? atfBRu BRI liRYRkteh3finddBy fHRUAask on
features 120, 122, 124, 126 each has a width, W and a

d dptthp of)the'fm;ulas p’%h,ftn thgmmc@fatle at i faafure hfelche@urcertam threshold

Ellltﬂlé rt}?esfe%t%gé’s w1d?ﬂ‘1 181\726% sn%gl? thStllI?Ig \(/)\{:curs panlcwparly near the bottom of

the feature.

[0004] Figure 1A shows the side view of a wafer with four etched features, where
twisting occurred near the bottom of each feature. In Figure 1A, a mask 100
deposited on the surface of the wafer 110 masked four features 120, 122, 124, 126.
The four features 120, 122, 124, 126 are etched into the wafer 110 all the way to the
stop layer 130. The four features 120, 122, 124, 126 each has a width, W, and a depth,
D. The aspect ratio of each of the four features 120, 122, 124, 126 is D/W. As shown
in Figure 1A, the sidewalls of the features 120, 122, 124, 126 are not straight but are
curved near the bottom of the features. Such deviations near the bottom of the

features 120, 122, 124, 126 from the pattern defined by the mask 100 are twisting.
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in Figure IA the sidewalls of the features 120, 122,
124, 126 are not straight but are curved near the

whoiBwosdd t he features. Such devi ati ons near PE¢BUS2007/083133
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bottom of the features 120, 122, 124, 126 fromthe
pattern defined by the mask 100 are tw sting.[.0005
eﬁ@%i! | yOereiIGy r%@t%vawp%%% {0 PBF YOS of isgly befarms
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deviation of the etch profile cente romthe vertica

sstraplgtinel nemethn dattorh € a ettt mAskular tveiating 8 defimgildsateviation of
twisting is defined as deviation of the angul ar

offiestigalar gretsrtiangy the etph prading framrq RyRedingd apgle npadhe bottom of a
oA R AT AL SR L PR A Bt
puedaii stege uedrftis botsinapea feaaiie.t Al tlet famsaf twistieginay eccur

Al three forns of twi sting may occur simultaneously
whiHilangpusynwitlin peiglg €2tr9006] Fi gure 1B shows the
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O€bicstont dfah@v@hedsfeaped. CVRsSSeging@aciss, theobyvishigetcrdsd-
size, position, orientation, shape, or a conbination

t ReAtieBfis NQtipeHpgin &ize-BOsTtgR, PripnEatian. thapgor agombiation thereof. In
CkOSS- $CLI AN 40,. 14 4 | £t .
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t e @hicgbN@k ofalk by b loh@dr abf@Weater bf\hs biipiGal pdd@m. For angular
cross-sections 150, 152, 154, 156, 158 rotate so that

t Heisbygithe ¢pes-1e6tionsniglr 13, ilgheld Ol 1throtate sothiagthagvals are no
pattern,. For . e.tw,sting, {he cross-.sections 16

Bt en Qg RGP SO, g P RERE b RS Ll 160
shapea.c4Fi gl bY arel nd 16/ iPfhe @RigHan 8V d] @Rage WS dIINYin dabeeof
cross-sections 170, 172, 174, 176, 178 simul taneously '
skpmbinatign Gyistinga thy cerarsgetialidge. L7281 174, dr ol 78fsimuftanepwyy shift,
result in.defects a devi failures. refo L.

| Sl E TP O £OFF v ke Ran RS Bl i retors.
Uit eRiré Nt is ebMbRYt o GEdultlier EINMENTd Mkt d3QRifihg THAR k@Y e

the foregoing and in accordance with the purpose of

the present invent S dNMARYaQRAMTHE INVENTIONChi ng a

di trigc |layer over a.substrate is proyided. An etch
LS, " B R eshi BEkip Serbrinnal A ob Bifpote o i present
ehRehfi@fan apParfihi6 For@ahimOHIERcERARN  89crel GBstEAS is fibAded. An
the etch reactor. A first Radio Frequency (RF) source

getvb regeas campiisesta RP elpotnede andtabadtofn ¢ls¢trdde e dunentdygaandurce
lies the fi

su rst Rg ower ipto_the etch reactor,
WhIRLES Seh a5 it e i< Bty A4 BrBedlGaRebne g Spigee generates
(ke NGLWBAQyik firsP e §&RRH aREuPBUE CBe BRARTASSerdnto the etch
second power wth a second frequency and supplies
reactor, whereas the first frequency is between 100 kilo Hertz (kHz) and 600 kHz. A
second RF source generates a second RF power with a second frequency and supplies
the second RF power into the etch reactor, whereas the second frequency is at least 10
mega Hertz (MHz).
[0008] In another embodiment of the invention, an apparatus for etching a
dielectric layer over a substrate is provided. An etch reactor comprises a top electrode

and a bottom electrode. An etch gas source supplies etch gas into the etch reactor. A

first RF source generates a first RF power with a first frequency and supplies the first
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the second RF power into the etch reactor, whereas the
second frequency is at |east 10 nega Hertz (IVHz).

WO 0®88$388¢h anot her enbodi nent of the inventi onPCHES2007/083133
apparat us for etchi ng a dielectric |ayer over a

trat i ded. An etch t [
B bR B At PEdU TEra Bas cepupRbb tert
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source generates a first wer wth a
f frequeeg yn(hmj)phapﬂhblsmnﬂw powatuRE tixoatelt raantba wheeeas ttlchsecond

actor, . rea theflrs q i S between 100
ki qﬁ@ﬂﬁ}ﬁéwszat? f aper o Wi Agélg‘é%ﬁg SRRICE gefcsyes a third RF
B e

rwheteasthevtlmealﬁaquemhﬁlssaemmo‘Méﬂuency is at |least 10
A third RF source generates a third

R JNer I\maglﬂthsr sAbecimenteRf amiayensicd. 3 alsghadder etpling feafges in a
Rﬁle@&w la&é}toQ/elt Q b%&gtg Asmgﬁ 3@% g{b%?gtet\xnﬁl tli}g 'Fﬂe‘ijectrlc layer is

requenc I's at eas n anot

ephwoed ofenbo@dm kheetrode/@pide af etca réﬁetchrpdhélﬁ:[s tat dRRidegic layer is over
features in a dielectric | ayer over a substrate is

10 pthssubeente. THectel Bastp deleverid i e cisharaskarr iefirspREpopgr with a
Whl?s‘E ?ggﬁ{}hg lsb&)eﬁvgfé‘td%%“alﬁé &Qﬁré t%%s@le%?ah e <tinst ﬁ@aﬁ{eﬁéy i

ebetvegas00 EHdahd ¥60 RHzi At @cdﬂaeRlepshemeﬂm @écon&flfeqtié&icy is
RF power with a first frequency 1s delivered into the

etlelverabintothe etghapastyy. Wh@e*ﬂﬁ the pecopg figawngy issat st Hz. The
9931&5'%: I%yfgr gtg]ilm fo §gst sﬂ ltxtgqhm% aspe C%tl}at‘?o Pu%]

requency Ivere ereas

15 t [lﬂ)l@?conﬁldcsé Eﬂﬂ@tﬁ@ﬁ’feht&rs@tof kiRastsedPinVERion Mifl be described in more
dielectric layer is etched to format | east one

u riﬁtlaébhlog»wnah@émﬂqdateﬁ@lﬁt@atqﬁ thee, InfQUIPO jand reew@jeredion with the
g@gr lfe ures of the present invention will be
d r“fB% i more detail belowin the detailed

description of BRIEFIDWSIRIPGTORTOF THEORAWINGSN W t h
the follow ng figures. BRITEF DESCRIPTTON OF THE

