-1- PROCESS FOR ETCHI NG DI ELECTRI C FI LM5S W TH | MPROVED RESI ST ANDY OR ETCH
PROFI LE CHARACTERI STI CS USI NG ETCII GAS W TH FLUOROCARBON AND HYDROGEN Fiel d
of .the Invention [0001] The present invention relates to an inproved nethod
fror plasma etching-- 5 a dielectric layer in the fabrication of integrated
circuits. Specifically, the present invention relates to enhanced

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

di mension (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 in-dielectric materials. The dielectric
materi al s |ncI de doped silicon oxide such as fluorinated silicon oxide,
undoped SI|ICO oxi de, silicate glasses such as boron phosphate silicate

S R T

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; nmetal silicides such as titanium
silicide, coBieldofshé Invedtiontungsten silicide, nolybdenumsilicide, etc.

[ 0004] Using ven onal photol.ithpgraphy, a | ayer of pho ore5|st and/or a
hard sk Cli0Te. LJGR Prese it ieRton 1 i B wwreied mend Brakrs

anti - ref4 eCté&%le@t@i@tldﬁgm théBEHCARRRE hGhiReARRD ShRiRANY IheSkaht i ayer may be

used in order to mni'mze 25 reflection during resist exposure and inprove
the fidelitymnwéntioheelatesosmbpneed photoresistand/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.



[ 0005] 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. Plasna etching can be carried out, for exanple,
in nmedium density reactors such as the parallel plate plasma reactor
chanbers described in U S. 5 Patent 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 control of deep openings having high aspect
ratios of at least 5:1 are disclosed in conmmonly 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 |ayers usi€lg a gas m xture contai ni ng
fluorocarbon, oxygen and nitrogen reactants wherein the oxygen and nitrogen
are added i n [e005{nt sVaxh.ﬁmtpmvmmg chztrhetsiand genbellpriedd foeetohing be:neﬁeﬂdﬂed openi ng.
The " 043 patent di scl oses et.ching of deep openings 10 5 ep in a
silicon |ayeP 9‘3%@‘35 Y SURYIBE PRREess §at 9ithe YRGHUIR Fhambss an P@#F f“b etch
through a natipgel@¥ M8 gheV8hsnRV&Ehild\Gn b bArBied ohi2¥R ex@fle, ﬂﬁeafutmg a gas

m xture containing an oxygen reactant gas, hel'i um an 1.nert

bonbar drrent - elhsiyaEastpre sis atﬁdleaaatallaknlatnela@mreapt@r nlgm@ase @a«zri’oeém FSS@ CAFS8,

fc:: 3orolc?lgfsbgﬂ%’ﬁl_@§8§ ﬁ&%fl[ﬁ@% %gﬁi eat}cllﬂ‘l5 "P'&?g ?%EE‘OSS qsgfb hllﬂlg d etch gases

have been w qatemusesjommwtch di el ectrl c layers 20 because the F and C
constituents facilitate etching both via a radical reaction and an

i on- assi st ed [P@¥g1 i oﬁeqmiqu@s @laﬁb‘\%ﬁ profiie 6pRiEql job Aeaporamin gy kavingbghg

car bonaceous sl IR 5r 4 Mot 98 dildfsdtth bBEmoRy duiBaTHI B Rps.[ 000C]

Sel ectivity |s eS|ra respect to overlying photoresist, hardnmask,

and ARC Iayer&llﬁ§8ﬁ/ealnld 6@1491t04é 0 thesentlet ‘G86 satap disaloses. etﬁmd@@ttoptmmgs ins

especi al 1deS| r@ :le at the corners oft a, te%fj%d photore i st or hardmask
| ayer be ausé1 1°AR OXIB IHEP ISHEAE2S rePt WF’%&B\% OPPHEE 28t chi ng t hat
tends to creafieogden e@ctniiitehein tHARFLnARY HitloBRogt atdl if abdolea bffebtivensi ons of

t he feature. Photoresist/hardmask
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



faceting can lead to via/trench "blowout' 'of device critical dinensions,
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

pl asma etching technique -3- which achi eves hi gh photoresist or hardmask etch
selectivity, high dielectric etch rate, |ow pollution and | ow damage. Mre
particularly, there is a need for a plasna process whi ch enhances

phot oresi st to oxide etch selectivity in order to achieve a highly
anisotropic dielectric etch with m nimal danage or distortion of the original
5 photoresist pattern. Sunmary of the Invention [0009] The invention provides
a process of etching openings in a diefectric |ayer, conprising the steps of
supporting ,a sem conductor substrate in a plasnma etch reactor, the

subst r at e hawhiglyachieypehigh photerepisharhanimasloetpinselestivie highodieleent stch and/ or 10
har dmask | ay, abaove fhe di.e| ric.laver.. supplying to the plasm etch
reactor an rg{et]ﬁglrﬁocﬁﬁgés %“%%W?‘%“ﬁ - (l\g?%im%hlcﬁ%ﬁgc%?r it Ibezféq " Mhere xa 1,
y>_ 1, and 2z@26Qess whibl ehadtdsadhetotdit fi dxideGichaslectiif)in @fter @ acliehyslr ocar bon gas
(CHY, where xz 1 and vya4), (c) an optional oxygen-containing gas, and (d) an
optional i ndighlyamsotigric delgctrie pigh Mt ipimabdamage or distartien ofitheiprige®nt ai ni ng’ gas
to fluorgpcar i ess than or 15 equal to 0.1, or the flowrate ratio
of the hsgdropglg{r%r%?%%/t%%car bon gas to fluorocarbon . gas is |ess than or equal
to 0.5; energizing the etchant gas into a plasm; and plasma etching
openings in the dielectric Iayﬁr w th ﬁﬁﬁznceﬂ phot or esi st/ hardmask to
dielectric layer selectivity antPBE HPHfatveBHB or esist  distortion or
striation. 200499010Fhé mv@iltﬂihq:fr@ﬁﬂ@(hﬁmé@éﬂf%ﬂingo}p@ﬂnﬁﬂ A9 Beldeh reactor is a
dual -frequency "nmediumdensity capacitively coupled plasna reactor including
an upper shdaErirogprisiap dia stag of epproing i symisopshicios gubsirety iseplasma goD0 watts of
RE ener gy and, @bt L. £16ehE A% Q01 1912 LAY SHRRLA oMMl 3R © 3000 watts
of RF energy, energy being

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.



supplied at two different frequencies to either the bottom el ectrode or at
different 25 first and second frequencies to the showerhead el ectrode and
bottom el ectrode. According to a preferred enbodi nent, an RF bias can be
applied to the sem conductor substrate during the etching step. [0011]
During the process, pressure in the plasm etch reactor can be 5 to 200
nmlforr and the tenperature of the substrate support can be -20C to+80C. -4-

[ 0012] The openi ngs can conprise vias, contacts, and/or trenches of a dual
damascene, self-aligned contact or self-aligned trench structure.
Furthernore, the etched openings can be 0.3 mor snaller sized openings
havi ng substantially straight profiled-wherein top, mddl e and bottom
critical dinensions of the openings 5 are substantially the sane, and the
openi ngs hav80k aspbe ppaninigs sapeorerise sias cobtadts, andior dentihagofagdual pr ef er r ed
enbodi nent, | ca . 0. 0 mal Si zed, openi ngs

havi ng subst%n%lscakg{}sg’taﬁgﬁ %l]hct%g%f;to r??lggll%ﬁé%gﬁ% {ug@rem ﬂ&lgtﬁlgmg)ﬁ%%ebot tom
critical di nesiedopenids dah®e 039 Bonalersisdopt@ngd Blving subgadiad®, and t he

openi ngs have an aspect ratio of at |least 10:1. 10 [0013] The dielectric

| ayer can cofgightrofleg sihetpiniorymifgdisand botiome eriticsl Simensions EmPeRKes FSG PSG
TEGCS, ther tlefin 40 | ' | i r rrgani ¢ | ow k
nateriapf ?ﬁ%eg#%%gggpﬁﬁéﬁ%?g%m%gg5@%@#¥g§&%ﬁ§gﬂ%%§#?3%af%?%gléelected from
the group cofsoalingiy aireired dnbadileytsthe Eohedapeaingoy:m, be .25 h ofll | 0ys, doped or
undoped polycrystalline or single crystal silicon, TiN, TiW M, silicides of
Ti, W 15 Couiey Bredgpenineshaviigsubsiuitially siraigd peatiiescuiracia top mé‘iﬁ“s%dat e can
further incl " - EMEY: andf r cted from
silicon nitr?@ﬁ?ﬁgﬁhfgg%ﬁggg%ﬁﬁggﬁg sﬁﬁiconggygﬁﬁﬁ$%%%ﬁ%e§$£§he dielectric

| ayer and/ oropsaing®kavetah@spicttatic of dtdeasinld:1.conducti ve | ayer. According to a

