PROCESS FOR ETCHI NG DI ELECTRI C FI LM5S W TH | MPROVED RESI ST AND/ OR ETCH PROFI LE
CHARACTERI STICS USING ETC | | GAS W TH FLUOROCARBON AND HYDROGEN Fi el d of the
| nyention [0001] The present invention relates to an inproved nethod for

pl asma etching 5a dielectric layer in the fabrication of integrated circuits.
Specifically, the present invention relates to enhanced photoresi st and/or
hardmask facet selectivity for maintaining critical dinension (CD)

mnimzing striations, and inproving profile in the etching of a dielectric

| ayer. Background of the Invention 10[ 0002] A commpn requirenent in integrated
circuit fabrication is plasnma etching of openings such as contacts, vias and
trenches in dielectric materials. The dli-el ectric materials include doped
silicon oxide uch as fluorinated silicon oxide, undoped silicon oxide,
silicate glass s such as boron phosphate silicate glass (BPSG and phosphate

M e b

arsenic. [0003] The dielectric can overlie a sem conductive or conductive

| ayer such as polycrystalline silicon; nmetals such as al um num copper,
titanium tungsten, 20nol ybdenum or alloys thereof; nitrides such as titanium
nitride; netal silicides such as titaniumsilici de, cobalt silicide, tungsten
silicide, noFighiddntheTmwsiehtionde, etc. [0004] Usi ng conventional photolithography

a layer of resist and/ or a _ har
y pl?)%ﬁ lIie present?nvenuon relates to an improved method for plasma etching

5 a dielectric layer in the fabrication of integrated circuits. Specifically, the present
invention relates to enhanced photoresist and/or hardmask facet selectivity for
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 dielectric. 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.



mask can be used to pattern the dielectric. Optionally, an anti-reflective
coating (ARC) deposited beneath the photoresist |ayer may be used in order to
m nimze 25reflection during resist exposure and inprove the fidelity of the
resist pattern. -2- [00053' Vacuum processi ng chanbers are generally used for
etching of materials on substrates by supplying process gas to the vacuum
chanber and application of an RF field to the gas. Plasnma etching can be
carried out, for exanple, in mediumdensity reactors such as the parallel

pl ate plasma reactor chanbers described in U S. 5Patent Nos. 4,340,462 and
5,013,398 or the triode-type reactors described in U S. Patent No. 5,013, 400.
[ 0006] Techni ques to achieve profile comrtrol of deep openings having high
aspect ratios of at least 5:1 are disclosed in commonly owned U.S. Pat ent

Nos. 6,117, 7§6008hd 6VaQiinOdceshg thaters a’reh@neﬂaﬂ@ upad fenttchling of matedalet chi ng of
openi ngs in 10si]icon OXId Jayers usin gas m xture cont ai ni

n
f | uor ocar bon,°tG¥oRyE Sgﬁd‘lﬁﬂ YIRg Brogess ade WHE Fampber ﬁ@&n&%an ni trogen

are added 'nR’F@élmosthgfgﬁse(ﬁlhs’ﬁ%ét&l%%@kaﬂi@@oﬂrﬂ'ekﬁn}%lfe ih pRaRhehed openi ng.
The ' 043 patent disclosSes etchin ﬁ openings 10 to 15 gmdeep in a

Slh | i COE I ayerdem}tyusacmgs @llcblﬁsdmmeﬂl]@kpi@tapl Smgr®|cf©hclmdaemr§xd}n Ud. et ch
t hrou nat i.con | a as mxture
cont algnl %g a a}%&/@ g'(ra“}él ?gﬁ?‘%’g? 55&;qu n‘i“o R eraftoﬁs ‘%ﬁ%ﬁifﬁ%g Sgnﬁanm ng gas

and a fluori rate@pNbas,oipMpogas such as SF6, CAF8, CF4, NF3 and CHF3 to etch

the silicon |layer. [00071Conventjonal |y, fluorocarbon, hydrofl uorocarbon,
and/ or [0006]  Techniques 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, Of these, the ‘786 patent discloses etching of openings int

10 silicon oxide layers using a gas mixture containing fluorocarbon, oxygen and
nitrogen reactants wherein the oxygen and nitrogen are added in amounts effective
to control the profile of the etched opening. The ‘043 patent discloses etching of
deep openings 10 to 15 pm deep in a silicon layer by using a chlorine-containing
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
chlorofluorocarbon-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
ion-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
selecﬁvity 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



chl or of | uorocar bon- based etch gases have been widely used to etch dielectric
| ayers 20because the F and C constituents facilitate etching both via a
radi cal reaction and an ion-assisted reaction while sidewall protection is
af f orded usi ng carbonaceous polyners fornmed on the surface of the substrate.
[ 0008] Sel ectivity is desirable with respect to overlying photoresist,

har dmask, and ARC | ayers as well as the bottometch stop |ayer. Selectivity
is especially 25desirable at the corners of a patterned photoresist or

har dmask | ayer because the corners have a geonetry favorable to fast etching
that tends to create facets which undesirably inpact the critical dinensions
of the feature. Photoresist/hardmask fdceting can |lead to via/trench

"bl owout” of device critical dinmensions, while |ow selectivity to etch stop

| ayers may |vwhich achieyegiigh phetpresisiputhawimagigetensetectividy, high delsetdesiah | .

Accordi ngly, ere hs.a n in the.art for a.plasma etching technique - 3-
whi ch achi evrgllsehﬂ{v&? h%%%} %n?iggwsdtam ége' h@?%%@fulgﬁlgﬁﬁesrgfseacéqe\a if?lgii, Pl%ﬁ“é‘h dielectric
etch rate, |my¢eppivhidh esianadshbvestbamagaic chdbrsele@ifylif otdrf to/achiehesie i s a need
for a plasma process which enhances photoresist tq oxide etch selectivity in
order to acHighheasisgiropin diclasirie sich spthanipimal dupage or distotion efthewrgdll danage or
di stortion oriai nal 5S5photoresist pattern. Summary of the Invention

[ 0009] Thﬁ(e) [ %lg%?%gﬁﬁ%%i des a process of etching openings in a dielectric

| ayer, conprising the steps of supporting,a sem conductor substrate in a

pl asma etch reactor, die subst$ate hag%@@la d%electric | ayer and a patterned
phot or esi st and/ or 10har dmask P%JBETH YUY el ectric Tayer; supplying to

the plasma gogiy]r eath®mvaition provides a process of etching openings in a dielectric
layer, comprising the steps of supporting a semiconductor substrate in a plasma etch
reactor, the substrate having a dielectric layer and a patterned photoresist and/or

10 hardmask layer above the dielectric layer; supplying to the plasma etch reactor an
efchant gas comprising (a) a fluorocarbon gas (C.F,H,, where x> 1, y> 1, and z>0),
(b) a silane-containing gas, hydrogen or a hydrocarbon gas (C,H,, where x> and
yx4), (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
photoresist/hardmask to dielectric layer selectivity and/or minimal photoresist

. distortion or striation.

20 | [0010] In a preferred embodiment, the plasr.n‘a etch reactor is a dual-frequency
medium-density capacitively coﬁpled plasma reactor including an upper showerhead
electrode optionally supplied with 500 td 3000 watts of RF energy and 2 bottom
electrode optionally supplied with 500 to 3000 watts of RF energy, RF energy being
supplied at two different frequencies to either the bo:ctom 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.



etchant gas conprising (a) a fluorocarbon gas (C'FyHz, where yz.1, and z0),
(b) a silane-containing gas, hydrogen or a hydrocarbon gas (C, J-13,, where n
1 and y (c) an optional oxygen-containing gas, and (d) an optional inert gas,
wherein the flowrate ratio of the silane-containing gas to fluorocarbon gas
Is less than or 15equal to 0.1, or the flowrate ratio of the hydrogen or
hydr ocarbon gas to fluorocarbon gas is |l ess than or equal to 0.5; energizing
the etchant gas into a plasma; and plasna etching openings in the dielectric
| ayer with enhanced photoresist/hardmask to dielectric |ayer selectivity
and/or mnimal photoresist distortion or striation. 20[0010]In a preferred
embodi nent, the plasma etch reactor is4a dual-frequency nedi umdensity
capacitively coupled plasma reactor including an upper showerhead el ectrode
optional |y slPRAli ed T ppenbos cenc@ape Wias cconigts.REdon sengheanitr duabot t om

el ectrode opt.i AR | i h 500, ) ener.qy, RF energy
bei ng suppl i%g‘%g%h%\ﬁgﬁgﬁg#égﬁgﬁ cl%orrg%ggl%él%ggr%?% i %ﬁfger' Oéuﬁég%tr?’é%yel ectrode or
at di ff er entetell bp&iingdn € 00N tn b SElleNGidDpbiingd iR vElaaBstigially el ect r ode and
bottom el ectrode. According to a preferred enbodi nent, an RE bias can be

appl i ed to tHeighbprofiles adhercan topypiddieand beftnm prtiqah dimenginnnef the snitg®011] Dur i ng

t he process, : Bt 3 t : 00 mrorr and
the {enpor ai Ty Sosaifly o bt BB BpEhn e RAR b Hlo M slh®5A T 1001 2] The
openi ngs canA&orditg ®e preRfed enbédints, thaawhal openiapctmbed.25umunl damascene,
sel f-aligned cintact or self-aligped tﬁench structUre. Furtherpore, the

et ched openi FfsCcarrdnpenings havinesubsandipiierraigl stpBporhatgs patidde ddbst anti al | y
o St kbSO g ki LGS AL i g o0 L
of at | east dpenings have an aspect ratio of at least 10:1. _
10 [0013] The dielectric layer can comprise a 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 can overlay a conductive layer selected
from the group consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or
undoped polycrystalline oi' 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 Az, 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,, CF,, CFg, C ¥, C,F; and C;F,and/or at least one hydrogen-containing



