13 DEC 2006 WD 03/107410 PCT/ US03/18791 -1- PROCESS FOR ETCHI NG DI ELECTRI C
FI LMS W TH | MPROVED RESI ST AND/ OR ETCH PROFI LE CHARACTERI ST,L E of the
I nvention [0001] The present invention relates to an inprov d % hot ™ f or

pl asma et chi, “57 i’;h dielectric layer in the fabrication of integrated
circuits. Specn‘l ¢ ly, the present invention relates to RETNE0Ze191

phot oresi st and/ or hardmask facet selectivity for maintaining critical

di mrension (CD), mnimzing striations, and inproving profile in the etching
of a dielectric layer. Background of the Invention 10 [0002] A conmon
requirement in integrated circuit fabrication is plasma etching of openings
such as contacts, vias and trenches indielectric materials. The dielectric
mat erial s i nclude doped silicon oxide such as fluorinated silicon oxide,

undoped sil i copreyd s FOR EPEHING PASSECPRIE FIE W;@ﬂ% ba@q)S' licate
glass (BPSG and phosphate silicate glass (PSG ped or undoped thermally
grown 15 silicon OMSTMB&BEWWWTEMHGS con oxi de,

organic and inorganic lowk materials, etc. The dielectric dopants include
boron, phosphorus and/or arsenic. [0003] The dielectric can overlie a

sem conductive or conductive |ayer such as polycrystalline silicon; netals
such as alum num copper, titanium tungsten, 20 nol ybdenum or all oys

thereof; nitrides such as titaniumnitride; metal silicides such as titanium
silicide, cofglytorid fnShifon t UNYSten silicide, nolybdenumsilicide, etc.

[ 0004] Using conventl ona photol i thography a | ayer of photoresist and/or a

hard mask daeoihe u@bdpﬂe@enp&tvbﬂtdm rtlaes i 2l itetdvied me@idifonsihdnys etéiin
), deposited beneath the photoresist %ayer may be

ti-ref t
32eld |r ﬁ o_regle"‘lr ‘FGBCCtﬁﬁﬂy ?éh 'F%WP%E infsaTaRg GG Bt e%l%@@%b@&ﬂ@e%tnd i mprove
the fidelityyQhbhfeldt&sto Shnd@bd fldforests? ahd/oMBr Bk (AL 1RGP RPS/ 18791 - 2-

maintaining critical dimension (CD), minimizing striations, and improving profile in

the etching of a dielectric layer.

Background of the Invention

10 [0002] A common requirement in integrated circuit fabrication is plasma
etching of openings such as contacts, vias and trenches in dielectric materials. The
dielectric materials include doped silicon oxide such as fluorinated silicon oxide,
undoped silicon oxide, silicate glasses such as boron phosphate silicate glass
(BPSG) and phosphate silicate glass (PSG), doped or undoped thermally grown

15 silicon oxide, doped or undoped TEOS deposited silicon oxide, organic and
inorganic low-k materials, etc. The dielectric dopants include boron, phosphorus
and/or arsenic.
[0003] The dielectric can overlie a semiconductive or conductive layer such as
polycrystalline silicon; metals such as aluminum, copper, titanium, tungsten,

20 molybdenum or alloys thereof; nitrides such as titanium nitride; metal silicides such
as titanium silicide, cobalt silicide, tungsten silicide, molybdenum silicide, etc.
[0004] Using conventional photolithography a layer of photoresist and/or a hard
mask can be used to pattern the dieleciric. Optionally, an anti-reflective coating
(ARC) deposited beneath the photoresist layer may be used in order to minimize

25 reflection during resist exposure and improve the fidelity of the resist pattern.



[ 0005] Vacuum processi ng chanbers are generally used for etching of materials
on substrates by supplying process gas to the vacuunlchanpernaﬁd;@%pl|cat|on
of an RF field to the gas. Plasna etching can be carried d “for exanpl e,

i nemedi um yden ﬁ %% reactors such as the parallel plate plasna react or
chanbers described in U.S. 5 Patent Nos. 4,340,462 and 5, PABUSBESHE t he
triode-type reactors described in U S. Patent No. 5,013,400. [0006]

Techni ques to achieve profile control of deep openings having high aspect
ratios of at least 5:1 are disclosed in commonly owned U.S. Patent Nos.
6,117,786 and 6,191,043. O these, the 786 patent discloses etching of
openings in 10 silicon oxide |layers uspng a gas m xture contai ning
fluorocarbon, oxygen and nitrogen reactants wherein the oxygen and nitrogen
are added i {[oo@apuntvac%ﬁﬁﬁﬁ&deyﬁlg éuanﬁa@tafeoéen&my Réedltbd @fcmﬁg bitRatElghed openi ng.
The 043 patent” di scloses etching of deep openings 10 to” 15 mdeep in a

si l'i con | ayen subptratss h}gswprg)pmms gasiio dlervramgun dtambegaml apipbeation ofjart o et ch

through a n r t he, sili.con |ayer 15 u5|ng a gas
mi xture conﬁ ﬁ/??%%)%g%gﬁx%éﬂm Sht b%%ag“ecﬁ%‘*t' ﬁﬁf rf? AR PE

bonbar drrent desfiai&ices @b aaihd pa-ailblqmm ﬂ@mﬁmhabmmﬁlb%&iembd AsUSF6, CAFS,
CF4, NE3 and CHE3 to etch the silicon |layer. [0007] Conventionall

Y,
f1 uor ocdr boRateriNRso Lok andouhl 3, 398 @r Bhe trigderiyporcasipisalestivghidSed et ch gases
have been wp gg ygﬁﬁ st@petch dielectric layers 20 because the F and C
constituents facilifaté etching both via a radical reaction and an
i on- assi st efd006hct i Daehudqudsao actdewgirdfilp catt@t bf deep ioperdhdsdiating highi ng
car bonaceous poI mers formed on, the surface of th trate [ 0008]
Sel ect i vi t y 3fR§cida Sl {sa%%arﬁ EJ‘@E‘FI R GOTBRRERIY PG M# GHBENGY  har dmask,

and ARC | ayeng7age Vﬁﬁl—l'ﬁ 19% Ohﬁ‘eO?ch&eD{Eb@?Mba%P&séléé’e%‘retchﬁ%‘o% én‘{ﬁéan' S

especially 25 desirable at the corners of a patterned photoresist or hardmask
| ayer ﬂ@causmcome}ud@b{s’mm&ngag@s mxgaonmtmmngéluomamben,tomygmdet chi ng that
tends to cr e te facets whic undesira i mensi ons of

the feature™ STEBEP‘étSFtétWPﬁ%?FbIWﬁSWgeF%‘& ’i“ﬁ%e aéﬁa‘ikiaegd“ P‘B"W%‘i FERth "bl owout "

of device Cid édnédl theiphdMNe bOMms etchétl dpRnin@WThe @18 phieit diseldses &tlihg 61 op | ayers may
lead to significant sputtering onto the via 30 sidewall. Accordingly, there

is a need i de¢prapenings 1&o0 B Lphdstmazn@ﬁdmpm@ycrézyhnmgwechiomemmamlm P1

etch gas chemistry to etch through a native oxide layer over the silicon layer and

15 using a gas mixture containing an oxygen reactant gas, helium, an inert
bombardment-enhancing gas and a fluorine-containing gas such as SF¢, C,Fg, CF,,
NF, and CHF, to etch the silicon layer,
[0007] Conventionally, fluorocarbon, hydrofluorocarbon, and/or
chlorofiuorocarbon-based etch gases have been widely used to etch dielectric layers

20 because the F and Cl constituents facilitate etching both via a radical reaction and an
jon-assisted reaction while sidewall protection is afforded using carbonaceous
polymers formed on the surface of the substrate.
[0008] Selectivity is desirable with respect to overlying photoresist, hardmask,
and ARC layers as well as the bottom etch stop layer. Selectivity is especially

25 desirable at the corners of a patterned photoresist or hardmask layer because the
corners have a geometry favorable to fast etching that tends to create facets which
undesirably impact the critical dimensions of the feature. Photoresist/hardmask
faceting can lead to via/trench “blowout” of device critical dimensions, while low
selectivity to etch stop layers may lead to significant sputtering onto the via

30 sidewall. Accordingly, there is a need in the art for a plasma etching technique



WO 031107410 PCTI US03/ 18791 -3- which achi eves high photoresist or hardmask
etch selectivity, high dielectric etch rate, |ow polluti (%n\ a._gf_& } Q%damage.
More particularly, there is a need for a plasma process whil JeZFi nces

phot or esi Stvd /lﬁ.;&iufle etch selectivity in order to achieve a highly

ani sotropic dielectric etch with mnimal damage or di st orR¢ousesfis®he ori gi nal
5 photoresist pattern. Sunmary of the Invention [0009] The invention provides
a process of etching openings in a dielectric |ayer, conprising the steps of
supporting ,a sem conductor substrate in a plasnma etch reactor, the
substrate having a dielectric |layer and a patterned photoresist and/or 10
hardmask | ayer above the dielectric |ayer; supplying to the plasm etch
reactor an etchant gas conprising (a) a fluorocarbon gas (C Fy 1Z, where xz
L, vz 1. andnigkRhieve Rih BhotoledsdARAUNLO0sditivit MAEPGERoRE oRp Y dr ocarbon
gas (C, Hy, where x;-, 1 and y> 4), (c) an optionhal™~oxygen-contai ni ng gas,
and (d) an mist owrmellutiereand Igwslamape ridpre patticelafly ahere ag @needtfonn plisnhe

si | ane-cont ai ni n s to fluorocarbon.gas.is, |less than or .15 equal to 0.1,
or the rovPr?‘%?Pse%PlgﬁF%ha&festpx]éoﬁVW Eogc@‘h&(??(’hffﬁ]&?tb‘@%rlﬁé’ﬁ&éé%acgllf"?Puor ocar bon gas
is |ess thaigltly asisitdpid dellethic eRASifindiniith] HiRa L7 ARt SRST thebReiAal P! asma; and
pl asma etching openings in the dielectric layer with enhancedg

phot or esi stvhﬁg%f‘?ﬁﬁﬁﬁw% dielectric layer selectivity and/or m ninal
photoresist distortion or striation. 20 [0010] In a preferred enbodi nent,
the plasma etch reactor is a dual-frequency nediumdensity capacitively
coupl ed plasma reactor includSmpnmry upthe Ineneiogr head el ectrode optional |y
suppl i ed WI@E 00 Eg 3000, watts of RF ener%%, and a boftom_ el ectrode

optional Iy ?)qjl i edPHIVERtERSPTeYdesFauoskes Al STHmerapeRRgt 2 ditdectEiGier gy bei ng
suppl i ed at ¥ | I t: , ode or at

di fferent Zlgil%rogilphgﬁlg%g%%‘%ﬁggﬁgﬁgl gﬁggﬁ?%&?%éggtﬁggmgrlﬁggg%?g%%rode and

bot t om el ecteratatethe swlestretediamigg kalideqgmictyer asdla pattrorkidphotoresist aiorbi as can be

lied to th i canductor. .sybsirate duting the etching step. [0011
oo ngtt he iarGuasl Bep ARaE Riecti RRRIA S Sepliial e atrorticinels (o 200
mrorr and téiéhahSRPe6RbHify @ a FlBrotatbel FAYE, FSUDRBkte 264N yPE and @Lp)t 0 +80C.

(b) a silane-containing gas, hydrogen or a hydrocarbon gas (C,H,, where x>1 and

y=4), (c) an optional oxygen-containing gas, and (d) an optional inert gas, wherein
the flow rate ratio of the silane-containing gas to fluorocarbon gas is less than or

15 equal to 0.1, or the flow rate ratio of the hydrogen or hydrocarbon gas to
fluorocarbon gas is less than or equal to 0.5; energizing the etchant gas into a
plasma; and plasma etching openings in the dielectric layer with enhanced
photoresisi/hardmask to dielectric layer selectivity and/or minimal photoresist
distortion or striation.

20 [0010] In a preferred embodiment, the plasma etch reactor is a dual-frequency
medium-density capacitively coupled plasma reactor including an upper showerhead
electrode optionally supplied with 500 to 3000 watts of RF energy and a bottom
electrode optionally supplied with 500 to 3000 watts of RF energy, RF energy being
supplied at two different frequencies to either the bottom electrode or at different

25 first and second frequencies to the showerhead electrode and bottom electrode.
According to a preferred embodiment, an RF bias can be applied to the
semiconductor substrate during the etching step.

[0011)} During the process, pressure in the plasma etch reactor can be 5 to 200

mTorr and the temperature of the substrate support can be -20°C to +80°C.



