TWO STEP ETCHI NG OF A BOTTOM ANTI - REFLECTI VE COATI NG LAYER | N DUAL
DAMASCENE APPLI CATI ON BACKGROUND OF THE | NVENTI ON Fi el d of the

I nvention [0001] The present invention generally relates to

sem conduct or processing technol ogi es and, nore specifically, to

met hods for etching a bottomanti-reflective coating (BARC) l|ayer in
a dual damascene etching process. Description of the Related Art
[0002] Integrated circuits have evolved into conpl ex devices that can
include mllions of conponents (e.g., transistors, capacitors and

reststors) alor SYEPEY AN SEoh BioFrtnd At HEECEGTvE:
The demands COATING & AYERLIN DAL DAMASCENE APRIICATION

t he di nensions of the integrated circuit conponents. [0003] As the
di mensions of the integrated circuit conponents are reduced (e.g.

sub-m cron used to fabricate such
conponent s ?WBQP@QOFHE’%M@E cal performance. For exanpl e,
met al i nt er Eigtd of tte wweltidrow r esi st ance (e.g., copper and al unm num
provi de con ve nt rate

P peut ts. T S ¥ CTBE e Py dn eV RARER 16 s8Rl EHr HrEhesing

i nt ercon necuecianolugrea rarsl, doaret spench“ sallye 40 madthadse karcéichingl a [ootipmr amtes .

copper 1Nt e GRRGLoaRNS ARG 1Sydr iPh Gk dhrlaBRLCALRA, BRg @ damascene

process in whicC renc Va5 8re ctric |ayers.
The trenches and vias are f|IIed wi th copper which is then planarized

usi ng, for %@%&n&ﬁQWI%E'WChani cal planarization (CWVP)

Process. (0002] Integrated civcuits have evolved into complex devices that can include
millions of components (e.g., transistors, capacitors and resistors) on a single
chip. The evolution of chip designs continually requires faster circuitry and
greater citcuit density. The demands for greater circuit density necessitaie a
reduction in the dimensions of the integrated circuit components.

[0003] As the dimensions of the integrated circuit components are reduced
(e.g. sub-micron dimensions}), the materials used to fabricate such components
contribute to their electrical performance. For example, metal interconnects with
low resistance (e.g., copper and aluminum) provide conductive paths between
the components on integrated circuits.

[0004] Copper is particularly advantageous for use in interconnect structures
due to its desirable electrical properties. Copper interconnect sysiem are
typically fabricated using a damascene process in which trenches and vias are
etched into dielectric layers. The trenches and vias are filled with copper which
is then planarized using, for example, a chemical-mechanical planarization
(CMP) process.

{0005} Copper interconnects are electrically isolated from each other by an
insulating materiai. When the distance between adjacent metal interconnects
and/or thickness of the insulating material has sub-micron dimensions,
capacitive coupling may potentially occur between such interconnects.
Capacitive coupling between adjacent metal interconnects may cause cross talk
and/or resistance-capacitance (RC) delay which degrades the overall
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[ 0005] Copper interconnects are electrically isolated fromeach other
by an insulating material. Wen the di stance between adjacent netal

i nterconnects and/or thickness of the insulating naterial has

sub-m cron di mensi ons, capacitive coupling my potentially occur

bet ween such interconnects. Capacitive coupling between adjacent
metal interconnects may cause cross tal k and/or

resi stance-capacitance (RC) del ay which degrades the overal

per f ormance of the |ntegrated C|rcuit In order to prevent capacitive
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[0008] Typically, during the BARC 114 or photoresist layer 116 removal
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[ 0009] Furthernore, renoval of the BARC and/or photoresist |ayer
renoval process may al so | eave contam nants 124, such as residua
BARC, residual photoresist |ayer, inpurities, organic or inorganic
byproducts in the vias 128 and/ or trenches 122. The contam nants 124
present in the vias 128 and/or trenches 122 may adversely effect the
overall integration of the interconnection structure, resulting in
poor device-reliability and electrical performance. [0010] Therefore,
there is a need for an inproved process for renoving BARC in an

I nterconnection structure. SUVMARY OF THE | NVENTI ON [ 0011] Met hods
for removi ngp@cwenlcasymn ¢ordamniag fplssma elchupeocps®is pisarﬂ)rmadttdneeqmt edtent

subst rate. habiergmaRHEEBAE byen (13 I H8raREiar K o P8 Drrvate
chanber, suppdiforpiag fi gashoryaxideipotyores vdshpisi mzmr@dNHB @‘d‘he |pmdmssuhg:
chamber to e&tﬁ?n T li&wdve? 05 )@ggﬂ p?ésehﬂ@a?ﬁ‘g(auh@/rg{e JeHOIVEB% éﬂ'ﬂé rf%{er

feature, and sup y| ng a se
the etching wamhmqrewdayerﬁéBmmtmchgre;mnseﬁ\smwmhbzmuﬂay@r

di sposed in ﬁﬂ?offiﬁéttﬂéﬁ es[%‘gr%dléﬂlé‘.nﬁmfmﬁgg pI’OVI rié Q@kﬁ%&f&ﬂﬂ for

renoving a BARC | ayer eature I nc strate
havi ng f eat ulgey Fid Fxygenm maydp@n actirQ sondhsnitha sw@aqeagféhe alrelectid bulkd

Wi th a BARC hayging P8 1%0Whﬁ:hagéﬂ%?selys‘Aﬁ@&tythﬂgdr@!e&r&%{o i gnoffmge
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filling in tdielestdabyicinsyating layen J1hd o egé@eied ogmmmmceumulﬁprm. ng
02 gas into BQidehaliaen &%)@B&!H Sdiact 938! i DIoRAK HieRidtd b LLI’@?hs

| ayer in the feature. yet anot her enbodi nment,

for renovi nglaxéﬁrfmﬂcam%yeﬂeff% ity theea@re%l%le Higlestsicgy quhymj\uamg 1he

substrate haydrigh &e‘?ﬁéﬂéh%ﬁ tﬁ@naeghrfaeeac%sh [EHBich aj ehadd e didly@rc and
filled with a BARG | a i n an _etch chanber, wherein the dielectric

i nsul ati ng I"élyéfta"h‘éfsthﬁ “?j’l’ kragierialdo spHesrahly inwease; Frsyltngdn askiens) phy a

first as m ﬁharrﬁataﬁe\umae&ihia eseriés. M WoesBReEs-1aR SR NG ARy
1000 scan into the etch nber 0 etch a rtlon of the BARG | ayer

filling in t‘ﬁ‘"é'e?%a‘?lﬂr@"'e Cﬁﬁ'ﬂ[ﬂ 10@95&9@ MIO%ES: mi xture conpri sing

02 gas at beopssn Faabérmidle SeeBvanet mbwtn@aﬂd/aﬁﬁmtbmsm Hyer Rinﬁ‘diral
chanmber to etchthe repai nin ortlon of the BARCIgz H
foature. BRREFFISER PFPIRRIEC fqts saoh 26 residial BAAC, rosidual

photoresist layer, impurities, organl,c or inorganic byproducts in the vias 128
and/or trenches 122. The contaminants 124 present in the vias 128 andfor
trenches 122 may adversely effect the overall integration of the interconnection
structure, resulting in poor device reliability and electrical performance.

