06437USA TITLE OF THE | NVENTI ON: USE OF HYPOFLUORI TES, FLUOROPBEIFMUIS,
AND/ OR FLUOROTRI OXI DES AS OXI DI ZI NG AGENT | N FLUOROCARBON ETCH PLASMAS
"BACKGROUND OF THE | NVENTI ON [0001] Dielectric materials are principally
used for formng electrically insulating layers wthin, for exanple, an
el ectronic device or integrated circuits (1C). Selective anisotropic
etching of dielectric materials is the process step extensively used to
produce features in 5 the manufacturing of integrated circuits (10,

m croel ectronmechani cal systenms (MEMS), optoelectronic devices, and

m cr o- opt oel ectroni c- mechani cal systens (MOEMS). [0002] Device features on
a wafer are typically defined by patterned nasks. These patterned nasks
are general ly conposed of an organic photoresist material; however "hard"
mask materials, such as silicon nitride Si3N4, or other material that may
be etched 10 at a slower rate TH&E QRIHE INVENTION: naterial, may al so be
used as the mask material. Selective anisotropic etching allows for the

for mat i on WSE QFVPOELUGRITES, Hld/QBOPERQXIDES, ANEVOR FyJOBRIM@YIRES ASast a
portion of the undePKIDIENGAGENT N ELUQRSICARBON EECHESASMAS |y  preserving
the patterned mask. The dielectric materials to be selectively renoved from
under the nmask openings include: silicon in its various fornms such as
crystalline silicon, 15 polBACKGBOWNDR GG PHABINVENTI@NN, and epit axi al
silicon; conpositions containing silicon such as silicon dioxide (S Q2);
undoped s{0004ht Piekciismatssials ard ppincipailyl ussdtfer igiming edantifcadly insbiation layersed

s+l i cat X ;

bor ophosphn for Exsbpiel i SRHRATL Se AP SEnbioruER Lo RR. Caitelve BRotropie ) ¢

such as sfchingmf dia‘letonrima(eﬂalsﬁmyhe potassstercextbngively ushs !pspr@u)ceafﬁatuses Incon
Crid 4 ) ,

havi g & SedraiiberuAiforifteRhad bl 021, figedtniofutin el i) ( © o

silicate glbtaebd(rmewmagandmlth®I@tmm- eg@njcal sysjems{MOEMB)si | i cat e

glass (OFSG), polynmeric materials such as silsesqui oxanes (HSQ HSi QL. S)

and net hy[00§2] s Beuioé feadures of B pte RAiedypiGaliefioedby patiermed mdskgr dbege  and
ﬁgm? ZC![ 8&@%&%@@%&'@%%%5@& €8 eF) J\J/fzanang ? ?’géeoéé(? Iée}%:?grlﬁgo"b%tgghl ng
i ncl ude: thagdi reaskmatatialspsuchles silicde mit;rdmglablu,edr@mar imatenid! ¢hat may, beretchedr | ow
| oss ‘RJ étla Ql(éﬁé? H?éoihan the dielectric material, may also be used as the mask material.
Selective anisotropic etching allows for the formation of features such as contact and via
holes by removing at least a portion of the underlying dielectric material while essentially
preserving the patterned mask. The dielectric materials to be sélectiveiy removed from
under the mask openings include: silicon in its various forms such as crystalline silicon,
15  polysilicon, amorphous silicon, and epitaxial silicon; compositions containing silicon such
as silicon dioxide (SiO.}); undoped silicate glass (USG); doped silicate glass such as
boron doped silicate glass (BSG); phosphorous doped silicate glass {PSG), and
borophosphosilicate glass (BPSG); silicon and nitrogen containing materials such as
silicon nitride (Si3N,), silicon carbonitride (SICN) and silicon oxynitride (SiON); and
20  materials having a low dielectric constant (e.g., having a dielectric constant of 4.2 or
less) such as fluorine doped silicate glass (FSG), organosilicate glass (0SG),
organofiuoro-silicate glass (OFSG), polymeric materials such as silsesquioxanes (HSQ,
HSIQ, 5) and methyl silsesquioxanes (MSQ, F{Si01_,5 where R is a methyl group), and
porous low dielectric constant materials.

25 [0003] Some of the key manufacturing requirements for selective anisotropic dielectric

etching include: high etch rate of the underlying dielectric materials; zero or low loss of
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the patterned mask, i.e., high etch selectivity of the diel ect A6437EBA i al
over the mask material; nmaintaining the critical dinensions of the

patterned mask; maintaining desired etch profile, i.e. high anisotropy;
mai ntaining uniformty across the wafer; mnimal variation over feature
sizes and density, i.e., no mcroloading effects; high selectivity over 5
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order of magmtu e |g er hi ckne The further
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to etch t und er | con-containin i €l ectr
the DUV. The further evolution of photohthography technology to lower wavelengths,
i.e., 157 nm and EUV photolithography, may lead to the need for even higher etch

25 selectivity between the underlying dielectric materials and the photoresist materials.

[0005] Fluorocarbon plasmas are commonly used for selective anisotropic etching of
silicon-containing dielectric materials such as SiO,. The fluorocarbons used for selective
anisotropic etching include: CF; (tetrafluoromethane), CHF; (triflucromethane), C4Fs
(octafluorocyclobutane), CsFs (octafluorocyclopentene), and C,Fs (hexafluoro-1,3-

30 butadiene). These fluorocarbons dissociate in plasma to form reactive fluorocarbon
species, such as, for example CF, CF;, C,F; etc. The fluorocarbon species may provide
the reactive source of fluorine to etch the underlying silicon-containing dielectric
materials in the presence of, for example, energetic ion bombardment. Further, the
fluorocarbon species may form a fluorocarbon polymer that protects the photoresist and
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materials in the presence of, for exanple, energetic ion bonbar@Bd3TUSA
Further, the fluorocarbon species may form a fluorocarbon pol yner that
protects the photoresist and -2 06437USA the sidewalls of the etch
features which is referred to herein as the pol ynerization reaction.
[ 0006] For selective anisotropic etching applications, the substrate

typi cal | yteosndewdlis of Gitceteh feamires dinithds refeced tytearsines\tbe pdlymietiationpat t er ned
photoresist coating to provide a 5 feature such as a contact or via hole
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vol atile speci es removing the dielectric material. Thus, at the
di el ect ri teastion aarebe reaslily remeyesdtam thsf reapler vie VﬁﬁP%ﬁHW&R’lQﬂ?ﬁ’Wt on, or

the fl f
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cannot co merirzation reaction | uorocarbon film
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react él? ns p8l§rmer|zat|on reaction, or the fluorocarbon polymer, serves as source for the reactive
fluorine in the etch reaction, provided that it can be adequately removed so that no
fluorocarbon polymer accumulates on the exposed dielectric surface thereby impeding

the etching process.

[0007] To protect the exposed photoresist surface, it may be desirable to have a

25 fluorocarbon plasma that is highly polymerizing o encourage the formation of the
fluorocarbon polymer. However, at the exposed dielectric surface, if the etch reaction
cannot compete with the polymerization reaction, the thin fluorocarbon film can
accumulate and the etch process may stop. To optimize the competing reactions of
etching and polymerization, moiecular oxygen (Oy) is routinely added to the fluorocarbon

30 etch plasma. The etch rate of the dielectric material may be increased if an optimal
balance between the competing reactions can be achieved. Unfortunately, O can attack
the organic photoresist materials thereby increasing the photoresist etch rate. This may
result in the undesirable decrease of etch selectivity of the dielectric material over the

photoresist material within the substrate.



etching and pol ynerization, nolecul ar oxygen (02) is routinely edEHSPo t he

fluorocarbon 30 etch plasma. The etch rate of the dielectric material may

be increased if an optiml bal ance between the conpeting reactions can be

achi eved. Unfortunately, 02 can attack the organic photoresist materials

thereby increasing the photoresist etch rate. This may result in the
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bi s- (15 U02OAYPABFEIAcTasetberihe use RDNS-talusOPEbYHReIgXide &S AP ei“é*}ﬁﬂ'?ebydgsﬁgsi ts
from CVvD ¢h £S. e b§er: LR Sini s JaSavdsePAemteed i n
the art f§|: %géoﬁ\é@ugt%?ﬁﬁéﬁ%&5@@9@&3{3‘%” r ovi dlgmta?rﬁr’]i ghgr %t ch rate of
di el ect r i ApplicatiohaR 2800/A38GTSMand P §Ae/184768Aaserle teiupe of
materials A2 i (FT19f, 9 BRC@E ok AiubRIGSthares e
i ncor por af’@%‘gh°é'?%ﬁﬂ%8§&r'°§’ il r'f"erQ?'ﬂ?g?“PﬁErﬁt i rgt oS Rl EF SUMMVARY OF
THE | NVENTRITM) as a cleaning gas to remove deposits from CVD chambers. Despite these

20 alternatives, there remains a need in the art for a new etch chemistry that can provide a

higher etch rate of dielectric materials along with a higher etch selectivity of dielectric

Brelectric

materials over photoresist masks.

