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subsequently ionized 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., C4Fg, C4Fg, CHF3, CH,F3, CF4,
HBr, CH3F, CoF4, Ny, Os, Ar, Xe, He, Hy, NH;, SFg, BCls, Cly, 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 , C4F6, CHF3, CH2F3, CF4, HBr, CH3F, C2F4,
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[0009] There are generally three 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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photoresist layer 220 and a BARC layer 212 are removed.

[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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refer to similar elements and in which:

[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 Iayer the third hard

sk ma [ oftheth rdh I
00fT 5. "B Bt st st bt iR RS sep b vy f Wer suckcof
FId. 8X edfier amiéstEh&ofem@sray@taﬁ@aﬁtst BARGlayeraressldedit i vity to
t he second hard mask material of the second hard nask
[oosgyer. Q24 shBlwa%%oa;edhatid[mzefd&mswsamoaﬂ vidveofthe kigeltstack of
invention will be describe tﬂ det il bel ow i
FIG: RB affet the fiesplrsereristieyep ncie ARG ivesfigh pipceied through

llth%%égéénCt' on with the foll ow ng f| gures. BRI EF
i PTI ON OF THE DRAW NGS [ 0028] The present

[00%\ﬂvem | @Gl 2D bildwishe é&%?sdsthYonWe@Bf % VR QackedTHFIGOLC Bfer a
limtation, in the figures of the acconmpanying
trensthamslﬂlyseremdbwmmeéﬂ@dl i ke reference nunerals refer to
simlar elenents and in which: [0029] FIG 1

[0034] ust r &HGSZFasfswﬁﬁhé ¢rpsscheetiongirdew of thp layshsagkif EEgAThgfter the
L ustrat
ﬁrsf%hei\ reSISi cr %ngl 2[ Bégf:% |go ngi] la@lr g&v‘\:’/ r%ﬁo{’édl’ afl er sf Zc ?n

prese ng- t.he I t
008" o aIC R B PSR PR B PRy SR G e
secondshvenbsist [dyeeald azsecondrBYSRCE $yet drodimposediew of the | ayer

stack of FIG 2A after a first photoresist |ayer and
[0036]f i I st HBBRUG Ismmthabmssaszbdemm V6032 theFay@r stack ofifd@s2Rafter the

somewhat eal j zed cross: s Vi ew t | ay.e .
scc ROt e b DR W < T BB e Rl on ino
thetlp@faygr%c@@g@dl@yer have been processed t hrough

I'ithography; [0033] FIG 2D shows the cross-sectional
[00‘3‘7]EW of gierHaN&Hs &b @FJSS ﬁctl&laﬁle%(@f afeti®yer statlk 6f KT, DGKer the

er has been processe 5@0034 FIG 2E shows the
secon s@t@emtulayﬁawdﬁe@mdd?r G dayPriAve begntPrses FI G 2D,

after the first photoresist [ayer and the first_ BARC
[0038)er arRIG: ghwhwer the@oaspotiong vVigroithpligersask of FIG. 2H in which a

nal view of the |ayer stack of FIG 2E
bargfa?ls?er}és:&e%eghd photoresi st | ayer and a second BARC

[Odg?ggg grﬁGd b H}%%&%qhe cgrgg%g%;uo’r:l%xlci\hevg&‘tﬁg %(%r srtib‘l‘( of FIG 2H in which a

ectr Vi ew o ayer sta

chenhit# imechanicub palistl ppdvessdrae beemtpeffalymd th aghsihe]@enlawg;mlg deyglto a cap

lay%n etch has been perfornmed 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

whi ch a rrier | r is et ;4 003 El 2 .
[00% e cr ogfés‘@c“t?’PWﬁ g%ﬁ%}feé %ag? &{iﬁg ?’éﬁ)}% PN%LCP ad Rk cl)f% d Eﬁﬁ%\@ﬁmg an
appioPrifB behar, 42b&Hing & onemitadingak ofit bakenpvertam; has been

performed to polish the |ayer stack down to a cap
[oodspver; FROA®] shblctheddyes BauiSof G, 4C,0n edschareski2dn seimovedusing an

