28 July 2005 WD 02/065512 PCT/ US02/ 02926 PATENT APPLI CATI ON UNI QgEJ §
CHEM STRY FOR ETCHI NG ORGANIC LOMK MATERIALS 5 Field of the Invention The
present invention relates to sem conductor manufacture. More particularly,
the present invention relates to the etching of organic |owk dielectrics
10 i n serWwodmHes®2zor wafers. Background of the Inventi acTvusoBgest ed circuits
use dielectric layers, which have typically been forned from silicon

di oxide, Si2, to insulate conductive lines on various |layers of a

sem conductor structure. ' gﬁgﬁ Gl ﬁIrCUItS becone faster and nore
conpact, operating 15 frequencies increase and the distances between the
conductive lines within the sem conductor device decrease. This introduces

an increased | evel f ircuit, which has the
UNIORHPIR S SAEPAGBRE FOR ETCIANG .

drawback of slowing the o sem conduct or device. Therefore,
it has becone inportant tBRﬁ@@H@i€m¥%§N¥¥ﬂ$Q®%$s that are capabl e of
effect4yvely insulating conductive |ines against such increasing coupling
20 capacitance levels. In general, the coupling capacitance in an
integrated circuit is directly proportional to the dielectric constant of

the material used to forn1the.d'e% ctric.layers. As noted above, the
dielectric layers in conventi@ﬁ@lo—&ﬁi@@%d circuits have traditionally
been formed ofrg %erwnh@enﬂaﬁsr@atey % ehhiddndetS bRRkfa@hreaPOVbred- 0. As a

consequence of 25 the increasing |ine densities and operating frequencies
in sem copatiotaly, d@vpr@se@ invegtiasl sletes ite theajabing dforgmpis lov-kSlidectmasy not
effechjveuy nsu@ % e conductive lines to the extent required to avoid
i ncr eased ésﬂﬁpplﬁcgﬁr i tance levels. In an effort to reduce the coupl i ng
capacitance levels in integrated circuits, the sem conductor industry has

engaged in research to devﬁ&ﬁ?g&ﬁh%&%@ﬁhé&ﬁﬂng a dielectric

' Integrated circuits use di€lectric layers, which have typically been formed from

silicon dioxide, SiO;, to insulate conductive lines on varions layers of a semiconductor
structure. As semiconductor circuits become faster and more compact, operating
15  frequencies increase and the distances between the conductive lines within the
semiconductor device decrease. This introduces an increased level of coupling
capacitance to the circuit, which has the drawback of siowing the operation of the
semiconductor device. Therefore, it has become important to use dieleciric layers that
are capable of effectively insulating conductive lines against such increasing coupling

20 capacitance levels.

In general, the coupling capacitance in an integrated circuit is directly

proportional to thc-dielectric constant of the material used to form the dislectric layers.

As noted above, the dieleciric layers in conventional integrated circuits have traditionally

been formed of Si0,, which has a dielectric constant of about 4.0. As a consequence of

25  the increasing line densities and operating frequencies in semiconducior devices,
dielectric layers formed of SiO, may not effectively insulate the conductive lines to the

extent required to avoid increased covpling capacitance levels.

In an effort to reduce the coupling capacitance levels in integrated circuits, the
semiconductor industry has engaged in research to develop materials having a dielectric

30 constant lower than that of SiQ,, which materials are suitable for use in forming the
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30 constant |ower than that of Si G2, which materials are suitabl ogf gy\W3805
in formng the 1 28 July 2005 WO 02/065512 PCT/1JS02/ 02926 dielectri'c

| ayers in integrated circuits. To date, a nunber of prom sing materials,
which are sonetines referred to as "lowk material s", have been devel oped.
Many of twesmoessy dielectrics are organi c conpounds. HaT/ushgozsgmeci fi cation
and clains, a lowk material is defined as a material wth a dielectric
constant "k" that is less than 3. 5 Lowk materials include, but are

speci fi caldigleonid laydrdintigidgrtned chaini.o ¢y dhlepalingiter of prolisBig fhtafifd, evhich

manuf actured by Allied Signal (r% of Morristown, NJ, a_ division of

Honeywel | 2% sogietimes iefeaad o as SlowRmatsrigls s haviebea dsvelppd. dhanyothesedieter

avail abl e § ' C ' r.akl y - c o1

por vt ot rar T aries A S L) 15 PRERR At aPOMST Bk matgielin |
di el ect ri clefipgil as @ ataieninl with SHEERRE bdfsiant k)’ thavialdsathbe310 from W L. Core &
Associ ates, Inc, Newark, DE. SILK(r), available fromthe Dowg) Chem cal

Conpany, Mdl and, .M chigan,, is silican-free. B Durin mi_conduct or
wafor b ocess: M-KRARITCEL S PR S EBIE! BRTHLG PEAPEOPUE fed | t he
waf er usi mCBeklreknaiAufsitar B ROl SigRileN N MRHAERAS KT, al divisbBeseT _
processes a photoresist (PR) nmaterial 1s deposited on the wafer and then is

exposed t dlonsywdllgkne., Mipgaapeds, MN; pnp et mereeo! tiph Baryleng dimery avadlefiaml y a gl ass
pl ate thatj b Wi t:h I [ f I [i t_ Rkl ocked

Pl aht 1 r oo SRR S3mb by, DA & bR SEATEAL of PIRE ndl °E e
reticle, tSiEK®i dite RIFE adthisle theICsdiclkattie apflicittvn ipISPEBDEHINT, Rdikbleal . The

| i ght  changes_t he chem cal conposition of the photaresist material such

that X dev@MoPerl- &9 fehtsodalss. Jof Newartko DB nilKSy pprlablestomihecdPd®® | n t he
case of p%ieﬁlic‘éﬂjofu?;%nﬁ'Nﬁhﬁﬁ&%ﬁﬂjgﬁms%réﬂ%ﬁ-ﬁfegﬁcpxposed regions are renoved,

and in the case o egati ve photdrésist naterrals the unexposed regions are
renoved. Thereafter the wafer is etched to renove the underlying nmaterial
from t he ar easDuting semicondustdr orafpe propessing.deatetehyf thhzemigrinducioralsiice anvat er i al
and therela dgf.i n@ thag desired featurea in th f.er. Low K organic

pol yners i%ﬁr& i BF VIR Bt eldgowt paleraLe B e PIESYEh- BAEEE) or
reduct i on ptRedes a Pvtdivskt PRI mPSSAGI d§JGIEIGA! the Wafe 58E then is exposed to

15 light filtered by a reticle. The reticle is generally a glass plate that is patterned with

exemplary feature geometries that blocked light from propagating through the reticle.

After passing through the reticle; the light contacts the surface of the photoresist
material. The light changes the chemical composition of the photoresist material such
that a developer can remove a portion of the photoresist material. In the case of positive

20  photoresist materials the exposed regions are removed, and in the case of negative
photoresist materials the unexposed regions are removed. Thereafter the wafer is etched
to' remove the underlying material from the areas that are no longer protected by the
photoresist material and thereby define the desired features in the wafer. Low-K organic
polymers in general can be etched by oxidation (e.g. oxygen-based) or reduction (e.g.

25  hydrogen-based) chemical processes.

The etching of dielectrics may be advantageously accomplished in a dual-
frequency capacitively-coupled, (DFC) dielectric eich system. One such is Lam®
Research model 4520XLE™ and Exelan-HP™, available from Lam® Research
‘Corporation, Fremont CA.  The 4520XLe™ system processes an extremely




The etching of dielectrics may be advantageously acconplished in2g m?lzoos
frequency capacitively-coupled, (DFC) dielectric etch system One such iIs
Lan(r) Research nodel 4520XLE(err) and Exel an-HPTM avail able from Lan(r)
Research Corporation, Frenmont CA. The 4520XLE(err) system processes an
extrenel yWoR2®8513ul y 2005 WO 02/ 065512 PCTI US02/ 02926 caarsmieimensi ve
dielectric etch portfolio in one system Processes include contacts and
vias, bilevel contacts, borderless contacts, nitride and oxi de spacers, and
passi vat i eemprelensivg dieliciec shehappstfalivsinl duk eyttdne Pr6@escs Bidude)copiactt gndn sever al
processes_in,t.he,same stem By perfarm ny different sem conductor
fabricati X’ﬁs’§°E18$)e£° HFF"%%S%’F‘#@F%" cg%tg?t@mmd%ar@gf;g?sﬁ/aﬁ?r&@ﬁgas[swa%% be i ncreased.
Even further advanced systens contenplate the perfornmance of additional
steps W thin tAévascedeich gistdpistike theAFAOXILiDY petfdym QverXk prjobsses in hdlsariot
limtation, Lan(r) Research Corporation' s ExelanTM systemis a dry etch

system c&5&8) BY prrigsminganany diffensnk jemipenducter fahrispfion; sippd k3 singlesysi§dar at us.

