TWDO STEP ETCHI NG OF A BOTTOM ANTI - REFLECTI VE CQOATI NG LAYER | N DUAL
DAMASCENE APPLI CATI ON BACKGROUND OF THE | NVENTION Field of the Invention

[ 0001] The present invention generally relates to sem conductor processing
technol ogi es and, nore specifically, to nmethods for etching a bottom anti -
reflective coating (BARC) layer 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 resistors) on a single chip. The evolution of chip designs
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the integrated circuit conmponents are reduced (e.g. sub-mcron dinensions),
the materials used to fabricate such conponents contribute to their

el ectrical @mkgmﬂg.ofmg&m tal interconnects with |ow

resi stance (e.g., copper and alumn provi de conductive paths between the
conponent s d rcuits. [0004] Copper is particularly

advant ageo

el ectrical Ltac'éﬁert | es bm ﬁgg&%“eﬁ%"@i%wiaﬁg eﬁgrgf%gha ‘5‘%?891%?L£'$§bn cated

using a dartetsi‘u‘@lugwsr cac\dssnora sﬂaodicaﬂy.etmchmhmdfori alshiagea iedtiime caritint o
dielectric I es_and yi i Wi th copper which is
t hen pl anarf3 Vﬁ&?ﬂtﬂ‘g @ﬁ@ﬁ%ﬂ%a%a@ %'ﬂ?%cﬁ"erﬁg%fﬂ Pl anari zati on

(CWP) process. [0005] Copper interconnects are electri cal ly isolated from
each other b ' | ng B4 erial. Wen the distance between adjacent
met al i ntercH gkness of the insulating material has

sub-micron [doomnsumgrate@ammstﬁawe eveivRl Mg cBﬁnble&Qie@iHethéﬂba@qﬁ@ﬁd@et ween
such intercopnects. Capacitive coupling between adjacent netal

" i nt er connedPlioRg P CamPEnenisde-q Nansisierg/ 6?%‘@9[559%6%3@8{%(9& afglg RC) del ay
whi ch degr afi@s tHee eQiBhiéh lof chip designs continually requires faster circuitry and

greater circuit density. The demands for greater circuit density necessitate 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 system 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 material. 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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1 performance of the integrated circuit. In order to prevent capacitive
coupling between adjacent netal interconnects, |Iow dielectric constant (| ow
k) insulating naterials (e.g. dielectric constants | ess than about 4.0) are
needed. [0006] Figures 1A-ID illustrate an exenplary dual damascene
structure forned by a "via-first" processing sequence. Referring first to
Figure 1A, a dielectric bulk insulating |ayer 110 and an underl yi ng
dielectric barrier layer 108 are stacked on another previously forned

i nt erconnect having a conductive |ayer 106 enbedded in another dielectric

bul k i nsul agerftemlapyeof 1Ré itegRasE dirgdlt. lﬂ STadstd pi éﬂreﬂa@%apé‘éltt@bb?mb polish
stop layer or anti-reflective coatln may be di sposed on the

di el ect ri c BgivRen adiacent metal ifesiconnes "f}!?'@‘l’tEElcPP%ta“bﬂ‘l"N K ipsyialingng | ayer

110 is tYIO'rﬁaiehﬁlsf(@rﬂfélédﬁ&%&s@érﬂé%%Erthaﬁ-n S RYLBlarbR¥bd.2 diel ectric
constant |ower than 4.0, such as FSG polyner material, carbon containing

silicon | ay@m@b Cﬁﬂureénd‘\t% flystrate [QDOGFTmNaBDtMMMQSCﬁBﬂ glauctyre coati ng
(BARC) | ay | azetching
process an?bcover gsasgde]%r?{ra%rbggﬁi@ ﬁlll%qcl\én%f%% 8 ﬂ%qg&beqorrge%rench

| i t hogr aphydielaciondwils iesulgting layer 11Qand§nd:rsipdsteg dtﬂiectthe baBEReai@B 114 and
patterned t 0, C chi ng
process is %gﬁorﬁnbgjdeﬁ C?lgél?gre%%gsl& %5'];1 ?2?91@%&1@%& E%%&gl ay@éﬁ%‘?{% over the
Vi a openi ndaye8t Ofesrkbeldded mmqﬂmncheladdc [blutktlnsulaimg layey ¢04 disposddbor e
etching the trenche as.shqwn i n Figur et chi.n ess is
per f or med u%FPt?SQHE%SIQ& ?gn%qcho%‘ P%lﬁhgﬁl{g '?y%é’rr ﬁfe@%%vﬁe@agggt(ﬁéﬁ

phot or ﬁs Id st11d mﬁ?meéd’gpd@mdﬂ?edemmdm'ﬁ B@@tuhggwerlmlﬂgbldéagcmbe Vi ? 128
is etched to et erm S S in_Fiqure ubsequently, a
trench etcm%'"sﬁ{a@i%é‘yqr ﬂ@e‘?f‘ﬂ?ﬁ@h’ f?’U"%‘E’ M Adliglectye deptadal RaYING 8p | ayer
112 and t hegielea#er doHistht dbRbe Ghdrt @.MUblicH ASUFSG] Rdiynfdremalckdl dedbbgd by the
patterned photoresist |ayer 116, as shown in Figure 1C. The trench etching

process et‘iﬂﬁ‘&“'i‘ﬁé"'aﬁ)'élaé'éf (9i00)and thedikeat i ng | ayer 110 into a
predet ermi r[lﬁdoﬁemﬁ' bBfem dRlefesivh'cel ﬁﬁ@ %ﬂﬁ@) lafed 14 Zg s?»hﬁﬁﬁﬁﬁeﬁ tB 'l K

I nsul ating 1Tayer 110. After the trenc 2 has” been he remai ni ng
BARC | ayer \4@_541223 formegl bhe wa giching aregeshand covers dielectric butk insulating

layer 110 before trench lithography. A photoresist layer 116 is disposed on the
BARC layer 114 and patterned to define an opening 130 for forming trenches. A
BARC etching process is performed to clear away a portion of the BARC layer
114 over the via opening 128 masked by the patterned photoresist tayer 116
before etching the trenches, as shown in Figure 1B. The BARC efching process
is performed until the optional polish stop layer 112 defined by the photoresist
fayer 116 is exposed and the BARC layer 114 filiing the via 128 is efiched to a
predetermined depth, as shown in Figure tB. Subsequently, a trench etching
process is performed to etch the exposed polish stop layer 112 and the
underlying dielectric bulk insulating layer 110 defined by the patterned
photoresist layer 116, as shown in Figure 1C. The trench etching process
etches the dielectric bulk insulating layer 110 into a predetermined depth and
defines trenches 122 in the dielectric bulk insulating layer 110. After the trench
122 has been formed, the remaining BARC layer 114 filling the via 128 and the
photoresist layer 116 on the top surface of the dielectric bulk insulating layer
110 are removed from the substrate 102, thereby forming dual damascene
structure on the substrate 102, as shown in Figure 1D.