of a layer stack in which fenci has occurtred; [0041
appmp@tﬁs @ﬁmﬁ%orfim t0y0pe GSRROAUTBRIY, P FUTGAIB IV GRICE: | a[yer !
stack in ich corner erosio as_ aqccurred; [ 0042
(00615, 4TI AR 8PS achyer HORhLHO S Rl PO iy been elched
usilﬁgﬁ lﬁg%ro 1‘?&3@ ElBRE 20Eorting tbdef BRBimARS T thEurfont RiVeilos;
as de eposited and patterned on the cap | ayer,
005 C0" di RO QB&s HEIALL BRAL ofHIGE 418 i€ WhicBBlbatrity BAN BedR added t
[ fﬁp43] EF%. 4B sﬁomgaghe Iéier syaék of Flé. 4A, i n aceee
the whichor siawisingln spirepiatepiopess, a9elAigs mongsarheginnest af the current
mV%”%hant, according to one enbodi nent of the current
THVention; [0044] FIG 4C shows the |ayer stack of FIG

, In LC I.S..I | 0 [
00, R TS e 7GR AAREORA AU s b
fillddravie kel top lay 108k haFbeen pdlizhsthosisg srhepprapyiete rsecesk agsfording to one
FIG 4C. in which mask 2 is renoved using an

i
embadipenh pf the SUREPE HYREINccor ding to one enbodi nent of

the current_jnvention; .[0046] FIG,.4E s th
00l off 1 24 Dy 4 Syifchpracepip i SO e o setof
harll 258, ARoRARR16BHE hBoddhediafthe ideatdijiand to one

enbodi nent of the current invention; [0047] FIG A4F

[005610VS t HRG! S SovitAGkp@iedpréaessifwhidch aMubsthutawhian séoend barrier
has been added to the trench or via usi %

_ ) . ng an . .

layerppetelpndi vithea g5t oElasd magescancanding te noHROdREH of s dngption.
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 has been polished using

ah PRI %Eﬁ?ﬁﬁoﬁﬁ?ﬁﬁiﬁi&mEﬁﬁﬁﬁMS of
1 on

e curren I nven
[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 Iayer Is etched with a

0030, 1 S R g SRSy W R B B

that FVR(IAMENT 2t bORRd adii@bpveahev-k nmnai mnll glldv a mwr bench to be
descri bed in det I mnth [eference

ctche g e mafor ok el Gonyaned f ool SRR

strl;g)r Mr@&%ses | th 4daGiohOinkR8lifDofdRS &k bPtiar @ Mask3 g fatther minimize
pecific details are set forth in order to provide a

miseligymsuigihsuanprssant wthitiachofirst #nd qypldwehinaskiliahtanscenpt
nw*ﬁéﬁggﬁ-apparent however, to one skilled in the art,
e present i nventi on may be practiced w thout

[00§4ﬁ me or ralle %?otdﬂﬁéﬁ ROMGIE afe kA Haly cétﬂpt%"eb ®f metal materials.

st ances, nown process steps and/ or struct ures
In ahethier andtodbresenn achetsmfrthﬂge thales agétag lpydriforgeigbfour magks) is used. In

nnecessari | the
anoB'ﬂe le)%]irpef}lt 1%,15? 2 8 1s cop rl%gc?@f%dlﬁfgﬁ&?th%g%%ﬁg%é?tgals In
anotiRfleBAImEhOht @e’t‘loﬁﬁmitmﬂﬁﬁhﬁe triay @e agegtwitigduat damast¢neapproaches
dan&ge lowk material in the substrate. For exanple,
to sphstey ﬁ@ﬁﬁﬁwuﬂﬁﬁi damascene substrate manufacturing
proaches require photoresist to, be li ed, -y
(00RSH 6 e g oo sr ittt 1 PBRapdy By Yich may

Hﬁﬁ@}reldﬂefbgn @l%ﬁ’s%wsaeh@s&aaﬁﬂ%l@ﬁ&@hl@éﬁﬁﬁg (e layees, h@_w- taut need not
mat €rial to ox | e not w shi

alwipsudenotrya dlrf@becgntaci betwge ¢ jaycre invelyedn bt sm{i% Re B?te‘ﬁ@ﬁfe?"hef
add‘itﬂ)%t«élrl geffé Q:Q)VP %\f‘ ov GltwRdn e laYerTBEdHn ARPNED kgh%t | F\Wch'ér not all of

ow a via or trench to be et ched
the\shdvwolayere xepdsicnaysartie bé presdot anstsomieak all ma oy gehstitwaddbyi ather
onventi onal photoresist stripping processes. In
dm%ﬂﬁ By, i nspection of the set of hard masks may
rther mnimze n1s§ gnnent ssues
QU