13 DEC 1004 WD 03/107410 PCT/US03/18791 -4- [0012] The openings can conprise
vias, contacts, and/or trenches of a dual damascene, self-gli ned contact or
self-aligned trench structure. Furthernore, the etched op%niﬁ § 2Hg be 0.3 m
or 'smal |l er \gj eni ngs having substantially straight profiles wherein top,
m ddl e andlﬁg?S%H?@ritical di mensi ons of the openings 5 AEAEOHWUNtially
the sane, and the openings have an aspect ratio of at least 5:1. According
to a preferred enbodi nent, the etched openings can be 0.25 1n or snaller

si zed openi ngs havi ng substantially straight profiles wherein top, mddle and
bottomcritical dinensions of the openings are substantially the sane, and
the openings have an aspect ratio of -4t |east 10:1. 10 [0013] The dielectric
| ayer can conprise a doped or undoped silicon dioxide, BPSG BSG FSG PSG

TEGS, ther mgho1g] | i CDie 6pehii@s Odn doRDESAALS; cordiitd al@beiidRhesdf a dRIDaNi ¢ | ow k
material. The dielectric |layer can overlay a conductive |ayer selected from
the group cdAsRsSend,gelialigged cpptagsior @ﬁ}fs%llg@a, trenghgirp@dyrs, Fyrtherporeatheoys, doped or

doped I | b j | SiLi Ti i \A , silicid f
T W 15 o Eafbe T DL RbE e Sher ek ottt Tt e can

furt her i nclstigightgitofilepivhéerdinl top,imaifdle ayEbotRRtérRicaldfikndiensast teadpeaihgd from
silicon nitride, silicon carbide or silicon oxynitride over the dielectric
| ayer and/ orrwbstedtlly tie @me) dths epeaings bavssaasrectiatip sfakleashdidor ding to a

preferred e ' j ' » k of |ayers of
| ow- k mat er {H&Pgﬂd\,ﬂﬁ[ﬁh agtrré}%r{an%{l}fo%er{d@% ﬂgeta%(g{efi%g%}%és% éh;ﬂ g g'rﬁél@é %en, t he
openi ngs beistgli@tsided dpéringbciating sabistantiallyestiaighPpriatilds Shkddin dp@iddiermdt o a

preferred enbodi nent, the CXFYHZ can forma protective sidewall polyner on
si dewal | s ofbotiora cHilea) damensions phike opanings presybstantiatiy thei sagegnd the hydr ogen, or
hydrocarbonohgﬁ&%qﬁyegyggkﬂhgﬁ)@%gﬁﬁ&ng.concentration of polymer precursor
species in the réactor; and the oxygen-containing gas nmaintains a desired 25
t hi ckneks of[0013¢ si Tewdiklectpiollayeecan chpfise a duped odumippedsilicdnudictida, pref erred

consi st ng’ ofESte BE P8R, PR TS detmaloRionsPor el Ry SEREFE o the
pl asma et ch o eali8l-Bhakrihl AWNe'ddR R layer b KPRy 8 €6MBuctive layer selected
from the group consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or
undoped polycrystalline ot single crystal silicon, TiN, TiW, Mo, silicides of Ti, W,
15 Co and/or Mo or alloys thereof, The semiconductor substrate can further include an
optional stop layer and/or mask layer selected from silicon nitride, silicon carbide or
silicon oxynitride over the dielectric layer and/or between the dielectric and
conductive layer. According to a preferred embodiment, the dielectric layer can
include a stack of layers of low-k materials with or without etch stop layers
20 therebetween, the openings being etched to depths of at least 2 pm.
[0014] According to a preferred embodiment, the C,F H, can form a protective
sidewall polymer on sidewalls of the etched openings; the silane-containing gas,
hydrogen, or hydrocarbon reactant maintains a desired concentration of polymer
precursor species in the reactor; and the oxygen-containing gas maintains a desired
25 thickness of the sidewall polymer.
[0015] According to a further preferred embodiment, the etchant gas can
include an inert gas selected from the group consisting of He, Ne, Kr, Xe and Ar, the
inert gas being supplied to the plasma etch reactor at a flow rate of 5 to 1000 scem.
The C,F,H, can comprise at least one hydrogen-free fluorocarbon, for example, CF,,

30 C,F,, C,F,, C.Fg, CF;, C,F; and CFgand/or at least one hydrogen-containing



The CF)HZ can conprise at |east one hydrogen-free fluorocarbon, for exanple,
CF41 30 C2FF2, C2F4, C3F6, CAF6, C4Fg and Co6F6 and/or at |east one

hydr ogen-cont ai ni ng HE 21U@& WO 03/197410 PCTI US03/t8791, -5 fl uorocarbon,
for exanple, C2HF5, CHF3, CH3F, C3H2F6, C3H2F4i C3HF" and 1GBHEET Ziihe etchant
gas can i nciwdgbgorHZ, sil ane as the sil ane-containing gas, an oxygen-
containing gas and Ar supplied to the plasma etch reactor %@“@ﬂﬁMﬁwhtes of 3
to 100 stem CXFYH' 0.3 to 10 stemsilane, 0 to 500 stem oxygen-cont ai ni ng
gas, and 5 to 5 1000 stem Ar. A preferred etchant gas includes C4Fg, sil ane,
02 and Ar supplied to the plasma etch reactor at flowrates of 5 to 30 sccm
C4F2, 0.5 to 3 sccmsilane, 0 to 40 sccm 02, and 100 to 500 sccm Ar. Anot her
preferred etchant gas includes 5 to 305-seem C4F3, 1 to 30 sccm H2 or
hydrocarbon gas, 0 to 40 seemO,, and 100 to 500 sccm Ar. 10 [0016] The

opti onal oxylyervcarbon, efbmmmpt;a@zﬂm;/CHEngLE 6(3391256, QHLFCQ. HERn@QGHF, M xt ur es

t hereof. Acgordj to a pr éﬁd odlgtg a tapered opening can be

formed in t eaf"g‘ﬁg@f‘??@q"g’;}% gznlaaH2 Eﬁ%ﬂ’i‘?'ceﬁ@“"@f?ﬁagasi%l%i(%n free, or a
strai ght  OpgmhiAcheGAR amPAE Qf Qiﬂorﬂh h@ﬁsn&#&é}ﬁ%&&bﬁt'ﬂ%‘?ﬁte%f? 2 etchant gas

t hat contains gen suppl i d to t pl asma etch reactor low rate of 5
to 500 seemSCCIISCQ%HQ,YJﬁ tadOscan ﬂ@ne,cﬂiaSQﬁmcmtoa(gemmmedmngrgas, ah@i 6 tet chant gas

conpri sgs CF dr drocarb -cont |ng gas, and
Ar suppsl ed E{bo_b %cﬁgl‘%p ‘ggﬁge%?df Plgﬁéﬁg‘f’ua?sg@?éj\ﬁa} éyg'bé]ASS‘lPB 9scem C
FYHQ 1 to a&lﬂm{ﬁld%tdﬂe@@&rht@lbw Thiesl6 O-RIIDABeE E3F,, 0.51603 280h §BAMN0to
oxygen-contai ni ng_gas, and 100 to 600 sccm Ar.  According to anot her

preferred efBsermEntand (A taSdbsrem dsriapiberprefared eiebant Bes indudseyidedOcont ai ni ng
| t h
oo of capgrbpay PR 0o dnP B RbaRR bt BREA Had 0P 10 er ™ o el ow a

patterned plscmmAﬁS| st the addition of the silane-containing gas, the
rbon gas {Q the etchant as_|i es by nore than

hydrog é.qr t he drocei rqv
35% t h r eS| 16} | e@i QRiiopal oXy G RO BIAEENE BAS FIaY KETRTIEH En Oss ng, G@sanfi t hout the
silane- cont iR ekicof. WaEorlHEtOBRRARed hBodHhOE HRAA dYBiing can be

formed in the dielectric layer using an etchant gas that is oxygen-free, or a siraight
opening can be formed in the dielectric layer using an etchant gas that contains
oxygen supplied to the plasma etch reactor at a flow rate of 5 to 500 scem.

15 [0017] According to a preferred embodiment, the etchant gas comprises C,F,H,,
hydrogen or hydrocarbon gas, an oxygen-containing gas, and Ar supplied to the
plasma etch reactor at flow rates of 5 to 50 scem C,F,H,, 1 to 30 sccm hydrogen or
hydrocarbon gas, 5 to 500 sccm oxygen-containing gas, and 100 to 600 sccm Ar.
According to another preferred embodiment, the C,F, H, comprises C,F, and the

20 oxygen-containing gas comprises O, supplied to the plasma etch reactor at flow
rates having a ratio of C,F;:0, 0£0.5:1 to 3:1.

[0018] When the dielectric layer is below a patterned photoresist, the addition
of the silane-containing gas, the hydrogen and/or the hydrocarbon gas to the etchant
gas improves by more than 35% the resist selectively as compared with the etchant

25 gas without the silane-containing gas, the hydrogen or the hydrocarbon gas.

Brief Description of the Drawings
[0019] Various features and advantages of the invention will become apparent

from the following detailed description of preferred embodiments in connection



Brief Description of the Drawi ngs [0019] Various features and advant ages of
the invention will becone apparent fromthe follow ng detailed description
of preferred enbodi ments in connection 1 3 DEC 2066 WO 031 FopZ4 02006
PCTMUS03118§8%3/1g/950 W th the acconpanying draw ngs in which |ike numerals
designate |1 ke éfenents and in which: FIG 1 a shows an &CdHd3/thal ectric
| ayer wherein high aspect ratio openings have bowed profiles. 5 FIG Ib
shows an etched dielectric |ayer wherein high aspect ratio openings have
straight profiles. FIGs. 2a and 3a shows a photoresist surface wherein the
surface of the resist is rough. FIGs. 2b and 3b shows a photoresist surface
etched in accordance with 10 the investion. FIG 4 shows a schematic
representation of a nediumdensity parallel plate plasnma reactor which can

be used to edthrtle Addbmplieyiny @eeiags B wiibleliteHekd19BesignPRtiMelefchePRSG4 | Ption of
the Invention [0020] The invention provides a sem conductor manufacturing

process for T WBich15 nanufacture of integrated circuits wherein openings can

be plasna etched i “EIG.jiclj§Ll?o%rah%tc:héé/ﬁél%ct?iﬂ(f%velta%héapré]fln%@%lr%é@{&an"éfm | e providing

desired selectivity an material 1ntegrit Mg phot or esi st
and/ or har dopgingsdyes bovedrrbfiiesior e, the i nvention i nproves the profile of

the contacts etched._. e manufactuyre of .the device. The process of the

i nvent i %)n is appli ﬁg} élt’?]%fw@taeﬁfcﬁa‘i E‘FI%Q ilayss whetsindugl spedmlioayer s such as
undoped si | b nhdestaicht grmed. silicon oxide such as fluorinated silicon
oxi de (FSG, spin-on-glass (SOG; silicate glasses such as boron phosphate
silicate glass (BPIHs. M%hﬂ@@ph%@@tgwms“@mmwu@nofﬂki cate gl ass
(CsG and %%[s;g%r}-d ped silicate glass such as CORAL (a product from Novell us
Systens, IncC.J; ddped or undoped thermally grown silicon oxide; doped or

undoped TECS 25 depisist Boandi3biskéws DpticietasiatsOifRieictchby B ReaidRaR vAgl ymer such as
SI LK (a_product )
10 the invention.
FIG. 4 shows a schematic representation of a medium density parallel

plate plasma reactor which can be used to carry out the process of the invention.,

Detailed Description of the Invention
[0020] The invention provides a semiconductor manufacturing process for the
15 manufacture of integrated circuits wherein openings can be plasma etched in
dielectric layers such .';15 oxide layers while providing desired selectivity and
material integrify to an overlying photoresist and/or hardmask layer. Furthermore,
the invention improves the profile of the contacts etched in the manufacture of the
device. The process of the invention is applicable to etching of various dielectric
20 layers such as undoped silicon oxide and doped silicon oxide such as fluorinated
silicon oxide (FSG), spin-on-glass (SOG); silicate glasses such as boron phosphate
silicate glass (BPSG), phosphate silicate glass (PSG), organosilicate glass (OSG)
and carbon-doped silicate glass such as CORAL (a product from Novellus Systems,
Inc.); doped or undoped thermally grown silicon oxide; doped or undoped TEOS
25 deposited silicon oxide; aromatic hydrocarbon polymer such as SiLK (a product
from Dow Chemical Co.); low-k dielectrics including inorganic materials and
organic polymer materials such as polyimide, organic siloxane polymer, poly-
arylene ether, or other suitable dielectric materials having a dielectric constant

below 4, preferably below 3. The dieleciric dopants include boron, phosphorus



from Dow Chem cal Co.); lowk dielectrics including inorganic materials and
organi ¢ polyner materials such as polyimde, organic siloxane polyner, poly-
arylene ether, or other suitable dielectric materials havi%é BEﬂi fctric
const ant t\géggE@‘ preferably below 3. The dielectric dopants include boron,
phosphorus 1 Y006 WD 037107410 PCTI US03118791 -7- aREEAISOMBEMNi c. The
dielectric layer can consist of a single material or a stack of different

| ayers including lowk materials and/or anti-reflective coatings with or

wi t hout etch stop |ayers therebetween. [0021] The etched openings can
conprise vias, contacts, conductor lines and/or 5 trenches of a dual
damascene, a self-aligned contact or self-aligned trench structure. During
etching of such openings, the sidewalls nmust be straight in order to nmaintain

the criti cabndbrmasioniediedic ke HRVAER: [LAIWIERRAY dhsurkel must be
selective wth respect to the overlying photoresist and/or hardmask |ayers
and t he unddiffeyeni dpyetsaneduding Ipw-hinaterials end’pr dntisreflentire doatings withres or stri ati ons
during etching of  .t.h 0 diglectric, it is desirable to etch the dielectric
whi | e pr eserw\}ﬁlﬁlétett??es(% 8¥e_5§§1§76§fw§%/ or hardmask layers, both in terms of

t hi ckness afpgh29] r uctiy eidhetl Op&Miidstclin cdriprisd SR Rotacts! dMRIBAS lide® af/ot he et ched
feature nust maintain the critical dinension patterned in |ithography.