[0008] Typically, during the BARC 114 or photoresist layer 116 removal
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photoresi st |layer 116 on the top surface of the dielectric bulk insulating
| ayer 110 are renoved fromthe substrate 102, thereby form ng dual
damascene structure on the substrate 102; as shown in Figure 1 D. [0008]
Typically, during the BARC 114 or photoresist |ayer 116 renoval 2 process,
an oxygen containing plasnma etch process is performed to react with the
remai ni ng BARC | ayer 114 and the photoresist layer 116 on the substrate
102, forming a carbon oxi de pol ynmer which is punped out of the processing
chanber However, oxygen present plasma during the renpoval of BARC Iayer

114 and photore5|st ttack the expose I de 120 .an

surface 128"%6F%f0 ?’f@‘f’@l‘@ﬁaﬁ'ﬂéﬁi tha%roi?%’ (ﬂer?é’émlewa}?l{@aﬁl‘@&bct ric
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e dielectr u i nsyl atin r ich adversely affec e

di el ectric 5b%p'grfmnasa<9ﬁ oxi ﬁfmn ‘Eh'ﬁ'al'% PHRDGHRYtRf %Sﬁpcq%g For

exanpl e, Oxﬁﬁﬁﬂbéfﬁ)‘ioﬁféﬁ‘iémﬂxzbén gPesehhsia@.hﬁemtdg thaqeﬁfovﬁmpsﬁﬁcsuyé.ace 126

of the lowk dielectric i nsulating_ |ayer nd penetrate’into the

porous | ow k14ipey phetoresist layps id Gynavaitackghe Hépoﬁﬁé#éé@?w%lb QandpuAce he fil m
surface. Caj9vf #Pk&iched 198YarkfoiSRad 'ﬁ?a %rﬁlea% rth& d.e%eiﬁé BUQ« .e{.%aemﬁﬂl ow k

material to undesirably increase, resulting | oss’ terial

diel ectric |ayep&e.i@sygdensmay fessu bt Si-Qrhond- Qlame mCR@deBai}e'ﬁqpic bulicr ease
after the SRS IR 916 Hons kil GF Yo GOBORE SULABET f T eTov2

of the BARC an toreéesi st |ayer nova eave
cont ani nant gielegtic !smlk msdatrr@siagteamw exmplduakygqnhmMyrmuﬂmldtamr

i mpurities, bypr.o e .V 1 [or trenches
122, The' colatinugi 220 55 SPRRL oAl 28 b e lobel® ableRine 0 i, oo oy
adversel y efdyect 10, rmmdopratatadte imb dlgr pbiocws loWv-iK dielectrice) thersmctauging thier uct ur e,
resulting in poor d I ce abll el ectr.ical erfo n 010]
Ther ef or e, ?‘TBP% dPQ O'ﬁ@E ‘fﬁﬂ%p%ﬁm ‘S‘?QS?:‘&‘S"‘F [capgﬁg% &f&‘ {E'ﬂRC in an
i Nt er connecgarark tof Wed 1wk rﬁﬂ%&ﬁlﬂ Uedediriibly W@iﬁb@éiﬁ%hh M loastsoff or
renoving a BARC Iainr froma feature areg (|:)

the material dielectric properties. As a result, cross talk and RC delay may

increase after the BARC and photoresist etching process.

[0009] Furthermore, removal of the BARC and/or photoresist layer removal

process may also leave contaminants 124, such as residual BARC, residual

photoresist layer, impurities, organic or inorganic byproducts in the vias 128

and/or trenches 122. The contaminants 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 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 eifching chamber,
supplying a first gas mixture comprising‘NHg, gas into the chamber to etch a first
portion of the BARC layer filling in the feature, and 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.

[0012] In another embodiment, the method for removing a BARC layer from
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the present invention. In one enbodi nent, the nmethod includes providing a
substrate having a feature filled with a BARC | ayer in an etchi ng chanber
supplying a first gas m xture conprising NH3 gas into the chanber to etch a
first portion of the BARC layer filling in the feature, and supplying a
second gas mxture conprising 02 gas into the etching chanber to etch the
remai ning portion of the BARC | ayer disposed in the feature. (0012] In
anot her enbodi nent, the nmethod for renoving a BARC | ayer from 3 a feature
i ncl udes providing a substrate having features fornmed in a dielectric

i nsul ati ng bk | v f42% or o ahe uppl yi n
a first gaéqﬁﬁ:(’{%?gm@gﬁgﬁ%iﬁg:@ﬁé Pu‘;i I&E‘ c:lhta ﬁ@écfh%#gée;rﬁﬁrglggﬁ ﬁh a %gtrr?i gg gf °
t he BARC | inpdlatifig layien@ndfitieti evifreat ayet isgmpelghrajpambsscsuplying ani xt ur e
COMY 15110 (e oAl C Gl d G Sk T L B Bl B {1
BARC | ayer I'n 9%°gﬁ¢eatur g F%T "Itn ye Thot her g‘ra#o@adﬂﬁen? eﬁ@ﬂ thod for
renovi ng a Bp&Jillisgy ér thef featore, avdisupplyngcd seemndpgasy imiktoge eorsplising &, havi ng
features forpmed.in a lelectrjec insulating | gyer d fiLled with ,a BARC
layer in and%t II° El’h%ﬁB%'P,ger \/%8*9& lhetrﬁg'am"ﬁ 88? |nc°’iaﬁ'§ﬁé{qlbn§y BPefehas a
dielectric feganséant |l ess than 3.5, supplying a first gas m xture having NH3
as at bet bout 50 seem and ,about 1000 seeminto.the chanber to
gtch a por}tl\fo(éﬂsﬁf Fh%e‘ri Ef"a%g"d'ﬂep'ith% “’i‘ﬂh?‘ﬁz‘”f'@&?%'@ aaééﬁgd@{ﬁryi ng a

second gas famst arfeakPen¢IGHSY pPRidiAg RlsubBIPANSCRAVIRY JehtuRis fdriiBdaimdgabout 500
seeminto the etch chanber to etc remai ni ng portion of the BARC | ayer

h th
in the feat#plectigRnppalingtgyepmrd\fityd $‘1“IE DIRARKEBYGOm AT &eh 1hambehe manner
in which t hghalpyhe' §Ridehit nSalblihG Jayeh Hakea F?J!ié?%(figé coi&ii\&ﬁméstgﬁhéﬁ %f";}t tai ned

and can be understood In detail, a rnore partic escription of the
i nvent i on, $4APking adifaheas mixtutehbadng ity Bas ahbetweenr abvaut St scamd ande

erbodi Ment saddiR66h kPl o bl SlETo! dich IepARBRTHle FRIARS: [ 0015

Fi gures 1A- are a sequence of sectional views an exenplary
filing in the feature, and supplying a second gas mixture comprising O, gas at

between about 50 sccm and about 500 scem into the etch chamber to etch the
remaining portion of the BARC [ayer 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 understood 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 etching
chamber used according to one embodiment of the invention; and