[00§ nch- fif lt]%et cugrent i D g Hn-obvious T Pshgoa ﬁéglggstrg}eeg]conﬁgured with

a 6l HIoAp I @, TEE4ic.) depeyited betivodh mnbf hardhmastaskd therlew-k

substantlal d of t I
diclegtsis ég?yy% gl%eq,ﬁhg set gg 2 %%It‘?l%pé){np(ls?dt or}ea set of

dlffefgn%ltefr%'h% Wfé?'}na!eﬁalb' Sﬁl%relh B sé% @ Et'@Ee[ntﬁﬁ&bOBH Jebsated vilReeby each
s Is conprised of different alternating

indiraduiel etehant nay possess adaselestivitirorpartsitar typﬁeofgaéfrleéfnaterlal but a
hlgﬁ%‘glgétwltﬁ tgﬁ][% %@sﬁg l?l% éﬂﬁ%d w th dual danmascene

rate manufacturing. [0055] In the

[O(I%ZE cussiof '}%X&H&% & Hah@Wochl £ TR, RUCIEfave IRV Sele@Rly to (and
hence will tend to etch) TEOS but a high selectivity to (and hence will tend not to etch) SiN or
SiC. Likewise, etchants such as CF,;, CHF3, CHsF, and CHyF; 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
bﬁfme?n Lhe | ayers shown may be present. Further, not
a of t shown | ayer eed necess ari
hardhasks bR WGHW Criaf @ Abalepitieyin P{fff‘é‘& %%‘8@ B Frare
maru@¥8kifg nletfdabdcchiidgte ofdlEmisdtimérn \éﬁﬂhb lcQitent likveAtion.
non- obvi ous fashion, a substrate is configured with a

[005@3 k or FrRaRA S a(l@yeg stack i S¥Richedl et 9f thiep @srdtneky edbmpiived of
set of hard masks ‘and the lowk dielectric teri

al
twoﬂrf&r@ﬁbamay@ateaﬂa hep Becpedopesitcd arLpaHER OB fis o Y e pecotding to
one %ﬁ%&ihl%ﬁ‘tdof%e Gt inPdntidh f K@fh@ Bbttéh bERYS kAR, R id Bbwn a layer

wherelin a set of etchants hay be sel ect ed

408Mmeﬂsmg S&0h Abqyp\}ay@uféﬂf% is tlispesad 2 heryieplexerdfda, dyniealy comprising
mtr%e Pre ((::atrl‘lt)% fwey%‘ e§ | o 1{ %Hd%ro e T £hicRALS b?&boﬂ?i’@ﬁ Ahual

ining materi a
darr{a@c@ﬁ@ iubEmteﬁﬁnﬁhm‘l oempascczhmn Dfsmstablhyfmsmcjiﬂlﬁﬁlgiﬁhmﬁﬁ% typically

| ow sel ect d
comgp i v g goppens AovE Bhe SR e 5D 4t figp D a itepmeptate
dleléaﬁ%@m C'__}Qr abe, i@bm&é\h@a loSi-CmateriiBisies Si0€}] @bpnhs pswedsing a
a low selectivit

thickegssphibet 1§,QH0A Pols 08 I%(%%ﬁﬁ Al Ay Hlageq geqp layer 403a,

typlgﬂgr &ﬁfpn@lfn heoh, IREscisd¥BYg b BBknbR dPabi@ 506K MBbVedap layer 403,
|t|ona phot oresi st nethods to create a hole for

there sty b dlisppset tharshof hard masks that bpiebeet patterned psing ap ppnrppsiate
metﬂ&? G643 fO {nﬁal:ls% e oSN, B ELhs @fhlgﬁteggoit Sut SOOA Mask 2

propria et chant$, such ase l'uorine
403br®mpsmsyrms pnéham:&io}cn@esﬁabobwooﬁoo&&k 171@40 comprlses Sic or

