METHODS FOR FORM NG HI GH ASPECT RATI O FEATURES ON A SUBSTRATE
BACKGROUND Field of the Invention [0001] The present invention
generally relates to nmethods for formng high aspect ratio features
on a substrate. More specifically, the present invention generally
relates to nethods for formng high aspect ratio features by an

ani sotropi c etch process in sem conductor manufacture. Description of

the Rel ated Art J i z f -l7) supl ] er
features is one "hﬁﬁﬁﬁEﬁ?ﬁo@ﬁ%ﬁ%ﬁ@gﬁ%ﬁhﬁ@ﬁ&gﬁ%ﬁg&ﬁoﬁﬁﬂ
very large scale integration (VLSlI) SUBSTRIATE | arge-scal e integration
(ULSI) of sem conductor devices. However, as the limts of integrated
circuit technologé are Sushed, t he shrinki ng di nensi ons of

i nt er connect UNBG uLSl technol ogy have pl aced additi onal
dermands on p?%‘f&ﬁffh@‘-:]n\?@rﬂl%ﬁ' lities. Integrated circuits may include
nore than one mlliron mcro-electronic field effect transistors

(e.g., conpl gadtfary heeprasemb(mdmatemm g&m&iﬂk}t mlateSMB)ethods cﬂorelbfmm high

a7 oLor) ghigh 16 (LS0IRIoRh SuBAIL" o CPafla TS Aoe hetien

Rel i abl e for gahé@y qblatée t@%@ﬂ‘l@ﬁ&tﬁf rfoirﬁmg n]ﬁi?ﬁté’éﬁeci Qati® tBHUAEL By an
circuits sucCess and to the continued effoft to increase circuit

density and 8uigpiregicefch mp%weﬁena@msiumr@awturee [ 0003] As
feature sizes have becone snualler, the demand for higher aspect

ratios, defi D?Qcﬁpilomﬁtﬁé‘hb%t&? ryien the depth of the feature and the

wi dth of the feature, has steadi increased to 20:1 and even
greater. DevEG$2{ng @dlahlymr odwsing sub-half rracr@ncmpbmmlleﬁfeate I'eSalIqune of the

or . P e O he RSl T BB b TS

about 10:1 oan@mtmaage‘—atm tégrdtitny (WInB15 of semicontlistoetiets However, as
dielectric | erstoag termned th and dth Faor. exanpl e,

Fi gure 1A o|eﬁ1y tsz0fdite e'%ztew\ﬂt?@ FBPUSH o the Shrigking geransions of
layer 104 expesechiddionovLSPsH 1S i&‘%nél@?ﬁgvé fbia%emo%m%ﬁ%r §&Ma&kks on
mask | ayer 106. During etching, redeposition or

by- product s procesdieg capakilities s[nmﬂatgérw'lcaﬁ%mammclugetmereetl‘@lm ore million

process may 0 si dewal | f..the f tures
110 being et @\i‘ggrg@ﬁi}oﬁé r}'eﬂ)'#]o%%cgg&?ﬂ%&gpener% 1 F?I%mgﬂg%'?l? a?(%nde-
and the feat swmma:fi@ud!er (CMO®) fiettl effedtteartbistbrey tidt cark dy@ned 04.a 8abstrate
shown in Fi grre the o w@a n| n 108 of the etched features, 110 are

narrowed andf%¥ §§5]‘°é7c5‘dH9t°f ﬁ’u‘l’oé’(péﬁat? 4R FHOTM GHIoNR tTeRctions within

the reactiveygt f a h
115 of the fo8: enaM ﬁ%‘faﬁﬂ‘?ﬁ%&‘bﬁ%f (HRIUABDEM s WloMet 1 UioBRfed

be obt ai ned. cirdtst $uncass ygndato tie cooti effodrtormceadsel cmumodemaityupnd

of by-produc d irregularly adhere to the top

surface and/ é&a@?é \ﬁ,ﬁw@gﬁ?@%@% é’%%'ﬁl c layer 104, the resulting

irregul ar proooBg and fgatavéd bize$ habe betedﬁecsmatueqrthmfamandlfoﬂﬁ:@héﬁaspect
ive etc

alter the flow of, the reac y resultin
bowi ng or tm[aé'Pgréer}B'Pqusitgeﬂ@ E?“‘ﬁ?@ t'F%g '?“e%f tQﬁEﬁa\?'Hlerﬁi@ éwawﬁ@ of the
dielectric | mufirelPds CadifjoMerédbeli 6H00:11and[ QRIDLIdHEET DERI0L H@ré?ch
is aneed in the art for inproved methods for etching features

hi gh aspect P@CReies HahRrRvapaiie st veliatiy forming featwiesgvith gh%@gﬂé@spect
ratio featurggusrdnila SigntticBhPGREnge.

[0004] Traditionally, features having aspect ratios of about 10:1 or so were

fabricated by anisotropically etching dielectric layers to a predetermined depth

and width. For example, Figure 1A depicts a substrate 102 having portions of a

dielectric layer 104 exposed through openings 108 formed through a patterned

mask layer 106. During etching, redepasition or build-up of by-products or other

materials 114 generated during the etching procesé may accumulate on the top
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are provided. The nmet hods descri bed herein advantageously facilitates
profile and di nension control of features with high aspect ratios

t hrough a conductive sidewal |l managenent schene during etching.