[0010] All references cited herein are incorporated herein by reference in their entireties.

25 BRIEF SUMMARY OF THE INVENTION

[0011] The present invention satisfies one, if not all, of the needs in the art by providing
a mixture and & method comprising same for removing at least a portion of a dielectric
material from a layered substrate. Specifically, in one aspect of the present invention,
there is provided a mixture for etching a dielectric material in a layered substrate

30 comprising: a fluorocarbon and an oxidizer selected from the group consisting of a
hypofluorite, a fluoroperoxide, a fluorotrioxide, and combinations thereof.

[0012] In another aspect of the present invention, there is provided a mixture for etching
a dielectric material in a layered substrate comprising: a fluorocarbon and a hypofluorite.
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[0011] The present invention satisfies one, if not all, of the ne@4ByUSAt he
art by providing a mxture and a nethod conprising sane for renoving at

| east a portion of a dielectric nmaterial froma |ayered substrate.
Specifically, in one aspect of the present invention, there is provided a
m xture for etching a dielectric material in a | ayered substrate 30

conpri si ng[0043] Inuafther bspechotthapresent inventicrs thece dsoprbvided ahmixtyre iy etching

Comi nat | oRde b RRebR kere8 shbRhTBERBALNG: s Riorketb BhFE, (T 1T,

there is pHaosroperdxidem xture for etching a dielectric material in a |ayered
substrate conprising: a fluorocarbon and a hypofluorite. -4 06437USA
[0013] | n pOOAE] trhyst aasthectspect bhibe presean invemice) tHeos js groeded asniptuo/fcttled a

m xture. for, etchin a dielectric material in_a layere ubstr at

Compr 1 3 ngetcBngA Afseie st & Pl Sisabatitaoriigof poHAabER s her
aspect of filrgopibgident i nvention, there is provided a mxture for 5 etching
a dielectric material in a |ayered substrate conprising: a fluorocarbon and

a fl ;J_OI‘ ot [oitogsj Hea siOUARgr dspesdt dﬂtﬁtléh bl;je%?mtihﬁ]ntiaﬁplhete ielfprd\I]rciUEdad mmdt wid for ':che

i nventi on, ere is provigded od for r enova a portion of a
il el et 11 cremiver ota pETgR L Plafpolmeapatiro & Tesrel BURa piaBRding: aciio

| ayered sufpstisgired viddiate withie acbacidnahaniper; ijp_r@iiﬂihb diga@ mixERes comptisinga
conprising,a 10 fluorocarbon gas and an oxidi zer gas sel ected, fromthe
oroup EbnolaPeRIOY 935 ik, A0 PrERT 985 SSIEqted BPEHER SIHUBEONSISINGBh Bt 1 f oxi de,
and conbi niafdoBinsrite"efigbperarige ya MgoroRidRIIBYatdcdrilSingiRshsThereof; @ppRingor m
acthi ve species; a d contacting the |ayered substrate tg the&(ﬁgt ive
speci es whEMIghtaHe 9&8(‘?"9‘&’%‘63@%"@0‘!"8&5’?0\%{?Pda?ﬂi“ﬁ%'ﬁﬂwée perefsHPEEIe of
the di el ecyith the'Brthis Egdoieslwhér@tlifik akliverdpticherea@Nathi arff reitRe Bicep&Mibn of

I nvention, there is provided a nethod for etching at |east a portion of a
di el ect ri cthielielpstas metesiala | ayered substrate conprising: contacting the

| ayered substrate with the active species of a mxture conprisi a ..
f I uor oar b9R16hID angthediasesct sbtheqrrasent inyention: t'@ﬁr&ﬁpr@mﬁ’@fﬂﬁ%ﬁ'%?gfaewhmg

hypof | uori fi9eadt aforRIroder @leeific niatbrid! Hoft & |%tedtsubattgieRfipridRg! edrRadtingr eof
wherein the active species, at |east parti alala%, 20 reacts with and renoves
at |east ahgdaveremhsusiraieovit Bpective eParigsR'isMixtyre saMPising adlugrRFamdne AN

gs pect st of oxidi SerefeY frdf IRNEoBP cBhsibtinof Hiypofidite sfiudrbperokibe, a f ol | owi ng
escripti Of?dorotrioxide, and combinations thereof, wherein the active species at least partially

20 reacts with and removes at least a portion of the dielectric material.

[0017] These and other aspects of the present invention will be more apparent from the
following description. '

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

25 [0018] Figure 1 provides an illustration of an apparatus used in one embodiment of the
method of the present invention.

[0018] Figure 2 provides an example of a layered substrate.

[0020] Figure 3 provides a Scanning Electron Microscopy (SEM) image of a 0.35 pm
via that was etched using one embodiment of the method of the present invention.

30 [0021] Figure 4 provides a SEM image of a 0.5 ym via that was etched using one
embodiment of the method of the present invention.
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BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS 25 [0018] Fi gag437USA
provides an illustration of an apparatus used in one enbodi nent of the

nmet hod of the present invention. [0019] Figure 2 provides an exanple of a

| ayered substrate. [0020] Figure 3 provides a Scanning El ectron M croscopy
(SEM image of a 0.35 pm via that was etched using one enbodi nent of the
met hod of {0022pr Eigand 5 iprovidesi DBEM3IMape @2 2a10.35 worvia thapwey etbbed 4si8gM | mage of
a 0.5 pmvi . ched using one enbodi nent of the nethod of the

pr esent iné@ﬂ%’%ﬁ\’é’\ﬁét@%’ZlB?USA [0022] Figure 5 provides a SEMinmage of a
[

0.35 pmvi at h S} . rat |, V.e, Eigure 6
provi des aﬂg M i ﬁ@} §$°?°§’?%Sé %ﬁﬁ)ﬁgﬁgﬁg? 05%@')":‘%'%&%‘39‘32 F%cg‘gg%‘l’"é‘ rfagar ative
met hod. 5 pOBR4rktive metted/ provides a SEMinage of a 0.3 pmthat was etched
usi ng one enbodi rent of the nmethod of the present invention. DETAILED
DESCRI Pl Cro024] THRigutd\Wiphdhideld  SBSinagb ef pi0cs pmitthatrwasnétciosd ysioy ooies a

m xture and gget hgdf gogpri%janfq same ft(r).r tt}e 10 renoval of a substance
froma |ay8'|1‘ gaFoL o the ,et@ PP BEESEME YIICRe- cont ai ni ng oxi di zer such as
hypof |l uorites, fluoro-peroxides, and/or fluoro-trioxides to decrease the
anount of, or replace, nolecular oxygen (02) as the oxidizer, in
conjunction with one or DETAILED DESORIFTIONSOF THE INVENTIONaNd t he net hod of

t he present i.oventi on may be used, .for _exanple, for selective ani sotropic
ot ot ng. of [992BY o bt BrheEmimvRoR i sy BrAne o BelgR Eoeraing sAMed Pt (n
preferred el oRnihstdrize it lHyeratbeubstratexthas ases @ﬂmeer:fontqh??]g omigizegy

act wi and renove

squrces sufficient to form active speci , which then r

e cubst aPHE S DRPINRIES BUpTosRETo e S8 oF g Ran PRSI TR CNOATONRY | <
Eel i fe?/ed t bRbr idpﬁcé:smoiéf:ularb)glg@hi(l)?;amﬁé@?cilaﬁz@ﬂ irtmgshjdh%m viithCdheast riore. 20
ypofluorite, a fluorgperoxi de, and/or uor ot ri QXi may be us in

pl ace of Sﬁt,lfggcqrpo%t mixfjyre FH@%’}“"W@P@W WP%%M‘@H@”? Héygred%sleaﬁ'%f t he
mask or pheknme, 1of selBitve iaRlsotrbit efhing dfardiéleipit infteta) oRi diayereaxi di zer may
increase the dielectric etch rate by providing additional fluorine atons

. Yy ( |
into the efdhslraiesdpicarain mrefetied eqberimapts e /Rixire MRt be EXROSPR 1R 8€ Fhus, the
use of hypgibteleridrg? Sourbbd SUfcIORTE Tdrisotive BEé s, Mt ten react with and remove

the substance from the substrate.