According to a preferred enbodi nent, the etched openings can be 0.25 pm or
smal | er sized openings having substantially straight profiles wherein top,

m ddl e and bottomcritical dinmensions of the openings are substantially the
sane, and the openings have an aspect ratio of at |least 10:1. 10[0013] The
dielectric layer can conprise a doped or undoped silicon dioxide, BPSG SSG
FSG PSG TEGCS, thermal silicon oxide or inorganic. |lowk material or organic
lowk material. The dielectric |ayer can overlay a conductive |ayer sel ected
fromthe group consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys,
doped or undoped polycrystalline or single crystal silicon, TiN, TiW M,
suicides of Ti, W 15Co and/or M or afd oys thereof. The sem conduct or
substrate can further include an optional stop |ayer and/or mask | ayer

sel ect ed fr fimomcdrben forexempléeC, ;) CHEBNCEEH, 163, B F 0T, IR F), IC518Fy, aad/@jEy.i de over the

dielectric er and/ or _he tr c an conductive | ayer.
Ai:cordi nlg t tﬁ?%’ﬁéﬁ‘@&"@ﬁ?ﬁ?ﬁ%ﬁtmmﬁa@% BIABELPR Em}nﬁ)gg? ab\éﬁyl%eﬁcl ude a stack
of layers ot:oﬂtemm ABARY APduppNddih tHpladateMtre Rt dt it ﬁbwnatlawﬁrte 180t her ebet ween,

t he openi ngs bein etched to depths of at least 2 ti.m ‘mlAccordl ng to a
pref erred eﬁﬁf@HCﬁgﬂboﬂtﬁéO@Cqﬂy ng &rio 569 sncalq;wemre@ntm@ngugae $ tpol ynmer on
sidewal ks o t %) ogen, or
hydroca?bonflréed;% %@%Pﬁfegﬁﬁggﬁméggﬁelﬁggh%ﬁg% ?Jrngtl bn o pB?@réng; precur 4or

species in tﬁeq:msamcetchrreamchtﬂhemwcg‘érteemsdsm @l,Hggo gm;B pbndiland)® ta desi red
25thickness f the si 15] Acco to.a.f preferred
enbodi ment , 4Y iy eﬁa‘ﬂ?&g B3P R dbba arotrard s sadeda o i 1 he group
consi sting efentie;F, Netwo 3|6rscch§?I %Pﬁlytﬂoarﬁoﬁ%aé B85 40 9&n @%‘aﬂg 16043Roped to the

pl asma etch reac‘f Or at a flow rate of to 1000 sccmi’ The C8F811, can

conpri se at s¢awadt. one hydr ogen-free fl uor ocar bon, for exanple, CF4, 30C2F2,

C2F4, F6, C5 and/or. at | east one .h < tai,ning -5-
fluoro rbon&ﬂ"ﬁﬁ Cghaerﬁ?l%g aleﬂ%?% cog{ﬁéglggeﬁgﬁ f;% % ; 2C%lfllES, and
C311117. Thenigrufeh Ritkeddad cectting icd ene?&ahbdrﬁmeﬁﬂ, b perdd opfiingdane- cont ai ni ng

gas, an oxygen- cont ai ni'’n as and Ar supplied to the plasm etch reactor at
f1ow rates &rmsdipthedes] %cgé’?#ﬁrﬁreweanec@r% 5381tbat§e@fﬁg§n1ﬁaﬁé>ra@treg 5500 seem

oxygen- cont gh&iflde 3% forMM i tHeAiclectric layer using an etchant gas that contains

oxygen supplied to the plasma etch reactor at a flow rate of 5 to 500 sccm.

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 scem 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, of 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



51000 seem Ar. A preferred etchant gas includes C4F8, silane, 02 and Ar
supplied to the plasnma etch reactor at flowrates of 5 to 30 seem C4F8, 0.5
to 3 seemsilaxie, 0 to 40 seem 02, and 100 to 500 sccm Ar. Anot her preferred
etchant gas includes 5 to 30 seemVs, 1 to 30 seem 112 or hydrocarbon gas, O
to 40 sccm 02, and 100 to 500 seem Ar. 10[0016] The optional oxygen-contai ning
gas may conprise 02, 03, CO CO2 and m xtures thereof. According to a
preferred enbodi nent, a tapered opening can be formed in the dielectric |ayer
usi ng an etchant gas that is oxygen-free, or a straight opening can be forned
in the dielectric |ayer using an etchant gas that contains oxygen supplied to
the plasna etch reactor at a flow rat e%f 5 to 500 seem 15[ 0017] According to
a preferred enbodi ment, the etchant gas_ conprises C'FyHa, hydrogen or

hydr ocar bon "§&sthe a¢cogpapeng %Wﬂ%ﬁ#ﬁwg“’é%‘? n‘éﬁ@ﬂ&@%@'ﬁéﬂ lilescplergenisamdp| asna et ch
reactor at fjlow;hates of 5 to 50 seem Cx.F),Hz, 1 to 30 seem hydrogen or

hydr ocar bon gas, h5 to 500 seem oxygen-containing gas, and 100 to 600 seem Ar.
Accor di ng to anot heFIGrlefshowezh eched dieheetric, laydn evhErelyhigh espeptrmaies CA4F6 and t he

20o0xygen- cont ai .ni S C [ ses 02 supplied to the plasma etch reactor at
flow rates hogwlﬁésn%vng’WB&)g'g%EﬁFS:OZ of 0.5:1 to 3:1. [0018] Wien the

dielectrsc |ayer isrig!@wWhawpai dteica Ak1dRe 187@ Whdtoin hiBR agfei hiiON of the
si l ane-cont ai ni ng gas, the hydrogen and/ or the hydrocCarbon gas to the etchant

gas i npr ovesopsyingphave shzightysofilehe resi st sel ectively as conpared with the:
etchant 25gas wtho i - AL d n t he
hydr ocar bon gas. Br F}ie(f}g ggém?:drélagsp:gvgrg]ggﬁ&éﬁg&%u%%éen%}é&?ﬂgﬁ%%%fglge features and

advant ages atsistherougenti on wi || becone apparent fromthe follow ng detail ed
description of pref eqd e diments_in connectiaon -6-
Seripti P %fés gb aIrH) ﬁ) sl,hows a%h!atoresist surf%ceI etched in accordance with

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 as oxide layers while providing desired selectivity and
material integrity 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 silicgn 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 thermaliy 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



wi th the acconpanying drawings in which |like nunerals designate |ike elenments
and in which: FIG |la shows an etched dielectric | ayer wherein high
aspect ratio openings have bowed profiles. 5FIG |b shows an etched
dielectric |ayer wherein high aspect rati o openings have straight profiles.

FI Gs. 2a and 3a shows a photoresist surface wherein the surface of the resist
I S rough. FI Gs. 2b and 3b shows a photoresist surface etched
in accordance with 10t he inventi on. FIG 4 shows a schematic
representation of a nmediumdensity parallel plate plasm reactor which can be
used to carry out the process of the invention. Detailed Description of the

| nventi on [00201The invention provi des-7a sem conductor manufacturing process
for the 15manufacture of integrated circuits wherein openings can be plasm
etched in diemkl/mtméxﬁclMisleadcﬂayascanxbnﬁstIoﬁzyanglewhjtdrﬂlmraosticﬁtidfg desired

selectivity terial int ty to. an over|ying.photoresist and/or

har dmask | a ereaﬁpij%lpﬂ]ﬂﬁlgg?c%hg%aﬁ T P?Fb%/ cHGeiyecRamEs € of ¢ he
contacts et c‘p@gm{acﬁgg @Qﬂgfﬂ%w&v@eeﬁf t he device. The process of the
invention is applicable fo etching of wvarious dielectric 20l ayers such as

undoped si | |[6@H]0X| dbe einleddppeitgssanicomprisxiitbecatasts, esndittoplitasavddr si | i con
oxi de (R G), n-.gl.ass_(SOQ) ; .si .ic te ass such, as,b phosphat e
silicat eSSgI at? &a ﬂ%&fga@%%‘%%ﬁ%? ésgl?'fi ﬁ%ﬁggseﬁ‘é@@flﬁgf’&gﬁﬁgﬁlﬁ Ctat e gl ass
(GsG and C@@ﬁgdﬂﬂﬂ@,ﬁbﬁu&i%ﬁ Itmmbm& HeGlRAlkshi(ia obded eiGhinfairom Novel | us
Systens, Inc ed or t hermal Iy grown silicon oxide; doped or

undoped TECSE® @W@B@&%?ﬁ Q(Fm)i @61?13 dpxicq é@auﬂ?s(ﬂ?éﬂlﬂecetmﬁﬂﬁéﬁ PB8FIVBol yner such as
Si LK (a prodygt reE &mo%vﬁgﬁg?gbtoggrs? and/ 2 ¥ts &E Eﬁ&;&le hﬂ@érfjﬂigng i nor gani c

material s an nic terrals suc as po yI m de, organic sil oxane
pol ymer, pollymrtyl'ﬁcnmlmﬁze@D loss mdrdéﬂtorsumstcalstmndmsaiwmgtetohmgmfdlel als having a

f“ngl 3gt gr g qg%ﬁgéblﬁ glf:sl?lr\évble tG/ gtc](na{he rda etfec¥r1 Ll?e%rgscrvgllg thg Ipﬁl)t%?eg{s% an otgpant S
hardmask layers, both in terms of thickness and structural integrity. Furthermore,
the profile of the etched feature must maintain the critical dimension patterned in
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 photorésist), which
are required for smaller device dimensions but have far less resistance to 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