DREOMANGS Tmzr@s]entr hneetprme ftusiratee by ivag of sxarhplastndaroety way of
| im.tat

20 ¢t Egie PR JRS i RngBE trasigu 4o el e erence

|hﬁﬁefaﬂx‘éfe@%ﬁnﬁl&ﬁ@l&ﬁlﬂeﬁtsraﬁﬁﬁ{whf%hs' mlar elenments and
12] Figure A (prior art) shows the side

v [QMbe flgaﬁ:elw% (pirioh aIﬁbS]lOW@tth‘.d’lSdie Viewtafmeggfenshighn four etched
t %a%&riesr] h%%ectldx/rlsrtlerl% orc]:gﬁarrredt near the to(t)t{)nmooff egc eatfu?eat ure.
[0013] Figure 1B (prior art) shows the top view of samples of various forms of
25  twisting near the bottom of the etched features.
[0014] Figure 2 is a schematic view of an etch reactor that may be used in
practicing the invention.
[0015] Figures 3A and 3B illustrate a computer system, which is suitable for
implementing the controller used in one or more embodiments of the present
30  invention.

[0016] Figure 4 is a high level flow chart of a process that may be used in an

embodiment of the invention.



[0013] Figure IB (prior art) shows the top view of
sanpl es of various fornms of tw sting near the bottom

W@Rooshessas ched features. [0014] Figure 2 is a BChEsmNT/@83133
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view of an etch reactor that may be used in practicing
t i_nvention._ [0015] Fjgures 3A and 3B il l ustrat )
cg‘fﬂ;ﬂ? er %ﬁ%ﬁeéﬁ\ SRR 1St e SRt 3 Yignkd ﬁﬁCﬁaf? using the

theer@stroller used in one or nore enbodi nents of the
present invention. [0016] Figure 4 is a high |evel

f [@048¢ harFigok 58 thoosas sllddnativasiye biewusfebk stackain Figure SA etched
enbodi nrent of the invention.[0017] Figure 5A shows an

i MPIDS thednY§io8i de view of a stack to be etched using

t ignvent.L on. I Fi - id '

PT iR LS Sy T u B S By B Rear che
| bysthiod the HOOENHurdsiegihee ilbEigatkdd® an il lustrative top
view of a cross-section taken near the bottom of the

f 0] eatkipws tethewe d compPAiyuret teBLng Gopoysivg 4 dgbias RF
¥ R = o
T o

di el ecDETAIEEDIDRSORESHES OPETH PREFERERER PNIBOD MFENHE

PREFERRED EMBODI MENTS [ 0021] The present invention
wi0021how Bee pieseat ingerfidnmvidlatoai be desenbadein gletai oveith wfegence to a

e A L T
d @0l 16% i@ tiesdHpIRh OMEnGP@CIpbtitic detadt hie s8f ®rheh ofRf tdprovide a
in order to provide a thorough understanding of the

p theseygh undestaniling of the pident ingertpmarlewil] baappereat. howgver, to one
one,.skilled in the art, .that. the present jnvention na
atyFain hE e Gt 8 attis b Bton My B SEklied GSERIFRe SFYin of
defedd bgeciflce@diReln bihet ABGaRSs, WEl kndROWdR% A&DS andbeRfuctures
and/ or structures have not been described in detail in
ohalernat begrodesambreloe sistarliin prdsh scnat enndressarifse@nture the present

i nvention. [0022] Wthout w shing to be bound by the
fb‘}VICBWIhg, it is tentatively theorized that twisting

| $00221 ©S vt hBic RIHBRS b Bodlddy) (ROrdIRdwWihd, s RingtivRBRBErized
rati o (UHAR) features. There are several mechani sis

c trat rwibung g rtolaganyeineire athaig mguilais-higheaspect ratio (UHAR)

features. There are several mechanisms contributing to asymmetric etching as the
feature aspect ratio increases. The main mechanism is asymmetric deflection of
incident ion trajectories near the bottom of the UHAR features. Anisotropic reactive
ion etch (RIE) is a result of complex reactions between the exposed dielectric surfaces
and the reactive neutral radicals and ions from the plasma. The flux of the neutral
species to the bottom of a feature is dominated by Knudsen diffusion and the sticking
coefficient of the species to the feature sidewalls. The fluorocarbon radicals
commonly used in dielectric etch typically have high sticking coefficient, and hence
their flux to the bottom of a feature strongly depend on the aspect ratio (AR) of the
feature.

[0023] As a feature’s AR increases (typically greater than 10-to-1), neutral fluxes
reaching the bottom of the feature become greatly diminishes and can no longer drive

the etch reactions. At high and especially ultra-high aspect ratio (typically greater
4



feature aspect ratio increases. The main nechanismis
asymmetric deflection of incident ion trajectories

W@ e@B/063886 bot t om of the UHAR features. Ani sot rBgi/vs2007/083133
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reactive ion etch (RIE) is a result of conplex

r actions between the e lectric surfaces
0Bk 0 SNB b Erp i G L5 S FRSCHOR A gnven By fon

p hﬂ%@to 6ot ¥t @ feddfie NEH fiBles SPRHEHBRoMDr ERREL 1%’ m

feature i s domi nated by Knudsen diffusion and t
stiomrmategl t@qﬁﬁsfrma:noe rienafy, idnenspgcliwsbitont el the &taurre S bottom

si dewal | fluoraocarbon radicals c ed
d.p@'ie@%%lrf#ue t%tilgﬁ%r %f@&ralyg hQDe ity @f?l%nereﬁé)y the clectrical field

co&hld Gk ?fysma @F&ﬂb ePEs éﬁt}t‘ﬁ'eﬁ hdhhEQ it H&e}ﬁ‘ﬂh%cp% {:1’1% fbﬁlk plasma

feature strongly depend on t he aspect ratio

t petehedtand ehe {O231fads patehted] whieh $s AR enbyrteaggdied Radio

(tgypl calli&ﬁgreater than 10-to-1), neutral fluxes
éf‘élHFl?‘Fg figlgst om of the feature becone greatly

Iﬂqqzﬂg el‘ﬁ C@O&hc‘%&‘ﬁ a?@a e&ﬂgﬁrmﬁftfgx rahf&efre%lh‘él'ﬂclésea% b drive

espec aspect

1@@151 Yoy eeahgle] Iﬂiﬂleng)Ht:@z {Mall;iar&s@e(m MIszR]gp@xaéreﬁlso
than 15-to-1), etch reactions are driven by ion fluxes
t §nQWR ahGOLEMBYT PRS- Tig diadrte maiyainfRlapssdongity. Rdils St YIBkn RE