| Fl GS. 4A-F illustrat
'@EQP' 38%8P ‘ﬁ%igggﬁgé vi ew of g Ig§e£a55a2E
rese t |
00" 7" PR RSk e AERE T n ST SRR gobed
usu% d’l‘ll‘%ﬂpgrof)ﬂ&te 3tcHhrd, s@tblfl b9 ©JFg Bind QF s bbﬁﬁc(h haﬁ aaow gelectmty to the TEOS
ual - danpscene, manuf a

g T P oo A0St catda PG bl Sl R or s
con?éggﬁ‘% nfhsk §¥Blc eﬂcﬂﬁgsk'?arVLOWB' ‘me ﬁhtfaﬁbroﬂfe dfiiLe1 0hadykhereby be

conprised of two different barrier material s,
ddmm@bbpﬁwnd@bngkﬁé@4bnd patterned on the cap |ayer,
according to one enbodi nent of the current invention.
[0061] t he BBGt4Trstofwsl thqllayerﬂaab Rf FiCh dBeinj whighmagk ad(4gyeamprising

risin y 0
L
seleve i Kd@ﬂ@@r §iG, bbi Ms a&"ﬂlg’ﬁ, sembmnby to RO Spds sdditom @learemoval process

t hi ckness t b _
s (Y S CHIHp RO AP AaR o A e RBI L g TRferel 406
(1041@@%1@@0&&@% bdeatePtipl that Gfmaak Uy momMmOOA),meaIMmuﬁt of the

arrier layer 404a, is disposed ternedi ate
low-k material is remove%i/ due to the lon bombardrelent of the etc[,Lant

[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 C4Fs and C4Fg 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.
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dielectric (IMD) l|layer 406, conprising a | owKk
material (e.g., SIOC, etc.), and possessing a

wo hioskewss of about 105000A. Above the | MD | ayRCT/U8RN5/007886
there may be placed a cap | ayer 403a, typically
conprising TEGS, and possessing a thi ckness of about

T TR G i S

ctclRPREIAP b ASpRopiRitd WchantyBisdh a8 CFQ 4l CHFp rvitsethaSh (Ib\w Bel&tll\tﬁty to SiN

and has i ckness o out
or Sorhst h@@shla*m%ewmto%gﬁ bt oL ey SOBeisine SiN or
slcl\:ﬁailﬁlsé,bégﬂ&mocwrprl ses Sic or SiN, and has a thickness
of about SOqA [0060] FIG 4B shows the Iayer st ack of

[0064]G  AAFIGNUPMNOGE thel 18y et HAcFFI0ELR) i WAl d T Sl iBbarrier 414
appropriate etchant, such as C F6 and C4F8 V\,hl ch has a

has |begg asidedietthe,freneh op vie Hsing BOBPITRRIERES RIPCesy, SHTH asPlasTayaRE
depgmé b and the cap layer 403a, but a high selectivity
I'N or SiC, conprising mask 1 404c and mask 3 404b.

I 4
i1 i g e Bt

fillddayiér coppercér ambthlét @pracpaatq condustivhmatggil, andabetop layer Stack has been
polilnE 2" dpEhPie e spy TSN ER MRl Abofigher” ! =t ©

T A e R

destrit®d $d @hisha stisseratets praliddevith Dset of wad masksAdddlrdingitn ose ¢rhleodiment

hj ckness_ qf. wk mater.al , 40 1
of t@%wg?ra@rlai!ﬂlvalbp %a@évatﬁ FFa‘H“?‘H‘éii’dG @ﬁa R?%?&? Pfg%%%g VRS
subﬁ’tﬁ{té/ haﬁflr%;@éekmféﬂﬁﬁiﬁfor Odyet, B €irdt QHvrikr 1HrQlispaiediaboV D vasl-
due to the ion bonbardment of the et chant t590062 Fl G

condurtetaves, 4 lnw-it lyerdisppardiabeye the frst bayier layei hid pagimask layer
disfbgécﬁabogg{mrlbﬁ ' lpﬂy%%cohdshzfr@ %M@Qyéf%ﬁsﬁgseﬁr&b%é’ RHirdHe Rl mask
et F6 and C4AF8 which