Ll

[0026] Inthe present invention, it is believed that the use of a fluorine-containing _
oxidizer such as a hypofiuorite, a fluoroperoxide, and/or a fluorotrioxide may be used in |

20 place of some, if not all of the O3, thereby preventing the erosion of the mask or
photoresist material. Further, the fluorine-containing oxidizer may increase the dielectric
etch rate by providing additional fluorine atoms into the etch reaction and subsequently
the dielectric surface. Thus, the use of hypofluorites, fluoro-peroxides, and/or fluoro-
trioxides to replace or significantly reduce the use of O; as the oxidizer in a mixture

25 containing at least one fluorocarbon may enhance both the etch rate of dielectric
materials and the eich selectivity of dielectric materials over photoresist materials.

[0027] As mentioned previously, the mixture of the present invention comprises the
following reagents: at least one fluorocarbon and a fluorine-containing oxidizer such as a
hypofiuorite, & fluoroperoxide, and/or a fluorotrioxide. Although the reactive agents and
30 mixture used herein may be sometimes described herein as “gaseous”, it is understood
that the reagents may be delivered directly as a gas to the reactor, delivered as a
vaporized liquid, a sublimed solid and/or transported by an inert diluent gas into the

reactor.



trioxides to replace or significantly reduce the use of 02 as t06A3@USA zer
In‘a mxture 25 containing at |east one fluorocarbon nay enhance both the
etch rate of dielectric materials and the etch selectivity of dielectric
material s over photoresist materials. [0027] As nentioned previously, the
m xture of the present invention conprises the follow ng reagents: at
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t he perfluorocarbon I's a conpound’ havi ng forml a wherein h is a
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embodi ”e”&my}zla Mglhgafoﬂﬁ@rrog% h%oﬁmgﬁ%:‘?d R%Jlﬁ%h%qafnmﬂé‘ CHRERRYBded\OMFNY the

formul a and k and | are
positive (tnfdte:gemgthameh f(l lother mebdtmr]ts ttioe fjloracarboms anfiuerogarbgn or a

hyd CHF3
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in the m ?%n%%?ro'ﬁw to 99%, preferably from 1 to 50%, and more preferably from 2 to 20% by

volume.

[0029] in certain embodiments of the present invention, it may be preferable to use a
fluorocarbon with a lower ratio of fluorine atoms to carbon atoms, referred to herein as

25  F/C ratio, within the molecule. By using fluorocarbons with a lower F/C ratio, itis
believed that the etch plasmas can form fluorocarbon polymers having a higher degree
of cross-linking. Highly cross-linked fluorocarbon polymers may be more resistant to the
etch reaction thereby providing better protection to the photoresist layer and sidewalls.
However, other fiuorocarbons having a F/C of 2 or greater may also be used.

30 [0030] In addition to the one or more fluorocarbons, the mixture of the present
invention contains at least one fluorine-containing oxidizer gas selected from the group
consisting of a hypofiuorite, a fluoroperoxide, a fluorotrioxide, or a combination thereof.
A hypotiuorite, as described herein, refers to a moleculie that contains at least one -O-F
group. The hypofluorite preferably is a compound having the formula C,H,F,(OF).On,
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range from1l to 99% preferably froml to 50% and nore preferabl 4370882
to 20% by volune. [0029] In certain enbodi nents of the present invention,
it may be preferable to use a fluorocarbon with a lower ratio of fluorine
atons to carbon atons, referred to herein as 25 F/Cratio, within the

nol ecul e. By using fluorocarbons with a lower F/Cratio, it is believed
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(bIS quorofornyI-perOX| uoro-tri escr ereln,” is a
mol ecul e t HAE aaunh phillosinetcantaining exidigergas. prgseni fn thedniniise maydargecironlll  of

the 15 hydigoen, pichirabiy ol 10 PERCHERiLoleRBLAG Syt 14150 4 Voltind!! FHEP-

Exanpl es of fluoro- trioxides I nclude
(bi s-t #91 | RliUbIYalyme of thexlugeine-comginingooxidizer gase flgorocarbon gas within the

mixture may range from 0.1:1 to 20:1, preferably from 0.1:1 to 10:1, and more preferably
from 0.1:1 to 5:1.

[0031] [n addition to the reactive agents described herein, inert diluent gases such as
argon, nitrogen, helium, neon, krypton, xenon or combinations thereof can also be

25 added. inert diluent gases can, for example, modify the plasma characteristics to better
suit some specific applications. In addition, ions from inert gases such as, for example,
argon may provide the energetic bombardment to facilitate the selective anisotropic etch
reactions. The concentration of the inert gas within the mixture can range from 0 to 99%,
preferably from 25 to 99%, and more preferably from 50 to 99% by volume.

30 [0032] In some embodiments, the mixture may further comprise an oxidizer such as,
for example, O,, O3, CO, CO,, and N,O. In these embodiments, the amount of oxidizer
present in the mixture may range from 0 to 99 %, preferably from 0 to 75 %, and more
preferably from 0 to 50 % by volume.



trifluoromethyl-trioxide), and CF3-0-0-0-C(OF (fluorofornyl  06437USA
trifluoronethyl-t(oxide). The anpunt of fluorine-containing oxidizer gas
present in the mxture may range froml to 99% preferably from1l to 75%
and nore preferably from1l to 50% by volunme. The 20 rati o by volunme of the
- fluorine-containing oxidizer gas to fluorocarbon gas within the m xture
may range[oosem Ohd cHermicalt@adentpcah be aleliveréd tonthe reaction ghamber by ayarety of
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delivery systens, vacuum delivery systens, solid or |iquid-b .

gener at or somprgssed eyinder, psatendslivery| syPlegy Oh vaawgpilyq%gb%{gmm@ffﬁpgay, t he
poi nt of ws SoiRdisBE Via d18@rdhtR@lidgdemtibest 2 molar equivalents

fl uoropergit?a eg%?\ed%%rd%?morotri oxi des, cgybe delivered to the reaction
chanber vobHEto teompicansifte- gas cylinder. In an alternative exanple, the

chem cal reagent such as the h&gof[uorite FTM.can be r%feener%}%ed at the
poi nti®f [MH34] hTbagroceseef tag on jsyusefl ferateling sybsiares Sughag A

equi val eny i il te WshiRatii5ebdtFatédIhal aP 66 lusee includenbithe
presence %%1eg"ga¢§@§élpﬁn%ﬁ§uﬁéﬁ?l uo_r?t e BDM can be ggaer?ﬁ:ﬁ1|| ed, ah t he point
of use l0atenaliited i semueandyeiopmaterialn sichaggalmaEEniar (15ats ) R Yas wi th
02 int hﬁitr?&eefﬁﬂﬂ,esif?cfon"’}n itg?éﬁédé%rms-r 8Schs i éry Qalhe Efcon) pofyshicon,n t he
foregoing reactrons can be froma conpressed cylinder, a saf ﬁ del i very
system oamerphouesiiconlandapitadgisilioan. mqart&ﬁ\awppt,am"mzs'l&%ﬂﬁ’ B FEfieabed at
the pgd Nt qRliddSeivis flcBh chblidd ¢Gict, $Hesh Bkyjcambidd (‘8i0wH ilicof vitiae ¢BIN),

silicon carbonitride (*SICN™), organosilicate glasses (“OSG"), organofiuorosilicate glasses

(“OFSG"), flucrosilicate glasses (“FSG"), and other appropriate substrates or mixtures

thereof. Substrates may further comprise a variety of layers that include, for example,

antirefiective 'coatings, photoresists, organic polymers, porous organic and inorganic

25  materials, metals such as copper and aluminum, or diffusion barrier layers, e.g., TiN,

Ti(C)N, TaN, Ta(C)N, Ta, W, WN, or W(C)N.