[0022] Becatisechgs obndundi davasrens, yaadihaignpdeontagter selfqiizaedisanch sawdtere( >10: 1) 15
profiles w ] .St uee j Q_t.he. cont act

di ameter (< ﬁlggtcgr]fl% O?F&lﬁ soBgéels f%ﬁ%@%@%@%ﬁgg%&% }gﬁagﬁgf:%s%él{‘ﬁgt has hi gh
sel ect i vi t y theccritiphlatimemssingCD pdfherdeach featine skd {tRrtchwhist be Bilévtive zes danmage and
distortion in.the re ist@ﬁnd/ 011; har.dmask. lalgt he1 absence of  resi st/ hardnask
integrity, PHETEHTERME ovetheRoqiAeYSiaRe ophaimrilpxers aAdhe wideTlyingel y to have
di storti ons 18krsS tiol AhinAS CHNb&shintal slortidhs of &tatichs AaMh &cﬁiﬁgbtﬂg}%; al so, with
poor resist/hardmask selectivity, the critical dinensionS of the contact

wi |1 ndd be diplestri; itdsidesitairle toeatetothe diclegtrigrvéhilygmeserxingdhe phisoiesist apdocesses wi | |

rely on new,phot oresj st terial .193 nm,phot oresj st. ich are required
for smaller & gﬂa&ﬁ&?rﬁ’ebﬁgﬁa ISEWL?? ﬂ%éﬁ?gssfaﬁflg ci%ralr] fggg aﬁ\é\%h?lgmﬁ‘?’asrm dry

e]E c r1]9 gr oces gigsprbfile vf tRetched feattice HEfeiakithia Mhedfritid4iGlinBhdidiDpAemsti &f . The advent
0

lithography.
[0022] Because advanced device geometries have high aspect ratio (>10:1)

15 profiles with the distance between contacts (pitch) equal to the contact diameter (<
0,18 um), it is desirable to have an etch process that has high selectivity to
photoresist and/or a hardmask, and which minimizes damage and distortion in the
resist and/or hardmask. In the absence of resist/hardmask integrity, the contacts
etched into the dielectric layer are likely to have distortions or striations which will

20 lead to device failure; also, with poor resist/hardmask selectivity, the critical
dimensions of the contact will not be preserved. Furthermore, future generation
device processes will rely on new photoresist materials (193 nm photoresist), which
are required for smaller device dimensions but have far less resistance 0 plasma dry
etch processes than the current generation of 248 nm photoresist. The advent of 193

25 nm photoresist has made past processes used for high aspect ratio etches impotent
and has introduced new failure mechanisms that require novel approaches to reach
viable process regimes.

[0023] In the process of the invention it is possible to obtain etched openings
0.3 um or smaller having substantially straight profiles wherein top, middle and

30 bottom critical dimensions of the openings are substantially the same. The openings



25 nm phot oresi st has nmade past processes used for high aspect rati o etches

i npotent and has introduced new failure nechani sns that %CLUI re novel
approaches to reach viable process regines. [0023] In the rﬁ&&ﬁssd t he
invention it i ossible to obtain etched openings 0.3 mor smaller having
subst anti al ?/0321[094&Pght profiles wherein top, mddl e and 38CHYBBIRTHriti cal

di nmensi ons of the openings are substantially the sanme. The openings 13 DEC
2006 WO 031107410 PCT/ US03/18791 -S- can be etched in the dielectric |ayer
so as to have a high aspect ratio such as 5:1 or above, preferably an aspect
ratio of at |least 10:1. The openings can be etched to depths of at least 2 m
or preferably 3 m For exanple, the etghed openings can be 0.2 mor smaller
si zed openi ngs having substantially straight profiles wherein top, 5 mddle

and bot t om Gih bk e@hedth MRBEIOASC &@eﬁdaeas@pﬂ%aﬂﬁg@gsﬁe&%ﬁtsﬁa& hed.| yr the sane,
and the openi ngs have an aspect ratio of at |east 10:1. [0024] The process of

t he inventi (ﬂbOVes prefasthly af aspeeityatin @ﬁaﬁ@agﬂ@rlerﬁlbwpmlggﬁ Caaépetf)he ®Wtios of at

| t 5:1, 1 t  20:1. Th
pregiess is & B%gg’%al%} ﬂﬁs%ﬂ‘kﬂfpf%‘?fg%lﬁﬁitq% e§ S’ttﬁ? gﬁl Opc?f]mg?&}né)gst 10: 1 fe or
10 openi ngs (SRR smhiN2Rized épéﬂn%'hﬁ@lﬁ% @iﬂsféntﬁ]@lslnﬁfghi ]ikl@ﬂle@ whet¥in P! exanpl e,

it is possible to obtain strai s with " m ninal distortions or

striatidns friddie m@bmotmpetmahglmeamonbeqftth@pgnma&m subrstamti2llpthe s§r0€25] The

dielectric Ia gh can overlie an el ﬁcéfi it . ? conductl ve or semni conductive
3 &rd eé‘Felt

| ayer such £94MeRPURSThRaYe 2 ARG TR ed fromthe group 15 consisting

of Al, Al alibea4y, Cuhe frecédhk bPihe invEhtionlis uéﬂfdlqmsobtﬂﬁ’lﬂ dx@émetpdnped
pol ycrystal l'ine or single créstal silicon, TiN, Ti Mo, silicides of Ti, W

Co and/ or  \spast raapm%lqahte? greferably at leﬂstd@duamémorap@qu@blaﬁulpw mask | ayer
such as a S'iggg g%cte%élgggaeﬁflailgéﬁn C?ﬁfd%'ta‘i’éﬁn%ﬁtpe&ﬁ% BEAPe %Jt 18, foPr the |ike

can be provi ayer Ween diel'ecttic I'ayer s and/ or
bet weenit he @eﬁlhgmmﬁaller thay 03 |amereterablyidtisrithm 0. 21, .For @Réajle, Thiere are a
nunber of device failure nmechanisns that can be avoi ded %ﬁphaw ng high

sel ecti vi t y nossiblaéo phiein skraightsvallsdbopingag! distestonsay striatipep RPAB &#hi ng t he

openings at depths greater than 2 pm.
[0025] The dielectric layer can overlie an electrically conductive or
semiconductive layer such as a metal-containing layer selected from the group

15 consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or undoped
polycrystalline or single crystal silicon, TiN, TiW, Mo, silicides of Ti, W, Co and/or
Mo or alloys thereof, etc. If desired, a stop and/or mask layer such as a silicon
nitride, silicon carbide, silicon oxynitride, or the like can be provided over the
dielectric layer, between dielectric layers and/or between the dielectric layer and

20 conductive layer.
[0026] There are a number of device failure mechanisms that can be avoided by
having high selectivity to the photoresist and/or hardmask layer and maintaining the
material integrity of that layer. One of the these failure mechanisms is related to the
loss of critical dimensions of the device feature. Such CD loss can be caused when

25 the photoresist and/or hardmask develops a facet during the dielectric etch. CD loss
can also be caused when the photoresist has different thicknesses, either due to
original non-uniformity or due to breakdown of the resist material during the etch,
and the etch breaks through the resist to expose the underlying dielectric layer at
different times. Other device failures may occur if the features are distorted or

30 striated in any way. By adding a silane-containing gas such as silane, H,, or



material integrity of that layer. One of the these failure nmechanisns is
related to the 1loss of critical dinensions of the device feature. Such CD

| oss can be caused when 25 the photoresist and/or hardmas*}]dgg@l gmﬁ a facet
during the whesgehfy ¢ etch. CD loss can also be caused when the photoresi st
has different thicknesses, either due to original non-uniPCafsp¥ig7ar due to
breakdown of the resist material during the etch, and the etch breaks
through the resist to expose the underlying dielectric layer at different
times. O her device failures may occur if the features are distorted or 30
striated in any way. By adding a silane-containing gas such as silane, Ha, or
1 3 DEC 200G WO 03/107410 PCT/ US03/ 18421 -9 hydrocarbon gas, the structural
integrity of the photoresist is maintained during the etch and distortions
and stri atigdsocamon Bgs, BeQttetral Tiridelsh thé PbtGEsistiié MARaitdd duBihg tey dr ocar bon
reactants results in snoother resist surfaces, both in the bqu and at the
resi st - di el @eh addistefiens andiseiatigaecan s @veided. Shsaddition of sitane.Hd,, pesi st ni ni ni zes

5 undesire ' f Lhelectri ' t evi ce
failure. W@ﬁé&gﬁa&ggees%glﬁ]tS%Oﬁhﬁéiegégguﬁgéé%og@gﬂgg%@(%ggﬁtrhgc arbon gas
are pref ermbiktydicledes layer iarefaed, and fhatmedthess ot yesiontiniplizeshe etch rate
selectiyvity ratiq of, the etching gas chem stry. That is, when using an

et chi ngsgasuf’élﬁﬁ’feéieWLH’@ tbﬁ‘i‘@?f"énc@3?&‘&?‘%?@%@%@%W86@Wﬁnd/or hydr ocar bon
gas togeth yit h e WBAG L@@%Q@ybg@gﬁﬁ itive gas is
effective iel:qo%\’peat ?ﬁ‘g“ I SEB tglrrl%i%oérag’si st Fhar ma{sk se?rgg{alg?/&laétiig and mai nt ai ni ng
t he st ruct upraferabiy aziged inyangfuntsithat effectively. cortool the eteltliatmsedketisity satiplofisna r eact or,

t he advant a eo#ﬁ effeci]tes. f i nvention C§B be achi eved b}i suppl yi ng the

: e, .
si | ane- cont &P Ai°AYE §&%° p;‘hélﬁtlﬁ’n €BISIng G FGINE 58% CPUUMPR ATy £ | uor ocar bon
reactant t ogdnR@nifg Qa%mi’yc@é%‘eh'aﬂ&/of Bakb@rbohwaditopsthéhaith bitcorfhq@@w rate ratio of
silane-containing gas to fluorocarbon gas is 0.1 or less, or the flowrate
rati o 4 hytivaserarbopasdsytlie eddiivoges dneffactve ingeatieghigbn gas is 0.5 or |ess.