Exel anTM I r k. ' L.C r ' and
Dot orset JHEE iibugtB GHRORERY, BIGY RRLCARAeR SARRE OB e 21
syst em s porfoenaice of pddimaslsstgpe mtithid the sanncéquiparnal Agauby way af@anplee
structure coptacts, . vi spacers, an sjvation etch in doped and
undoped ﬁ%”&ggmﬁ?ﬁfw @%ﬁ%?%pﬁ???f@“qngdﬁgﬁ%? PRePHE atibe Hi@tﬂﬁ cron
envi r onmegdsabhlXof GRMEMAng afy pRIckRCHDL 98 aeﬂhgl@%?ﬁa?ﬂushe'tﬁibl&lméhaﬂgs

i npl enented in wide variety of seniconductor abrication systens, and
t hese pri hesdmpiskopenp moighic and greadn ARG sichs mdphbtorsistsiry todrepatformed i# 15 As used

herei.n, the termin situ refers to.,one or nore processes perfo d on a
g1 verlOsu 8 L & sicllsharthes “D; Puslh S afapive ERbPrebociiie prads Ayl ® "
sem condugdnicehe Btficfisds] dtacilB AL BRBArs, hd PRbivatiof BRYIiR dopddané Uikbéat € from
the equi pment. Many current integrated circuit fabrication technol ogies

utilize ao¥idpsent bsticdicleeitiosTppiingg inthe prbrQ1 8 migtongnviramsnt. pfeuise, thehe

patt er ni H§E S ; N [ use nmany
phot or esi s{pﬁdgvegﬂé%e{l g‘F’ Ie&@r# E’ gl Jngge#p%{&%? & o%n%ez\?\narh%? P gg%)ngig?ndtﬁggﬁaow Kk

di el ect r i fabricaticipaaicmb, layd thegaprineiples epdsifidhidl teinblte, allsucihal@mabidsK, i n order
to ensure good profile control during the etching of a feature in a wafer,

a hard mask is, oft . ,
19 As usetf Eerem, the term in situ refers to one or more processes performed on a

given subsirate, such as a silicon wafer, in the same piece of semiconductor fabrication

equipment without removing the substrate from the equipment.

Many current integrated circuit fabrication technologies utilize a photoresist

stripping step following one or more of the patterning steps used to form the features in

20  the wafer. Because many photoresists have similar chemical compositions with respect

to low-k dielectrics, especially organic low-k dielectrics, such as SiLK, in order fo ensure

good profile control during the etching of a feature in a wafer, a hard mask is often
employed beneath the photoresist.

An example wafer stack incorporating a hard mask layer is shown at Fig. 1a. The

25  wafer, 1, having a patierned layer of photoresist, 10, is shown. In this example, wafer 1
includes a silicon substrate, 22 having deposited thereon a silicon carbide or silicon
nitride barrier layer, 20. Deposited over barrier layer 20 is a layer 14 of an organic low-k
dielectric, for instance Dow Coming Silk™. A metalized structure, not shown, may be

formed under the barrier layer. A hard mask layer is deposited over organic low-k layer




enpl oyed beneath the photoresist. An exanple wafer stack incorpopgtjilg 2005
hard mask | ayer is shown at Fig. | a. The 25 wafer, 1, having a pattérned
| ayer of photoresist, 10, is shown. In this exanple, wafer 1 includes a
silicon substrate, 22 having deposited thereon a silicon carbide or silicon
nitride bwopimssiktayer, 20. Deposited over barrier |ayecTta8o%m9a | ayer 14 of
an organic lowk dielectric, for instance Dow Comng SilkTM A netalized
structure, not shown, may be formed under the barrier layer. A hard nask

llayer is depasipletide di¢ekerflgondse: stk KakdayRk may Be B2mddibySiDO0Si3NYGr 02/ 065512
PCT/ US02/ 02926 14, conpleting the exenplar watfer stack. Hard nmask may be
formed of ofephardsmagiymatgrials. othatiernerh photerssi laver di0; Rreyiouglytdiscpssed Pphot or esi st

| ayer 10, [ | S LS+ aRRLI r . cour se,
w11 beRR S R S o B R AL R g n R OV
stack is exdahqlths wafenktick Bl ekemplatyi ondy. SARemdtive eisuctures 4nd fitms, eomtot 0 5 t hose
having_skill |n.the. art nmay be uti|jzed to_ inplenent alternative integrated
Circull s bRdns Tl in e sl mepdcuRehio Bismsht ismaliEe N Bbcocds,
especi al | yedihg etching of the organic lowk dielectric layer, such as

Si LK, as shown in Fig. |b, photoresist layer 10 is etched away, exposing
portions of hard mask | ayer 12, beneath. As etching continues, 10 ion
bonbar dent  of Havieg tefrencernew t¢ Higedb.asstrhingairensedswespecialothe ieshingfof har d mask

| ayer 12, for inst t .30, Sgne t he har.d_nmask material so.etched
sy i st Sl PR Wi e T S o) BhVBliR R T PR RMORT 30 ) e St o1
and nay alissdicHee awsy, egisiat heto bf Wdfd mBR SayeOf2, bdi@ath £ A letchimgebainhey, . At | east
sone of this material, 32, is further de[ﬁosited at the bottom of etched

f eat utles &urtompardment ofdhe basd agnlavetalsgaichesaay s nostion ofrhardymaskiger 15 anpunt

of mcro ' | S ] ' | Hian Section

"A' is eﬁ%’%@gs%géﬁgﬁ §%&%‘I&1§§e§ ere%%@fgog&%gtagw igs&?-g&)toalfﬁfi é%’f ure, for

i nst ance 2Btantehyshuiningennarisecbittie whfeoaghniyrsodegademsitalenkeurficeel ect ri

| ayer 14, ch asg i LK. The hard mask materjal re-deposited, at, 36 is seen
in photonPETl]{‘Sd?aéB‘Pféc bﬁ%ﬁheaébﬁoetﬂr% 8 amafiriah Af.ois FRdher Agpesi L therhe v sual

appear ancgoitm b kfhdiPleftited!dulhy 8RhipSK Bwn at 36, and in section "A". The

15 amount of micromasking increases with increased RF power during etching.

Section "A" is enlarged at Fig. lc. With reference to that figure, a feature, for

instance 26, is shown being etched through the organic low-k dielectric layer 14, such as

SiLK. The hard mask material re-deposited at 36 is seen in photomicrographs to form
spicules 34 of hard mask material. The visual appearance of this material gives rise to

20  one nickname therefor: "grass", and it is the sputtered hard mask that micromasks the
SiLK, which forms the “grass”. The micromask of course not only slows the etch rate of

the feature, but it can render the etching of the feature erratic and irregular, leading in

extreme cases to poor profile control and jrield reduction.

What is desirable is a methodology which mitigates, and preferably eliminates the
25  formation of grass during etching of features in integrated circuits while maintaining CD

(critical dimension) control during that etching,

What is further desirable is that the process be capable of providing good profile

control during etching by providing sidewall passivation, minimizing lateral etching of




20 one nickname therefor: "grass", and it is the sputtered hard S
m cromasks the SILK, which forns the "grass”. The m cromask of gguﬂ'gl’%%?s
only slows the etch rate of the feature, but it can render the etching of
the feature erratic and irregular, leading in extrene cases to poor

profil e owavyessiand yield reduction. What is desirabl eegrassee/omishodol ogy
which mtigates, and preferably elimnates the 25 fornation of grass
during etching of features in integrated circuits while nmaintaining CD

(critical tih ofpasd PWk SRl OThedéthdidideh shioutd &lAbIE Ferti¥lab pbsitivelyy didied desirabl e
is that the process be capable of providing good pr ofiip control during
et chi ng by<agienin grgasic dgwikwalerialsassi vati on, mninizing | ateral etching of
-4 28 July 2005 WD 02/065512 PCT/ US02/ 02926 the organic |lowk material.

