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subsequently 1onlzed to form a plasma 110, in order to process (e.g., etch or deposition)

exposed areas of substrate 114, such as a semiconductor substrate or a glass pane, positioned
with edge ring 115 on an electrostatic chuck 116. In addition, liner 117 provides a thermal
barrier between the plasma and the plasma processing chamber, as well as helping to optimize
plasma 110 on substrate 114.

[0005] Gas distribution system 122 is commonly comprised of compressed gas
cylinders 124a-f containing plasma processing gases (e.g., C4Fs, C4Fg, CHF3, CHxF3, CF,

HBr, CHsF, CoF4, Ny, 04, Ar, Xe, He, Hy, NH;, SFg, BCl3, Cl, WF, etc.). Gas cylinders 124a-
f may be further protected by an enclosure 128 that provides local exhaust ventilation. Mass
flow controllers 126a-f are commonly a self-contained devices (consisting of a transducer,

control valve, and control and signal-processing electronics) commonly used in the
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cylinders 124a-f containing plasm processing gases
(e.g., C4F , CAF , CHF3, CH F3, CF4, HBr, CH3F,
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[0008)St abl I130RS, &5 &t 4Rbe commonly used approaches for manufacturing dual
damascene substrates: via-first, trench-first, and self-align. In one example of the via-first
methodology, the substrate is first coated with photoresist and then the vias are lithographically
patterned. Next, an anisotropic etch cuts through the surface cap material and etches down
through the low-k layer of the substrate, and stops on a silicon nitride barrier, just above the

underlying metal layer. Next, the via photoresist layer is stripped, and the trench photoresist is



contact between two active regions on the substrate,
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trench and vias are etched in both layers of oxide with one etch step. However, the self-align

methodology often requires high nitride-to-oxide etch selectivity and, like the trench-first

methodology, requires near-perfect trench-to-via alignment in order to properly etch the via.
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[0018] FIG. 2F shows the cross-sectional view of the layer stack of FIG. 2E after a
second photoresist layer 216 and a BARC layer 218 are disposed, in order to create a second

metal layer and a via connecting it to the first metal layer 209a-b.
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[0024] In addition, exposure to oxygen may aggravate via corner erosion and fencing,
as well as cause trench and via dimensional changes. This may become even more problematic
as substrate manufactures pursue next generation dielectrics with extremely low-k values (<2)
and thus very high carbon concentrations. These materials, aside from potentially presenting
substantial mechanical adhesion problems during CMP (chemical-mechanical polishing)
processes, may also be susceptible to pitting and severe dimensional changes during processes
that contain substantial amounts of oxygen, such as photoresist stripping. Referring now to

FIG. 3A, the a cross-sectional view of a layer stack, as shown in FIG. 2, in which fencing 302



renmovi ng photoresi st and BARC (bottom anti-reflective
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referltd sihHiaP BlbAe AR K IndWiGE,, and a first

[0029] FIG. 1 illustrates a simplified diagram of plasma processing system
components;
[0030] FIG. 2A illustrates an idealized cross-sectional view of a layer stack,

representing the layers of an exemplar semiconductor IC, prior to a lithographic step;



barrier layer material of the first barrier |ayer, but
a high selectivity to a second hard mask materi al of
wo b@ssevend hard mask | ayer; and wherein the sPCDO82005/007886
etchant has a high selectivity to the first hard mask
material of the first hard mask | ayer, the third hard
[003thsk mafk:.i2R shofvsialsemewhatdddabized onasskedtiayad vievaoltths lager stack of

. 128 shofus dichizad s kedaydoveot
116) 4 3heP ARl Blob@FUpRpid ot RAscl i Sionali 117 1o

(00325 . °° B 207 o p B2 S AR e safec O VoSt BRftack of
FIGi W efrdritioenfiret potdresistéser albile first BARE ldd: dhve Baeh pi¥cksied through

1.hthe detail ed description of the invention and In
ithogihYict i on with the fol | owing figures. BRIEF

SCRI P OF THE DRAW NGS [0Q28] _The present
1003 Jnt | BIC-2D oM ARSI LP R P s Bl SR ATRAC Higr 2
trendiBtadkflayer Mhd Bdeh RocessBd;t he figures of the acconpanying
draw ngs and in which like reference nunerals refer to

[OO_ﬁF m | ar FRE. @Meshbws 8RGrdss-siitiofll vidwORR 1akdiGtack of FIG. 2D, after the
illustrates a sinplified diagram of plasnma processing

first phetoregistignpsne thestirs| BARO layer @e removel] ust rat es an
i deal i zed cross-sectional view of a |ayer stack,

10035k pr es eREG-7Y shpws theyess-setions! visveafshaleyestrck ohbIG 2Brafter a
secoh@ph&Bﬁi&t lta?eégag{i LLaRgh ﬁ@ﬁi@lazér%?é (ﬁl%{%} &, FIG 2B shows

a sone t 1 I'zed cross-section view of the |ayer

ack o I ) ' . phe ' I
0038} 2% DR s LS Bl IBhO LR Sl Y A e
second phatbresisi ldyarlbay betnoposs-asd et ttoh bis beeeperfifrmed e paatyadly etch into
2B after the first photoresist |ayer and