[ 0028] The sjlan cont ai 1Lhsl I & Fases selected from
the group c@lr?gcﬁg Siﬂf]\lémc gl}s%l%ﬁg,gﬁ%f‘ﬁgggé a%ﬂ?sc ?Lgrglolg%ﬁ ) di f1 uor osi | ane,

di chl or osi | @gigt. Fof & dedifodenkignplasndrehctoG heradsdntappeus effscrofileg to a preferred
20 enbodi nent, the etching &;as i nfl,ud%s -fi | ane as the sil ane- cd(}nt ai ni ng gas.
The invention can be achieved by supplying the silane-containing gas, hydrogen and/or

hydrocarbon reactant and fluorocarbon reactant to the plasma etching reactor such

-

15 that the flow rate ratio of silane-containing gas to fluorocarbon gas is 0.1 or less, or
the flow rate ratio of hydrogen or hydrocarbon gas to fluorocarbon gas is 0.5 or less.
[0028] The silane -containing gas can include one or more gases selected from
the group consisting of silane, fluorosilane, chlorosilane, difluorosilane,
dichlorosilane, trifluorosilane and trichlorosilane. According to a preferred

20 embodiment, the etching gas includes silane as the silane-containing gas. The
process of the invention is carried out by energizing the etchant gas into chemically
excited states in a plasma state and etching openings in the dielectric layer.
[0029]  The addition of silane and/or other silane-containing gas, hydrogen
and/or hydrocarbon gas enhances the selectivity of the photoresist with respect to

25 the dielectric and maintains the integrity of the resist by keeping it sufficiently free
of distortions and damage. Furthermore, the addition of the silane-containing gas,
hydrogen or a hydrocarbon gas reduces the amount of bow in a high aspect ratio
contact. The addition of the silane-containing gas, hydrogen or hydrocarbon gas

works equally well for both 248 nm 193 nm photoresist.



process of the invention is carried out by energi zing the etchant gas into
chemcally excited states in a plasnma state and etching op n| n 5 the
dielectric layer. [0029] The addition of silane and/or ot Hed DEC «—33

si I'ane- conta; 3qﬁ79 hydrogen and/or hydrocarbon gas enhances the
selectivity o é‘ﬁhotoresist with respect to 25 the di ebemusosasmnd

mai ntains the integrity of the resist by keeping it sufficiently free of

di stortions and damage. Furthernore, the addition of the silane-containing
gas, hydrogen or a hydrocarbon gas reduces the anmount of bow in a high
aspect ratio contact. The addition of the silane-containing gas, hydrogen or
hydrocarbon gas works equally well fqQfg.both 248 run 193 nm photoresist. i 3
DEC 2006 WO 03/107410 PCT/ US03/18791 -10- [0030] V\hereas fl uori ne-cont ai ni ng
and 01-cont g iLformty
probl enms, p ‘r](ﬁo ul ar 51%\?\%%] %ogtr%hﬁ%#% %gfltggmgoéﬁ{ tSF%ér%glébtlartfge addi tion
of sil ane, mmocg'ém apd uhﬁ«)inntyqxrbiﬂcmg@artmuiaﬂy Withd@bnmrphotnrwmﬂ

oxygen- cont ai ca fectlv ovi din desired | evel of
5 sel ectivi t3P é{’ gorﬁhtg’te&a‘gip’%i’{lﬁlﬁ'fl%glﬁﬁo§engf 8‘5’?‘? & th fE\OToﬁ %% hydr ogen or
hydr ocar bon ag@sﬂg@n@oﬁthmmgcsﬁaf@@aa@mf&w@eiﬁpmlﬁg BAGredl&k] GRS can bal ance
pol ymer build-up sufficient] protect sidewalls of etched features while
avoi di n§  pisplesivey rnd peoteresiy lgtegﬂtYpr"HWIaéﬁdﬁw@lQ@Slia@e,éWéwIl ve pol ymer buil d-up
on the side i |y, when the
si l ane-cont a #ogﬁrb&pgasqgg%ﬁg} g%béﬁ]ngbréx&g r'%oéla;%%ﬂ%% %‘ga%a{) %‘ﬁ%’l to the pl asnma,

hydrogen carmpolytner Beild-ppesuficigntly totpotbdieidewhljsrofietchid &htuﬁefs&ﬂﬂlﬁta&oiﬂh@ si dewal | s
and the photoresist. Wen an jnert gas such s ar.gon |snaf£ in the

et chi ng gas, PiichoEANStFsiap mebla@ééuftf@eﬁ%qsw%m yagt ttﬂﬁélppq e\r §31] The
pol ymer bui 'aﬁdHﬁrtﬁﬂfﬁ@e{cﬁé’d‘nﬁ:@fgﬁ%?’ﬁ&?ﬁcﬁw%&h%éﬁlaﬁé £&fhinRk i breaking up

the polyner wt e optiona on of“‘oxygen to the etching gas m xture.
Furt herl0 i n hydagen mrdlyﬂrwaﬂwpngasﬂseddadlw the plastianisisigen carf be imeorpomatedd f eat ur e,

t he oxygen r.empves enou h of the t sidewal I s of the
et ched opeHPﬁg@Ro&’rﬁV ffgtsslt lﬁlartiipél%PH‘%B ﬁte%h?P THES dewal | s
whi ch ot her a§§1ch@9uﬂgan@sauaadedqhmﬁu@ﬁﬁg gaBfthé Ek%oﬂbﬁh%hs@@ﬁj’hdﬁgﬁnﬁéld t hus

prevent conpl ete etching of
the plasma.

[0031] The polymer build-up can be reduced by the synergistic effect of

15 breaking up the polymer with the optional addition of oxygen to the etching gas
mixture. Further, in order to preserve the critical dimension of the etched feature,
the oxygen removes enough of the polymer build-up on the sidewalls of the etched
openings to avoid excessive build-up of polymer on the sidewalls which otherwise
could cause “pinch-off” of the etched openings and thus prevent complete etching of

20 the opening to the desired depth.
[0032] The optional addition of an oxygen-containing gas to the plasma etch
reactor also helps prevent excessive polymer build-up, which contributes to “etch
stop.” Etch stop is especially problematic during plasma etching of deep and narrow
openings in dielectric materials such as silicon oxide using gas chemistries that form

25 too much polymer, i.e., polymer-build-up in the opening prevents further etching of
the silicon oxide. In the process of the invention, the polymer build-up can be
mediated by the synergistic effect of building up the polymer with the fluorocarbon
and breaking up the polymer with the oxygen in the etching gas mixture. Oxygen is
preferably supplied to the plasma etching reactor in amounts effective to prevent

30 etch stop by reacting with polymer at the bottom of the etched openings.



20 the opening to the desired depth. [0032] The optional addition of an
oxygen-containing gas to the plasma etch reactor also helps prevent
excessi ve pol yner buil d-up, which contributes to "etch sﬂdbDEﬂaﬂWBstop is
especi al |y woobh@gmti c during plasma etching of deep and narrow openings in
dielectric materials such as silicon oxide using gas chemPsiIygse¥i1gdiat f orm 25
too much polyner, i.e., polyner-build-up in the opening prevents further
etching of the silicon oxide. In the process of the invention, the polymner
buil d-up can be nediated by the synergistic effect of building up the
polymer with the fluorocarbon and breaking up the polynmer with the oxygen in
the etching gas m xture. Oxygen is pneferably supplied to the plasma etching
reactor in anmounts effective to prevent 30 etch stop by reacting with pol yner

at the bot t {033}l t Mecedtizas a PRFGkdIGIbodinDE Ge2Mind¥RaPBé ARiEd 1DMPCT/ US03/ 18791
-11- [0033] According to a preferred enbodi nent, the silane may be added to

the pl asneplameetehorgaston atatiloy mienf03dp d 0 sgonp agd the Hhpostssiigcaden geshe H2, or
hydr ocar bonm%ﬂﬁe adBd ta’fe ?ﬂgﬁg efcfl rdald rﬁjagacfsW{agé (gfhl {o%ggs}%dﬁ% 8?(%11 pwrate of 1

to 30 sccm e anount o orocarbon e su e pl asma
react or shoof fthobarboh ighciodrtsupplied tathbipRu@a tdactof suldisk shéfiae tof

pol ynmerj zati on and etc ate. _-The fl uarocaybaon gas y be _added to the
pl asma }ét ch? E’é{EB’Srde%}fe egreg Rl p&y@elaqaugn g:g{e}_g}bra %e%r%?ﬁrbo’éﬁ%ﬁml e, in a

medi um densjbybPidRaT he 3sMh etch AichoPh! fidv HRE OCPHLNOD 638 Ad4h e supplied in
anounts of 3 to 100 sccm preferably 5 to 30 seem and nore preferably 10 to

25 sccm  10e4agpB4in apmediomaiensity njesmageastorhe tedal fluprocadien gas eapbeonal
oxygen- cont ai_nj. as _se t fromthe, group.consi st,i ng of .0 03, CO, and
oo SioBtin dRpun B £ Fb bR R-bRp BLOSRS0R. Al e Bl "ot Hor R

Kr, Xe and fgto28nrdcil Xtures thereof, the oxygen-containing gas being
supplied to the plasma etch reactor at a flowrate of 0O to 500 seem and the
inert &&s b0y supgpeictshant@as epa fgrthes incluse ep opléenel ofyegp-cantPiniy £2% rate of 5 to

pol ymer | 21 i e (Y S Ren AR 19, COLBACS; S BRGNS (he use of
a conbi nat setasted fromx the heupaohsistivigndg HeyiNe, iy Ke anduAbhand adrtusss thengpf,r eact ant s.
The the oxygen-containing gas being supplied to the plasma etch reactor at a flow rate of
0 to 500 scem, and the inert gas being supplied to the plasma etch reactor at a flow
15 rate of 5 to 1000 scem. Although hydrogen containing fluorocarbons are quite
polymerizing, the degree of polymerizing can be controlled through the use of a
combination of oxygen-containing and fluorocarbon-containing reactants. The
oxygen-containing gas can be'supplicd to the plasma etching reactor in amounts
effective to cut through polymer at the bottom of the etched openings. In a dual-
20 frequency reactor, each frequency can be tuned appropriately to obtain a high etch
rate and good etch stop window. For a reactor which forms a medium density
plasma, in the case where the oxygen-containing gas comprises O,, the O, can be
supplied to the reactor at a flow rate of 0 to 100 sccm, more preferably 0 to 40 scem,
and most preferably 10 to 20 scem.
25 {0035] The etching gas mixture also preferably includes Ar as the optional inert
gas. However, other inert gases such as He, Ne, Kr and/or Xe can be used as the
inert gas. In contrast to a high density etch reactor operated at low chamber
pressures, in 2 medium density plasma reactor argon can be supplied at higher flow

rates into the reactor in amounts of 100 to 500 sccm, preferably 200 to 400 scem.



oxygen-cont ai ni ng gas can be supplied to the plasma etching reactor in
anounts effective to cut through polyner at the bottom of thgwpéﬁﬁgd
openings. In a dual 20 frequency reactor, each frequency dan b 2iied
appropriatqbﬁo%ﬂngBtain a high etch rate and good etch stop wi ndow. For a
reactor whic orims a mediumdensity plasm, in the case Palidises/18ha
oxygen-cont ai ni ng gas conprises 02, the 02 can be supplied to the reactor at
a flowrate of 0 to 100 sccm nore preferably O to 40 sccm and nost
preferably 10 to 20 sccm 25 [0035] The etching gas m xture also preferably
includes Ar as the optional inert gas. However, other inert gases such as
He, Ne, Kr and/or Xe can be used as thg inert gas. In contrast to a high
density etch reactor operated at | ow chanber pressures, in a nmediumdensity
pl asnma r eacti¥iné@t gRHréoAbEGIGURPbtieetelind i @ie th kiderindbehebRide t he reactor
in amounts of 100 to 500 seem preferably 200 to 400 seem 13 DEC 2006 WO
03/ 107410 Pagchspahagtivationof polymegespepies at thpaeictpirentaf she foatateds t he oxi de

etching rat et ering.of i ] jvation of

ol yror spdtt B8 o TpR B SRk ook IRk Ry GRETATip ML

si | ane- contaided toghgplasmbytdh egetor ancktandaloyelgacar Baprgdiutedynhitigre, mdded to the
pl asma etch reactor a st andal one gas, .qQr as . a pre-diluted m xture, in 5
conbi nat i orFOW%("FimPP Wé&‘éﬁ‘&%’ﬁ O, PRYHBCOBLRIBG. AR gT IngH gptss. Thestehaghses. The
etchant ¢ i a S - W) HhSe gen and/ or
hydr ocar bo?\@Sggﬁ&gﬁgﬂdﬂeggﬁgg@b&gﬁﬁaﬁé %%’g?}g?({%g a??/ggvhr at gr ﬂr%é%? g of the

si | ane- contanidni fhgragadon @as Where thedlovbrate rgtas of the bidms-cohtaiming gagtpual to 0.1, or

the flow rate ratio of.the hydroge d/ qr dr ocar.bo s.to fluorocarbon
gas is Iesgﬁ‘foﬁ%cﬁ“bé’rn £a% (7 4PSS¢ rg&#@?gﬁ e%‘(’:ﬁ’? 'aﬁﬁ‘:’?g‘%ﬁ@"gﬂbenti on, the
si | ane- cont @idnir Agd@adborydte aasroauibinGias i¥dnRmarkgialagnd.soxygen- cont ai ni ng
gases are preferably added in anmounts effective to control the profile of
the et thed P83tlur e Acroydingde therdevention; thegsilana-¢ontpining sasbldrogesfand/or

si | ane- contaj4ni Qgen: I S - cont ai ni ng
gases rel at@ggdc?%‘)?%édg %;?;8% - I‘% S%Sgarrg%%&gégﬂa?glﬁlsa@%%tssi gt%{%o form

strai ght 15opontdlltiesprofile dfithesctehng atird) eFqriindtance byadfusting thoamoust ofi gni fi cantly
tapered, instead the bow, of the @/roLi e is eli m'cll"lat ed. As an exanple, a

t aper ed Opéﬁ]@ﬂf@c%qlmng@ag,ﬁygqog@an or hydrocarbon gas and oxygen-containing

gases relative to the amount of fluorocarbon gas it is possible to form straight

15 profiles. In this case, the profile does not become significantly tapered, instead the
bow of the profile is eliminated. As an example, a tapered opening varying in size
from 0.3 pum at the top to 0.1 pm at the bottom can be formed using an oxygen-free
etching gas mixture of C,Fg, SiH, and Ar. For straight openings, the preferred
amount of the fluorocarbon gas is at least 10x the amount of the silane gas and the

20 preferred amount of oxygen-containing gas is preferably 5 to 40 scem.