Th t hodol ; : ' [ [
€ methodo OQWhﬁﬁQ?ﬂgﬁilgfdb\g@igfe 1¥§E>#o'c&‘§lwh§cﬂ g&ﬂﬁ E%i%?’@dné’u&bﬂx&‘ﬁ%rosfo‘i%*f“r es 1n

organic | owk mater urther desir e Is a process which could
reduce t hehotomsisttdadngeetcisngon of photoresist during etching. 5 Wiat is
further desirable is a process, which could protect the hard nask once it

is exposed to e, pl.asma.due.to the clearin f th otoresist..What is
al so gsgsi rabl e i%“g ﬁ%edg‘fﬁ%egv ARRPER- 7 c*‘ﬁﬁ'ﬂ:‘&ip@ﬁ%flﬂ%gﬁa@s?as BfHhd range
of etch pEs&ﬁrﬁ@seﬂ'ﬁﬂﬁéfﬂ’éQﬁadu’efibtﬁéﬂﬁéddffbfﬁﬁcﬁhbﬂoie&%@ further wafer processing
and overall device quality, it is .10 desirable that the nethodol ogy

provi de residue-free surfaces. In order to maintain a high wafer
t hr oughput , wh¥hat ig algp destraRie jsagpethodology phychin BnchRelasErss 8 §iPad &84 pabl e of

bei ng per{p, ﬁ]']& Lt Wthin the fabrication equipnment wutilized to form
t he waf er. {Elaﬁg y,CEHlﬁbvs\bul d be very desirable if the these advant ages

could be inplenented 15 using existing integrated circuit manufacturing
equi pment . Theleordardo dadilitate ffauhen vegergirodekringpmalsevetall davénatduahtywitlis be

descrjbed,in e detail . .in the, secti ent.itled detail ed description of
he. et ofSaE b HF elipLotbfahfiiee eibieTree Hbmicts.
In order to maintain a high wafer throughput, what is also desirable is that the

methodology be capable of being performed in situ within the fabrication equipment

utilized to form the wafer.

Finally, it would be very desirable if the these advantages could be implemented

15 using existing integrated circuit manufacturing equipment.

These and other features of the present invention will be described in more detail
in the section entitled detailed description of the preferred embodiments and in

conjunction with the following figures.




conjunction with the followng figures. -5 28 July 2005 WO 02/ 0885y 2005
PCT/ US02/ 02926 Summary of the Invention The present invention teaches the
addition of a fluorocarbon addition during etching to reduce both the
sputtering rate of inorganic hardmask nmaterial and also the etch rate of

t he phot ovesi/gssizask. The invention nmay provi de si dewadraysoxmkexsti on, which
5 may provide CD and profile control and nmay elimnate residue formation
even when high radio frequency power is used. Several sources of
appropriate fluorocarbon are |dent|f|ed as suitable to practice the
present invention. These i ncl b adeverimmci fically not limted to:

met hyl fluoride CH3F, dlfluoronethane CH2F2, and trifluoronethane CHF3. -6
28 July 2005 Y BRlOPSRbe g&lﬁ&f a{%%ﬁl%n%f* P fBEEd iR duripe Dr awt ngs
For nore conpl & L PiRge ST an resent 1 nventron, reference is nade

to the acewrhipany lrmc@bawmpuﬂtemgeaté off hlwz\gamg Haednmisk athiddebard 4lsd tha of t he
Preferred Enbodinpents. I.n the draw n | a |s ross sgﬁglon
t hr ough ae%ﬁte kthe photergsisi gpagle pThedaven @F@tabl’lé’“dﬁéltd‘?‘@% gieftifpe

phot orgesi O\;;\Adevﬂ{e i c;ﬁ&ﬁi@&ntrﬁl dhd nka? elifuifiteGEGaR f&ﬁ&hbl?&eh%%'ﬁﬂ@ht he test

waf er fol ng the et step 1n th prior art. c I's an enl arged
sect i onal radicefrequengyaotverat utethe waf er as shown in Fig. Ib. 10 Fig. 2 is an
overview fl owchart of a process for etching a |ayer of organic | ow k

dielectric as part,of an nte cir U|t devi.

cross-section $ %W‘%?SP @ptpr gﬁld“ﬂ 81“ gﬁﬁ%néﬁeq ?’Feﬁ"‘g%bée g’ prﬁ%ﬁ?er ned

layer of pRekQRERShwtitd. | THesd icledes Bt bfecificllyafoeimael Rrbetiyiidridef t he
CH3F, difluoromethane CH2F2, and trifluoromethane CHF3.




invention. 15 Fig. 3b is a cross-section through the test wafer HgllgN 2008
third etch step enploying present invention as a final etchant to fofmthe
feature. Reference nunbers refer to the sanme or equival ent parts of the
invention throughout the several figures of the Drawing. -7 28 July 2005

( (EEEE~ WD 0206582512 PCT/ U502/ 02926 Det ail ed Descr i ptrcarusefozvise Preferred
Enbodi nents The present invention teaches a novel etch chemstry
incorporating a fluorocarbon for etching a wide variety of feature sizes
and shapes in wafers incorporating |owk dielectrics, especially
dielectrics of an organi chEefBéscﬂstxonSdfﬂib]a‘awﬁ i LK. The net hodol ogy taught
herein eliminates the formati on of m cromaski ng from sputtered hardmask

conponent s during etchi t hodgl o taught herein further results
i el R Pt P i RS0 e REEHen ALY, RBER S8, 1rod by 1 he
etch  pro¢ess acRPan @t raRifit 1he %‘ollo%%%étﬁfédﬁes&@h&%f fdd Prlé eri@g@0d etch

rates, good CD control, and™ good etch uniform acr oss t e wafer. 10 In

order to &nledimentsr hethy defvifgeat ur es, incl udi ng but specifically not linited
to trenches and vias, in wafers including organic |lowk dielectric, such

as SIL | ayer g. t nts..tL e of a

fl uoro%far bon, fl Pﬁﬁg{%ﬁ%%@t&ﬂ%%%ﬁ%ﬁtﬁﬁﬁﬁ%h%gﬁ @’é’he{i@ag% adj unct during

et chi ng. ﬁhtmmad\lejretotphomwmmytmc}mgCI-BF/ H2/ N2 etchant gas, or a CH3F/ NH3
etchant gas, or a CH3F/ 2/ N2 etchant gas. 15 Having reference to Fig. 2, in

order to pract] ce the process, . 10 of the sent ent | a wafer is
situated wit hi Hi8altisa¢ OF%WCWS@QPgb@%%q%af@pO %%e ﬁat%% ®plasma. This
reacti on ygssgel or chanmber maybe an item of single purpose etching

equi prent, or may be a multiple purpose wafer processing system One

equi pent particularly well suited for practicing the present invention is
the Exel anTM sigt kxis e splasgadiseatipnal aiow ofpaewéihe asfen af shown ekigRds ear ch

Cor poration, Frenont, CA. ExelanTMis capabl e of
10 Fig. 2 is an overview flowchart of a process for etching a layer of organic low-k

dielectric as part of an integrated cirouit device.

Fig. 3a is a cross-section through a test wafer having applied thereto a
patterned layer of photoresist prior to etching in a preferred embodiment of the

invention.

15 Fig. 3D is a cross-section through the test wafer following a third etch step .
employing present invention as a final etchant to form the feature.

Reference numbers refer to the same or equivalent parts of the invention

throughout the several figures of the Drawing,




perform ng hardmask open, inorganic and organic ARC etch, and p@gqylﬂ%iijg5
stripin situ within a single chanber. Alternative equi pnent may of tourse
be utilized. The wafer, previously having had a | ayer of patterned
photoresi st applied to let wupper surface thereof, is nounted within the
chanber avod@@ss1and an etch plasma struck 25 at 104. pArikmw2®t et chant gas
I's introduced into the chanber at 106. The etchant includes at |east one

fl uorocarbon including, but specifically not limted to those sel ected

fromthe group consiBéthited DEscriptdyf thé Preferied BmbbiBientgli f | uor omet hane CH2F2,

and trifluoronethane CHF3. The active etchant pay conprise oxygen,
hydr ogen, ni t r OYfaiesentipyrshonteashessy 1oxel SRIEEY BPIBUERUEL for the particul ar

di el ectri ﬂu&%&d?&mef%&_@&%gbag@idm&ﬁg]{@ea@ﬁéEi&&%ifl%oéﬁ@ﬁw@fé& been conpl eted, at

108, the wafer Is available for urther processing as required. -8 28 July
2005 WO OrppemBnRloPekdielsciti¢s)apadalipiiidlestrics of sumgamednateiaisscumssi on of

certain p rL.ed odi nent.s, are centered . arqund. a singl.e etching step,
w1 DR etk BT bR s Rk Ao B et £ precent
| nvent i onspilt¥red BAVMSRIKERIpYNIAR duril QOERY. StheRfetiRabbePhught Rtihifurteep €t ch
regi ne. he present invention specifically contenplates all such

mﬁl ti - st efpsueisdpmitigRhRIE lag minimpl howing ofiths destand enshesfomasgibiydhs et¢ncor por af i ng
exanp o wePuS SOHRE BRAML UEKFiellu sl SOELEE BRESDRLD Rt 21

In this egamdrtch unifefety abrosstaéwaes a silicon substrate, 22 having deposited
theregn a silicon, carbide qr silicon nitride barrier |ayer, 20. Deposited

over Woarrier IP&Eﬂé’FtO_Ze@’hias"aﬂewa%?mfﬁ Rpudined srecifigllyino irt@c,tt?ri c, for
1St ance CRt s E0REE bl o RARARIS b IR B 2 SHIC S =, o

shown, may be formed under 't ler layer, duch as srlfcon carbide or
si | i con npresentievention emplemantdthe wnp ef a fliGpcationSothstasce (HYFomiethgd over organic

lowk laygr 14, conpleting the exanple in wafer sta Pat t er ned
phot or ee. SioriOas i 3guch NAHEGHEIng. 4hCEHEER ey oA LFARA har d sk 12.
o courseetcuahtgawdrla@BFwyamﬁ%wa%mmye@&nﬁﬁs!' inthe art that

this wafer stack is exenplary o 1 ternative Structures and fil ns,
knowi5t 0 t hosdlavingirefgrendeith Figi 2, in tederto prachgeshe process, 20@) of the present

invention a wafer is situated within a reaction vessel capable of forming and etch plasma.

