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CAPACI TANCE DI ELECTRI C LAYER ETCHI NG USI NG HYDROGEN- Nl TROGEN PLASME /' JAN 20053
BACKGROUND OF THE INVENTION 5 T ijgpvention relates to the
fabrication qQf sem conductor i nmmwmmm"]mmm%l ts (1Cs). Mre pathisssisaid V.
t he. present i%ﬂ%ﬁ?{ﬁlgﬁ relates to inpgQued techniques for etching through an
| C |l ayer stack, including the | ow capacitance dielectric layer, during IC
fabrication. In the manufacturing of certain sem conductor integrated
circuits, a lowdielectric 10 constant (|l owK) nmateri al ' be
enpl oyed as t hd-OVaEARACHIANCE DIRECTRIGHECR FTCHING HEING W%%M@%&%ﬁ%e
capaci tance of the devices that are fornmed and to inprove their electrical

performance. As in all dielectric layers, there is typically a need to etch
vias or trenches through the dielectric layer in order to form netal

i nterconnects therethrough. Thge .ﬂmotpe[r@mﬁgngmes the process of
formng a via/trench through The Tt OW capacitance 1b dlelectric layer. To

facilitate discussion, Fig. | illustrates a representative |ayer stack 100,
i ncl udi ngs a phot orggipsdsehta%Gentib felads BRHE Bkt brPVBemifdudior iBlpfaRRRG bt Ce
dielectric layer 106, and an etch stop layer 108. Etch stop |ayéer 108 nmay

represent, fdiC8xaprepartisylaglycthe present|inyantion selatgs Wumprarghiesbeiquesfonetebisg and

is typically | tabl ter] | 0 SiN,
TECS, or the %&gﬁ gxﬁio&wlaggzgéccﬁ(t glﬁ@g%(ﬁ(kgf i‘%:v???@%ﬁ%?iei%wg%?’e%%%éa | ayer
of organi c | débricatiaheri al such as SILK by Dow Chem cal, Flare by Allied
Signal, BCB by Dow Chem cal, Parylene by Novellas, or the Like. Above |ow
capaci tance di el ec]%ri c layer 106, .there is sgovvn (di sposed a. hard ga?k | ayer
104, which is typiBd9HREpeuRest certpmsemicanduqionniegratsdIreajisng low ofslectr

oxynitriaqe) ocronItE@QlovZﬁ% Hﬁa&aiamy sb¥Ehed BdehFIBY&SRARES mbhlRBal TR MifickBY Blyer

that is enployed to etch the vialtrench in | ow capacitance dielectric |ayer

106. The har dinmsdek 1o rduge the capppitange @f Sierdeaicghbebare §9rarediagd to/imipsevd their

i neffective . | exlal t Ghi eggggﬂ' I erial
of | ow capaci %%é@g{%@gg% CA% g’y%mg%%&tc%eg@fhtser%% useg't(‘;i He %o%%%gglésrt
mat eri al and trdrehesthrnple tHealiddedtrit Biyerin drderdo fammetal intestdnaccts theretiaatigh. The
characteristics, tend to yequire a simlagr etch 30 chemistry nd/ or tend
to have a si nitVeptioBhERY %S%dﬁﬁawwrpf?ﬂ@un%?al i Spugdythr, pticapasifence g
~ JAN 20Q3  gjelectric layer.

To facilitate discussion, Fig. 1 illustrates a representative layer stack 100, including a
photoresist layer 102, a hard mask layer 104, a low capacitance dielectric layer 106, and an
etch stop layer 108. Etch stop layer 108 may represent, for example, an etch stop layer for a
dual damascene process and is typically formed of a suitable etch stop material such as TiN,
20  SiN, TEOS, or the like. Low capacitance dielectric layer 106 represents a layer of organic
low-K material such as SILK by Dow Chemical, Flare by Allied Signal, BCB by Dow
Chemical, Parylene by Novellus, or the like.

Above low capacitance dielectric layer 106, there is shown disposed a hard mask layer
104, which is typically formed of a material such as SiN, SiON (silicon oxynitride) or TEOS.
25  Hard mask layer 104 represents the masking layer that is employed to etch the via/trench in
low capacitance dielectric layer 106. The hard mask layer is employed since photoresist is
typically ineffective as a masking material when etching the organic low-K material of low
capacitance dielectric layer 106. This is because the photoresist material and the organic low-
K material tend to have similar chemical characteristics, tend to require a similar etch

30  chemistry, and/or tend to have a similar etch rate. To pattern the hard mask out of hard mask
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WO 00/ 10199 PCT/ US99/ 18518 | ayer 104, a photoresist |ayer 102 i ?[ﬂ“ dﬁﬁ '
Phot oresi st |ayer 102 may represent, for exanple, a |layer of deio N)r 3
conventional photoresist material. In Fig. 2, photoresist layer 102 is
patterned usi RgodweApyenti onal photoresi st patterning process. PATUS99/18518
pat terni ng of photoresist |ayer 102 creates an opening 202 through which
hard 5 mask | ayer 104 may be etched in a subsequent hard nmask etch process.
In Fig. 3, a kHarHl3faaphetosesisiayert®? is gravigshoPbelotesiselryes 482 a5 repmesentofor

t hrough hard g’gﬁ)gﬂg’aaylggg:(ﬁlﬁeeﬂs E\p(pr Oﬁm%‘l*aqg’hﬁgiegiﬁg’ﬁ%ﬁ%@yer | 04 represents

a TECS | ayer, the mask etch proces e place in a plasm
processing reactor_using a suitable TEOCS etch chem stry such as ) ]
Ar | CAFgl C2F~/ 02 or ImFigoAnvehintoresisti layrETS? istpetierned using ajcongentipnl photodesist hatterning

Capact tance aPEIBet i el ineieonofgreh P 0 s Ml Badhe t02 gk Rhich e

processi ng r eagdsklayed 104 fnay Bt eRhedinta subguen padini@Rerh@reeact ric | ayer 106
is typically etched using an oxygen-containing gas (such as QZ, CO C02, or

the like). A diluent_such as NZ or Ar is typically added to.the _efchan as
enpl oyed)to et ch tﬂ‘?glggﬁ %ﬁ@dlw}?e%e\’&?%%%Ema@?%'&eﬁeeg fatang ﬁpth‘iﬂb‘g}l har
reasons 15 whinghik fyed | 0 emnoneleRhiifE, %@htaéma?&nl@ft éprdsBiits amﬁyéﬂ%ﬁﬂﬂe hard

agent such as a fluorocarbon gas Is also typically added to the etc
chemi stry. As naskgishipréassswmay take placy fremplepeaprocessing raagtotiusing @ suitableFEQR) btch