and/or arsenic. The dielectric |layer can consist of a single material or a
stack of different layers including lowk materials and/or anti-reflective
coatings with or without etch stop |layers therebetween. [0021] The etched-
openi ngs can conprise vias, contacts, conductor l|ines and/or 5trenches of a
dual damascene, a self-aligned contact or self-aligned trench structure.
During etching of such openings, the sidewalls nust be straight in order to
maintain the critical dinension (CD) of the device features and the etch nust
be selective with respect to the overlying photoresist and/or hardmask | ayers
and the underlying layers. To mnimze CD |loss and distortions or striations
during etching of the 10dielectric, it-%s desirable to etch the dielectric
whi | e preserving the photoresist and/or hardmask |ayers, both in ternms of
t hi ckness anernderctrbedinghe fligleetgicilayer seaprto heseradrigh aspae rptiosuch es Hf of he et ched
feat ure nust I 1 itical -di I, ttern i,n |t hography.
[ 0022] Becaus%ﬂggé’&g%%%g&gg\# ﬁceg{ }élglgr?% rlg%{s]ﬁjhg\%@eﬁ?pﬁﬁmggga ctfe eljc eflgog( >10: 1)
15profiles widphstofet IdassR pncer frefem®BIB LANFaCHEmOR] theR)ched bdnirgd cidwe cont act
dianeter (< 0.18 pm, it is desirable to have an etch process that has high
sel ectivity 9.8 phenssirer sizedopenings havingsasiratally draighibiodtesrwhered oes damage and
distortion ip.the r.esi har . .1 h enc f, resi st/ hardmask
i ntegri t§1), t é&@eo%dz)?bérhecﬁggielghfler{]t%lgg?ﬁfztﬁ%?ﬁee?uengg rg{e%%ﬁ%'ﬁ/' %ngaee i kel y to have
di stortions aid thé openingp hsvenni agpechatib o8 leatl1:D device failure; also, with
poor resist/hardmask selectivity, the critical dinensions of the contact wll
not be preselP@4l Fdhe rescassof theripysuian wawefilior ehfaigg cxiepelydigises will rely
on new photo LS L4 i . et St r uired for

phot ﬁs‘g@%ﬂtlog%f & lba%tﬁ.tl,( f\%gﬁ?&a@ kl'&%%tol 055 AR, r)lore\reﬂfﬁjab@ aFleE&q

smal | er devic i mensi ons a ess resistance to"plasnma dry etch

processes t hzhlt Tke proceseistespreindly as¢fohfonbbidnd g aspeptmatios efsit &ast IDHefondvent  of
193 25 phot or esi as de past .processes ed for hi aspect ratio
et ches ﬂ%ot%ﬁ?‘n&ﬁﬁmﬁ%§g@ﬂpﬁ%ﬂ?}cﬁﬁe *@Fﬁ@ﬁééﬁé cgr?%‘mgll;:lﬁtlt equi re novel
appr oaches ! godBAA ollafiUight PRRSSiek AEiMEb AR sfidfofs REAABYEy Of the
invention it Is possible to obtain etched openings 0.3 pmor snmaller having

subst ant i al | ypeningaaiglepthy pofaicr dan@hen.ei n top, mddle énd 30bottomcriti cal

di nensi ons of the openipngs are substanti al | he sane. .The openi ngs
[0025 Fr)I‘ e dlrt]? ectr?c layer can overltie an eleyctrgcaﬁy conductive or P g

D=

C

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 mechanismé 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 CID 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 {o 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, I,, or



-8- can be etched i-n the dielectric |ayer so as to have a high aspect ratio
such as 5:1 or above, preferably an aspect ratio of at |east 10:1. The

openi ngs can be etched to depths of at least 2 pmor preferably 3 pm For
exanpl e, the etched openings can be 0.2 pmor snaller sized openings having
substantially straight profiles wherein top, 5mddle and bottomcriti cal

di nensi ons of the openings are substantially the sanme, and the openi ngs have
an aspect ratio of at least 10:1. [0024] The process of the invention is
useful for obtaining extrenmely high aspect ratios of at least 5:1, preferably
at least 10:1 and nore preferably at least 20:1. The process is especially
useful for obtaining aspect ratios of -84 least 10:1 for 10 openings snaller
than 0.3 p.m preferably smaller than 0.2 pm For exanple, it is possible to
obt ai n st r ahgivocanianl gas,whd diructunil imtegrity sf the phanssistris stairtahéddisingdiie 0. 18 pm
openi ngs at t greater.  than 2 0025] The di el ectric |layer can overlie
an el ectri cﬁ%ﬁ%@%ﬂ%@ﬁ%%ﬁlﬁ?@f Fmr%'ﬁ’(%ﬁ?v q”é@'@rms"géﬂanﬁsﬁa%r

net al - cont ahyirbéhrboRtedctHe il th {hQhdr P10 51RRes] BEANS tRlbullarfat e, Al al | oys,
Cu, Cu alloys, Ti, Ti alloys, doped or undoped polycrystalline or single
crystal sil resighdielrtrc lageyyntaviace, snd theismegtheess pE theygsistoinimizesr Mo or al | oys

t hereof 4 et J I : . C a silicon nitride,
sili con5 car ﬁ?dgé&edge?ﬁxg%t%e%l}glfe?tﬁf2&;%{ %?lcg%g&fl ?ﬁ%é?%%eﬁ'%lﬁ?g aj%rﬁ%vi ded over the
dielectric [@2%)y, hewkar-dnaitded gdschidayen andoddydrodationgenarthe di el ectric

| ayer and 20..cqnductive layer, [0026] There are a nunber of device failure
mechani sms PR waldsd %%?Ww%ﬁ%am q%lrraﬁthg gick&te %?%cgm%rqhﬁ@f phot or esi st
and/ or hardfﬁé%&h@w ciadsthRi THagdsNivBgh s aﬁ%&cﬁiiﬂgaéas b&t@iﬂfn@fa}éﬂﬁei hat | ayer.
One of the these failure néchanisns Is related to the oss of critical

di mensi ons odntaihiag gesy hydrogenamdion hy@oedbadipab togsthenmwitheneoumerd when

10 fluorocarbon gases, the additive gais is effective in creating high

photoresist/hardmask selectivity and maintaining the structural integrity of the
resist. For a medium density plasma reactor, the advantageous effects of the
invention can be achieved by supplying the silane-containing gas, hydrogen and/ér
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-containip‘g gas. The
process of the invention is carried out by energizing the etchant gas into éhenﬁcally
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 hydracarbon gas enhances the selectivity of the photoresist wit}; 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-contaming 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.



25t he phot oresi st and/ or hardnmask devel ops a facet during the dielectric
etch. CD loss can al so be caused when the photoresist has different

t hi cknesses, either due to original non-uniformty 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 tinmes. QG her device
failures may occur if the features are distorted or 30striated in any way. By
addi ng a silane-containing gas such as silane, 112, or -9- hydrocarbon gas,
the structural integrity of the photoresist is maintained during the etch and
di stortions and striations can be avoided. The addition of silane, H2, or
hydrocarbon reactants results in snootlfer resist surfaces, both in the bulk
and at the resist-dielectric layer interface, and the snoot hness of the

resi st mni (8038 urilbereasdithosinefopmeino andh©,-dombintgretahahtappsss camleathtocoul d | ead

to device fajlur 0027].The sil.ane-conptai nin hydr ogen and/ or

hydr ocar bon agrog e¢%$gltj@§y§r@zﬂ&@dpﬁrﬁ?@q{&u‘ﬂ&9%pﬁ?tpléeg{s{]va y control the
etch rate sepsihions!tie hddifich 6fsilhits hlr6gtnRe hPBEcHHEH S td ¥ fludd@dbdns, Wwhen using
an etching gas containing a silane- containing hydr ogen and/ or

hydr ocar bon%@Yﬁ%@m&mﬁﬁeﬁ%géﬁ@al’cheeﬁﬁ?t@ei’ﬁp’loﬁ%r?éﬁ’:@ﬂﬁﬁpﬂ #of the additive
oo oo et Ll : ; T <
oo nt i 71 ng AT EpRRAA bl PARLRRSRLT A AUCTIRERSETC | Ui tens

mai ntai ning t ructura a medi um density
pl asma r eachpdrpcation gad wan flagrecarsoredi @gygenabnaindng etvtegdsicanbdamcebe achi eved by

suppl ying the silane-contai.nin as, , hydroge r. hydrqcar hon reactant and
f 1 uor ocar prOIP”é’ﬁ’i:l?‘ﬁ ‘fl’t%ﬁﬁ%‘@lﬂﬁﬁ%g@“&lgﬂ’ﬁﬁg Ofggﬂe%fg?@{?\é Wh%?)f“?ﬂi M€he flow rate
rati o of si haRRoFARE BichishY pBebiehPdilel t S RER RN RRDulIS-up oh i sidefBAs OF the

flowrate ratio of Qy rogen or, hydrocarbon gas to fluorocarbon gas is 0.5 or

| ess. [ 0028pmheotiom ﬁge ctelend: featmengSpradicelbn whee thegdansneonininggas, gases sel ect ed
Ij |r ? Imuf) ﬁgs ? |r gﬁ@? SN nFhloBELO gA'it AR td thé' B8R, HBS et MnYelRloktisted

into the polymer which protects the sidewalls and the photoresist. When an inert
gas such as argon is included in the etching gas, the argon can be used to help strike
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 dieleciric materials such as silicon oxide using gas chemistries that form

25 too much polymer, i.e., polymer-build-up in the opening brevents 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 amouns effective to prevent