[ 0007] I n one enbodi ment, the nethod for anisotropic etching a
dielectric layer on a substrate may include providing a substrate
having a patterned mask | ayer di sposed on a dielectric layer in an

et ch chanber I 3, Xt U Lnel udin t |lea fluorine

and car on cBRVAT RidklyRfls Br BRSNS fo RBRb oM. Blpie BT RlosRph e bheting
cpanbelr : andf1 68 dﬂnzm? nizskt 106 and thé Heatdieel E%geln@l foryied ihnhé hﬁl}@dgﬁ@mﬁ
of a plasma forned fromthe ga xture. [ anot her _ enbodi nent ,
o mothod T or 10 Suetospl 1o BBkl TR S teddiening 008 &) e ihen Gabdes A0 are
may include RAQMWEN NhdRors ¥BSEH AL tRA\WeBEmalaRR] EJRAItRACHRRM:ES 1Al hed
| ayer di sposed on a dielectric l'ayer into an etch chanber, sugrlyln

) . g
a gas mi xt ur Eeackve eiehaptaare daeverded frgor irerching thealawer swiacsi hhof dbe
and a silico ri WOt @ & h ; hi .
foatures to mrtudd (RS, 3fbiebd Bty The aSRETy Rl 8k, SR BP . ctines.
of a E\l asnma Agdimanljlalfyrm tHegroeyigpoaiﬁam unaetihlL oubhild}pgmmbﬁ-pioﬁm@may be
anor phous carbon | ayer,, . In yet angther enbodi nment, nmet ho
f or gn! sot ro[ﬂ"(goglh(:%Pﬂ@rdihﬁggﬁh%@p%@rel g}e foR su s?rﬂ‘&%sﬁﬁva"%é’?ﬁ]&%
providing a éiété‘éiﬁcalb?eﬁ‘%ﬁﬁﬂe ?emrnrgqrregmaagmwmgﬁﬁm%tﬂébe%posiﬁon
di sposed on a dielectiric layer intd an etch chanber, supplying a gas

m xt ure i ncl n@terig! 414 reag alter thedlow pathxefdhe deaddiveciehants, thgrepageauting:
o o . ! . . . _ .
stircon T1Uofl D& 0wy Pﬂ%s@ﬂ%af&@%@@%?aﬁ%ﬁ'% G Hrlﬁﬁht%)@leg@ctnc

aspect ratio greater ectric layer
pl asma f or nekhyér 04, tassshgas imPigured C.f ormi ng a conducti ve pol yner

I t he feat whi | t chipg., d f] ' th
fonturos a5 WABh: adheaTre FIe & et 0 Hecat BRimpRARG BrBrSs aiicning
DESCRI PTI ON faatuteEwlRANH\eSped: B4libd] The teachi ngs of the present

i nvention can be readily understood by considering the foll ow ng
detail ed description in conjunction with the acconpanying draw ngs,
i n which: [Ogéél Ei gure 1A-1C illustrate cross-sectional views of a
conventi onal i on sequence used to fabricate a high aspect

ratio featurg; 012] Fi gur IS a hemat i ¢ di_,agram of, a pl asna
pr olcessi nguaﬁﬂ_gkgt uge\l\ﬁ‘f?%n oHﬁgylnﬁ%g h@ﬁl%%?@&t' ragjo ;;%gtPEﬁs_rﬁsé‘P\g gB@ﬁq:ﬁhBrocess
process accog@ pgvidedarhb §Astho8s Aeseitd R&BINn Q@védﬁ@géd@éﬁl‘“ﬁa’cfﬁ[ﬁt?so rprofile

[0013] Figure 3 is a process flow diagramof a nethod sui'table _
fabricating andjHimegrsion cenirgl of feafuigsanitmbigbrasipegt tabioatthlosghta eensuctive

enbodi nent o;id%,pg” i‘r@éﬁ@%ﬂh@ﬂi th%?r?e‘l @@g&gﬁipé‘k 4C are sequenti al

Ccross-sectional vie a conposi fuctdre etched to form high
aspect rati o[00@Z} ur ks one aMbhdimeht) théanathbd ddr ahisbtrgpiceetdhing i dielectric

[0015] Figures 5 is a gross-sectional view of onposi.te structure
havi ng hi gh B¥PeRt  yPrBateatey inclic praviding A sihs b aeYind prRASRIMESH S
a contact stpystdissoded ol hdicde@fié R§kr Haﬂéﬂcﬁtdhéﬁwbeh%%lyﬁg; 4 385 nikdke
under st andi ng, identical reference numerals have been used, where
possi bl e, t ongbgingrafteast diariealand eanken eontaininggas ashasilicen flupidne gas
figures. It i t 'cﬁ'fa?r‘}jq h e t fea : ;
enbodi nent n@;ﬁ/) g@)@b&g%fl Cl a%%ﬂc%@ﬂ@?’a&ﬂr}gﬁ @t H!aé[ %Ze%%‘féﬁ?ggﬁrs'” the
wi t hout f urtpresemcecoftapkasma formed from the gas mixture.
[0008] In another embaodiment, a method for anisotropic etching a dielectric
layer on a substrate may include providing a substrate having a patterned
amorphous carbon layer disposed on a dielectric layer into an etch chamber,
supplying a gas mixture including at least a fluorine and carbon containing gas
and a silicon fluorine gas into the etch chamber, and etching features to an
aspect ratio greater than about 20:1 in the presence of a plasma formed from