[0010] Therefore, there is a need for an improved process for removing

BARC in an interconnection structure.

SUMMARY OF THE INVENTION

[0011] Methods for removing a BARC layer from a feature are provided in
the present invention. In one embodiment, the method includes providing a
substrate having a feature filled with a BARC layer in an etching chamber,
supplying a first gas mixture comprising 'NH3 gas info the chamber fo etch a first
portion of the BARC layer filling in the feature, and supplying a second gas
mixture comprising Oz gas into the elching chamber to etch the remaining
portion of the BARC layer disposed in the feature.

[0012] In another embodiment, the method for removing a BARC layer from
3



[0014] So that the manner in which the above recited features of the
present invention are attained and can be understood in detail, a
nore particul ar description of the invention, briefly summari zed
above, may be had by reference to the enbodi nents thereof which are
illustrated in the appended drawi ngs. [0015] Figures IA-ID are a
sequence of sectional views of an exenplary dual damascene
fabrication process; [0016] Figure 2 is a schematic cross-sectional
view of a plasma etching chanber used according to one enbodi nent of
the invention; and [0017] ngure 3 is a process flow diagram

i 11 ustrati ng? SPRIVERIUdeTeRfOVIBINg A Reltsiate haywing (ﬁ@ﬂ%‘?sef?f@?é R dgligleetrie d

for etching msiRéiig iaﬁé(reéntﬁﬂléﬂ%nﬂﬁam(@ﬁ F %1 ah @8 cHafbr d8lblying a
damascene structure; and gur es -4B are a sequence of

[
sectional Vi @'ﬁkg%?fm'éfué%ﬁ?'l’?féﬁ’%@@ﬁ@tq hechambeidr et BedoR et he AR t o
one enbodi nerapeM||.dd1a tﬁé fseiiive, hnd 0pplIARg al $¥28d ¢d® nliaaid d:drﬁéﬁ%mg 0,
under st andi 23 ? ﬁ'ﬁ ref erence nuneral s have (—:r"@ &r wher e
possi bl e, Tt af'ﬁ’@ﬁtt‘? Eloh 18P dRRAINING; pRIToR, Plet o‘%% layperiin dne
figures. It featupnnt enpl at ed t hat el enents and features of one
enbodi nent ene ICI orated other
wi t hout fur mé}'ﬁr e ?tyﬁ{ ?B‘H %’Bé?ff EWV'%M(’U PRGt
t he appendedtrdii aa/\nfmh ei ?bluﬂés qwndm@ Va emmteahwﬁ@heﬂuww?ea ihd s
i nventi on and .are the or,e not e cons ting.of . its
Loooa | O A tesBf S iy el BredwE RoBRBE Byes, M. e mber,
enbodi ment s. wirdiAl thé-didcBieRINSHatilY layer has a dielectric constant less than 3.5,
supplying a first das mixture having NH; gas at between about 50 scom and -
about 1000 scem info the etch chamber to etch a portion of the BARC layer
filling in the feature, and supplying a second gas mixture comprising O, gas at
between about 50 scecm and about 500 scem into the etch chamber to eich the
rernaining portion of the BARC layer in the feature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the above recited features of the present
invention are attained and can be undersiood in detail, a more particular
description of the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in the appended
drawings.

[0015] Figures 1A-1D are a sequence of sectional views of an exemplary
dual damascene fabrication process;

[0016] Figure 2 is a schematic cross-sectional view of a plasma eiching
chamber used according to ohe embodiment of the invention; and

[0017] Figure 3 is a process flow diagram iliustrating one embaodiment of a
method for two step eiching method for etching a BARC layer andfor a
photoresist layer in a dual damascene structure; and

[0018] Figures 4A-4B are a sequence of sectional views of a dual
damascene fabrication process according to one embodiment of the present
invention. '

[0019] To facilitate understanding, identical reference numerals have been
4



[ 0021] Enbodi nents of the present invention include nmethods for two
step etching of a BARC | ayer in a dual damascene structure. The

nmet hods preserve the quality of the lowk dielectric filmwhile

mai ntai ning a high renoval rate by using different gas m xtures at
separate BARG | ayer etching steps in a dual damascene fabrication
process. [0022] The etch process described herein may be perfornmed in
any suitable plasma etch chanber. One such etch chanber is the
ENABLERS pr ocessi ng chanber, avallable from Applied Materials, Inc.,

of Santa C ara, Cﬁllforn ? i S conteng%ated that the other etch
reactors, i nt3addigre PRSI ‘?vﬂ%ﬁ?%‘gﬂ@?’ IRlarpends dhat ey commendpitll t o

benefit f r orfigués. ity @BhteRiplatdd BB bleheaty MdfclRPdsCofon srRbeIMbhttmay
vi_ew of one enpodi nent of a plasna etch sglstem 202

cross-sectio [[J'I é P
sui tabl e forPHRENESPRIgCHRealRd iRgther epbpdments wilbout fugher, retitation.e
pl asma et ch mzdl]emlﬂﬁaomamdtéw lhadlever, thadtesdp h@éﬂ%wﬁ@dylh%&'@tew ng

duct hanb
Conduct 1 ve. cCREARY REPP f’aoﬁ%‘amvpatrqw%ﬁ?ﬂgrefpr RiConeanore

condui ts (naimitfponlitstdtape,afe thedmiedton Manddan tarauadeQMycam&wé lve
chanber waII 230 %’rge conductive chanber wall 230 is connected to an
el ectrical A liner 231 is disposed in the process chanber
body 210 to cover the interior surfaces of the conductive chanber

wal | 230. T as a surface protection |layer that

protects thﬁtA@EPoﬁéﬂﬁﬁﬂéﬁof t he chanmber wall 230 of the process
chanmber bodyoaa1]. I&nhnﬁ&nmtb@dlhenbseﬂthmdnﬂminc&ﬂé nmhodimfd‘rabo istept ed
by ceram c t.eri | i,caon..car bi Y203, and
Che T ke, [ 096 S12BpRCHEY Y piBlemiabhe i BLTOR RHIRGS 2l&de, oy
is coupl ed thdznqoalgﬁoaﬂnﬁommnelemt:\mn Adie nwirgtaining e high wem o8 Gate Ay

oty 210"t o BRpafeenl dur rPRGRE s BepBl: BRECCRY P b ieerRc AT

pr ocessi ng. dﬁrmssermdebmcqhenlesxcaSs 216 may include an electrostatic

chuck 226 f ta L 2 s
ut |uI i zed tocﬁé%éﬁr orﬂ% hp%\%e%légﬁe%% J?e?%nt"ﬁéé;% g%@é%?ﬁf?&%‘ﬁé@%
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bi t T