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



di chlorosilane, trifluorosilane and trichlorosilane. According to a preferred
20enbodi nent, the etching gas includes silane as the sil ane-containi ng gas.
The process of the invention is carried out by energizing the etchant gas
into chemcally excited states in a plasna 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 nmaintains the integrity of
the resist by keeping it sufficiently free of distortions and damage.
Furthernore, the addition of the silane-containing gas, hydrogen or a

hydr ocar bon gas reduces the anount of bow in a high aspect ratio contact. The
addi ti on of the silane-containing gasil-hydrogen or hydrocarbon gas works
equally wel| for both 248 tin 193 run photoresjist. -10- [0030] Wereas

f 1 uori ne- cdA¥33 ni n@c@ﬁ@nmlwﬁfeaqeﬁmﬁbocgm@ﬁaﬁw siyfme aupydgreddetid theo €D, profil e,
and uni formg , iL.cul A 1 | plications,

t he additigﬁﬁﬁ?ggﬁﬁgﬁgﬁah§§§%6§%0g95ﬁ§ r%%%? oﬁﬂgggqgégé%gkﬁé} garbon and
oxygen- contmyrteragdel tohhagplssneaetcibeagdfat g flowaate of Pt@O Y0 sichy Ehedaminited | evel of

5sel ectivity _and otoresjist integrjity. The addition of_sjlane, hydrogen or
hydr ocar bor?)fgél%m?‘g{;%n $4SG%L%WPBB£%§£‘H&W§€W@éLI?‘§ﬂPF sytfisteaogas can bal ance
pol ymers buiattletting dédires uehbtd ¥f dobmirRhflandell8Rb! $nOfusbehifsh agat ures while
avoi di ng pﬁncﬁ-off éhd eﬁ%h stop probleﬁ% gue to excegsive pé%yner bui | d-up
on the si dewitesiddedrtoltias plasmanstch ieactertat h &lgwiratatofiB ¢ 1 005weni fAs@al | y, when the
si | ane-cont gj ni.n as, .. 10hydr.ogen or dr.ocarben gas, i s added to the plasnmg,
hydr ogen can? ur[éle’%ﬂc&lé&%? éﬁ@ﬂﬁ&m? ﬁegaé%ﬁigﬁgt'ap%qrgﬁr qnogagg?.rgbet he sidewal | s
and t he phaugsliedisimodest 320 1008¢dn, hSersile B t@80 sucdand Sotdtetiabl i n t he
etching gas, the argon can be used to help strike the plasma. [0031] The

pol yner builPde &psE€Hh be reduced by the synergistic effect of
10 [0034] The etchant gas can further include an optional oxygen-containing gas

selected from the group consisting of O,, O;, CO, and CO, and an optional inert gas
selected from the group consisting of He, Ne, Kr, Xe and Ar, and mixtures thereof,
the oxygen-containing gas being supplied to the plasma etch reactor at a flow rate of
0 to 500 sccrn, and the inert gas being supplied to the plasma etch reactor at a flow

15 rate of 5 to 1000 sccm. 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'supplied 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 bg 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 sccm.

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 a 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.



15breaking up the polyner with the optional addition of oxygen to the etching
gas m xture. Further, in order to preserve the critical dinension of the
etched feature, the oxygen renoves enough of the polymer build-up on the
sidewal | s of the etched openings to avoid excessive build-up of polyner on

t he sidewal |l s which otherw se could cause "pinch-off' of the etched openings
and thus prevent conplete etching of 20the opening to the desired depth.

[ 0032] The optional addition of an oxygen-containing gas to the plasma etch
reactor al so hel ps prevent excessive polyner build-up, which contributes to
"etch stop." Etch stop is especially problematic during plasma etching of
deep and narrow openings in dielectrid2materials such as silicon oxide using
gas chem stries that form 25to00 nuch polymer, i.e., polyner-build-up in the
openi ng pr eVeninsrt £as praterabiy aifs thg owde etrking rate dusrto srittrsing ofithewsidgr ocess of the
i nvention, .l i Y, ergistic effect of
bui | di ng up&l?ﬁ%l@%%c?égﬁcrgﬁf#%ﬁ'#&g&?&f@ﬁg%@ﬁ%%ﬁgﬁgt %fﬁtge: e?‘ﬁ%‘ up the polyner
with the ox{§86] i n Theailatecdvintaininagas iydtager andbayigdrocathopizes mayald y supplied to
t he pl asna %%fgin rfactor i n amounts e[fective to prevent ,30etch stop by
reacting w BH® 6‘?@?@ asip elchdeashy pohitendalons 2ah ehane RIpEHPlg SixturegB33] Accor di ng
to a pref era&ﬁoiﬁaﬁaa%{rpfmoroéa%n%ﬂyg&ﬁdcc{iﬁn@g aﬁ%@?ﬁxy&%&éé&?Tﬂé &St et ch reactor

at a flowrate of 0.3 to 10 scan, "an ocar bon gas nay be added
to the pl asga patfetablyandudes the silang-tanfnining gasphydrogen aB@/os bydrocaftom gasount  of

fl uorocarbon gas to he supphied to th .as react or, shoul d be sufficient to
5achi eve th@%@??%ﬁr%@&agg'hgfe Xo Wﬁ%ﬁ??gﬁeﬁﬁ SOOI &5 Yrhe 1 uor ocar bon
gas may be agsiechibon gaies llebsacﬁmore:qﬁdltd@a,odmheﬂéwaatéfa@mfaie&ymfofgalto 100 scorn.
As an exanple, in _a nediumdensity plasm reactor, the total fluorocarbon gas

can be suppmdéﬁhyﬂf%ﬁﬁ?ﬁﬁgﬁs tglugropgbamepsdeigpsthapergamaldsOy- 5 t o 30 sccm and
nor e prlﬁf er aly) 10 A&Dﬁﬁnn%%%@ m%@g% sﬁéﬁe—%ﬂ?ﬁgﬁg Iggf}shy&‘l%getf dididrer 1nclude an

opti onal oxygen-contali ni gas selected trom p“cofisi sting of 02, 03,
CO, and CO2hwlrocazbonopt ioepgen-dontiminggrsessed prefeeably adsiet ithangmiagifecvesi st i ng of

He, Ne, Kr, X A i xt th f. th - cont ai ni bei
Suppl ©ed ¢ 0! RRRR! e RiotE el ek Feire B nsperincA iR i Bl ana t he
inert gas beilang contRilig8s 19diden RldAsMedetabod £AGHA bxPtendohtaivg

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 um at the top to 0.1 pm at the bottom can be formed using an oxygen-free
etching gas mixture of C,F,, 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 problelrl 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 etch 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 SiH,, H,, or
hydrocarbon gas it is possible to.provide adequate sidewall passivation of the etched

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



15 rate of 5 to 1000 seem Although hydrogen containing fluorocarbons are
qui te polynerizing, the degree of polynerizing can be controlled through the
use of a conbi nati on of oxygen-containing and fl uorocarbon-cont ai ni ng
reactants. The oxygen-containing gas can be supplied to the plasna etching
reactor in amounts effective to cut through polymer at the bottom of the

et ched openings. In a dual- 20frequency reactor, each frequency can be tuned
appropriately to obtain a high etch rate and good etch stop wi ndow. For a
reactor which forns a nmediumdensity plasma, in the case where the
oxygen-cont ai ni ng gas conprises 02, the 02 can be supplied to the reactor at
a flowrate of O to 100 seem nore prefBerably 0 to 40 seem and npst
preferably 10 to 20 scent 25[0035] The etching gas m xture al so preferably

i ncl udes Ar Aasortiinglypby sadevaiiveliy aéjuttingabe OHmdeSiny, H,pérttgdrocadoh ggafms such as He,
Ne, Kr and/or Xe.can.q inert gas. In contrast to a high density

e _used as.the
et ch react of¥'ibl RP%iPlat0 9 EWPS@?‘& PArETsiigl aspeptatio pREIINGS density pl asma
reactor argmIopn hiecsHel o cbolth@HES dd @penkidh O WM cbiigERASL 0T 1 0
anounts of 100 Fo 500 seenf pFefgrg%Iy 206’?%&% %ﬁg%&%?c&ﬁ%g; e inert gas
preferably edngiststdigilenci dbowstverhother silatecantening gaspsihaving thg geferdlhe oxi de and
chem cal act.jvati f r _speci at the.etch.fr of the feature.
[ 0036] T#ue s%?%‘ﬁ%—%%r#ﬁ?ﬁg%gga?ﬁﬁ?ﬁ%g@ﬁ Paﬁﬁ'a}l%ﬁ‘fbﬁﬁ}‘&“feg‘rc{i%%]@ﬂe-gas may be added
to the pl as(m4e] ch It @ACbOLppaentto Sicas sldllaiia teast thef thaSlo rite€ofthé Ut ed mi xture,
in 5conbination with fluorocarbon, oxygen-containing, and/or inert gases. The

et chant gasVi¥H@sEr®pMjll denend e Sotoresush pathe sige at B sibsalgatbe tiwp@f ogen and/ or
hydr ocar bongﬂ@rﬁa?c@gto?ﬂiéﬁe?gé{h%gntgggécum%&s % e QIR Feratio of the
I'ning gas t uor ocat

si | ane- cont on gas 1S I'ess than ot equal to 0.1, or
t he fl ow r atlissacétion raté fdr i glgstacgemreatid/ or hydrocarbon gas to fl uorocarbon

gas is. ] ess or_.equal ,to 0.5 10[0037] Accordi to the jnv ion, the
si | ane-lb,ont Hfogiﬂg ég’se,qnm%@@ﬁa%ﬂp‘%?esﬁ%rpgfﬁ?ﬁ g’&rﬂﬁ’ﬁ%@ﬂygggﬁt ai ni ng
gases are pypgf ﬁﬁ%@aﬁ@%@?&pbﬁrﬁmﬁﬂﬁﬁs &ich 86 {iay Bnd QnERALA Aledchfe Profile of the