the gas mixture through openings in the amorphous carbon layer.
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[0017]1t is to be noted, however, that the appended draw ngs
illustrate only exenplary enbodiments of this invention and are
therefore not to be considered limting of its scope, for the
invention may admt to other equally effective enbodi nents. DETAI LED
DESCRI PTI ON [ 0018] The i nvention generally relates to nethods for

form ng features having high aspect ratios using an etch process. In
one enbodi ng he Ll i . el i.¢.l-ayer
usi ng an et c@:brolgi galsmﬁlgg%hrogﬁ%f Eg\%épﬁe?iﬁg%f ﬁjegﬁc;)@ngogaaghsgoﬁﬁa%gg ﬁ?“d‘éf?qu?e
and car bon bdiskedtrgakyetoa ai ubstratd Iy invudgaprevidingea aubbiratg mdng a

m xture forns conductiyve polymer, | ayer on.the sjdewalls and{or

SUrf aces of THETETLATTRIALRAPE 9] SiepcRRd albg dilbidi At o on etch
traj ectori escligmniidie sdppingeat g midurd MLlelindiatdeading MGrRBASEd ic@fbon
trajectories assist etching the dielectric | ayer down to the bottom
of the di el eR@niaiBinggasand: haifieasyfiyesing aag intedhe eieh ofarnberesiching faalyres
aspect rati L L nj i : b

di mensi ons. 0?0%?3%5%252? giﬁé%ﬁgggg‘s% estciruﬁ)grg E[eralé?iléraf'@'?rcagygé bggér !?rsrmead
‘i n any pl asnfarreed Froohthetgas, mixture efoemipigeg cenddafilie polymer dsyver on, suafabidd_of

T b, Coh B Pel WU b AL Rt Bbhcofpel Bucre
whi _ch are a\/fa'rfiab|e¢fef:tft@éﬁsi§wﬂsl ed Materials, I nc. of Santa d ara,
California. Suitable plasma etch chanbers avail able from ot her
manuf acturers may al so be utilized. [0020] Figure 2 depicts a
The chamber SaRERCRIETRNGY TRE DRAMANGS ™" 21 1230 that supports
gzgi) el (e_lc';] ri C[Oﬁ@%s- s Hag éxhobingsi Of?E(J pessant d;wepﬁomﬁcla_aﬂueeneadﬁy uhdaerdtm:mﬂ by
: er ¢ [ ve. ot her es of. ceilings (e.q.. a fla
coi |1 ng) - i umerng o Y RARAR  Gerele cReSiglifh i Bgfifcien, ot “the
[08_21] %At Iea@dconnggyingméwiwgs,(lzigiv&hg@mteﬂna segmﬁ_nt 212 is Eogglged_r':]o a
radi o- f requenc . source t hr ough a mat chi ng, net wor . The
ant enna segr@ﬂ¥1]212'}‘9§repom'ﬂf%or‘“éﬁtr@;@t TP sqQiondle ViRyre of2@ gRAvendional
utilized to mBfigttdhRefuihasiBed REBSCHE A RdH S5R28 AARTBat L hin the

chanber. In. one errb_ogl ment, the source RF power appli eé‘ to the
i nducti ve cdPP12int erigarep2 Js jas s¢heraaticadiggrane ohacplasauprogessing apparatus

about 2500 : f & C oyt :
MEz. In anom%ﬁg%o?ﬁ #éﬁ%&%%e@c@h{%@%@ﬁ%é\%}?gs%g%?@g&%a@ #h‘%g& 0%%
i nducti ve carhbadientef tBé hvestiom, a range bet ween about 200 Watts to
about 800 such as, at about 400 Watts. _[002 The cess . ..
chanber 200 WPEH | HaBucs Ria BiRess o0 diiisairar sypalion siiabl obRhusatio
el ement) thafigh Saspeep!ratb tlRafiré£caRErdify as! B0)eddt SN/ &RbSRMmehaf ihe
general |y capabl e of producing an SF signal to generate a bias power
about 1500 wavandioBr | ess (e.g., no bias power) at a frequency of
appr oxi mat el . 56¢; 16 DLAS| 22 A ‘WRI! 0 :
substrate s g%ﬁ‘ﬁt S%' &St a%&g'?ébﬁrgg%g%ﬁgr %@tstg:%‘l%ﬁgénnagtV\or{%&%&}?é#ﬁ%mm
bi as power asbpictueel etahedhie ferhdtighatepsaipptio fegherde Acabrdhid torthe hetHad ofr
SF. [0023] 1 g:.olﬁer:glti n, a substrate 214 is placed on the substrate
support pedés¥YFf % 88%nd i s retained thereon by conventional

t echni ques, [9018) asFiglree!s @shatross-eBetiangiedr of B Coaipiasdk SthiRE NMEvRig
the substrate 214. Gaseous cor’r?onents are supplied froma gas panel

238 to the prgtasredtrilfvEatyes iarmediynthenresensdivestion s a gopiachpigucture
gaseous m XteHf aid aBectrdishisr®, formed fromthe mxture 250, is

mai ntained in the process chamber 200 by applying RF power fromthe
SF sources J0816nd T facilitatepenrderstanding: ientical aeference pumessis have been

the et oh chaigr M85 BEn, o pedu B KA oL gk R 1chhe
situat ed betfiyarss. ithie cohtemysiatedOBatioikrentaand fegius ofdhe dibodiment may
be beneficially incorporated in other embodiments without further recitation.