[0038] The invention overcomes a problem with prior etching techniques by
increasing profile control during etching of openings having high aspect ratios. In
order to obtain openings with straight sidewalls it is desirable to control the oxygen
addition such that enough polymer is present to avoid or minimize bowing and

25 enough polymer is removed to avoid the eich stop phenomenon. With respect to
polymer removal, the effect of the oxygen is balanced by the silane-containing gas,
hydrogen and/or hydrocarbon gas addition. For instance, when using Sitl,, Hp, or
hydrocarbon gas it is possible o provide adequate sidewall passivation of the etched

opening, i.e., provide polymer buildup of a desired thickness and composition.



fromO0.3 mat the top to 0.1 .tun at the bottom can be formed using an
oxygen-free etching gas m xture of CAF8, SiR4 and Ar. For straight openings,
the preferred anmount of the fluorocarbon gas is at Ieast1|30ﬁ§{~hggﬁmunt of
the silane g§g$%s othe 20 preferred anmount of oxygen-containi g gas is
preferably 5to sccm [0038] The invention overconmes aRSABEPER Wi th prior
et ching techniques by increasing profile control during etching of openings
havi ng hi gh aspect ratios. In order to obtain openings with straight
sidewalls it is desirable to control the oxygen addition such that enough
polymer is present to avoid or mnimze bow ng and 25 enough polyner is
renoved to avoid the etch stop phenoner®n. Wth respect to polyner renoval,
the effect of the oxygen is bal anced by the sil ane-containing gas, hydrogen
and/ or hydr cootdarglydy seldctivelyoidjustiag the 05 taad 11, MA) @R hydrbétgbon dad flok, or
hydrocarbon gas. it is IDoss' ble to gor ovi de adequate sjdewal | passivation of
the etched TpeHisRpssipledo obtainsiraight andnoraw bighi aspers rasio operiass. r ed t hi ckness and
conposition. DEC L o= 13- i ngly, by
cel oot vely 1o hst g TRE Sy iribogfhiph B Hpi et i hienc bR K oo’
i s possi bl e cousighofsilans t Haweplet, ofired siteae-containinglzasssacing tiat generapeni ngs. [ 0039]

According tq an.e i ment t he .invention, .the si| ane-coptaining gas
consi st§ of %ﬁ%%%ﬂb\ﬁé&éﬁﬁﬂ%rbeé??@hgmgiSﬁf’ﬁﬁmﬁg@é@lﬂ‘&vi ng the general
5 formul a Sggh(%ﬁ‘}' X, TtQyill Bt Apffarent to 1B sRRllell H b it it tRATJV AlidsYoraiabSti tuted for

silane. [0040] It will be ‘apparent to those skilled in the art that the flow
rates of t he&ariQusrgasssvillaispendyinifhcters peahds e Sizemf dhessubstrdte, dlwe typeofsi ze of the

b , f h ' h
orossure | ntREnFRE e BoRE e e Hedappih BB h B oS ma sour ce. et c

10 [0041] Thiissbdiattntrarfotheyiasiassourde; @cess for plasma etching 0.3, especially
0.25 mand snaller high aspect ratio features such as vias and contacts in

di el ecthdi ¢ [P0413, s Themvemtionprovidss apxgeges freplasma gehing A3 cesnerialbo? 25 ubst r at es.
In the proc SRSl : LA |_LQr n .
si | ane- cont glﬁ]?\%% gas?%ﬁ%@ﬁﬁgﬁéﬁ%@ Sﬂﬁ]y%rvg%fgggéﬁgéalss%rogﬁlg?né%t s preferably
i's chem cal llyyeeswnch b siticonixddedayeba@semidontigetorlsubdutdsn @n the@reesha ng process

08 8RB

t he fluorocarbon and si| ane:cont % .
gas mixture containing fluorocarbon an cohtaining gas, hydrogen and/or

hydrocarbon gas reactants preferably is chemically energized into a plasma state.

15 During the etching process the fluorocarbon and silane-containing gas, hydrogen
and/or hydrocarbon gas synergistically react to create carbon and silicon rich
polymers that deposit on top of the photoresist and negate the ion bombardment and
chemical etch effects on the photoresist.

[0042] The plasma can be produced in various types of plasma reactors. Such

20 plasma reactors typically have energy sources that use RF energy, microwave
energy, magnetic fields, etc. to produce plasma etch conditions. For instance, a
medium density plasma could be produced in a parallel plate etch reactor such as the
dual frequency plasma eich reactor described in commonly owned U.S. Patent No.
6,090,304, the disclosure of which is hereby incorporated by reference. Preferably,

25 an RF bias can be applied to the semiconductor substrate during the etching step. A
medium density reactor can produce an jon density of about 10" ions/em®. The
method according to the invention is useful for multiple or single wafer p_rocessing.
[0043] The plasma etch reactor preferably comprises a medium-density parallel
plate reactor, triode reactor, or a dual-frequency capacitively coupled plasma reactor

30 including an upper showerhead electrode and a botiom electrode, RF energy being



and/ or hydrocarbon gas synergistically react to create carbon and silicon
rich polynmers that deposit on top of the photoresist and negate the ion
bonbar dnment and chenical etch effects on the photoresigt. aigqgah The pl asnma
can be produced in various types of plasma reactors. Such pl asma reactors
typi cally have energy sources that use RF energy, mcrowave energy, magnetic
fields, et VP 8duce plasma etch conditions. For instaReEUS&18WEdi um
density plasna coul d be produced in a parallel plate etch reactor such as the
dual frequency plasma etch reactor described in comonly owned U.S. Patent

No. 6,090, 304, the disclosure of which is hereby incorporated by reference.
Preferably, 25 an RF bias can be applied to the sem conductor substrate
during the etching step. A mediumdend#ty reactor can produce an ion density
of about 10" ions/cnB. The nethod according to the invention is useful for

mul tiple or sajppljd:daatmb diffepend freqeencigs to eftbér4lgd boktoe ¢leasida oehtchifferemct or
pr ef er abl y C di um densi par llel _plate reactor, triode
react or, ﬁ{gg Se??@(#%ﬂwleééﬂ) %%I“(Fé @L?ﬁ §|ba§?m efesieden 30 i ncl udi ng

an upper sho%r BEbLIeS t ing WD
Sa110ba10° paXeCaRAM A, AC bt 14e‘§ﬂge€eﬁ°§§%a°?ﬂ%°3%‘%§f‘f°9§?‘é Rop ?(@%&%Cﬁs to either

t he bott om eteaeior Guidawe a peweted shomerhead ¢lpotside andla pewared béttagelestoides t o t he

eactor 15 alESpaRi g R B RINGS o AdhostolS of RF SplaRely b "have o

power ed shomw&maaeafda%é@gm@ﬁed mm@%O@WaMﬂIQ%@E ctIh@@al 5 the shower head
el ectrode being supplied 500 to 3000 watts of energé and the bottom

el ectrode beftpijeBepishetethebigh [ﬁ@qmgns%qetc@n@plsme emisirydielthel  frequency
reactor the gﬂﬁﬁar{c%%ﬁé’;?:%& stﬁt‘%‘é &:?es?& v\# @.L: :fc{vﬁﬁ@(ﬂ %c%Q%H&aEMé ibd - € the

abundance of exci te species re guency source controls
the ion eneergeyg;((l c&ccd&ﬁad)mmfabmantoahe slmstsat‘t)nthosﬂcheeﬂtdas,tnr1atla)rab]bn such
react or able 10 to, mai n ain t bet n.the top el ectrode

d
and thef%ot t @?ﬁl@n@ﬁ%a@ e RS 19g © ee‘ﬁgiesaé@t%gkﬁ) ARy TR G SEPIRBE 2t o
di stance of a@@eﬁman&c&d;s@osﬁa@ma&@@ﬂédo%mtqw@wﬁy pl asma reactors

operate at higher chanber pressures and dissociate etching gas chem stries
to a | esser Hodéht tMede@:ﬁ@@Mmﬁyeaptoemmrater gdeghor shanfber piesmteance, in

medi um densi gﬁ’d cﬁés%gig%ae etc %?ncgt g%rs %hemelgt%gsl t%gd lgs%greesxtesn%l&an glgh density plasma
- reactors. For instance, in medium density plasma reactors, etching gases such as
15 C,F; may dissociate in stages as follows: C,F; - C,F; = CF, - CF + F. Due to such
gradual dissociation, it is possible to achieve a higher etch rate of a dielectric layer
and a lower etch rate of an overlying layer such as a photoresist or hardmask or
underlayer such as an etch stop layer. The ratio of such etch rates is referred to as
the “etch selectivity ratio” and the high selectivity ratios obtainable in medium
20 density plasma reactors promote complete etching of contacts, vias and conductor
patterns. In contrast, in high density reactors, the instantaneous dissociation of
etching gases can lead to low selectivity ratios due to the higher etch rates of the
masking layer and etch stop layers. For example, in high density plasma reactors,
C,F, dissociates directly to free fluorine and the high content of free fluorine causes
25 such rapid etching of the masking and/or etch stop layers that the etch selectivity
ratio is unacceptably low. .
[0045] The reactor pressure is preferably maintained at a level suitable for
sustaining a plasma in the reactor, In general, too low a reactor pressure can lead to
plasma extinguishment whereas too high a reactor pressure can lead to the etch stop

30 problem. For medium density plasma reactors such as a dual frequency capacitively



15 CAFx may dissociate in stages as follows: CAF$ C2F8 CF2 CF + F. Due to
such gradual dissociation, it is possible to achieve ahj e rjﬁjlggch rate of a
dielectric layer and a lower etch rate of an overlying'‘lvayérs g4¢h as a

phot or esi s{__or rdmask or underlayer such as an etch stop layer. The ratio
of such et R“P‘QF@S’ is referred to as the "etch selecti vi]f(s"?@%‘/ilgm and the

hi gh selectivity ratios obtainable in nmedium 20 density plasna reactors
pronote conpl ete etching of contacts, vias and conductor patterns. In
contrast, in high density reactors, the instantaneous dissociation of

etching gases can lead to low selectivity ratios due to the higher etch rates
of the masking layer and etch stop | ajérs. For exanple, in high density

pl asma reactors CAF8 dissociates directly to free fluorine and the high
content of fgeasslerietehreastor.theisaeionis pefernbly abi preesursheley 360 mAermsaekasng and/ or

et ch st op | aygpsiol iale: UHS. B SR SeLAGLE X i LIS lNREGER] 20!y | ow [0045]

The reactor pressure 1I's preferably naintalne eve "t abl e for

sust ai ni ng aurdeR®ifg dichirg) thev@asinOpresshift af eHesubdtratel suEfateOma@bd Eghdralianpr essur e
can lead to _plasma extinguishnent whereas too high a reactor pressure can

| ead to the BfFREMIIessIresEHBE Emthemsactorséigw Hic PEsETE pt e §ehslatesBddSr s such as
a dual fgequgnein @ﬂé&@bité{?d)(yméfoﬁ[g%,ﬁﬂo\%@ 07410 PCT/US03118791 -15-
|

coupl ed etch reactor, the reactor preferably at a pressure bel ow 200 niorr
such as 20 [0046]0 mThe subsibete seEpop sappretingthé semsnwmiuctat sublsratsemi conduct or

substrate undergoi ng.etchi t he. vacuum pressure at the substrate surface
may be hi gheV UEFEIE SRS RIEhI Rl dRs wosks ogeh (oTeveat FBEOR S ot he
pressure at feh&ichl Bischadbemfig dfageploteredistioateesubstaie &6l fotmdifdd ofTorr, e.g., 45
to 65 mlorr. [00461 The substrate support supporting the sem conductor

substrate uwfissitablergactant BRyrgdiseles byraesiym density plasea seastors, siesufieiorth t o
nggfp;%@egﬁgecpthﬂé site F&p%gjﬁgb 9&%%%*5%%%{5-2'6% Re§E Offy & | C%@is‘ﬁfa resist on the

ormat1 on o esir € reactant gas ra n nmedi um
density pl asplasmeration @ trivde tiype wadtdd the substrddsipport oat inkhie sbbsdmat e support to

ype. ¥ eact or SeHEde s B e BB 1 B SRApsABHaE BECPSIE BHERAOas for
suppl yi ng ang&F s dsnplifls B uiRUBR! Fet Safiple, B8 sPEsB6RTE B8mbiRM2gcognd an
wafer which is elecirostatically clamped and cooled by supplying helium (He) at a
15 desired pressure between the wafer and top surface of the ESC, as disclosed in U.S.
Patent No. 5,609,720. In order to maintain the wafer at a desired temperature the He

can be maintained at a pressure of 5 to 30 Torr in the space between the wafer and
the chuck.
[0047] The dielectric layer can optionally be patterned with any suitable

20 photoresist. A commercially available 248 nm resist, for example, may be spin
coated on the dielectric layer. The thickness of the 248 nm resist during the etching
step may be 500 to 1000 nm. Alternatively, a 193 nm resist may be used. The 193
nm resist can advantageously support 0.18 micron, 0.15 micron and smaller design
rules. The 193 nm resist, which is typically about 100 to 500 nm thick, is more

25 sensitive to the plasma‘, etch chemistry. Thus, the etch process must be highly
selective to the resist in order to prevent loss of pattern fidelity due to faceting of the
resist and/or resist breakthrough prior to completion of the dielectric etch.
[0048] Artifacts such as sidewall deposition, sidewall bowing, microtrenching,
and mask faceting typically accompany the etching of small features in dielectrics.