etched feature. For instance, by adjusting the anount of silane-containing
gas, hydr ogéyemanughos silicdn ozide byers ga semicdndueipg substrates. ainrtheyprocess, a

gas mixture containing fluorocarbon and a silane-containing 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 etch 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 ion density of about 10! ions/cm®. The
method according to the invention is useful for multiple or single wafer p;ocessing.
[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 bottom electrode, RY energy being



gases relative to the anount of fluorocarbon gas it is possible to form
straight 15profiles. In this case, the profile does not becone significantly
tapered, instead the bow of the profile is elimnated. As an exanple, a
tapered opening varying in size from0.3 pmat the top to 0.1 gmat the
bottom can be fornmed using an oxygen-free etching gas m xture of Us, Siat and
Ar. For straight openings, the preferred amount of the fluorocarbon gas is at
| east 10x the anpunt of the silane gas and the 20preferred anmount of
oxygen-containing gas is preferably 5 to 40 seem [0038] The invention
overcones a problemw th prior etching techniques by increasing profile
control during etching of openings havf%b hi gh aspect ratios. In order to
obtain openings With straight sidewalls. it is desirable to gontrol the oxygen
addition suc ﬁgﬂm\é% afe??&f{jﬁefg‘e}lfs?ﬂwc}eé toitherthe %P%O%G]G?‘H’d@ror At ‘ﬁw&%ﬂ% bowi ng and
25enough pol ¥ipgend SecbfIBY RIS BRI HohBiBefl GO BEOMINEDAERABde. it h r espect

to polynmer renoval, the effect of the oxygen is balanced by the

si | ane- cont aithsi aasg Where theyndasogetchaeattasis hgapecitivaly oruplpd plasdairedctom, theor

i nst ance, when Ln i 112 r drrocarbpn gas it i 0ossj bl e, to provide
Ldonaare i NEfhelty it Biphia sfwabil BRRLOR A ADoibre BaRGR Blefliie © P OV

bu: I d;Jp 0}‘ athdt_aﬁb?elcﬁeﬁc{medﬁggéseiﬁd@%lptpnéﬂmHz ithO(E}Owa/attsJo'fRFA&@b £y glﬂiey, b%/ o
selectively a usti n e, an( a or rocarnon gas OW rates | 'S
possi bl o 0 BBYYR AlceReds bsing supRlicA 309 bnadD gretiachRE enoree: 18 agehi ngs.

[ 0039] Accordgalquéney %cﬁ?ﬁ%%gﬁgquaicgifs acé M%Is%la&ﬁh%h%hﬁ&ﬁ@%&% al ni ng gas

consi sts of ane. However,~ ot her ne- cont ng gases I ng the general
- abundance of excited state species) while the low frequency source controls the ion

energy (i.e. acceleration of ions into the substrate). In such reactors, it is desirable
10 to maintain the gap between the top electrode and the bottom electrode supporting
the semiconductor substrate at a distance of about 1.3 to 2.5cm,
[0044] Medium density plasma reactors operate at higher chamber pressures
and dissociate etching gas chemistries to a lesser extent than high 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.c':'ontra'st, 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,
CF; dissociates directly to free fluorine and the high content of free fluorine causes
25 such rapid etchiﬁg of the masking and/or etch stop layers that the etch seleétivity
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



5formula Si HXF4_" or SiHCl4." may be totally or partially substituted for
silane. [0040]It will be apparent to those skilled in the art that the flow
rates of the various gases will depend on factors such as the size of the
substrate, the type of plasma reactor, the power settings, the vacuum
pressure in the reactor, the dissociation rate for the plasma source, etc.
10[ 0041] The i nvention provides a process for plasma etching 0.3, especially
0.25 usm and snaller high aspect ratio features such as vias and contacts in
dielectric layers such as silicon oxide |ayers on sem conductor substrates.
In the process, a gas m xture containing fluorocarbon and a sil ane-cont ai ni ng
gas, hydrogen and/or hydrocarbon gas reactants preferably is chemcally
energi zed into a plasna state. 15Durind5fhe etching process the fluorocarbon

and sil ane-cont ai ni as, _hydrogen apd/ or hydrocar bon s synergistically
react to cr e&f"éﬁﬁ‘g‘?tag'i?g‘&%t_ irFﬁc&thSl?rF Fﬁbg’oartﬁl?éfi‘s%“f?ﬁ:&lpwdgﬁé%?‘l“ %’ﬁgﬁ%p of the
photoresi st and, BeEALS. DIE té PRsHOORRLEAER bt BE erfiBSHUERL sfisthec €f feCts on the
phot oresi st. [0042] The plasna can be produced in various types of plasma
reactors. Sucindgephgeiking.chevasnsmipygsiurabl the hbsteate nefgy neybe bighetthat use RE
energy, m crowave ener netic fields, c. to praduc as etch

condi ti ons. %B?Valcwg?gﬁg re %%ﬂ@%ﬁﬁf’ Bc@ﬁtgf’teﬁ"g#ea@ﬁﬁméeoaﬁl %ﬁs%eﬂ%% in a
paral | el 5pl atngyahsde FoRd®0 Br100uweTvra $.ql, 126 t6lgpThirequency pl asma etch reactor
described in connnnl¥ owned U.S. Patent No. 6,099, 304, the disclosure of

whi ch i s her é0846] ncotiscubitade wppebsupperias theppmicondustiar substiale RE bi as can be
applied to t 1 9@821 i L di um
density reac{ﬁggég%gpro %@%&ﬁﬂiﬁ%&lﬁ@ﬁﬁé&hﬂé&%@ﬁb@%&ﬂ%ﬁ%ﬁ%.oﬁa he met hod
accor di ng t o rédetionsrsvelindsi bmming of i fphibtofesist enuthe syilstrateand foxghsonne er processi ng.
[ 0043] The pl asnga.etch reactor preferably c riges a nmediumdensity parallel
pl at e reactorll?g‘?sﬁrfwaéeaﬁé%t(ﬁa@)ﬁd?%fs' Hﬁ#@q%ggﬁ'éﬂwacrﬁﬁé@ﬂlﬂ?@ C%ﬁpl ed

pl asma rigact q§ cfl iHGubktaRGuabrifRRaEmpR AR dteRrhoclgeet! adepaARbiplRot t oM

el ectrode, RF energy being

plasma reactor or triode type reactor the substrate support can include a bottom

electrode for supplying an RF bias to the substrate during processing thereof and an
ESC for clamping the substrate. For example, the substrate can comprise a silicon
wafer which is electrostatically 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 léj;rer. 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 plasmé etch cﬁerrﬁstry. 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 formation on resist sidewalls, for example, can occur during plasma



-14- supplied at two different frequencies to either the bottom el ectrode or
at different first and second frequencies to the showerhead el ectrode and
bottom el ectrode. In the case where the plasnma etch reactor is a capacitively
coupl ed plasnma reactor, the reactor can have a powered showed: | ead el ectrode
and a powered bottom el ectrode, the showerhead el ectrode being supplied 500
to 3000 watts of RE energy and the bottom el ectrode being supplied 500 to
3000 watts of RE energy. In a dual frequency reactor the high frequency
source controls the plasma chem stry (i.e. the abundance of excited state
species) while the | ow frequency source controls the ion energy (i.e.

accel eration of ions into the substrat®@P; In such reactors, it is desirable

10to maintain the gap . between the top el ectrode and the bottom el ectrode
supporting t Rghid _ CBtierern mosuBEHe et e defsde dggadone el o 5.8 om
[ 0044] Medi U”Hﬂx?qﬂﬁbﬁ.YStPilaﬁ&{Tﬁnhﬁ%tdaﬁ§1s9B@H&%@asé&bﬁh%&ﬁn%ﬁ%%%thﬂés@s5_Ur es and
di ssociate etching gas chem stries to a I esser éxtent than high density

pl asma react oftgereBist. i nstance, in nediumdensity plasma reactors, etching

h [ ' i fall " 8 CF2 CF
gésgﬁes? g s3@91‘%?;5@51%%}/Fg’;%ei@é%t?aéeﬁ?dniq{laﬁg%%g%g risegf:‘gﬂvtegz\e%&ﬁ%‘ggcg)z Ei gher et CFI-

rate of & di glefohr The ARYEE nsddo feduedRfledtiofi Badkah thé pedtoevier duringg | ayer such
as a photoresist or hardmask or underlayer such as an etch stop layer. The

rati o of sucRXROFWR if alibegraRy erandadows befier paiem wpegdusinerel9s2y rati 0" and

t he hi gh sel ggil.Vi at,d i 1 j ‘ﬂf‘e’]ﬁi a reactors
pronot e conp?%legy%%%ﬁlﬁﬁgé %f%h %%ﬁ?gg?gg 81{/#%?%2% cgﬁguctoro E%%S?Jtt'e?%%. I n
contrast, i nARCyandensy suitableawateriad suchhae a hpdrocanh anfiloy s.gdiasspoedmdrganc of et chi ng
gases can |lead t.o | ow selectivit atios due to,.th i gher etch rates of the
Taski g | ay el Hzral GREHEGEa orsiisibolBrep taphiipl TP ARY G Tipahlf Sy b1 o
react or $0 CAkfbstlits siedvah &issifbidigickdeys, b@., 60@e200wer i ne and the high content of
free fluorine causes 25such rapid etching of the masking and/or_etch stop

layers that {480kt cHneae embodjmenf, the invention niovdeasapregsss for plesmp GGUBE The react or
pressure is plaheraiby, F@hﬁég%&??s c%hd&t«}r%@é vial bﬁc??én%acftsoﬁmludinﬁ Ugkalning a
plasma in the“redactor. In general, too Iow & reactor pressure-can lead to
pl asma ext i ngligreth veritctsfS(@ds dietrotrivilgyerson emidooduqpereshbstragesc dmtheead t o t he

etch stop 30probl em Forturrredi m.deHsit ]PI asnma reagt rs sutch.as a dual
frequency ca %‘)gf,stsaav Sg;nlx € contamning rluorocaroon, 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, A[:IZ, 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 pc;lymer 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 eiched 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