such as as a |l ow
layeredreict fiirgi ayd maskt lger Tiispssedabeteithy seconddrardinagk lapeskatatep 502. The
403b. a O t] I
sub % €e§] a% %18%%{ ed3 Wi S%&B@E %@fg{ % C'fl s%lécrﬁlﬁ e("gc‘iﬁ ﬁty wﬁlgrem the first
etcﬂ'dﬂehefslal lbwdéla&tlvﬁ*:gﬂﬂs ﬁ&m dardl tnfiagk tnateﬁal ofulehfiashard masihlaﬂ&()a third
via 4 1

hord s Bateah i e B4R e 8 TG iR Rl of the st

barR &N Bk B B highfse leBf/it91t6 B 8etond P8 3lasithm@eridiforsiossBortd Rrd mask
l'ayer stack of FIG 4D, in which barrier 404a has, been

layess ewhassin thy saepndisishapiea e bishselagivity 1o the fird dardmask egtetial of
the%%a%%‘h&‘ﬁ IA;'%F i %ﬁWh%ln%ﬁf( &n\éfeh){l (HQheSﬂhhld RbrdShdsk la@%ﬁ and the first

ectivity to T tion, nost
barnerslkyed ,maeﬁwnboﬁ the figpt Btrmleldayesj and thi‘aféfsfadt@@mﬁ@é A lowe ﬁ@%@kﬂlt}’ to the

soctit Bt resl et o KRS PR e Ay TR e Blp 5023 4 11

[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 approprlate conductive material, and the

| a er st.ack_.has be polis u5|n
el Bt U e R AR B gﬁeﬁgﬁpﬁ%@gﬁw a
low@@lfa&[vﬁﬂy"ﬂ&a Ahird nidsiomatefial of thd fifst lhérdl ﬂdsl@]lameaﬂnndlhalal mask
sma processing s

t d
B M TG RN RN P —

laye‘?%@ﬁ qig]ﬂgelte&l\@@% gl RRA K mbfegal dﬂl&fﬁeb@fd hard mask layer, and
a substrate is introduced in a

thgq:m @'@§g¢qmg etphantdins 2 high selpgiyvity 4 e figs pﬁg néasllz matenal of the first
har® %ng 1‘5}?{% AU TR Halt 1@531{ rﬁ‘at&?a{l S thb ﬁ{nrd' Hakd 1|n§§kelﬁyéi“ 0B YLkt barrier

e sem conductor [ayer, l'owk I'ayer di sposed
layealnenezial bitthé firss barbarlaytnranﬂaly%ﬁrst t’élchahﬁ Iragl atheyy Beleriiyicy e pecond

harcﬁj ’5’)9 or%%?réag 82@1% stgc%)gl lhaliﬁ;]mask(%&%%arﬁlglrl%&r%rg&ﬁbﬁl?ﬁé qaﬁ?salf (sjtep 508.
[00%'#&5 K | a&gllule R i}%\%eg c?r;glbag Y2 c?e%&lb%g ? FM]& s%?ﬁglﬂﬁefgﬂ&fj

emBdirBEnta tHeveedry akdrativad, p@rrhiitaﬁ)rfsj anslteqmt/a:lhlasl Whmhdalbwﬁbmdhmscope
et chant, mhereln th st etchant has

of thys fyentics: (kpr pxpmple. aft ng Theprrssaidnyaatian ha beS‘P b desgribsd ip s,
conH@crti‘gn mmahf"ﬂé‘s@arcﬁ pfaEkh& ﬁrobéb%ﬂg BRsdns(Bleg Bxalan™f, Eikélen™ HP,

third hard er, and a first barrier |aye
Exalan®™ HPg), zzﬁoﬂt‘h\éersys " Btap.ic ), ather plgasta progeesing WSéHlS may be used.
Thig %v@ﬁtgd rh%aléoooe%sﬁc?%ﬁﬂ dubidatheds Konedishétdds (F., 20mm, 300 mm,

ayer, and erein the second etchant
etc/naslsa, phiotinesise pbsma vhcm;nts eonipyisingigases othar damexieenmay bp gped. It

shoH&itaiﬁp%glno@ tl?aﬁ re?en%? ?#(aﬁ%r ﬁatl E Q‘Fagy 0] rlﬁfﬂléﬂﬁﬁm?ﬁgﬁé lfnet}tlods of the

pmbﬁuﬁwanuhayer mat eri al of the first barrier layer, and
the first etchant has a | ow selectivity to the second