Sour ce 222 ?ﬁaﬁ‘éﬁfe%ﬁﬁaw%&P@“gﬁami’égﬁﬁcfﬁﬁ s e
tunabl e f reqneiﬁmﬁ'md fthaint @oQ'ﬂ?eBOETR'HzfeﬁgtOmolmFIUG(DQI\/HlOSGarfr@ﬂa Q:theis
power of ab%ﬁnu@acﬁﬁe:%bﬂ%l? bﬁ’aggﬂem bénefitfiém McAvdRipe! source 222 may
provi de a si gnal requenci es, such as about 13.56 MHz and
about 2 Mz [0Q38i offigure2 d@ﬁétsm sebepgiip eroseaeationalviewreh ongcerab@iiment

pul sed DC Swwas&aoet%ﬁlsy&eﬁu é@z@@fa%%ep%rm SHPEH ﬁmaléees@&@ﬂf fheat

| east partially controll %/ regulating the tenperature o
suppor t pedédehtion ke ﬂ'fr‘ﬁ"@ﬁé CHRYSEMBPR May Hiecludepd Bracepe sbamber borlg

includes a ¢9glHalfgR %r@uéﬁ%%h%hﬂi&‘?aﬁ%b%d@ﬁ@@% ST ﬁ@fenfde%t@gofa

coolant. In addition, backsi de ga such hel i um (He).

provi ded fr & eonghstiveoghasbes xall 330 i GBPWPHé{f'WQHt%“dCCFM'@FQ Cﬂi‘%‘b‘és ed
bet ween t he ﬁ&%hoﬁhﬂﬁaﬂire%&teﬁﬁh%w arotfd tﬁ‘ﬁ"ébrﬂﬁ@t%%aﬁﬂ@? wﬁthXW)

formed in the surface of the electrostatic chuck 226. The bac si de

gas provi dedhgrepdicive CH%’HPE"t valh2sQ s eongeted 19 AR qiRediical ground @34nf ¢ he
substrate 26Rer é?ﬂelsedneﬁdsbesh ahé fbrd‘déﬁ@ leh2mBerBddy32 RP1d B&Yer dRe dhterior

resistive heat er wi thiin the chuck 226 to heat

the subst r aféeqss 088\9 Q?Qd‘ﬂﬁt%l‘é’ éQ%‘ghif wall 230, e dipsrAHetarves: asea SWReer at e
260 is mai nb?dtétﬁi@n geﬂtﬂa@ Hﬁﬁécﬂé tHeSinRlioQiaBE Bf MerbmbEr Wall 28®bf the 00

degrees Cel si us. A showerhead 232 jis nounted to a rid 213 of
the processpm%éahaweay bedy 210- a'nsﬁaee%ln%?fymﬂtr dhetlingh 231 1Ry be

substrate pesgshel gﬂr%@réﬁélnﬁweﬁ%@dﬁnbw MN AlRor? BRDIID, 998, Rape!

238|stU|dIy cou ed to a plenum (nof shown) "defined befween t he
the like.

[0024] The process chamber body 210 is a vacuum vessel that is coupled
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proxi mate thereto is coupled to a RF plasma power source 218 through
an i npedance transforner 219 (e.g., a quarter wavel ength matching
stub). The RF power source 218 is generally capable of producing an
RF signal having a tunable frequency of about 50 kHz to about 160 Mz
and a source power of about O to about 5,000 Watts. The RF plasm
power source 218 may provide a signal at nultiple frequencies, such
as about 13.56 MHz or about 2 MHz. [0028] The plasnma etch system 202
may al so i nclude one or nore coil segnments or nmagnets 212 positioned

exterior to &)Ee harlg%g WEHH 2%0, near the chanber lid 213. Power to
the coil segiEMHENA thigide valve 2o 1o, rvagUYY PYMPESSofsiuPBert Pedesipt 216 is
| ow- f r equencylispdsedanviie SOUOHTEr RS froced¥haRlbePuady @1 oSialRtppét & substrate
pr ocessi ng, ressu within.the interior of the chamber body 210
s cont rol | CPLEPAoRaH: TiEieor, SHea' Paressing- e peert Redgsial, 210392y | n
one enbodi neitiudd b aatropats shick 286tibi rReidifify tHy SibsPateafcol ASDC hawber
body 210 is nmai pt i ned at tt)out 0.}hto about QCﬁ nmlorr,. [0030] A
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B otacs 300 asLbivepn i shawerhos S12 AL INe b2 3.0 be howEmgag 200 .
3OQt_bg|gi nfs aic];lﬁfg@[a @?_&Iitlyxbf nmy:udgut@v Qas%ﬁlb%\?o‘ﬁd&?mwblaﬁurﬁ ﬁfﬁh‘l fhlegagCk
Sulta e or rpcatin a dua anascen Struc re. sSnNow) |
F e aA PABST PR ot Bfler 18- PEERSR RRBTeY dothr 21 B8 Pkt BRe
structure 4@HoRerbad 282 iGN afrdrgedVinl differ¥htazohdd sudi thalt ividus g4des

includes a dielectric hul k insulati ngyl2a er. 410 di sposed gn a

can be released into the chamber bo 10 with different volumetric flow rates.