-15- coupled etch reactor, the reactor is preferably at a pressure bel ow 200
mlforr such as 20 to 40 mlorr. Due to plasma confinenent at the sem conductor
substrate undergoi ng etching, the vacuum pressure at the substrate surface
may be hi gher than the vacuum pressure setting for the reactor, e.g., the
pressure at the substrate surface 5may range from30 to 100 nmTorr, e.g., 45
to 65 mlorr. [0046] The substrate support supporting the sem conductor
substrat e undergoing etching preferably cools the substrate enough to prevent
del eteri ous side reactions such as burning of any photoresist on the
substrate and formati on of undesirable reactant gas radicals. In nedium
density plasma reactors, it is suffici gt 10to cool the substrate support to

a tenperature of-20 to +80C. In a paral -plate plasnareactor or triode
type reactor substrate.s Qrt, can a bot.tom el ectrode for
suppl yi ng an® bcioﬁtbmtm&%ai’?éogﬁ(%g?arﬂ%qnegaﬁur| Lar P 85% PRg? tFﬁ% 28hd an ESC

for cl anmping hymeca&bmﬁgarsa@ fuorbedrb&X F&5 of hess. substrate can corrprl se a silicon
waf er which is electrostatically clanmped and cool ed by supplying helium (He)
at a 15desir é¥P5h} es sm@%mm@ﬂaw@%m gasnk 06 pydrogatbareses fnd YEEISC, as

di sclosed in fer at a
desired terrpgr a§BFeg&tBﬁgtcﬁ£9%1§§t%e mal n c§+‘ﬁ% eclf{ ° Otf(alreer%%tglﬁegb%tpé E@]Eé(’)&a?,o Torr in
the space betdthn filheompbstiomeitht meteridl being etdh@dl?l}“dEhmtahoelxﬂﬁremmdgayer can

optionally b pat.t rned th any suitable 20 t ar.esi Ac rcially
avail abl e 24 H‘?hf‘?ag%rfa’ﬁze ?ﬁoxé(ﬁé?ﬁﬁll"ﬁede astg? HAg @@éﬂmﬁ&ﬁngedl electric
layer. The th@dﬁg@wopaleIeb@lc%%eﬁmm& &b 1éayfdaa9vettbﬁaﬁttﬁélbr &t ep may be 500
to 1000 nm Alternatively, a 193 urn resist may be used he 193 nmresi st

can advant agéwaisijn @G[@!ﬁéﬁlﬁs wch gs onide Bms vathiewdevelsor dapingstheaCliyiO:desi gn rul es.
The 193 run rrzﬁﬁ)' é’b %&&c@d o%v)é'p Ctﬁéb Pft‘p 9&#} c]ag%eﬁ%hgl?f%ﬁﬂ{aetcm&é/eﬁ S More

25sensitive fot asma e ch'c bm st rocess nust be
hi ghly dél ectcbn/tanmghngterdqmnsaddltmns,rsdcﬂ:rastfamment | oss of pattern fidelity

due to faceti f the reS| and/ or resist breakthro prior to conpletion
of “the ar ot edli2l orCRyeef and B AP PRcT S iR R AS T R ABOROLRE O oi deval |
bowi ng, m cr Gt @EcAYpreferably 5 to 50 scem, and more preferably 5 to 30 scom. Silane

can be supplied at flow rates 0f 0.3 to 10 scem and H;, or hydrocarbon gas can be

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,F,,
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;:O, 0 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 efch 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 e’Ech reactor (such as the
Exelan™ dual frequency capacitively coupled ox1dc etch system available from Lam
Research Corporation, the assignee of the present application) was operated with a
top electrode power of 0 to 5000 watts, 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



and mask faceting typically acconpany the etching of small features in
dielectrics. 30Striation formation on resist sidewalls, for exanple, can
occur during plasma -16- etching. Striations can nodul ate the feature edges
and lead to degradation of critical dinension. Striation formation can al so
be decreased by increasing the snoothness of the resist. [0049]1f desired,
the substrate can include an antireflective coating ("ARC') 5thereon. The ARC
is used to reduce reflection back into the photoresist during exposure in a

| it hography step and allows better pattern reproduction such as a pattern of
openings in the formof vias or trencheﬁ formed in the photoresist The ARC
can be any suitable material such as a~ %drocarbon film e.g., a spin-on -

organi c material .conprisi.ng_an organi l.yneric _conmpaun The can be
opan on the HRuHEtEREuTREY Aiurh A ebeld ST rad 6Bt 5t e 855 R5 00w
[0050] I n one wRukedi wBNG00 Wit hYEMHZQRd RO AR Bt 2 ML GSHS af Bch pAS® et chi ng
hi gh aspect ratio features such as conductor |ines, vias and contacts

i ncl udi ng selmixEre gl seenact scomSAC) -SisermeiPidl, o8 6 seam Cafear$ seam Hemid onduct or
substrates. I3 the ppocess, a gas rnixhire containing fluorocarbon, oxygen,
and sil ane-contal ni ig° gas 15such as silane, H2, or hydrocarbon gas, with an
opti onal Sgas [0084) asFiuresned fllugedste the effect ofgiRoniddittoresresdingadliben a pl asma et ch
reactor into a%@I as‘gge,stat_e such that the non-inert reactants are at | east

partial |y di SERREPSQIChe ikeioHg Fave Grllvass fiedoped stchipeoite abigaed MEon ayer is
etched by flyQfsH&oaRRhaldEs cSRexhESwRRE d&&%o?fnbﬁxﬁ@?sﬁa%%‘il@F%@ﬂﬁ’ H2 or

hydr ocarbon gas forma carbon and/or silicon-containing prote ve 20pol yner
on the top ofshowsapéramplesaeliasdi¢lbetricllaperihasing swaiglgiopeniagd, thewpenings teinghed
? Egni ngs. Theetcﬁlietli ?nnaec_cgr%%caeiurfllithn € 81%%%:58 Iélgdorcﬁ)ﬁg Exy er &%glzrlt%%.n II(I:?I%UI%OI%P ae rate with
10 dielectric layer 2 having bowed openings 4 was obtained when the dielectric etch
was carried out for about 4 minutes in a single step with the chamber pressure set at
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 sccm C,F;. In Figure 1b, 2
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 reéfst 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 hydroéarbon gas in place of silane orl with other silicons containiﬁg 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



oxygen-contai ni ng gas to bal ance polyner build-up sufficiently to protect the
phot oresi st and sidewal | s of etched features while avoiding pinch-off and
etch stop problens due to excessive polyner build-up. In general,

si l ane-cont ai ni ng gas, H2, 25or hydrocarbon gas can be used to form pol yner
on the top of the resist/hardmask and in the etched openings, and oxygen can
be added in an anount sufficient to control polyner buildup on the sidewalls
of the etched openings. The advant ageous effects of the invention can be
achieved in a dual -frequency medi um density plasma etching reactor by
suppl yi ng sil ane-containing gas, H2, or hydrocarbon gas and 30f| uorocarbon
gas reactants to the plasma etching red@tor at a flowrate ratio of -17-

sil ane-containing gas to fluorocarbon gas of 0.1 or less, or a flowrate
ratio of H2 ehemhpHYYtunbsergaisd eva fal feawcarpomaldpd plagt processisg | ess. [ 0051] The

anoi nt of si - t.al nl n gas is
preferably C%‘?éh%g@?@ﬂegé ?gﬁgﬁf ﬁ?‘%&%z:og giﬁ%ﬁﬁg g{elz)[ g‘?%l? &f%dggﬁ%‘g%%%gs gei ng

et ched 5and tldrddel7i? toroyghsintR fomatobing hetwiork B0l dh a bike mgnwdrcthetotidror | nst ance,
when etching | arger  feature sizes | 0X | S needed rotect the

si dewal | s of CJF%EO%&Q%\&COBB]%? .Corfggél‘sﬁq"é%gﬁg rﬂ?Ié’uah@ %@tcP“a‘f}gF %H*F"%‘Wgar e |less

reacti vest oWagtfofEl 60 P edeh 8RB RF souicBE7(R| A Be ¢ AnO¥de films with

| ow | evel s of doping, the C'F/02 ratio may be reduced. However, the WO ratio
can be hi gheETOFl@;- Aimegdanm density pipema cantie eanaptad ithe regpier alyp anubsiaidi t i ons;

such as for 3 | b chan be
suppl i ed at ?? 036\27 Sr‘%? g’gﬂ)@(w% %gﬂgcsg%{cgsgﬁéf 2irha%ﬁ% %’%W%&ggééslgc?ﬁﬁﬁgand nor e
preferably 571Dardh lsgiem el&itlodn ] Soanhdshosethphd eebtaide 71 Duvdntetebstrivhllp. 3 to 10

sccm and H2 or hydrocarbon gas cap_be supplied at, flow.rates of 1 to 30 sccm
As an exanpl &°uRdrd ag¢ AT L TR TP B TR oS e %’ﬁb@? orBnbdtory 20 scem