I?E@ Fl ,
the e?as'fe?%tmﬁﬁef-'&v'laayer have been processed through

{ thogr w1 003 FI G 2D shows e, Cross-s I I
10037} oot FRAH S5 e it sotmmRIcres of i i SR i Fater the
second pkétofesist lagenand 6208$ BARC A 3dve lfebﬁstriéﬁe@ hows the
cross-sectional view of the |ayer stack of FIG 2D,
[0038f t er t REG.FI slsdwsthe tiRELsdctbnal d¥@Tof Blrdayieh Stadlé SIS GBARS which a
| ayer .are renoved; [0035] FIG 2F shows the
ba”l?F&ng%E@P‘?dénal view of the layer stack of FIG 2E
after a_second photoresist |ayer and a second BARC

[00319]iy er aF¥s. §%§%’(g5~: crogpsstional Hewanbthedaxes sipleof FIG. 2H in which a
cherﬁi}fz?ﬁﬁe‘cﬁ@nﬁ&il PBBh prb&ss Bs He_@l?}i)érlﬁifﬁEd %}@gﬁbﬂﬂ: ld:yl:ﬁtac;f{?ogﬁl éo a cap

er the second photoresis ayer een -opene
layegin et ch has been performed to partially etch into

[0040] FIG. 3A shows the a cross-sectional view of a layer stack in which fencing has
occurred;
[0041] FIG. 3B shows the a cross-sectional view of a layer stack in which corner

erosion has occurred;

[0042] FIG. 4A a layer stack in which a set of three hard masks, comprised of two
different barrier materials, has been deposited and patterned on the cap layer, according to one

embodiment of the current invention;

[0043] FIG. 4B shows the layer stack of FIG. 4A, in which a via has been etched using

an appropriate etchant, according to one embodiment of the current invention;



the IMD layer to create a via; [0037] FIG 2H shows

the cross-sectional view of the layer stack of FIG 2G
w@bdosnowhne second photoresist | ayer and secondP@HBR2005/007886

| ayer have been stripped; [0038] FIG 21 shows the

cross-sectional view of the layer stack of FIG 2H in
[0044hi ch aFbar4G shovsadhyelnydrstack ofield. 4BO3AictFhask 121 reiers using an

k.of FIG 2H
sop Rk RRE L B ofe Sl osme*ﬁﬁe%ﬁ%‘v%ag% inas been

rfor t he | aye .
008 ey ”Fg%i@a s e e stk 8 52 3CE i GRU P B R BPnapedping an
appiopriate krjiait, Rtadingito onbbrﬁbbcﬁlﬁélﬁloﬂmehaﬁ'elﬁGMhﬁ@ﬂ; [ 0041]

FIG 3B shows the a cross-sectional view of a |ayer

[0046] ack | FIGHIRdhooe MRy lapsr @&bl@@fﬂ@smmumﬁda bdr&4R} béehGtched
er ckln ich a s of three hard, masks,
usmé&ﬂﬁmreéraatsftc il APATHE R PRa A RadRerl A BF PHFR in{gRtBben

t tt d . er, .according to
1004372 o S BB VB S SR 1o Sorl PO GO aH 44 added to
the #éhch ROV UG ah AYROPBAE procOE, dobdeding e oﬁé’erﬁﬂfUdﬁHer@ oFth& current

has been etched using an appropriate etchant,

invegHesr di ng to one enbodi ment of the current i nvent i on;
%044] Fl G 4C shows the |ayer stack of FIG 4B, in

[0048hi ch nELE 46 showsdhmlarer strsk ﬁ@FI&h 4B pinrvdyieti the trerohco aiathas been

ﬁlleé%ﬁc@fh@ 't(")_]gl ér& Pl RE&@&H :ﬁ)Hﬁs‘rﬁgd stmé éﬁ)%ﬁrﬁ%tpé{)&%se Qéc!opc{]ng to one

ows t ayer
emb@ﬂm@mﬂﬁbkw_rmnsuwemned usi ng an appropriate etchant
accordi ng to one enbodi nent of the current invention;
[0049D046] FIG. SMEloswh@vmnplifwdlpagwss intwdddh aofubsttats is 4€ohed with a set of

hard USRStk T b el R L SheEor " R cur Lﬁi )

[00§'!_)T \ée anIE%ﬂS S[BO XJ]ﬁ agirﬁ%“iA 7 é)?ohc%%?\gm thglzci]? E%lggral %l% f éecond barrier

layet isestahiad ouith\ai sat maftgrnasks,a@pmmg it@biie R HE 0PthE QVEhtTEh.
to one enbodi nent of the current invention; [0048]
FIG 4G shows the |ayer stack of FIG 4E, in which the
trench or via has been filled and the top |ayer stack

ggio?ﬁﬁﬁé oI| hed usi n? ant%ﬁﬁrgﬁgl ate pr OCGSSM&NT&

[0051] The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail in

order to not unnecessarily obscure the present invention.

[0052] As previously stated, the process of removing photoresist and BARC (bottom
anti-reflective coating) can often damage low-k material in the substrate. For example, in
general, dual damascene substrate manufacturing approaches require photoresist to be applied
over a hard mask in order to lithographically pattern the underlying substrate, and also

exposing the low-k material to oxygen.