[0017]  Figure 3 is a process flow diagram iftustrating one embodiment of a
method for two step eiching method for etching a BARC layer and/or 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
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dual damascene fabrication process; [0016] Figure 2 is a schematic
cross-sectional view of a plasma etching chanber used according to one
enbodi ment of the invention; and [0017] Figure 3 is a process flow di agram
illustrating one enbodinent of a nethod for two step etching nethod for
etching a BARC | ayer and/or 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 enbodi ment of the
present invention. [0019] To facilitate understanding, i dentical reference

nurer al s hayg)efiere ‘bo@&?@ tﬂ"@@gﬁnmsﬁém&l e aatrg cgﬁ'gﬁﬁd ft?*hee' ement s

that are common to ures. IS cont enp at e hat ments and
f eat ures of figutes. dhﬁo@nn@nplmthab@lw apd éeatyras@mrabedmam oayer

enbodi ment s, %gn%‘&cﬁllg%éd?ﬁéra ih lofdr¥inb cﬁrﬂgr?tglwnhf)gfr f%nﬁ%y%?n&ﬂﬁe however,

that the appende W ngs | strateo exe s of this
i nventi on alf928} e tth%lcebemtetbtf‘lomvbleﬂmamba depemided dmwlngsgllmﬂrate onlycope, for

the inventi L1 t - . fecki e ments. TAlI LED
bescR pri ool R of o e TR B b et T KE RS eRErods ror
two step elimiti'nggofoits ac8pRCidr dhier inventiondmaly  akimiato esthess ieqjually effectiiee et hods
preserve the aI| of the lowk dielectric filmwhile maintaining a high
renoval rat8MB § '"1%' g different gas m xtures at separate BARC | ayer etching
steps in a dual darrascene fabrication process. [0022] The etch process
described h i e formed in any suitable plasma etch chanber. One
such etch cﬁ&%%i’%ﬁﬁ%ﬂERs processi ng chanber, avail able from
Appl i ed Mat ﬁma ] S, Efribodimetits %am@f;@s@hamvaaﬁdﬁ Pleltiod- mbihobi§ forcRR §BR! at ed

er

that the ot etch reactors, including those fromother nanufacturers, may

be adapted €6hipaRER; BAREdayertia a duab damascenegnsure; he methersopreserve
schemati ¢ Ci@SuafiChf tRBIbwH &G¥leliricHl® WHRRPRHaMRahing a high removal rate by

using different gas mixtures at separate BARC layer etching steps in a dual

damascene fabrication process.

[0022] The etch process described herein may be performed in any suitable
plasma etch chamber. One such etch chamber is the ENABLER® processing
chamber, available from Applied Materials, Inc., of Santa Ciara, California. lt is
contemplated that the other etch reactors, including those from other
manufacturers, may be adapted to benefit from the invention.

[0023] Figure 2 depicts a schematic cross-sectional view of one embodiment
of a plasma stch system 202 suitable for performing one or more steps of the
invention. The plasma etch system 202 may include a process chamber body
210 having a conductive chamber wall 230 and a lid 213. The temperature of
the conductive chamber wall 230 is controlled using liquid-containing conduits
(not shown) that are located in and/or around the conductive chamber wall 230.
The conductive chamber wall 230 is connected to an electrical ground 234. A
liner 231 is disposed in the process chamber body 210 to cover the interior
surfaces of the conductive chamber wall 230. The liner 231 serves as a surface
protection layer that protects the interior surface of the chamber wall 230 of the
process chamber body 210. In one embodiment, the liner 231 may be
fabricated by ceramic materials including Al»O3, AN, silicon carbide, Y203, and
the like.

[0024] The process chamber body 210 is a vacuum vessel that is coupled
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of a plasma etch system 202 suitable for performng one or nore steps of the
I nvention. The plasma etch system 202 may i nclude a process chanber body

210 having a conductive chanber wall 230 and a |id 213. The tenperature of

t he conductive chanber wall 230 is controlled using |iquid-containing
conduits (not shown) that are located in and/or around the conductive
chanber wall 230. The conductive chanber wall 230 is connected to an

el ectrical ground 234. A liner 231 is disposed in the process chanber body
210 to cover the interior surfaces of the conductive chanber wall 230. The

liner 231 s@ir¥8sh a&h@uménaétﬁzméat\%huﬁ.rbdnedﬁsetm Bér‘?%:%&é&ai@f‘ﬁis“te” or
surface of the chanber wall of the process ch a I n one

embodi nent , JisResed indhe @QEOW t%Pqu&ﬁ Ph%ff‘ﬁ%f hgdv(%ﬁdmwpmﬁ@rs@skatencl udi ng
A1203, AlN, 2§0||ﬁtfs%nﬁar@1'egcfon ﬁa% ﬁagessr@e mfk%h'? ?ﬂg edlf PEORRYS chamber

body 210 is a vacuumvessel that Ts cou rottl e val ve 227
to a vacuuningluse anselectrostalipehuckpiifetor aetamm the Substmbsw iADChpovist t om of

t he process 2 t her eon
uri pg.pr ocSpazt-ip dtzestth bonTAiang dowdy 3Bald el HeoRal SRR o ¢
chuck 226 fﬁzﬁ.r'ﬁteasupmg ndmesmllﬁﬂﬁ lisateupléiio aAreBﬁb peqmncys(m-‘plb;aszﬂﬁvers
utilized to n he lied t ctrostatlc ch . 226. The
suppor ¢ pedstitar et TnaBPY Actiuol 524 T BiRs) PoME, ShrEe Bhisr sour ce
222 t Ihr ou]ghgmerraly_:d:nmlmett wmq:lkaﬁ@éﬂ FiFhagbal&szvm@le runsblérfee&:iu%aéy %)Bi;rorgener ally
S0 ki to 2Bt GbRIzd0 abput B0z Fitharbiss PABBLE! 0P G BAPost 500 vt ts.
The bias poweitsSThé b@smmmm@caaadﬁa p&ivﬂ:[ézad s@halratlrﬁum;.l;le fldgRenEas es,

such as about 13.56 and about onal |y, bi as power source

222 may be sughcag,ab %I?&@ﬁ Mtz and eBout[ibb@?} Oﬁﬁ'@”@’@nﬁ?ﬁ' B’ﬁﬁrpé“@f spwEesubstr at e

260 is at Igg@pnapayeté gbl(yr‘ﬁgggd'@tlsgqmgy r egul atl ng the tenperature of the
support pedest al one enbodi nent, the port pedestal 216 includes

a cool i ng pl09Rs] (n@he iﬁmmfﬁtlh‘ﬁ@i‘ the substratel %ﬁUflarﬂt gasbpamigihaceduiladby | n
addi tion, aRAGKRL W Eitperatifd offhe KippbpeEaldH®. In one embodiment, the

support pedestal 216 includes a cooling plate (not shown) having channels for
flowing a coolant. In addition, a backside gas, such as helium (He) gas,
provided from a gas source 248, fits provided into channels disposed between
the back side of the substrate 260 and grooves (not shown) formed in the
surface of the electrostatic chuck 226. The backside gas provides efficient heat
transfer between the pedestal 216 and the substrate 260. The slectrostatic
chuck 226 may also include a resistive heater (not shown) disposed within the
chuck 226 to heat the substrate 260 during processing. In one embodiment, the
substrate 260 is maintained at a temperature of between about 10 to about 500
degrees Celsius.
[0026] A showerhead 232 is mounted to a iid 213 of the process chamber
body 210 in a spaced-apart relation to the substrate pedestal 116 facing toward
- the substrate 260. A gas panel 238 is fluidly coupied to a plenum (not shown)
defined between the showerhead 232 and the lid 213. The showerhead 232
includes a piurality of holes to allow gases provided to the plenum from the gas
panel 238 to enter the process chamber body 210. The holes in the
showerhead 232 may be arranged in different zones such that various gases
can be released into the chamber body 210 with different volumetric flow rates.