[0035] Figure 2 provides an example of a layered silicon wafer substrate 10 thatis
suitablé for etching using the method of the present invention. Substrate 10 has a
dielectric layer 20 such as SiO; deposited thereupon. A mask layer 30 such as a DUV
30 photoresist is applied to dielectric layer 20 atop a back-side anti-reflective coating
(BARC). Mask or photoresist layer 30 is depicted as beihg patterned. A patterned
photoresist is typically formed by exposing the substrate to a radiation source to provide
an image, and developing the substrate to form a patterned photoresist layer on the
substrate. This patterned layer then acts as a mask for subsequent substrate patterning
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of HF to formH2 and F2. 15 [0034] The process of the inventi on064370kSA ul
for etching substances such as a dielectric material froma substrate.
Sui tabl e substrates that nmay be used include, but are not limted to,
sem conductor materials such as galliumarsenide ("GaAs"), boron nitride
("BN"), siliconin its various fornms such as crystalline silicon,
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as bei ng er ned. patterne ot or esi | S | C or ne

exposi ng ﬁ)a‘ten@hmwpme {freayepey? ABi bR ﬁﬂsi‘?'z'éqt‘%“cpfrl'?ﬁﬁeghe&éﬁf‘cyﬁagg?}%nd
devel opi ngndrap; theked) AF S Cart @F BbrRnA MidchaRRIseHIS U RBhlor Infegasonib T he
substrate. TRis patterned |ayer then acts as a mask for subsequent

subst r at eePRIBY <3l sanbinatipna Yrek.  processes such as etching, doping, and/or
coating with netals, other sem conductor materials, or insulati

1 [ . [
mat er i al sIO0BFE Yrergembedigient dhe Bptwreds expasgd te 8L @E@%@HE‘F“SISP&CH}'&POI ves

rendvidg poferiR’d piaSmAthaling astiRsifedlcd contdimerthbitii, Spedifitiexaiplaacsfadingy t he
patterned” photoresi st thereby exposing the under|lying surface for further
processi niie Plagroa i etching RPRESIEE "'tﬁuqehBUtpﬁ@@@H'mﬂgﬂ/@nﬁaﬁﬂvﬁ ign @%‘%b(&g)'t 0 one
or nore eﬁﬁgﬁé.(tic%@y'éﬁﬁa%cealﬂéédﬁ% UM et (MR )24 ShoetivenPcsUpi Rasrha (1gP) | east
partially réact wth the diel

[ i electric mterial . and formvolatile Spegi es.
The ener gyita gnwithout g sepaeate kiss Powgr sewpe deapsiarmer aeupledplasme (THR): foieY ed

Pt o S OSps bl hplcaProstihoy ool dsrodbaomenssamamsgomtr
t o 4020 nnPr withaiit g|separate bias powgry source, RF or microwave exciteag higﬁ dgﬁgit%l pqgsmarl om
source with or without a separate bias power source, etc. In embodiments wherein a
RIE process is employed, the etching process is conducted using a capacitively coupled
parallel piate reaction chamber. In these embodiments, the layered substrate (e.g., a
patterned wafer) may be placed onto a RF powered lower electrode within a reaction
25 chamber. The substrate is held onto the electrode by either a mechanical clamping ring
or an electrostatic chuck. The backside of the substrate may be cooled with an inert gas
such as helium. The RF power source may be, for example, an RF generator operating
at a frequency of 13.56 MHz, however other frequencies can also be used. The RF
power density can vary from 0.3 to 30 W/cm?, preferably from 1 to 16 Wiecm?. The
380 operating pressure can vary from 0.1 to 10,000 mTorr, preferably from 1 to 1000 mTorr,
and more preferably from 1 to 100 mTorr. The flow rate of the mixture into the reaction
chamber ranges from 10 to 50,000 standard cubic centimeters per minute (sccm),

preferably from 20 to 10,000 sccm, and more preferably from 25 to 1,000 sccm.
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10 (wavel engths ranging from400 to 750 nn), infrared (wavel en§6#374YSMgi ng
from750 to 105 nm, mcrowave (frequency > 109 Hz), radio-frequency wave
(frequency > 106 Hz) energy; thermal, RF, DC, arc or corona discharge,
“sonic, ultrasonic or negasonic energy, and conbinations thereof. [0037] In
one enbodi nent, the mxture is exposed to an energy source sufficient to
15 genera[oessa mermem@mvmgbamuswmedpemoassdewhwam referenpe taxthg follgydeg f i ¢
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“etch (I\/El?inﬁaedtaeﬁeﬁﬁuctlvel y coupled plasma (ICP) wth or without a
separate bias power source, transforner coupled plasnma (TCP), hollow anode
type plasma, helical resonator plasma, electron cyclotron resonance (ECR)
with 20 or without a separate bias EW&%’:MCG’ RF or m crowave excited

hi gh @ensi ty plasma source with or a separate bias power source,

etc. In embodiments wh RIE i {
"5 condudbEel Ehelglempa saempes scye eatsprtay n pip BB Bl rbaofs fithctiel D000
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e aced onto a ower e 0 ctro [ er.
Thepsubstmrﬁem@' H@dgcmﬁfaﬁfépﬁ?gﬂag gﬁvoﬁ‘b%? "a{e?rétgﬁaﬂ?é;%)?p% ﬁérrplfgl)ng
ring or g&e@bRBlcesintd barafidl piite camutba@l@uﬁedw pahanamm:rtmatcm smyarbte

cooled with an 1nert gas _such as helium tQ| f or
exanmple, tﬁﬁsﬂﬂpg@ﬁgﬁ%ﬁ‘ Fighd &or fch %?fpeé‘mlef‘gazﬂ'ﬂ'h@f” Ftrq_g gé owever

ot her fregiep r%?et%aan@k%@ob%é@ees adte1 Rweiedet intd éesisaytoc 400 framya fapom 0. 3
foaSO W cn?, erab from1l to f

Vary 11 orimainted shawsiDet #r e Rskareashen PPusted Bs RoBe MRt POVRhy  mor o

pref er abl ool dfRnbRfle EQIAsmd t&h@mratr@chbcﬁhssahuﬁumeacmdnthe
reaction %UF% or‘%r? ° -rggdm 10 P% 50, 000 st andard ﬁﬂ"t')’lﬁﬁ? lneters per

m nut e (samwg SY%‘?’Bﬂ@ aMoiﬂ“fer%R?P@G (pe} shgwpbaresemoyed, e erably from
25 tq : Qfén?cfe?“rbm @@ §7 rh@%@]b@ﬁmwmﬁ@ (n:m shbwh). tRumpihgsingat ed i n
et al nc

rmre wthre hefo | owi ng butI Ji shoul d be
under st ootV ¢reates s apﬂl’c?@!é éwmetfmhw topunih O‘Héré‘?rlgﬁﬁqsc? olgtie FREIFS: her et o.
5 EXAMPL ntéRngt%lergrl?e foll owi ng exanpl es were conducted in two different
etch reactors ified Gaseous Electronics Conference Reference Reactor

("GEC")  PjoRafPTHEBEC ealBFloferates in a capacitively coupled reactive ion etcher (RIE)
mode. A 100 mm wafer is placed onto the RF powered lower electrode, which has an
20 effective RF “hot” surface area of about 182 cm®. Chemical reagents such as FTM, Ar,
C.Fs, and O, flow through the showerhead into the reaction chamber. RF power at
13.56 MHz is delivered from an RF generator through an automatic matching network.
The lower electrode assembly is equipped with an electrostatic chuck and helium
backside cooling system. Typical helium backside cooling pressure on the GEC reactor
25 100 is servo-controlled at about 4 Torr. Like the GEC reactor, the Applied Materials P-
5000 Mark Il reactor also operates in capacitively coupled RIE mode, with magnetic
confinement to increase plasma density and hence to improve etch rate and uniformity.
This type of reactor is often termed as magnetically enhanced reactive ion etcher
(MERIE). The Applied Materials Mark Il reactor uses a clamping ring mechanical chuck
30 and helium backside cooling at 8 Torr for processing 200 mm wafers. In both reactors,

the wafer chuck is water cooled at 20°C.

[0041] Typical etch recipes may include a fluorocarbon etch gas, such as C,Fs
(hexafluoro-1,3-butadiene) and/or molecular O, (comparative examples) or a fluorine-

containing oxidizer gas such as FTM. To facllitate selective anisotropic etching, inert
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comerci al production scale Applied Materials P-5000 Mark |1 reagéqgarusie

experinments were conducted in a parallel plate capacitively coupled RF

pl asma reactor 100 simlar to 10 the setup illustrated in Fig. 1. For each
experinmental run, a substrate 110 was | oaded onto the reactor chuck 120.