[0027] The showerhead 232 andfor an upper electrode 228 positioned
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[0034] In one enbodinent, the dielectric insulating |ayer 410 is a
dielectric material having a dielectric constant |ess than 4.0, such
as less than 3.5. Exanples of suitable materials include carbon-doped
silicon oxides (Si0C), such as BLACK DIAMOND(r) dielectric materi al
avail able from Applied Materials, Inc., and other polynmers, such as
pol yam des. The dielectric barrier layer 408 is selected froma
material having a dielectric constant of about 5.5 or less. In one
enbodi ment, the dielectric barrier layer 408 is a carbon contai ni ng
silicon Iayer § ak% a nitrogen doped carbon containing silicon |ayer
(SiCN), or thexm therejp ’%)&9&5‘?@ to 18, BF (piasraR Popver sawree %ﬂeltasﬁé'ﬂhlﬁm
may be a BLGkfpeasbeatf@iohner 27 @(d. 3 quatépivhddl ﬁﬁﬁfﬁh&\g@m dThe R
Material s Inc. 003%} g e tren ﬁ?ﬂZZ [ fornedﬁ¥n t he eugctrlcF
insul ating | SV %&eﬁe‘ﬂq{?%@?{’a& ah ProFvRing A IR iRk hayig ér

4 f12t hA ?ARG tuates fréalﬂerfoyl dfiabgui 50 kR t¥ ltaﬁomﬁsmt MH@wafaelgoeﬁ:&e bgﬁelb@ﬁ tom
0 e trenc e photoresi st_| ayer

be conventi o%ﬂ”eéﬂ %&9@@ 'g?'aigﬁ%ﬂ: RIS P?/‘ﬁ%rrqoercﬁaq@r 2y proyidg @ to
pattern int eggrel adnump!atﬂnet;uaﬁwesBMdh@sda%mwsemrw abé@m MAe. vi a 420
toaheighto[pﬁﬁ qttom rface 428 of t%g h 422, thereb
slightly pr (ﬁ‘gu VY HER 26 P8, £ Mgfe col
conpri se, fwegmamﬂrmamgﬁaﬂmdmhﬁéd akisricrus h\ea(siapmleya:ml dss, reaflthe

or | nor gani EHAPEY T 1S Py R BRaRen 21 0% caPPIELY BRTpFe,

silicon car odee anadowdfreqliericy AG poWéresoan:dennent depicted in Figure

. 4A, the BA er 414 |s a,’_ orqgani.c material spun-o substrate
202, 1'n anomhdcy Hibia,odidie SretRo, Bis Hiafkurs MiB eumust e
coat ed, depahatnbdr bcmiy 210 beﬂnimﬂetih:smg tes gas pangl 238hew tbel lthraiﬂéealve

ot adet er i e pat o oraRehy 88 s 8hys, MM G St U L Prfoney

| ayer 410. Dbody B0 tshmaiptabedss abdut Ot icidebenti9®adi@at t ern and/ or feature

f t t I

e mred. | e J0Rg, WESHANSG il dho LYl bocBBnd fnf PELIRNS

the upper sumdroey 242,6an§f smeﬂ@iretmc%ﬁt is conpled i thagaliayetompaents of

Al ternatively, s% &Sﬁttﬁrfgﬁﬁit RNURLESE ik @é@%&esd'gﬂzm o0&t inventi
nove t her eg ﬂg

substanti al I_ry exposing t per surface the
dielectric i hgunampr%%y:en belany |cnmemsomadsblesma@pmctse@h ian lﬁh@me

4A, t :

the dunl danade rhetfo RGN 1edq BRGiory SOUTHEPpf A rhrd BRR G afly 7
feature ar e othes frgmef digifal storage, legat petamate to the avﬁ@mr?g2 or §Fal 24 dhe o
for the t re@Sﬁbcf}tzarcuit§2@6"@%diﬁ%storﬂk@éPU@cﬁﬁ&%@B@ﬁxhﬁﬁh& aparogdlg is

not present, the two step etching process erfornmed to renove
t he BARC | ay’le‘Fom@ﬁt'qF’éhHﬁﬁléﬂr i ihesp cirgyiissinglpde Ca?'ﬁﬁ):{’PJWBAtSUﬁP% slogk g
first etchi B%%eﬂfhﬁo(ﬁﬁftf&fz&ﬁﬁ ah@ sl afsieﬂlé !in@ttﬁ‘é"lllé @Pédf!m%?e flutihde
BARG | ayer 414 fil the via 420 an osed through the trench 422
by suppl yi n§* & Serigssef Fﬁ%@a'ﬁl’&ﬁtﬁ#cﬁoﬂsrﬁt@ﬁ@‘ emw%ﬁﬁ%wg}enwzcutﬁq* by,
portion of yhecpatuerdfdePiMlRiAs Skh bitdh 244 & pEbrARn REPHB6sksR t he
substrate surface, the first BARC etching step may al so etch the

pat t er ned pﬁlﬁlﬂ'ﬁ’%ﬁg}"el‘%r 412. [0038] In one enmbodinent, the first
gas mxture ;r@om!)l | Bduid? @nfyhoRt Ghb r&eﬁba@@wg@r&maﬁ Hriohs PR Yf a
gas (NH3). The Tirst 8a m xture is used to renove organi cwgglé__ne
and phot or e8laghacelghip mbgEs, b cgB MRS 48edita PRl dhep inven ©€hi ng
processes aas?érﬂplepmﬁén%nt wgas oh eomwabw&t @ncfsbiaé poRer &?ﬂﬁbé)&dﬁﬂw fhto

el enment in th first gas xtur&I cl eans the organjc resjdues

forning vol & PESREAFEGE U5No EGHbS%'R!I@M?’ nigme. pHﬁtﬁ‘SdeS'ﬂntm%f
the et chi ngssuiss 4wl ineOtibs (HWRsiaNows liicphgdrk Johirslubf acgiasniiie

first gas m xture-may al so passivate the sidewal | or exposed
density and a bias voltage of the substrate with respect to the plasma. In some

h

applications, the source power may not be needed and the plasma is
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[ 0040] Several process paraneters are regulated at step 304 while the
first gas mxture is supplied into the etching system 202. In one
enbodi nent, a pressure of the gas mxture in the etch reactor is
regul at ed between about 5 niforr to about 300 mforr, and the substrate
tenperature i s maintai ned between about -10 degrees Cel sius and about
55 degrees Cel sius. RF source power nmay be applied at a power of
about 150 Watts to about 2000 Watts. The NH3 gas may be flowed at a
flow rate between about 50 sccm and about 1000 scan, such as about

400 s0or 2o 208y 5o i o704 e B 5 et By,

rate betweenaahagnetiSteld appled o thd vatuuiOdambenasing 6laéti¢magnetsiesuch as

nmbodi f
o oreder 1 ned " mabtsEh 235 B B CRIFEHoqbaty (44 Bt s Mo A At ©
t er m nat ed byoqrc@oea ﬂngouree Meotherbmwcmns.db@ psmagnabbe geadrdted in
seconds. Qﬁ}{eﬁé‘r{ cﬁHfB 'the t%] ich m@éﬁﬁﬁ%&&g t&?até.& e&g ”%o*?ee

e

t er m nat ed by r SUI or exa

opti cal eni spieemacoutpg, @nﬁe&ubseﬂﬂeow guided (!metzt}e Ahambgpusiti@ tec:!unmees)nd
etching step I d to etch and renove the remaining portion of
t he BARG Iayié'ltaﬂz{ﬂﬁﬂ?é)%ﬁn the via 402. The second step 306 al so
renoves any E@B?lern@ﬂlll‘ﬁﬁbﬂbﬁfé@esa flouy dingrampoly & BARG regnayal Dmesl:”pﬂ@@