This reaction vessel or chamber may be an item of single purpose etching equipment, or
may be a muliiple purpose wafer processing system. One equipment particularly well
suited for practicing the present invention is the Exelan™ system dry etch syster,

20 available from Lam Research Corporation, Fremont, CA, Exelan™ is capable of
performing hardmask open, inorganic and organic ARC etch, and photoresist strip in sifu
within a single chamber. Alternative equipment may of course be utilized.

The wafer, previously having had a layer of patterned photoresist applied to let
upper surface thereof, is mounted within the chamber at 102, and an efch plasma struck

25  at104. A flow of etchant gas is introduced into the chamber at 106. The etchant

' includes at least one fluorocarbon including, but specifically not limited to those selected
from the group consisting of methy! fiuoride CH3F, difluoromethane CH2F2, and
irifluoromethane CHF3. The active etchant may comprise oxygen, hydrogen, nitrogen,
ammonia or other etchants effective for the particular dielectric being etched.

30 Once the desired feature has been completed, at 108, the wafer is available for

further processing as required.




i npl enent alternative integrated circuit designs. At 102 the wafeg jifiv 2005
situated within the reaction chanber. At 104 the etch plasma 1is strugk. At
106 a flow of an etchant gas including a fluorocarbon is introduced into
the chanber of the dual -frequency etch equi pnent previously discussed so
that a plweomesss220 fornmed fromthe etchant gas. Accormdirngednzene

enbodi nent, this etchant gas is a mxture including nitrogen, N2,

hydrogen, H2, and nethyl fluoride, CH3F. This mxture is of course highly
appl i cati on sp®iltithe, suerelling disussiin of eeraircirefotrapanbodjhenbennd denigredl t er nat i ve
active etchants .and djluents with a fluarocarbon, addif.ive e used

i ther berBRGs §FnEge L SAPdt Wil hepalsraagy Jorabring SHu s R on

accor di ng piert ieRIAILH con R B impRmeABS & Mk 2 bALRRGy 8FPRGIEENt of the
present invention, the’etch step is conducted at a chanber pressure of

bet ween 0 Thngres@binvdidion spasificallynoetemphatss ¢ll bwhwedinsteetambg®®S, niforr, nore

pr ef er abl td || .fge we 20 and 160 mlorr, .and nost erably at about

130 mT%rr?(n éngtjib ?ﬁ%%‘%&ﬁ%‘ﬂ@i’ ug;lorppﬁg}n%{hggmmﬁgs @Wﬁ’%‘fﬁeﬁ;ﬁe’ﬁowﬂr | evel s from
about 100Wt o Ha@n@RedncehORWFidDB4, an Biaiphs Witk 1, Hatifg HpReincA®NeF ofl €vel is
formed from abaut 250Wto ab_ou%@éiSOOW pﬁpre preter%b y still, this power

| evel is $hetorgsistyll, igsbowaplpiihis Sompleo walspl includesasilingh yutzags, 22\Wying/ 065512
PCT/ US021 %\I%% Mo 18, HaPR r is set at
about 100 {I?ertli]ﬂl?%)o\sﬁla ém%&%@%?{@g&g% po%aygé%@%g&i%g@%d to provide

t he upper birriedeyen 2y ispdeyer 14 dforgini. low-halidlawey for iBuerByw® Chemickievel is set
at poywer levels fram aboug to about 5 25Q00W More preferably, the | ower
pOV\erY}?engmP@yf ﬁ“e&m?%e BB eArt HORBIAY be fermsthindas the baist er abl y stil |,

this POWeLleNEh of SR adlao RELNERRIARE Whatdhak 1BREUD, oMY MOST prefer ably

the | ower frequency power 1s set at about ON I tthis enbodi nent of the

i nvent i ondepmsifed var qmgamg’a:rlowdmlagm 14 scompeting ﬂnepxmplqjha waier stadwé'latterﬁadequgncy

]E) F\éﬁ; lm? V{) 36%%% éagfprf ]L?Qnri(e%l%lrls?y &fscutssgg, is ;.p% gcp (t)vegﬁasrd Imsaslpfff(?tr c%ttxjrls ,itcorrprl sed of
will be recognized by those having skill in the art that this wafer stack is exemplary only.

15  Alfernafive structures and films, known to those having skill in the art may be utilized to
implement alternative integrated circuit designs.

At 102 the wafer is situated within the reaction chamber. At 104 the etch plasma
is struck. At 106 a flow of an etchant gas including a fluorocarbon is introduced into the
chamber of the dual-frequency etch equipment previously discussed so that a plasma is

20  formed from the efchant gas. According to one embodiment, this eichant gas is a mixture
including nitrogen, N2, hydrogen, H2, and methyl fluoride, CH3F. This mixture is of
course highly application specific, and alternative etch steps implementing alternative

- active etchants and diluents with a fluorocarbon additive may be used either before or
after an etch step incorporating the fluorocarbon according to the present invention.

25 According to one embodiment of the present invention, the eich step is conducted
at a chamber pressure of between 0 and 500 mTorr, more preferably between 10 and 250
mTorr, more preferably still between 20 and 160 mTorr, and most preferably at about
130 mTozr.

The upper frequency of the plasma is formed at power levels from about 100W fo

30 about 2500W. More preferably, the upper power level is formed from about 250W to
about 1500W. More preferably still, this power level is set at between about 500 to about




etch gasses. These include hydrogen, H2, at flows from about 3 sardgig 2005
about 1000 seem nore preferably from about 25 stemto about 500 seem
nore preferably still from about 50 seemto about 350 sccm and nost
preferably at about 250 stem This etchant gas al so contains nitrogen, N2,
as a di |l uveae06ai2f | ows from about 0 15 sccmto about 2800rssx@M6 nor e
preferably fromabout 50 sccmto about 1250 sccm nore preferably still
from about 100 seemto about 1000 seem and nost preferably at about 750
seem The 160@WaMpstipraferhlgy therppardregueacyf fowiar isfsetrabeopt 160006 I dds CH3F, from
about 0.5 eemto 50 seem .nmore preferably fromabout 1 seemto
about 30 <UDRGRT 27D et et s e o Brovide e BB about 10 scem
and nost pgefserably at about 3 sccm  Etching proceeds at a controlled

tenperature, for a specified period of tinme. In the exenplar under
di scussi on, t h&hqlowet frequencypayerdeistic 8¢ abpovies igyels S0mrabutddy (pebptoC  and 60C.

Mor e rei . | I till, f
About " T0c L 6 B0 1tk by R is pbtieq MORGRRRYRL B0 ¥ O v O
acconpl i sHO00WE. Mogsgreicnly stilpbisphutérdeveDis betat betivben abeutiddV ptabewe of the wafer

Is thermal |l y_maintai ned by a fl ow of cool ant gas through.the chuck,

sonet i mes mhff Mpstaelergbly thedpwe fegiengsnogier 1 selp alovt ¥yl thisst i njng t he waf er
in the reqehbBReMOF ifelinverfibr a DN Rfwef GREA fie ihBRAPCE helium is
at a flowrate F’r or%n al%%vtft 1n§gccm tlg;wabout q%%%agjclgrr)nﬂ ?mrge preferably from
about 2 sdemguency miveniev8l® sccm nore preferably still 30 from about 10 seem

to aboyt 40 scgm and no ref er abl t . .about .3 em FEtching -10 28 July
2005 o 02/ OGEEIRBETT e BFE95E8 MAFUR I SIS of NE L SH BIERTh T eaul 1 5
have been cfiRlassdsD Th@e%nmm%ﬁ?nﬁﬂza?ﬂ&@s 68 Bboud 5 Q6RELTbsA D00 t he etch
reaches barrier 20, as shown at Fig. 3b. At this point in the etch regine,

t he feat usess, morsprefarsblyrfom ahpubdicreans to abetti 598 dedpy moptprerablyistll fiomyer 10 have

now been etc hr o t ard sk .|l ayer..12, ,a he organic 5 |owKk
dielectri 3Bqug§/6e?°°’f3‘.9&ﬁ]ilg%d;%?lﬂraﬁnaaﬁngﬂ8%?@( %‘F@@?é%"f?%men barrier layer 20
i s reached, asTighewnbdashisd comiins fiiréken, P, at 5 QiR usfidgwidrapaieled ed et ch

foll ow ng renoval of
15 ~ scom to about 2500 scem, more preferably from about 50 scem to about 1250 scem, more

preferably still from about 100 scem to about 1000 scem and most preférably at about
750 scom.