30 Striation formaition on resist sidewalls, for example, can occur during plasma



ESC for clanping the substrate. For exanple, the substrate can conprise a
silicon wafer which is electrostatically clanped and cqo;:g %(E{b}fﬁf&}lppl yi ng
helium (He) at a 15 desired pressure between the wafer and top surface of the
ESC, as disclosed in U S. Patent No. 5,609,720. In order to maintain the
wafer at a“R&WMtenperature the He can be maintai ned BETHSEH8®Eure of 5
to 30 Ton in the space between the wafer and the chuck. [0047] The
dielectric layer can optionally be patterned with any suitable 20
photoresist. A commercially available 248 mm resist, for exanple, may be spin
coated on the dielectric |ayer. The thickness of the 248 m resist during the
etching step may be 500 to 1000 nm Aljgernatively, a 193 nmresist may be
used. The 193 nmresist can advantageously support 0.18 mcron, 0.15 mcron

and smal | er drBingnStriatibrsan MdAulhB3Ihé féﬁtufeecﬁfﬁﬁ andWBddsB deSraliatRhGdbliticafbout 100
to 500 nmthick, is nore 25 sensitive to the plasma etch chem stry. Thus, the

et ch process difigssioneSthiption prmatiqnean alse be decrgpsed asingreasing thegmoothoespr event | oss
of pattern fl:f‘t‘ﬁla'}ésﬁétdue to faceting of the resist and/or resist breakthrough
prior to conpletion of the dielectric etch. [0048] Artifacts such as sidewall

deposi tion, Hodghal IIf divedighe substrand capriadludegin antiredleiidkcohime ARG ypi cal |y
acconpany the etching,of small features jn _dielectrics. 30 Striation

formati on on @QPS $MP$E§,t° fesicesedpqhior bagksintodhe pRoteRspistirPEasma r Du
z.y360 ~,  DEosirela iiﬁo&?ﬁ%ﬁ%&;ﬁ%@]ﬁﬂo@géﬂ%ﬂﬁﬁhdg%&% slghghhng. Striations

can nodul ate the feature ead to degra critical
di nensi on. Spatteat dpfmpehingsmtthoformad vk sotrdnehatdfomeaisie thdyphotoresitatheg t he

snoot hness he.resist.,]0049] .1f_ desired he.substrate can include an
antireflecti %CE:C&EPFW fmﬁpj@“?a%erlfl flf?graéﬂhyder?‘iﬁ?é}t’%ﬁ‘@sn?’§'gp§es@]ﬁ'?f’ Pedite
reflection baﬁl@ﬁhlrﬁoﬁlphbﬁgraﬂ%gahﬁqdog&n&lurcbxﬂﬁomﬁxlqtﬁ@m bdh B ik beeaphy step
and allows better pattern reproduction such as a pattern of openings in the

form of 1¢i ass@hstrate enleave 8 degireddbickuess, ke SAG Ylewnst . The ARC can be any
material confiot] ng HAnd Fnd el HE AR Ao oo AR B82S0 on the

high aspect ratio features such as conductor lines, vias and contacts including self
aligned contacts (SAC) in dielectric layers on semiconductor substrates. In the
process, a gas mixture containing fluorocarbon, oxygen, and silane-containing gas

15 such as silane, H,, or hydrocarbon gas, with an optional gas such as an inert gas
(e.g., argon) is energized in a plasma etch reactor into a plasma state such that the
non-inert reactants are at least partially dissociated. During the etching process, the
dielectric layer is etched by fluorine containing species and the silane-containing
gas, H, or hydrocarbon gas form a carbon and/or silicon-containing protective

20 polymer on the top of the photoresist/hardmask and on sidewalls of the etched
openings. The silane-containing gas, H,, or hydrocarbon can cooperate with the
oxygen-containing gas to balance polymer build-up sufficiently to protect the
photoresist and sidewalls of etched features while avoiding pinch-off and etch stop
problems due to excessive polymer build-up. In general, silane-containing gas, H,,

25 or hydrocarbon gas can be used to form polymer on the top of the resist/hardmask
and in the etched openings, and oxygen can be added in an amount sufficient to
control polymer buildup on the sidewalls of the etched openings. The advantageous
effects of the invention can be achieved in a dual-frequency medium density plasma
etching reactor by supplying silane-containing gas, H,, or hydrocarbon gas and

30 fluorocarbon gas reactants to the plasma etching reactor at a flow rate ratio of



10 substrate to have a desired thickness, e.g., 60 to 200 nm [0050] In one
enbodi nent, the invention provides a process for plasma e%shﬁng nﬁgﬁgh aspect
rati o features such as conductor |ines, vias and contacts't dt g self

al.i gned cont acts SSAC) in dielectric Iayers on sem conductor substrates. In
the proce¥ % nmixture containing fluorocarbon, oxygBRI/USRA8791

si | ane- cont al n| ng gas 15 such as silane, H2, or hydrocar bon gas, with an
optional gas such as an inert gas (e.g., argon) is energized in a plasna
etch reactor into a plasma state such that the non-inert reactants are at

| east partially dissociated. During the etching process, the dielectric

| ayer is etched by fluorine containing-18peci es and the sil ane-contai ni ng
gas, H or hydrocarbon gas forma carbon and/or silicon-containing protective
20 pol yner  osilanbeontaipingfgat hﬂﬂmmm%hséﬂmhoﬂmskr afiow oate sitidefd, bs of t he

etched open The sijl ne caont ai n or hydrocarbon can cooperate
with the b}g‘&?ﬁ&‘tﬂ%&ﬁﬂ Wa%%‘?(gﬁg‘aeﬁol ymer build-up sufficiently to

prot ect the [R50 orq‘ﬂeﬁnomdof%n V%Haﬁm@ga‘?ﬁﬂ@fj}\xiecﬁgég]\%cﬁigrX"g;:;ﬁficg@é/rp' d'| ng

pi nch- of f and et'ch stop ue to excessi
general , sil gasesmfﬂr@Mcm@@ad;&thﬁ:mmcmunhghdrsueafﬂmwfeagassbangd:teheldsed to form

pol ynmer on the of the.resist/h i n| ngs, and
oxygen can b%“da‘h%lﬁh“f’%m%‘ﬁl%&%ﬁﬁ‘} %’F’ﬁqgf”ﬁ%?tcp%d 1%6 d’zh nﬁw | dup on
the sidewal | &r% fdatiRe Sikést1eR oRPEMI 1D Sseded OHratdtAnd AGSAUIS of BefeBbe Of the

i nvention can be achieved in a dual -frequency nediumdensity plasma etching

reactor by sOpPngsniorsdielastac materiglsivhich agaless lnzctWGrtowémﬁ:mlm gas and 30

o ocar o S SRENARNS O MRRITTEISVIGRIRRARE BLcR b on rate ralic

f 1 uor ocar bonragasnayfbeQeduced. Hewsvyer, Qhe @x ngtlroa:taebe aigher fof dielecivic layledr ocar bon
gas to fluorocarbon gg%sq_g 0.5 or Lﬁé)OSg The anpunt of
G

si | ane- d®nt aP?ﬂEr‘%’@m%Q Pa%tradHSWGF‘%é 58 nd oxygen gas is preferably
controlled ':Tg) ke iy 3% o&a%ﬁ a%ﬁnﬁfcaﬁQ&h‘gﬁ%{ﬁ#l%ﬁapﬂbwgat&l&fhed 5 and

the filmconposition the material being etche i nstance, when etching
| arger featubdo H]OZSEsmllas&rabby@mﬁQ$cmwdenbreprqﬁaraiﬂ¢6ttoﬁﬂecm dilsat | s of the

gt)lcgfrgr open at]ngoe suplg)hed at ﬁlo&‘r%gt[aé ks % eerI s%clzrrsl an HC ﬁyrd?ocaebso% grase 9&%th ve toward the

supplied at flow rates of 1 to 30 sccm. As an example, the oxygen reactant flow rate

15 can range from 5 to 20 sccm when C,F,H, is supplied at 5 to 30 sccm, and argon, if
supplied, can range from 100 to 600 sccm. In another example, the C,F H, is C,Fq,
the oxygen containing gas is O, and the C,F; and O, are supplied to the plasma etch
reactor at flow rates having a ratio of C,F;:0, of 0.5:1 to 3:1. In an additional
example, the C,F; and O, are supplied to the plasma etch reactor at flow rates to

20 avoid etch stop during etching of the openings in a SAC or dual damascene
structure. The O, can be supplemented or replaced with other oxygen containing
gases such as CO. For instance, CO can be added to the etch gas at a flow rate of 50
to 500 sccm. Furthermore, the H, or hydrocarbon can be supplied at a flow rate
equal or nearly equal to that of O,, such as 1:1 or 1:2.

25 [0053] - Inone example, a dual frequency plasma etch reactor (such as the
Exelan™ dual frequency capacitively coupled oxide etch system available from Lam
Research Corporation, the assignee of the present application) was operated with a
top electrode power of 0 to 5000 waits, preferably 1000 to 2000 watts, and a bottom
electrode power of 0 to 5000 watts, preferably 1000 to 2000 watts. Straight 0.18 pm

30 openings having depths of about 3 pm can be etched in about 5 minutes in a single



created in the plasma, such as oxide filnms with |ow | evels of doping, the
CXFy/ 02 ratio may be reduced. However, the CxFy/Q2 ratio,can_he, hj.gher for
diel ectric layers 10 containing hi gher dopant additions, $uchtasi¥sr BPSG

[ 0052] &yg@y Zln?ﬁfl uorocarbon reactants can each be supplied at flow rates
of 5 to 100 Y& preferably 5 to 50 seem and nore prefB¢HEPP/18 0 30 seem
Silane can be supplied at flowrates of 0.3 to 10 sccmand H2 or hydrocarbon
gas can be supplied at flowrates of 1 to 30 sccm As an exanple, the oxygen
reactant flow rate 15 can range fromb5 to 20 sccmwhen CF,HZ is supplied at 5
to 30 seem and argon, if supplied, can range from 100 to 600 sccm 1In

anot her exanple, the CFA 'S C4F6, the-l@ygen containing gas is 02 and the
CaF6 and 02 are supplied to the plasnma etch reactor at flow rates having a
rati o of CAF6ep¥itbfthdchambet preSut.sel at about 4l diTorpomd or WXasithesledthdeCAF6 and 02

are supplied_to the.pl tch_reacto flowrates to 20 avoid etch stop
during et chi RGVEF ¥ IQG@Fﬁﬁﬁt%lﬁz%O@b V@ pt %%(@s&%%an‘&h%ture. The 02
can be suppl gffbieast 300 sdcBPAARALMT, N . PERBYI SIAX 98 PO ERIPE Bm BAGRS Ssuch as