%o&,@ﬁ a%ls g%ulrjl\:;vg SblgsoﬁF %g&?ﬂ’ég%ﬁes J} a)scﬂ?ve t@% P@g@ng Isﬁéﬁth ﬁo%lmal.

|on ure s

pQIt@HH\lvﬁjer ctgp dueracd ﬁ:ﬁ@gebmhﬁde i€ heti@led &y thomsman@ry ¢leGton flux
accel erated by the electrical field across the plasm
s Hdgn Hie pianastheathicoBapses durdng anfRBcyrle. sHaweermglecsepnglows are

t Iﬂ?t (P #“lca?l@d\?ﬁl%%@ ctaﬁg(gt rgitchafggb(% Eo?n \é’{athl%r el—zﬂgafggtgres efficiently.

rrven

FfA%CdMeﬁﬁty tHeRfoktof &l tBks UHAJ® %}ur&maoadmame@ de 2 1A$ PBsitive charges
etchers, multiple radio frequencies are used to drive

t ﬁéerpﬂnal%lfmyclq= higjsnape@difizrentabcharging. ZIn(qthen)w iy Meare gons
t 6ea Ilt:hnefbal ?ﬂéﬁ,@}@g\ﬁma{ures thSIQ u gtgo RF %ﬁe%%%os%tlvused

K a iRl cﬁurgiﬁ RRthBGWRSm of kife mﬂmk fe@tuflsi WRich R8yeR hasheR
sheat h potenti aI At the wafer's top surf ace, charge

bdiffenensial potantinl et/ bptgomieé theodARafeptuedsect ron f1 ux

he at.h col | apses duri an RE cycl e.
Rl BirBRTah e e R R el e ARl Biefipgrom of
C ANt ARCREI s henRALRk of défeWhARIRAE 10he fowards the bottom of
efficiently. As a result, the bottomof the UHAR

f dwtUHAR frotweasu Diffesntidshagaig ghesianpesghe ﬁawggsdowmf e&ah rate

RF cycle. Thls is called gkfferentlalt cha ?Ii‘%f’%’

othSH e kB ParR Pelle Ve bort e oI RE N ElRRne

f eRRVESS 1 HBd: Wb a6 W IRASncib&Rt ehég e beloWw @R diff¥Rntial charging
potential, ions are deflected. On the other hand, when incident energy is above the
differential charging potential, ions are slowed down, but not deflected, causing lower
etch rate at ultra-high aspect ratio. If differential charging is asymmetrical due to
some random preferential build up of polymer residues or charges at ultra-high aspect
ratio, ion deflection becomes asymmetrical. Asymmetrical ion deflection causes
asymmetrical etching in some random direction, so the etch front becomes

asymmetrical. This is a feed forward mechanism: asymmetrical etch front enhances



differential charging at the bottom of the UHAR
features, which gives higher differential potential at

wao b@speassom of the UHAR features. [0025] DiffeP@€nubzin7/083133
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chargi ng causes the increase of the potential at the
|ch retards or deflects

bot t om of eaf ure
t ﬁ@mrﬁﬁtrla@ﬁ?rsmﬂfﬁ%ms fﬂff& B FRoR3EAtEH e gpppmetrical etch
f eRhHLAS so bhf I\%@&mtadmgtn@r&w@ RUSAIEBKRES the

slowm'ng down of etch rate-as AR increases, a
p h@026ire nGhhevial ¢ntion v ids saasppatitus ahd o ndaelp:ehfderﬁducmg twisting in
etchl n%WgARDE In ot her words, when incj dent energ %

e

qabEc efelnf Dreng e fabycafign H&S%F%WPF%?F eYigfitsO
éaltlﬁrgst ﬁ‘g eg:%?(} hﬁ'gu uhllﬁﬁsl{ig{bda la 8@@8 bE '3&: (F Héer%réﬁf)gyaté SThe

ove t ere rging potential, 1ons
S lasmedradowﬂa fdauire ivothe depth ectwadth ratiwist thy fdaowe bpﬁtmg] Prev1ously,
rate at ultra-high aspect ratio. If differenti

al
cR&FRihrg-Widthaatahedqte éa’raS&e@mwe@B&g@ M1 eserﬁently, the term “high
P Eﬁfe?{ I%HB"’ rpéﬂl th e 18(1’1' rXﬁ‘F b Eﬁﬁ '19—%(?—%. ovg El?rgez%ﬁ§ct ratio of

at “ul'tra-high aspec ratlo ection

asgcmfeteﬁumﬁl is h@&wmﬂl rH’réfalrabll}Q an d&fd kigh hgrcciats €SHAR) for a
asymmetrical etching in some randomdirection, so the

eif‘?,aﬁlrﬁ fRsithis peakian issfinaday 3 depth-toriidth rafioggreaserthan 15-to-1.

%Sf%g@lm ?ﬁé&?ﬁ% Iqrf?tél?ﬂgn@l tthtlﬁﬁenftlrog nst defwﬁd alg] at least 20-to-

f mr thln eddips0 pagatably, theerasytieintion abplﬁﬁsctbl etfchmgtfeataﬂad irSthe
on. As aresult, twisting occurs at UHAR etch. [0026]
Tﬁ@lqcﬁ‘\‘ﬁ‘elﬁﬁfdﬁﬂm vidthies n%mloawan éle gangieeters fsnh dy oregpreferably,

f glﬂs D Caﬁt 1n%1§t1£on 1@5 tg% n%rf% 1] es 1ﬁ &eecﬁ%f:cmplj ! IeIn 1tfl Iz?t w1dth of

Ion O COﬂ evi ces

ane nairé i 200 mhat) Moa pmskablyn tHe ;ﬁedeamweﬂtﬁmta@pﬁésqb %d:hlng
over a substrate. The aspect ratio of a feature is the

dégsturet io-the dietectrgtlpyer ofith hwidtieaf Re @orpdan A nm.
Prewbousl t h-t dt h.ratio of 5-t0-|
7 Ber e Rep Lkt e o M oo

r gﬁdfé}abl&etfh@ pFeRehttifvch@iBh BplRs b diclechiRtdiéh wh@B Mk dielectric layer is
Now, the aspect ratio of etched features is

h Sigilaen oi:»lﬁc basedPﬂrebfélmaWblsds taﬁ dutlletctra; Inyeghs tesped mairdy iobsilicon

% featu %t { A aZntl on | defi ned as
F@B %n eai“ﬂo?%{?P © EFY éﬁ’%?ro ém%‘% Mor e
pl[afzgg abl Xn apphrddi®hd Phedoll @@t&&&lﬁg%rm&tmgsmIUH&thla&mc etch

is defined as at | east 20-to- 1. t1 on,
pheafedreabldiscovened preapeatedly. nSmﬁmﬂydwiepbgmg ) dHimjas RF

features in the diele tr|claerItha fg{of no
P WA BRI Q1S O oY e G e abieg ™ o gduced
PLEGSHL the ﬁfﬁ%&l&%f@ﬂ@ﬁk%d@ QesBlibdH DvE CRf dHeR nhdte Hﬁ%odlments
dielectric layer wwth a wdth of no nore than 200
Mo§ thepnehépalyirgferabhe tlmrtessemF poweehts iadreqaplyi besveen 100 kilo
etHCePtlz ?19Hz) and 600 kHz. More preferably, the bias RF power has a frequency
between 200 kHz and 600 kHz. Even more preferably, the bias RF power has a
frequency between 350 kHz and 450 kHz. Most preferably, the bias RF power has a
frequency of 400 kHz.
[0029] Figure 2 is a schematic view of an etch reactor that may be used in

practicing the invention. In one or more embodiments of the invention, an etch

reactor 200 comprises a top electrode 202 and a bottom electrode 204. Also within
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features in the dielectric layer with a width of no
nmore than 150 nm [0027] Preferably, the present