surface 416 Qfﬁabféefo?'t%teeigté'dﬁd HﬁMk%thaﬁr@é%n esd Mocd one

etchlng step I's orned usin secon as m xture Supp d i nto
t he etching emaem@emzdztheunvmeneﬁsws 8 atmeem#ds@@mmm@se

i ncl udes 02 gagonWR Q m%‘éngg?aefﬁf Hé&eﬁ%@d ﬁﬁoﬂ%sﬂ%gﬁﬂé

volatile polyners wt resi s and byproducts fromt
etching st epreymabﬁ@cﬁesaépg Whe rPregess r3fRamay g sedsiv mespry 242’ as

phot or esi st i‘nétYeS’c‘noﬂéLﬁtaPWhEH %x&m; byPéhe cBRiollel B&S séwseethé 'p%c%% kY0 to

renovi ng the residuals, rﬁ;ﬁro ducts,” remai ni ng BARG
phot or esi st PapRiformed i g ehamber?ist r at e 402 out of the etchl ng

system 202. Bb@apxmerprsé&amb bleBink B?st&@g@i‘gy]&%%ldfﬂg?ﬁ é’tit%trﬁfech‘elvﬂt@% a
hi gh et ching_rat'e and imerarem)va rate that not onl

advant ageousf'p ﬁ?@hﬁt"&b"? ficakipg 18, dugl cdampssene éW‘E@ﬂt‘h’iﬁ’l‘P&?ﬁ 8 put
al so cl eans @yan 44)8hd filfl Stdek RaBeerPHBRaAThEm hlhtiial ﬂ%a%et&ucture

conpletely renoved during the first etc 4 one
enbod mont , FRPRRRGE FerAZEoren iadeo; ee IRGTSTBRuTes BgidteckEAulic
% ChEdA ngl fqhmtm ?laf&raﬁtﬁd'&ﬁmt&EaW@ﬂﬁb pasiefaybl 108 w&heaé Bhngh 02.
e aye of .t toresist, la e |n an
et ch system %g'ef geﬁﬁﬁ g layer, 2 E?‘tg'ﬁ'ga% tﬁ I‘—%‘e e bamgr
ot her suit ahh@errmmm r;ﬁ'esdrﬂ(kﬁé]dléfaﬂm bk (Mshiting IDmr afetrmap bardirectly
regul at ed at ste 306 whi | he second ure d,Lnto
e syst em ZBPoshe b e eI e deuiais agver At SHRh A 1
the etch r eaﬂélédftnd: hstiating wmmbmoséfb@'ua sbbstrate 402 and has at least a
conductive layer 406, such as a copper line, embedded therein.



mlforr to about 50 nmTorr, and the substrate tenperature is maintained
bet ween about -10 degrees Cel sius and about 55 degrees Celsius. RF
source power nmay be applied at a power of about 150 Watts to about
2000 Watts. The 02 gas may be flowed at a flow rate between about 50
sccmto about 500 scorn. The etching tinme may be processed at between
about 20 seconds and about 200 seconds, such as between about 10
seconds to about 60 seconds. [0045] The second etching step 306 is
term nated by expiration of a predefined tinme period. For exanpl e,

t he second BAEI be term nat by processi ng bet ween
bout 10" oA et embtuant 1 defarig e etg iR 10 B rrdielebihg
et ghlt ngt st ief’"%""‘"?"“E"ﬁbf“‘ﬁ dmecnwf Ebmmdeﬁs)tmvﬁoasﬂﬁi@cﬁsﬁséltﬁ& 3.5.
supbstantl a egu (0] | I C es

above. Alter #5?’%9@?3}” ?‘ﬂ@ Brige Egls 'P‘rtlrﬂd%f;a'%’ﬁg dgp?gtsq@%kﬁ Ss é%ch04
and tge seposﬂoteﬁ&ﬂlm@(bmmmml dﬂgcgbemwn‘hi Dailatte fmnfm&eduatmls
peri o rati o et [=10]0) 1,0 a

Phe second elEhidig e FoumeRs. Suerhprieeon;Traldrars Ryap eve:

em ssi ons or sélgctet from a mdtetiak lmwrtgmd:elemﬂic@ans!snttdﬁabomﬂﬁaﬁ Buﬂlaé‘s Ilﬂysae

414 d/ th hot i 41 | et.el
the cubst r at BTRBIMERL 1%, BbebB arist TuP JoR BC{ cRAR ahiufining EaH Tayer O
i nsul ating | tg@ié} Mﬂﬁogﬁlﬁd@ddmaﬂnnn snntélatug silitéh taget {BICM),or4RE hlkm&%been

of et o1 cetiine: R e ot A0 od it ARG ARl el

by the pol ymvaxhdammmmw&qb@mlﬂleclo the first gas m xture at step

o oot o SC RSP RSTHL a3 00 ReA i ' GHERNA R BU8) B0 e gpen
layer 412 di Syeughc pattarhed shijsresit fayal #1214 BAdelayel 9'143fillreain thg \ia
etching the whsder 'eXb&insétr il'u%t ﬁ?:%'f‘ tﬁé‘%ﬁb’l@%’zﬁa‘i oné“&uﬂb@tgmgﬁ'lg the -

dielectric insulating layer ernor e he "secon ]
m xt ur e provphkidoresist layer @@d@ﬁﬁ betc@hvemyoml @prb@waseté\d:trganmpnpgimnm

the BARC | ayﬁ%gg&@ d@ﬁ&'i@ﬁaﬁeﬂﬁnﬁﬁ?&gﬁ Eﬁlﬁtt Tﬂx@ﬁﬁﬁd‘tﬁ% méyt@géﬁcﬁ RS the

etching ste ant ageous Iclently renmoves organi c
and/ or i nor g‘é!ﬁl"@oriﬁtaehﬁ'ahtsb*?mﬁﬁt hettan sudacs é28 Pbmﬂfewz&ﬂh%'?@p

et ching pr 0C§§§ﬂ@§ro%§‘ﬁ§'&?@f fHe \?& %039!49 Eﬂﬁcsfaﬁ AUl Vodprise, for

repeat edly and cohsecutivel ormed on_the substrate”as 1 ndicated
by the | oop @W%mmr@ama#ﬂa .Sgah éSQO'YN"td@Fﬁ&EhP@b/Fy“'d‘? hpicalohavieg s

et chi ng proCRgfodépSERd Rambont c&wmng%fa&qs Sbe hor@hidRYatbfai) e&dcpr g2 d
in the reverse order. _ For exanple. the chi n;g Step as described at

step 306 mayStrenFEAde siisan PFY’E’f‘deftq'l@ﬂ" Pé'lb l"ﬁé'k@t lphe gmbpdimest as

descri bed atqgriéy %Oﬁgu.{ewaﬂxe BAgCIgEr ﬂﬂn@%ﬁe& aﬁi& RG] %pér@@n %
depicted in Figure 4 only shows an exengo aré@e odi nent