I [ ' i Cyl 0, d . i ically, [
the ot dowal | 5 TROBEERTAASCHTGEAD: RET SR RETROSRAART, (Re Uosiron

vertical sidewall profile. Fig. 5 illustrates the bowing 20 sidewall that -
occurs whHh t he et dinFigs 4athedowe dapapitfrice disdadiricdayar dp6 tsdleing etdheduThe dtching of low
capaci tance dielectric,.l.ayer 106, The. i s exacerpated if

] i ffect
over - et ohi ng (PN ST TC SaIRD LU RIS B Rl MR BPOPRE T MR CREOL e
waf er. This bqongrtabivaabadiRassdeR it Myed msqea?;dahg/ SO daAURES ity dnlontdihifg

in subsequent processing steps (such as netal fill To maintain profile
control and prEa§Esueh en@2450r €Qpor therlde). o dduent sudhAsiNagr pr évtypispllyzsidedito the
prior art typi v, I Vvatl - L

bxygen- cont ai 1 aapes SRipRRadh O Bk 001 ERelaRo ARl el Mor rensps,
such as CH¥B, waditiFshall@d2Eplairedtshertlyihérinabi, b @adshatinglaficht smoh af a flderocarbon gas is

fl uor ocar bon passi vatjng, agent help [eserve the vertical sidewall
profile) it t Stygxgal}yazg@f:gm &?Ftcl}‘ffge‘gﬁgi/or esi st and subsequently the hard
mask, which in turn enlarges opening 202 as the etch proceeds through |ow
capaci tance di el ectAd i¢ welllslowkDthe okygensgecieskbMplayedao etch through low capacitance
dielectric layer 106 tends to etch isotropically, causing the sidewalls in opening 202 to bow
instead of maintaining the desired vertical sidewall proﬁlé. Fig. 5 illustrates the bowing
20 sidewall that occurs when the etch is allowed to proceed isotropically through low
capacitance dielectric layer 106. The bowing effect is exacerbated if over-etching is required
to compensate for etch nonuniformity across the wafer. This bowing effect degrades profile

control and causes difficulties in subsequent processing steps (such as metal fill).

To maintain profile control and prevent the aforementioned sidewall bowing problem,
25 the prior art typically employs a passivating agent in addition to the oxygen-containing gas.
Typically, the passivating agent is a fluorocarbon such as C4Fg, C;HFs, CH,F,, or the like.
While the addition of the fluorocarbon passivating agent helps preserve the vertical sidewall
profile, it tends to facet first the photoresist and subsequently the hard mask, which in turn

enlarges opening 202 as the etch proceeds through low capacitance dielectric layer 106.



«WD 001 10199 PCT/ US99/ 18518 To el aborate, the oxygen species that is

enpl oyed to etch through the | ow capacitance dielectric |ayer ﬂ?oJANt

t he overlying photoresi st material in photoresist |ayer 102. Consequently,
t he thi ckness Q oresist layer 102 is reduced as the etch peeagedsssis
t hrough | ow c‘gpam tance dielectric |ayer 106. Because the oxygen species
attacks the photoresist material isotropically, the photoresist mask often
pul I's back in regihslah@zt%lﬁd ok@derodpetibethet iabmp@m@chto efed thivagh Histlow sepasitance

material is rn a b em sandt hot reS|s ial is
pul I ed back i e?%‘é’m% PYi5 e HEEN Y Bep tgRA matiigbdt? pRodresy T
of hard mask Cayequehdd, the tlﬁ&lﬂﬁ:@ﬁ@fﬁk@tdrb@stﬂdyﬂﬂmiQMédﬁé’edeith@étbh prloageds thradithed
for passivation purposes.. Since fluorocarbon is an etchant of TECS, the
exposed hard ledeiepaditangs diefesirici layer d §-oRecatratha ey agn epegice agackn & Rhgkayesist
time goesson pgAl I 2N

enl ar gonoat | oF eha SAndHGIOPER phthotdict Hapk SRHpFRE it b 07504 964 o

vi a/ trench t ovieérestlc h&sitherp’rmugd:mdtmatmpwcbralaweywélbeuygan(spbcagsenndmﬁﬁ Wth

t hi | t. th t . of t .
The result 1 o PRTSSHS metetig) 1S BulgeLiRER ot miont AUAHELANR of FIE By R R ORISRk ger
Cross-sect i onpfahedinl dfHaM ARGk laderd 0FNE exttBedio tRe fildiSdaeionrianESt i§ hddRdFIbS O

narrows the process w ndow of "the | ow'capacitance dielectric layer etch. If
too nuch fl uoP¥ERAERIPYBOSESdSince Suptpsarbor is AIetoRRRIOf 9”E0tSh thecexposed hawd mask he

| ow capagj tan r r
stoppagecleven 5“&%%‘8#%462?%%[4&\%# ?t?ll? af%f;gggg@g on 'S add’e%%lgéé%nrgelh?rlgrf
be insuffici eﬁtaslphym Metto @nlatge. mnierehmgtn{eheoﬁibso;feﬁﬁlg\iﬁihﬁ.ﬂd&ﬂdsk&ziyéew in tum
profile. 20 In view of .the foregoing, the are desired inprove echn ues
for etching t FRBEEhIEA/ reRghda B8 TCS% ‘@;‘i?%ETHaF‘@“F%@Q}“W‘ﬁ Ipyer rlrﬁé nWé?
the profile cgmfafgelneﬁtnﬂlemr%@lrdﬁn@gsl&h@ftﬁé ialteedth Qldemzemmércm?lsrsﬁm tmfg
via/trench. ~~ 20~~ WD 00/10199 SUMVARY OF T
rcrrus99/1ssi & np)tl@srmltanwe/men@nhasgllagerscrossTseqswe thanbowndesht |, to a

nmet hod for etching through a | ow capacitance dielectric layer in a plasm
pr ocessi ng chanber . i i
bel ow a hgjr d mask Th%;g?e %%Vg&cgggﬁ% %S‘vgﬁfegb?r%l?ﬁg% Rl.cfu% ? ?‘gvc\‘?ﬁ{g%qgﬁ etch
chemi stry t hatcapacitined diclédfrialaglertdtch. Af tnotrhmhpflt@mcarbpn scaided figthe bimhishemisThahe

is included creatin | asma out t he r The tho SO

i ncl udes et chi F@ratagfﬁ-&qué:amcm J‘?l ﬁgﬁert‘ﬁ@qﬂ ‘?ﬁ;@f g@t ric
llayer through sppgien@entuflily &RuRaifiodBite fldtEdarton ié Mewltm@r&qﬁmasm
chanber. 10 In accordance W th one enbodi nent, the etch chem stry further

i ncl udes an oppeRvAEORtaMAInn gelesitvarticahsidewall profilehe oxygen- cont ai ni ng
gas relative to the total flowrate of the etch chemstry is preferably

bel ow abogy 50% i n QYR wESMAL T Ying, h&r@&@fdbﬁfed%ﬂﬁ@dw@mmqﬁéaeformt@}ﬁx@mough
processi ng chanber represents an |nduct|vely coupl ed pl asrma processing
chanber. 15 Tnb@bw@a@mw drbbaimﬂaecr vhile maiysgivine the rrefile sontwel apd presging the
described in rmru%ald L 0 t]B n\}\n aﬂr ahl ed description of the invention
and in conj uncti 6h W f’hs FHE POITBHEH é‘ures 4 WO 001 10199 BRI EF