}"’“e n Chy. H clegroidPiRB! BtheRtypes 6ffba§£&it%ﬁmou?1@&' réAb @R ban lafso HE RN @g can range
rom 100 to 600 sccm | n another exanpl’e, the CrFyHa is CAF6, the oxygen
cont ai ni ng gesctors lLingrdlyt spoverdchawerhem! aoslynowstdddy a twttomeelgsiradera et ch
[0057] In a medium density, dual frequency plasma etching reactor, according
to the process of the invention the etch rate selectivity of photoresist/hardmask to
dielectric advantageously enhanced, the material integrity (resistance to distortion)
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;éontaiﬁug gas, H,, or hydrocarbon reactants. The additioﬁ 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 hydrocarbc;n reactants may be added as a standalone gas, or viaa pre'—
diluted mixture, in combination with argon, oxygen, fluorocarbon, and/or
fluorohydrocarbons. The hydrocarbon reactants may be in gaseous or liquid form
before introduction 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.



reactor at flow rates having a ratio of C4F6:02 of 0.5:1 to 3:1. In an

addi tional exanple, the CAF6 and 02 are supplied to the plasm etch reactor
at flow rates to 20avoid etch stop during etching of the openings in a SAC or
dual damascene structure. The 02 can be suppl enented or replaced with other
oxygen contai ni ng gases such as CO For instance, CO can be added to the etch
gas at a flowrate of 50 to 500 sccm Furthernore, the H2 or hydrocarbon can
be supplied at a flowrate equal or nearly equal to that of 02, such as 1:1
or 1:2. 25[0053]1n one exanple, a dual frequency plasma etch reactor (such as
t he. Exel anTM dual frequency capacitivel ypocoupl ed oxi de etch system avail abl e
from Lam Research Corporation, the assignee of the present application) was
operated w t hjgsgpp etlﬁqbfeg&ﬁg RaVEECcrded thet na@&@ pefersd edb&fige@bhyd 1000 to
2000 watts, and a bottom el ectrode power of to 5000 watts, referably 1000
to 2000 watt s modesefiogpation Q%hﬁmemé%ﬁntwgs H?Wwﬁgtha@ﬁ@ngorbﬁ oy b8 um can be
etched in abo I pressure
set at about gglﬁ%%%r, 0 IkﬁmﬁtéFﬁqﬁﬁmmﬁéég?@%@gg%%%aggagP%'g&?fh 1000 watts
at 27 MHz and aﬂﬁz@@iematbbé embodimbdz shoudd begegardest ashillgptrative rether thamf 300 seem Ar,

8 seem 02, 1.5 se seem ¢ or 5 seem 112 d.15 seem CAFS8.
oL 0004] Pt Sur o BeSHRRUp, pitrhoIdbE s Rt T F e gSEor U mg T o € he

process of thembhusehts 85 wolitegi Wkellddan tHelattSHitiRduESephiifg BRWEte 8¢dpB obfRf i | €
obt ai ned when using a conparative etch gas m. xture which does not include

slime while FPisms vsnaniadetipeddyahpfollogingelaimel ectric | ayer having strai ght
openi ngs, the openings being etched in accordance with the process according
to the invention. In Figure la, a 10dielectric |ayer 2 having bowed openi ngs
4 was obtained when the dielectric etch was carried out for about 4 mnutes
in asingle step wwth the chanber pressure set at about 50 mflorr, one or both
of the el ectrodes powered with around 3000 Wtotal power, 100 to 300 seem Ar,
5to 20 scan 02, and 5 to 20 sccm C4F8. In Figure Ib, a dielectric |layer 6
havi ng strai ght openings 8 was obtained using the same process 15with the
addition of 0.5 to 2 seem SiH4. [0055] The effect on the 193 nm phot oresi st of
the sanme 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,

wr i nkl ed appearance. In contrast, as shown in Figure 2b, the resist 22 is
markedly less winkled with the addition of silane. Furthernore,



20referring to Figure 3a, the absence of silane produces a rough post-etch
resist surface 30 while the addition of silane results in a snoother resist
32, as shown in Figure 3b. The addition of silane to the reactive gas
inproves selectively to the 193 nmresist by nore than 25% preferably nore
than 35% as conpared with a sil anef ree*r eacti ve gas mxture Simlar results
can be obtained with addition of either 112 25or hydrocarbon gas in place of
silane or with other silicons containing gases. [0056] The process of the
inventio I carried out in a parallel plate plasma reactor such as
react or %gi‘gﬁg\ﬁﬂ%IR‘eﬁq S%'re 4. The reactor 700 includes an interior 702

mai ntai ned at a desired vacuum pressure by a vacuum punp 704 connected to an
outlet in a wall of the reactor. Etching gas can be supplied to a

30shower head el ectrode 712 by supplyin as fromgas supply 706. The reactor
-19- chanber A?@Btﬁeglﬂpﬂéh'%@?%ﬂ@& "gg diel %'aw:ém@%wgpar allel plate

processi ng arrangenent where a first RE source 708 is coupled to the top

el ectrode sh&b@?‘ﬁw Heendygier ?‘i@%ﬁrc&ﬁﬁp Hatﬁlﬁuﬁﬁqr[:'ﬁiarﬁgsrm WePreastth. 1n a
| i ke manper, the bottom.electrode 718 is cqupled to a second RE source 714
thr ough 6 SRR NREMR RSP Bl a0 APSHEm0 B DIRSIS! PG I ERETaRE SEO cos
708, 71 are co.uPI ed at one end to ground. A nediuM density plasnma can be
gener at bF HifleFNE19YEhct or above a substrate 720 by supplying RF energy fromRF

708, 714 to t hower head el ectrode 712 and t Lectrode 718
o7t he. showePHBRHMEIOURE PRAB- IS EaHOLE ST SLaTY “HRdD AT AR SR Rner gy a

di ff f ' b | i ed he b | d :
E;t“ﬁgr K ¢§%§ﬂéwh%§e§%§?%§§n§9%;bau§2 %Eﬁ$9§:a§&3%8vg%a%ogfaéﬁn°gﬂ"%alsﬁe§%ﬁfiteafn&pﬁorfaiict or s
o057y Yo RHEIEn TP 6 fRo RiuBeha o JORREERar Bodinh PR SRS 80%: ai ng

phot or oui st s AP AR e ERAFRse8 b BPR0BRABAACT) “enhanced. the materia

e Y. DS o oL T e B o M DR TSI e
o0 o GRARAE ISR R Sy U STBE ek R Rle A POgEREL . ™ 0

e SOl P L RO T P LTl s

the openings being etched to depths of at least 2 um and the C,F,H, forms a protective sidewall

polymer on sidewalls of the etched openings; the hydrogen 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.



20photoresist, as well as the profile of the feature being etched can be
regul ated by the addition of silane-containing gas, H2, or hydrocarbon
reactants. The addition of silane-containing gas, Hz, or hydrocarbon
reactants results in the creation of carbon and silicon rich polyners that
can deposit on top of the photoresist and negate the ion bonbardnment and
chem cal etch effects on the photoreS|s?' Si | ane- contai ni ng 25gas, H2, or
hydr ocarbon reactants nay be added as a standal one gas, or via a pre- diluted
m xture, in conbination with argon, oxygen, fluorocarbon, and/or

fl uor ohydrocarbons. The hydrocarbon reactants may be in gaseous or liquid
form before introduction into the anber. The desired flow rate ratio of

si | anecént ai HhaEeled q@'ﬁ"mdo\”ﬂ@r&%\*ﬁ'ﬁﬁ@ééﬁ pliediothe pepicandusii sHbstigted. 1. The
desired flom130rate of H2 or hydrocarbon reactant to fluorocarbon is |ess

t han or deERBIheEEhRISter. - 20- [0058] The foregoi ng has described the principles,
preferred enbodi nents and nodes of operation of the present invention.
However, the invention should not be construed as being limted to the
partlcular enpodi nents _di kussed. Thus, the above-described enbodi nents shoul d
be regarded &8¢ Methegidf aipd. Wa?rﬁlé‘rth? Resssuie ik the iplasmaetchyiedctor isdra @fl be
appreci ated th? variati ons npay made i n those enbodlnents by workers

ski | | ed Mhpriand/os the W“Pﬁ@d‘freﬁgﬁ‘ﬁrstjpﬂ'&tef $HARPE 2@ Ol9er89Ct he present invention
as defined by the followwng clains. WHAT IS CLAIMED IS: 1. A nethod of
etching openings in a dielectric |ayer, conprising supporting a
senicongucto sub traiﬁ on .a ubst ate support in h reactor, the

subst r ate ha ogiok i Ty ¥ ?rﬁﬂﬂst © gpe S[ﬁ?ﬂ"&'??ﬂé'as &?Bttaﬁngegn ¢r ffeRghes and/ or

har dmas k agge\(l%a'ﬁnggce%leeseeffc etlhrglnecd coarXact or self-aligned trench structure.

7. The method of Claim 1, wherein the openings are 0.3 um or smaller sized openings
having substantially straight profiles wherein top, middle and bottom critical dimensions of the

openings are substantially the same, and the openings have an aspect ratio of at least 5:1.

8. The method of Claim 1, wherein the openings are 0.25 um or smaller sized openings
having substantially straight profiles wherein top, middle and bottom critical dimensions of the

openings are substantially the same, and the openings have an aspect ratio of at least 10:1.