[o0bsy d maskdvaBdagdsi of Ithlelvdnhen fehde dleh)@tldumelkof saupsirate etthing in a
step 502. [0067] ferr|%% now t o

PlaST P 8 SEHG LA b G HEHE THRJBELL RE mgmiip of hotoress
darﬁ%@gﬁé RE pb iy 3 o éh-BAdBSEERIE, nSini@lifiod oPRChieRy 9 thedubstrate,
masks, according to one embodi nent of the
elimimeiéon ofarplug sien duringy dual dagmesgena manyfactising RIGERSE Anipipization of
f trench and via

B L U
misaligiveert hizring the ebdhnploessor | ayer, a | owk | ayer di sposed

above the first barrier layer, a second barrier |ayer
[O(U 0F pos edHatimy disdlbsed Iexmnpdaﬂyampdlmnts land thehastanavgsiaodifications and

er di spos nd .ba H
v e B BER oo e SRRORE S Boe Ku i bt the bt and
spifiBSfihd RyEitiona8 defiheldibly tie ﬂbﬂb\dmg‘&&hné ayer di sposed above
the second hard nask | 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, aQﬁﬁépﬁgein t he second et chant
has a high selectivity to irst hard mask materi al
WheXis tlagnddiis:st hard mask | ayer, the third hard nmask
material of the third hard mask |ayer, and the first
barrier |layer material of the first barrier |ayer, and
1. thaphiplaaha ptdcbaile Haqsmaa meios elckiaf b wibisitateOsaidibsegOnYing a
hard mask nateriﬁ of the second hard mask | ayer and
semi{gendyston el a first bprrienlpuer disppsed Rpvesiels sepaoemiucian ayer, a low-k
layérlzi'is?)oéeﬁ\égwé r%ﬁl ﬁl@tsoaﬁ‘?é? Myde 8 MitdIRE skl 18YFRisPhsed ¥&Vehid low—k
enmbodi ne

preferre nts, there are alterations,

layqres saabut haph maslalageraligposed|abertessaighthicthhdrd maskyay e, and st hard
ope ;of this j QR I -+ hough the
madkRRE (Rbeshd afp e R bl s REBER LS00, o
W tdlietnativéRe siehing baig batstraie prithadi st ehpastyssd @ vecopd etghant, wherein

o GEEL0N 55 LSRE0) S Bl G st e,
a tfﬁmsltﬁ@lrm%mﬂat&ﬁl ldﬁ?ﬁii a t‘ﬁhﬂ&zlaﬂdgmmdyen andy figdt barribelays ehterial of
W.th substrates of various dianmeters (e.g., 200 _.nm
saich et apperdier out Afigh SCIBHBHS e respnehaid s it Tk second hard
nmgggﬁ&hﬁhng gases other than oxygen may be used. It
should al so be noted that there are many_alternative

wayshesfinisaig iseavad eichat hven igh sebagtiviat torsald fsptdihiask material of
saiq ﬂ%’s? ﬁgréi A sk {a99r6?a]id @@M dAHER nQafterfaE@f Ja AR hAR nhddk 1yE€ and said
e optimzation of substrate etching in a plasma
firspbarradsyan gnaseyint efivaidAfitel tairgem ey eia dndisaihifjetetohapt hasel low electivity

the mnimzation of ot presi st da e due to exposure
o i sy Rt B SRR BT *rc el By on
the substrate, elimnation of a plug step during a
dual danmscene .manuf act uri praqcess, mnimzation of .
2. tr oResmether 9 Spimalo SHPTRER ST BIRAT Y SR i ke crghipg partally
thr&{gﬂ%ga%w@myew?ﬂh%ﬁ@uoga eRhark €nch and via _
m-sal i gnment” during the etch process. [0070] Having
di scl osed exenpl ary enbodi nents and the best node,
modyyfd Gah] ] 4 ifcideDtching partiall
5 LSRR Pl LRSS 7 R bl v il
threughjseidtfirstrbdrrizplayet withi sdidieecomieeitanon as defined by the
followng clainms. CLAIMS What is clainmed is: 1. In a
pl asma processing system a nethod etching a
4. SUbShd Atod 58d18nS3IREEERAlseidRRvinAively Getithg moludescdubstantially
| ayer, a_first barrier, |ayer disposed above said