R T e e B T

openi ngs bei BES@RI®ESH) PdepTEOSOtheradal siBést oxdddBr 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 or 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



[ 0014] According to a preferred enbodi nent, the CXF}HZ can forma protective
si dewal | polyner on sidewalls of the etched openings; the silane-containing
gas, hydrogen, or hydrocarbon reactant mnaintains a desired concentration of
pol ynmer precursor species in the reactor; and the oxygen-containing gas

mai ntains a desired 25 thickness of the sidewall polyner. [0015] According
to a further preferred enbodi nent, the etchant gas can include an inert gas
selected fromthe group consisting of He, Ne, Kr, Xe and Ar, the inert gas
bei ng supplied to the plasma etch reactor at a flowrate of 5 to 1000 seem
The C F, 13L can conprise at |east one hydrogen-free fluorocarbon, for
exanpl e, CF4, 30 C2F2, C2F4, C3F6, CAFB, C4F8 and C6F6 and/or at |east one
hydr ogen- contai ning -5- fluorocarbon, for exanple, C2HF5, Cl TF3, CH3F,
C3H2F6, C3HEBdrocaTBo, Eéy, example (S HEZ, CHRHhEHe, ChEH,, §AEF; aHF neddQEFCKFN, HZ,

silane as t sji | ane-cont ai nj S,, an - containin as and Ar

suppl i ed to%ﬁﬁgtcfbﬂ§%ca8%u4ﬁgggggﬁﬂ§]ﬂe qsﬁg‘%/\;qﬁa?-ggnt@pmg ﬁaﬁg’ﬁlgﬁygegéem CXF3, H~,

0.3 to 10 segimisiinkdAeandAt ﬁpﬁ@é@lw%fﬁlﬁﬁé%&r%r% AbR3atePse3 8NdoS to 5 1000
g

seem Ar. A preferred etchan as includes C4F8, silane, 02 and Ar supplied to

the plasma 8@hCdglsdrtodf seampsilanailde 589 s@m axygen-suudnicg Bas, awl St 0 3 seem

silane, ;0 t e . t 0 rred etchant
gas i ncFudegogﬂ%%Sﬁé%m ‘Agérg%?%gﬁ%%&tggsoﬁggde}e%m’ é@mgf@hé@f%rcsﬁpﬁéeﬁ téas, 0 to 40
seem 02, anthelflintacichGBactarent Aowiratesldr 51000 6¢crd O¢F, oMb toh sdenosidae; 0-teont ai ni ng
gas may co ise Q,10 CO, 2 and  mxtures thereof. Accordin 0 a
preferred %S‘Eﬁ“h&maflgaoq @é@ﬁg@%ﬁénﬁﬂ‘&ﬁ?ﬁdﬁé@‘{]ﬁﬁ@%@ﬁI?F(i‘f ésé‘? Hectric

| ayer usinggam, @}ch,hlaf&tao%énm%%h}(ﬁo&ﬁ%ﬁ%ﬁs‘,fortéﬂo s&m & ,Sdh&qb(g{atsooopeni ng can be

formed in the dielectric layér using an etchant gas that contains oxygen
suppl i ed t ostdweApl asma etch reactor at a flowrate of 5 to 500 seem 15

LOOLT) BoCER B b5i SHRAR s IBoBLOR DSOS ©
suppl i ed t ondik@res thereof. According to a preferred embodiment, a tapered opening can be

formed in the dieléctric layer using an etchant gas that is oxygen-free, or a straight

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 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



pl asma etch reactor at flowrates of 5 to 50 seemC'F3,Hz, | to 30 stem
hydrogen or hydrocarbon gas, 5 to 500 seem oxygen-containing gas, and 100 to
600 seem Ar. According to another preferred enbodi nent, the CXFA conpri ses
CAF6 and the 20 oxygen-contai ning gas conprises 02 supplied to the plasm
etch reactor at flow rates having a ratio of C4F6:02 of 0.5:1 to 3:1. [0018]
When the dielectric layer is below a patterned photoresist, the addition of
t he sil ane-contai ni ng gas, the hydrogen and/or the hydrocarbon gas to the
etchant gas inproves by nore than 35%the resist selectively as conpared
with the etchant 25 gas wi thout the silane-containing gas, the hydrogen or

t he hydrocarbon gas. Brief Descripti on%f the Drawi ngs [0019] Vari ous
features and advantages of the_ inventjon will becone apparent fraomthe

fol | owi ng deVifl} thedcoayanying dgings mpvhich ke aumae's devignwsliteelapsmiemdi on - 6-
with the acqﬁ%?_({ﬁyi ng drawi ngs in which |ike nunerals designate |ike elenents
and in which: G 1 a shows an etched dielectric |ayer wherein high aspect
rati o openi ngs havEIGhdwstop af dithed dieteckElcQaydr lwhsteimsiglhaspettohidsl di el ectric

| ayer wherein highlﬂas‘%ect ra%}iﬁ(ﬁ) openi ngs have straight profiles. FIGs. 2a
and 3a shows"PUBELIAYPEeVE! PO ace wherein the surface of the resist is

rough. B Gs. 2b andral 151aYes i AERH Ak lapeiFlRfdn Bk hasol gccor dance with
10 the invention. FIG 4 shows a schematic representation of a nmediumdensity

paral l el  plepeeingt kaymatreighiarefilesshi ch can be used to carry out the process ‘of
the invention. = Detgjbed, [e réhB\&szBho%reEiE‘tes é’ef%én?]ﬁﬂ{eos%%e oFfife | Nvention
provi des a sen conductof nanufacturfng process for €
resist is rough.
FIGs. 2b and 3b shows a photoresist surface 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



15 manufacture of integrated circuits wherein openings can be plasnma etched
in dielectric layers such as oxide |ayers while providing desired
selectivity and material integrity to an overlying photoresist and/or

har dmask | ayer. Furthernore, the invention inproves 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 | ayers such as
undoped silicon oxide and doped silicon oxide such as fluorinated silicon
oxi de (FSG, spin-on-glass (SO5; silicate glasses such as boron phosphate
silicate glass (BPSG), phosphate silicate glass (PSG, organosilicate gl ass
(CSG and carbon-doped silicate glass-7such as CORAL (a product from Novell as
Systens, Inc.); doped or undoped thernmally grown silicon oxide; doped or
undoped TECSmdhrdepds.i Thddislettiic tayencandensisabdasihgle nhiyetabesd gk ofol ymer such as

Si LK (a prodygt fromDow Chemical Cp,); lowk dielectrics including
i nor gani ¢ na‘#é?rf:‘éq lgyeé%’&d“g]l“éi%’% %‘T‘W%\“d}l’i’ﬁﬁlgﬁ v cORMRES YW i ni de, or gani c

si | oxane pol yiRfut tBR5tYp 16X 1RREeRIARr . Or other suitable dielectric materials
having a dielectric constfant below 4,. preferably bel ow 3. The dielectric

dopant s i ncl[@8]bor dhs etphaslsyphuingscan compirst/ oas, eoméasts, condUtter Gieslaed/or i ¢ | ayer
can consd st of si:-ngl e yaterial ar st ac f ifferent lLayers including
| ow k m?teritéqn ﬁcﬁﬁéfgpﬁws-c%?’Pé@f’?@@%(‘iﬁfﬁ@%s‘%ﬁl}gﬂgﬁ}e_ tSﬁB‘_E}'PIeetch stop

| ayer s t her ebgingasgthing 184d] opthlgs ik @dbwaRE MuRDS sEARhICIABRddr fiemiinfAs: contact s,
conductor lines and/or 5 trenches of a dual damascene, a self-aligned

contact or <S¢ futigal dimeasion €RrPIdhe dpvicg featuresmdithrpetel mEstg sefectivach openi ngs,

t he sidewal |.s; ' ' ' i b di mensi on
(D) of the HanshecP (K ORI phitoRsitbind & ningh Pl s P biddile O Doct 1o
t he overl yi ngygohcfomesinge CIhkhésomdhiistattiasdorsaiatoss dunilg etohingrdérel yi ng | ayers.
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phot or esi st RRGARK layBR{ BHTR shtetiy Sthicklsd dhdi sBudtefaltdpkitt. NFEthBRSse,and
structural integrity. Furthernore,
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