[0049] FIG 5A shows a sinplified process in which a
substrate is etched wwth a set of hard masks,
wa@emsnhiong to one enbodi ment of the inventi on;P@mNtsS2005/007886
[0050] FIG 5B shows a sinplified process in which a
substrate with a second barrier layer is etched with a
[0058kt of RNérk nohwishingde be baimipyttbeandt i rblixyiedibnthedfiventve herein

o BRI Pt RSB\ R PSSR o

etchetbmthmhedpcbsmgjhé hivw-k whattdrial e)fceaygmmed in @nfreniopslghetoriit

odi nents_thereof, as i.llustrate the acc anyi ng.
srcgP ARG 1 40 Pl H R O St opLA O A FIHEY BEer Mz
misdigRféht iSsudeprdbdns wath @re@-fifsPidddualhd #R5k dR1-RAANCHR 2
lwI;lorough under st andi ng of the present invention. It
methydplogiss: apparent, however, to one skilled in the art,

that the present _invention may be practiced w thout
[005dh e or Iypne espbodisaans, the maskeiage ﬂ@ﬁtawaély cpmpigieof metal materials.

In aﬁoﬂﬂf 8RB dimeAE lal setdTaMYRe RIaOGSRE cB) f%?& (éxntg{apf‘oﬁ Haki&? KS&d. In

have not been described in detail in order
anotly gerbeodinagnt) the eth o€ meskstiheorrissé pf dlffmemlﬁenntlng ®eghatedals. In

anotHJr gﬁ%&@%nb ¢ Shebet Ot m‘ilnﬁ‘)leolﬁq %S ?rﬁl‘}// uge%rWYH @ﬁl Hg}%s?ef*n%sapsro aches

jottomanti-re coat i can

to Slxbaum@mahwfmﬂurmgt erial in the substrate. For exanpl e,

in general, dual damascene substrate manufacturing
[0058ppr oachethe rlisqus’sioas faofodloesieahs suehbe "2bppd"iand "balew," avhich may

har d sk. r aphi cal | attern th
be effRloSed i € oBeb it olsl IRRRRE e s TRiets P W noed not
alwaygtdenotala dicrooyigenbdrdendhe Mbéds enviaBied WitShoul@ bé Rotb@that other

it Is beljeved by the inventor herein

addfgnd] qu%- %ﬁ?gﬁ‘g LA D5 e AT A TR RS, ot llof
the SNBWE [dydts nedll héce@éah%e%r&eﬁt AMd sbin@ 'BF B ky Be SI%sﬁ!ﬁ?eqé)y other

W t hout exposing the l'ow-k material to oxygen use
diffeseplpstsi onal phot or eS| st stripping processes. In

addition, inspection of the set of hard masks may
[0056Lir t her Imihaicwirens investion, imareent- Ob\swé@hpmes subistrate isconfigured with

N T

dlel@tlhsmaﬂtmla I"Ilhy capz)h:pen and dheodet ofttaad mawkis are fattber compeissdtdiarnset of

e © i_ment t hree. masks d cap l.aye r

it e QP i B R R AR BB Rl T by cach

indiwidial efchmsnk@ PoSseSOMTW Selsttivty b dﬁa@ﬂicﬁ[ﬁr tyetof bixgiet Mbterial, but a
materjals. .l n another enbodi nent, the set of

h‘gh:frglle?t’r‘fﬂyetoﬁléesli?g’a}?ﬂg Pateffaled with dual damascene
proaches to substrate panufacturi ng‘§ [ 0055] In the
AY

[0054] scuss B PRt CbADNCh poths 28d ErFsdigve ks wlecniy to (and
hence 81 8% to M¥hF TEOBY but a high selectivity to (and hence will tend not to etch) SiN or

SiC. Likewise, etchants such as CF4, CHF3, CH3F, and CH,F; have a low selectivity to SiN or
SiC, but have a high selectivity to TEOS. The set of hard masks may then be patterned using
traditional photoresist methods to create a hole for the via or trench. An anisotropic etch
profile in the dielectric may then be achieved by using the appropriate set of etchants, such as

based on fluorine chemistry as previously described.

[0058] To facilitate discussion, FIGS. 4A-F illustrate an idealized cross-sectional view

of a layer stack, representing the layers of an exemplar semiconductor IC, in which a set of



be enpl oyed herein to discuss the spatial relationship
anong the | ayers, may, but need not always, denote a
wa@leesn919¢ont act bet ween the |ayers involved. |PCHOS00E007886
be noted that other additional |ayers above, below, or
bet ween the | ayers shown may be present. Further, not
hard gasksgis entpdoysH eereitapdoks foeediame cesdans usyd bea dirabaandscene

man ag‘??sgﬁ’f%ggﬁm?mﬁg%gﬁ?bg%[n}ngt egmgcg?{tegﬁﬁv%t grfl er ent

n- obvj bstratel [ ed with g
[0052]:1 k orirlgyagL ayer aeyer stie Boydiichs ge ?Ptg‘ &’gf‘{rE%FkEré’PWQQ?Fd of
two different bérrlhﬂhdelmis,ﬂﬁs hm deb@mﬂe@%hd(paﬂﬂeﬁieﬂ oh EheCcaBM}@f la&dording to

and .t he set of hard gg}zﬂs are further

one aFREw TR cuRBR UG Ab e Bote CL R gt i BaFers Gown a laye

408, sBdipyidiag SiOWIHoRE Myar A08tis Qfsg@a{e? RaRkRr E?és’reéis@ga Zt%l@equ%gmpmsmg
an S

di vi dual
ML AR AT I R
damé@b@ne@ubétﬁtbs%ﬁﬂﬂ?&%bfﬁbﬁ% 4 Rt Smetﬁﬂﬁwr@in%ﬂlg FROG] h@ﬁib I‘%ya{ncally