The etchant further includes a flow of methy! flucride CH3F, from about 0.5
scem fo about 50 scem, more preferably from about 1 scem to about 30 scem, more.

20  preferably still from about 2 scom to about 10 scem and most preferably at about 3 scem.
| Etching proceeds at a conirolled temperature, for a specified period of time. In
the exemplar under discussion, the first etch may proceed at temperatures between 0°C
and 60°C. More particularly from about 5°C to about 50°C. More particulariy still, from
about 10°C to about 40°C, and most preferably at about 40°C.

25 In order to accomplish the preceding temperature control, the temperature of the
wafer is thermally maintained by a flow of coolant gas through the chuck, sometimes
referred to as an electrostatic chuck (ESC), retaining the wafer in the reaction vessel.

This flow of coolant gas, for instance helium, is at a flow rate from about 1 sccm to about
1.00 scom, more preferably from about 2 scem to about 50 scem, more preferably still

30  from about 10 scem to about 40 scem and most preferably at about 30 scom. Etching
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photoresi st 10. The wafer stack is now ready for further patternp8gqjui¢Fons
or deposition steps as required to conplete the integrated circuit device,
as at step 110. It will be apparent to those having ordinary skill in the
art that the previously 10 discussed power |evels, pressures, flow rates,
and tenpav@ounegs2 are by way of exanple only. Differercraseieesric

mat eri al s di sposed at varying thicknesses in the wafer stack may require
di fferent conbinations of power, pressure, flow, and tenperature and ot her
process varécatisastil thhdesived eich nosudts hivie bednengr Estbisteximplesthe edeh sigpeci fical ly

contenpl ate_al such conbi.nation 15 One such conbination forns an
al ter nat i V&°%& el 1?1?%@%%%“&?%2&??%%?}% > According to this
enbodi ment of ARidPoRE Bitthe kRN R the fahResCid? Mskhbd24 mdoaNRERddEY at a
chanber pressure of between O and 500 niorr, nore preferably between 10 and

250 niTor rphotorssist Ipyer 1 @ havgingwdeen qichiimmovghethe bayd mask BB 14imed the ozgsgicnpst
r ef er abl 0 0 [ 20 o | asma i s
1I‘D or madgat )i%‘g-\%\{él ?etl)elcgifel%ser } {P-(l)i%e gﬁ%%% 15 g@ﬁ‘v\#@g %{cg%%‘gﬁéj%wgﬁt&rﬁgs Br ef erably,

t he upper rguehed ad shvwh ail Hg.f301 Fig.Bofalso shaabl coniplitéd @ch Phowihg fniddWof Mor e

preferably still, this power |evel is set at between gbout,K 300 to about
750W  MosPhpipesig i QpThe wafer stash ismopready &9 fyrthss prtterging, depmger dspestiionsoow  The

| ower fre S . : g%\é% @m about 250Wto about
25 2500W g%/ggr]%f%@g%goaégﬁé%%th‘gmu%péératcgglﬁv\er |ce’vel {lﬁgﬁgor med from about 250W
to about 1500M\vilivbe spppreef te tiwed havitgiokdinary skilh inthevent thactheprevisusdiet at bet ween
about ygoo to about 75QW NMNbst referabh¥ethe | ower, freq wer i s set

at abbllc  SEOWPCRReRIeas, pirsares, R Tales an ferpstatires 17 Y WRAHIE AR | sed of
flows of Lhg, PRM$id: iéRPkric nhGilsIRPSRE at vERESANICREL:ME & (Y dafepfibk H2, at flows

f rom about sccmto about 500 sccm 30 ‘nore preferably from about 25 sccm
to about G repive difforent embinafionsalf bywetiressues o, ahdtempeBiiresand wibeb about 250

sccm and nost prefera at.about 100 sccm,. -11 u WO 02/ 065512
o] Uso/ B50es b e e o B Rt e EFenb b hicn iieftibgtiboaBin gD 07 DO0D
at flows ficAbab@bhions.

15 One such combination forms an alterative embodiment of the present invention.

According to this embodiment of the present invention, the etch step is conducted at a
chamber pressure of between 0 and 500 mTorr, more preferably between 10 and 250
ﬁlTon, more preferably still between 20 and 160 mTorr, and most preferably at about 50
mTorr.

20 The upper frequency of the plasma is formed at power levels from about 250W to
about 2500W. More preferably, the upper power level is formed from about 250W to
about 1500W. More preferably still, this power level is set at between about 300 to about

- 750W. Most preferably the upper frequency power is set at about 500W.
The lower frequency power level is set at power levels from about 250W to about
25 2500W. More preferably, the upper power level is formed from about 250W to about
1500W. More preferably still, this power level is set at between about 300 to about
750W. Most preferably the lower frequency power is set at about S00W.
The mixture of the etchant gas is preferably comprised of flows of the constitnent
etch gasses. These include hydrogen, H2, at flows from about 3 scem to about 500 scem,
30  more preferably from about 25 sccm to about 500 scem, more preferably still from about

50 scem to about 250 sccm and most preferably at about 100 scem.
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sccmto about 2500 sccm nore preferably from about 50 sccmto a@gu.jmg@(w
stem nore preferably still fromabout 100 seemto about 500 sccm and nost
preferably at about 300 sccm 5 The etchant further includes a flow of

met hyl fluoride CH3F, fromabout 0.5 seemto about 50 seem nore

pr ef er ablwo bxwssaiabout | sccmto about 10 sccm nore pCEfuseakdzy still from
about 2 sccmto about 7 sccm and nost preferably at about 5 sccm Etching
proceeds at a controlled tenperature, for a specified period of time. In

t he exenpl ar ungeetckinbgad sEb e@taiﬁmsré%'eﬁ,w, 8¢ £EIRY atilovadReh Abuil(enper at ur es
between 0C 10 and 60C. More particularly fromabout 5C to about 50C. More
par ti cul affon teabout 25G0rseer, Tagre preferdbly fram alnyt 0 srow to gt 59 scosh 8108Y abl vy at
about 40C ' r I ' second to
about 10 Mn u%é%tﬂlr%%@tefdgiskﬁgﬁ %’ﬁﬁ%g%é‘% ea?? . OFtrg r%%@’@)%ggn?ﬁﬁtfesogr esent ed
here, etchicag at the nost preferable power settings, gas flows and
tenperature, the etch was accqonplished in_about 15 60 seconds. Again, to
acconpl i sh theT%f@%’é‘ﬂi%“e{@ﬁlﬁg?séth@Eﬁthyﬂ8?9“*@?6#%@9?‘{5% of the wafer
st her mallor (5ht 36 g Mbcbrtb@ BbaGBakaAN el BubbiPHA Wi, chuck. Thi's
flow of coolant gas, for i1nstance helium 1s at a flow rate from about 1
seem t 0 apwferablthillfmongbouiibsceniio gfoet Afsky ahd mwstpbelanbl atabom Ysocmbout 50

sccm nore pr rably still fro out 10 _20 sc to. t 40 sccm and
Tost pr ef er Al RSRH: % con SRR Pttty KB AL SOF. Bhe. pr ecent
I nvent | 0nthe%ﬁ@nﬁ%@hd&ﬂ%&skﬁm@@m&ﬂn@fﬁcee@ﬁ atiteEBbies 0af bet ween 0
and 500 nmTorr, nore preferably between 100 and 300 mnmilorr, nore preferably

sti | |10bet endlet° G 5Mlozarmirtiealarlfiomrabor A6C rsbputHORE e Makd pertiulagiy sttt fo@00 niTorr .