the profile of the etched feature nust maintain the critical dinension
patterned in [lithography. [0022] Because advanced devi ce geonetries have

hi gh aspect ratio (>10:1) 15 profiles with the distance between contacts-
(pitch) equal to the contact dianeter (< 0.18 pm, it is desirable to have
an etch process that has high selectivity to photoresist and/or a hardnmask,
and which mnim zes danmage and distortion in the resist and/or hardmask. In
t he absence of resist/hardmask integrity, the contacts etched into the
dielectric layer are likely to have distortions or striations which will 20
| ead to device failure; also, with poor resist/hardmask selectivity, the
critical dimensions of the contact w - not be preserved. Furthernore,
future generation device processes will rely on new photoresist materials
(193 ma phot eandsietehpd inthg dllqlecmcéasfeeEﬂﬁsrt@éia‘fe@rhlghrmw@rrat@ewheS #ilwensi ons but

have far |es r than t current
generati on o?b %ggﬁ B]&%P S s?%ﬁ% 1¥a§5@%€1?r]§ 0%%5%§§§m eéﬁlfgflg? esi st has
made past pr@gpEsofat 1@@.@9 p.landSr prefeRbBsPEa! Fordxk@pR] &E%ﬁ:hbd’@@énﬁ{gﬁ cardbtd has

i ntroduced new failure nmechani snms that require novel approaches to reach

vi abl e proce83d Wieeyi smsler ipd 2pPnings haﬁélgw@éﬂ@ﬁgu}bﬁa!ghépt miliesain top, i s possi bl e
to obtaipn et | .03 am or I havyi ly straight
profil esglvvhefrhgﬁe a?]@%?&ﬁlqgggflgalé"ﬁc I@’Gn%(g)ﬂﬁ% c}ni }‘{%e%gbsgl mang .ghsgmo’f t he

openi ngs ar eagiths bsehingghive dnlagpaniio of Bides®3pBNI.NgS -8- can be etched in the
dielectric |l gyer. so_as to have a high aspect ratio, such as 5.1 or above,
preferably a@&ﬂpect The grqcessof thenye QIPISP@GfEI foq’ﬂ@a‘é?ﬁ’@rﬁxﬁe@elbféﬂghbe etched to

depths of " atdegsiid ofhQbasP S 8! SERRYy 2 1088 107CAaSHATR Berablier Rhghed openi ngs

can be or snal er si zed openi'ngs having s ant I'y strai ght
profiles V\heE(MnTh&)prpcess maﬁpﬁcmllamdeﬂakﬁ)t obtmnmgmsrmat radosmhﬁ leastsl 0df fot he openi ngs

b tially t dt t i f at
east 1001 P SFHSE BPDI0G B o SRAURE POR 0% St RAPB. it ai ni ng

extrenely hi Q&mble to obtain straight walls with minimal distortions or striations for 0.18 pm

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 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



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 at least 10:1 for 10 openings snaller than 0.3 m preferably smaller than
0.2 m For exanple, it is possible to obtain straight walls with mninma
distortions or striations for 0.18 pm openings at depths greater than 2 pm

[ 0025] The dielectric layer can overlie an electrically conductive or

sem conductive |layer such as a netal -containing |ayer selected fromthe group
15 consisting of Al, Al alloys, Cu, Cu alloys, Ti, Ti alloys, doped or
undoped pol ycrystalline or single crystal silicon, TiN, TiW M, silicides of
Ti, W Co and/or M or alloys thereof9- etc. |If desired, a stop and/or nask

| ayer such as a silicon nitride, silicon carbide, silicon oxynitride, or the
| i ke can behyhrocarsbagan e sttdumraldlm:egr'ftybf the ph@tytesistibmm:ﬁnedidmingdheri c layers

and/ or betwee di el ect ¢ la and nduc yer [ 0026] There
are a nunbePtc P“‘i}g?;f”é]é’ ?%ﬁ @Oﬁ\gmaélﬂ’éie‘?hgfe loﬁ}é’ é\\gﬁed@ havi ng hi gh
sel ecti Vi t yhj@RodddnRbRIBESSuHs POl AMer Ravist SRfked, BY@Nn aﬁdmlwdnata@tﬂal ng the
mat eri al |ntegr|té of that layer. One of the thése failure mechanisns is

rel ated to tdgst-die g@céﬁyetnﬁqrfaealan@lthmnmpﬁtn@softhe%smﬂmmeature. Such Cl?
| oss ca devel ops a facet
duri ng ‘#L‘%&?Qfﬁﬁ 31%%1? ggfggﬁﬁ %g%%ge&%%g%@ﬁen t he phot oresi st
has di ffer enmzm Cquhesﬂﬁm-coﬁtaiﬂi@gaéw@dmgen@nd/giH}Qll'oclaﬂj@nlgﬁs grormty or due to
br eakdown of gge rﬁigat nateruﬁ e%% t he ﬁ% and .t he etch breaks
through t heP¥ fhly addgd & aypeumts that X/‘F‘W&O @ pigh 3tp selpctiyity ratio of i f f er ent
tines. O hefhe‘l?c‘ﬁhfgegaE é‘ﬁénﬁ§t§$ Tﬁiﬁsoﬁﬁéﬂ usirfg a?n%hitﬁaéa%@ﬁa:ﬁﬁl% adiigiQr ted or 30

striated in any way. ng a silane-contai ning gas such as silane, 1l , or
-9- hydr ocartnsHnigagas, blﬂtosmamdtomhmromb@mas togeder Wik ophotoeresi st i s

mai nt ai, ped dur i ng the nd_di sto ti.ons an ations can be avoi ded.
The adé?t [ oﬁ cfnag?ses’ dgipve ﬁ%ﬁd? oc‘eﬂlﬁ%ln cr%a%nga s results in snoother

resist surf plfxﬁ&r,emﬁtﬂiai‘ﬁmaﬁk tsélectbit_l{ kndfdingdinih@ehe 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.



resist-dielectric layer interface, and the snoothness of the resist mnimzes
5 undesired etching of the dielectric |ayer which could | ead to device
failure. [0027] The silane-containing gas, hydrogen and/or hydrocarbon gas
are preferably added in anmounts that effectively control the etch rate
selectivity ratio of the etching gas chem stry. That is, when using an

et ching gas containing a silane- containing gas, hydrogen and/or hydrocarbon
gas together with one or nore 10 fluorocarbon gases, the additive gas is
effective in creating high photoresist/hardmask selectivity and mai nt ai ni ng
the structural integrity of the resist. For a nmediumdensity plasnma reactor,
t he advant ageous effects of the inveritlion can be achi eved by supplying the
si | ane-cont ai ni ng gas, hydrogen and/or hydrocarbon reactant and fl uorocarbon
react ant to[4038] pl a¥heresst fhioring-comainingrand Og-hortdintngatchtttegafdsomn lead ® rati o of

sil ane-cont ai.pin astofluo rbon a S o the flow rate
rati o of hy?rﬂc;aré’ l FWWWF%@%EV %%@sprg'ﬁqrb"?’ig}%i?ﬁ%pgggh’é 0.5 or |ess.

[0028] The gpjiRBeons O hddifie\6f stlate, BEpRogeR Gk HdEoISorO8as fP4 Buslessonsel ected from
t he group consi sting of silane, fluor05|lane chl orosil ane, difluorosil ane,

di chl onsi | afed OXyErH-FQHBEE ctch@anpn herotieptiyeds Ploxifing adestedileng of o a preferred
20 enmbodi megfje. ftﬁrﬂﬁ gﬂb'té}gs&%?te ! 'ﬂﬁ%%cﬁh&ﬁ%ﬂ@ﬁe b (‘frogéd @ne- contai ni ng gas.

The process o0 entlon | arrie y energizing the etchant gas
into chem chydlrycar‘tmncgas ¢da St@besbomand opy@aMnmhﬁr@etdnghsmbmlm@eopem ngs in the

dielectric | he .addi ti / L
o Tane: Cont APSREPUERD metouB S i el o RepE TR s PR ATRIGEE 1 o
selectivity ﬁﬁlt:hioﬁ%n@ B2h @i g?ﬁircﬁﬂerﬁ\é &de th BERESe ﬁo@yme%%uns u?@h%e%ﬂeﬁajaﬁs and

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

di st orti ons aaheptiganeghe etriad fatimesr &)ectﬂqa;llya&@pm thersilere-qoménining gase- cont ai ni ng
gas, dro f. a high
aspect Hpatl %%}0 rllltogh? &%%%g&gga%% ?%d%d%ftﬂ%’ﬁl‘é?@% Itﬂgﬁ%rgrgﬁjo e{)l%rﬁl nge(xéggd hydr ogen or
hydr ocar bon ng@ﬁhe polytiies waiphairdtyctywtel sidewallsamt thedsdtoresist O When apiettor esi st . - 10-

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.