[0027] The showerhead 232 and/or an upper electrode 228 positioned
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provided froma gas source 248, fits provided into channels di sposed between
t he back side of the substrate 260 and grooves (not shown) forned in the
surface of the electrostatic chuck 226. The backsi de gas provides efficient
heat transfer between the pedestal 216 and the substrate 260. The

el ectrostatic chuck 226 may al so include a resistive heater (not shown)

di sposed within the chuck 226 to heat the substrate 260 during processing.
In one enbodi nent, the substrate 260 is nmaintained at a tenperature of

bet ween about 10 to about 500 degrees Celsius. [0026] A showerhead 232 is

mount ed to grokinthte ereto i18of5IB4 185 HIPPRSMa POWer Sdhiftcd 218 gﬁg\@gaﬁpa“

relation to the substrate pedestal 116 Tacing toward the s te 260. A
gas panel Z2gpedanee tinasfomaenaiiSde g.02 guarteswavelength matohing stule) i ThedRbet ween

the shower heath?3a,80 S18NR gér%éélﬂyt?’gaq%ge gﬂlf'g)‘reﬁdnq?:ﬁ%dag%% di f |"fga§?]1 I.':1'0I urality

of holes to allow gases provi om the 238 to
enter the piuoabledraguenty of bbdyt 50 BHzTtheatioot 460 iMHZ laad a5 houvee [pesbr 282 nmay be

arranged i n.di L r sed into
he- chanber 2280 Four 863 PRES h8 ¥ BRskR o NS e THBREy PSR &
shower hfag élgfi’alanRthrplaﬁemmiesebm a@dlmitgzah&ﬁdﬂHﬁiooabdqt ZSMgizoxi mat e tperet o]
is couple asnma_power sourc t hrough, ap i mpedance transforner
219 (e.g., @Ba@art-gﬁ)e \Hz%séﬂ‘%%‘f’hs OtPE’hgﬂg oay, fso %ﬂ—,‘" ong e fPle 218 is
ggner al5 1) ykcsawéms of nm?ﬁg!scl\%zlzgxmgioﬂ%%ixwﬁiaf tdwmidng?mer tbuan@tsg,enéaragyencxé 81(‘) 0
about t 9 about and a source power of about o about 5,
Watts. The%“ﬁ?%i‘ﬁé%o Weﬁ%Wecofls@gﬁ’&\?t(Bf%W fFecontro ‘gﬁﬁla %5 FOMEL i pl e
frequenci esgousslsbr RFovaRedtienty A pdivér Sturédesyd. 2 MHz. [00281 The plasna etch
system 202 may al so i nclude one or npre coil segnents or nagnets 212

posi ti oned [8928k i oPuting substeata Msesesainl gagpressess Within thenigiasior dfitee 213,
Power to t | t; | Sci e or a
| ow f reque%f@érg’é\%;ﬁgdﬁ%gg% Acfi %’%%%?ﬁ%&ggb@ﬁ@?gﬁ%}%ﬁg%g| ng, gas
pressure w2 nint pee iembedinpentothe gas prasawiecwithin dge Mteriorsofdbatchembed usi ng

the gas panglqy23% idAthiftnelt Gbblt%.Y 8 ¥out 999 mTor.

[0030] A controller 240, including a central processing unit (CPU) 244, a
memory 242, and support circuits 246, is coupled to the various components of
the system 202 to facilitate control of the processes of the present invention.
The memory 242 can be any computer-readable medium, such as random
access memory (RAM), read only memory {ROM), floppy disk, hard disk, or any
other form of digital storage, local or remote to the system 202 or CPU 244. The
support circuits 246 are coupled to the CPU 244 for supporting the CPU 244 in
a conventional manner. These circuits include cache, power supplies, cltock
circuits, input/output circuitry and subsystems, and the like. A software routine
or a series of program instructions stored in the memory 242, when executed by
the CPU 244, causes the plasma etch system 202 to perform an etch process of
the present invention.

[0031] Figure 2 only shows one exemplary configuration of various types of
plasma eiching chambers that can be used to practice the invention. For
example, different types of source power and bias power can be coupled into
the plasma chamber using different coupling mechanisms. Using both the
source power and the bias power allows independent control of a plasma
density ahd a bias voltage of the substrate with respect to the plasma. In some

applications, the source power may not be needed and the plasma is
7



227. In one enbodi nent, the gas pressure within the interior of the chanber
body 210 is maintained at about 0.1 to about 999 niforr. [0030] A controller
240, including a central processing unit (CPU 244, a nenory 242, and
support circuits 246, is coupled to the various conponents of the system
202 to facilitate control of the processes of the present invention. The
menory 242 can be any conputer-readabl e nedium such as random access
menory (RAM, read only nenory (ROM), floppy disk, hard disk, or any other
formof digital storage, local or renpte to the system 202 or CPU 244. The

support cir eakiftainédGoRilE by MePbRE gower harhefpihsti4 dbRsitySatpes bhRdnddasyCPU 244

in a conventional manner. These circuits include cache, power supplies,

clock ci r c@imagnetigiigld Bﬂﬁlﬁﬁ‘ttoéh? ¥aguumy chapber isiRg: eleptomageetsnsichigge. A

sof tware rod fifagnets @425%\/6:5 vt mmm&néw(ret@ oqmssﬁ:&iﬂ% bukBRt MBIy
242, when executed U 244, causes the plasma etch system 202 to

perform an &P¥EESI @cé%sqwce t H@tbﬁ'éwipaﬁiqﬂﬁeﬂﬁ I@JﬁsmFG'OQM!Ee rgegafaéectlrbm y
shows one exefiplah clfa‘?ﬁﬁérgwn"i‘iﬂe‘)&'né)fn Mﬁ%ﬁ U sipsrak ﬁfl&cﬁéésgg %ﬁ@t

chanbers that can be used practice the i1 nvention di fferent
types of soola@mmmﬁe,amd tsuhseq;@wﬂy geidedpista thepthamben usungﬁeCMIm chanber
usi ng di ffekﬁ:{;\ﬁr rlng mechani snms. Using both the source power and the

bi as power alTows 1 ndependent control of a plasma density and a bias

vol tage of {00323 ubsiguse S Mustiates apitow diagrameof @ BARE: rdmovabipeocespB800cat i ons,

th t. b d ' t d | el b
the bras: postilible 18 upg in i diC Hagrastsne, BBl o atididd oo g 7
gggl [ Sd to bhﬁn;aﬁmw rof aha riesntios ) H@uﬁsemmma@wé@enﬁalcicéMnaﬁch@rmgnet S
rrven w en curre source or
o by casetonal ene Al ijatont Hisoes ok pificonn 30D lustAEFd iNa PARC” o
different chsnden ﬂrbééﬁst B60.0TRe | grotdtisCHO0 ia ubsmbaédem maAsHt 242 R 0.