25 The upper.. ffaquenc t he pl as | s, f.or at power |evels from about
100Wto %1935{6@&%\Rﬁﬁ?ﬁaﬂg%%epfg‘%ﬁ%bfya{ bé’“ﬂ%g%r power level is fornmed from
about 300W't o Eiéthigids rdHFNWer Mak &ofy s@fal fiabtions 54 sebond tblaboup O0MRInutegvel i s set
at between abouyt 600 to about 800W Most preferably the upper frequency

power is Yukaregitoaing depepdeniy Imtheesapplepreser yichipgatthe @98l i s set at power
level's f r%eﬁa@%"b%w%e&@g%%%w%ﬁ% %g%ya%&% &Jh%ﬁ%@&ﬁblisﬁeﬁﬁlibgwr power

| evel ‘i s rom a
15 60 seconds.

Again, to accomplish the preceding ternperature confrol, the temperature of the

wafer is thermally maintained by a flow of coolant gas through the chuck. This flow of
coolant gas, for instance helium, is at a flow rate from about 1 sccm to about 100 scem,
more preferably from about 2 scem to about 50 sccm, more preferably still from about 10
20  scem to about 40 sccm and most preferably at about 31.1 scem.
In another embodiment of the present invention, the etch step is conducted at a
chamber pressure of between 0 and 500 mTorr, more preferably between 100 and 300
mTorr, more preferably still between 150 and 250 mTorr, and most preferably at about
200 mTorr.

25 The upper frequency of the plasma is formed at power levels from about 100W to
about 1500W. More preferably, the upper power level is formed from about 300W to
about 1000W. More preferably still, this power level is set at between about 600 to about

" 800W. Most preferably the upper frequency power is set at about 700W.
The lower frequency power level is set at power levels from about O0W to about

30 S00W. More preferably, the lower power level is formed from about OW to about 250W.

-12-




-12 28 July 2005 WO 02/065512 PCTI US02/ 02926 More preferably stpgljylyRe0os
power level is set at between about O to about 100W Mst preferably’the
| ower frequency power is set at about ON The m xture of the etchant gas is
preferably conprised of flows of the constituent etch gasses. These
i ncl ude aworoaniessiz NH3, at flows from about 100 seem t o ralbasgo2/@3200 5 seem
nore preferably from about 500 seemto about 2000 seem nore preferably
still from about 750 seemto about 1500 seem and nost preferably at about
1000 seembMorehpefashihsiml thispoweeievel mcdetial dstwactf dbowt (b abmtt AGOWT Mosir i de CH3F,

ta about 50 scc re_ preferably fromabout 1 seemto

from about 5blx§rfe§m cem rmh@
about 10 JEEHP owet fsguenoy BAWeE f5isphat shoghWhout 2 seem to about 7 seem and
nost pref er abl Yhakix@Reut hSetSiRNkas kgprafeﬁbiy@&npﬂliéaa BEASWSS (R Al | ed

tenperature, for a specified period of tine."In the exenplar under
di scussi orpichigasses. | These tealeds ammongy NEB et flaws fromabewitl 00 scomije ebaeB0C and 60C.

More particularly fro out, 5 0..abou More particularly still, from
about ocsf%m’é%"é%’t’f""&’ugi,ya‘% abr%ts%&ops?%? g"r"“éBﬁ%&Q Scﬁ%bla'ﬁre éra N St}ﬁ;ot her

enbodi mentfroaf abolHe75p k@SEMH b I STT cOf and MOst tcfdraliy &RDMGE 100Ndu@t ed at a 15
chanber pressure of between 0 and 300 niforr, nore greferably bet ween 20 and

200 nilorr, nofee gehantdpghsr inclide 4 foyeelipethyl fgorded put0ahd nost
et 76 ool o S, B RS B LB T 77

at power leve om about T t he upper
power | eveteférsblf aiilinfiedn dbonn? sdomitd aB@OVsdom 0 nalbopreferibRAYdbolbs ecpr ef er abl y

still, . this power. |level .is set bet ween about 400 tq about _600W Most
pref etbbl y theﬁ%ﬁ%m@éﬁﬁéﬁw DRI, fOr 245D PEROORW TR | ower

f requency gRQUEBHp &AL distush, BE FROYUET Ilnl-l):?%i‘é'#eéd h&gﬁ#&&%& B&wéénq)o bout ~ 500W

More preferably, the upper power |eve or e rom about 100Wto about
300W Mor en$®E e Mupé parsuiarly fronhdbouif3Gee aloat/¥I°Ci Maseparticuldiytstibdiomabout 150

t o about 0] S ef er ab he. | r frequency power inset at about
200W The%‘?ﬂ%\ﬁ\é%ﬁogﬁouﬁﬁ@be?@ﬁﬁ?#zrﬁé%a%}ysa?\é&é?%é §gl y conprised of flows of
the consti t uenin another embodiment of the present invention, the etch step is conducted at a

15  chamber pressure of between 0 and 300 mTorr, more preferably between 20 and 200

C

mTorr, more preferably still between 50 and 150 mTorr, and most preferably at about 90
mTorr.

The upper frequency of the plasma is formed at power levels from about 100W to
about 1500W. More preferably, the upper power level is formed from about 300W to

20  about 1000W. More preferably still, this power level is set at between about 400 to about
600W. Most preferably the upper frequency power is set at about S00W.

The lower frequency power level is set at power levels from about 0W to about
500W. More preferably, the upper power level is formed from about 100W to about
300W. More preferably still, this power level is set at between about 150 to about 250W.

25  Most preferably the lower frequency power is set at about 200W.

The mixture of the etchant gas is preferably comprised of flows of the constituent
etch gasses, These include ammonia, NH3, at flows from about 100 sccm to about 2000
sccm, more preferably from about 200 scem to about 1000 scem, more preferably still
from about 400 sccm to about 600 scem and most preferably at about 500 scem.

30 The etchant further includes a flow of methyl fluoride CH3F, from about 0.5

- scom to about 70 scom, more preferably from about 3 scom to about 30 sccm, more

13-




etch gasses. These include ammnia, NH3, at flows from about 10028gRiyt2005
about 2000 seem nore preferably from about 200 seemto about 1000 sccm
nore preferably still from about 400 seemto about 600 seem and nost
preferably at about 500 seem 30 The etchant further includes a flow of

met hyl fIWQAIWESITH3F, from about 0.5 seemto about 70®CIaSMR2926r €
preferably fromabout 3 seemto about 30 seem nore -13 28 July 2005 WO
02/ 065512 PCT/ US02/ 02926 preferably still fromabout 6 seemto about 15
seem and rmseferably etilbfrerh Routi6 seediatebdid 15 seswrand Erostrirefgraplyat dwatlat a

controll edscé nperature, for a specified period of tinme. In the exenplar
under discussion, the first etch may proceed at tenperatures between 0C 5

and 60C. Nbore Bahingptoosdds ¥t o donfd Rl Getipebitart, Joralxpedifi&iQferiodbf en@ant i cul arl y
still, from about 10C to about 40C, and nost referablié at about 20C. In

anot her erfoacmalsr under discassipnetha figst pigh B1Y prgpeed ¢ratres pefyeens0°Conduct ed at
a chagoer @5@%‘?%&38&&&?& Qootﬁf‘{iﬁggl%dﬂ%%i%@éﬁﬁﬂﬂ%ﬁfﬁﬁlﬁ‘on?et ween 50

and 200 mlorr, nore preferably s ween ofr, and nost
pr ef er abl wbait 16%biotabout A0°LC2 Bndviiest prefefibdy atppex 209C2quency of the plasma is

formed at power |leyels from about 100Wto . ahout 1500W re preferably,
t he upper powef-““}n@ enjbedipsy &‘quW%‘ﬁﬂ?O%g@Wpétepmaﬁi W More

pref er abl ynghiel hressift o bARUET 0 4830 nd RS BbreBlef@iIVBAMAPMnd409 t0 about
600W Mbost preferably the upper frequency power 1s set at about 500W 15

The | ower nffoogmerepyefgrablp still bareteni 190 sud 158mTromend tesf pteferbhlpanshbgut 100W t o
about 0153%\/ ,_[JVbre preferably, the upper power |evel is forned from about
300W{O albout* *fooow More preferably still, this power |evel is set at

bet ween about #g0; &@$@¢ﬁbyoﬁﬁ@MéslM)@&"or%@ﬁ@ba@my&mﬂa@m 160weiency power
Is set at about 500W This etchant gas al so contains argon, Ar, as a

di | uent, about LHNSV.t Morepsasesaily.chesunpen poxer lepel apforreeddoon sashd00Vbice pref erably
LT 200Uk G R s, SR RER IS SR ot b s 2000
600W. Most preferably the upper frequency power is set at about S00W.
15 The lower frequency power level is set at power levels from about 100W to about
1500W. More preferably, the upper power level is formed from about 300W to about
1000W. More preferably still, this power level is set at between about 400 fo about
600W. Most preferably the lower frequency power is set at about S00W,
This etchant gas also contains argon, Az, as a diluent, at flows from about 0 sccm
20  to about 800 sccm, more preferably from about 200 scem to about 600 scem, more
preferably still from about 300 scem to about 500 scem and most preferably at about 400
secm. ‘
This etchant gas also contains nitrogen, N2, as a diluent, at flows from about 0
sccm to about 300 scom, more preferably from about 50 scem to about 200 scem, more
25 .preferably still from about 75 scem to about 150 scem and most preferably at about 100
scem.
The mixture of the etchant gas is preferably comprised of flows of the constituent
etch gasses. These include oxygen, 02, at flows from about 0 sccm to about 100 scem,
more preferably from about 2 sccm to about 50 scom, more preferably still from about 3