renaQyin e Bishdrsicast mpskapaterial. | ow k

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 |owk |ayer; a
waewsneonar d mask | ayer di sposed above sai d t hPeTURNE007886
mask | ayer, and a first hard mask | ayer di sposed above
sai d second hard mask | ayer, conprising: alternatively

etching said substrate wi.th a first etchant and a. .
7. ool BhERPEAEHRTT et s a0y PUBhL i A TenDd oftion gfsei
secoi@ h@dtnhakk layet, aid Idvi-kIhyenaind satd sicondbatibelby@sulsaintally
. first hard mask layer, a third hard mask material of
simy@nepuglyt hird hard mask | ayer, and a first barrier

| ayer material of said first barrier layer, but a high

selectivity to a second hard mask material of said

8. sedbuunetvad of elaiek 1 veliessin saichrsivhasel alapk materials g prgond hard mask
i G ' MBsKascene
mas e AR 5l AR R i ok A A pAdchRy Y
manhfacaringsilethodt eri al of said third hard nask | ayer, and
said first barrier layer material of said first
barrier layer, and said first etchant has a | ow
9. selTaeethot wf tlains &) whesein said fitsahatd sk materiel is §IN.of sai d
second hard nmask | ayer. 2. The method of claiml1,
wherein said alternatively etching includes etching
10. Parhi fHethvd o ERRE N, Widdréln kQufikst had exasiindaterigbik $iG.econd
etchant. 3. The nethod of claim2, wherein said
alternatively etching includes etching partially
th id . first I i j :
11, aRE AR of ghldh Ty REGh S sy ot BARaB 3008
alternatively etching includes substantially renoving
sai.d first hard S teni.al . 3 f claim
12.1, 7P meﬁg.d 0? ﬁ%fnd g? "ngrg‘%ég‘% (It)kﬁ} }ggdr rrnlﬂg(ﬁnggé% :?sfjs@‘; npri sed
of a second barrier material, is disposed between said

third har k lLayer and said | owk | ayer., reas
13. oo SR SR A beied SH4 O teef Bork mREG Al g
second barrier material, and said first etchant has a
high selectivity to said second barrier_paterial. 6.
Th grhﬁmqﬂwé b rlagn d; wheseingpid figst aigigt @yenis 8Mhat i vel y
etching includes etching partially through said second
barrier layer with said second etchant.7. The nethod
15. of Theanetho@l, of whém di whereiingaid diess herriet lobienis Skt ches at

| east a portion of said second hard mask | ayer, said

|l ow-k layer, and said second barrier |ayer
16. S Ui amdthaall df)ladm Puivhan@caiglsycond barfleelapatin®BHOSf cl ai m

1, wherein said first hard nask material, said second

hard mask material, and said third hard nask materi al

17.8r erHeihdiQar FRiGal WedmtfirelendantioCFa dual - damascene

14.

18. The method of claim 1, wherein first etchant is CHF3,

19. The method of claim 1, wherein second etchant is CsFs.

20.  The method of claim 1, wherein second etchant is C4F3,

21.  Ina plasma 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 ne;hod
lay§r Nspofgﬂbﬁ‘{e %%iret bg Se? ag/fa} N deld %g}eéla et allsptéag?r%}%lroarel: the low—k
laylea radhindisded matlelyal d18p33e8| a@ove]tﬂe se’Ebﬁl baetiérdalyenfa set@idrhaidd mask

re|n ald firs rrie SIiN. 15  The
s A AGECLTO0F b b aias ot o S biaplyayer Gipased aove the
smﬁm@hmﬁ@umimg@ﬂebm_ igd: claim2, wherein said second
barrier layer is TECS. 17. The nethod of claim1,

vvh e hRdrAativefych@igCAmbubstitedGhith a filt etma@n At hedomf etéﬂaﬂt Wherein
wherein first etchant i s CHF3 . The et hod of

sa1g|ﬁéqt gickant faes lowpselasivhtio @dist dard rp@k@ﬂhglal opsaidrfiist hard mask layer,