WO p08/638dh applies to any dielectric etch. NMrBCT/US2007/083133

10

15

20

25

30

preferably, the present invention applies to
dielectric etch where t dielectric |layer iis silicon

ofheftcIisagar 24t a spitiate i Vds Potifined;og t%BP fhe botomelgegrode 204.

f @)’v@fﬁ@le b ake D0 i§ h'dhe@&@n@?égéiez ] !u{!i tﬁ{@s bfera@esBE StcRid. A
ot her types of material m xéed in. An “appar at us

anchsia2 ivetshiegoditerd ovedihe divgpctrvd ]ayerrizg 21 whlbhlhﬁskis t-hle@altafrns: for the

etch have be n di scove nexpect edl y, Specifical
bﬁeaflgﬁfi t&he ﬁe Ogtlml&lfybag Oﬁp eakiods 204, Ingorngates a sultable

HERH tﬁkﬂglﬁ@dﬁﬁ% 1dfGihkE Vet e Tik
ce% Wlu%wg%t t %ngé\;\% oat’he met h a? dg‘@%& ele)
aﬁnﬁ&hhh@ﬂmmabﬂﬂumbﬂb enbodlnents of the invention,
preferably, the bias RF power has a_frequency bet wee

1600301 | o Fieferably, &lilq‘zqhel&ﬁ'awé@@r REE s sisos opiderhapesht (hat tSh%le
b
E&?ecgﬁ: 1919&@£ mgﬁﬁy vl ggy Sﬂt&% e&glha, &;ngqgle!? 'a_g'xﬁgﬂg g? 98er types

vVen  nore prerera ower

f begibenaye hetedernFa&birek e tabd edhd leZthld\ﬂlslbctnc layer.
pr ef er abllg the bias RE power has a frequency of 400
H%Blﬂ 00287 etch gay goupce 204 seHErtge it theicksly rercter?09rage supplies

SRCLYY o hL PYCDE. 30900 By RIASL LEL DL Lhe,  nvent i on,

ion, an etch

r ﬁmrzq)r 2R Gir & RIPEJus@RS238 it BlectEic AGt sdeectedd Badich r&etdrQuD.
el ectrode 204. Also withinthe etch reactor 200, a

s Mj%rt: seaceficilp. the fipo Kt sogreed381is elegrienlin Qﬁ?@nmci t@rfie bottom

egtrrg(%dg)élzolilas ﬁﬁ?’ %Ffsgl?r Sglé)(? }:15 a soelinzolo I ]tle ‘b e[&lgcs:(g%zlsefi” It
2 ééndr&eﬁﬁﬁ@RFtp@C{/epMﬁf suppBesthe bﬁ@ RH fowedY®the %ﬂc%, reXdid:C00.

masks the patterns for the features to be etched.
Obrdferablyl the bm eRFbmWQirhae h 8Os thMen h8® kio Hatte skidz) and 600

hbler RS BHEHOReBr Bintat PRy RBI g by hiiernago ki and 600
heidi mged H@@p&@&tﬁ@y Qhe2Bids Rﬁ:%%@} hz@ﬁfr&[u@ﬁ?ybetiv% 350 kHz and

dielectric layer 212 is silicon oxide base that is,
t H20 Hel &bast prcfdrahyerthé biapRiFroyver basmeﬁeq;fensy bﬁ H¥rkHz.

h s a ts.of other ty
O, et BEGRE Row SR & o e RS Bretrs mpeds and
t é&r&bﬁéa?ﬁ&w ‘Prlei%i/a%'l tlﬂé)&é%slﬂ{F@Gw@f ehelgas &0 Mn%@ o??@o Watts
i S connected to the etch reactor 200 and supplies

etWh tg&3000Vo Mére petfetablye thetboas IﬂDﬁO\dwlﬁ‘i"ﬁgj ig llneheetamge of 500 W

S HGS v I0EA b B T SOUL 8 L2 e g o 1000 W
4000 W for a 300-milimeter (mm) plasma etch reactor.
[0034] A second RF source 232 is electrically connected to the etch reactor 200.
More specifically, the second RF source 232 is electrically connected to the bottom
electrode 204. This second RF source 232 is also known as the “source RF source.”
It 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 source RF power has a frequency that is greater than or

equal to 10 MHz. Most preferably, this source RF power has a frequency of 27 MHz.



More specifically, the first RF source 230 is
electrically connected to the bottom el ectrode 204.

wabkiog/ 063886t RF source 230 is al so known as t hePCHUS0TRB83133
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source."” It generates bias RF power and supplies the
bi F power to the etch reactaor 200. Preferab

@?SE @mnah&sa t&lfﬁ%@qﬁiﬁ)@ et %QHG%Q@JW%@% the o
(Qﬂ@or UGI PR ﬁrflcw ehPfGHN AR (j: iﬁqs Ql'ﬁgélcﬁll: QL ted to the

has a requenc etween 200 kHz an en nore
pbeften alcirodd 2@t [SiaslaRe thoweonth ’F saujfce ea’m ahsythibé Rvesenrce 234
350 kHz and 450 kHz. Mbst preferabl , the bias RF

bwéi»o lﬁwnaasrth%w@rf@ﬁ%wu&% Ri-gene é‘é@@?t Thoupedst pgver and

heL EqbueR Fﬁéov%g IjéQct(gIlqﬁ)Opfno Bﬁ)nqg\%ge?R?nger

rator capacl t era y, the bias
| gm&lrated; by thetsheondaRig sownde 2320 Phdetably(, Wis tcmrdfORIE@oMér has a
More preferably, the bias RF power level is in

r AisGeensy s W%t%f té@o@le\h}awﬂ%?owefl\é?rs@re;ferabhethbﬁ S&gquFRF
P gg@& l{ka% \ﬁ%eeq:,u&zd#?atltq? %Ig:gn{a%g gltafg ];(])r 2 %o\(%d 91[(—828 gﬁf W Rfré}graﬁy, this

secrtsRRposetiise 2dpiehsy &l @NHzcal |y connected to the
etch reactor 200. More specifically, the second RF

sHfI36E 23bhg 1§Wefreék§1?I@QYdiailﬂ RF e@Wﬁre%iOeraax ke serledpyth hawater size to
el gl}c %1 eoq%%ga%p%le Iﬂé}v S S u na.%d Fea%l? ﬁ&%g 53%hle EO@ hSIO ']_akan %’]power

urce es sour c

pmatyrbealrg@ti BRI biRsioh hﬁtmmr&%&h@@wreq@n&wﬁ b&Br, such as 27
reactor 200. Preferably, this source RF power has a

f Mlduardgr @iz, to sys@i e plasas. QﬁhertﬁFasows paNide applindecither

pr erabl thls SO po s a fr. uen
P eP el Youdnlh e e o R0 e Bl BB P00 of e

t Bic r@&wrczeoRlTh@w&e cbiak pawemao by Qaddlddéreh%%ﬁhe etch
Opt i onal | a third RF source 234 is electrlcall

c &aaiee 260 ﬁif eapakive cerplingadihg highgofrequeney Bfaoiver %él |2¢4 may be

t I ted t .
L At B o SR ER 200 T SRR ShuPRBTE e courtine
E()O’SQ? 23R cohthdlfer D80 {sCtoRfeQULGRe &3K ghSsodl@2HNAWRr&RF
source RF source." |t generates anot her source RF

povwwee i thopdrideBF strace 334, erd R thishBiE soorce Ré4 eftit b present.