30  sccmto about 15 sccm and most preferably at about 6 scem.
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scem This etchant gas also contains nitrogen, N2, as a diluent,28tJjily*605
fromabout 0 seemto about 300 seem nore preferably fromabout 50 séemto
about 200 seem nore 25 preferably still fromabout 75 seemto about 150
seem and nost preferably at about 100 seem The m xture of the etchant gas
I s prefervsb2ossyepri sed of flows of the constituent &a@USKEHR®s. These

I ncl ude oxygen, 02, at flows from about 0 seemto about 100 seem nore
preferably fromabout 2 seemto about 50 seem nore preferably still from

about 3 30 sedhe¢ etchabiyrher ilulevarflowdf mretbyl fluoddecCHEN, froat abaidld 6 seem -14

Flow of metiylo Belion s Rt ot wEn TR o ilat50 ccom o e

pr ef er abl yrdfsrebly sfil0fbm dbdue e BckoABOWY sddh &RIGHBst prefefablynit ebit Sledom, still from
about 2 seemto apbout 7 seem and nost preferably at about 5 seem Etching

proceeds at a Ehigoracesds plargonirelied tanperajire, forgrpetifiedneripdpf Gae.oft tinme. In 5
th | | A ' t
bot ween 0AE SBBEG e AR e G och b pRbE LM BRARE Bhylln SETRCT 1) 1000

parti cul amhg 68 [More hartieniarhifoom abbBS Cao alimu§0°¢0 Glorapaticnady siflefr@nabl y at
about 20C..1In t her di pent of the present invention, the etch step is
conduct edaB?utégJE&?éﬁ%Jé%%}oé%ﬁP%PWﬁ%% t80%nd 400 nirorr, _nore
preferably bet ueepndQoiRahaA0 melf M@ﬁ\renﬁamﬁ%%h%t%s&@@nxué&ua bet ween 150

and 250 nmTorr, and nost preferabl yeat about miorr. The upper frequency
of the pl akaneber prefsurernf etwreenbaudr40D enistrs mbregreferblaiy bet®w@@WW0aind 36but  3000W

Mor e eferably, th er wer Jevel.is formed from.ahqut 500Wto about
2000viD No Rt bt etglE s P 156 gl Bkt A wod BN il abour 750
to about %804398W Most preferably the upper frequency power is set at

about 1000W The | ower frequency power |level is set at power |evels from

about OWto abbliftuppgUirguensy piethpplesied isfimped attpewenlgedts fromebout 4BV 19 s f or med
from abou SRS b bﬂglte p?e%%‘ly, the upper power level is formed from about S00W to
about 2000W. More preferably still, this power level is set at between about 750 to about

15 1500W. Most preferably the upper frequency power is set at about 1000W.

The lower frequency power level is set at power levels from about OW to about
300W. More preferably, the upper power level is formed from about OW to about 200W.
More preferably still, this power level is set at between about 0 to about 100W. Most
preferably the lower frequency power is set at about OW.

20 This etchant gas also contains helium, He, as a diluent, at flows from about 0
scem to about 3000 scem, more preferably from about 600 scem to about 2000 scem,
more preferably still from about 900 sccm to about 1500 scem and most preferably at
about 1200 sccm.

The mixture of the etchant gas is preferably comprised of flows of the constituent

25 - etch gasses. These include oxygen, O2, at flows from about 0 scem to about 100 scom,
more preferably from about 2 sccm to about 50 scecm, more preferably still from about 3
scem to about 15 scem and most preferably at about 6 scom.

The etchant further includes a flow of methyl fluoride CH3F, from about 0.5
sccm to about 30 scem, more preferably from about 1 scem to about 30 scem, more

30  preferably still from about 2 sccm to about 7 sccm and most preferably at about 3 scem.
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More preferably still, this power level is set at between about 28W|gm@5
100W Most preferably the | ower frequency power is set at about ON 20
This etchant gas also contains helium He, as a diluent, at flows from
about 0 seemto about 3000 seem nore preferably from about 600 seemto
about 200V0 8#w5A12 nore preferably still from about 90@®cCT@®sRLsabout 1500
seem and nost preferably at about 1200 seem The m xture of the etchant
gas is preferably conprised of flows of the constituent 25 etch gasses.
These i ncl ude Eiehiggemocddds atatcodtiobed tehuperatued) (itta sPecifed pefial dltie 100 seem

nor e prefﬁlrabl fro out, 2 seemtq about 50 seem nore preferably still
f r om abouftesxerdplanndey diyspigon.the Wsksichamey precsed prtensrames betveenifobt 6 seem

The et chamtq dose! Mke paGduttls Frof a]tbbﬁ\yo%o @ﬁw be?Jﬂa?ﬁcuﬁ'r‘f?EﬁIl,fﬁoH{n about 0.5

seemto about 30 seem noré preferab rom about 1 seemto about 30 seem
nmore 30 peleitlEblty awmi £#0°Ct amdmaboraferadlysabhout 20°6bout 7 seem and nost

preferably at .about see -15 28, July 20 WO 02/ 065512, PCT/ US02/ 02926
Et chi r?g pr oceed&oHt 1@ pé%vﬁ‘igf S?VF’T@@“QVEW&%?%?&?H&W%%%@E aﬁzfé‘iﬁ %Eri od of
time. In ekiigy Foedens flickly) dathod RGBSt 8the pRfiohdly &lcusict hidBMadtigceed at
t enper atures between O0C and 60C. More particularly from about 5C to about

50C. Mor eslpping ithetcdirdoyms The ¢ich fatedon eagibefithe mrodously disrussed gl dimends nost

pr ef er abl S_. rovi.des se 3# novel advant ages.
B Fst anos ionBah fieordolt RERE SRR SRNE BB UL hout L he
ef f ect s oflietdativierahodimnigisyopehiaBipsTIIeRter it GiaRITEIS kivigy difften thiglalebss,of ch down.
The eéch rate for, each of the previously discussed enbodi nents was

genertdl | yPeriqrasdRilydiffpreniguescsgparametsrs, BYY preduce grrater polRwersidRics-ed. OF

course, alter ?écbﬂ’dead‘?%g" ORELAL | rials having
different thi éAEnesses, 0 %Eﬁ%téxr%?orm@%ﬁ%‘f@#@r@hﬁ%‘?%@g@s par anet er s,
may pr odumeblgd athe methoddlogyerf tletpedsentahvestion. A second advantage is the
ext raordi nar nydnL% rol of profile caontrql , enabl t he

f b
met hodol ogy © %ré%g%%% @?Ci%)mwg trstingOf tegresspfyayratefiis ﬁ@‘?t”@@%gﬂ?‘i}{‘r?é testing of
the preselyinddick@By the et BichABb AL MiRksta®bn. During the etching, it is

15 postulated that the fluorocarbon disassociates into fluorine and hydrocarbon species. It is
further postulated that where there is insufficient ion bombardment, for instance on the
sidewalls of vias and trenches, the disassociated =CH- species reacts with the SiLK and
forms a polymer consisting of (=CH-N)= groups arranged in a 3-dimensional matrix.
This resultant HCN polymer along with the CF, polymer directly dissociates from the

20  CH3F, which passivates the sidewall and prevents profile bowing., The deposition of this
polymer also forms on the hard mask, which reduces the amount of hard mask being
sputtered. The fluorine species combines with the sputtered hard mask components to
form volatile compounds which are pumped away, thereby eliminating, or at least
seriously reducing the micromasking effect.