[ 0057] For exanpl e, etchants suc and
compyisingglumingay grigioppert dbpunthe bemice layerd 404e.6ndispaseéd b dttyrmediate

o TEORNBY by R B0 KL AR, OB 0

thicka@psq of @@ 10,083k, Adnte BEIMD nayareoa, thﬁwmlbe(pllacvdl & yapt 1@yer 403a,

typlcgfe}{* %pr%m%ﬂ?g kagl Vefﬁef%%g% ‘iﬁeCt Ig%{%% {)}gﬁr TEo bove cap (leayer 403,

theretrnagyctiet dlsp‘d)ad:d thb eét@f BaidshaskBthaokise b@erpﬁaﬁt&h@d ?SIFQ hl?aﬁp%prlate

n
methi MEE 3 AR e SRoraN: s by ekesp et 500K, Mask 2
403ba@mfpmes REOSSAHd 1k a WhiCRRKS &F ab§l':t’t%0@§ Rﬁgf‘i‘ 498, thiRideR Sic or

em stry as previ ousIX/ descri bed.
SiN, F%ficli'qslatthtcbnfd*ﬁ sEahout MPAFI GS. 4A-F i I | ustrate an
i deal i zed cross-sectional view of a |ayer stack,
[0060]e pr es G #B shemes thayayesstagk of i1 xdhin awhicheria ¢dhiths btaretched

usmgI dm aprBp‘l‘ﬂa{e%lfbhﬁms ?Jch%fs '&,afsd%]mksu&i%g %npii R)Yve let08v1 rt(?)"%lt)eeTEOS

for a via or
matemlac;onm FREECORRK beaad therdap gayﬁe40i3«adbut adm:ghrséleﬁ@vﬁy&o S or SiC,

t Traven tion 059] .FI G 4A
comPERIIMETRL o565 15T SO0 LO0RTh0 ey o
deﬁnnchls)kpattemaﬁhaﬁgamm,tm di ffer ent barrier materials,

has been deposited and patterned on the cap | ayer,

[006Hccor diFIg. 40 skuves tehget Mo PIGLAR i€ WhicBMask TN, 'ceﬂﬂpnsmg
he bottgmof layer stack, there is shown a |ayer
SN S S stpredPRge o ropgrgy B el Hagnd CiBias whichhas a low

selectddtytb FiNIoRBRT, LhDARa ngfpée%%ltlk/ﬁ( fbof%t": SiRdfoh! thd ferval process
carbide (e.g., SIN, SIC,_etc.), and possessing a

also tf%‘?ﬁ%?ér?e‘%%mbﬁ’a‘é% gntoromk 3 40dhi Sthaprths deinknesuofdowelt msterial 406
(10, OI)MJIE] gﬁns‘f&rﬁlﬂ% ?ﬁ%a@r fiGh tl&ft oﬂﬁgsg 1 A@Y §(§OA ncrh ugls{;]lgll aipaunt of the

conprisin um n
low-le materialris re@roweéyleer to4be mn hombdrdsrmnswhaemhmmr msdl ate
[0062] FIG. 4D shows the layer stack of FIG. 4C, in which mask 2 403b, comprising

TEOS, is removed using an appropriate etchant, such as C4Fg and C4F g, which has a low
selectivity to the TEOS material comprising mask 2 403b and cap layer 403a, but a high
selectivity to SiN or SiC comprising mask 3 404b and barrier 404a. The full dual damascene
structure, such as trench 410 and via 411, in low-k material 406 may also be created, stopping

at barrier 404a, due to the ion bombardment of the etchant.

10



dielectric (IMD) l|layer 406, conprising a | owKk
material (e.g., SIOC, etc.), and possessing a
wa hioskywss of about 10, 000A. Above the | MD | ayRCT/GO1P5/007886
there may be placed a cap layer 403a, typically
conprising TECS, and possessing a thickness of about
[0068DOA. AH@véEcshpMS Eh,eéayenSIaqk ¢ﬂfdGe4lamz vﬁm}nbmpmqe)da hdsebeen

etchécfs&sm fanrﬁgﬁr%p%glt% élta%ucE Qelrbdqglgﬁ;p rvﬁg@ﬁl‘x gelgqtﬁlty to SiN

or Sﬁh tiutlhas a highhselekindgsto ARG dutad&ﬂapi\ md‘dﬂSﬂmEsk‘B;) 36m grlsmg SiN or
Ses TECGS,, and has a thickness of about 20
8“3%ﬁ§5 HBEMO¥Ehprises Sic or SiN, and has a thi ckness

0068 7 6 IgaT Sho i gt ek TR SeRhGh Gl vt gpaes 414

has eppadied kathe t@hehaniia uSitE fn fpréptake p’%B&si QUSRI st Whp ot
to the TECS material, conprising nask 403b "and t he

dq“%@ﬁnlayer 403a, but a high selectivity to SiNor SiC
nprising ne 404c and nmask 3 404b. The initial
0068 of | 'T6F 46 siowwemr stAgl &R GotE.da mhirhidhe {reqsditar giarhas been
t