¢ HEE st pad Sosliniuhis 85w’ b Beiar g R he BEDGRE Spfa et
DQW@‘He deASakod sags R'F%vﬁe? ﬁ‘bni e HiBAREsohRAMIN) Qs@lz@a RF

power.  More preferably, this source RF power has a
f [@P8encyFighat 3 Asind BBaiilestrathaporoputegiyalent, e/hidh ilsizitable for

GG RN A T W SN

&Y e RGorS CRAED WL {18} 34085 YWRWRT inSHige BO 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.
[0039] 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

8



achi eve conparabl e power density and sheath potential .
The 400 kHz bias RF power nay be used in conbination

Wa\Ra0B/063886 or nore hi gher frequency RF power, sSRPCHIUSR0Z(83133
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N+E and/or 60 N+E to sustain the plasma. O her RF

may ? i ed either the sa bot t om waf er
eF Eftr‘?do@és fe%r a Fﬁﬁmga‘fmish%r @%B%?ﬁf‘% %OI{P QsEERgedtaices,
202 10fin z%fﬁ@m%{'fgzélr q@&tng %anﬂ@éas rh@Wnf 5&@%@&’1@?‘ (ﬁ%M) and

power del |v red into the etch reacto

byeadetpﬁ;cmbmey ). Agis Welékhovginar the neRON yctife tpa:m&lr data and
34 may pe delivered into the etch yeact

e ﬂ‘tSHBFU%i PRk fitrw@nel&»u 191 the G PErand iy s pee tasalﬁﬁlfsh@%%%% data
[ 91%3 Hstrétztg)‘ﬁg H1§ b# @i?ec%%gal' marngf! n@&% %@I tﬁe e L0 nfg&nlgﬂés may

sour ce Irst RF source 2
s inehele aA3 2uitabidoft the ccbrhpllitelr Rﬁdﬂﬂmmma%écrltfed bEloIWS A flxed disk
present. The controller 240 controls the

eBERIGH® Pl heBEtR N e B 338!t Prayidgs |af1d1&§n%lﬁléta storage

SRR SRl DG T RISE e U6 P LA bl

C Pigedtdivk IpIhenbe wibd @d’lstbﬁ: Bogrhab) @td, and thmikemﬁaﬁs tyPically a
the control l er used in one or nore embodi ments of the
pPEOBAIY Stayagstnestium fHich @ Atharst digh) thatas slgweHbampyipary storage. It
Fi i j sabhf

VRS RS PTRL ARPRGSB RSB PRYELEAaehBbn

Syipprepriarayaseae inetyorpy $h sahddd fa¥BionaRgiragl memdrgih memory
integrated circuit, a printed circuit board, and

shef| Remawhls diskald mey Gketthe formuany apdie cemmpist- éfrfa?iable media

tem 300 includes a nonitor 302, a display
Cg%ﬁ%%&%%%éﬁng 306, a disk drive 308, a keyboard 310,

anen48] "ousSeU 322 is Mskoupled tb 9 varieQ e Mf@t/oﬁt@ﬁd@éifh&s such as
medi um used to transfer data to and from conputer

sysplan38.okeypond @]10,mepe?»1% Bnq gpeakersR3plnegenprad apligpue/output

di 12 ram f or conp At t.ac ste
o5t B afPRYIGR ey SR Do S o b s

3eichabswief @Eg18d, irfhsabecs eamrraédepsr Aa@R&IcNG pdPérittpe 1@hders,

CPUs) are coupled to storage devi ces, i ncl udi ng nmenory

3mbletivistybsys, IRireiof BRybietinganeRam z8ec émq@mm‘pgfdetmwther

S PombERs; CRULTERPKEOTY v Solef s e iyl of "
uwec@h{rﬁ]ﬁhm@ﬁ& hatwosk tdies SfeWoid RAM 350, Usved stivPh GatwloYk

to transfer data and instructions in a bi-directional
n'mtﬂézrce Bt dontsintlited that slpéél’léfnlgimmeu\@gnfmmaﬁmfrgmehe network,

%/ W%t E}uglé]ggra%aglgn o l'}ltgtevgq g%%b}en@g% i)earfoqglsﬁ(l:g he agove—
32?%&12?(3?1‘;812@'5{%5 t PuERend A2 metHodRDOUHRS @60thE bRR&!t invention

may execute solely upon CPU 322 or may execute over a network such as the Internet
in conjunction with a remote CPU that shares a portion of the processing.
[0041] 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

9



capacity and may al so i nclude any of the
conput er -readabl e nedi a descri bed bel ow. Fi xed di sk

WwWG@2@86883be used to store prograns, data, and P¢EUB10RB083133
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and is typically a secondary storage medi um (such as a
har isk) that . is slower than primary storage, It .
Mt}ﬁ?l}dge&a&ﬁ Rilapit tPhapsnene HF%%%H@@? bR gy disks, and
Wyt h&tid t'a?é?', @pﬂ&ﬁ 3205 udR Y CDIRARA Qﬂrﬂo%gﬁa @éwice@,er_nagneto—
incorporated 1 n standard fashion as virtual nenory in
mepicay nizds. sulle noflaftical dislsk add Hartharyretdekes that frospecidlly

Bl R et T2 feocrond B0, e

i . i . di | ’ .
UL, SeutaRTISPER A3icsh BRIRY IR AQUEHERRNT devices
I Epamhplesbpesmplewi wee mmyudeanathyneaiode, wiudeas phogdpded\by,a compiler,
track balls, mce, keyboards, m crophones, )
t 8t Hles sptpiningchighes heval of cqde gt grccaected By p eaaytsr using an

' r I I .
VREgls:. Kond AR A AR HARAGHT o1sb B3 EhBorcE el Bionined by a
ocompter dao pighdl @frtbodERlh 322rriepivacnald i pressnting acegysnes of
to anot her conputer or tel ecomunicati ons network
USISHYCHUB A RIS GHEettAle &Y 30 h such a net wor k

D) o et AlF SRR P A el ok ey Bt BB p

I Binbbd@ienObf the itveatifet Mk ok mordhembalimsat cffthdrvE@idh, Ag
t he abovedescri bed net hod ste Furt hernore, nethod