[ 0030] Whereas fluorine-containing and OZ containing etchant gases can | ead
to CD, profile, and uniformty problens, particularly with 193 nm

phot oresi st applications, the addition of silane, hydrogen or hydrocarbon
gas to a fluorocarbon and oxygen-containing etch gas can be effective in
providing a desired level of 5 selectivity and photoresist integrity. The
addition of silane, hydrogen or hydrocarbon gas to a fluorocarbon and
oxygen-contai ning etch gas can bal ance polyner build-up sufficiently to
protect sidewalls of etched features while avoiding pinch-off and etch stop
probl ens due to excessive polynmer build-up on the sidewalls and bottom of
the etched features. Specifically, when the silane-containing gas, 10
hydrogen or hydrocarbon gas is added-tlo the plasnm, hydrogen can be
incorporated into the_ polynmer which protects the sidewalls and the

phot or esi stl0033hen Apcordiag to a praferrsd embediment iba silane imay becdded ta fehe et chi ng gas,
t he argon r I 0 ymer buil d-up
can be red3%§58%55?%%“§3%2§g?§ %8k§$#%§?§% ’ ?§%§?§$&8§H§H§§%olyner W th

t he opti onahayaeciddédoo tiof plastygetch feactértue a €oeirate @f Q8630 sdexd. Urke.amowitt her, in

order to preserve jhe critical_djnmension of the etched feature, the oxygen
renoves en d’g 3}%@%%@56@ ‘T’r%"rPPB?A ﬁod}?‘iﬁﬁa%‘ﬁ reprgorsherddbe sutfigienttae et ched

openi NGs t Q¥ e BXSRS abME: HthoH | 0 j g&fca]é s whi ch
ot herw se gouldﬂgaﬁgg "ﬁ%ncﬁg%fﬁhﬂggﬂﬁﬁgﬁgﬁgﬁgg gg%ﬂ?ﬁgggan atghus pr event

conpl et e etredyihegdddd to2ite plhmnagtenieaejortab a flaw raieof B dal1¢bggem. AsGB®32] The opti onal

addi tion of__an .oxygen-contai ni n as to th sma._etch reactor al so hel ps
prevent exceéaslg?licl’elxpé?eyficﬁ%‘rl d%nﬁlﬂya_ﬁalg?re\%ﬁ%h:eggﬁ{ﬁﬁl%&?agl%ont%s.c%rt *h stop." Etch
stop i s espepiliellliyarpéaid eBetoi 100 ¢, Pefdrhiils T80 80 §deid) gndinottaRere@bly narr ow
openings in dielectric materials such as silicon oxide using gas chem stries
that form 28t &95%ith pol yner, i.e., polymer-build-up in the opening prevents

furthefy et ghdg of rnd fenadl blsCoR Atk SSimAdad BRiRNESE - Qntdullfe fAvent i on, the
pol yrer buﬁp%@gp can %ezlnééiatggmﬁy %He sjﬂ%?g?st?% eff ect % bui | di ng up
t he pol ynerselestedfroimahé gnoup oamisbiogof 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.



and breaking up the polynmer with the oxygen in the etching gas m xture.
Oxygen is preferably supplied to the plasma etching reactor in anmpunts
effective to prevent 30 etch stop by reacting with polynmer at the bottom of
the etched openings. -11- [0033] According to a preferred enbodi nent, the
silane may be added to the plasma etch reactor at a flowrate of 0.3 to 10
seem and the H2, or hydrocarbon gas nmay be added to the plasnma etch reactor
at aflowrate of 1 to 30 seem The amount of fluorocarbon gas to be
supplied to the plasma reactor should be sufficient to 5 achieve the desired
degree of polynerization and etch rate. The fluorocarbon gas nay be added to
the plasnma etch reactor at a flow ratd2of 3 to 100 stem As an exanple, in a
medi um density plasma reactor, the total fluorocarbon gas can be supplied in

amount s of 3he et ges wetermblpaids e grids etshing rabg dusde sputtasias wbibe opidef erably 10 to

25 seem 10l 06341 TNeigh I 985 o6a, LHEL B s REluleragOP! | onal

oxygen-contal ni ng gas e e group consisting of 02, 03, CO and
CX2 and an f086pnalThendarte-@atninisgiachydebgbn amd/ortteydgrcathon gaswaaysbeé ng of He, Ne,

Kr, Xe and an | xtures thereof, fhe oxygen-containing gas, being
suppl i ed toéﬁ‘i@%&ﬁglﬁ_ﬁméﬁ?ﬁr?aéﬁ’é%?St%HdaE’nPEﬁNg‘F%StaeprS‘l‘ﬁu@dF‘B" Folseem and the
inert gas bgidignsioRRYitEAudreattdf, ByasBorlifile 885t Mert@hsd, ThoWcdatrate of 5 to

1000 seem Al though hydrogen containing fluorocarbons are quite
pol ymer i zi ngas préferabliygneludesftheplapereonitaining gasahy dsegenemtlfoo hyddeattomgagh t he use of

a conbination of oxygen-containi and f.l ugrocar bon-cont ai ni, ng reactants.
The oxygen%d;%.ﬁ%ﬂrﬁﬁ %ng%gwégﬁtgeeﬂ‘gﬁ%q 'i'aéglof{?etsﬁ eb ogﬁaf{gngegagﬁ? ng reactor in
amounts  ef figgrbtador gstdllesd thaooiGual ©d §.0Edr thd fldw eatd pltfo@tRhyliieeet ched

openings. In dual 20 frequency reactor, each frequency can be tuned
appr opr i at ef3f/rdydincarbpn gasip Jhopeahon gagitlessiiayorsdualte 5st op wi ndow. For a

2L 1 b ol OGP s g

oxygen- cont g gas ri ses 02, can be o the reactor at
a fl ow rat ehyiro@rifom ab0 OxgEemmontabling gasesfacs plofeyably sdsled n sp@mis effective

to control the profile of the etched feature. For instance, by adjusting the amount of
silane-containing gas, hydrogen and/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 s.igniﬁcantly 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.



and nost preferably 10 to 20 seem 25 [0035] The etching gas m xture al so
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
hi gh density etch reactor operated at | ow chanber pressures, in a nmedium
density plasma reactor argon can be supplied at higher flow rates into the
reactor in anpunts of 100 to 500 seem preferably 200 to 400 seem -12- The
inert gas preferably aids the oxide etching rate due to sputtering of the

oxi de and chem cal activation of polyner species at the etch front of the
feature. [0036] The silane-containing gas, hydrogen and/or hydrocarbon gas
may be added to the plasma etch reactl8f as a standal one gas, or as a
pre-diluted mxture, in 5 conbination with fluorocarbon, oxygen-contai ning,
and/ or i ner Accmdiagly, TheeletiotipadjustiathoOedrsitl), ,| srdydebesrbbligas flow

si | ane-cont ai ni.ng gas,, hydrqgen and/ or hydrocarbon gas and a fluorocarbon
gas where tFF'éestT’g\R’g?Siﬂ%tor‘”(t StES tﬁ%‘?gﬂ%@gkéﬁﬂe‘é‘irﬁ WGPYHEESt 0 fl uor ocar bon
gas is less or .Or ; r at at L ( . ydr ogen
and/ or hydr ([)dé)gr on %%gﬂit%%g %ﬁﬂ%ﬁ%gﬁ%ﬁgﬂ%ﬁlh@?ﬁ%@,ﬁe %1%%%8@5133%%a9t o 0.5. 10
[ 0037] Accordisisty afgilanee Howener dtber, silaheecaitdizing grsonbaiing thg gegmsal hydr ogen and/ or

hydr ocar bon_and n-c¢ i nin ar e preferabl dded i n anpunts
effectiée {Ogmb%%ir& "”‘Pﬁgﬁ'{’je Pﬁgbgﬁéﬁﬁgwﬁ%ﬁ@ﬁ@ﬁ@#ﬁ% ®instance, by
adj usting t [oa48]TouITt will be Sphiiero ek slkiNéd el tePEt thayEle BeRIa@eeY@e hydrocar bon
gas and oxygen-containin ases relative to the amount of fluorocarbon gas