renote plasma source, and subsequently gui ded_into the chanber_ using

t echni ques 'ﬂ?ﬁﬂmﬂsﬁhﬁhﬂh% gxequigrhby they eantioller 244 caysether QCQSSO'%QOdIPagr am of
a BARC r enoygleRbRt&s 188 2hamber 202.

[0033] The process 300 begins at step 302 by providing a substrate having a
film stack suitable for fabticating a dual damascene structure. As shown in
Figure 4A, the film stack has been eiched to form a dual damascene structure
400 having a trench 422 over a via 420. The film stack includes a dielectric butk
insulating layer 410 disposed on a dielectric barrier layer 408 stacked on an
underlying dielectric insulating layer 404. In embodiments the dielectric barrier
layer 408 not present, the dielectric bulk insulating layer 410 may be directly
disposed on the underlying dielectric insulating layer 404. The underlying
dielectric insulating layer 404 is disposed on a substrate 402 and has at least a
conductive layer 406, such as a copper ling, embedded therein.



suitable for use in a dual damascene fabrication process according to one
enbodi nent of the invention. Figures 4A-4B are sequential schematic cross-
sectional views illustrating different stages of process 300 illustrating

t he BARC renoval process 300. The process 300 may be stored in nenory 242
as instructions that when executed by the controller 240 cause the process
300 to be perforned in the chanber 202. [0033] The process 300 begi ns at
step 302 by providing a substrate having a filmstack suitable for
fabricating a dual damascene structure. As shown in Figure 4A, the film

stack has bgews®t cheénbkerisddimant Ui dEEHNGE RIBAIaGHG Wi A0 BOD dfecto a

trench 422 over a via 420. The film stack includes a dielectric bulk
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$ie
dielectric barrier |ayer present, lelectric bulk |n531at|ng

| ayer 410 maychas D%M@Npp&%!ﬂdﬂﬁ 'ﬂﬂi@"ﬂlﬁ&@iﬂb}@ figmdhriedtMateriaifsul at i ng
| 404. d
subotrate a8V AR AhoVodfinels, S aS poiyaRess Thodidet oddier lePlos e el o @
line, enbeddéelg¢cteddram a maefigioBwing md@m:trem;n‘mstamm abouts. gioe lasst iniane

' | at i | | | t t ant
| ess han®4 oo, 8, debiiy Bar: daveFHoBL R ol BB SigrLiaba o' *"
i ncl ude car l@&ﬁ)},dmpﬁ(bgenlduped -aaxbdesodt&mﬁ@)slllcmuahenaﬁeuhw the AENDST
dielectr t I bI f d

pgfyﬁgrsl, ngaﬂr%r'l&a aé%:lﬁc% ‘f{ﬁgr‘%’%ﬁé"@temﬁ'%ﬁ ﬁ@&gﬂ?ﬂ% qgna"sel ected
froma natelaualabtwwmg\mhddimmals ihcconst ant of about 5.5 or less. In one
enbodi nent t I b I
Cayer (S cORBIN Thedeich dg2ae eyt G dslesirignesinio RYPRSLY gy | or

the like. Fﬂ{rou@%arﬁatt%médﬁ?h&b@smuéyeﬁ dhar i BARbaM?ér 498 iRy nh@h@vﬁLOK(r)
dielectric materi al avai from Applied I\/aterlals I nc. [ 0035 The

trench 422 #20figrexpeses atribeqbaiion ofi thej franphafi2dg In oner ebodiment t hr ough
a patterned gﬂ@l@f-é%‘isﬁéy%? 41§yrﬁé¥1ﬂé%oneerﬁlﬁﬁ9 J:él’!ﬁ@ﬁ-bﬁ&éd ‘;%rgéhaeg)r'd?)lﬁrﬁﬁlc‘” a 420

I S exposed at the bottom of e trench 422. one e ment, "t he
materials used to pattemn integrated circuit. The BARC 414 may extend from the

via 420 to a height beyond a bottom surface 428 of the trench 422, thereby
slightly protruding out of the via 420. The BARC layer 414 may comprise, for
example, organic materials such as polyamides and polysulfide typically having
hydrogen and carbon containing elements, or inorganic materials, such as
silicon nitride, silicon oxynitride, silicon carbide, and the like. In the embodiment
depicted in Figure 4A, the BARC layer 414 is an organic material spun-on the
substrate 402. In another exemplary embodiment, the BARC layer 414 may be
coated, deposited, or filied in the vias in any other suitable manner.

[0036] The patterned photoresist layer 412 transfers a predetermined pattern
and/or feature in the dielectric insulating tayer 410. During the process of
predetermined pattern and/or feature formation, the pattemed photoresist layer
412 may be consumed or trimmed, leaving a portion of the patterned
photoresist layer 412 on the upper surface 416 of the dielectric insulating layer
410. Alternatively, the patterned photoresist layer 412 may be substantially
removed, thereby exposing the upper surface 416 of the dielectric insulating
layer 410. In embodiments depicted in Figure 4A, a portion of the pattemed
photoresist layer 412 is remained on the dual damascene structure 400 after

predetermined pattern and/or feature are transferred in the dielectric insulating
9



phot oresi st | ayer 412 may be conventional carbon-based, organic or polyneric
materials used to pattern integrated circuit. The BARC 414 may extend from
the via 420 to a height beyond a bottom surface 428 of the trench 422,
thereby slightly protruding out of the via 420. The BARC | ayer 414 may
conprise, for exanple, organic materials such as pol yam des and pol ysul fi de
typically having hydrogen and carbon containing el enents, or inorganic
materials, such as silicon nitride, silicon oxynitride, silicon carbide,
and the like. In the enbodinent depicted in Figure 4A, the BARC | ayer 414

i's an or ganifePAi@id @lrt%%éné;& g@%ﬁ&ﬁﬁeﬂt@th%@ﬁ'le ﬁﬁtgﬁgkggypﬁig? ary

enbodi nent, the BARC layer / coat ed, depos in the
vi es in anynet peseshithelive steipredching POBEES Thay et perforawdpleotamaes e | ayer