ﬁlledﬁwtﬁ' &%‘f)el?’ oﬁgﬂ&her[ag%ﬂ)%%cg Egi\’ilduﬂ‘t(;ve%ﬁ@dgfgﬁp %}@ Sflhﬁg ‘f)éa%¥ ?t&lﬁ( has been
pohsg?@smgsanra@ﬁm@tmpwgs avrhagsshepicilaneshenicd potishiszich as

CF4 and CHF3 > which has a | ow selectivity to SiN or
[006& C bRefessiogaowitgH1G el atsimplifjediprocER0s.a Hlasnmdudtessimg system is

I L3 rench pattern
e b A B PR e R SR BRI R b B embodiment
of therinventionl lii¢i6lly, alsDBDO@A} intedocdsin d@laaimhprcgﬂesaig&srysﬁeiffnamﬁ
unt of the

50
substrdl® hoy e (P -cond Gt bt i i 18462 WRitee AR era ot
condoétmt ijaer,at lohak ﬂayef Sigsodbd Hdwe tHEirstaWSer iiRr, | |a5tMi$d1 h&ﬂ %Kk layer
whi ch mask 2 403b, conpri sing

dlqusa‘i‘m’g 8 thﬁg??{gfg Layer g,spenpA ihaidamask daysh @hsp%sefé AbGs ﬂ@mhlré herd mask
layerAdfdta s Iakd i’rﬁék ﬁgéﬂﬂ%ﬁ)@é@&%\/é’ﬂkkﬁoﬁd hA o %%J%Pta? ﬁbﬁﬁoz The

conpri sing and cap layer 403a, b
substgzte @ébqt\ﬁlt@waﬂ&elsuemhed with & figgetphintiang 2 veeokd Stch@m:bwlmdn the first

etchéggﬁdfs raggvg%géé%vny\g ffH‘Ltl higf@llskqﬁ'ﬂ%? T SE%e Skt ll’l%(‘f%g%égyﬁ%% third
hard sjaglomptsrialiof shea thnslthapqmman} layer Jeand mifarst bafika ,la}@lumateﬁaltdﬁ ¢he first
RTINS

1ayerbaeimm@m b sesomietetanelpe hhih slcetietyClo R firsShied nsk fakrial of
|

the s e i€ B rc e Tkt il i o the firs
barri@f la}‘ﬁiﬁiﬁteﬁal SOMP Fiksh b&k@lelsla%roéndsth@ﬁrsh &ehak AR J’%W‘selectn&ty to the
renoved. 006yhiFlG' 4F s the | ayer stack

secongharq maglyinetsrial of e sseorp lerbma?li leyerzat step 502.

[0067] Referring now to FIG. 5B, a simplified process in a plasma processing system is
described in which a substrate is etched with a set of hard masks, according to one embodiment
of the invention. Initially, a substrate is introduced in a plasma processing system, the
substrate having a semi-conductor layer, a first barrier layer disposed above the semi-
conductor layer, a low-k layer disposed above the first barrier layer, a second barrier layer
disposed above the low-k layer, a third hard mask layer disposed above the second barrier
layer, a second hard mask layer disposed above the third hard mask layer, and a first hard mask

layer disposed above the second hard mask layer, at step 506. The substrate is then
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has been added to the trench or via using an
appropri ate process, such as plasma vapor deposition.
WO 0®6HY19H G 4G shows the | ayer stack of FI G BEE&/USW05/007886
whi ch the trench or via has been filled with copper,
or anot her appropriate conductive material, and the
alternaiyelypjobed with e ifirds a@hmdp@m@ﬂ@mhwt wgeram thefirsogtchamt Ras a

o BABSERF B ER ST IR ) R 30, 0 05

matepiabefithe pihird dsislinngk Syt eamd iaSirstdanier Iwelr matewhlll dffthedfirst barrier

oy MRS B st e m R R G o masc lyer, and
whetelh thé sdcbnd etéhafit s bih selléi:tlk/i‘ii}t f&ﬁ@ﬁ@dharﬂ naasla lnf@$d#R] of the first
em the substrate, havi

t
hard Gpask 1o grlng’g it haydipask materin} oftth;fhird hasd %%kéayeaa a9 declrst barrier

1
ayexgigggtgal Ioggle gfdpg?&%gg?ﬁ <raﬁc|1 g@gﬁa 'e‘gicﬁaﬁt?l‘é’é K 1Ag§yaécu@Lt§ Fz%s Gecond

harddmaéb matsialgl shesseeand harshmasllayenyaad theseeanddmtidrdadr, n:askp 508.
ayer di sposed above the third hard mask | ayer, and a
100631 rst hWhie ﬁhﬁskvqna%haﬁb@pdg@db@dom\t@msr@ssm@irmethaercﬂ

emb%@xt%gt}t%] gl%{e?% are 3&6{;1‘?%(%19 d}%}‘ﬁ'luﬁa-ﬂaﬁ% ?1#1'&; %c'(iurl‘?at] fcﬁ gzﬁl within the scope
of th@tlnmtwn Kein emmpie,talthomgh the pesait am'bnﬂlmsha’s bleemdescnbed in

conE ke BB o e RS ek e Prafst Hirite

Exelhrl‘ﬁMr}ﬂ)"Jh aB@DTFmV&S}l'SaW Sfar, a&@l othek blasiha BRicEds@ig dﬁf&%ﬁé may be used.
erial of the f rrler ayer,  but a