9. The method of Claim 1, wherein the dielectric layer comprises doped or undcped 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



supplying to the plasma etch reactor an etchant gas conprising (i) a
fluorocarbon gas (C, Fyl-1,, where xM y'21, and z?0), (H hydrogen, (iii)
oxygen-cont ai ni ng gas, and (iv) an optional inert gas; wherein the flowrate
rati o of hydrogen to fluorocarbon gas is less than or equal to 0.5;

energi zing the etchant gas into a plasmd state, and etching openings in
the dielectric |layer with enhanced photoresi st and/or hardmask to dielectric
| ayer selectivity and m ninal photoresist distortion or striation, wherein
the dielectric layer includes a stack of |ayers of |owk rraterlals with or

wi t hout NitdensiligopFarkifeersilicar pumdridgeerer therf&el@qs@miamg@ﬁ&rhgt\@@a freeydielgctdept hs of
at least 2 rn and the C FyHz forms a protective sidewall polymer on sidewalls
of the BPERRWUEHYEAP¥SHs; the hydrogen maintains a desired concentration of

pol ynmer precursor species in the reactor; and the oxygen-containing gas

mai ntains a desired thickness of the sidewall polyner. 2. The nethod of
Caiml, wherein the asma etch reactor conprises a dual -frequency

medi um d@nsi The waingd |°FF\?€V)7 wiripindbe gichantgas exerines@n ('!P%"%H'%gse%teﬁﬁrﬁé}

shower head el ectrode and a bottom el ectrode, RF energ bei ng sup Iled at two
di ffereH® ??%%?é‘ﬁ@f"&“t"!? et KeXeand Asdhe Siertaas being gy %&edé? “%l Bhfirst
and second, freqyenci es %,\}?{Dge shower head el ectrode and bottom eI ectrode. 3.
The net FREGI6At QY FAte of Pi$°¢Me shower head el ectrode is supplied 500 to
3000 watts of RF energy and the bottom el ectrode is supplied 500 to 3000
watts of RF energy. during the etching step. 5. The nethod of Claim1,
wherein ressur etch reactor 200 rr_and/or the
enper afln e @*Fe tog ol e MedERans SFat Saecaripissad o % Soam B bR BE DT G af m
1, wherein g%ﬁ g@o ﬁD}gl se vies, contacts, and/or trenches of a dual
damascefEM éla\‘" 't or self-aligned trench structure. 7. The
nmet hod of Caimi1l, whereln the openings are 0.3 grrl or smaller sized

openi ngs having substantially straight profiles wherein top, niddle and

bottom ¢ritical d' nsipns .of . t he in ale ub | | he sane, and
t he opeﬁ ngsﬁ:ﬁ%v'g hgﬁ ig%«%t Wg?re'b" ((‘;,P‘?-gc ﬁééﬁg ?efStsé% ﬁoeq‘:"}4 f{eﬁod of Caim1l,
wher ei n t [ openi ngs having

subst antIv%sfﬁggféﬁ;o?oarhﬂe%rSto?r?eIEhggé%grcgﬁtrgl%[ %luor%cé%Se and bottomcritical

di rensi ons of the openings are substantlally t he sane, and the openings have
an aspect ratio of at least 10:1. 9. The nethod of Claim1l, wherein the

di el ect régc | THE mefriadlef bR 199R %Qm%e Eféﬂé’rﬂggs Eb%ﬁs%g b 98h d€em BFEG, u.@%@ FSG,

PSG TE t hef ma I’con oXxi dé or rnor mat eri al of of'ganic | owk
mat er i aI Y/ nductive | ayer sel ect ed fromthe
gr oup conglggﬁ ME?%%tgﬂ&gag‘éﬁ ald 56{0639'08& FF Ti, Ti alloys, doped or
undoped pol ycrystalline or si ngI e crystal sili con TiN, TiW Mo, suicides of
Ti, W Co and/or M or alloys thereof, the sem conductor substrate including

an optiqpal § Qnmeh'\%)ﬂ%rf CRIA 19! whESK tﬂ\@é{%{geﬁ%ﬁ&hﬁ\g 5 W Reiddrd SR8 tHY drbigle

silicon carbide or silicon oxynitride he d| ectric %ayer and/ or
bet ween %%t%%h il 60286, SR HIGIkLY fhehdyer - 10. The nmethod of Caim 1,
wherein the e afit ‘gas corrprl ses an Inert gas selected fromthe group
consisting of He, Ne, Kr, Xe and Ar, the inert gas being supplied to the
pl asma etch reactor at a flow rate of 5 to 1000 sccm 11. The nethod of

G ai m 1,45WhRE ﬁierfhc;dfb@c%ﬁha%eﬁﬁﬁhs@faaamsg% cBmbfsed® 15 BOECEAREF, HiPwWhere20 sccm
02, and 100 to 500 sccm A

x=1, y21, and z20), 2.5 to 25 sccm hydrogen, 5 to 100 sccm oxygen-containing gas, and 100 to

600 sccm Ar.



12. The nmethod of Caim1l1, wherein C FyH, conprises at |east one

hydr ogen-free fl uorocarbon and/or at |east one hydrogen-containing
fluorocarbon. 13. The nethod of Claim1l, wherein the etchant gas conprises 3
to 100 sccm CxFyHz, up to 500 sccm oxygen-contai ning gas, and 5 to 1000 sccm
Ar. 14. The method of Caim 13, where®h the oxygen-containing gas is

sel ected fromthe group consisting of 02, 03, CO CO2 and m xtures thereof.
15. The method of Caim1l, wherein the etchant gas conprises 5 to 50 sccm
CxFyHz, (where x?.1, ¥ cand U.0), 2.5 to 25 sccm hydrogen, 5 to 100 sccm
oxygen- dBnt ail i AGthgd £ Ciaim 11 wbereth traghberaminge are forrged mﬁge gietestsig Iaver aging m 1,
wherein strai ght openings are forned in the dielectric |ayer usin? an

oxygen- @BRK¥eRiRptaEminaRiphang g3s supplied tedhe plasme eishaeariorat aiffowdaietadp 1ap0% 1 ow
rate of 5 to 500 sccm oxygen-containing etchant gas. 17. The nethod of Caim
1, wher EFGN PHGEBTCERAINNG %‘%bﬂ?ﬁi ses C4F6 and 02 supplied to the plasna etch
reactor at flow rates having a flowrate ratio of C4F6:02 of 0.5:1 to 3:1.

18. The method of Caiml1l, wherein the addition of H2 to the etchant gas

i nproves_b re than % the resist selectively.as conpared with a

h;rgr ogen/f hﬁ%{f@fﬂ? t°f§§§'!‘11‘gl??f8'“ ?ﬁ@ﬂa'ﬂfgaﬁtf’%‘i"%ﬁ'%,s Gahe '?é:l‘ﬁ"‘ typelied st gas
conprises 5 to,30 sccm CAF8, .5 t0._25 sccm hydr n, O sccm 02, and
To0T L b Bl et RRClor) Mo celien GVt S IP8 FAtS PG s 47951t &Moot i e L ayer

conpri si ng: supporting a sem conductor substrate on a substrate
support in a plasma etch reactor, the substrate having a dielectric |ayer and

‘ tt d t i | d/ har d the dielectric | X
D e RRRE TRl B BRI SRRl PSR R T (o
fl ((CxFfrl wh Lyl d a0), .(ii) hyd , d (iii

L SR RO AT Gt S b e e o 0T, 20 (111

| ess than or equal to 0.5; energizing the etchant gas into a plasnma state,
and etching openings in the dielectric |layer with enhanced photoresi st

d/ d k i ic | I i Vi d.m ni mal j
oot or 1B el 50 S B APl B B A B 2518
t - t t t t
gas comsri i Eer B Fo b LB oh Pt iy oup consi sti ng of . K. Kr.
Xe and Ar, the inert gas being supplied to the plasnma etch reactor at a flow

rate of 5 to 1000 sccm.
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 zz0}), (ii) hydrogen, and (jii) an optional inert gas;
wherein the ratio of hydrogen to fluorocarbon gas is less than or equal to 0.5;

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 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..



ac-- 21. The nethod of Claim 20, wherein the plasm etch reactor conprises a
dual -frequency nedi umdensity capacitively coupled plasma reactor including
an upper shower head el ectrode and a bottom el ectrode, RF energy being
supplied at two different frequencies to either the bottom el ectrode or at
different first and second frequencies to the showerhead el ectrode and bottom
el ectrode. 22. The nethod of d aim 20, Wherein an RF bias is applied to the
sem conductor substrate during the etching step. 23. The nethod of C aim 20,
wherein the dielectric layer includes a stack of layers of lowk materials
with or without etch stop | ayers therebetween, the openings being etched to
dept hs f at Eeast é g@m% The met&od of CI ai m 20, wherein the CxFyl-1,
forns a ﬂ'r ot &8¢ MFENOg;o Op‘ﬁh%fﬁ@ri PIaSI3 B{RA rPaCtQs COMRESES: 2 ek rﬁﬁ‘é‘?ﬁctﬁgs and

t he hydro ta ns.a desired concentration. of pol rec r ec e
it e TR HEnst SaP o Sos e BIRSTTR A LG AORP P RE e et o

| asma etch act 0 200 mrorr erature e substrate
Suppor t adal ﬁ%nte SrBReRE SOHRNGBPRE B PTG RHEPE G PRE B peni nge
conpr a , trench darra cene f-aligned
cont aot et EpbEf it AreRdhRl wid fiafiedlends ke AR BonEonod °

wher ei n t | qctrl c layer conprises doped or undoped or organic | owk

mat er i aI ?rnge "Q%ctric | ayer overlying a conductive |ayer selected fromthe

group consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or
undoped poI ycr ystal li ne or single cr ystal silicon, TiN TiW M, silicides of

an’ opt i fal 308 F“ep@gt B R A T TR

sili condﬁﬁﬁe&){ r S|te con oxynitride over the dielectric |ayer and/or

bet ween 5' &1 ¢ and conducti ve | ayer. 28.The nethod of C ai m 20,
wherein C'Fyl-1, corrprl ses at | east one hydrogen-free fluorocarbon and/or at
| east one hydrogen-contai ning fluorocarbon.

23. The method of Claim 20, wherein the dielectric layer includes a stack of layers of low-k
materials with or without etch stop layers therebetween, the openings being etched to depths of

at least 2 pm.

24, The method of Claim 20, wherein the C,F,H, forms a protective sidewall polymer on
sidewalls of the etched openings and the hydrogen 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 C,F,H, comprises at least one hydrogen-free

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