Process gases 130 were fed into the reactor 100 froma top nounted

shower headgédsks suthasdngorkarsasitenhsad pewss ditheby wah ik siovbidicHantsodnalie source

150 t te th Th huck h h d
ool i g sy EVBHPESIAT RIS SHedeBE Ve DEFERF PO BT el T PORTTRE
rﬁact |) onplmmmheapmﬁnn%dwlvegh/omzmr ﬂg?imyng' hk7|@tsﬂwdﬁnfat QafRM‘@Bt (not t
shown u creates an ric pa ou
t he gases g‘?f&?rgéﬁ)ép B'Iaﬁ veliags faboptRa0v, ﬁ’ ‘?‘i@ﬂ’éﬁeﬁp’%b@gyaﬁr’ﬁﬁﬁ/ P"Qmo"t or
oper at €5 | Their:gpasd fidly dla¥ sepatBedatgact i ve ion etcher (R E) . node. A 100

mm wafer is placed onto the RF powered | ower el ectrode, which has an 20

ef fective fB42D8kanring E@@ﬁoﬁmo&{op?tesem ) Wad p@ﬁ%mé&l&ﬁh%ssrs%ﬁ&%fsa such as
FTM Ar, CAF6, and 02 flow throu he showerhead into the reaction

chanber . FRefRAkR clgaved patisngg wa 95ffaéﬂ"PO’eﬁ‘Té’dnﬁ%Hﬁ‘aé'ﬁ“Rfi%»@ﬁ%ﬁ'ﬁleér t hr ough
an automatic matching network. The lower electrode assenbly is equipped
with an el ctrostaU ¢ chuck and helium  backside cooling system_Typi cal

hel i um bac reRle do UnPalterpee WalerEtghing MsingdT M/Cate At Mbdure pndhe GEC Reactor
servo- cont oI | ed at about 4 Torr. Like the GEC reactor, the Applied

Mat eril 048] 0d spheiexperiments was %ﬁr?émegeﬂa*ﬂ%gEqﬁleapaceatthnﬁewap| ed RIE

Wi t *’foﬂ@aﬁﬁ?bbﬁdmé‘f@"ﬁhé‘rﬁﬁyﬁreéébré BS heRRe HE SVt 30V iat Y3 BBMIBE RA O

Jove etch rafe and uni f ty type of reactor is often termed as

magnet i cal vesdeanibeef 1 %K‘Uﬁm\ﬁem BA G'tEiQ or(theRFpowerend Arpssueeirasited inal
Mark 11 ¥ eégbogemassv@}ta@b@mmgdor\ﬂ ﬂ%hﬁ&é%wm 3P @@@BB% thETstch

backsi de cooling at 8 Torr d_'pl_r ocessi ng rs. reactors,

the waf er TMIRGarpaN gas with wmtlé M/Canaatiopioghg exgasiments. dnell recipes dhe totg/
incl udg a ffaé&'?é@ﬂ@% b .@ﬁﬁa &390 s?éﬂbﬂ @E&tm(éifaﬁ IR écc?h Ritaarl ene)

and/ or nol ecu npar ati ve exanp I ne- cont I ni ng
oxi di zer dwansg ePEFIQIaSMXtﬂQ:'BImQ@t@ asgoneas thedilents &ilicepiwafers chated,

i nert -1lxﬂﬁﬂ§?H§&ongéi§ﬁﬁuc§Wm¥ﬁf rsfégﬁm%F ufiesnﬁﬁncflﬂ gAnvent with

t he above etchants. In th exanpl es unl ess state erw se, the
react or Oﬁziﬁﬁﬁfé‘&nawerwt%dWea&xpeum@otsmﬂmthmbmms mrerr;easumdm power

density. TBfiscibRgiel befdrd Andaftdihé lasfia'&Pbsure to determine the etch rate. Table 1
20  lists the results as a function of the FTM/C,F; ratio. '

[0044] Table 1 shows a trend that as the FTM/C,F, ratio increases, both SiO, and
photoresist etch rate increases so that the etch selectivity SiO /photoresist decreases.
This trend is consistent with the general trend of increasing oxidizer/C,Fs ratio in
fluorocarbon plasma etch.

25 Table 1. FTM/C,F¢/Ar Unpatterned Wafer Etch Results on GEC Reactor

FTM/C Fg SiO; etch rate Photoresist etch | SiOy/photoresist
molar ratio (nm/min) rate etch selectivity
{nm/min)

2.00 101.2 22.3 4.50

2.25 118.2 28.2 4.20

2.50 129.8 32.4 4.00

2.80 136.3 41.5 3.30

3.10 143.9 48.2 3.00

-12 -




current (DC) bias voltage of about -900V. The chanber pressure ged37kiSX at
35 mlorr. 5 The magnetic field was set at 50 Gauss. [0042] Scanning

El ectron M croscopy (SEM was performed on a cross section of a piece of a
cl eaved patterned wafer fragnment at a nagnification of 35,000 tines.

Exampl e 1: Unpatterned Wafer Etching Using FTM C4F6/ Ar M xture on the GEC
React or 1Qoirparkdle fxa Fleczf: Unpaesingd W afenBtchingr Jsingrod/ CaRy/ AnE@€ pl asma
reactor under the follow ng conditions: chanber pressure 35 mlorr, RF
power 300[0048] A8 aonipdtisonbf fakative pesomitmite| 4 yedds df ekpiimatts weret he GEC

ar ound | opRICyCIeR GG RsuSB DA o Ey etdiv on e SeCestiar, theait el OFRS

f1 uor ocar by She\WxidizeY eetth@rttﬁaﬁfm%weapmessuﬁg thsdigoredre ensame ko il |
recipes, the total_15 feed gas fl ow r?te Is fixed at 110 standard cubic

cent i rret efxgsBplerd; niable 2 dsts the wesuits a2 Tynction eEOFFa{atieeed gas mxture is

made. of arﬂon as the diluent. Silicon wafers coated wth

t
thi ck t helO94P] yitis evidentfrom ¢omparhg the Brasentexamnrle 1y @MY 1 Tt "ﬁlt@pgrees?;t

il m ver ecidnGi8@doftérs b tﬂélﬁlﬁ%u@?@fcﬁ ratedrgh Hléheﬁ‘f‘sm§§l%tot&%fsﬁetféﬁ%‘él¢¥cﬁﬂtyby
refl ectonmeter before and after | asma exposure to determ ne the etch

rate. Tab¥rder ofheryissddentinal RRoREWe!s p%eeseref it flpwirates ap@ S«hrerfaneg s
[ 0044] Tab&reex%nﬁlés)"éﬁ sithilaf ﬁ&to?el%%t e rhidf EMt%:@nfnﬁﬁ' PTMMF@@ﬁé?ﬁlstrPOt h

Si 2 and hot I St etc rate increases so he h selectivity

Si o2/ ¥hot ﬁwdsqboeééa%mr SiQneteh faterand %b%ﬂg‘?’os't@tﬂf SAP@’H“‘?*H@SQ% ﬁ@hw

trend of %(ﬁﬁﬁ@ ng oxi di zer/CAF6 ratio in fluorocarbon plasm etch. 25
Tabl e 1. Ar Unpatterned Wafer Etch Results on GEC Reactor FTM CAF6
Si2 etch rate Photoresist etch Si Q2/photoresist nolar ratio (nmnin) rate

etch sel eeyit v nd0W oAl Rbsitls o BT Addtdr 28.2 4.20 2. 50

129.8 32. 3G 30 Bphito ret Z Bsie/ohototesistd3 7 USA
Conpar at i er sn% Vaf ef a&é I ng Ua;fng C&%@WWM Xt ure
(nm/min)
1.25 66.0 20.3 3.2
1.50 93.6 31.2 3.0
1.75 99.5 41.2 2.4

15 Comparative Example 3: Unpatterned Wafer Etching Using FTM/Ar Mixture without C4Fe

[0047] To delineate the role of each gas component in Example 1, and to reveal the
synergistic effects of FTM/C,Fg mixture, a series of experiments were conducted using
only FTM diluted by argon on the GEC reactor. The same set of FTM flows were used
as that in the Example 1 except that C,Fs was not fed into the reactor. All other

20 processing conditions were the same as in Example 1. The results are shown in Table
3.