412 transf eBARE Bﬁﬁgﬁﬁeﬁﬁp{gﬁﬁ%%@ 426.”0” or feature in the dielectric

I nsul ating layer rocess of predeterm ned pattern and/or
feature for (B0370n, At stepd304, erfitstdetphing stepsis perfoayed to ihitkaliymictba poditmuned or

tri d, | ' ' . t d h ' I th
upper - sur 1 aBLRARE Hick A5 oty s P840 L xpSR s iiniing Eh BBl Vel §
the patter Eedppwing @ ﬁrsg sl rzgfgrre ;i&:t?]m%qm?g %hbmbamzball ifya pbﬂ:lﬂhveﬂthez ggr e:Jy
exposi ng the er, urta of. the lelectrlic |Lnsulatin ayer . n
entF;odi mgnt s pa&%ﬁﬁ' é‘goﬁoﬁeﬁ%ﬁtdﬁeé YR may B Fﬁ“@ﬁ‘egfonc the %&’?f@*e?ﬁﬂ}acéh@@or esi st
layer 412 i first BAROGBhIAY stdpemey alsodﬂéfﬁﬁﬁetﬂ@teﬁ{éd’gﬁdﬂér%si@@%éf A3,

pr edet er m n?d Eattern and/or feature are transferred in the dielectric

i nsul ating hyetn 296 qrobqdiment, dhe figst gas, pixturensuppiisdi intnthe elehing: he

phot or esi st chayBér 432 cbtaifd0hmPcPELBhs (NPE). ! tghddie B may be
per f or ned tg rermrve tﬁe aI'BARCmI ayer §4§Ll{ F@rra-'io‘%eg'ts?%atgh@&it/lings@f%%ast[%owﬂ At

step 304, aldmew orgariAipelymare gniphetaresistasustitbal mpy bgigepetated framplhet i on  of
the BARC 'a}SPervio%ylelfchﬂnh]! Eﬂmbéses" 'aﬁﬁzéﬁ?g@rgﬁ&teéﬁ%%dsﬁﬁ%g& Vaix{rl}%e.t Fipiach 422 by

supplying a first gas ture 1n I'ng chanber a portion of
the patt er hgdropéroelemest it the digal gas hiixiueg/cibans theairganic oesidueas yufogningt e

Shrace. LMol War G oRkRl SRR Rt A8, BoPat 8. LB,

suppl i ed i nbystérhe?02t withauy 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 dielectric substrate
from k value shift and dielectric constant increase. The first gas mixture may
also purge and flush out the residual gas, e.g., fluorine containing gas, from the
previous etching process remaining in the etching chamber 202, thereby
preventing defect generation or chemical reaction with residual fluorine
chemistry which may further attack dielectric insulating layer surface.
[0039] In one embodiment, the BARC layer 414 and/or the patterned
_photoresist layer 412 is first etched by forming a plasma from the first gas
mixture containing NH; 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.
[0040] 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 Watis. The
10



chanber 202 contains ammonia gas (NI-13). The first gas mxture is used to
renmove organi c pol yners and photoresist crust that nay be generated fromthe
previ ous etching processes and/ or present on the substrate surface. The
hydrogen el enent in the first gas m xture cleans the organic residues by
formng volatile hydrogen carbon conpounds which are punped out of the
etching system 202 wi thout damagi ng the substrate surface.. The first gas
m xture may al so passivate the sidewall 426 or exposed surface 428 of the
dielectric insulating |ayer 410, thereby preventing the underlying | owk

dielectric NRYatddy b lnema& av%'ﬂb%v Fte Bbg%yﬂ. Q‘f?% %@tgcb& SRE3 ga&&tmo@w ease.

The first gas m xture nay purge an out the residual gas, e.g.
fluorine coREEMNFUEH Qﬁa@boﬂrm atmn apd abpyB00seom. r@thpf mga%eﬂmhmsng in the

eLOM 19 ChARaSkr, Bt By SRR e 6 BAET AN 3P% 1658
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step 304 whah&héhembbdifient,dhe fiOBARE dtshifg RRIY My bY Rriniitatéd eRidigersyst em
gas mxture in the etch reactor

202. In one egglfdl rrent & ressure of the

i s regul at e84 hodofar sxampigy by B‘OQB‘ERHQ spticahremyssion @' ¢ e st rat e
t enper at ur ejndcatgri Nt ai ned  between about -10 degrees Cel sius and about 55
degrees Celsius. RF source power nmay be applied at a power of about 150

Watts to abmsmlzooet #ept306, precond efghingyslepiapedermedigeatchiang remswer at e
bet ween abOH{? &ﬂen %Pmétsﬂcﬁ@f?%e?%imnuﬂg%e ) ﬂﬂ%‘gak@ﬁ a“d about
, r, gas

800 scam ° ner gas, such as as,
supplied i n%ﬂhelsm regovgs anyipattarmedaphatoresistlayert 412 mmmemg cammﬁ uﬁm?erscam to

about 1000 E@r?é@e A8 ne' BiefiiricCBATNAT Myer 416, Thé HecShd Uidiing Sl 4BY Pe

term nat ed
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 etching rate and polymer removal rate that
not only advantageously promotes removal of the residuals and contaminants
but also cieans away the residuals and byproducts that may not be completely
removed 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 mixture containing O,.
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
reactors.

[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
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expiration of a predefined time period. For exanple, the first etching step
Is termnated by processing between about 20 seconds to about 200 seconds.
In another enbodinment, the first BARC etching step may be term nated by

ot her suitable nethod, for exanple, by nonitoring optical em ssion or by
other indicator. [0042] At step 306, a second etching step is perforned to
etch and renove the remaining portion of the BARC | ayer 414 filling the via
402. The second step 306 al so renpves any patterned photoresist |ayer 412
remai ning on the upper surface 416 of the dielectric insulating |ayer 410.

The second GRTH RYabGR GO rﬁro:@eéﬁd:mmbyﬁa@qempém@ads giiintHinel Webwdatpp! i ed
into the etchl n chanber I n one enbodi nent, the second gas m xture

i ncl udes 02 3pg %Qeg@éﬁrﬁﬁ"ﬂﬁ% ang; shaut S5-degraes Galsive BESousmaBOWel at i | e
pol yners wi tnhaﬁﬁ@a Siddi @l ﬁoﬁé}%f abumr 1 angsia leh%obw§ﬁs %%ftbnga tep 304

and reacts with th e remai ni ng hot oresi st | ayer 412%0n the
substrate 40uay bedipwed aéfafﬂqw eatmt;etwmabwg 50t seem &3 pbowtl 500 sggm.othect s,

oL o, SO S LSkl AR S <HBRLaR Bols A7 o ©

t he etching sys he oxygen second gas m X
provi des a lsegbnds; sbhéhas bmeambopm@mondennalamtrﬁ@twcbma not only

advant ageou ro te | s. and contam nants, but al so
cl eans awayib%“(irersﬁ‘ s ind ?%)h"ﬁ;é s&%& ;{%@93{%& %Beeé%\:ﬁrg'fjgtg renoved
during the fpiretmimeﬂ dimmgemd)d"a:rsexahwahelsemm BARD ditctiing stdmmaﬁm& | ayer