S.
efBHRigentisa diclechic lpyessada maﬁg entlpesd avghe btey elsctrode inside an
Sglcﬁ lré(acrcﬁ%‘r’l"EgD 0?’ Zl%e%elgaﬁ ?axgrcilsl.tog AUE Eub%trnt%,t w ﬁ%glpis over
as he Tnternet in conj uncti on Wlt?'l a rem)?e % a

S R Ble@rip Olyet. OTheddiclebigic PAyeE B8 ibBGtchEQOFAd etbinfeature patterns have
addi tion, enbodinents of the present invention further

r élreads been massdiover de dredeséiplapeiuperbaps tyrfleposition using photoresist
conput er -y eadabl e medi um t hat hav Qnput er code

¢ REPE The BEEFHE R g1y i Biser ERE GREP: | npl enent ed

OPOU43Y | ONBtch Fheis BN cReBitEb i RRULBACtGFIEINRN). 8 efcR$E the etch
speci al ly designed and constructed for the purposes of

t g&s pmemeas a combintiionof fbroredagyonr@iFheoxyken,hod Rityps aléndrt gas,
k d { | abl t havi kill in.t .
R PPl 181 I9GR FOLDB: Bin o B posen

MRsHL R He ((NES), anBUlIf& 1R xRRborl deNB FJ Bven niROPREd#bIRAL éich gas is

such as har% di sks, floppy disks, and nagnetic tape;
opee ehhydrediaosuiedn @5HJY.ROVE and hol ogr aphi ¢ devi ces;

ooptical nmedia such as flo t'%gj di sks; and
OHRRL T o e bF set® D e RE ooy s i et 1 100 kHz and
S0 RHARI1EX el froRhOSERBERHSTEPUSD, A%d a second RF power with a
appl i cation-specific integrated
frequency that is at least 10 MHz is also delivered into the etch reactor STEP 430.
The etch gas is transformed to plasma. The first, lower frequency RF power may be
delivered into the etch reactor by capacitive coupling. The second, higher frequency
RF power may be delivered into the etch reactor by either capacitive coupling or
inductive coupling. Optionally, a third RF power with a frequency that is at least 40
MHz is delivered into the etch reactor in addition to the second RF power. Finally,

the dielectric layer of the substrate is etched to form at least one UHAR feature

according to the masked patterns STEP 440.
10



circuits (ASICs), programmable | ogic devices (PLDs)
and ROM and RAM devi ces. Exanpl es of conputer code

W0 p@BUOeS36rachi ne code, such as produced by a ceepUb®07/083133
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and fil es cont ai ni ng hi gher |evel of code that are

ei@rﬁt hurtas iy Kkiroy e ol e REmonBagid pishieetapoven or
@e ﬁﬁ:ﬁg%?sr(ogéaﬁﬂs gﬁ‘)@rjer Qﬁ[p% S%erderRIa][a&\%ﬂé | &ld 18 ﬁg the bias

rep senting a sequence of instructfons that a
eRﬂ;ldvsa:lD hea oy freqreace ssdr as 1le@O4R) kHE: ghile m@mt&nmghh@h)urce RF
| evel flow chart of a process _that may be used
e RS T A RaMEn Gy s g 27 MBRENSPORHE tBrpydinmey be

L R L S N
efeurecact or STEP 400. The dielectric layer is over
the substrate and the mask is over the dielectric

] THEzwe érAe%%towS@nrlléw@tlrs siflgy visey ftactsy. to Ppstcbed psing the
f %%Hﬁ L Ctp%jﬁérﬂéd Hﬁyke %@grytgp ﬁ%ﬁkcg?czllﬁﬁg 5%5 e&]hl‘i:ﬂ % in turn over

ielec ayer

pb@tdpﬂ@ﬁir SB0,nwiiel 1sah turﬂi hﬁeloh ﬁibs@ttr:l Thé aiaei S(Dt}amdbﬁtes that four
silicon oxi de based. [0043] Etch %zéls is delivered into

t FRatwerHe (@b etehedgmiort aﬂtrlecprfelﬁéfrr Oy, the etch gas
i(ggﬁ:hse %ure%?sglg)\ax{s)l 8| nlleSrtIPIl\l/euSOlaeo glﬁeg)vﬁo atl}éé sa Erlckylll F(l%\lrrf SA etched

X @§ias tHeX@yentiMar Eopr Rh@rRBLY, 522h 8261508 agbdchied ihto@Ee @1felectr1c
nitrogen trifluoride (NF ) and sul fur hexafluoride (SF

)laye Khalhtbe avayrie therssail ayert330 aserpling 4e thegaftermed gfask 500. The

PR S ner ot tipon ey el b 38 s T gpoec
69@1&6ﬂ7ead:}§oﬂjtﬁk FotR F@fueN§20, t5he, uch g Rasmer ASIHR idEigure 5B,

And a second RF power Wth a frequency that is at
| eleesfpullf@aw 529 2% 62ﬁei2i6\herfentnmrrtabtvtllstelgeﬁr@h thestgptarthe way to

STEP 430. o transfor . The . .

F ot I e RErche bR Rt Qi TR i erned
t H@béihg Eﬁdéseﬁﬁtt OFmRY afSRBEIWded %8@‘ Qﬁtpér%m Tﬁketo? &5 MR%ottom of
hi gher frequency RF power may be delivered in t he

etlehsids adthorespgt ©i thhbottaaphthetfeaterecoupl i ng or
i nducti ve coup tjonal | a.third RF i
?Qde'%ﬁq uendgue rfét stiys ap Hleiativatopie™ pba grrt-tehen t"}kﬁ’t aear the
t
pﬁtgﬁw o t}{eﬁgﬁlgrféﬁ u%&cte?t?lgﬂ Fﬂ 15 utte fﬁ hﬁhé@ﬁ gtgtl}tgt%%tﬁl&\sé’%ﬁf) 522,
eﬁ@hé@&eﬁ:hﬁ(b irmhatdidl&aisd lagxelei IUH/ERCIﬁ Eature & monal dithgtstoaigin at

t he masked patterns_ STEP 440.[0045] By using two RF
pHifeseater etrélertraésreRE BEERO Mkdalo ARSWMH PR S ) or

[0049] Figure 6 shows a comparison of twisting from using 400 kHz bias RF
power and 2 MHz bias RF power during UHAR dielectric etch processes. The two
etch processes have exactly the same formula except the frequency for the bias power.
Specifically, the etch chamber pressure is 30 milli-Torr (mTorr). The etch gas
comprises 150 standard cubic centimeters per minute (sccm) of argon (Ar), 4 sccm of
C,F¢, 18 sccm of C4Fs, and 17 to 25 scem of oxygen (O»). The source RF power is at
2000 watts (W) with a frequency of 27 MHz. The solid line 600 represents the
amount of twisting from using the bias RF power at 2000 W with a frequency of 400

kHz, and the dash line 610 represents the amount of twisting from using the bias RF

11



three RF powers (one bias RF power and two source RF
powers) and keeping the bias RF power at a | ow

wo e@gi063836/, such as near 400 kHz whil e mai nt ai PCRES100B083133
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source RF powers at a high frequency, such as near 27