25 A specific feature of the present invention is its novel ability to form features of
. widely varying size contemporaneously, with excellent profile control and with minimal
RIE lag, minimal bowing of the vias formed by the etch process, good etch profiles, good
resist selectivity, and good etch uniformity across the wafer.
It will be apparent to those having ordinary skill in the art that the previously
30  discussed power levels, pressures, flow rates, and temperatures are by way of example

only. Different dielectric materials disposed at varying thicknesses in the wafer stack
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bow ng produced by the etch incorporating a fluorocarbon. Duri ngzshjuly 2005
etching, it is 15 postul ated that the fluorocarbon di sassociates into
fluorine and hydrocarbon species. It is further postul ated that where
there is insufficient ion bonbardnment, for instance on the sidewalls of
vias and WeeH¥bY2, the di sassoci ated =CH speci es r eadtCI/ua¥/12926he SI LK and
forms a pol ynmer consisting of (=CH N)= groups arranged in a 3-di nensi onal
matrix. This resultant HCN polynmer along with the CF. polymer directly

di ssoci at emyfequire differepOcobitidfationstuif pbwerasredswias fisv, ahdtempemtned. IThand prevent s
profile bow ng. .The deposition of .fhis ol ymer_al so forns on the hard
ok, i S bt ERETOH Broifc B BE b G SHbrRES The fluor i ne
speci es conbines with the sputtered hard mask conponents to formvolatile

conpounds whi chheyiresepitiifeRtorivie Yeentparicglaily Sokiand@ HdsBibed Sithdbspb@ast
seriously reducing the mcromasking effect. 25 A specific feature of the

present i tRSHENPFETpreed ombodimpnts obfsatires thereal. Howayrdbshorlddessadilyi del y varyi ng

si ze cpnt I i || i | ..and. with m ninal
o ERFRGESAUEY orallh NG Bl af Bl DL U AT Boa DR 0L o
profiles, foncd detei inay bsmhdeobithout departinglfroradd spirit And sebpeodfihd Yy acr oss t he
wafer. It . wil| be appare to those having qrdinary skill in the art that

J t
the previ BYETPn agppt oridp desppepdeislameap ,C‘B‘T‘Ie@%w&%?lﬁsqu(gw rates, and
t enper at UpRgnP@ertin WokifRbIl fite tRmYorphdnr At ordh @b BAME! © mBLETI a1 S

di sposed at varying thicknésses In the wafer stac uly 2005 WO
02/ 06551 2v4Cns [s80Rseadal anteges tapgitibereindinfof wide vdrietyonfhitegratedeisunf power ,

pressure, ,flow. an enperature.. Th .i nci pl i'n the present invention
speci |ca?ﬂfeﬁBoﬁ?lgﬁf)ﬁ@%“%‘ﬁfﬂé&@]ﬁf’%’gﬁﬁ%ﬁ%ﬂsi&%ﬁ?ﬁiy? P&dent invention has
been par t diefdlent hyers MHOPrARflsig @RGIstdd PRk ArARSRRENS cbisE@phAé b pref erred

enbodinents of features thereof. However, it should be readily 5 apparent

t o t hose ®wpdifeationdy hoskhavingiskillimthearito effest differentdntsgreled nigeyét and
nmodi fi cat } [ m. apd det ai | e mad i,t hgut departing fromthe
Co 11 o R, Eon LS B0t e BRI Tol BT b B b RERRT O 19 Lo Lhe |

parti cul athe picheat fivertidhpl es of the present invention specifically
contenplate the incorporation of one or nore of the
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various features and advantages taught herein on a wde variety 28 July 2005
integrated circuit 10 devices formed of varying wafer stack configurations
defined by a nunber of different |ayers. The previously discussed process
vari abl es are of course capable of nodification by those having skill in
the art to effect different integrated circuit devices. Each of these
alternatives is specifically contenplated by the principles of the present
invention. -17 28 July 2005 Cains Wat is clainmed is: 1. A nmethod for
etching a feature in an integrated ciClaimst wafer, the wafer incorporating
at least one lowk dielectric |layer partially disposed bel ow a hardnmask,

t he net hodwaenipeksraalgs: di sposing the wafer within a reaction chanber;
introducing a flow of etchant gas conprising CH3F and an active etchant

o, the Teact] SughaRlnd VRLEN Al SALuPLa L of OHOF Lo

total flow of t tween ut 2% formng
a pl asma fipeperpidngeat dssinede-kidielpgtric tayer H@@d@ld@woma hardmeth, ng t he

fedature i rth@;mﬂl@a%m?ng;@gtl on of the lowk dielectric |ayer with the
active etchant of t FﬁgnaSk with the active etchant;
and formng a \%stpg? ?Fe@ﬁ‘il%’b%" flad har dmask and fluorine, thus
reduci ng mcr omum@agg aﬂowTdf@tuinﬁﬂ’gasl pommmxg:@ﬂﬂﬁaﬂdm:ﬂcﬁixmt&hanﬂﬂm&r ein the
active et hahorlod AEhGA! SHarbh Ao OF MRS B4 10 fikdopagn and

anmoni a. 3. e active etchant

i s amoni &fcmrtfrsaals betvesrn gbou Beie ansnbeut3¥% s o about 3000 sccm 4. The
net hod, as recifdrBéhg Nplagiya PdmTheétland ga3, wivﬂiﬁﬂﬁlraachbﬁcﬂléﬁbek, dielectric |ayer |

is a silicon-{ rl%%g thevﬁazlagtur I1161"|a et rtla%o}'u%}{l of the low-k dielectric layer with the
active etchant;
sputtering some of the hardmask with the active etchant; and
forming a volatile compound from sputtered hardmask and fluorine, thus
reducing micromasking,

2. The method, as recited in claim 1, wherein the active etchant is selected from the

group consisting of hydrogen and ammonia.

3. The method, as recited in claim 1, wherein the active etchant is ammonia with a

flow of about 100 scem to about 3000 scem.

4. The method, as recited in any of claims 1-3, wherein the Jow-k dielectric layer is a

 silicon-free low-k dielectric layer.

5. The method, as recited in any of claims 1-3, wherein the low-k dielectric layer is a

_ silicon-free benzocyclobutene low-k dielectric layer.

6. The method, as recited in any of claims 1-2 and 4-5, wherein the active etchant is

nitrogen and hydrogen.
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5. The nmethod, as recited in any of claims 1-3, wherein the |ow B8 July 2005
dielectric layer is a silicon-free benzocycl obutene |lowk dielectric

| ayer. 6. The nmethod, as recited in any of clainms 1-2 and 4-5, wherein the
active etchant is nitrogen and hydrogen. -18 28 July 2005 7. The nethod,
as recited in claim6, wherein the flowrate of the nitrogen is between
about 50 seemto about 1250 seemand the flow rate of the hydrogen is about
25 seemto about 500 seem 8. The nmethod, as recited in any of clainms 1-7,
further conprising depositing polynmer fromthe CH3F on the hardmask to
reduce har gmask uttering. .9,. The method, as recited in.any of clainms 1-8,
further cofpri Jﬁrﬁ%‘éﬁ%ﬁ?‘f%@dmﬁ@?lﬁﬁmﬁmﬁﬁﬁ’éwcﬁ@ﬁgﬂ}?%ﬁr fls of the
feature topégedtont ST dckf 18 avhdl 92501kcm HA8 R WP fhte SGthé _ﬁfqrzi)@ﬂ is Sbownys of
clainms 1-9, wherein the lowk dielectric layer is a silicon-free |owk

di el ectri csqcaytepbout F00Ream.net hod, as recited in any of claims 1-10, wherein
the lowk dielectric layer is a silicon-free benzocycl obutene | owk
dielectric layer. 12. The nethod, as recited in any of clains 1-11, further
conprising etching an opening in the hardmask with the active etchant,
wher ei n sp¥it t erThegnetherk agfecitédin anpplichaisis bédurtberdampriging depositioli ng an
opening in_the rd n erein the, form.n a yolatile conmpound
occurs durgoagn?rheonép%ﬁdfﬁ{n’gﬁaoéﬁh%%ﬁ?lﬁsg% t?ﬁe%“ﬁghﬂgpg%%’%ﬁe%rei n the active
etchant etches the hardmask opening and wherein the active etchant is
selected fromthe, group consisting of hydrogen and anmmonia. -19

9. The method, as recited in any of claims 1-8, further comprising depositing

polymer from the CH;F on sidewalls of the feature to reduce profile bowing.

10.  The method, as recited in any of claims 1-9, wherein the low-k dielectric layer is a

silicon-free low-k dielectric layer.

11.  The method, as recited in any of claims 1-10, wherein the low-k dielectric layer is

a silicon-free benzocyclobutene low-k dielectric layer.

12.  The method, as recited in any of claims 1-11, further comprising etching an
opening in the hardmask with the active etchant, wherein sputtering some of the
~ bardmask occurs during the etching an opening in the hardmask, and wherein the forming
- a volatile compéund occurs during the etching an opening in the hardmask, wherein the
‘active etchant etches the hardmask opening and wherein the active etchant is selected

from the group consisting of hydrogen and ammonia.
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