CO. For instance, CO can be added to the etch gas at a’flow rate of 50 to
500 sccm FulfBeimBde, the H2 or hydrocarbon can be supplied at a flowrate

equal orcnea qual. to a f u s 1:1.or 1:2.. 2 0053] In one
exanpl e, Ja dee(l}?g 4fr ea}l}%lhr(e:@E'Ellg%%ﬁtegﬁecﬁfefégéﬁﬁe a(déﬁ’c‘?ﬂ aa%orihﬁg?o el anTM dual
frequency capmeedsioV He)ineatiph eFigerei1d @nRirebs S SbRE ¥Rploil Sotfindiam Research
Corporation, the assignee of the present application) was operated with a

top el ect r odBSIpdHhePmpATatiyercichsime ixtutervdiichyjass aptintlydeltipoe whilobigoredt t s, and a
bottom el ec J . . Y. 00.t 000 watts.
Serai gnt 0. 1S anBRAREle R s dct Bt At M sl bR OB VBB o0
about 5 m nuttebed in aacadangt evith the ffoceds actording to the ¥enfidh. 1 i/Fhie PeH US03/ 18791
-18 step.wth the. cha r pressure set at about 15 norr, one or. both of the
el ectroﬁgs EJ(‘?_@%FE‘ z n?ﬁla‘fgégo ?@mgﬁs;wawalaﬁ whem e\ﬂéﬁlﬁ_t“g‘%ﬁt"hz MHz, using
an etch gas w%&‘atrHé&oﬂffo&QBu%Eﬁmué%in§siﬁﬁ@'§ie9%vith]thesc}§a%@} pleddiredet & Seem C. HY

or 5 seemH and 15 seem CA
about 50 mTorr, one or both of the electrodes powered with around 3000 W total

power, 100 to 300 sccm Ar, 5 to 20 scem O,, and 5 to 20 scem C,F,. In Figure 1b, a

dielectric layer 6 having straight openings 8 was obtained using the same process
15 with the addition of 0.5 to 2 sccm SiH,.
[0055] The effect on the 193 nm photoresist of the same process conditions is
shown in Figures 2-3. Referring to Figure 2a, in the absence of silane the post-etch
resist 20 exhibits a distorted, wrinkled appearance. In contrast, as shown in Figure
2b, the resist 22 is markedly less wrinkled with the addition of silane. Furthermore,
20 referring to Figure 3a, the absence of silane produces a rough post-etch resist
surface 30 while the addition of silane results in a smoother resist 32, as shown in
Figure 3b. The addition of silane to the reactive gas improves selectively to the 193
nm resist by more than 25%, preferably more than 35%, as compared with a silane-
free reactive gas mixture. Similar results can be obtained with addition of either H,
25 or hydrocarbon gas in place of silane of with other silicons containing gases.
[0056] The process of the invention can also be carried out in a parallel plate
plasma reactor such as reactor 700 shown in Figure 4. The reactor 700 includes an
interior 702 maintained at a desired vacuum pressure by a vacuum pump 704
connected to an outlet in a wall of the reactor, Etching gas can be supplied to a

30 showerhead electrode 712 by supplying gas from gas supply 706. The reactor



5 [0054] Figures 1-3 illustrate the effect of silane addition according to
the process of the invention. Figure la illustrates the bowed etch profile
obt ai ned when using a conparative etch gas mxture whi cH $qes ffifi ncl ude
si-l ane whi Fiqure | b shows an exanple of a dielectric |ayer having

strai ght o%@%?%@%}othe openi ngs being etched in accordanBETHB3H8Me process
according to the invention. In Figure 1 a, a 10 dielectric |layer 2 having
bowed openings 4 was obtai ned when the dielectric etch was carried out for
about 4 mnutes in a single step with the chanber pressure set at about 50
mlrorr, one or both of the el ectrodes powered with around 3000 Wtotal power,
100 to 300 seem Ar, 5 to 20 seemCa, al8-5 to 20 seem CAF8. In Figure Ib, a
dielectric layer 6 having strai ght openings 8 was obtained using the sane
process 15 wehambbhBE(eddibt ioperaied ada Gudl Gequeneeparidiflatd MO0&djindhe ef fect on the

193 am photoresi st of the sa rocess .conditions is _ shown in Figures 2-3.
Referring t offEAgEREnt yeherq %Erﬁﬂﬁlzg%g i ¢oupied do thertppclpgade showerhgadsi st 20

hi bi i . _ g
exhibits a él%éﬂd&?@lt%ﬂéﬁ“a}n@dﬁﬁﬁ@lﬁ%i t lrkﬁl'@. ?ﬁﬂ%g&gﬁnﬁ%%&wﬂ' n rigure

2b, the resist 22 is markedly |less ed wt t1Ton of silane.
Fur t her nor e, elg@radef7&8 isicogpledtori gooensl Riasourded 14 isenglea ekorsi REnmatchingduces a

rough post-etch resi.s urface,. 30 ile t dition.of silang results in a
snoot herssres?e_g\"'o ,Gaiugﬁ%mﬁgﬁﬂftﬁ?%ch%}b%T 4%88?‘?’#‘?5‘71“81%%‘} Bne to the
reactive gasgilolid. O @fedfiufl @&ikityShimd Qntba@edRRed Bthé Rt atWe ARARHARAN 25%
preferably nore than 35% as conpared with a silane- free reactive gas

m xture. Sinf40hy supplyingRIEeneraydramREispergesiOBh7 ddithd hawerhead eleatrode2 25 or
hydr ocarbon gas, 413 3 gl?xﬁelé%&oéé Jnt%.rb‘? i sh%&){ﬂezgdt 43%%@% ?if%rﬁioﬁga?q%h% fty N9 _JASES:

[ 0056] The process o e rnvention can als I'e %ar al | el

pl ate pl asngrousizdtand RFwnbrggat twealifferent f¥quadatesran be fuppliédtodhe Bdtnt eact or 700
i ncl udeiO an .nteri % &02 mai nt ai ned, at a desired vacuum pressure by a vacuum
‘0

punp 7040 coflfdtoded g5 Baey dcapagitiyelygoppled reagiarsan alsg pe ussde®iBng gas can be

supplied to t [ f s supply
706. The rea@’ta %&S%Qgggggg%%’gg)gﬁ@v%&g%}l %%%ﬁ?%lyw&t%ﬁ% 1‘%?8? eli@ﬁp&g‘é}charrber 700

can be oper af0887]as an dweddivin dapsién dyaldeaqadrice plagina eehpgoeets) avgordagr angenent
where a fir SEO t E|>: prsogéjsrs of m@?gvehﬁonctﬁé‘ Qtlcﬁ" gaté gelécg{erit)tf of) ph%ltoef‘gstisrtfﬂ%%.n%s 0%/(\)6 rhead
dielectric advantageously enhanced, the material integrity (resistance to ydistortion)
15 is reduced, and the smoothness of the photoresist film is increased by the addition of
silane-containing gas, H,, and or hydrocarbon reactants. Furthermore, the addition
of silane-containing gas, H,, or a hydrocarbon gas reduces the amount of bow in a
high aspect ratio contact. In the controlled dissociation environment of medium
density, dual frequency reactors, the smoothness and physical integrity of the
20 photoresist, as well as the profile of the feature being etched can be regulated by the
addition of silane-containing gas, H,, or hydrocarbon reactants. The addition of
silane-containing gas, H,, or hydrocarbon reactants results in the creation of carbon
and silicon rich polymers that can deposit on top of the photoresist and negate the
ion bombardment and chemical etch effects on the photoresist. Silane-containing
25 gas, H,, or hydrocarbon reactants may be added as a standalone gas, or via a pre-
diluted mixture, in combination with argon, oxygen, fluorocarbon, and/or
fluorohydrocarbons. The hydrocarbon reactants may be in gaseous or liquid form
before iniroduction into the chamber. The desired flow rate ratio of silane-
containing gas to fluorocarbon gases is less than or equal to 0.1. The desired flow

30 rate of H, or hydrocarbon reactant to fluorocarbon is less than or equal to 0.5.



el ectrode 712 through an RF matching network 710. In a |ike manner, the
bottom electrode 718 is coupled to a second RF source 714, 'Eﬂ%pu)g%a second
RF matching 5 network 716. Further, each of the RF sourcast 208; - are
coupled at _one end to ground. A nediumdensity plasma can _be generated in
the react o HBIVEIY substrate 720 by supplying RF ener gyp??fgﬁq%ﬁ%”%our ces
708, 714 to the showerhead el ectrode 712 and a bottomelectrode 718 or the
shower head el ectrode 712 can be electrically grounded and RF energy at two
different frequencies can be supplied to the bottom 10 el ectrode 718. O her
types of capacitively coupled reactors can also be used, e.g., reactors
havi ng only a powered showerhead or ont3p-powered by a bottom el ectrode.
[0057] In a nmediumdensity, dual frequency plasma etching reactor, according
to the procefds8F t HEheifoxegoing bas deberibet dhe principlesgprefetried epodifents and

hot or esi st/ har,d k t dielectric advan eousl.y .enhanced he, mat eri al
Pnt egrity (r @pgs[n%f?ggraggnaﬁt& BYEBTTS Hyv eqUon; Lsqaor S tle B EREOY ﬁg’msqlrﬂ?gp?ﬁness of the
phot or esi st Gédstfubdbas Begipdasied thihelgaticafd bhbaiimedkts disbdsse -8 tRe Ni ng gas, H2,

and or hydrocarbon reactants. Furthernore, the addition of silane-containing
gas, H2, or abevpdiesibed smbedinentsshpuddbea mearderasillusyptivomthenthan hi gh aspect
rati o comtac C I; LAt | t. dium density,
dual freguenr{:efnicggéc’{}g(rigﬁ%ﬁg%%5%%%@@5%58{3%32%( dégﬂ%qﬁ({ée%ﬁots %/mof t he 20

phot or esi st , embodigichts g wolleryykiiied if thefart Withoubddpdtting FRmnn theatedead tiean be

regul ated by the  addition Pf Si Iﬁgng;cont ai_ni ng gas, H21 or hydrocarbon

react ants. TRESHHvEntien srdetingd byfie idlovinefilsSgas, H2, or hydrocar bon
reactants results in the creation of carbon and silicon rich polyners that
can deposit on top of the photoresist and negate the ion bonbardnent and
chem cal etch effects on the photoresist. Silane-containing 25 gas, H21 or
hydr ocarbon reactants may be added as a standal one gas, or via a pre- diluted
m xture, in conbination with argon, oxygen, fluorocarbon, and/or

fl uorohydrocarbons. The hydrocarbon reactants may be in gaseous or liquid
form before introduction into the chanber. The desired flow rate ratio of
silane- containing gas to fluorocarbon gases is less than or equal to O.1.
The desired flow 30 rate of H2 or hydrocarbon reactant to fluorocarbon is

| ess than or equal to 0.5. ;7C 20 6 WD 03/107410 PCT/US03118791 - 20-



[ 0058] The foregoing has described the principles, preferred enbodi nents and
nodes of operation of the present invention. However, the mvenid n shoul d
not be construed as being limted to the particular er‘rﬁbalﬁﬁ t Bgl scussed.
Thus, the above-described enbodi nent s‘*‘shoul d be regarded as illustrative
rather than 5 restrictive, and it should be appreciated that variations nmay
be nade in those emnbodinments by workers skilled in the art w thout departing
fromthe scope of the present i Hakd$ G-AMERB;: ned by the follow ng clains.
13 DEC 2006 WHAT IS CLAIMED IS: 1. A nethod of etching openings in a
dielecfric SR tor substrate on a
substrtzlite shg%ﬁﬁ?d In al%?%%ﬁn%ﬁgaqu%%@?%%yéf%ﬁemﬁtrate havi ng a

di el ectric suppertingrgsemipendusionsubsitate on 8 shbstrategeppodrio Aglasmee eloh ssactdsohe t he

€1 €CkfitroldWibhio PUBREME Mk nd USaPLARI BN Fbeh 8061 G0y SRR ftne

conprisin 1) uorocar

si | anedlelmtrmlauen,g gas (iii) oxygen-containing gas, and (iv) an optional

. " . .
ess than of rLfidyo e phdina it reBbloP AT EN R e ERa F 2 LS EIRRR AR 00 °

and et &NFrytjzuphmelxgﬂ; o1, arhﬂezzcﬂ)edu)astaneccohta;rmg gast (fii) emywnecanhtqmm gagandt(ivand/ or
hardmask to djelectric layer selectivity and mninmal photoresist distortion
or st raRepinnal inge gasvhareindheratieof pilaneppataining,gas l@dlyioppcathanigagfs lesy hag apf

| ow k g@gaeﬁdghs with or without etch stop | ayers therebetween, the openings
are etched to depths of at least 2 pmand the CxFyHz forms a protective

si dewal |  pensrgeingdhe sichangasdnter niarmastaleeandpeni ngs; the sil ane-cont ai ni ng
gas maintains a desired concentration of polymer precursor species in the

Fdewal | porhis SPEXAE AR R i B h BN AL B oRbrPRY! ff rRR P et or
(r:g gg [ iofletecgrlcgzwlr séleetqttse Aoy minechl pl?]ntgraem:} délgtodmpamstrlauem wmmpltlmjclilgllce?iflggaeyer o
enor oy SRS 2 SR P BuelaRT I ER R B Plebh e B Bt SR S eSSt

el ectr opénimgs 41é etbhbl &6 8&ithd bf stllend LAeaRMHCTFY ?m@rm protdckiee sitenar head
el ectrode and bottom electrode. 3. The nethod’of Claim?2, wherein the

shower helgeedresitewalts of shesetppéd epri@B; the sBatbBcoamainmggas maintains a desired
concentration of polymer precursor species in the reactor; and the oxygen-containing gas
maintains a desired thickness of the sidewall polymer.

2. The method of Claim 1, wherein the plasma etch reactor comprises a dual-frequency
medium-density capacitively coupled plasma reactor including an upper showerhead electrode and
a bottom electrode, RF energy being supplied at two different frequencies to either the bottom
electrode or at different first and second frequencies to the showerhead electrode and bottom

electrode.