414 and/ or he re5| St 412 .1 S ched form fromthe
second gas grﬂra? gtweer abolh e‘l‘*ﬁ?’é&g%ﬁ? tnel%r@% si st

| ayer 412 rrmyaetzﬁnlﬁidn'h@ﬁt tma @étoaacdnchrﬁgfs rnoesmaia ak® Beeo SHShave 202
described in Figure 2, in o&er sul t reactors. B 44]  Sever al

process par £Es H’F‘@ ?@@Eﬁ“&? egyaldpd ei@ﬁ ¢lRNING step. 30438 Heseledyi xt ur e

i's suppliedabbi® AlénaialhethéOfocéds five SMIRAfIEE Rlohi sprﬁ%é&”&d)fhet he gas
m xture in the etch reactor is regul ated between abou 11 mlorr to about

50 niforr, arsgcentbetshipgstan 306 ey beponfigured tohaye a.hmmcm@ﬂ 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 layer 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 mixture provided at the second etching
step 306 reacts 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. Alternatively, the two steps etching

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



about -10 degrees Cel sius and about 55 degrees Cel sius. RF source power may
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 sccm The
etching tine 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 tine
period. For exanple, the second BARC etching step may be term nated by
processi ng between about 10 seconds to about 60 seconds. In one enbodi nent,
the second etdehi Far Shxinphé)6 then\eteHing® Stép casnﬂemﬂb@d b diép/ 3062 niyoBess tine
substanti al | %Jﬁg to . the ﬁ@ et cq_qgng teg as descri bed above.

Al ternati vePé"f iyt thendoliowed the &t prog %?%ﬂ?wbgfjé‘bsﬁ’@@%d t he
second et chigoas te%a%m@ﬂafstm&@é AGD laavee;actburm PRuE bAly! O

bet ween about 1 to about 4:1. In another enbodinent, thé second etching

step 306 i sShews anexeawlasy embadinmentthabmay bel utiized io padom the twa step _
i ndi cat or ta@hggen & E‘e}%déé&ase& hﬂh@@?&énﬁménﬁ&rﬂcﬁnélfﬁfuchﬁlg Z@u@ﬁ% esi st

| ayer 412 has renmoved fromthe substrate or the upper
surface 416sipglet ﬂ@nmnecﬁru@rea Migupely i strycluss; etrenchefirstnstructurs: tanch har f ace 418

0 e V2 R0 B IFBRREB0S onosBH LR midy SLOYpSutEba LORARlhace, the

si dewal | the ctric rnsul are passivated
and prot ect b ﬁt;aptdm‘mpg)pgmess aardeedll:fedoarboegpﬂwmmad mbg alsor b utiligad m xt ur e

at step 304 |nIy etches the residuals,

bypr oduct s, to, %%Pﬁ?@%?@ﬁ?%ﬁ@gﬁ%fg‘? 14 and/ or the phot oresi st | ayer
413 d: sposefboas] t h&'hﬂslhﬁbr;ﬁé@nugbmm qdmwhywal;]ét@pu?gwg)mmmm? the
underlying structu t he rate, such st ielectric i ating
| ayer 410.°€ ﬁﬁh bm&y%wftﬁg'éb bﬁ"g ok d hgcme Qgsecond
etching st Q@va?%do@%lgtﬁcﬂﬁtéd Yeribyd dfhﬁe @ﬁ@: |lé\)é?r pHdtbreuisl/ 1ayert AAd

photoresist |ayer 4 t he second etching step 306 advant ageously and

ef fi ci ent | yapskinied rﬁ@FHaSo?‘thrPYE’%’BYSOFVOPhHPQE'Fﬁ% aRE{as, igs sinf Aol he
substrate. B&Qégdenmﬁrdcme%%u%%r@& Waﬁfa%%%rﬁﬁd?ﬁé%él@@lﬂc%at&ﬁﬁ@ 304 and
step 306 may be repeatedly and consecutlve y perforired on the substrate as
i ndi cat ed 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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by the | oop 308 depicted in Figure 3. Alternatively, the two steps etching
process described at step 304 and step 306 nay be perfornmed in the reverse
12 order. For exanple, the etching step as described at step 306 may 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 exenpl ary enbodi nent that may be utilized to performthe two step
etching process as described in the present invention. O her structures,
such as single damascene structure, via only structure, trench-first
structure, xgykhtiiSelaiimedds: havi ng a BARC | ayer di sposed thereon may al so be
utilized to perTornlfﬁ two step etching process as descri bed above. The

met hod may aI soeR %E ized to gﬂé EARC | ayer found in other substrates.
[ 0049] Thus eshfor rRpeNng MR Joxfs romn 2 lantareepOrBPESING:y net hod f or

etching a BARC | gt hhsibistritd RGN la fe'ahﬁeamﬂd%ﬁ% BARC \43/8F ¥n ahne met hod
advant ageous|ly facilitates renpval of the BARC layer, photoresist |ayer, and

associ at ed etEhingudiaebeid byproducts from trenches and/ or vias in a dual
damascene structw@lmd ROkt %%%ﬁﬁ]ré’ C@ﬁgﬁgﬁl WIS Gh¥ iR MeCbitfhbdiComaterials

di sposed on the strate. e two steE ng process also provi 8es good
si dewal | andlchra gt pertien pt thed?bARG hayer Glisg jn theifeatureh@ndor egoi ng i s direct ed

to enbodi ments o r [ nts of
the 1 nvent: on meg BUTE A 386bnd BKSABARE. oiiing 05 b IAEL BRI
t her eof , andhamberstopicht b eehaining pettiennofnthe BARChéayer adisposeliain thel | ow. 13
What is Clake dr is: 1. Anmethod for renoving a BARC | ayer froma feature,
conpri si ng: rg&#gw ding a substrate having a feature filled with a BARC | ayer
in an etching chanber; supplying a first gas m xture conprising NH3 gas
;2;? u£ 26 ch nber_l_rtleo me(f:}wcf| of%lglrlnr15tw ecr)éut'lltl'?enstglg o} supp?ﬁr'?gc tl'llea gtr gafsI rlnunglfg in the

further comprises:

flowing NHj into the etching chamber having at a flow rate between 50

seem and 1000 scem.

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

Watts.