[0017] It is to be noted, however, that the appended drawings illustrate only
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[0027] Figure 3 is a flow diagram of one enbodi ment of an etch
process 300 that may be practiced in the chanber 200 or ot her

sui tabl e processing chanber. Figures 4A-4C are schematic
cross-sectional views of a portion of a conposite substrate
correspondi ng to various stages of the process 300. The process 300
may be utilized to form high aspect ratio features, e.g., greater

than 20:1, for struct ntac structure r field.

ef fect transiEiaY e oed?rﬁgpfé\fglt@s "f\?‘?é'?%'? BE @@&fﬂﬁf’yn%@o be considered
benefi ci al | Vimitind lo‘fat:k 50058, Clor ahBeihvéntpasmely sdmitabusker equaM? EffEbee
process 300 bequjs at block 302 by transferring (Le., providing) a
substrate 28MPAIREMS: ch process chanber, such as the etch chanber
200 depicted in Figure 2. In the enbodi ment depicted in Figure 4A,
the substrate 214 has a filmstack 400 having a patterned mask | ayer

406 di sposepRrrARED PESURIPTIORYEr 404. The patterned nask |ayer 406
has openi ngs al expose portions of the underlying dielectric

llayer 404 f qooedichiTee ﬂ%tﬁ)ﬁbééﬁ%ﬁ% 2réi%té§i>fo b®efBisORSt Arming features
sem conduct or substrates, silicon ers, glass substrates and the

li ke. [oozg]havlr@nérg@nﬁém%rmﬂostwgr@@ketcayerrocqass mpnaeembn@mnﬁame
a phot or esi

ised as an drefenndieds GREAALNRR o AGRERD It eiRE R sBYflo (K nys,
wi th desir ecfaspiiconrfitdrine. gdhanteatfiuogine 4l deshoni basedgasi Thessilicon
i ncl ude trenghes V|a and.the |ike. odi nment he
mok | ayer A8NTAgABE! e BEB R aCBkuiredams SsohdurtiE Slene: Brohin bt
silicon, silsicawaliexdmior Sirfdcesofithé rdtélod giblelcERNagE Nhérfebd xtériding B
car bi de, anorphous carbon, and conbi pations thereof. In an exenp

enmbodi rrent d@iﬁ%@f&ﬁ tﬁ‘eﬁh@l deen fratyras duriagetching The W%ﬂﬁﬁ@ﬁ@l@éﬁﬂ%n

| ayer d?él?é

Pa%/ternl ng mTM?CJm Fﬂ: val tﬁflq%rrgﬁ%ﬁ :t IZ%%B g&éaalértég&ﬁ#ﬁg
dielectric Itbqrebyzfonnlngﬁea@r@ mltbltlﬁ_ﬂredmlgixladped:taryahos whiileeretaining egviod
materi al s f Oﬁlgl%PﬁI{é@ gl;({rglga (?[*%rgggﬂgl ude undoped silicon glass

(US@, such ‘boron-silicate glass (BSG,
Fggg %;mr u; E[O‘r’r]oslat eThy eﬁ;hh[irB’é‘@%s démnbé@hemhmaysb@ peifembed 3@5 Iasmceil
and co |nat|ons t her eo n exe i nent depicte
herein, the S4FEFRRTPEE ?ra?@mﬂlﬁtlal ﬁ %%g‘%@éoylal %&g{ ra
|l ayer. In o i I
rtfec%gg@a PlB&ha sdmecéig @cmds:u ﬂy@nss% hﬁ% S Ot gﬁ'g%%}fr

bet ween about 3000 At% about 1 A, such as between a

to about 1200@ GENTHRAexeiahisystenn @l of iTh Axe Q\Mawpﬂtomwm@ked;mterwls
t

oas, X e 0% Sk IR TR, 25208 BAERT AT B8R e rom

ani sot rop| caulthe;r redralfadtorers uizst alsd beﬁl:lke;dL aced therein. During

et chi ng, as a | i,con fluorin

i socr at ed 180301ca diowe L ARtk & sphemalic b8t ohehe Sruiiment ohan sich
gas m xture, rJ&E.%sSdhlahﬂﬁﬁ 200NSThé eRamber zodj irﬁ;muefslal%h@mﬂé%h%mfr wall
with a portlon of the carbon ions fromthe fluorine and carbon gas In

the gas mi x®dPdhat gunpony a diederdiie dpime- sgiapad@ﬁihagr{f%ferred@epejn@ftmrasothe
the etched %umeaﬁg% Otfler cRhABYA bfaguﬂév{lga%éxﬁ%gﬂogiﬁ @ggd e(.jcﬂ,s tanhgayt

dielectric layer as shown i'n
provi de nor eetﬁhg):tTlmwatﬂﬁBDnagcmrtawteutﬁotaﬂmledacai@nomm.pol YyIMer s

conventi onal t C efc surface : .Si dewal | s,

of the diel e!é% ty%agglghg ‘E"H'té&%gnéﬂtsﬁwgnﬁr%‘?%’??rﬁegil%f's tcl‘?gm%dlf 8n
cont ai ni ng p@duanmquéﬂ@ R mwzmtmomgma rivdtetiag QEWrQQGISSTﬁQQﬂfénhag
during the etch regf%l on. . The conductive silicgn containi