a tHi?J llfbﬁ’gi nfabk ShRHAN oF saiMRERIR] Khrd REANHy &L £ Yrst b%rr% Tfer 1%ater1al of
. a plasma processing system” a nethod etching a
sald lﬁbgtbmleelaygabl@t adhigissetegtivityiawispepngd herdrmask enagiriad of said second hard
first barrier |layer disposed above the

nﬁgﬁ%?&%%%huctor | ayer, a | ow kl ayer di sposed above the

fir r

ab o\%e@ﬁlesra}dgsrecirﬂly g([h’gtrltq’la§ g?%ﬂqa@ﬁ%’?t&% seJuﬁy 1%[ heg‘H SR %Qterlal of
saidif s hsednak daber tshld tls&blmmjmbskrmatemal lofiyeid thisl lmsi:mank limyaer,chnd said

sk. | ve t e third
rrd it B Fap U 4T S B B e ot S i oo Y By gtectivty
to kvid skcombard apsk mat!éﬂﬁmif ssitl B@on@hdré iriaslt layed and 84idRedd@d barrier layer.
said substrate with a first etchant and a second
etchant, wherein said first etchant has a | ow
selectivitg to a first hard mask material of sa
22¢ i r $he mgthad phelrin AL, avherein said aliprnabively sieling dnalydep aqchlag partially
thr%éghdsai%i ALY Qyé}%ﬁl AREKcdrA%Rhaniand a first barrier
I ayer materi al said first barrier layer, but a high
selectivity to a second hard mask material of said

2o 2 O W80 BB SRR gy
thmug}malchirstdfamﬂlllayef witB kaith affodndms]kant ayer, said third

hard mask material of said third hard nmask |ayer, and
said first barrier layer material of said first

24bar mhemethayl of claai 23 #Bérdinfshidilte@beRANGtcHIAS indlulde¥ubstantially
selectivity to said second hard nask nmaterial of said

re@%\@%@l%%éhﬂﬁ%g}@ﬂf wpefialand said second barrier |ayer.
22. The nethod of claim 21, wherein said alternatively

etching includes etching partially
25.  The method of claim 21, wherein said alternatively 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

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

material. 25. The nethod of claim 21, wherein said
28.al tEHenadthacedfelRinh| WherkinGhiddies heddatiisk gnapaiat is&liNy

t hrough said second barrier |ayer wwth said second

etchant. 26. The nmethod of claim 21, wherein said
29.SeCARUn&hSIFHaiMt2a DR erdhh shidd®st hardaRdsk intifer issaCd

second hard nask | ayer, said |lowk |ayer, and said

second barrler | ayer substantially simultaneously. 27.
30.Th el“ﬂ'éerh fAsh Jnai 1',lev§éremvé’9i@rs€éoﬂd $AdIndsk hiskerRALAHOES K

materia sal secon hard nmask material, and said

third hard mask material are I|thograph|cally

pat ern a

}be Cp%@oc{ %} lalm kg%@;iﬁ%ﬁ%‘?ﬂ‘i?d 1%?5‘ H'Iv\ﬂgltrngtrehﬁgsa ISl st
hard mask naterlal |s SiN. 29. The nethod of cIa|n121

wherei n sajd rs erial, is SiC The
32 W ROl LAl PaREmaR iy herd e T SRS
material is TECS. 31. The nethod of cIa|n121 wher ei n
said third hard mask material i.s Si N he net hod
33.0f Eheapethod of ¢laiey i whetgingarddirsthbapier &‘Yﬁ‘ialé RMaterial is
SiC. 33. The nmethod of claim?21, wherein said first
barrier layer is SIN. 34. The nmethod of claim 21,
34.wheTlai metbed of ¢laims21, wheteingseid firgicharrios lageds SE5.  The
met hod of claim 22, wherein said second barrier |ayer
is TECS. 36. The nethod of claim?21, wherein first
35.et chimndethsd &Felaim3?, whaeinsaidwecbndfbariealaye2is TEMSer ei n
first etchant is CHF3. 38. The nmethod of claim21,
wherei n second etchant is CAF6. 39. The net hod of

36C| aTHR Rdthod\BEEIER 1S e fkicdiehant ik SFLAFS.
37. The method of claim 21, wherein first etchant is CHF3,
38. The method of claim 21, wherein second etchant is C4Fs.

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