1l ng !
it is possi waaaﬁeéwwéﬁneagglhfacww%ﬁﬂhégl.zepﬁfh@ﬁwﬂé@s@sﬂm@fprofi | e does
not become si,qni fJ j rofile is
ol i mat od. DAE FeEBE ddpdsRE B, HRMRAR e oM ackinBTOT L 01 8. 5 pm at
the top to Qisfocpatioatate fre theodlisornsoame,tate. f or med usi ng an oxygen-free etching
gas mxpure _of CAF8,. SiH4 .and Ar. For strai ght openi , the preferred
anmount )igf tH@“H uor QAR EBHOR B Vides 4 propess & P_?as’_@}(’ e?qi\glggﬁiﬁmecg}lg{)ﬁé si |l ane gas
and the 20 prefRkhRfeAiPtbed tat Y RRs GRALSVRE A GRiclsSn BIeRlcRIALI Y 5 to 40

stem

layers such as silicon oxide layers on semiconductor substrates. In the process, 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



[ 0038] The invention overcones a problemw th prior etching techni ques 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 polynmer is present to avoid
or mnimze bow ng and 25 enough polyner is renoved to avoid the etch stop
phenonmenon. Wth respect to polyner renoval, the effect of the oxygen is
bal anced by the silane-contai ning gas, hydrogen and/or hydrocarbon gas

addi tion. For instance, when using SiH4, HZ, or hydrocarbon gas it is

possi ble to provide adequate sidewall passivation of the etched opening,
i.e., provide polyner buildup of a desi¥&d t hi ckness and conposition. -13-

Accordingly, by selectiygl dj ustng the nd Si H4, , Of dr ocar bon gas
flow rates is‘fﬁlpll@gﬁfo%‘?i d_&ff‘géi‘tgrelﬂﬁ‘?“&’reﬂg%?'ihﬁf A OOUG] elﬁ‘é"f"?‘g\%r At ‘E:]ﬁje]‘ég ect ratio
openi ngs. [ 0G3QbndeBhd irifheh Qe 1RTIROHEABIM 1 Qrolld ind HOYBRL dIQBodd. 'R

sil ane-contai ning gas consists of silane. However, other silane-containing

gases havi ng therresejehese the pasmaretalreacir iérerpacitivaly Siugled plasma resstorfzbe t ot al |y or

partially substi d for sil . 004 [t w.ll be rent to, those

skilled int eeatcéac-)li'?ént B a?ﬁ‘ge??g@flweggeggel%%tr?‘%@nd\7&?‘{"85?@%8@%5{6%{?48’ depend on

factors such tieshbwerhsiddeddiodé Bend spplies0®, to BDED ¥ MR BF erittedwf@ tHeeact or, the

power settings, the vacyum pressure in the reactor, the I ssociation rate
?raﬁ%alree@?degae

for the plas ing sypplied 349 fo 3908 warts ehRY srerey- oRiad®al a process for

pl asma et chi #aldndy re%éﬁ?me%g%%u@@ sB0brRdR ! th 1a{gﬁag$heﬁﬁ efRf10 features
such as vias and contacts im dielecfric ayers such as silrcon oxide | ayers
on seni conduebwrasuhiereited statd specitm wiile tedew fimquapay sovirset eongols diretian ni ng

fl uorocar bon _and

si | ane-.contai ni n a r.ogen and/ or. . hydrocarbon gas
react ants pr ERaRn i Mo BRGHERPLRRT e et AR S e AR Dt g
the etchong s ReERESn tHagap beiRearas BprtiatddsildaRebsRit dbdtiodd s@srtingy dr ogen
and/ or hydrocarbon gas synergistically react to create carbon and silicon

rich pol ymefl serigondegiersubstate at 8 distance picabuioh-Hioek? 0. and negate the ion

borbar drrent Tm4] 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



chem cal 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 plasnma etch conditions. For instance, a nediumdensity plasma
could be produced in a parallel plate etch reactor such as the dual
frequency plasnma etch reactor described in comonly owned U S. Patent No.

6, 099, 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 nediumdensity reactor can produce ani on density
of about 10" ions/cnB. The nethod according to the invention is useful for
mul ti ple or single wafer processing. 43] The plasma etch reactor

[
preferably conprises a nediumdensit allel plate reactor, tyiode
reactor, or &g&]ﬁcfgtgh@ﬁﬂ%gﬂ?r%éﬂ%@%ay95819515%‘3 Flaw %F%F%Pé?%‘{c{‘% i ncl udi ng
an upper - showsrhgaaTele Pk $SlSladRdc ArRGhER R B SGhi ctoBEub%E@chy bei ng -14-

supplied at two different frequencies to either the bottom el ectrode or at
di fferent fiundergeingletskiogrible facoguerssurs atttbe subetrat owbach awgt be highertbae and

bottomelectrpode. In the case re the plasma etch reacior.is

capaci ti vel y "Colfst"éa PSP ashis F“&fé?@? reagion, e'g”ggecl?rﬁsméeafﬁ ﬂ??a%'fhscéﬁt f%d
shower head elggiragRgoanst & 100METRE eRQUb eoehdekr ode, 5 the shower head
el ectrode bei&é4 supplied 500 to 3000 watts of RF energy and the bottom

el ectrode beilf#od uppllicsgbsiate TupprFOOPPORng thegemipndiséorgybstiale a dual  frequency
ok St roatua  rred
cior e gl g s U TSI e, S

abundance of exc guency source controls
t he i on enenrepetifns. sach @dmeding af ingiphotorasistien the bubstrite asd fstadde)f. |1 n such

reactors, it ig desirable 10 to intain the .gap between the tgp. el ectrode
and the bot t GRASHERE FOHERES Bl 40 meREm Rt A LS FUPBIoEt o

di stancqof abest thk s3bdi@teZuppdifo dtEAfdAPEALLIMAROSEC! Yo PhASIER plRACt OF'S
operate at hi gher chanber pressures " and di ssociate etching gas chem stries

to a | esser sawtreactoa Ar imiodé tye mesictoy thesulsstrate support can include 2 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



reactors. For instance, in nediumdensity plasma reactors, etching gases such
as 15 C4F8 may dissociate in stages as follows: C4F8 CZF8 CF2 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 |ayer such as a

phot oresi st 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

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

et ching gases can lead to Iom/selectivﬂﬁy rati os due to the higher etch rates

of the masking. |ayer and etch sto ayers,. For, _exanple, .in high, density
pl asma react B°80E: éﬁlﬁéﬂ%icgga‘@gal@@stﬁ#eﬁéa Jogesapdisaddo degradatioa og%tweﬁe hi gh
content of fgR@nkibAOSHRRoE fKafTnan A46 Be HaPlade Bl CiEATiRL tHeRBBMR4E N and/ or

etch stop layers that the etch selectivity rati'o is unacceptably |ow [0045]
The reactor pfésssist is preferably maintained at a |level suitable for

sust ai ni ng a;pLagsm R th eactor. In general . t.00.low a r [ pressure
can lead to [d&f”ima ﬂé{}( Slgrﬁ(gt}fii es%ﬁ%%atte %ﬁ‘érrl%%cg? aflggﬁﬁlﬁﬁwg °P%%’t@$ﬁ§r essure can

| ead to $he eHefdonsTBPARQ ipusydlte duborefis®idh brokdadshé yphabsigBdurigaact ors such as
a dual frequency capagitively -15- coupled etch reactor, the reactor is

pref erabl y afXngsyeasslithessaioiipming alpwp petisy pateas reppsluetionisych#vd r. Due to

pl asma confi Eﬂé%'&fc{'j‘a%nihgﬁn%ﬁé%ﬁ%@'éﬁ% Bf trél‘dﬁ’éstfg eﬁim%‘%ﬁ{oﬁﬂégﬁ@. hehi ng, the
vacuum pressture at the Substrate surface nmay be higher than the vacuum
pressure set ARGrahbe anhenitablzonaterial such.as a bpdrogreesiing eg, aspmn-sudrgdniat e surf ace
5 may range from30 to 100 nilorr, B;F‘%” 45 t o 651\. m'ég i [004?% The substrate
support suppBPRIFALOPIRESDE 4 SRR AeE Ll serpard: Thi GRS BELAR YR pref erabl y
cool s the subsistrat 6 RROUBsited thitnesd) k. GDed Bo0@ys side reactions such as
bur ni ng of and;) B]hotoresi st_on the substrate and formation of undesirable
react ant gas[088} calls ong gmbedimen the inyprtiongreddas ansaeessios plasma plghiggf f i cj ent