Ut1l i zed to SEEREPAORHD e EXEMBIBHFH e SARG daxer A arabe ro

present i nvegdatdd) depdsited, o?tf-nétphuﬁ@ﬁasﬁmﬂmr%umir@rrﬁaﬁascene
structure, vijia onlyrstructure trench-first structure, and the |i ke,

havi ng a BAFEORSl o TheiRaHBEEH PhAIOFRSR laye)4 18 CsiRts amredelermingst RAtebr m
the two st epalﬁﬂ&hieaﬁlr@r@Qﬁéﬁjle’iéctﬁtﬁWulalﬁﬁgi 18P VALO, Tmngemoslro&ees af so

be utilized to etch B er d in ot.her sub
L2 Rraaeierringrbngliagn oy fatbire KORlos s Pafaren Gholareast ver
etching a BAR® In@ayeuoewcérisuhie@h of EtPIViRld, risdvindg gl pokimn o f the Cpgttsyed The

net hod advant ageouysly f tes renopyva

ot orcar or e e 236 o B SRpfroaTians 126 ol the sarguc Medlating lver

td renches Sndelimr Aﬂbﬁﬁuvmy,?théUpéueﬁW§?ﬁa§s&t tayer ue ntrmy wﬁumlamt tatgeITK
anage under n ctric._nateri als | SPO n SITr e e
o oot koS theisBY hpSaiing, bkt e 376l et Seirengs msglabrg. .
protection. lbﬁé}Eﬁb Whishotirntodggeted dn iFiguse WAC aesbriion eﬂtrmdpmw of

t he present inventi , other and, f rth di nents of the ntion
P photoresistciayer 412 18 rematne %e d%nPgamascene structure 4})8 after

predstermined pattern and/or feature are transferred in the dislectric insulating
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What is clainmed is: 1. A nethod for renmoving a BARC | ayer froma
feature formed in a dual damascene structure, conprising:

providing a substrate having a feature filled with a BARC | ayer in an
et ching chanber, wherein the feature includes a trench connected to a
via defined in a dielectric bulk insulating |ayer, wherein the BARC

| ayer is an organic material filled within the via; suppl yi ng
a first gas m xture conprising NH3 gas into the chanber to etch a
first portion of the BARC layer filling in the feature while

provi ding sidewal] protection of the dielectric bulk insulating
Cayer; and  Iayer 410 1o Brie tiapchydea: in srabgdiments,thal oo BRMBRR fyerAiZjs
into the etchbngresdraThRr twaOstep ClCHifE pFREBd iy BbitbritiedOlo fdnfvBARS

| ayer di spos IL.n the feature,. wherein rocess time for etching the

po?lti.on 01P tﬁgngﬁﬁﬁrlﬂfzé‘?m?'ﬁe?W\éﬂﬁy‘é@éﬁ@epof the first gas mixt u?e

Ea i |F£t : ve t ohgoqavpc eAtstbp ?m,faDﬁrstBét&ﬁig@ gtej:?@,i,émd-saga Q}iﬂlﬁl&tfit&fh ngriﬁ.lae
ayer hag, a.r 00 ween abo 1 an ou T 1. . e

o hod ot ol 8 the BARG By 415 50k 3 40 ali B Taush hedtengh a3 by

hm' xture Iur t ]??jpl;m@ﬁrfiraegés ikt 19 thi-3tchigOcHanthe 20R] Foa PBAKAGH the

aving at a

claim1, wheP %%‘{ﬂﬂﬁ%‘?’g%\éﬁs?%fﬁ‘%ﬁfﬁ%g? %'éa]iggcfg‘? a&a%’%%r%%mtﬁ‘&gf:%;%er
conprises: first BARC etching step may also etch the patterned photoresist layer 412.

[0038] In one embodiment, the first gas mixture supplied into the etching
chamber 202 contains ammonia gas (NHs). The first gas mixture is used to
remove organic polymers and photoresist crust that may be generated from the
previous etching processes andfor present on the substrate surface. The
hydrogen element in the first gas mixture cleans the organic residues by forming
volatile hydrogen carbon compounds which are pumped out of the etching
system 202 without damaging the substrate surface.. The first gas mixture may
also passivate the sidewall 426 or exposed surface 428 of the dielectric
insulating layer 410, thereby preventing the underlying low-k dielectiic substrate
from k value shift and dieleclric constant increase. The first gas mixture may
also purge and fiush out the residual gas, e.g., fluorine containing gas, from the
previous efching process remaining in the etching chamber 202, thereby
preventing defect generation or chemical reaction with residual fluorine
chemisiry which may further attack dieiectric insulating layer surface.

[0039] In one embodiment, the BARC layer 414 and/or the pattermed
_photoresist layer 412 is first etched by forming a plasma from the first gas
mixture containing NHz gas. The BARC layer 414 and/or the patterned
photoresist- layer 412 may be etched in an etch chamber, such as the etching
chamber 202 described in Figure 2, or in other suitable reactors.

foo40] Several process parameters are regulated at step 304 while the first
gas mixture is supplied into the etching system 202. In one embodiment, a
pressure of the gas mixture in the etch reactor is regulated between about 5
mTorr to about 300 mTorr, and the substrate temperature is maintained
between about -10 degrees Celsius and about 55 degrees Celsius. RF source

power may be applied at a power of about 150 Watts to about 2000 Watts. The
10



mai ntai ning a process pressure at between about 5 niforr to about 300
mrorr. 4. The method of claim1l1l, wherein the step of supplying the
first gas m xture further conprises: controlling substrate

t enperature between about -10 degrees Cel sius to about 55 degrees

Cel sius. 5. The method of claim1, wherein the step of supplying the
first gas mxture further conprises: applying a plasm power at

bet ween about 150 Watts to about 2000 Watts. 6. The nethod of claim
1, wherein the step of supplying the first gas m xture further

conpri ses: etching the first portion of the BARC |layer filling

in the featulbsoas mayhed iafiovh e Retivesp sheut R soseoarrd abaid 188@ ut
200 seconds. scen,-sudh@s BHMOTOOSceR Avd hout \8D8 sBEM. O HefPg&Y, such as

supplying t hﬁlg,SAer? g ga ,arr%ay .ex o%e% Jn%rstugglged in the first gas mixture at a flow rate

between about 50 sccm to about 1000 scem.
[0041] In one embodiment, the first etching step may be terminated by
expiration of a predefined time period. For example, the first etching step is
terminated by processing between about 20 seconds to about 200 seconds. In
another embodiment, the first BARC etching step may be terminated by other
suitable method, for example, by monitoring optical emission or by other
indicator.