This FieBhon i gsq i uged LB ebTE CRIO R AIBIFSEF ol e, 300 mm
etc. )sgmnphoif@és@kt PRSKa bRNSIts catski a@ésrbtﬁé}%ha%e&&gsh ﬁ&fﬂ@{ﬁed It

has a high selectivity to the Tirst hard mater1 al
shoulfalgethe Mojéelghar Hererredngiay|adigiaative waystoff implemantingrthe kiethods of the
presgﬁ@;rg,gﬁtﬁ,ln of the third hard nask | ayer, and the first

barrier layer material o f the first barrier |ayer,

d the it .
006 e S IR R BB S
plasmaay@pessmg systeop Adittiorfad @6x7a]nta|gesf ey inolpda dw hinirkiz&iorbd®, phatoresist

I.nn! pracess. in I 0CESSi em i
darn P T e oY AR Lo B RS RRPEERRL Y A o e
ehminaﬂldh ofagh, stepaitoing b dgal dan@iseene A GfabRIhg Qfocbﬁemmlmlzatlon of

Initjall bstrate is introduced
o e B B Bk Rk e and vi
mlsaﬁ hert AREBERktchdYRess. @ first barrier |ayer disposed
ove the sem conductor layer, a lowk layer disposed

[OO7gP0Ve tITanlrfgldi&los@@éielrﬁflaﬂy%ﬁ%dmﬁnﬁ%ﬁ@% &@{ ﬁlb@é’ lﬂoﬂ}ﬁ%ﬁtmns and
I sposed above the | ow - | ayer, a th har

varlﬁﬁlﬁg@ﬁ%ﬁb@p@@é@ tlmﬁw@spﬁ embéqumts dhile .r@nammg @rlthlrathe subJect and
ts(gqmg babda g‘:aa%-llﬁ 4 ove the third hard

Spiri zlyer an A ?yrstfgn %pﬂnﬂ?l ayer di sposed above
the second hard mask | ayer, at step 506. The substrate
Is thenalternatively etched with a first etchant and a
second etchant, wherein the first etchant has a
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| ow selectivity to a first hard mask material of the
first hard nmask layer, a third hard mask material of
wao b@saom rd hard mask | ayer, and a first barrP@r/ubmy®007886
material of the first barrier |ayer, but a high
selectivity to a second hard mask material of the
second hard mask | ayer, aftANMerei n the second et chant
S h selectivity to the first hard mask materi al
Whag?sctl'ﬁmgqgrst hard mask | ayer, the third hard mask
material of the third hard mask |ayer, and the first
| ayer materia i.rst barrier |ayer, and
L o o Rt Re S ooCepting s oSl eid b Sk fyine
semhcﬁihdud@&lkyeﬁ&t fast akriaflayeh disp&e® abbvaakid sBiﬁiiKoﬂcﬁMt%f Ia?&d a low-k
ier layer, at step 508. [0068]

e second ba
lyes SinoS PR i i G LY s NTSaH Pétkipiongisopsedebeyeanid low-k

layeR b 8RN BEd AR ty BBk Sosed SV sBH &hidd Ha?(! ﬁatablp ?er and g first hard
permut ati ons, and equi val ents which hin ah

masls kypdlippsadibeve ﬁawewewarqtewsl@amuénpramgh ough t he
p r Qlﬁe?rﬁ&lvél RAM %Eldh.ﬁﬁﬁstg?ee\pltﬁg bk bR | 'aﬁ]c% § 9&%@8 Hcg'ﬂqt wherein

esea asnma processi ng
said @mp‘r&hﬁ(n( hgs,a le@bhn’(lvlry) toldf¥jrstihard mmﬂdm&)terlﬂﬂ"ﬁf sdad ﬂi@s(t hmf}i mask layer,

a thl}éel{a?&/ ﬁ&éﬂ@m%ﬁ of salé 4 tﬁle]d }?t ? %lﬁf[a?%hm Pf rgﬁiasrl ayfL galterlal of

said \ﬁrdt barseltiaydraimes high selctivitstodi sagopdhag] rhsskdnater?A Qf BaTll second hard
mas %O mm, etc.). Al so, photoresist plasnma etchants
1& |ng gases ot her than oxygen may be used. It

S hWhéréﬁnahISQe&ﬂd BRhest HabahighRele&ivity o %&‘erﬂ% hbRrhakin¥ferial of

I errentl ng. the nethods o pr esent
said %’ah% Eﬁﬁg F&ﬁk grod thighhard mgekomeyerialief Salﬂ \ﬂlém hagdh maglelapereand said
first bAtSieORYdr Eﬂa%éi‘fal S’Ensaﬁf ﬁﬁ%fléﬁ&}% eata'l‘a RhiA Girdt Rt Rt lﬁ§ Q?ow selectivity

processi ng system Additiona vant ages may

to SatdnG@CCmdrha mmiqlmtemloﬁbmdmsdharddmhgveldue to exposur e
to oxygen-based etchants, mnim zation of RC delay on
t he substrate, elimnation of a plug step during a