[0048] It is clearly evident that without C,F,, diluted FTM showed much higher etch rate
for photoresist than that of SiO;, resulting the etch selectivity of SiO./photoresist of only
about 0.5. in fact, the etch rate of FTM without C4F is almost ten times of the efch rate

25 of FTM with C,Fs. Such high etch rate of photoresist will result in complete loss of the
mask resist layer before the completion of etching the underlying dieiectric layer, hence
loss of critical dimension for anisotropic features. Comparing to example 1, this
demonstrates that, without fluorocarbons such as C,Fg, FTM by itself or diluted with an
inert gas does not vield acceptable selective anisotropic etch performance.

-13-



[ 0045] As a conparison of relative performance, a series of expe0t4BMISA
were conducted using conventional 02/ CAF6 chem stry on the GEC reactor.
Except that 02 is wused as the oxidizer rather than FTM all other
processing conditions are the same as in 5 Exanple 1. Table 2 lists the
results as a function of 02/ C4F6 ratio. [0046] It is evident from conparing
the present exanple to exanple 1 that FTM C4AF6 chem stry offers both

hi gher Si2 etch rate and hi gher Si Q2/photoresist etch selectivity under
ot herwi se iTgsiats, CRIMARr Unputémed VesisLERh ResUid o GBC Rebetor and CAF6

concentr at f BIM floateE KAPRD® ratel [Bi0k brh ralo! D Pasicsésistietdh | i@, /photeleaist |20
nm m n, FTI\/(sgArﬁfS chemnm ggbm)lo srqmﬁniﬁpout 50%atbi gher Si O ejhodelgotiviey and
about 40% hi gher Si Q2/photoresi gt etch sel ec{indiniiy Tabl ¢ 2. O CAF Ar
Unpat t er neadgher Erchyfgsul Ts QRogEC React of pga/ AF6 S Q¥ pefech Tat e
Phot or esi sfoEvENT SITO2T FHEGRET €51 414350l ar ratf gg@ N m N) T aipgaft Ch

selectivit T 172 . . ; 50 5 3.2 370 75 99.5 41. 2
27'5011.' = f .. 1 F— (W] 286|—L [ 3 'O' = A A—A
2.4 15 Cop tive-B . temed— VWA Etchimg—OsiAr FTM AT
305 J P48
M Xt ur e W S AL [L.OoNn el 2l [ + g ) L. 1 T b " :
CTTOUOuUL \'A &3 [ UJ‘-I-IJ ro—ducrrrnecatrc tirc 1 urc Ul cdlll gdb LUIIPUIIEIIL | n

Exanple 1, and to reveal the synergistic effects of FTM C4F6 m xture, a
series of i r | E | on
the Ge rbRuBpe T ReRelBlWERP EHEIRL PIMET A MALA ot st il
Exanpl e. 1 t,t ' _ ;
pr ocesg ngﬁg%%i f‘i S%ﬁéf %Eg%%ﬁﬁtﬁg’aﬁ}n&y@?@%ﬁ% %éhdﬁ‘ééﬂ?{e? q@? (%Q‘ Shown
A" ‘;1' abl e 3 werd6di@jucted orsthel GEC rgaatori ot 2 ditromictdrdbick GHEIE); fithh M@sed FTM
showed much_hi gher. et ch e r _ph | t : resul ting
he ot ch SaPRETFa PE Segtienes Sloshatre Sonabmp gPRaisRicriicdl Papor T 1,C
etch rate dépdsitidn\(PECYTY). THEGvafer wdstibeh coatedwitheteepfUV (BU¥) pHotorasiet 2% of
FTMw th C4E6. Su high etch rate .of photoresi ] |y onpl ete
oss of ¢ HeUbsauRY R Rl & By SlesPrt Hsfle Banfbitis FelfUieb 15 B ™
under | 40 ngmitirednetelrs.i Thé plysoresiselayer thicknessifefori plasrad etthimgrvessaietérarined by
ani sotropic feature‘ﬁ. Co.n‘EPari n%%ﬁexarrpl e 1, this denonstrates that, '
W t hout flﬁ%ﬁn(?g'z?r%% ONITEPeLRP ,)' FTMby itself or diluted with an inert
gas does Nfingh] ClaRFRFINICIE, BB, B, ISR WelRhido bR, RR'HOLIHRP oS
processing conditions were the same as example 1. After plasma etching, the wafer was
taKen out of the reactor, broken into smailler pieces and analyzed by SEM. The SiO;
15  etch rates were determined from the via depth in the SEM images, and the photoresist
etch rates were determined from changes in the photoresist layer thickness from the
SEM image. Table 4 lists the results from 0.35 micrometer via measurements.

[0051] Referring to Table 4, it is apparent that the patterned wafer etch showed the
same satisfactory results as the unpatterned wafer eich. This demonstrates the viability

20  of the FTM/C,Fs chemistry for selective anisotropic etch of dielectric materials. Figures 3
and 4 show the SEM images of 0.35 and 0.50 micrometer vias, respectively, from Run
#3 in Table 4.

[0052] It can be seen from Figures 3 and 4 that the FTM/C,Fs chemistry not only
preserves the bulk thickness of the photoresist, but also praserves the critical

25 dimensions of the mask patterns. In addition, good performance from small features
such as 0.35 micron vias, to larger features such as 0.50 micron vias, and to open space
unpatterned wafers show that there is no size dependence or microloading effect in
FTM/C,Fs plasma etch. Examination of across wafer uniformity also shows good results,
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-13 06437USA Table 3. FTM Ar Unpatterned Wafer Etch Results on (@gg3fRagat or
FTMflowrate Ar flowrate SiQ2 etch rate Photoresist etch Si 02/ photoresi st
(sccm (sccm) (nmimin) rate etch selectivity nmmn 22.00 178 128 263 0. 49
24.75 175.25 135 292 0.46 27.50 172.50 144 286 0.50 30.80 169.20 145 305
0.48 Exanple 4: Patterned Wafer Etching Using FTM CAF6/ Ar M xture on the
GEC React oratdeds? @feHanfe a8theGbs@icGionetiReddniEmional\tlidibiny bleDpEgFwaEdds such
as that depicted in Figure 2 were conducted on the C reactor. About 2

mi crometer WHEGk of SiC2 filmwas deposited onto a unpattemed silicon
waf er by plasma enhanced chem cal vapor deposition (PECVD). The wafer was
then coated with deep UV (DUV) photoresist and subsequently patterned with

ahstet of vitmaw\ht PTNRC %ﬁ?ﬁ%@gamawaef E&m%sﬁﬁsbﬁd‘eéﬁe&l&om crometers The
phot oresi STRAMTCJFIT C 1eh Mdte © t Ytoresist
scanni ng el ectrcr}n‘:gib%r O&B%P)‘at (SE %mf iHPS0] | dgdhf 1 on to FT E Sebtiitl O
CAF6 nol e% v-}ﬂs |ﬂp VarbgH. A i I.mg other )BHCESSI Mg COomai tls)@? Were th
sane as exalépl (S J10 Aft Q:ZBI aSTTE ‘é%"'” ng; til,zgou ST TS Lthth)ali 9'_ L[Ie
react or bitagken |1 O—Sh et }JIK\QELD aft—ana ed uy SCIVE T1TS 4 -IuL TOo ctThn
rates were-&mcr..‘. red fﬁ@.the "1‘ gepth—h e—-SEM--ragesarigs the
hot or esi st—et-gh—+ates—pbre—det Ared—frohrtehanges—a—t-he1 ot orestst
Ioayer t hi ckRess fmmth%* sEMM:JJ' Table "32' ofg t+he—+rest th*I o035

m cromet'er via measurenents. [0051] RéFg;‘l‘l ng to Table 4, it is ap ar ent
that the patterne fer showed tisfact S as the
unpst t e ned TR e FatSimest Walahones Usteor Bl s on Th0BE Headerti Cars
chem stry f el ective anisotro f di eI ctri.c mat Figures 3
o show Db S cnigadses PetaBed nales e et petrvien UTa. S PdAtc | vel v
from Run %emﬂamagseéls nd@%?droééssm@rreape aﬁerrresfmternrﬁisquéupéw&smw 4 t hat

t he FTM C4F6 chem str reserves the bﬁi}tk t hi cknes

phot or esi stOPlimzed {6 pf%%r& %eurt*ﬁ% Cilasma maactes. Qitharthansthe sy Stftwéows%
patterng. lier FridiskitidoxiGeerd aP 8Hep prodBEdng parahiEt lard SaldahRSas example 4.