416 conduot §eQW§nt pRined SRTIAR 16 ey Tame A0 @sa & s veNiaha
features 41Q4,c3%; &R P%m?;frb@é& g&%s WitGin @RE THShinss HR'dHéeémbg%ﬁ{en i
e urlt- Up n O

416 also re uces charg rowh into the features
the source RF power applied to the inductive coil antenna 212 is in a range

between about 0 Watts to about 2500 Watts at a frequency between about 50

kHz and about 13.56 MHz. In another embodiment, the source RF power
4




[ 0037] Thus,

t he present application provides an inproved nethod for

etching a substrate to formfeatures with aspect ratios greater than
20: 1. The nethod advant ageously using a fluorine and carbon based gas
m xture along with an addition of silicon fluorine gas to form
conductive polyner |ayer during etching, thereby efficiently
provi di ng good profile and di nension control of the features with

rat.d formed on a.substr ., [.0038] Wi |l e the for '
00 rect od 0pE IR % rket CAMEIEER 2 olif ddabes hefuratcabcli 360 Welts
further enbogidmnt 800Withe suclyaobt SsbUuTaAN0Wgatgievi sed wi t hout departing
fromthe basjc _scope thereof, and the scope thereof is determ ned by

the claims tl8822} o ThevprocerprhrmRer2RRpisRAndudena subsiratatsippod pedestal
substrate 10# @‘]bﬁér]sg@ Bietndryfiat ROGUDIANR 5 50EShd P fadhiy) reE R66rcBBD% that

| ayer 108 ope

hi gh aspect

is generally capable of producing an RF signal to generate a bias power about
1500 Watts or less (e.g., no bias power) at a frequency of approximately 13.56
MHz. The biasing source 222 is coupled to the substrate support pedestal 216
through a matching network 223. The bias power applied to the substrate
support pedestal 216 may be DC or RF.

[0023] In operation, a substrate 214 is placed on the substrate support
pedestal 216 and is retained thereon by conventional techniques, such as
electrostatic chucking or mechanical clamping of the substrate 214. Gaseous
components are supplied from a gas panel 238 to the process chamber 200
through entry ports 226 to form a gaseous mixture 250, A plasma, formed from
the mixture 250, is maintained in the process chamber 200 by applying RF
power from the RF sources 218 and 222, respectively, to the antenna 212 and
the substrate support pedestal 216, The pressure within the interior of the etch
chamber 200 is controlled using a throttle valve 227 situated between the
chamber 200 and a vacuum pump 236. The temperature at the surface of the
chamber walls 230 is controlled using liquid-containing conduits (not shown)
that are located in the walls 230 of the chamber 200.

[0024] The temperature of the substrate 214 is controlled by stabilizing the
temperature of the support pedestal 216 and flowing a heat transfer gas from
source 248 via conduit 249 to channels formed by the back of the substrate 214
and grooves (not shown) on the pedestal surface. Helium gas may be used as
the heat transfer gas to facilitate heat transfer between the substrate support
pedestal 216 and the substrate 214. During the etch process, the substrate 214
is heated by a resistive heater 225 disposed within the substrate support
pedestal 216 to a steady state temperature via a DC power source 224. Helium
disposed between the pedestal 216 and substrate 214 facilitates uniform
heating of the substrate 214. Using thermal confrol of both the dome 220 and
the substrate support pedestal 216, the substrate 214 is maintained at a



110 features 112 lower surface 114 by-products ~ 116 bottom
118 twisting profile

temperature of between about 100 degrees Celsius and about 500 degrees
Celsius.

[0025] Those skilled in the art will understand that other forms of etch
chambers may be used to practice the invention. For example, chambers with
remote plasma sources, microwave plasma chambers, electron cyclotron
resonance (ECR) plasma chambers, and the like may be utilized to practice the
invention.

[0026] A controller 240, including a central processing unit (CPU) 244, a
memory 242, and support circuits 246 for the CPU 244 is coupled to the various
components of the etch process chamber 200 to facilitate control of the etch
process. To facilitate control of the chamber as described abave, the CPU 244
may be one of any form of general purpose computer processor that can be
used in an industrial setting for controlling various chambers and
subprocessors. The memory 242 is coupled to the CPU 244. The memory 242,
or computer-readable medium, may be one or more of readily available memory
such as random access memory (RAM), read only memory (ROM), floppy disk,
hard disk, or any other form of digital storage, local or remote. The support
circuits 246 are coupled to the CPU 244 for supporting the processor in a
conventional manner. These circuits include cache, power supplies, clock
circuits, input/output circuitry and subsystems, and the like. An etching process,
such as described herein, is generally stored in the memory 242 as a software
routine. The software routine may also be stored and/or executed by a second
CPU (not shown) that is remotely located from the hardware being controlled by
the CPU 244,

[0027] Figure 3 is a flow diagram of one embodiment of an etch process 300
that may be practiced in the chamber 200 or other suitable processing chamber.
Figures 4A-4C are schematic cross-sectional views of a portion of a composite
substrate corresponding to various stages of the process 300. The process 300
may be utilized to form high aspect ratio features, e.g., greater than 20:1, for
structures, such as a contact structure for field effect transistors. Alternatively,

the process 300 may be beneficially utilized to etch other types of structures.
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[0028]) The process 300 begins at block 302 by transferring (i.e., providing) a
substrate 214 to an etch process chamber, such as the etch chamber 200
depicted in Figure 2. In the embodiment depicted in Figure 4A, the substrate
214 has a film stack 400 having a patterned mask layer 406 disposed on a
dielectric layer 404. The patterned mask layer 406 has openings 408 that
expose portions of the underlying dielectric tayer 404 for etching. The substrate
214 may be any one of semiconductor substrates, silicon wafers, glass
subsirates and the like.