2. du@he methed criamniy mdfemm smdi algerpatvelgechiny intlotesaddhing wiktially

trench and via. act fencing during the etch
thro%?iogﬁlgé Vf"li](g??'c?r Pﬁlthis (oa‘f‘ "% rench and vi a
m'sal [ gnrrent duri ng the etch process. [0070] Having

i‘li(‘:l osg exenpl ary enbodi nents, and the best node
Fpethed ofrfdaim g %Fqnafql%Héem?évelwquelnﬁladqsw@hlng partially

thro@h%@ﬁ@ﬁﬁ@aﬁfépﬁ%mﬂﬁ Saidvchfd EigRE.Ni NG Wi thin the
subject and spirit of the invention as defined by the

following clains. CLAIMS What is clained is: 1. In a

4, bl Eﬁe’mﬁtﬂé&&ﬁ?ﬁg E Y&l aﬁte%ﬁ!;]e(f}gletgﬁlﬁh 1rpcgu %bgFantlally

substrate, sai {ra a Se COﬂ
remdvingesnid fastﬂvuarchnasﬂianatteml | ayer di sposed above s ai d

sem -conductor layer, a |lowk
5. The method of claim 1, further including a second barrier layer, comprised of a second
barrier material, is disposed between said third hard mask layer and said low-k layer, whereas
said second etchant has a low selectivity to said second barrier material, and said first etchant
has a high selectivity to said second barrier material.
6. The method of claim 5, wherein said alternatively etching includes etching partially

through said second barrier layer with said second etchant.
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| ayer di sposed above said first barrier layer, a third
hard mask | ayer di sposed above said |ow k |ayer; a
waewsneonar d mask | ayer di sposed above sai d t hPeTURNE007886
mask layer, and a first hard mask |ayer disposed above
sai d second hard mask | ayer, conprising: alternatively
7. et the mephehoftlamos Mrhatem sid sacondfételmnt etlehantcas rgoation of said

S5RGBT 12 By S SRRl R

dnmhmﬁsuﬂﬁard mask | ayer, a third hard mask material of
said a third hard mask | ayer, and a first barrier
| ayer material of said first barrier layer, but a high

8. seTleahéthod (yf dlmal , $BeRkalddrst HABS knaBB8fetial s se%%h&i hard mask
ec sk | ayer, and wherein said second

second ha
mategiple pgtpl égd ARk %F%@qu@lﬁ%lygfa@h@aﬂsdpwem@ forg duakrdaiascene
manWfBdt@idgthetBéd. sai d first hard mask |ayer, said third
hard mask material of said third hard nmask |ayer, and
said first barrier layer material of said first
b | PNS ng, Low
& sglgcr?{t}&(% ty t ﬁaém? él Igglgsgfr%d ﬁtha%ﬁ ﬁﬁ@g}naﬁﬁ%@g I\(I)of said
second hard nmask |ayer. 2. The method of claiml1,

10, oG S B8l Pl whc Bt e 8T econe

etchant 3. The nethod of claim?2, wherein said
ern ive et.chi ng, i ncl udes etching parti al
1. f fjﬁaflmrlswhsrgwalérseqoagl drdmesk rhierialds EBRS.
etchant 4 The nmethod of claim 3 wherein said
alternatively etching includes substantially renoving
12. g e msthag offelaimm lnibRrcifeseidithipd haxd mapknatsichisBidY ol ai m
1, further including a second barrier |ayer, conprised
of a second barrier material, is disposed between said
13. t hFhedndtadcbfiviaii 1, aercinanid thiad lhrtlomask matariat is Sifler eas
sai d second etchant has a | ow selectivity to said
second barrier material, and said first etchant has a
14. hiBte sethelodficldimyl, tvhersini sdid S bockiddaayet BrSiNRt eri al . 6.
The nethod of claimb5, wherein said alternatively
etching includes etching partially through said second
15. barieingdthddeoferlaimi 1t Whe@indadera Be-18¢fRPs- Sic. The net hod
of claim6, wherein said second etchant etches at
| east a portion of said second hard mask Iayer said
I f d 2
R e b L T S A .
1, mhereln sald first hard nask naterlal sald second

17. hagd b 13 he %l £, har d mask materi al

are |1t ograp |ca y pa ‘a dual - damascene

18.  The method of claim 1, wherein first etchant is CHF;.
19. The method of claim 1, wherein second etchant is C4Fs.
20.  The method of claim 1, wherein second etchant is C4Fs,

21.  Inaplasma processing system, a method etching a substrate, said substrate having a

semi-conductor layer, a first barrier layer disposed above the semi-conductor layer, a low-k
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manuf acturing nethod. 9. The nethod of claim1,

wherein said first hard mask material is SiN 10. The
woredolsooiond claim 1, wherein said first hard nmaB&I/US2005/007886

material is SiIC. 11. The nethod of claim1, wherein

said second hard mask material is TECS. 12. The net hod
layedisposerd abote thatfiust bamieslayet, flséqodd haurir inyskdisprised atalve ki low—k

layeﬁg Hldrd]ﬁr(?(mgactl e 'afégos%ﬁgﬁ | %It}ricnéf%c ea{rﬁ%rﬂ@%?ga?se%grg{ kmr(imask
layelvdlmoe@&ab@ae dlefthlrdsl‘tard)masid Ieyer,| sy e firbtshafd Masklfayer Higposed above the