[0054] Consistent with the unpatierned wafer etch results, O./C,F; patterned wafer
etch also showed lower SiO, etch rate and lower SiOJ/photoresist selectivity than
FTM/C,Fs chemistry. Figures 5 and 6 show the SEM images of 0.35 and 0.50
micrometer vias, respectively, from the O,/C,Fs efch in Table 5.

15 [0055] Figures 5 and 6 show a shallower SiO, via depth. This again confirms that the
conventional 0,/C4Fg chemistry produced lower SiO; etch rate and lower
SiOy/photoresist etch selectivity. Additionally, Figures 5 and 6 showed slight loss of the
critical dimensions in the mask pattern.

20 Table 5. O,/C,Fg/Ar Patterned Wafer Etch Results on GEC Reactor

C4Fs FTM/C.F¢ SiO; etch rate Photoresist etch rate SiOy/photoresi
moie% | molar ratio | (nm/min) (nm/min) st

‘ etch selectivity
10 1.50 88 26 3.38

Example 6. Unpatterned Wafer Etch Using FTM/CFg/Ar Mixture on Applied Materials
P-5000 Mark Il Reactor.
[0056] The following example used a FTM/C,F¢/Ar mixture to conduct etching within an
25 Applied Materials P-5000 Mark Il reactor. 200 mm wafers coated with SiO; or 193 nm
photoresist materials are used in the evaluation. About 1 micrometer thick SiO; film was

deposited by plasma enhanced chemical vapor deposition of tetraethylorthosilicate
-15 -



such as 0.35 mcron vias, to larger features such as 0.50 m cron 06433JSANd
to open space unpattened wafers show that there is no size dependence or
m crol oading effect in FTM CAF6 plasnma etch. Exam nation of across wafer
uniformty al so shows good results, -14 06437USA at |east the sane as the
results fromthe conventional chem stry of 02/ CAF6 etched wafers. Table 4.
FTM C4F6/ AdTEQS).e Ahewdt 400frem thitke O Ramyihotoresist GEG depasitert byRspin-004 eIt CAF6

I R e e s e S

3 10 2.50 Smd2D00 Ve RF govidd &3 10G61MI8z 88 «do873 Wiemn? RF v deasity3 wischi resulls
Exanmpl e 5. ; [ | D Msi LA L e
Reactor [ ('Jgg?fg% g?)%@\(%gg? 5@%@’%? ﬁ?ﬁ@%%&%@&e%é Bboéﬁggfﬁc?s%%ng
02/ CAF6BAr resulitermi stry. Table 5 lists the processing recipe and results.
This recipe was the optimzed 02/ CAF6 reci pe on our GEC plasma reactor.
Qt her t han [0067] s Ulhetadvahiaga odlisifg FTM dothefokidizes it tembbikatibnzweith Caifelfoot her
processi ng raneters are the sane .as, ex e 4. .[0054] Consistent with
Phe unpat ¢ SPREMR AT B oio BRI 3B ARy Shpivm i B rErroaL AbRISH <o
showed | owbat&@idlR Pe30OD Markel reactol.ower Si Odphot or esi st sel ectivity than
FTM C4F6 chem stry. Figures 5 and 6 show the SEM i mages of 0.35 and 0. 50
m cronmeter vies, respectively, fromthe 2/ C4F6 etch in Table 5. 15 [0055]

Fi gures05 Fablet. shepatridtPVatsrEtcHUSIAg FTM/OFRIAT. on AP ied Mitérict® PESODTEMAR At

the conventreagtat O2/ CAF6 chem stry produced |ower SiQ2 etch rate and | ower
Si<03/ phot of gfSt | FHTOICHE] eLTotdl low  AJISID, @Rkl ke | Phetdrésist> RBIDPptrdierecd
sl'i ght | ospmefet Nenoldr ratib CRtatél(d8Bm§i ON@m/Min) he mhelchiadet er nj sigp Table 5.
02/ CAF Ar Patterned Wafer Ftch Resultis on GEC ReagdrRmifF6 F&dhCAFG SIj02
etch rate Photorgsist etchjrate Si Q2/photoresi [ol e% nol ar | sglebvitynnt jm n)
(nm'mn) sf1g 1.25 175 328 55 6.01

13 1.25 175 326 50 6.51

13. 1.25 150 336 55 6.11

Unpatterned Wafer Using FTM/Ar Mixture on
Materials Mark Il Reactor

Comparative Example 7. Applied
[0058] Similar to comparative example 3 performed on the GEC reactor, comparative
experiments using FTM without C,F; were conducted on the commercial Applied
Materials P-5000 Mark |l reactor. The recipe and resulis are listed in Table 7.

15

[0059] Again, the synergistic effect between FTM and C,Fg is confirmed. Without C4Fs,
the FTM/Ar mixture showed nearly 50% reduction in SiO; etch rate, yet five times
increase in photoresist etch rate, resulting in a ten times decrease in SiOz/photoresist
etch selectivity. Thus, without C4Fs, FTM cannot be used as a viable gas for selective

anisotropic etch of dielectric materials.

20

[0060] Itis believed that hypoflucrites, fluoro-peroxides, and/or fluoro-trioxides alone
cannot form a fluorocarbon polymer film to protect the photoresist or mask materials.
Rather, hypofluorites, fluoro-peroxides, and/or fluoro-trioxides alone result in non-
selective etch of both the photoresist and the dielectric materials, as shown in
comparative examples 3 and 7. Thus, it is believed that the synergistic effects of
hypoflucrites, fluoro-peroxides, and/or flucro-trioxides interacting with fluorocarbons can
produce the benefits of higher etch rate of dielectric materials while maintaining a higher
etch selectivity of the dielectric material over the photoresist material.

-16-
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etch selectivity 10 1.50 88 26 3.38 Exanple 6. Unpatterned WafB§4FZUSA

Usi ng FTM C4F6/ Ar M xture on Applied Materials P-5000 Mark Il Reactor.

[ 0056] The followi ng exanple used a FTM C4F6/ Ar mi xture to conduct etching
within an 25 Applied Materials P-5000 Mark Il reactor. 200 mm wafers
coated with SiQ2 or 193 nm photoresist materials are used in the

eval uation. About 1 mcroneter thick SiQ2 filmwas deposited by plasm
enhanced ThgEi7cainpaitefiedddaies Etdhoising FTRYA=Nixiure ontAppied Madarials R5008437USA
(TECS). ARt || Hactdm t hi ck 193 nm phot oresi st was deposited by spin-on. The
etch expeTMmW faid\el Ar ficw rated | SiD, afch $&te Ml D Photohssidi etchpl EiGupletorgBistGaus s
nmagneti cf {dcghg,  and| 2o/ W RF | pavehinpt 13. bfatdtHz (or aboetchSeWativity RF
power depsity), which results [in a dc self| himmivo! t age|of about -900
Vol ts. TaBge © Provi(gsaThe proqesds recipes|gpgl 5 resul t $0.410057] The
advant age of —using FTMas the oxi di Zer in conbi natton wth CAF6 Tor

sel ective anisotropic dielectric etch is also clearly shown in the

commergi ak l 'dedl\”g% eb%éf Fglﬁﬁ‘mﬁﬁre oHOApKABY Riefterials P-
Iz

Unpat ter ne F6 Ar on Appl Ied Materials P-5000 Mark
11 reactor CAF6 FT w S102 etch rate Photoresist SiQ2/photore

nol e% nol Jofet ch
sel ec(';l Vi ﬁi 06‘1? 'Tﬁe @%%@%%@%%@E%ghmd@& ﬁzﬁga c%gﬁgﬁnéé Wt ﬂ{éq'g%mo?; 1.25 150
336 55 6. ezammemrmmeéo!m;m@cess neaipat 2% AeAM ﬁwb?otsﬁ?fﬁ&ﬁn\hfﬁrscﬁmxture

on Appl i eg, M ogla 3%&{5@#&&@5 g @éuéﬁnégﬂnégﬁ]ﬂe@ Tbb&W RE fowWER a8 Y&rr

,,ex)? npl e 3" perforne react or arative experinments using FTM
Wit hotd CHEdaskside conlingeressues Figerecopnerides an SEbimage ofwa@reﬁﬁi geatiop. Gsthm

Mark 11 rgaglelvatel As'dhoRGn Rldtrd £HE biohBrbhilk isiffoddd G ik dich profiles in

Figures 3 through 6. This may be due to the reactor used.

[0062] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and
15 modifications can be made therein without departing from the spirit and scope thereof.
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[ 0059] Again, the synergistic effect between FTM and W i-s confirned.