6. The method of claim 1, wherein the step of supplying the first gas mixture
further comprises:
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supplying a second gas m xture conprising 02 gas into the etching chanber
to etch the remaining portion of the BARC | ayer disposed in the feature. 2.
The nethod of claim1, wherein the step of supplying the first gas m xture
further conprises: flowng NH3 into the etching chanber having at a flow
rate between 50 sccm and 1000 sccm 3. The nethod of claim1, wherein the
step of supplying the first gas m xture further conprises: maintaining a
process pressure at between about 5 nTorr to about 300 mlorr. 4. The nethod
of claim1, wherein the step of supplying the first gas m xture further

conprises: cont r giching%he RSt paftient SMAG" BAHC I8t YHRG iﬁtiﬁHtf_eat]cPeéj\%ﬁ REes

Cel sius to about 55 degrees Celsius. 5. The fmethod of claiml, erein the
step of supplogeRgtimadetween abpid 29iseconds and,abous 208 sapendses: appl ying a

pl asma power at between about 150 Watts to about 2000 Watts. 6. The net hod
of claim1, wherein the step of supplying the first gas m xture further
conpri ses: 714 ettra mpthodk of cladn bowharein %‘B stee obAREplyimgethef $edondgasn t he
features at r ' et ween about 20 seconds and about 200 seconds.
7. The netho %‘%fgﬁgﬁ%ﬁ%ﬁg'r ein the step of supplying the second gas

m xture further fooving Osayas iflocthve redctindy gbambert at & fiew eatelbetyeerm &01secmat a f | ow
rate betwee 8 c and 500 sccm 8. The nethod of claim1, wherein the
step of supBrI@ R(gsﬁﬁg second gas mxture further conprises:

8. The method of claim 1, wherein the step of supplying the second gas
mixture further comprises:

maintaining a process pressure at between about 5 mTosr to about 50
mTorr.

9. The method of claim 1, wherein the step of supplying the second gas
mixture further comprises:

controlling substrate temperature between about -10 degrees Celsius to
about 55 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 60 seconds.

12.- The method of claim 1, wherein the etching time between the first gas

mixture supply and the second gas mixture supply has a ratio between about
1:1 and about 4:1.
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mai ntai ni ng a process pressure at between about 5 niforr to about 50 mforr.
9. The nethod of claim1, wherein the step of supplying the second gas

m xture further conprises: controlling substrate tenperature between about
-10 degrees Celsius to about 55 degrees Cel sius. 10. The nethod of claim1,
wherein the step of supplying the second gas m xture further conprises:
applying a plasma power at between about 150 Watts to about 2000 Watts. 11.
The nethod of claim1, wherein the step of supplying the second gas m xture
further conprises: etching the remaining portion of the BARC |layer filling
in thg feiltzua.eﬁ Tiie anetgb@?:ﬂ&flaih'i ‘ﬁ‘ﬁvhﬁr\%ﬂiﬁemeadwuéh scbﬂﬁsﬁﬂwnﬂﬁ_ [ i&glddé@%ut ﬁo
seconds. - .method of claim1, erein the etching_tine between the
first gas ma%%nglg]ﬁmq,lagﬁ@qw e dielering,cRnstant ‘?ﬁsél‘ggﬁ;ﬁ-y has a ratio

bet ween about 1:1 and about 4:1. 15 13. The nmethod of claim 1, wherein the
damascene structure includes a dielectric insulating |ayer having a

diel ectric dtnstHif “_PQ!E%d 19 Faim 5; er'ﬁﬂben@m%ﬁfeﬁﬁ 4l Lffﬁl'nc'ﬂﬂﬁv?@l n the
damascene s higheint ifsdlfind189er comsHstPEArbbk doped sificdrGxidély er conpri si ng
carbon doped silicon oxide. 15. The nethod of claim11, wherein the step of
provi ding further conprises: providing the substrate having a photoresi st

| ayer di sposed H.Fﬂetg r ; !ﬂ'@lrs nod of

cl aim 15, vvﬁg'r e?@ﬁee I rgtclﬁgg'lsf,%ﬁ%{%&éﬁ%ﬁt&ﬁﬁéﬁfs@@%f ggggﬁf’x uspe supplied
into the etchi ngprowidingethe stubbltratechaying apbolosesistdgyar dispdsed ast aiuppert he BARC

| ayer. 17. t r.Leppving a BARC | ayer froma feature, conprising:
provi di ng aééﬁsetbﬁg?%gﬁ%ﬁdw a feature fornmed in a dielectric insulating

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

17. A method for removing a BARC layer from a feature, comprising:

providing a substrate having a feature formed in a dielectric insulating
layer and filled with a BARC layer in an etch chamber;

supplying a first gas mixture comprising NH; into the chamber to eich a
portion of the BARC layer filling in the feature; and

supplying a second gas mixture comprising O, gas into the chamber to
etch the remaining portion of the BARC layer in the feature.

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

scom.
19. The method of claim 17, wherein the step of supplying the second gas

mixture further comprising:
Howing the O, gas at a rate between about 50 sccm to about 500 scem.
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| ayer and filled with a BARC | ayer in an etch chanber, supplying a first gas
m xture conprising NH3 into the chanber to etch a portion of the BARC | ayer
filling in the feature; and supplying a second gas m xture conprising 02 gas
into the chanber to etch the remaining portion of the BARC | ayer in the
feature. 18. The nethod of claim 17, wherein the step of supplying the first
gas mxture further conprising: flowng the NH3 gas at a rate between about
50 sccmto about 1000 sccm 19. The nethod of claim 17, wherein the step of
supplying the second gas mxture further conprising: flow ng the 02 gas at
a rate betwszen’ abheindifod of Blaim 17) Wherdi heé eRfiing tifie ZRtwddiethEeliriogasf claim
17, wherein the etching ti bet ween the first S mxture supply and the
second gas MR SURRIBANG th Se5ond 6rs KR SHPRIN bae & 1atp etwesBaRoul: 1 21
The met hod gft shdhhbout 4:1.Wherein the dielectric insulating |ayer has a
dielectric constant less than 3.5. 22. A nethod for renoving a BARC | ayer
froma feature, conprising: providing a substrate having a feature forned

in a dieleckiic i ' R7a ol | ' i@ iR [ etch
chanber whte2?'ei nwﬁgﬁﬁl}'gﬁqg’été@gﬁ?hgﬂ'ﬁ?':‘ rfﬁ%dé%‘?"‘ﬁés a cﬂggiégéﬁ P?%adgonstant

| ess t han 3dgleckimeanstany lessithar8.55as ni xt ure having NH3 gas at bet ween about
50 stem and about 1000 seeminto the etch chanber to etch a portion of the
BARC layer filling in the feature; and supplying a second gas m xture
conpri sing @2. gaA reethbe faxeemouningut BABC layarfronmd fegdons, comrisingm i nto the etch

chanber to etch ;t)r%%i&ne isrubgg‘agoﬁé\iri%] a %%tl}rg ?O%Aé%cinl gyﬁéleWictingulgt?n%t ure. 17
layer and filled with a BARC layer in an etch chamber, wherein the dielectric
insulating layer has a dielectric constant less than 3.5;
supplying a first gas mixture having NH; gas at between about 50 sccm
and about 1000 sccm into the etch chamber to etch a portion of the BARC fayer
filling in the feature; and
supplying a second gas mixture comprising Oz gas at between about 50
scem and about 500 scem into the etch chamber to etch the remaining portion
of the BARC layer in the feature.
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