[0029] In one embodiment, the mask layer 406 may be a hard mask, a
photoresist mask or a combination thereof. The mask layer 406 is used as an
etch mask to etch features 410 in the dielectric layer 404 with desired aspect
ratios. The features 410 described herein may include trenches, vias, openings
and the like. In one embodiment, the mask layer 406 may be a material
selected from a group consisting of silicon, silicon oxide, silicon nitride, silicon
oxynitride, silicon carbide, amorphous carbon, and combinations thereof, In an
exemplary embodiment depicted herein, the mask layer 408 is an amorphous
carbon [ayer. One example of the amorphous carbon layer may be an
Advanced Patterning Film™ (APF) available from Applied Materials, Inc. The
dielectric layer 404 may be a dielectric oxide layer. Other suitable materials for
the dielectric layer include undoped silicon glass (USG), such as silicon oxide or
TEOS, boron-silicate glass (BSG), phosphorus-silicate glass (PSG), boron-
phosphorus-silicate glass (BPSG) and combinations thereof. In an exemplary
embodiment depicted herein, the dielectric layer 404 is an undoped silicon glass
(USG) layer. In one embodiment, the dielectric layer 404 has a thickness
between about 3000 A to about 15000 A, such as between about 4000 A to
about 12000 A, for example about 10000 A.

[0030] At block 304, a gas mixture that includes a fluorine and carbon based
gas and a silicon fluorine gas is supplied to the efch chamber to anisotropically
etch the substrate 214 placed therein. During etching, fluorine and carbon gas
and silicon fluorine gas are dissociated as reactive etchant species by a plasma
formed from the gas mixture. The silicon ions from the silicon fluorine gas react
with a portion of the carbon ions from the fluorine and carbon gas in the gas

mixture, forming a conductive silicon containing polymer on the etched surface,
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e.g., sidewalls, of features 410 etched in the dielectric layer 404, as shown in
Figure 4B. As the silicon ions may provide more electrons during etching than
carbon based polymers conventionally used to protect the etched surface, e.g.,
sidewalls, of the dielectric layer 404, the conductive properties of the silicon
containing polymer 416 assists an electron transfer process occurring during
the etch reaction. The conductive silicon containing polymer 416 conducts the
ions and/or electrons to the deeper portions of the features 410, as shown by
arrows 418. The conductive polymer layer 416 also reduces charge built-up and
growth into the features 410 of the dielectric layer 404, thereby preventing the
features being closed, narrowed, bowed or further disrupting the etching
process. The conductive silicon containing polymer 416 improves the jon
trajectories in the etched features 410, thereby facilitating the formation of
features 410 with high aspect ratios deep in the dielectric layer 404.

[0031] During etching, the mask layer 406 may aiso be attacked by the
fluorine ions from the supplied gas mixture. As such, by adding the silicon
fluorine gas into the fluorine and carbon based gas mixture, the silicon ions from
the silicon fluorine gas may efficiently react with the mask layer 406 to form a
strong protection layer 414 on the upper surface of the mask layer 406. in the
embodiment wherein the mask layer 406 is an amorphous carbon layer, the
silicon ions react with the carbon elements in the mask layer 406, thereby
forming a robust silicon carbide layer on the upper surface of the mask layer
408, thus protecting the mask layer 406 from being attacked during the high
aspect ratio features 410 forming process.

[0032] In one embodiment, the silicon fluorine gas supplied in the gas
mixture may be selected from a group consisting of SiFy, SiCls and the like. The
fluorine and carbon gas supplied in the gas mixture is selected from a group
consisting of CF4, CHF3, C4Fs, CsFg, CsFs, CsFs, CHzF2 and the like. An inert
gas may be optionally supplied with the gas mixture to assist carrying the gas
mixture into the etch chamber. Suitable examples of the inert gas include N,
Ar, He, and Kr gas.

[0033] Several process parameters are regulated while the gas mixture
supplied into the etch chamber. In one embodiment, the chamber pressure is
regulated between about 10 mTorr to about 60 mTorr, for example, at about 20

8
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mTorr. RF source power may be applied to maintain a plasma formed from the
first process gas. For example, a power of about 200 Watts to about 1000
Watts may be applied to an inductively coupled antenna source to maintain a
plasma inside the etch chamber. The fluorine and carbon gas may be flowed
into the chamber at a rate between about 20 sccm to about 100 sccm. The
silicon fluorine gas may be flowed into the chamber at a rate between about 10
sccm to about 50 cecm. The inert gas may be flowed into the chamber at a rate
between about 200 scem to about 1000 scem. A substrate temperature is
maintained between about 20 degrees Celsius to about 80 degrees Celsius.
[0034] Additionally, the ratio of the fluorine and carbon gas to the silicon
fluorine gas supplied in the gas mixture may be controlied. In one embodiment,
the gas ratio of the fluorine and carbon gas to the silicon fluorine gas is
controlled between about 1:0.15 to about 1:0.5, for example, about 1:0.25.
[0035] At block 306, an endpoint of the etching process is determined by any
suitable method as one feature 410 reaches a desired depth, an optional
underlying layer and/or the substrate 214. For example, the endpoint may be
determined by monitoring optical emissions, expiration of a predefined time
period or by another indicator for determining that the layer being etched has
been sufficiently removed.