DESCRI PTI ON OF THE DRAW NGS ~ ? JAN Z~~~
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PCT/ US99/ 18518 The present invention is illustrated by way of exanple, and:
not by way of linmitation, in the figures of the acconpanying diayi gAN, 2004
whi ch are not drawn to scale to sinplify the Sillustration and in which

li ke referencgdyipial s refer to simlar elenments. Fig. 1 illugorassismns
exenplary prior art 1TC |layer stack. Fig. 2 illustrates the prior art 1C

| ayer stack of Fig. 1 after the photoresist |layer is patterned. Fig. 3
illustrates the prior art |C | a¥eéMMARYKOBTHE INVENZIANr the hard nask

| ayer is 10 patterned. Fig. 4 illustrates the beginning of the etch through
the | ow capacitance dielectric layer and the pull back of the photoresist
whi ch occurs. Fig. 5 illustrates the bow ng that may occur in the sidewalls
of the via when the prior art etch chenmstry is enployed to etch through

t he | ow capaci t anc®hepreken investidnagkates, in dBe Enpodidngnt,| tor ixeghaddfor ¢tehing through a

degradation of the critical dinension of the via that, may.occur when the
prigor art et c#%%%ﬁﬁieiecm?ggW%a plgsrag BWCFWWﬂe%a?%QMﬁ?%ce
di el ectri g | ayRlectrld 18yer {s dikspdisd bASN R MArdmAIN lafdrafh SuBarEd. | TheGhethf@intldds ~

9100PTX pl asma reactor, represent |_2’3 one of the plasna reactors suitable
for practici nfowing asrectechenisivehatiingludes (N2rming Hagnto) the plasrag processing shanbiadbere

w th one enbogl; I J I t. - Of
the i nvent  ve l BudedCreidt SR LB Remiy): UHE fRMHodHg iGudls 2R
PCf / US99/ 1851 &sibE Thal dl&mDESGRIhRNE IoW paditdicdHElCERRARy cENBARPhMpRIiSgT ingthe hard
present invention,wll LHo be descr. beg?xiag detail with reference to a few
preferred enbTERESHBPEYR2 BOCTSFINGSIABYEd i n t he acconpanyi ng drawi ngs.
In the 5 followi ng description, nunerous specific details are set forth in
order to provi de alihabaisgte el ehsdmbsdinentpthetetol dhemian tfurthey &rludes an bkygeh |
be apparent, however, to_one skilled in the art, that }he &resentrﬁnventi on
may be practi CeBtaifing&Rst Toe Hawante 8f thegxygmecqntainiagens relatiue ko the total flayy pg of
i nstances, wel o, b e 2 RRER
described in eetg??%r@%%%ﬁ?%ﬁ@#@%@&?a&?&I??/h% S%Jt}i?ﬁe{&%t'hg; pr esent

i nvention. 10 embodiont,dbsplesma processieg abpeidr refiresents anrindistively noupitd plasma he
organi c | ow capacitance dielectric material of the | ow capacitance
dielectric | a;pg?cefsén%‘f §in a pl asma reactor using an etch chem stry that
i ncl udes Nzl Hz, and optionally an oxygen-containing gas. It has been
observed that al t hdihgke diel cline Seanats eftthd ppsént kivention wilbbe destrihed Kn medre détail

such as FLARE,, the, addition of N2, i.ch typical does not h W K
materials, 15 %}%ﬁ%&ﬁ@ﬁ%ﬂ %W@n\gﬁg’el‘ﬁ oﬂﬁ?‘i}y‘] OB Y’g{‘ g"fe tJg\ﬁf"f"@gnot
wi shing to be d by theory, it is believed that the hydrogen species of
the N2/ H2 etchant gas chemcally reacts with the lowK material (e.g.,

FLARE) to farm byproducts which can be readily sputtered away by the
nitrogen speci es.



‘Morersignificantly, it is observed that the use of an etchant gas that
i‘ncludes Nz/Hz 20 to etch through the | ow capacitance diel ectry Ijxﬁr

yi el ds i nproved photoresist selectivity, which extends the |if Zf' 03
protective photoresi st mask that is di sposed above the hard ma /
reference bacRAWBPor art Fig. ~4, the photoresist mask 102 t%hl&g{deglg%{ﬁsé%ds
to get etched away quickly during the |owK etch due to the use of an etch
chem stry that is predom nantly oxygen-containing. In the absence of the
protective 25 photoresist nRREEF HIFSURIPTRIN OFTHE DRAWINGSe hard nask
occurs. Wth inproved photoresist selectivity, the hard mask is protected
for a longer period of tinme by the overlying photoresist material. which
reduces hard nmask faceting during the owK etch and the concom t ant
critical dinmension degradation that is caused when the openings in the hard

mask are enl ar ged. Tk pregnd iMemioniEi1Q3{rded 89 WAL HF biDR14,8nH ofby Waesf lirhitations
been observed in the exenplary etches perforped that the use of an etch

chenmistry thain thpEgwgsef the AFPIRIREAE ravings HREDESRISERY IS Calg (e HIRGTNEr a
W der progGess; i t%‘f(ahﬁﬁpwhgﬂtlikgfr%gfeﬁge ¥mEAE ik ©sidiidr elements.

oxygen-cont ai ni ng/ t1 uorocarbon conbi nation. While not wishing to be bound
by theory, it is believed that the passivation 5 that is forned by the

Nz/ HZ- cont ai ni ng eFighl dhstrates ayexshfpdary psiogait 1€ txer st3cki npr oved resi stance to
| ateral etching, which allows the sidewalls to remain vertical through the
| ow capacitance digje i M. / } al so
of fers ot her nonobgilgbggmg 3%%?%9"381%%%%3@%%%@@%}% 1%;@%{@%@3%&%@!5 lgw
capaci tance dpatteemddci c | a~-er of a wafer whose hard 10 mask had been etched
earlier using a fluorocarbon-based etchant in the sane plasma reactor. This

eactive {1 uorino Epoenueveis FR e B G B REetn R S b et R e

processi ng chaatehed. particularly fromthe surfaces of the plasma processing
chanmber. Increased fluorine species renoval fromthe plasma processing

chanber increases hard.mask selectjvity 15 durin h ubsequent | ow K
dielectric etch si Etgegﬂlil‘lf&a?eﬁéhesﬁ%% fithee u}h@r‘ﬁ%&‘dﬁ Wcapggiapcy ‘ilil‘a"%%é%'er
hard mask sel ggd indidull-ballt bitth€ BhotdieSRNWhieA ocQR$.F 0l is inmproved. It is also
believed that fluorine species nmay contribute to the bowi ng effect observed

on the sidewalls of the via/trench in the |owK dielectric |ayer. By .
gettering the reactig & iHysgtes the bavdag thet may eceyp inthe gidewallsof the vigvhemthermor
etch anisotro 0 (S :CoNL t 8oty hYe iQusBapRe t ance
dielectric rral%‘,ita Chg%%ﬁtlgemnl:a uet%r‘ra'ggl théb%gpac??c%ésﬁ a%ydls%l\‘ft?agﬁe pl asma
pr ocessi n? reactors, including capacitive-type reactors and | ow pressure,
hi gh densiiy (e. g. Fig: 6iibustrasithmdsiradsiion efibe eridcal fimensionaf ¢hedelthaher perunt |

the present invention.is practiced i.n_an i CLiw | . .
e PNt | A DA Bk MO AR e

avai | abl e 25 -layerom Lam Research Corporation. Fig. 7 illustrates a
sinplified schematic of the TCPTM