8 f claim1, .wherein said first barrier layer is
secog%r

lf‘?f%r FERRSHEOf claim 2, wherein said second

b a nmet. hod of cl ai

G RN RS o SIS IR
said flirst @doedn@ had o lbﬁv?sble&t\@ﬂya@ﬁ fitst Bar@ifadk ni]aQerlaTB?sa'fﬂeﬁHPHarg’inask layer,

cl ai in second etchant i s CAF6.

a thingeha %%ﬂff\lqgg Al o i e e 9k et nd et hagrleclayer material of
said first bdbridr IRYRSBTR a RIAGER& VY tSY Sde68 hakd TRlsk %tegfa? Bt snatgi &cond hard

substrate sai d substraté having a sem -con
mash § 3¥f’éran a first barrier |ayer disposed above the
senm -conductor |ayer, a | owklayer di sposed above the

f | Whgreip spidiseqong gighant h@ aluglosedbciyeity toesaid ﬁlystehard lrrslpbmubrlal of
said ﬁﬂ@ﬂzﬁd B%@k Lg a'tf#h"f}}i fhed %H{al{eglap i dRsK phAV &l skda)heg, agd said

di sSpose e secon arri er ayer, a secon
first hfaskr lpyey matqmaqufcsseld‘lrstﬂnaner talyer, aﬂd mﬂd ﬁfst dtcham kad alper select1v1ty

to saﬁirl:g CP%dfha{(dslf‘lay §i re&‘ern’gﬂf;s‘a#cﬁ %éﬁcald ?%%\é szgg g?ﬁ%ﬁé %arrler layer.

sai d substrate with a first etchant and a second
etchant, wherein said first etchant has a | ow

22. seTleahbtibd of dlaim@1f WheébinRaid dltéfﬁ:&hdlﬁaé@lﬁlhg incRfdes é‘t'cﬁimg Fartially
mask | ayer, a third hard mask materi al

st . ha
thro‘@h déo"i’%q?y&rWéthaal gRN] gfghant. and a first barrier
| ayer material of said first barrier |ayer, but a high
selectivity to a second hard mask material of said
23. gekhsriuethed of iz} whesein said @ltehasivelnetshing incbulenetching partially

thrmt%h‘s‘ilé@i}st%ééleﬁl P&ggipthss%{des%dn |e{c}§a o said first hard mask

mat er i al Irst har | ayer, said third
har d rrask rraterlal of said th| rd hard mask | ayer, and

N A R ATE —

remog g egitlifivsthyrdiroask aateracond hard mask material of said
second hard mask |ayer and said second barrier |ayer.
22. The nethod of claim 21, wherein said alternatively

25. etTHimghdd st Aa 2 1 8WEdéiR Sail 8fidch@ve)y etching includes etching partially

through said second barrier layer with said second etchant.

26.  The method of claim 21, wherein said second etchant etches at least a portion of said
second hard mask layer, said low-k layer, and said second barrier layer substantially

simultaneously.
27.  The method of claim 21, wherein said first hard mask material, said second hard mask

material, and said third hard mask material are lithographically patterned for a dual-damascene

manufacturing method.
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through said lowk [ayer with said second etchant. 23.
The nmethod of claim 22, wherein said alternatively

we@e@hiosny74 ncl udes etching partially through saPcr/ii$208%/007886

28.

29.

30. 1h

31.

32.

33.

34.

35.

36.

37.

38.

39.

barrier layer with said second etchant. 24. The net hod
of claim 23 wherein said alternatively etching
i ncl udes substantially renoving said first hard nask

e

t hrough said second barrier layer with said second

et chant 6, ,The. nethod of, clgim?21, wherei.n_said
S elbaRened Remer L RoeSSasfethed) Saranahic sig
second hard mask | ayer, said |low k |ayer, and said
seignd %arrien | ayer substantially sinultaneously. 27
wiethad obtlaigy 2 mborem spidkseennd hakd rask materiplds FERSsk
materi al, said second hard mask nmaterial, and said
third hard mask material are |ithographically
patthemabad phelaigm Yy stherginraiichind hard meblamatariahiy SiN.
met hod. 28. The nethod of claim?21, wherein said first
hard nask material is SiN. 29. The nethod of claim21
wh&heimpthsd b liclbinr Zlt, whereth sariskirdrbdrd maalk miaserfal 8.5iB0. The
met hod of claim?21, wherein said second hard nask
material is TECS. 31. The nethod of claim?21l, wherein
salTte tmbihbd ohelsich 20 skherhi safd fakt YagriePildYer i3XiNThe net hod
of claim?21, wherein said third hard mask material is
SiC. 33. The nmethod of claim?21, wherein said first
barrhé @bthb@yLelai2 Swlereitfhaid Hist vARN @ efls GiCaI M 21,
wherein said first barrier layer is SIiC. 35. The
met hod of claim 22, wherein said second barrier |ayer
is : i : | irst
ot SR d G FRP RIS Qld ety BPLRERSL ol
first etchant is CHF3. 38. The nmethod of claim21,
wh ' chant.is CAE . .3 The met hod of
o S SE P MarsC Bl frsiiihans P

erein’seco "CAFs.
The method of claim 21, wherein first etchant is CHF;,

The method of claim 21, wherein second etchant is C4Fs.

The method of claim 21, wherein second etchant is C4Fs.
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