[0036] As shown in Figure 4C, the features 410 with a desired high aspect
ratio are formed on the substrate 214. In one embodiment, the features 410
formed on the substrate 214 have an aspect ratio greater than about 20:1. in
one embodiment, the process 300 may be utilized to form a contact structure
having features 410 with aspect ratios greater than about 20:1 formed in a
dielectric layer 404 as a contact structure disposed on field effect transistors
504 on a substrate 502, as shown in Figure 5. The features 410 may be filled or
deposited with metal materials to form interconnection structure on the
substrate. Examples of metal materials include tungsten (W), tungsten nitride
(WN), copper (Cu), titanium (Ti), tantalum (Ta), aluminum (Al} or the like.
Alternatively, the process 300 may be used to manufacture other structures

used to fabricate integrated circuits.
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[0037] Thus, the present application provides an improved method for
etching a substrate to form features with aspect ratios greater than 20:1. The
method advantageously using a fluorine and carbon based gas mixture along
with an addition of silicon fluorine gas to form conductive polymer layer during
etching, thereby efficiently providing gooed profile and dimension control of the
features with high aspect ratios formed on a substrate.

[0038] While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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What is claimed is:

1. A method for anisotropic etching a dielectric layer on a substrate, comprising:

providing a substrate having a patterned mask layer disposed on a dielectric layer in
an etch chamber;

supplying a gas mixture including at least a fluorine and carbon containing gas and a
silicon fluorine gas into the etch chamber, wherein a flow rate ratio of the fluorine and
carbon gas to the silicon fluorina gas is between 1:0.15 to 1:0.5; and

gtching features in the dielectric layer in the presence of a plasma formed from the

gas mixture.

The method of claim 1, wherein the dielectric layer is selected from a groub consisting of
undoped silicon glass (USG), boron-silicate glass (BSG), phosphorus-silicate glass {PSG),
boron-phosphorus-silicate glass (BPSG) and combinations thereof.

The method of claim 1, wherein the patterned mask layer is selected from a group
consisting of silicon, silicon oxide, silicon nitride, silicon oxynitride, silicon carbide,

amorphous carbon and combinations thereof.

The method of claim 1, wherein supplying the gas mixture further comprises:
forming a conductive polymer layer on the etched surface of the dielectric layer.

The method of claim 4, wherein the conductive polymer layer is a silicon containing

polymer.

The method of claim 4, wherein the conductive polymer layer assists conducting ions

generated from the plasma for anisotropic etching the dielectric layer down toward a

bottom of the dielectric layer.

The method of claim 1, wherein the fluorine and carbon containing gas and the silicon

fluarine gas are SiF4 and SiCly,

The method of claim 1, wherein the fluorine and carbon containing gas is selected from a
group consisting of CFs, CHF3, CaFg, CoFg CaFs CsFe and CH;F».

The method of claim 1, wherein supplying the gas mixture further comprises:
supplying the fluorine and carbon containing gas at a flow rate between 20 scem and

100 sccm;

supplying the silicon fluorine gas at a flow rate between 10 sccm and 50 scem;
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met hod for anisotropic etching a dielectric |ayer on a substrate,
conprising: providing a substrate having a patterned nmask | ayer

di sposed on a dielectric layer in an etch chanber; suppl ying a gas
m xture including at |east a fluorine and carbon contai ning gas and a
silicon fluorine gas into the etch chanber, wherein a flowrate ratio
of the fluorine @%Bm@5pﬁﬁﬁoﬁﬁ%P@%V@be%Wﬂmd@mﬂ$hm@6¢méwgas i s between

1:0.15 to 1:0. 5; caatidling subbted RehpbfidIb@%ednotdigred @éxs%tté Ig6 dlegf}é@srcélsﬁbs,
the presggce of a plasma formed fromthe gas mxture. 2.

of claim1, whereip the dielectric layer is selected from a group
consi sting of un@BB@ﬁ aR1q5me GRWE of SetweenseeP, Wasis te A009i Watsat e gl ass
(BSG), phosphorus-silicate glass (PSG, boron-phosphorus-silicate

gl ass (BPSG) and conbi nations thereof 3. The nethod of claim1,

wher ein th(i patterne% mask | ayer is selected froma group consisting
of silicon;CsiITeEEY kpywtrori FFE'B%arﬁ*ie!eFﬁ"e@ye@mai HbsiraER amrrsingle,
silicon car bi de praxivingph culstreartaing anghtieoed iaratghots cdrber Redr . disposelihen a

met hod of cl ajidRclic IMfagng;é?,éémgMbé}g the gas m xture further
conpri ses: form‘@%I a _conduct i | ayer  on the et ched surface

of the dielectri 'ygﬁs"eargasén"‘t‘i*ﬁé“cﬁ’g‘c"\ﬂlc?ﬂ i aéﬁ”%""‘rﬁaﬁ YR entpiningegas and a
conducti ve poligeretiudring ges into the sitdhi dhemberomiteadimi rigw pate yrater of t6e filidrine and

met godt of cl&hﬂasbﬁlgasvmﬁ@sn&ohh@ortﬁaeggyﬁbétweerppémhdsayr%r aSS'tstS o
conducting ions, gene rom sotropic etchin e
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met hod of cl & rmed froprbe ghsmivtaes thtough ppesingn th tbarrbophasnerapmiayey gas and
the silicon fluorine gas are SiF4 and Sat.