3. The method of Claim 2, wherein the showerhead electrode is supplied 500 to 3000 watts of
RF energy and the bottom electrode is supplied 500 to 3000 watts of RF energy.

4, The method of Claim 1, wherein an RF bias is applied to the semiconductor substrate

during the etching step.

5. The method of Claim 1, wherein the pressure in the plasma etch reactor is 5 to 200 mTorr

and/or the temperature of the substrate support is -20°C to +80°C.



RF energy and the bottom el ectrode is supplied 500 to 3000 watts of RF
energy. 4. The nethod of Claiml1l, wherein an RF bias is applied to the

sem conductor substrate during the etching step. 5. The nmethod of Claim1,
wherein the pressure in the plasnma etch reactor is 5 to 20D mlorr and/or the
tenperature of the substrate support is -98C to +80C. 3~V 6. Tlﬂe{:g mthod, of
Claim 1, wherein the openings conprise vias. contacts, and/or trenctes “8f% a
dual damascene, self-aligned contact or. self-aligned trench structure. 7. The
ot hodbor - ol IR HEoH e Blaih . e SUh BRI RGENas EODBSsy h COMBPReA P AR eB Pl g
havi ngdus dasbsdtine péd yalighed cofthctor eti-bRghedi@heh Btrtd@ire, M ddl e and bottom
critical dinensions of the openings are substantially the sane, and the
openi n%s have an aspect ratio of at least 5: 1. 8. The nethod of Caim1,
wher ei f t heTksp@athed of &laimd, whsreinpthespgnings aksi G Semopesmaligs sizédopenings having

subst ' ; ' RILOf ¥ o A ddl : riLl:

i oy st fiyyfard potidk er i3 S ohd Ppedhy £ BerRht BREISELNG . 1ave
an aspeaetsubstantiallp theasanme zad th®openings. havh@nrmsped datef of @t &dast 3,1. wherei n t he
dielectric layer conprises doped or undoped silicon dioxide, BPSG BSG FSG
PSG TEGCS, thermal silicon oxide or inorganic | owk material or organic
ove k it er 188 metod o CATB e P"ﬁhETQ"hE%SrOPSO'Ba? CARLY “Eb‘?{cﬁ!i'&?'f*wz‘?da‘&%ﬁ“' | ect ed
from t hayirf QubRtanEAIStSight BrobfesAlherdih tad, hildle afdlbotfdm @fiticdy imehbiond bf k! 0Y'S,
doped or undoped polycrystalline or single crystal silicon, TiN, TiW
si | i ci eR&NINGS arg subgtartighaing/semenend theareBipgs PR e AsPach eatigohatigasiu®: br
substrate including an optional stop |ayer and/or nmask | ayer selected from
silicog nitsy il - ' r i ShAk [ Lkl Lelectric
ayer and/ o EapiRYsh ERin I BBl o E e Arkts e e kBB LR ' o
d ai m dipxiagd3RHG, BSE, EICHRSE, TROScihapnal sdisoraoxideer inogasicdew-kanatdridlioom t he

Phe. ot SEARCEMER el She Ofjectic S, PR bl SRl i HERRUET, 1

Cl ai m dgnsistieg ei Al, Ahallogs,| G & ucalloy s, Tii Tigllgyes depatoori espad palyeystaltng tresimgle hant

i 5 1. CAF8, ;0. 5,t0 3 il t Q 2 d
955 SR EEeR, T8, Ty RS r 04 R S AR R RS,
| east saustrhredncgding bn eptidrialistop teb and/oamdélolayatselezsst fram&ilibyrdnitrigiensitant ai ni ng

tluor ogae]ar [ 8%} sﬁg’onBOX%i%idze(%)vsear the dielectric layer and/or between the dielectric and conductive

layer.

10. The method of Claim 1, wherein the etchant gas comprises an inert gas selected from the
group consisting of He, Ne, Kr, Xe and Ar, the inert gas being supplied to the plasma etch reactor

at a flow rate of 5 to 1000 sccm.

11. The method of Claim 1, wherein the silane-containing gas comprises silane and the etchant

gas comprises 5 to 30 scem C4Fg, 0.5 to 3 scom silane, up to 20 scem O, and 100 to 500 sccm

Ar.

12. The method of Claim 1, wherein CxF,H, comprises at least one hydrogen-free fluorocarbon

and/or at least one hydrogen-containing fluorocarbon.



13, The method of Caim1l, wherein the silane-containing gas conprises sil ane
and the etchant gas conprises 3 to 100 sccm CxFyHz, 0.3 to 10,sccm sil ane,
up to 500 sccm oxygen-containing gas, and 5 to 1000 sccm Ar. ?L4% Qa'ije}ﬁmt hod
of Claim 13, wherein the oxygen-containing gas is selected fromthe group
consi sting of 02, 03 CO CO2 and m xtures thereof. 15. The nethod of Caim
1, Wne in +he e g as co rises.5 to 50 sccm CxFyHz, (where xzl1, vyzl,
and z~ RemEned OF }ﬁrax"ytyEﬁ Leirbihe Sl AP iRIRing 4A8 Cambriees Bene 36¢ the/gichan,

The rregém@bmﬁnsaé 3itén do sadeCy F¥1 fbr@ﬂoqmsc@med"lhﬁla%p%%Df)%&ﬁ%xyg’bnt&ﬁﬁtéﬂhﬁ% ectric
|

| ayer using an oxygen-contaihing etchant gas supplied to the plasma etch
r eact ogasa@nd 5fte 30PG sacen B 5 to 500 sccm oxygen-contai ni ng et chant gas. 17.
The net hod of CI aim1l, wherein the etchant gas conprises CAF6 and 02 supplied

to the,, pl I flow rates havi a flowrate ratio of CAF6: Q2
of 054"t oTHE mepd of 6B g, RherelTieroR daceginng B iSRS SeRA TR IO | ane. t o
t he etcdmtstmg;aﬁoi,mrowesd;mnmmuretshmea’f)%the resi st selectively as conpared
with an etchant gas free of a silane-containing gas. 19. The nethod of
Claiml, wherein the etchant gas conprises 5 to 30 sccm C4F8, up to 20 sccm
02, antP-100TheMsthodof Elaim1, w geremthﬁ@ﬁcmaat @3S GAMNiSAY Sdp BAISAYS Clxﬁyldz diwBeEect ri c

I o] b
cuppor €1 oL B 280 SUPRR Sob8t oS Paionttie, al MRLORG S ccrri ¢ 1 ayer

and a patter ned phot oresi st | ayer and/ or hardnmask above the dielectric
| ayer; 16Upp1'bﬁ methiod of el 1aemBreat amgrﬂ@ﬁémhg@&eqesmg@nnftrﬁ@@ie@bﬁméver gsif

conpri si 8’%‘9% a fluorocarbon gas g wher e %

si | ane?t PEPRIGINYEsetehand 9 sypplige) ‘b&'i‘?l H(E EtF%@thcﬁ&&af'ﬁHéﬁt@Mth% OQ atl o of
si | anes@m,@ﬁgm_@gntgmmgt@cﬁdnugégcar bon gas is less than or equal to 0.1;

energi zing the etchant gas into a plasna state, and etching openings in the

dielectric |l ayer with enhanced photoresi st and/or hardmask to dielectric
| ayer &l ecthe/metpodof Craimilmahersirotheretetiast gasi eamprises folor arsk @i supipbied todher ei n

taper e gne i YSactdl & bR HRA Hhlink Dol BleSGhE bECIAYSIor HSL 118 dhie oxygen-free

et chant gas an erein t etchant gas conprises an inert gas
sel ected fromthe group consisting of He, Ne, Kr, Xe and Ar, the inert gas
bei ng $3ippl Tremethot e Cpdirasinwheteirtheaidition obsilaae ftd the etetiant gias fnprovekdfyimsrecm

than 35% the resist selectively as compared with an etchant gas free of a silane-containing gas.

19. The method of Claim1, wherein the etchant gas comprises 5 to 30 sccm C4Fg, up to 20
sccm Oo, and 100 to 500 scem Ar.

20. A method of etching openings in a dielectric layer, comprising:

supporting a semiconductor substrate on a substrate support in a plasma etch reactor, the
substrate having a dielectric layer and a patterned photoresist layer and/or hardmask above the

dielectric layer;

supplying to the plasma etch reactor an oxygen free etchant gas comprising (i) a
fluorocarbon gas (C,F,H., where x21, y21, and z20), (i) silane-containing gas, and (iii) an optional

inert gas; wherein the ratio of silane-containing gas to flucrocarbon gas is less than or equal to 0.1;
energizing the etchant gas into a plasma state, and

etching openings in the dielectric layer with enhanced photoresist and/or hardmask to
dielectric layer selectivity and minimal photoresist distortion or striation, wherein tapered openings

are formed in the dielectric layer using the oxygen-free etchant gas and wherein the etchant gas



21. The nmethod of C aim 20, wherein the plasma etch reactor conprises a

dual -frequency nediumdensity capacitively coupled plasm react oif 3 fiEIugimo
an upper showerhead el ectrode and a bottom electrode, RF energy being
supplied at two different frequencies to L't her the bottom el ectrode or at
different first and second frequencies to the showerhead el ectrode and bottom

el ectr i t he
sem coﬁﬂﬁcrtl%% agl@%i%éﬁflr%%ﬂb%g g%étﬁg{bégi@ RE }bdl'&% dnng Aﬁg@le rTéhC?éagl m 20,

wher ei Reipgurplied txtheirdasma, eteh r&a:ctqmég ﬂawgata@ﬁ 5d¢ 10%%%@ of lowk nmaterials
Wi th or wthout etch stop layers therebetween, the openings being etched to

dept o9 2ne b3l & i, WIBR WL o AR Qoriercl B Llieaeky e forms

a protéective Si evval openi afid t he
si | anemedinhadensity cgpexitivalyrtoapled pastaseaatdr |odud|agtanatppemshowferrpmidwmtrope aodr sor

specieg, in th ctor, 25 . The net 0, wherein,th ssure in
he” pr 8kl B PREHTGsnddy I DRy Pro TuStaMt feeptiORt it Aind bR e
subst r eleetradenpat tifierent 26Catdseddd fred Gencigseto thed stavenlied elestrodié andivettemnn t he
openi n‘g@ tﬁ%‘@)“ se vias, contacts, and/or trenches of a dual damascene,

self-a contact or self-ali gned trench structure. 27. The nethod of
Cl aim 20, wherein the dielectric |ayer conprises doped or undoped silicon

di oxi dgz BP$e m@i{ad Jf SRimPRGwndkiMan meb anllédqe%é)gérﬁheomctda%nmmec | owk
material or organic lowk naterial, the d ectric layer overlying a

conduc@¥ing thagtdhingstzt ed from t he group con5| sting of Al, Al alloys, Cu, Cu
alloys, Ti, Ti alloys, doped or undoped polycrystalline or single crystal
silicon, T|N TiW Mo, silicides of Ti, Co and/or Mo or alloys thereof,
the sed$condtemsthodgiigdaimaats thﬁtﬁ'mtilﬁibelﬁwﬂbbt’?fdﬂ@vd%& dptarapblipyeinh af Bw-kask

| ayer aehgla] Gl SR oo dercehl&line iRiride baing ShirehqD dBNHE ot & de

over t dielectric layer and/or between the conduc
| ayer . @8t 2 flime net hod of C aim 20, wherein CxFy Hz conprises at |east one
hydrogen-free fluorocarbon and/or at |east one hydrogen-containing
fl uor ocar bon.
24, The method of Claim 20, wherein the CyFyH; forms a protective sidewall polymer on

sidewalls of the etched openings and the silane-containing gas maintains a desired concentration

of polymer precursor species in the reactor.

25. The method of Claim 20, wherein the pressure in the plasma etch reactor is 5 to 200 mTorr
and/or the temperature of the substrate support is -20°C to +80°C.

26. The method of Claim 20, wherein the openings comprise vias, contacts, and/or trenches of

a dual damascene, self-aligned contact or self-aligned trench structure.

27. The method of Claim 20, wherein the dielectric layer comprises doped or undoped silicon
dioxide, BPSG, BSG, FSG, PSG, TEOS, thermal silicon oxide or inorganic low-k material or
organic low-k material, the dielectric layer overlying a conductive layer selected from the group
consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or undoped polycrystalline or single
crystal silicon, TiN, Tiw, Mo, silicides of Ti, W, Co and/or Mo or alloys thereof, the semiconductor
substrate including an optional stop layer and/or mask layer selected from silicon nitride, silicon
carbide or silicon oxynitride over the dielectric layer and/or between the dielectric and conductive

layer.

28.  The method of Claim 20, wherein CxFyH; comprises at least one hydrogen-free

fluorocarbon and/or at least one hydrogen-containing fluorocarbon.