Fig. 7 illustrates a simplified schematic of the TCP™ 9100PTX plasma reactor,

representing one of the plasma reactors suitable for practicing the present invention.

20 Fig. 8 illustrates, in accordance with one embodiment of the present invention, a

flowchart of the steps of the inventive low capacitance dielectric etch.



9100PTX plasma reactor, including a plasnma processing chanber 702. A '
dielectric window 712 is di sposed bel ow an el ectrode 704 and act;i 723A ?Tq)gg,
di el ectric w ndow t hrough which the plasnma within plasm processing chanbér
702 may i nductdvﬁ%loxoﬁgupl e wth electrode 704. El ectrode 704 reprposid/Rsishe

RF i nduction source and is inplenented by a 30 coil in the exanple of Fig.
7. Coil 704 is energized by a RF generator 708 via a matchi ng network
(conventional and not shown in Fig. 7 to sinplify the illustration). The RF

Q? ,I AN ~~ WO 00| 10D8TARCHD USSR RIPTION OB FHERREERIRED GMRBOBIMENTO8 may be

about 13.56 MHz in one enbodi ment although other suitable RF frequencies
may al so be enpl oyed. Wthin chanber 702. there nmay be provided a gas
distribution plate 706, which preferably includes a plurality of holes for
rel easi ng gaseous source materials, e.g., the 5 etch chem stryes, into the
RF-i nduced pl asrma rEigd pmsdneinvertiongeid] ehive be ddsotibednin dktail evithGefesance ta afaber

750. The gaseous.soyrc terials .al so he rel eased fro ort uilt
into the wall SPIGferiE §m§’ﬂga Stﬁ?@%@”\fﬁfa&d 1 e chorppﬁn]yglgd%%ging%ﬁg anber
702 and di $posploRihgdesttitton/ hinerdhid §tcAfeldetads ak sSELANh Sldechippdfieand i s
preferably biased b}; a radi o frequency generator 720 (also typically via a

mat chi ng net wothRyougiryaderstanding abhe presentRpvengory el avill be ppprant.hgyverss, Qismat
Pyt : ’ )
In one e 5%‘7%'1& &hkﬂ&g@{#;g%ﬁ&g{nv%%%ﬁh%éﬁa&k%%%Sﬁtf‘sﬁmt@??sYal?{aﬁt‘Beéée

enpl oyed. Wafer may be s 0 C sing a conventiona
mechani cal cl aspeciiig detatlhnimetberdnstames,twelt krewml pryeess btegstandst strictured leavp inolg

forces. Helium coo]in as,is.introduced under pressure, between chuck 710
bnd vai er 15 yeess el R defi it e 20F it SPSHedhe Ly Sntion.
controlling the wafer's tenperature during processing to ensure uniform and
repeat abl @0et chi ng IreobdrdancelNith g 3bes B tirtpedsemgnvdnkion, pheagamic low t hi n

chanber 702 is preferall y kept | Qw by evacuating gas through port 760,
e.g., between SHBEanEC ﬁﬁgﬁcmqraataﬁ At tgplongpEcitass ﬁae%tﬂs‘elawsrves Rctddp aiame

etching. 20 Fi gacBr bbih asaﬁﬁeﬁemais@){ ﬁfa@mcgﬂ@m%/%,tﬁdgﬁﬁorﬁﬂp‘agio??g@ﬁ-&@ﬁtafn'ﬁ?g

present invention, a flTowhart of the steps of the inventive |ow )

di el ectric et chas. [Ihhasthepn goserveditkat ghhoushddi does nefgitch guigklit theougbd lowsiKnppatgrial
conventional p %llﬂa{E tfekni r . € sk is

patterned out %?ébta‘%e ar dqgreaés “p’é‘%ﬁ%g”?‘?‘%@%@é????%"?Q%Pe‘%‘?g%in‘g{?g?lg?esi st

mask. Thatl5i s, signpificamisbdoststthelohaK dndrerddd etdhahte c Whikapowithing tb be bapdrtiyngs t o
be fornmed in 2 the.l.ogﬂca e dielectric are etched i.n

504, Aot he t oRFPTS ]S BelHES B e RUoBER MeHSSof e MR R herifplly ehers

di el ectric | ayeithtRé Riw-KaniB@di1YE.8S FEARTS o FiimityBrd daWts GARAGIah BB eRdTY Sludeleti C
| ayer and include both trenches and vias. In steps 806, 808, 810, and

optional |y 812awayby thewittegsasbecigsce diel ectric layer is etched. The etching
of the | ow capacitance dielectric |ayer nay take place in a separate 30

pl asma processi ng Chgsrl8ionifRhndiRitSs B?&fr@‘erdacf?:lt){he is8 of B et RIE g B TReludes No/H,
processi ng chanber that I's enpl'oyed tfor the hard nask etch. In step 806. an
N~/ H~- cont2f) ni ngeteh iroeghethe w gapacitance dielectric layer yields improved photoresist

selectivity, which extends the life of the protective photoresist mask that is disposed

above the hard mask. With reference back to prior art Fig. 4, the photoresist mask 102

therein tends to get etched away quickly during the low-K etch due to the use of an etch

chemistry that is predominantly oxygen-containing. In the absence of the protective

25  photoresist mask, significant faceting of the hard mask occurs. With improved
photoresist selectivity, the hard mask is protected for a longer period of time by the
overlying photoresist material. which reduces hard mask faceting during the low-K etch

and the concomitant critical dimension degradation that is caused when the openings in

the hard mask are enlarged.