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, 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 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 to cool the substrate support to a tenperature of -20 to +80C. In a
paral l el -plate 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 cl anping the substrate. For

exanpl e, the substrate can conprise a silicon wafer which is

el ectrostatically clanped and cool ed by supplying helium (He) at a 15 desired
pressure between the wafer and top surface of the ESC, as disclosed in U S
Pat ent No. 5,609,720. In order to maintain the wafer at a desired tenperature
the He can be maintained at a pressure of 5 to 30 Torr in the space between
the wafer and the chuck. [0047] The di@Jectric | ayer can optionally be
patterned with any suitable 20 photoresist. A commercially avail able 248 nm

resist, for npl e, . 1 b in oat ed the dielectric la ... The
i cieness_of STt et BBbRen SRS RECT ot ltFs, ot Eob R e End¥ Thiss o 1000
run. Al ter nahy#otabordgat IS fl0sf0ESbdSEas 6BY.5 Belessed. The 193 nmresist can

advant ageousléq support 0.18 micron, 0.15 micron and smaller design rules.
The 193 ma ré415d} | whiecnquat ek silpeeponiainipggas, Hoor hylrsoabamges BrERXYEES nore 25

sensi tive 0 bl pRIBaNY offifdlieq RS hicVaccd i e sua%f@}epa%@reeggapggtg@{ be highly

selective to resrst 1n order to Ereve 0SS O y due to
facetingSof whdthe fibsicstpeasitidroof themaistialtbeingletched ufdr ipstanoe, wieneatgiget i on of t he

dielectric etch. 048 tifacts, such,as sjdewal,l deposition, sidewall

bovi g, | m cor GUPSAEHTIR Qoes P HEERs PR FRroie s e YARAL RN he et chi ng of
smal | f eat ur @perdinpsdiFet @eletirie materil vilitH At 1ROrhONRBbWRA tApdIRaLSt sidewal | s,
for exanple, can occur during plasnma -16- etching. Striations can nodul ate

the feature &wgied mihg plasd. tush aveidaiilms sithdpwdevels fdopingi theAsi,6h. Striation
R L AR
("ARC") 105 t benteining higher A6¥@Ent &iditkomel stich asdotBRSG.ef | ecti on back into the
PhOt oresi st ?(WSIZPQ Oxygen and fluorocarbon reactants can each be supplied at flow rates of
5 to 100 scem, preferably 5 to 50 scem, and more preferably 5 to 30 scem. 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 oxidc 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



exposure in a |lithography step and allows better pattern reproduction such as
a pattern of openings in the formof vias or trenches forned in the

phot oresi st The ARC can be any suitable naterial such as a hydrocarbon film
e.g., a spin-on organic mnaterial conprising an organic polymeric conpound.
The ARC can be spun on the 10 substrate to have a desired thickness, e.g., 60
to 200 nm [0050] In one enbodinent, the invention provides a process for .

pl asma etching high aspect ratio features such as conductor |ines, vias and
contacts including self aligned contacts (SAC) in dielectric |ayers on

sem conductor substrates. In the proceﬁf, a gas m xture containing

fl uorocarbon, oxygen, and sil ane-containing gas 15 such as silane, HZ, or-

hydr ocar bon s, With an optional S.S an _inert e.g., argon) is
oher of sed 1 n Sevyilldne e bRt pBit S o fehuant PEbem 8EBR obfidtet o
non-inert reapharddSyvitl B00twdtieast7 MRzlah@booo ﬂﬁ%@gmgﬁsm?dﬁétﬁﬂgiéw et chi ng
process, the dielectric layer is etched by fluorine containing species and
t he sil ane- cGPEBIHPIY0 sgems Arrsesm Guy bP secar 0@5@%9@@@@@%@%2 awdl/ or
siIicon-contnggagcﬁﬁotective 20 polynmer on the top of the
photoresist/haranas ¥and on sidewal | s of the etched openings. The

Si | ane- cdnt ai[8034) gaBigutdd 1-Dilluktyatk the afféuo of sifane adide Akerditigtihthiehe
oxygen- cont ai ni n to bal ance polyner build-up suffigiently to protect the
phot or esi st iere %%aéﬁ%nwgmm %fgélrfekﬁl wshitss ene hprred stchwselds Afaisphwhebi f and

etch stop p r@ﬁ;‘gea%n{ﬂh!ﬁtﬂr@et@lé ERSGHM R WRLY H5ds lotnkRidl Bilank WhE BRLA 1b

sil ane-contai ni ng gas, HZ, 25 or hydrocarbon gas can be used t©o form pol yner
on the top ofshowean exinply ¢far delagiic laperdaying shiaglgtophmidgs frervpemsgs beimg oxygen can
be added in ap.apount suffici.ent to conty.ol | ymer,. bui.l du n the sidewalls
of the et ched BBAN RoeTiiearinEis plodise B0 itk 8 VB Pt dn-can  be
achi eved10 n aiiéledtic fayeieiing bonad operiieriwag optaddBrheaticdiclectfieash or by

suppl yi ng sil ane-cont ai ni ng gas,. HZ,. or hydrocarbon gas and 30 fl uorocarbon
gas reactant sW%S&aFwé°1@§ﬁ@Lgﬂémnlﬁesm@a% ste&than@F&ﬁam%ar@reﬁwwte& -17-

f:a't ?ge;)? 0 utzaiodri}'bﬂgs 097 Bort, dnk LHBSR SRR ARcERRs Blwlled with al 5T 308 Waofal OW rate
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



hydr ocarbon gas to fluorocarbon gas of 0.5 or |ess. [0051] The anount of

sil ane-contai ni ng gas, H2, or hydrocarbon gas and oxygen gas is preferably
controlled to take into account the size of the féeatures being etched 5 and
the filmconposition of the material being etched. For instance, when etching
| arger feature sizes | ess oxygen is needed to protect the sidewalls of the
etched openings. For dielectric materials which are |ess reactive toward the
polymer created in the plasma, such as oxide filns with | ow | evel s of

dopi ng, the CXF>102 ratio nmay be reduced. However, the CXFy/Q2 ratio can be
hi gher for dielectric |ayers 10 containing higher dopant additions, such as
for BPSG [0052] Oxygen and f1 uorocar bdf-reactants can each be supplied at
flowrates of "5 to 100 sccm preferably 5 to 50 sccm and nore preferably 5
to 30 sccm Shambse700ea lsoperatspps & duad frofyengy pareldel plate WOESEiBE 10 scecm and H2 or
hydr ocar bon . | an

exanpl e, t heglg%l g@ﬁmlr}gnfﬁgﬁﬁt?Fg%vlﬁéeaidgqygé@kﬁ%? g%gté) %lrg%t?nq%gﬁﬁg‘%]é %Scem when
CXFYH. i s sugpiptireeld 742 tHrodgh SR Bmeinhing netwarkgti®, In b liks apherettle beteom r ange from

100 to 600 | not h | he C i s CAF6, h
cont aioni ng S%Q@egég%uglﬁé?ﬁ%om ﬁr%ﬁﬁﬁﬁi@lﬁ?c?@ﬁé“e }é({é?rgnetch

reactor gt fhaworlali®s FigHéEcR of fibRE Bhrctd 8, T B cOipdedlatlofe &idlto I N an
addi ti onal eﬁa}ggl e, the, CAF6 and 02 are supplied to the plasna etch reactor

at fl ow rat egropsd. 24 medging densénplesmpcadiheigeneraed i thy regptor phovepenbsiighs i n a SAC

or dual dama g e Tz S ed with
ot her oxygen'%co Ehiia EM]%%%%%@ flisloﬁné ass%%élﬂ)éb?lﬂﬁﬁg%:%ég%h% %lg%ogg added to
the etch gas7il aml 4 boont eléctrodé 7 E80or theoshb@erheadelectiode 7 Ik cambea]ectdvally2 or

hydrocarbon can be supplied at a flow rate equal_ or ngarly equal to that of
02, such as EoEndsd apd Ry PeTEy @b, differepf er@i@aﬁﬁqlh?swh‘aﬂaoth?w%cy pl asrm

etoh 1 eqgt or s 728, Dir wEXebRTMENA! ool BINABGY GRRASE LRI Ygeoupl ed oxide

etch system available from™Lam Research rporation, the assighee of the
present appl resstorsdayingaslysppoveeradchoivertheas ortoply minwstadrhycebotiomeslectod® t o 5000

watts, pref e[ﬁ%glﬂy 1%% rrtle%iuzrrq 8815%%@’ ﬁe%ﬂgnc?f P a%}nta%{ghing 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.