Wt hout C4F6, the FTM Ar m xture showed nearly 50%reduction in S102 etch
rate, yet five times 20 increase in photoresist etch rate, resulting in a
ten tines decrease in Si 2/ photoresist etch selectivity. Thus, w thout
CAF6, FTM cannot be used as a viable gas for selective anisotropic etch of
dielectric materials. [0060] It is believed that hypofluorites,

fl uor o- peroxi des, and/or fluoro-tri OXQfﬁ@p@ one cannot forma fluorocarbon
polymer filmto protect the photoresi mask materials. 25 Rather,
hypof | uorites, fluoro-peroxides, and/or fluoro-trioxides alone result in
non sel ective etch of both the photoresist and the dielectric materials, as
shown in conparative exanples 3 and 7. Thus, it is believed that the
synergi stic effechks ofA nixtueffouetching s, didlécteis ralRiaPni HRgered stb&fate, the
fluoro-tri oxhigese &&ﬁﬁﬁg?@-i ng with fluorocarbons can produce the benefits
of higher etch rate o ‘electric materials while maintaining a higher 30

etch selectivity " ' tric material over the photoresist material.
16 06437USA Talﬁqelj()?é}'%ﬁgryr?g%ﬁgr ned Wafer Etch Using FTMAr M xture on

Applhi ed Ma}:) erial @f!uoﬂbe)contm_ing oxic::ﬁfaeteotedﬁm fﬂ%ﬂ@mgﬂﬁn? loﬁ}N rate Sj[ (07
ctoh sel ot 1 ERMobinG: i WGl Tioxids, Efluiaarormeyidnde var or
Et Cht usi n?o%ﬁqu] Bl/tliﬂUOWM_etmybtrioﬁdAWd aoinbiftiohs ?ie(‘.;ecﬁ; whérefh thBkixtlite hasa

eact or . i : e was, condu i n accordance w e
met hod' of exg%ﬁ@ﬁ# %é‘ll tﬁé\ﬁﬂp ﬁ'é'%‘g‘m?%amg?"‘ﬁ'f?x%gg@e?'eemerzbowf femr- FTie 20
Sq CAF6, 4%%. sccm Ar, 35 niforr chanber pressure, 50 Gauss magnetic

fiemd, 1000 WRF power, and 8 Torr { ') 10 He backsi de cooling pressure.
Figure 7 provides an SEM inmage of a cross section of the etched wafer. As

shown in Figure &, th&hembtumeraiiclaim 1iferthmnbﬁ1pﬁdinbraﬁﬂhém§i|®hpgagqrofi les in
Figures 3 through 6. This nmay be due to the reactor used. [0062] Wile the

i nvention has been described in detail and with reference to specific
exanpl es thereof, it will be apparent to one skilled in the art that
vari ous changes %nd The mixture of claim 2 wharain the inert diluent gas is at least one

- selected from the group consisting of argon, neon, xenon, helium, nitrogen, krypton, and
combinations thereof.

4, The mixture of claim 2 wherein the mixture comprises from 0.1 to 99 % by
volume of the inert diluent gas.

5. The mixture of claim 1 wherein the fluorocarbon is at least one selected

from the group consisting of perfiuorocarbon, hydrofonrocarbon, oxyhydrofluorocarbon,
oxyfluorocarbon, and combinations thereof.

6. The mixture of claim § wherein the fluorocarbon is at least ohe
perfluorocarbon selected from the group consisting of tetrafluoromethane,

trifiluoromethane, octafluorocyclobutane, octafluorocyclopentene, hexafluoro-1,3-
butadiene, and combinations thereof.
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15 nodifications can be nade therein w thout departing fromthe spirit and
scope thereof. -17 CLAIMS 1. A mxture for etching.-a dielectric materi al
in a layered substrate, the mxture conprising: a fluorocarbon; and a
fluorine-containing oxidizer selected fromthe group consisting of:

fl1 doroxytrifl uoronethane, bis-trifluoronethyl-trioxide,
fluoro-trifluoromethyl-trioxide, fluorofornmyl trifluoronethyl-trioxide,
and conbi nations thereof, wherein the m xture has a ratio by volunme of the
fluorine-containing oxidizer to the fluorocarbon of fromO0.1:1 to 20:1. 2.

e of ol ai s wiipeedRor EREPE Mt (Ebacbin SHaf @S ool oot ca

from t he grimdgdiemnsi sting of argon, neon, xenon, helium nitrogen, krypton,
and conbi nations thereof. 4. The m xture of claim2 wherein the m xture
conprises fromO0.1 to 99 % by volunme of the inert diluent gas. 5. The

m xture of claim1l wherein the fluorocarbon is at |east one selected from
t he group consi s8.i ng Diie pdtdre wd clada blwhereih i fhidrocarioarsis ad teast one

oxyhydr of | qﬁ)'d?é:@'rogg oxyfl uorocarbon, and conbi nations thereof. 6. The
m xture of Cla Mein the fluorocarbon is at |east one
perfl uorocarbon selected fromthe group consisting of tetrafl uoronethane,

trifluoronethane, octafluorocycl obutane, octafl uorocyciopentene,

hexaf | uoro-1, 3- but ady knat i ther - ol m xt ure of
claim®6 wherein the ﬁ'ﬁ%‘?&@?%&ﬁﬁﬁbﬁ@?ﬁ%'ﬂ’%ig‘%f’b"dh'%gareéﬁ‘e . The

m xt ure of wdybydrofiuokbearkém the fl uorocarbon is at | east one

r‘ﬂofl uorocarbon. 9. The m xture of claim5 wherein the fluorocarbon is at
| ®¥st one oxyhydrofl uorocarbon. 10. The m xture of claim9 wherein the
oxyhydrof | uorocarbon is at |east one )

10.  The mixture of claim 9 wherein the oxyhydrofluoracarbon is at least one
selected from the group consisting of perflucrocyclopentene oxide, hexafluoro-
cyclobutanone, hexafluorodihydrofuran, hexafluorobutadiens epoxide,
tetrafiuorocyclobutanedione perfluorotetrahydrofuran, hexaftuoropropylene oxide,
perflucromethyivinyl ether, and combinations thereof.

t1.  The mixture of claim 1 wherein the dielectric material is at least one

selected from the group consisting of silicon, silicon-containing compositions, silicon

""dioxide, undoped silicon glass, doped silica giass, silicon and nitrogen containing

materials, organosilicate glass, organofluoro-silicate glass, low dielectric constant

. materials, polymeric materials, porous low dielectric constant materials, and
combinations thereof.

12. A mixture for etching a dislectric material in a layered substrate
comprising: a fiuorocarbon and a fluorotrioxide.

13.  The mixture of claim 1 wherein the fluorine-containing oxidizer is
fluoroxytrifluoromethane.
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sel ected fromthe group consisting of perfiuorocycl opentene.oxide,
hexaf | uoro- cycl obut anone, hexafl uorodi hydrofuran, hexafl uorobutadi ene
epoxi de, tetrafluorocycl obutanedi one perfl uorotetrahydrofuran,

hexaf | uor opr opyl ene oxi de, perfluoronethylvinyl ether, and conbi nations
thereof. 11. The m xture of claim 1l wherein the dielectric material is at

| east one selected fromthe group consisting of silicon,
silicon-containing conpositions, silicon dioxide, undoped silicon glass,
doped silica glass, silicon and nitrogen containing materials,

organosi | i cat e gl4ass, The rpixneé bliclain $whierii theghticsby vdione @f Hedtuorine- const ant
material s, polyneric materials, porous, |low.dielectric constant materials,
and conbi IQEF{ ?ﬂ@'?@rotp.thﬂg‘?drﬁ%% g feony gﬁ'ﬁ{ocﬁ'ﬂg a dielectric materi al
in a layered substrate conprising: a fluorocarbon and a fluorotrioxide.
13. The mxture Qf clgiml wherein e fluorine-containing, oxidi.zer is

f 1 uoroxytrifl uor'@met hEigd "‘M@)O{ aﬁ'ﬁ? Wwaefm‘i‘ﬁf%“%tw %qq'gpﬁogtr\?ﬁ@%??i t he

rati o by vebhmisy okitiged touied fliocarbon of frorm0.10KicB:2er to the fluorocarbon of
fromO.1:1 to 10:1. 15. The m xture of claim 14 wherein the ratio by vol une
of the fluorine- containing oxidizer to the fluorocarbon of fromO0.1:1 to
5:1. zo ,
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