«2 7 1, SAN ?~~~ WD 00/ 10199 PCT/ US99/ 18518 is flowed into the plasm

processi ng chanber. In step 808, a plasma is created out of th 7 JAN 2063
N2/ H2- cont ai ni ng etch chem stry. In step 810, the plasma that is created
out of the N2 H%ﬁﬂgﬁtg ining etch chemstry is allowed to etch tBropdbo/idacs

| ow capacitan QY% ctric material of the |ow capacitance dielectric |ayer
t hrough the openings in the hard mask. 5 After the | ow capacitance

di el ectric | ayer iRuréer ielhstdeenubdervedhietbe@nernplpgodtdien perfatinel @ittt theaseddn
process ends at, step 814. ] n song ses, however, an overetch step npy be
enpl oyed to c%?ﬂ)éﬁgﬁ%ta 13y inghyde Mo/t Agnearsite BRI AURNIORIS GHUNGRUEE wider

Thereafter, CRBYQOWIRIDN thAh UL DR bYHIRPFIOTAMN Rz DTN EHg Qorb&drkon
integrated circuits fromthe etched wafer. As shown in step 812, additional

gases may al sewmHunaiggedVhide potavislingo behpuad Ry Higonn itds balievedthnithe passiggtianay
f | e, i : . a ,
oxygen bont ar s Hied Byl REAALER IR« AFRAARS osfls BORKLSK, TAAIRLE, 57

N2/ HZ- cont ai niesigtastecth lattrareghing, wRichfabswdihy sidewellotoyrerasincenical thiongh thadowloes
not represent the predom nant gas in the etchant gas mx (as neasured by
percent age of “PBPEY ‘S%mcﬁﬁ}'% i s because while the presence of oxygen
species may accelerate the etch rate 1 S through the | ow capacitance

dielectric |ayer arnt awedfithe RYPL @fchThérhistrs aliséluffers @Y Adnobfbus bdan@bem stry
that is predom nated by oxygen-contai ning gases (as in the case of the

prior art) wotheR emple¥ed iefach theaneh thrlgmsanacitaneeidieleqide ket el water whosghard
addi ng onlpy s FABaER g 0= b AAkHag- - ai ni ng
etch chem str ?/gﬂtlhe mgt _(:Eépgt gﬁ%ﬁﬁxﬁlﬁs& ﬁﬂ@%ﬁ%c@%ﬁﬁtﬁgﬁgﬁ tﬁ?gﬁ%&ﬁ %?-E:a

materi al may trectorpFhiyishespededn hyfzogeadpevipsiabis a9 @ gettermaertd kd mmovareactive
exanpl e, the e represent 0 waf er. hayi t hereon a
| ayer of the ﬁ@(\t/vrg{c’?zf g.%lp gﬁ%lg&g%%ﬁderg?sgiegcﬂhé?rgrﬁea a% cef?’ﬁgﬁﬁad%n%lr’yi ng a
hard mask | ayeartibwadefiomfthd Bfaced bLtht plasiaapacedsmgehatbel dadrédsed flagtiie | S
about 7,500 angsirons thick, and the hard sk, layer is ahout 2,000,
angstrons thi P‘C?F%HWE%IB%@FQ”W&WW%H&EWP? lg%fe%ea@égﬂt#ﬁm%%si st
mask, al tisougbuipythé YiBe@len? - Giglesttic BRA 8ink@tludiie Eci& MLIONE Hard K.
openings to be etched have a cross-section of about 0.3 microns. The | ow

capaci t ance diWithaserepsed haydemagk selectivity eritie! diseensiongontrglis tepreyedy It is glso
pressure indugf .ed pl.asnma. proc | t TCPTM
9100PTX, avai %‘Eﬁ"g& ?‘ragﬁth‘ﬁ‘jé%ﬁ SEEATE e?qu‘r’%ié %&Eli)gﬁgl%[%?feghml @o”?drsﬁ“a&‘gso In

t he af or ement sidewallsToERHe ViaQdnoh MTtKe pdvaXndielpetac ysi. rBy sepetingthetréuetipe fominee
within the plasnma pro in h er. may be between about 1 mlliTorr (M)
and about 9 5?5“#@%@@\%%@’%&%@9@%’%%%%518 30 nil, nore
preferably betreen about 5 ml' and about 15 nT. and preferably at about 7
nr. The tzp el ect r idecqna@platdthiiehdRVHRES (@b odpacitide dialecticanstertdietch 2, 000

watts. nore preferably between about 800 watts and about 1,800 watts. and
preferably at teehBighe My e Prascticed PRy SHEOICHIREIARIPTESIBE FERSFS: HEPIB8 bet ween
about 50 wat t i (b RhAR (4. gD 81 WG En ALY feadiBfs, VAL T S
and about 700%\?\%3?15, ndrc%ér}gﬁs\é@gg%pg%g%gu@. 300%%@?5. The _per?:‘eer?ta e flow
of Nz expr essedreferal gabahimentythegireseot iaventibnis pragtichd intrat indentively sowplad % and
about 95% nor referably between aho % &gir)gooo and ef er.abl y _al
about 50% Thé’%’ﬁg\a CEITRYE TP 6‘1‘°ﬂﬁ§t&§;‘<‘¢)€ﬁ%gs%§ as g%‘é‘? 5%5%05’@2}“8 ‘Sta(‘)’?‘ tzlﬁblc
flow nmay b 1Grdelah®Res@beHICoqbraidd. #0nilhlaes avinglifice beteatakiy obeh RGP
about 5% and 80% and preferably at about 50% As_rreggi neﬂ befﬁ‘rqge, )

addi tional oxyd8PECHREAPATFRTIJaideidingp PASEY RERCeETD ef & N Aigectric
containing et vain&#wmffsrdlslﬂgséd beBYw WA ¥1eRiro BIRLE acttEs RYiE IR EowaRdug e
percentage flow of 02 expressed as a percentage of total flow may be upto
about 15% norehig $E elasinkywithin plasmb poricess0g chamben 7R ineay insuntively cogie withy

al so be 15 added n er tage flo expr S niage
of total flow eﬁ%%@%g%{@ég‘ﬁO‘%?@ﬁfgW%eaﬁ\é\(‘eg%%l‘ﬁ.%%‘b%os‘ﬁ%’cr%gg%?se@ Iq {n)?/e%
bet ween aBout &Wirnd eddpriet Hig ef. aCabis iabnagiatt biICOBEF ghierane7@dapnaatshing

etch, advantageous etch results were observ when. i1s added 1o etch
chemi stry mi xtMEOTKALAnYERtPrIah AR Shayn i ggugRLT e iisiEor). T 17