el ectrode power of O to 5000 watts, preferably 1000 to 2000 watts. Straight

0. 18 m 30 openi ngs having depths of about 3 mcan be etched in about 5
mnutes in a single -18- step with the chanber pressure set at about 15
mrorr, one or both of the electrodes powered with 1000 watts at 27 MHz and
2000 watts at 2 MHz, using an etch gas mxture of 300 seem Ar, 8 seem 02,
1.5 seemSiH4 or 5 seemC Hy or 5 seemH2 and 15 seem C4F8. 5 [0054] Figures
1-3 illustrate the effect of silane addition according to the process of the
invention. Figure 1 a illustrates the bowed etch profile obtained when using
a conparative etch gas m xture which dogg-not include silane while Figure |Ib
shows an exanple of a dielectric |layer having strai ght openings, the openings
bei ng et ched[(038RCCoridabRgoink hik deb@ibed egrmciphs Arbiet8d tAbsdiRentRd@Nt i ON. I Nn
Figure la, a 10 dielectric |ayer 2 having bowed openings 4 was obtai ned when
the diel ectri &w0descdf opgrationafthe ws%tnvwwnawvm%eweaon hoyldgiohbg e st ep

with the cha , t he

el ectrodes pggg%gg&%%%éﬁgggﬁ%gq%gﬁggﬁy%%?gPﬂE%%%g??ﬁﬁﬁgﬁf?%%géﬂiccn1AT, 5to
20 stem 02, anbbvs-describ@d smbediG4dEs shauid el rggarded ds,illastraiiveadathet thaw | ayer 6 having
strai ght gpenings .8 was.obptained usin he sape progess 15 with the addition
of 0. 8t 035 o aBHAT s froB0ae Dot LA et T A gt PR st of t he
same process ¢RBEdinkMR By wbrkeSd MIMRAiiA tHelaglUiSHuldepa _Efﬁ%ﬁﬂih@@q&p@oﬁ]ﬁure 2a, in
t he absence of sil ane tKe post-etch resist 20 éxhibits a distorted, winkled
appear ance. | Bresoinvastion asslened ity thoyfotloyineclaizl, the resist 22 is narkedly

|l ess winkled with the addition of silane. Furthernore, 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 snoother resist 32, as shown in
Figure 3b. The addition of silane to the reactive gas inproves selectively to
the 193 rimresist by nore than 25% preferably nore than 35% as conpared

with a silane- free reactive gas mxture. Simlar results can be obtai ned
with addition of either H2 -




25 or hydrocarbon gas in place of silane or with other silicons containing
gases. [0056] The process of the invention can also be carried out in a
parall el plate plasna reactor such as reactor 700 shown in Figure 4. The
reactor 700 includes an interior 702 nmmintained at a desired vacuum pressure
by a vacuum punp 704 connected to an otitlet in a wall of the reactor.

Et ching gas can be supplied to a 30 showerhead el ectrode 712 by suppl yi ng gas
fromgas supply 706. The reactor -19- chanber 700 can be operated as a dual

frequenc | el te.processing arrangement where a first RF source 708
is coupl Mﬁ%r@‘\lmi}%ﬂrode shower head electrode 712 through an RF
mat chi ng network 710. Ina |ike manner, the bottom electrode 718 is coupl ed

to a second RF source 714 through a second RF matching 5 network 716.
Further, each of the RF sources 708, 714 are coupled at one end to ground. A

medi um densi yMBNad AESIEhiRY peeningsdn 3 dislectic I8Yes GOBRNEIRE: above a substrate 720

by suppl yi ng RF ener fro sources 708, 714 to the showerhead el ectrode
712 and 3 boSHORT M HEROHSRT SR ) o s Batt hes A o trelst

Cuppl | cat epkel e o G ecaF GG = rere REPoISHSE BV IR RETePT AP PD Eowpl edl

reactorsg,_can al.so be used, e.g., reactors having only a powered showerhead
or onl yﬁlb%a'/gpat&c ©h bottom el ect r ode. [0057] In a nmedium density, dual

the et con’ r a augmre bR PSR SfireaRac iy armedrivisog) adeteaon oad o' O
d I h . _th erial ing i i, di i

e redudBt P R ol el Pifeoeh b Silsheon iR 5" Frt PueetBiA che

Fur t her 1a7eo5, HBBRE P 4t ot Rirbien BlRa Ry oo B it B0 S on gas

reduces the, %glﬁ)@?zﬁ'}?ﬁf&%ﬁﬁwaét%m@h]%ﬂaﬁﬁ%ﬁ% ratio cbnt aé:t . In the controlled

di ssoci ati on &fual frequency reactors, the
ook eSS b T hE Bk ek R AR BEGRRYc oo Bk 4
dielectric layer selectivity and minimal photoresist distortion or striation, 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 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.



addi tion of silane-containing gas, H2, or hydrocarbon reactants. The addition
of silane-containing gas, Hy or hydrocarbon reactants results in the
creation of carbon and silicon rich polyners that can deposit on top of the
phot oresi st and negate the ion bonbardnment and chemi cal etch effects on the
phot oresi st. Silane-containing 25 gas, IEZ or hydrocarbon reactants may be
added as a standal one gas, or via a pré= diluted mxture, in conbination with
argon, oxygen, fluorocarbon, and/or fluorohydrocarbons. 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

fl uorocarbon_gases is |less than or equal to 0.1. The desired flow 30 rate of
Hz or h{ drocag%m? thod £ Caap s WhF'lelﬁtﬁ'b%'aPBéﬁ anpliegtodhe peypicandustpisibstigte. 5. - 20-
[ 0058] The foregoi ng has described the principles, preferred enbodi nents and
modes” ofUBMENSEFBRISER he present invention. However, the invention shoul d
not be construed as being limted to the particul ar enbodi nents di scussed.
Thus, the above-described enbodi ments should be regarded as illustrative
rather than % restrictive, and it should be appreciated that variations nmay
be madeSin t ABEMethedish Gk, Wherpiniae R@S§ur§lﬂﬂhﬁé’&ﬁsf“ﬁr‘ qieferegetor BixtAdl? departing
fromthe e of the resent i nvention as defined O¥thefollovx,1ng cl ai ns.
WHAT | S om%@@rt@tempeﬂt%pﬁga SHPSt@E%?HpH@“bSp@HﬁE?s*q a dielectric |ayer,
conpri sing: supporting a sem conductor substrate on a substrate support in a
pl asma etch reactor, the substrate having a dielectric Iayer and a patterned

hot or esij st bove the dielectric |ayer: su ing to
Phe ol s of oh Metmbics Elaim e bRz 53&%@?&9@%%)coatartsﬁerdéeatreﬁg as

CXFYHZ, 4:1 20 1
G gt ol '%awaaﬁrr‘éoﬁ%freﬁ'grﬁirtr?ttﬁéfS%trr@ﬁa? Tob shbble, e 2 den SO E'ygf’ogen

to quorocarbon gas is less than or equal to 0.5, energi zing the etchant gas
into a plasna state, and

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



etching openings in the dielectric layer with enhanced photoresi st and/or
hardmask to dielectric |ayer selectivity and m nimal photoresist distortion
or striation, wherein the dielectric I|ayer includes a stack of |ayers of
lowk materials with or without etch stop | ayers therebetween, the openings
being etched to depths of at |east 2 mx3nd the CXFYH, forns a protective
sidewal | polyner on sidewalls of the etched openings; the hydrogen maintains
a desired concentration of polyner precursor species in the reactor; and the
oxygen-contai ning gas mai ntains a desired thickness of the sidewall polynmner.
2. The R¥ideotilicon cerbigenersilicamexwsitide ener getielectds Merrandiar betwesmbie diglgctic

dual -frequenc medi um density capacitively coupled plasma reactor including
an uppe?”%%\ﬂ%?ﬁ’@é@yeél ectrode and a bottom el ectrode, RF energy being
supplied at two different frequencies to either the bottomelectrode or at
different first and second frequencies to the showerhead el ectrode and
bottom eI ectrode od of Caim2, wherein the showerhead el ectrode
i s suppllfed g'ﬁﬁ)mﬁﬁmé@f)@'%ﬂt‘é’herﬁ‘ﬂ thg-etshant @?5 seraPises aﬂﬁlqr%ﬂﬁseﬁe@@fefjér&é‘ is
supplled 500 to 3000 watts of RF ener The nethod of O aim

wher ei n W”P#P ‘Eﬂ"&@t'”gs°f£b‘-‘pl'\'iee6r G A g\éﬁi'@ﬁrﬂ?ﬁé’?kﬂﬂ suppfiepiaihe Plama %EP t he

et ching st rr&&) 1%“aof Claim1l, wherein the pressure in the plasm
etch ref& a‘%’tl@”f%e? B1SFCnd/ or the tenperature of the substrate
support is -20Cto +80C. 6. The nethod of Claim1l, wherein the openings
conprise vias, contacts, and/or trenches of a dual damascene, self-aligned

contact ,or s If a structu erein
Lhe opeﬂﬁ’ngﬁ%ﬁ@ R T L A I S
stralght fil §h65§1 tqﬁ m ddl e and bottomcritical dinensions of the
openlng§ 2 P £ PR ¥ 'e same, and the openings have an aspect ratio of
at least 5:1. 8. The net hod of Claim1, wherein the openings are 0.25 m or
smal | er sized openings having substantial ly straight profiles wherein top,