MHz d the t t d
upmgﬁqt@gg% %&th@tfgwuvﬁ%%c%@@ rAeSsthé 5?%3%9%%9868 from
p%ﬁsfeﬁﬁé e SLENRDs E\g@&t’g £5m JsBRARDh kﬁﬂﬂﬁ@ﬁ@%@ﬁ%lgﬁﬁlcanﬂy

l'ustriative side view of a stack to be etched using
t MS thavielnt aroount Af p;aﬂstnm frea uwhgle MOD: biss RV poweihe

dielectric |layer 510, ich is in turn over a sto
%31 530! he it tndjcate; thatttWFSrtﬂné\lxserF dyced frnun pbgug 4 m‘rh@ltﬁdsﬂkgma

0404045, 1 (SR B 0020 SISV
| devistioraduinged X ldéz biaeREQowehelnsthet thei 2mrringthr 1651§Aa standard

et ched using the invention. Four features 520,
5 dayiatgonpothe betQm EliPFHEap qiranegs & mahy duq tay@rscsli@n&ﬂectron

R 50 SRl P L Pt or s 0

5RBzasRINpeeratwibtitighis elen@ally cindepbd ovd.a rihe @Pedws in
rati o of each of the four features 520, 522, 524, 526
i $TBARetchAvisheRACtTAIFPYRIZE- (S8, t he four features 520,

5ﬁ605\/\224’ AS %ehscﬁgvcf a%brgvg Itsrgzﬁsltlné\l\g dtzl%va lt of @élgrggtri% %g:thﬁ{rglein UHAR

arf&tiey, ah€ &lis dAirdBlettd einirdited e 1kast ﬁeddeé twisithgas rheihng
sides that form an angl e between 88 and 92 fromthe
t opssitde.t KEonvhavsheet rrtaﬁ@toyvadféﬁns/\gctqh Feisgraale, gn¢ method is to

ik)?‘ltlﬁlfgm o{las}ng%o eat rmatlko% {he e?c% %FI%E(V\S%H rl]{owever this

Ive VI ew o] ectl on near

t ARt/ fflchﬁﬁhiz@lk}ﬁntﬁ U:)@é?ﬁl%e ﬁﬂ‘s@%@@imbﬂmﬁ b ORéRis@PBseverely
There are four features 520, 522, 524, 526 etched I n

t Idegrddfélr@@krand/or syhstrats polectPayhresuléing ireloss oferitipbdimensian (CD)
its nter . of the feat There js. no

| i PR e 3o SRR ApbiREs B J80HERE hiohe

S REWFer @i SROIRAL k}mas@ﬁa dnehtht HAGvehEQ MY flefdd4RQ Hakidishidstages
RF power and 2 bi as RF power duri ng UHAR

dsiakedtends t@worsep tapcproBlesstriariva. {he petseit ipvanties seablhtove
exact | e\Ag]l?e sa or mul a except the frequency for the
b%%rc?)% i cal |y, the etch chanber pressure is

?00”5'2 il iﬁfer;;res(emmrvéamnmg s&Jcbd) a8 P £RIBUSRS mbABds previously
ndard cubic centinmeters per mnute (seenm of argon

( Ased, Blrsg elerimobt e@rrﬁnateﬁ@wsegmompl@elysfor TdeRlétclu ovez@ range of

S%e rHo(\))Js V&(I)l)i}/gﬁ rgatel) than 1 f é::sepeclgia11§J gvV\%rAﬁ greater than 20-to-1.
Second, it does not have any of the drawbacks that other methods have. Specifically,
the present invention does not result in the loss of critical dimension and top profile
distortion, and it does worsen the top profile striation.
[0053] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and various substitute equivalents,
which fall within the scope of this invention. It should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present

invention. It is therefore intended that the following appended claims be interpreted
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2000 watts (W wth a frequency of 27 MHz. The solid
line 600 represents the anobunt of tw sting from using
WQ m§)8/063836 RF power at 2000 Wwith a frequency PET/USD07/083133
and the dash line 610 represents the anount of
tmnst from us t he bi as RFpower at 2000 Ww t
f ﬁ%&iﬁ@ﬁg@ﬁ fsush ﬁ*ﬁ&rgt% Pﬁ@“&?&gﬁmgC‘)aljlo‘ilsr?élg%t&%§q¥“rV6ﬁPtS as
b?a‘?l%ltﬂﬁ thi BGe GITRUIHI Rbpd ¥ &L gﬁgeﬁtﬁmaéﬁ.ng 400 kHz
bias RF power I's S|gn|f cantly less than the anmount of
twisting fromusing 2 Miz bias RF power. [0050] The
data indicate that twisting is reduced from about 4 nm
with 1-signma standard deviation using 2 MHz bias RF
power to about 2 nmwth 1-sigma standard devi ation
suing 400 kHz bias RF power. In fact, the 2 nmwth
1-sigma standard deviation of the bottomellipse gap
di stances is mainly due to the scanning el ectron
m croscopy (SEM resolution limt at about 2 nm per
pi xel . Therefore, by using 400 kHz bias RF power,
twisting is essentially elimnated over a range of O
flows in UHAR etch with aspect ratio over 20-to-|
[ 0051] As described above, twisting is the result of
asymmetric etching in UHAR features, and it is
desirable to elimnate, or at |east reduce twi sting as
much as possible. Efforts have been nmade toward this
goal . For exanple, one nethod is to suppress plasna
pol ymer formation by adjusting the etch chem stry.
However, this nmethod has significant disadvantages
because | ess polynerizing chem stry severely degrades
mask and/or substrate selectivity, resulting in |oss
of critical dinension (CD) and top profile distortion
(striation). Another nethod is to increase the ion
accel eration across the plasma sheath. However, this
nmet hod al so has di sadvantages since it tends to worsen
top profile striation. The present invention is able
to overcone these problens. [0052] The present
i nventi on has several advantages over the nethods
previously used. First, it alnost elimnates tw sting
conpletely for UHAR etch over a range of O2 flows wth
AR greater than 15-to-1 and especially with AR greater
than 20-to-1. Second, it does not have any of the
drawbacks that other nmethods have. Specifically, the
present invention does not result in the |oss of
critical dinension and top profile distortion, and it
does worsen the top profile striation.
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[0053] While this invention has been described in
terns of several preferred enbodi nents, there are

W@bRae0edsdoONs, permnutati ons, and various substiPCE/ES2007/083133
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equi val ents, which fall wthin the scope of this
invention. It should also bg n t%d that there are many
al ternative ways of inplene he net hods and
apPRf A Usieedql. the present invention. It is therefore
i nt ended that the foll owi ng appended cl ai ns be
| it er pret ppastistiot etchinga didlecsiclyal dver asubstrste, comprising:
permut ati ons, and var.ious substitute equival ents as
fal | wPRRicA f?%?@ftCPﬁ]@ﬂélﬁg RiP RtTEIpe adptpReigredent
i nvent f us
for et %:lﬁl ng -a %%% ?li&p? hﬁhggyag}\l/ ?S lggostg %C?Ig?%'&&
conpr i aifing:Radiv Bleglence aleF)osroumerfpr gSiernging atfrm HF powd¢rodieh a first
and a bottom el ectrode; an gas source
sisArSChgndrpRRe alsglr?trﬁ%mw Hétpéhe ?télaaftaéior \ﬁhqfwélee first