As can be appreciated fromthe.foregoing, the inventive | ow caﬁ?ci hﬂnfﬁ) '
dielectric 20 etch that enploys an NZ/ HZ-contai ning etch chem ry‘ J
advant ageously reduces hard mask faceting to facilitate a hi gher degree of
critical. di meggdaRof@ntrol. The hard mask faceting w. reducti orCTAIS89/18518
result, in part, of the inproved photoresist selectivity that the Nz/ H2
containing etch chem stry offers. As nentioned before, the inproved

phot or esi st sE¢weEenexefRF a¢nierater 108 engyrbstabent Ve 6IMblzan en¢ epbasdimkntiabthpeghai n

above the har&hﬁi@ﬁ‘a@g?ﬁdﬁ%ﬁ}éﬁ%’?‘sméﬂ oPdq tine, thereby reducing

erosion of the ow capacitance dielectric etch. It is
bel i eved that reduced hard mask faceting and/or inproved etch anisotropy is
al so achi eved t hr oWgthin thanidet 7&. thege mey bo provided hgahgidribyiéon plpeciOéswhighi ch

reduces the congentration of, t reactiyve fluorine species during t | ow
capaci t ance d¥’e eé%r:l’tl e iu@ﬁ:ﬁPl%ﬁ’?ﬂéhoggse%ﬁfd%ﬁmﬁlﬁﬁﬁgg%gﬁfcﬁi"hqq?{balset%t,gl‘fqge

chem strysin gcRekenibtryd3ginfy the RFhiuded pteiiaatdiomBet@bdshhpald distribhfiod pritaros 2003
chem stry al Sgrg{ edgﬁ:e? bowi ng in the sidewalls of the openings in the |ow
capaci t ance df¥ ¥R ¢39-alfke gaseqne prige matsrabiny alsnedeatigted fiom parts typt fngo
this inventiomeRagisheef HenctdiRed WhardS/s8s Rirodce8hRb mﬁée@hpﬁqnd disposed

enbodi nents, there are alterations, pernutations, andceqw‘va ents
fall wthin tpeashegke16f whishacts ayvestcond elettrodstaod ivprafesblybEasedibya radiat t her e

| ' i ol ' h h f
the prevent | HoAspD o 20 i GPEALY Phheciifielife AHom e RPN SR B e
cl ai ms bd0i nt genpeatdcTOanay becdbadi 40Ha 1d odehbatihextatthauph otlipe switdbdd RBns, and

equi val ent s ag_fall,vvithi the true spirit and %(e:ope of the present ;
i nvention. 117requepcies maxpiso bggmpigyed. Wafer 7l ey besecured ta chugk(rd YSHi2 %t chi ng

through a |ay%m@ﬁti&{agﬁﬁh&nﬂﬂaﬁélﬁﬁfé&g@e&ﬁﬁmé bAbnd tRatniPi3s %Pe_c%a&?éamlaing
chanber, said |layer of organic dielectric material being disposed bel ow a

hard mask | ay&reesn a substrate, conprising: flowing an etch chemistry that
i ncludes NZ and Hz into said plasnma processing chanber; creating a plasm

out of said etch CheRadNin L Aualish Maadhdsit 830Ren LI:LUID @Mk 2 er
of organic dielectric nateri through openings 1 n sai ard nmask layer in
sai d pl astfa pr76@ txanit ag)a béw tromsfer medium for accurately controlling the wafer’s temperature
during processing to ensure uniform and repeatable etching results. During plasma
etching, the pressure within chamber 702 is preferably kept low by evacuating gas through
port 760, e.g., between about 1 mTorr to about 30 mTorr during the low-K dielectric

etching.

20 Fig. 8 illustrates, in accordance with one embodiment of the present invention, a
flowchart of the steps of the inventive low-K dielectric etch. In step 802, the photoresist
mask is patterned using a conventional photoresist patterning process. In step 804, the
hard mask is patterned out of the hard mask layer using the earlier created photoresist
mask. That is, openings in the hard mask that correspond to the openings to be formed in

25  thelow capacitance dielectric layer are etched in step 804. As the term is used herein, the
openings in the low capacitance dielectric layer refer to features etched in the low

capacitance dielectric layer and include both trenches and vias.

In steps 806, 808, 810, and optionally 812, the low capacitance dielectric layer is
etched. The etching of the low capacitance dielectric layer may take place in a separate
30 plasma processing chamber, or more preferably, in the same plasma processing chamber

that is employed for the hard mask etch. In step 806. an Nao/H»-containing etch chemistry
8



‘2. The nethod of claim21 wherei.n said etch chem stry further includes an
oxygehcontai ning gas, a flowrate of said oxygen-containing ga%?ebgﬂ ?ﬁbow
about 50% of a total flow rate of said etch chem stry. 3. The thod o
claim1 wherej Rb 9hard mask | ayer is fornmed of TEGS. 4. Theppphjyosh1¥is
claim 3 wherei'n sard plasma processi ng chanber represents a | ow pressure,

hi gh density plasma processi ng chanber. 5. The nethod of claim 3 wherein
sai d plasma piOtass it GHRPHBA prRRERFEdHatber) InReYEOB \eEdL¥sniOl plee@d plosthe
processing chamber. 6.0 The nethod of _claim1 wherein the percentage of flow
of NZ i s bet whbfilemanmegsinchemisty oltugicr § Pthealesmazhat theresied oy @t dre N'Hem 6
wherein the pepmeta0g.REndhitly Rhubked & daf HRREh AR ARE MR diddedgd al 11 0w
rate. 8. The nethod of claim 7 wherein the percentage of flow of N2 is

appr oxi mat el y nB08haddf thetlowaapdcitave dilertrid Ryer through theapeniegyis tig hathmaslst hod
of claim 1 wherein the percentage of. flow_qg | e en _5%.an 0% of a
Cotal 11 ow 1 acuter s 105 BRRERRGAGR e I s UabEE SR UBRY cabrte S¥iGes
gas conpri ses eth précss e ofep SO, InG0rhe cadds Aittiveli, ad dverdttiestepinap e efmpiyad m
10 wherein the NZ and HZ are present_in_the etch chem stry at a ratio of

about 95:5 ando spPpensRiEdenanysitioRnpforaay actosp hedwdercdizersiftesronyvenimmabs ¢ he
total flow 1%roc-EE§nér§E?§gla§)Be &h@b%dﬁo%&% Rldhraitd Srdh@ BB tHE QLRSI AE:.

chanber is mai'ntal ned a pressure between I'mlorr and 30mlorr. 13. The
met hod of claim 1 wherein said hard nmask | ayer is disposed bel ow a

phot or esi st mask. s shawreinisisa 8¢ dradditionalragses mayalyo keraddedytarthe NeHeicontaining

material {Hh a . ' er i ' I ' ' iC
material 15 nSKAHERIBE HEP RLPGr SHRIRCE dadt SuchMeSaolim AL, Hailer 7
et chi ng sai d hxeniplenak okygearconiainingagak (amoh es 8ObPOH &6 dr Of)aharie; addedwi thg an

etch chem str Q‘Ha_t i ncl udes H2 'Ln_t,o sa%j dblgrl @lsma rgcessi.rzgg chanber, said
ot ch cheni st ryNEHIBEERIARIG Gich BRI GTEHEDR) S SRHEnSRE LA gf A0
fl uorocarbon beseskne i HBlominaR 3hd AGhSetBha® BB @K (aOMmessatd tgt;ﬁl%eﬁﬁagm)ﬁfow;

etching, using said plasm, through said |ayer of organic dielectric
mat eri al t hr oudgwWlopldus isdreciuse whilelthearese OK¥gRBr SPEFiCSTRRYRCAtiemsehe EeB &aiSi ng

hanber . T A ' - . 1.6
"ol udes K5, 1R Copfi@hdh BTG EREIE RE YU
i ncl udes an oxstgecheadsttyathat is gregamjnatedfiyconypat-eomdining gabes fag dre thecaset &fi the ng

gas being bel ou aboyt, 0% ol LR, LG Bl edfbdaR! By ST S Vel

amounts of oxygen-containing gas to the Ny/H,-containing etch chemistry, the etch rate

through the low capacitance dielectric material may be improved without degrading the
20 etch profile.