11. The method of claim 10, wherein supplying the gas mixture further comprises:
forming a conductive polymer layer on the etched surface of the dielectric layer.

12, The method of claim 11, further comprising:
reacting the silicon elements provided by the silicon fluorine gas with the amorphous
carbon layer to form a protection layer.

13. The method of claim 11, wherein supplying the gas mixture further comprises:
supplying an inert gas with the gas mixture into the etch chamber, wherein the inert
gas is selected from a group consisting of N3, Ar, He, and Kr.

14. A method for anisotropic etching a dielectric layer on a substrate, comprising:

providing a substrate having a patterned amorphous carbon layer disposed on a
dielectric layer into an etch chamber;

supplying gas mixture including at least a fluorine and carbon containing gas and a
silicon fluorine gas into the etch chamber, wherein a flow rate ratio of the fluorine and
carbon gas to the siticon fluorine gas is between 1:0.15 to 1:0.5, wherein supplying the
gas mixture further comprises supplying the fluorine and carbon containing gas at a flow
rate between 20 scecm and 100 scem, supplying the sificon fluorine gas at a flow rate
between 10 sccm and 50 sccm, maintaining a process pressure at between 10 mTorr to 60
mTorr, controlling substrate temperature between 20 degrees Celsius to 80 degrees
Celsius;

etching features to an aspect ratio greater than 20:1 in the dielectric layer by a plasma
formed from the gas mixture by applying 2 plasma power of between 200 Watts to 1000
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8. The method of claim1, wherein the fluorine and carbon contai ning
gas ts selected froma group consisting of CF4, CHF3, C4F8, C2F6,
CAF6, C5F8 and CH2F2. nmaintaining a process pressure at between 10
mlrorr to 60 mlarr; controlling substrate tenperature between 20
degrees Cel sius to 80 degrees Cel sius; and applying a plasnma power of
bet ween 200 Watts to 1000 Watts. 10. A nethod for anisotropic etching
a dielectric Va%er on a substrate, conprising. providing a substrate
havi ng a patt erfoetingrubphetie pogmboiaycr ay eurfatdss dreehtaras @hikdi ctdh@g] dridc
ayer into an. elhfhathfares o o SR HiBlretolfihs fek{tindubRC! udi ng at
| east a fluorine and Carbon contal ning gas and a silicon uorine gas
into the etch chanber, wherein a flowrate ratio of the fluorine and
car bon gas 1b.oTheheetbod bt@aimeuwhérme trgadielectriciatenesaiedted frdid & grodp Qorbisting
and  etching LR3hUpes t%r@nsuﬁagegsssr@&@)o bGALAL RN Bk tosdll bdifin-

presence of a m xture rough openings in
t he anor phousp@éﬁk%% Sl'“éifélglasslqps%ﬁ@ ??g’tbfﬂﬂﬁo'ﬁft %?oécu m 10, wherein
supplying the gas m xture further conprises: form ng a conductive

pol ymer |ayer on the etched surface of the dielectric layer 12. The
met hod of claim 11, further conprising: reacting the silicon

el ements provided by the silicon fluorine gas with the anorphous
carbon layer to forma protection |ayer 13. The nmethod of claim 11,
wherein supplying the gas m xture further conprises: supplying an
inert gas with the gas m xture into the etch chanber, wherein the
inert gas is selected froma group consisting of N2, Ar, He, and Kr.
14. A method for anisotropic etching a dielectric |ayer on a
substrate, conprising: providing a substrate having a patterned

anor phous carbon | ayer disposed on a dielectric layer into an etch
chanber; supplying gas mxture including at |east a fluorine and
carbon containing gas and a silicon fluorine gas into the etch
chanber, wherein a flowrate ratio of the fluorine and carbon gas to
the silicon fluorine gas is between 1:0.15 to 1:0.5, wherein
supplying the gas m xture further conprises supplying the fluorine
and carbon containing gas at a flow rate between 20 sccm and 100
sccm supplying the silicon fluorine gas at a flow rate between 10
sccmand 50 sccm maintaining a process pressure at between 10 mlorr
to 60 mlorr, controlling substrate tenperature between 20 degrees

Cel sius to 80 degrees Cel sius; etching features to an aspect ratio
greater than 20:1 in the dielectric layer by a plasma fornmed fromthe
gas m xture by applying a plasm power of between 200 Watts to 1000
Watts; form ng a conductive polyner |ayer on surfaces of the features
while etching; and configuring the features as a contact structure
for field effect transistors. 15. The nethod of claim 14, wherein the
dielectric layer is selected froma group consisting of silicon

oxi de, boron-silicate glass (BSG, phosphorus-silicate glass (PSGQ,
bor onphosphorus-silicate glass (BPSG and conbi nati ons thereof.
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