~ [0042] At step 306, a second eiching step is performed to etch and remove
the remaining portion of the BARC layer 414 filling the via 402. The second step

- 308 also removes any patterned photoresist layer 412 remaining on the upper
surface 416 of the dielectiic insulating layer 410. The second eiching step is
performed using a second gas mixture supplied into the etching chamber 202.
In one embodiment, the second gas mixture includes O, gas. The second gas
mixture containing O, gas forms volatile polymers with the residuals and
byproducts from the first etching step 304 and reacts with the remaining BARC
414 and photoresist layer 412 on the substrate 402, thereby efficiently removing
the residuals, byproducts, remaining BARC 414 and photoresist layer 412 from
the substrate 402 out of the etching system 202. The oxygen element in the
second gas mixture provides a high eiching rate and polymer removal rate that
not only advantageously promotes removal of the residuals and contaminants
but also cleans away the residuals and byproducts that may not be completely
removad during the first etching process.
[0043] In one embodiment, the BARC layer 414 and/or the photoresist layer
412 is etched by forming a plasma from the second gas mixiure containing Oa.
The BARC layer and/or the photoresist layer 412 may be etched in an etch
system, such as the etch system 202 described in Figure 2, or in other suitable
reaclors.
[0044] Several process parameters are regulated at step 306 while the
second gas mixture is supplied into the system 202. In one embodiment, a

pressure of the gas mixture in the etch reactor is regulated between about 5
11



conprises: flowng 02 gas into the etching chanber at a flow rate
bet ween 50 sccm and 500 sccm 8. The nethod of claim1, wherein the
step of supplying the second gas m xture further conprises:

mai ntai ning a process pressure at between about 5 mforr to about 50
mrorr. 9. The method of claim1l, wherein the step of supplying the
second gas m xture further conprises: controlling substrate

t enper at ure between about -10 degrees Cel sius to about 55 degrees
Cel sius. 10. The nethod of claim1l, wherein the step of supplying

t he second gas.m xture rther . I
9 mTor ft(a out géj mtl'gn, and the substrate temperature is maintained between

about -10 degrees Ceaisius and about 55 degrees Ceisius. RF source power
may be applied at a power of about 150 Watts to about 2000 Watts. The O, gas
may be flowed at a flow rate between about 50 sccm to about 500 scem. The
efching time may be processed at between about 20 seconds and about 200
seconds, such as between about 10 seconds to about 60 seconds.
[0045] The second etching step 306 is terminated by expiration of a
predefined time period. For example, the second BARC etching step may be
terminated by processing between about 10 seconds to about 60 seconds. In
one embodiment, the second etching step 306 may also be configured to have
a process time substantially equal to the first eiching step 304, as described
' above. Altematively, the process time of the first etching step 304 and the
second etching step 306 may be configured to have a time period rafio between
| about 1:1 to about 4:1. In another embodiment, the second etching step 306 is
terminated by monitoring optical emissions or by other indicator that indicates
that the BARC layer 414 and/or the photoresist layer 412 has been completely
removed from the substrate 402 or the upper surface 416 of the dielectric
insulating Jlayer 410 and a bottom surface 418 in the via 420 has been exposed,
as shown in Figure 4B.
[0046] Since the sidewall and surface of the dielectric insulating layer 410
are passivated and protected by the polymer formed from exposure to the first
gas mixture at step 304, the second gas mixture 306 mainly etches the
residuals, byproducts, and the remaining BARC layer 414 and/or the photoresist
layer 412 disposed on the substrate without adversely affecting or etching the
underlying structures on the substrate, such as the dielectric insulating layer
410. Furthermore, as the second gas mixiure provided at the second etching
step 306 reacté mainly with the BARC layer 414 and/or the photoresist layer
412, the second etching step- 306 advantageously and efficiently removes both
organic and/or inorganic materials from the substrate.
[0047] The two step etching process as described at step 304 and step 306
may be repeatedly and consecutively performed on the substrate as indicated
by the loop 308 depicted in-Figure 3. Altematively, the two steps etching

process described at step 304 and step 306 may be performed in the reverse
12



conprises: applying a plasma power at between about 150 Watts to
about 2000 Watts. 11. The nethod of claim11, wherein the step of
suppl ying the second gas m xture further conprises: et chi ng
the remaining portion of the BARC layer filling in the features at a
process tinme between about 10 seconds and about 60 seconds. 12. The
met hod of claim 1, wherein the damascene structure includes a
dielectric insulating | ayer having a dielectric constant |ess than
3.5. 13. The nmethod of claim1, wherein the damascene structure

[ ncl udes 2 diShectl Gubs! 3hd Workdl Soo° QUPSdshilh SRS B8PELy be
performed first, then followed the etching process as described at step 304.
[0048] The dual damascene structure 400 as depicted in Figure 4 only
shows an examplary embodiment that may be utilized to perform the two step
etching process as described in the present invention. Other structures, such as
single damascene structure, via only structure, trench-first structure, and the
like, having a BARC layer disposed thereon may also be utilized to perdorm the
two step etching process as described above. The method may also be utilized
to etch BARC layer found in other substrates.

[0049] Thus, the present invention provides a two step etching method for
efching a BARC layer with high removal rate and clean efficiency. The method
advantageously facilliates rémoval of the BARC layer, photoresist layer, and
associated residuals and byproducts from trenches andfor vias in-a dual
damascene structure without adversely dasnage underying dielectric materials
disposed on the substrate, The two step etching process also provides good
sidewall and/or surface protection.