In one example, the wafer to be etched represents a 200 mm wafer having thereon
a layer of the low capacitance dielectric material FLARE 2.0 underlying a hard mask layer
formed of TEOS. The low capacitance dielectric layer is about 7,500 angstroms thick,
and the hard mask layer is about 2,000 angstroms thick. The photoresist mask represents
25 a deep UV photoresist mask, although any type of photoresist material may be employed.
The openings to be etched have a cross-section of about 0.3 microns. The low
capacitance dielectric layer etch is performed in a high density, low pressure inductively
coupled plasma processing reactor known as the TCP™ 9100PTX, available from Lam

Research Corp. of Fremont, California.

30 In the aforementioned TCP™ 9100 PTX plasma processing system. the pressure

within the plasma processing chamber may be between about 1 milliTorr (mT) and about

9



27 January 2003 17. The nmethod.in claim 14 wherein etching said ggd sk
| ayer- and etching said | ayer of organic dielectric naterial are U(Armﬂﬂ%
in a single processing chanmber. 18. A nethod for etching a | ayer of organic
dielectric W&tﬁ@b@imbg’l a plasma processing chanber, said | ayer pETAOSLAS5IS
dielectric material being disposed below a hard mask | ayer on a substrate
said hard nmask | ayer being disposed bel ow a photoresist nmask, conprising
patterning an Wﬁ@’ﬁlm@f‘slpﬂ"@@bb’ hshureoraboitst miasdk abqyal f arhiand peferablnat %bOHrh'ék

| ayer using s N4 photor

chem stry thatqm ?n?ﬁﬁﬁgg%oanﬁo‘gﬁ mar?'tc? bseg‘?'%h Fgu;tkroo ragt\émgg(gia%’gtg’tnowﬁmns
creating a pl asasrapmfd:rabi& bsam&nabmh 8®b@mtts'amcyaboat Qﬁnmgaauanmgra‘mldy pt &o0m@,

through said | r Q ni c tr|c material thropu saldo nln

o o har d- askT Gt THEBPSmilate porse i i tEEeD PO BY e gnuenoao]
claim 18 fart hedusi xasietﬁa%rafblmtwgemowmw@%a abdlit 700 Gaks, Rk re?éi‘h e! asma
processi ng chanber, a flow rate of said oxygen contai ning gas bei ng eI ow

about 50% of =ebewt:30 Watlsw rate of said etch cheni stry. 20. The nethod of
claim 18 wherein patterning said photoresist and said hard mask occurs in

creating the plasme TR B Ay R TR AP A YT ey B betveen

. A9u, . ALN. AL NjbRwtJl 0% Jaril about 95%, more preferably between about 20% and 90% and preferably

o seohare) calgahond sabetkatal sshpleahoalsle loabagloshal sl sal o)

{ val gb] X] ¢d ca] sutdcon]abakict and sstdl 00%Cabe’ abﬂea"og] etveshl BohCHh aad sedGalical cal

cal ca] ca] ca] ca] ca] cal cagg;a] ca ca] ca] cal ~7
8111 W\"h" cAzmepieed before, additianal axvaencentaininggasss Bay ca)

caj cal ca ?a]( ¢ ?Alsa%egaggw 0k soalaahealsalenbialinn) fal. o) capbralabilo; iee! ©

7 ]7 gV\?{ v ?l g ]b] 34dpd.cagl dmlmwm}%c ﬁbwaqf@]ﬁ&aicsﬁ]i%gvar]%?ilmfdaﬂatﬂ@wa}mﬁew]w a]
ca)] c$a]ca] ca a al 1

LV (2B o RO EPRN I (AT St brme R masfS R ) ca
i:a] i:a] ??3] f]lﬁ]x <'\:/k ajduad, caalimhﬁwddh&]ge @]"g‘?f?}@rﬁ%‘bﬁma‘k apbahag oRoll abe n]aéﬂ] ' ]a] cia

cal ca c].ca] ca

ca] ca] ca] ca] ca "cf‘é( 85‘]%{8]383 @iég‘%@a}o&qr& %E%]QPQPL%]@& {f%aaﬂc aU| c
a] ca] ca] ca] ca]j ﬁ@fe?@b'l}xﬁt[aiaulﬂS% \In\drex Bigeous etch results were observed
cUcgce(ee<fgg}xsnid Z]]c]]ca]ca]cal ca] caj ca] ca}lca] ca] ca] ca) ca] ca] ca] ca] cajc

a] ca] ca] ca] ca] wht@Pe i5]added ) watchedhemiisn] ke hoang pgenf N i8aed 95:5." ~ amaaab

Uc <f d .
21 cal ool oal a] oa) cateeroa SRR AR RALRALER) RS ER BRI GRG Rl €
109%0& () -208 @vixth ehgt (I)lplbymm@@ta(n)ng etch chemistry advantageously reduces hard mask
oo () - Frooa eyt FEORER Stmtes eeiris (lipulgl bbbt Toe g et
% 1090& () - y#10odh&idn)is b kébQRT& padt; SXRhel mifrd vekRMborésist 2UBARAT &hdt heN/H,-

1t 1097& () -/ 109%& () - - YI0UT& ().- | +1090&
109%g& () - g&ow&"’(@@’é)fmp S)Iy(o)f%rﬁ W&@%ﬁb@f&f& y e improyge phtpresist

selectivity allows the protective photoresist mask to remain above the hard mask for a

25 . longer period of time, thereby reducing erosion of the hard mask during the low

capacitance dielectric etch.

It is believed that reduced hard mask faceting and/or improved etch anisotropy is
also achieved through the gettering action of the hydrogen species. which reduces the
concentration of the reactive fluorine species during the low capacitance dielectric etch.