Cana ©.38% nahd BBl ch bR 1 WHERR GRH.Rambhles 2REY SRt aigaptRat ant i al Iy he

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

13.  The method of Claim 1, wherein the etchant gas comprises 3 to 100 sccm C,F,H;, up to

500 scecm oxygen-containing gas, and 5 to 1000 sccm Ar.

14.  The method of Claim 13, wherein the oxygen-containing gas is selected from the group

consisting of O,, O;, CO, CO; and mixtures thereof.

15. The method of Claim 1, wherein the etchant gas comprises 5 to 50 sccm C,F,H;, (where
x=1, y21, and z20), 2.5 to 25 sccm hydrogen, 5 to 100 sccm oxygen-containing gas, and 100 to

600 sccm Ar.



9. The nethod of Claim1l, wherein the dielectric |ayer conprises doped or
undoped silicon dioxide, BPSG BSG FSG PSG TEGCS, thermal silicon oxide or
inorganic lowk material or organic lowk material, the dielectric |ayer
overlying a conductive |ayer selected fromthe group consisting of A, Al
alloys, Cu, Cu alloys, Ti, Ti alloys, &bped or undoped pol ycrystalline or
single crystal silicon, TiN, TiW M, silicides of Ti, W Co and/or M or

al l oys thereof, the sem conductor substrate including an optional stop |ayer
and/ or nmask | ayer selected fromsilicon nitride, silicon carbide or silicon
oxyni trilBe olB¢ meted@f Efain 1y weerpinyadrighheneninds ersdoemed indheliglestriciaver using
conductive layer. 10. The nethod of Caim1, wherein the etchant ?as
conpr i s@&8 oxygeNrfeptainingsetehant gawerpplieshic theplagpa aishcenrderat pilgwdnteldd 5TB00 Kr | Xe
and Ar, the inert gas being supplied to the plasma etch reactor at a flow
rate of SEFM GXYEEBEONREHI et ¥RS et hod of Clai m 1, wherein the etchant gas
conprises 5 to 30 sccm C4F8, up to 20 seem 02, and 100 to 500 seem Ar. 12.
The nethod of Claim1, wherein CXFYH, conprises at |east one hydrogen-free

fl uorocgrbon_and/ gr a east one. hydrogen-contai ni ng. fl uorocarbon, 13. The
method Jf- O Aametogieb CIaT 1 HESTE NG RENGA 958 BARPTSEEL s 1151 QomPRIgHS oS Pyt i,

up to 500 scem oxygen-contai nin s, and 5 000 sccm Ar. 14. The met hod
of T ai FEES SRR T HEveRs Batnf fal i g 4t B Qe B Fom i he gr oup

consisting of 02, 03, CO CO2 and m xtures thereof. 15. The method of Caim
1, wherein the etchant gas conprises 5 to 50 seem CxFYH,, (where x>_1, yzl,

~and z?0),, 2.5 t0 25 s .hydr ogen,, 5 .10 em oxygen- cant ai ni as, and

100 to '800 EE%PPF F’OE)&‘Q"‘I@:WE‘% nfhe H@‘ﬁ“%‘r%ﬁ? mefté/r%ﬁggaeﬁ 'WP&VPE\Bg peni ngs
are forpged jn the dielectric |ayer usi. ap_oxygen-contai ni ng etchant gas
Suppl | el b e ReRE el Feetirare e pitbos i Pt 6500 “soom
oxygen-contai ni ng etchant gas. 17. The nethod of Claim1l, wherein the etchant
gas conprises C4F6 and 02 supplied to the

19, The method of Claim1, wherein the etchant gas comprises 5 to 30 sccm C,F;, 2.5t0 25

sccm hydrogen, 0 to 20 sccm O,, and 100 to 500 sccm 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 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..



pl asma etch reactor at flow rates having a flowrate ratio of CAF6: 02 of
0.5:1 to 3:1. 18. The nethod of Caim1l, wherein the addition of H2 to the
etchant gas inproves by nore than 35%the resist selectively as conpared
with a hydrogen-free etchant gas. 19. The met hod of Claim1, wherein the
etchant gas conprises 5 to 30 sccm CAFS, 5to 25 sccmhydrogen, 0 to 20
sccm 02, and 100 to 500 sccm Ar. 20. A rf)éthod of etching openings in a
dielectric | ayer, conprising: supporting a sem conductor substrate on a
substrate support in a plasnma etch reactor, the substrate having a
dielectric Iayer and a patter ned phot oresi st |ayer and/or hardmask above the

dielectric | tothe sma et ch reactor an oxygen-free etchant
gas compi si % mesho ?PY 8cuhesein tlg%ga?r@g@tppireac\mé:p@p;@esla d‘ﬁf%i’eq%ﬁ?ﬁy z> 0),
(i) hy onal inert wherein the ratjo. of

hyor oo R ey cinasiie Sa el P'@%gamﬁfsgﬁswaan UpBSeEhoWeEFa SleEraRs ¢ ne
] h | |
o R A3 pateR sfeds BF Sifivdieismnice pi SRSanbiepeRor et et f vi o !

and m ni_nal esi i on or r| ati.on erein ta ni ngs
2re Tor BERRT %PEP{H il B el g e Bn P d R pghn Shusined i odg 865 anc
wher ei nbtg %ﬁﬁ nt gas conprises an inert gas selected fromthe group
consi st iPRG°BF ®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. 21. The nethod of
Claim 20, wherein the plasma etch reactor conprises a dual frequency

Chover néan cie fE§RE o Bim 2oL BbReR oo BRE Pl e Fo bRl et o 1uo

differ erahﬁr§4t%gl.é«?g%l eg to either the bottomelectrode or at different first

and secon requ Gi%e¥ to the showerhead el ectrode and bottom el ectrode. 22.

The method of Cl aim 20, wherein an RF bias is applied to the sem conduct or
substrate during the etching step. 23. The nmethod of C aim 20, wherei n t he

di el ectpihc | %‘ﬁ% he'tf{b%loll"e}?a? %OS&I@&EInQF}e @k‘;ﬁt@% Iagt-:r |¥18|\0’6550 %EI?HI%L SWIB\W

wi t hout etch S ayers her ebet ween, Openi ngs berng etched to ept hs of
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



at least 2 m 24. The method of C aim 20, wherein the CXFYH, fornms a
protective sidewall polyner on sidewalls of the etched openings and the
hydr ogen nmai ntai ns a desired concentration of polyner precursor species in
the reactor. 25. The nethod of Cl aim 20, wherein the pressure in the plasm
etch reactor is 5 to 200 mforr and/or »phe tenperature of the substrate
support is -20C to +80C. 26. The nethod of C aim 20, wherein the openings
conprise vias, contacts, and/or trenches of a dual damascene, self-aligned
contact or self-aligned trench structure. 27. The nethod of C.aim 20, wherein
t he di ePB%rQF‘”'E'Q“éK/E\%teé'ShﬂH diglecttip[Fuer QYP”SLW\%IG}S%’&PUCEY‘% ey pelectsdifion thepsg,  BSG,
FSG PSG | i con oxide anic,lowk material or organic
 ow k nﬁf°é‘P|°8'Ps'Stl“Hé’f AT & Blovp G v Vot g Sered AERcpR8 PobgTades Fct od

f t he, |1 Ti all
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G aim 20, ,where CXFYH, conprises at |east one hydrogen-free fl uorocarbon
and/ or ﬁdeﬂgé?“ﬁﬂﬁﬁﬁydrogen contai ni ng fl uorocarbon.

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.