[ a first RF
;?%‘%g?enm?ﬁ%g‘g%ﬁr@ﬁ%@%%%%g% supp}?{il ﬁg the first
RF powarkedont RR fv@retfohgdneaing i, seodnarRrapowdievith 4 sdcond frequency
frequency is between 100 kilo Hertz (kHz) and 600 kHz;
aftd s rpbiphthe Recogd it W rintgdhregtah re3gton whesesns ghegecond

IO ]56 %’E&t%ﬁfﬁg %Jﬁg g\q@é and suppl yi ng the second

nt o wher eas t he second

f Peq U emby apgar@ls, lag afited th ¢TRIGAL Hellidréas(thé'ﬁbst fréquehbgis between
58 ratus, as recited in claim1l, whereas the first
f PR kHAayd pL0 kBEween 200 kHz and 600 kHz. 3. The

28BSt e p Byl eSLIETD O T dpplTERR: g R

appakHA:uWsd 48¢kHeci ted in any one of clains 1-3,
whereas the first RF power is between 100 Watts (W to
16000 {Rhe gpparyfss, ap pesitad insanyzmnerof glairagl 113n whpipaorhe fisgt RF power

r st RF power is between 500
et\gmwé% @ﬁit appgl;) as recited in any one

ofs cl aimB agpHatuaekasd hhﬁlyfdn%%lf cRimS 011 Gae@Adthe f@st RF power
second RF source are conneéted to the bottom

eliseetwerte 00V t73804Mpar at us, as recited in any one of
g b o e R &, P R e
and the second RF source are connected to the bottom electrode.
7. The apparatus, as recited in any one of claims 1-6, further comprising:

a third RF source for generating a third RF power with a third frequency and
supplying the third RF power into the etch reactor, whereas the third frequency is at
least 40 MHz.

8. The apparatus of claim 7, whereas the third RF source is connected to the
bottom electrode.
9. The apparatus, as recited in any one of claims 1-8, further comprising:

a controller, whereas the controller is connected to the etch gas source, the first

RF source, the second RF source, and the bottom electrode, comprising:
a processor; and

computer readable media, comprising:

14



supplying the third RF power into the etch reactor,
whereas the third frequency is at |least 40 MHz. 8. The

wappanedsss of claim 7, whereas the third RF soRCTES1087/083133
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connected to the bottom el ectrode. 9. The appar at us,

as recited in any one of clains 1-8, further .
conprising: a coﬁ?mevtﬁl‘elfe?g%}aif‘e?%i‘mt Jrlivering ﬁmerfélrgaﬁ dnto the etch
conpgeted to the etch gas source, the first RF source,

t he second RF source, and the bottom el ectrode,

conpri sing: a procesgster jeadabde cwieot dalivegagltiolfastRIdpawer with
conpri S| ng: conput er dabl e e for delivering the
e 1r@%éequml<bv hetean {95 00 { &F eichatpshite code
for delivering t ' Fe W . fi
g E@rilg%t%ilteaﬂaf)rl]cg% 50{@141@6}1 the sEchtndg%F power

frequency betwee Hz Hz 1 ntd the et
r eahtthe secondrfitdemcy baidgbl leat dd&1Hointd elel atér tengot; aed
second RF power with the second fre(iuency bei ng

S

at |
least 10 MHz i nt °PRECEIafNeERtedP: slepring 8P e fhe first RE
r I i - r
o B3R8af SRFe B RISDARR U BHER aBRed i it et afer a
| ast driedettuehvitteadéphi-taividth asfiect @&istof anleadt @ attoH1ds wichdd into
a%efgth-t,o-vm dth aspect ratio of at |east 15-to-I is
eteHEeleFtHE Yehe diel ectric layer. 10. A nethod for

tehi . ; :
S e R S TR
dicehesiting.c | ayer on a bottom el ectrode inside an etch

reactor; delivering an etch gas into the etch reactor;

del i veplasinedhe substratemifhighe dieletric layariongbottoarglegiogle inside an
ig{cﬁréﬁ% etch reactor, whereas the first frequency is
bétween 100 kHz and 600 kHz; deliveri ng a second RF

power kliveriag 96 e@hdak (26 URNEh ledtor;t he etch reactor,
whereas the second frequency is at |east 10 MHz; and
etchin gelﬂ\ﬁ:@ng adirst R p@wq:ranyléh a figst fisawengy 1nte ke etghesactor, whereas

u ltﬁerfiiar_sthijr&l%egg € BLewedh 180 kHHARY 600 kHz;

delivering a second RF power with a second frequency into the etch reactor,
whereas the second frequency is at least 10 MHz; and

etching the dielectric layer to form at least one ultra-high aspect ratio (UHAR)
feature.
11. The method, as recited in claim 10, whereas the at least one ultra-high aspect
ratio is at least 15-to-1.
12. The method, as recited in any one of claims 10-11, whereas the at least one
ultra-high aspect ratio feature has a width no greater than 300 nanometers (nm) and
the ultra-high aspect ratio is at least 15-to-1.
13. The method, as recited in any one of claims 10-12, whereas the first frequency
is between 200 kHz and 600 kHz.
14. The method, as recited in any one of claims 10-12, whereas the first frequency
is between 350 kHz and 450 kHz.
15. The method, as recited in any one of claims 10-14, whereas the first RF power

is between 100 W to 10000 W.
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feature. 11. The nethod, as recited in claim10,

whereas the at | east one ultra-high aspect ratio is at
WO 2@8063B36 t 0-1. 12. The nmet hod, as recited i n BPECHUSNET/083133

of clainms 10-11, whereas the at |east one ultra-high

aspect atlofeature as a wd rthnSOO
iﬁomet Fgle a%\rﬁalt‘% aawp%o{qa a@pg‘gt"v fiférS‘a]?F power
Imwgélgg@)wtogga%ﬁhe net hod, as re(:lted in any one

of clains 10-12 ereas the first frequency is
bé7weeMh2 @@ thddz asareditGlial akiione dficlaihizel Ortd, Ivdatreaashe first RF power
reC|ted in an oneo g;?lrrs 10-12, whereas the first
f PRy H?tgt R EACSEBY RIACIENE COBUNgHy . 15, The
hod; | S
R F&?%@&i&%@ L A L O A
met hod delaering aithied RFrpoary withe third tﬁﬂeqmamy ifde 1ht, ewbmeaﬁas
the first RF po is between 500 Wto 5000 W 17. The
nﬁ”thﬁ’&?:s th&éhllr‘éngﬂ‘&HCYﬁaé SEMEz- ¢l ai ns 10- 16, wher eas
fi 0
by capads P?@lé’%%%ferﬂidgﬁ%%%.‘Sﬁ%ﬁfjdh%’isﬁ%ﬁe s HERGHREic layer
afyofanglieh oxlide bmeedl®atkrial. f ur t her conpri si ng:
delivering a third RF power with a third frequency
into the etch reactor, whereas the third frequency is
at least 40 MHz. 19. The nethod, as recited in any one
of clains 10-18, whereas the dielectric layer is of a
silicon oxide based material .
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