[0050] While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof, and the scope thereof is
determined by the claims that follow.
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14. The method of claim1l, wherein the step of providing further
conprises: providing the substrate having a photoresist |ayer

di sposed on an upper surface of the substrate. 15. The nethod of
claim14, wherein the first gas m xture and the second gas m xture
supplied into the etching chanber etch the photoresist |ayer while
etching the BARC layer. 16. A nethod for renoving a BARC | ayer froma

feature, \ﬁ%ﬂp '*%ﬂ provi ding a substrate having a via
formed in a ﬂ anascene structure in an etch chanber, wherein the

viais formed in a dielectric insulating | ayer under a trench and
filled wth a ABARGod fayremovitdesAReydr iy f&QIPTotiddig a dilal B4rgRbBére

mat eri al ; nglying a first gas mxture conprising NH3 into
t he chanﬁgyd m(mggﬂ ortion of the BARG layer filling in the via

whi | e provi di mPvdingasipbiiralghayiag? fegirediled wiv AR daxer in@nictrsing aiamrg"
| ayer; angherein the featufelifgldgs B Gerth S@GOLED PaSiadeRidd irea giolB@fid BikNgu@ihggas

into the I%@WS&mHI@e @;@Iaiel?fse{n%@hl@%% ﬂ?retdl mq‘(e \L{le BARC | ayer in

the v roces i on of the BARC
| ayer | n the ﬁﬂwfﬁﬂai Misturg @ﬁP”WsNHﬂgﬁft ﬂioéh%fé'la@??r\?‘ée’fﬁ'ba %[StrPPB'e'éss
time for #trelBARG I4vRefiling ifthefea@redmilé providied siddnall BARGIdnay®e dersriabulat i o

of bet \/\/eq;;!;u%grpd,ﬁgye;’:agldand about 4:1.

supplying a second gas mixture comprising O, gas into the etching chamber to etch the
remaining portion of the BARC layer disposed in the feature, wherein a process time for etching
the portion of the BARC layer in the presence of the first gas mixture relative to a process time for

etching the remaining portion of the BARC layer has a ratio of between about 1:1 and about 4:1.

2. The method of ciaim 1, wherein the step of supplying the first gas mixture further
comprises:
flowing NH; into the etching chamber having at a flow rate between 50 sccm and 1000

SCccom.

3. The method of claim 1, wherein the step of supplying the first gas mixture further
comprises:
maintaining a process pressure at between about 5 mTorr to about 300 mTorr.

4, The method of claim 1, wherein the step of supplying the first gas mixture further
comprises;
controlling substrate temperature between about -10 degrees Celsius to about 55

degrees Celsius.

5. The method of claim 1, wherein the step of supplying the first gas mixture further

comprises:
applying a plasma power at between about 150 Watts to about 2000 Walts.

6. The method of claim 1, wherein the step of supplying the first gas mixture further

comprises:
etching the first portion of the BARC layer filling in the features at a process time betweén

about 20 seconds and about 200 seconds.
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17. The method of claim 16, wherein the step of supplying the first
gas m xture further conprising: flowng the NH3 gas at a rate between
about 50 sccmto about 1000 sccm 18. The nethod of clai m 16,
wherein the step of supplying the second gas m xture further
conprising: flowing the 02 gas at a rate between about 50 sccmto
about 500 sccm 19. The nethod of claim 16, wherein the dielectric
insulating layer has a dielectric constant |less than 3.5. 20. A

met hod for renoving a BARG | ayer froma feature, conprising:
provi di ng/-a sulbgmetiog ohaiain Agvierain e plep aAfstPRaHsesond aap gbuyre further
i nsul ati n@gmpageer in a dual damascene structure and filled with a BARG

layer n an eligh,chaghen, GHEh Indlis, SlGhAEh Luddolsald 06 doaYgH, has

a dielectric consta ess ayer conprising
organic material; supplying a first gas m xture havi ng NH3
gas at bed weermmhabeittod ofkidh 6 wHdish B etdp of LAPHNirRaEdsectidyat ikued hner
chanber H%mﬁﬁ%@ a portion of the BARC layer filling in the via while
provi di ng”s d%malL_protection of the dielectric insulatingﬁlayer; and
suppl yi ng a seRaianipmaPReess DieasuEoTBeives RO Ty keE ta pbqybEAEEN about 50
sccm and about 500 sccminto the etch chanber to etch the remaining

portion t hel'h?ﬁ@%oli ?\ycﬁ]rré "l %ﬁs%‘ﬁl tWe Qtep %ﬁépﬁyuﬁ e &E&%g;%g PEX%LE%U i

etching the portion o ayer e ‘presenc iTst
gas m xt PEPT1EFati ve to a process tine for etching the remaining
portion of theolARLy bubpedte Raperaturctictvized Bbdnet1veegieaiiattius 1o dboatsd about
4:1.

degrees Celsius.
10. The method of claim 1, wherein the step of supplying the second gas mixture further

comprises:
applying a plasma power at between about 150 Watts to about 2000 Watts.

11. The method of claim 1, wherein the step of supplying the second gas mixture further
comprises:
etching the remaining portion of the BARC layer filling in the features at a process time

between about 10 seconds and about 80 seconds.

12. The method of claim 1, wherein the damascene structure includes a dielectric insulating

layer having a dielectric constant less than 3.5.

13. The method of claim 1, wherein the damascene structure includes a dielectric insulating

layer comprising carbon doped silicon oxide.
14. The method of claim 1, wherein the step of providing further comprises:
providing the substrate having a photoresist layer disposed on an upper surface of the

substrate.

15. The method of claim 14, wherein the first gas mixture and the second gas mixture
supplied into the etching chamber etch the photoresist layer while etching the BARC layer.

16. A method for removing a BARC layer from a feature, comprising:
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providing a substrate having a via formed in a dual damascene structure in an etch
chamber, wherein the via is formed in a dielectric insulating layer under a french and filled with a
BARC layer, the BARC layer comprising an organic material,

supplying a first gas mixture comprising NH; into the chamber to etch a portion of the
BARC layer filling in the via while providing sidewall protection of the dielectric insulating layer;
and

supplying a second gas mixture comprising O gas into the chamber to etch the
remaining portion of the BARC layer in the via, wherein a process time for etching the portion of
the BARC layer in the presence of the first gas mixture relative to a process time for etching the
remaining portion of the BARC layer has a ratio of between about 1:1 and about 4:1.

17. The method of claim 16, wherein the step of supplying the first gas mixture further
comprising:
flowing the NH; gas at a rate between about 50 scem to about 1000 scem.

18. The method of claim 16, wherein the step of supplying the second gas mixture further
comprising:
flowing the O, gas at a rate between about 50 scem to about 500 scem.

19. The method of claim 16, wherein the dielectric insulating layer has a dielectric constant
less than 3.5.
20. A method for removing a BARC layer from a feature, comprising:

providing a substrate having a via formed within a dielectric insulating layer in a dual
damascene structure and filled with a BARC layer in an etch chamber, wherein the dielectric
insulating layer has a dielectric constant less than 3.5, the BARC layer comprising an organic
material;

supplying a first gas mixiure having NH; gas at befween about 50 scem and about 1000
scem into the etch chamber to efch a portion of the BARC layer filling in the via while providing
sidewall protection of the dielectric insulating layer; and

supplying a second gas mixture comprising O, gas at between about 50 sccm and about
500 sccm into the etch chamber to etch the remaining portion of the BARC layer in the via,
wherein a process time for etching the portion of the BARC layer in the presence of the first gas
mixture relative to a process time for etching the remaining portion of the BARC layer has a ratio
of between about 1:1 and about 4:1.
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