30 The use of an N/H,-containing etch chemistry in place of the prior art O,-containing etch
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' dEbC10%& () - FLO%g& () -s! 10%g&: () -
10%& () - S910%& () - 10%& () - ~UaBbCS10%g& () - &Y 10%& () - . W&L0%0& () - L3
10%& ()- "10%& ()- "10%& ()- U >dEbCL&* G 10%& ()-( 10%& () - L&g

10998 () ~LY% 10%8& () - #1098 () - 9L! 10%g&! () - >BdE: / 10g 10g; sy 2003
s10%& ()-s3! 10%g& () -1 18310%& () -/ 10%g&’ ()- " L- 109%g& () - + TOVGE 63 &2A XY
./ 10gsL$109%& ()-! 10%& ()-' y10%& ()- $FL0%&: () - 10%& () - $100 () 7 10g

cvai 101 1SRN Rt Btyite 5N ot ks ST b %%zm‘ P

107 8! ! Willediric Tayen\e@BPiniprdfige 10erdidgioRild @8 () - 9F"'S 1099 (
#10%g& ()-& 10%& ()-!t;:$10% ()-3\"h"""""V#JEVK@ 10! 1 10! 10%& 0)-
GLO%&: () - $109%eWiyleshinomvention Tasrbeon desaribey- \niennrsesevee weferred

18327?182@5%@%%0%}%@ %ﬁ%ﬂ%%&f%&%?ﬁﬁt i s MRS
scope of this invention. It should also be noted that there are many alternative ways of
implementing the methods and apparatuses of the present invention. It is therefore
intended that the following appended claims be interpreted as including all such
alterations, permutations, and equivalents as fall within the true spirit and scope of the

present invention.
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10!'1 1 10 10 10< 10%&' ()-  0109%& () -

@ #10%&' ()-L, 109& ()-3+f 109 ()-'' ((1)*B, }*<YNC 10! 1! | #10%u& ()- L

10% u& ()-!, #10% S-S& ()-!

#10083& ()-!Y! 10% u& () - 3%&10% p& () - FB, k-.r/00000WXMB7 10! ,10- /;D

10- US; 510% U& () -! R #1098&&' ()-!' #10%4H&' ()-!t' #10% u- u& () - M1 #LO%Iu%: (

000 1°112dEMB7 10! 10-u 13 &10%& ()-

109& () - ég%&' ‘(33 Y109/ ( ) 109&' () - L$10% () - G2b223333/ 4dBVB7 10!

10- u! yL#1 ‘Ef Y& ()-Z 10%& ()-9' 10%& ()-Y 109 ()- 109%& ()-/444.555
7aBVB7 10!

707" 8uag) o GBI Es IR By ® e or b bipkeig i S ) v,

109D& () _prgg:elsg_l()g/&lfu(rylbegl said layer/of-orgamic d]@ cl;[@,lmatenal being disposed below a hard
10- u! 10%&n4sk- 1%(3?{@ sﬁ?)st}ajcé?oc/@mfn)lmﬁ@m:loo/ﬁ& ()-101010LO#10%&' () -; ; (<<<9>>dEeF

flowing an etch chemistry that includes N; and H, into said plasma processing
chamber;

creating a plasma out of said etch chemistry;

etching, using said plasma, through said layer of organic dielectric material
through openings in said hard mask layer in said plasma processing chamber.

2. The method of claim 1 wherein said etch chemistry further includes an oxygen-
containing gas, a flow rate of said oxygen-containing gas being below about 50% of a
total flow rate of said etch chemistry.

3. The method of claim 1 wherein said hard mask layer is formed of TEOS.

4, The method of claim 3 wherein said plasma processing chamber represents a low
pressure, high density plasma processing chamber.

5. The method of claim 3 wherein said plasma processing chamber represents an
inductively coupled plasma processing chamber.

6. The method of claim 1 wherein the percentage of flow of N is between 10% and
95% of a total flow rate.
7. The method of claim 6 wherein the percentage of flow of N is between 20% and

90% of a total flow rate.

8. The method of claim 7 wherein the percentage of flow of Nj is approximately
50% of a total flow rate.

12



10! 10-u!’ 109& ()- !109%& ()-"109% ()-s10%& ()-
@O0%& ()-f10% ()->>7???@AdEeF 10! 10-u!s' #10% ()- @
| 109& () - 2" 10%& ()- 10%& ()- 10%& ()-Ty 10%& ()- <ABCVCCCDDAEeF 10! 10-ulss6
100& () - 4109 () - y210%& () - LO10%& ()- S/ #10%& ()-9)! 10%& () - DPPDDDDE! EFb@
10! 10- u! 3#10% { & ()-| 1 10%g& ()-$@0%é& ()- 10 10 10s9 y
109& () - S#109& () - FGHI JKLzX6b@ 10! 1 y(#109%& () - F! #10%g& () - GF109%g& ()-m

101yt ot (HRGE bgln JGER e EhORE LY Y B 54

10%9& () S(O#&GPAQ&H )ﬂoﬁO@tEG(CD\/QXQjE _@10!'!'y9y 109%@& () -

109 () - @10%@& ()- 10%@& () $ 10%@& () - YI0%@&' () - @?SSJTTTdEj @
10! y™ " 10%@& (/y@‘LI "110%@R () -

10(y@ ()-19:100 ythgql/p_flgla@Z(\yhgelmoh@XQen'pm/ngon@lses at least one

10!y, 10%eX g
#s 3( #10%Q®! (2% (#10%@ () ESH10%@ () - % 10%@ () - VRWOVWKr XXdE] _@

10! | y3F7y#10%@& () - 5@ 10%G& () -
AmLO%@& ()1~ 92 Ié@Bethdd SO IAMORD (Wherdi WEEN{ andPLOGXXpésEnt[ih thébétcH Bhemistry

/R, - I | oL, /R, - /R’ -
10%: () “at alrgtl/f)& of )about 9%05/& d(gaid X#}goer{qgéogaini%g @as comprises CO, at about 35% of
the total flow.

12.  The method of claim 4 wherein said plasma processing chamber is maintained at

a pressure between 1mTorr and 30mTorr.

13.  The method of claim 1 wherein said hard mask layer is disposed below a
photoresist mask.

14. A method for etching a layer of organic dielectric material in a plasma processing
chamber, said layer of organic dielectric material being disposed below a hard mask layer
on a substrate, comprising:

etching said hard mask layer with a fluorocarbon-based etchant;

flowing an etch chemistry that includes H; into said plasma processing chamber,
said etch chemistry substantially removing the fluorine species of said fluorocarbon
based etchant;

creating a plasma out of said etch chemistry;

etching, using said plasma, through said layer of organic dielectric material

through openings in said hard mask layer in said plasma processing chamber.
15. The method of claim 14 wherein said etch chemistry further includes N,.
16.  The method of claim 15 wherein said etch chemistry further includes an oxygen

containing gas, a flow rate of said oxygen containing gas being below about 50% of a
total flow rate of said etch chemistry.
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etching, using said plasma, through said layer of organic dielectric material

through said opening in said hard mask layer in said plasma processing chamber.

19.  The method in claim 18 further includes flowing an oxygen-containing gas into
said plasma processing chamber, a flow rate of said oxygen containing gas being below
about 50% of a total flow rate of said etch chemistry.

20.  The method of claim 18 wherein patterning said photoresist and said hard mask

occurs in the same plasma processing chamber as flowing the etch chemistry and creating

the plasma.
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