METHODS FOR THE OPTI M ZATI ON OF SUBSTRATE ETCHI NG I N
A PLASMA PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON
The present invention relates in general to substrate
manuf acturing technologies and in particular to

met hods for the optimzation of substrate etching in a
pl asma processing system In the processing of a
substrate, e.g., a seniconductor substrate or a gl ass
panel such as one used in flat panel display

manuf acturing, plasma is often enployed. As part of
the processing of a substrate for exanple, the

MILPROBSTOR $hfl P TIThg ArRON OF $PB¥nEhT% picHNG IN

integrated ci ACPI ASMPEPROECESHING SYSERM Processed

in a series of steps in which naterials are

sel ectively renoved (etching) and deposited

(deposition) in order to formelectrical conmponents

thereon. In anBhp (QFSHEE INYEMIION, subst rat e

is coated with a thin filmof hardened enulsion

(i.e., such as a photoresist nask) prior to etching.
Thapessentafiventien relateiain @dneralitusehstmteananufaeeming édcbodlbgies gnd in

el R BT e SRREREDY G bl e b b
sysji¢rAsma processi ng chanber on a substrate support

structure conprising a nono-polar or bi-polar
el ectrode, called a chuck or pedestal. Appropriate

In ﬁk%@&stilgg%f; a“s%bﬁfa%e,te%g% semPWadudtoH Abdie: &f&raéef%g 'i)gt?ﬁﬁ ?%cél as

struck orma plasm to etch exposed a
ong udgdtin fatepanlatisplay mapufapturing, plagina is,oftan smpelyed.iAscpart of the

Laar Qf ;. bl rocessi ng system.co nents.. i s ..
e P B e VS RBIEH ) i or
rectanguiedareal each o wihéuh WHllbetdih® tigihtepfated dltcRit. TRSsubsteiR Baken

di st jbutLoniixsten1%g%. The?e pl asma processi ng. gases
proggsyedhi asegjes of steps in whic materials are selectively removed (etching) and

deposited (deposition) in order to form electrical components thereon.

In an exemplary plasma process, a substrate is coated with a thin film of hardened
emulsion (i.e., such as a photoresist mask) prior to etching. Areas of the hardened
emulsion are then selectively removed, causing components of the underlying layer to
become exposed. The substrate is then placed in a plasma processing chamber on a
substrate support structure comprising a mono-polar or bi-polar electrode, called a chuck
or pedestal. Appropriate etchant source are then flowed into the chamber and struck to

form a plasma to etch exposed areas of the substrate.

Referring now to FIG. 1, a simplified diagram of plasma processing system components
is shown. Generally, an appropriate set of gases is flowed into chamber 102 through an

inlet 108 from gas distribution system 122. These plasma processing gases may be



subsequently ionized to forma plasma 110, in order to
process (e.g., etch or deposition) exposed areas of
substrate 114, such as a semi conductor substrate or a
gl ass pane, positioned with edge ring 115 on an

el ectrostatic chuck 116. In addition, liner 117
provides a thernmal barrier between the plasm and the
pl asma processing chanber, as well as helping to
optim ze plasma 110 on substrate 114. Gas distribution
system 122 is commonly conpri sed of conpressed gas
cylinders 124a -f containing plasna processi ng gases
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Induction coil 131 is separated from the plasma by a dielectric window 104, and
generally induces a time-varying electric current in the plasma processing gases to create
plasma 110. The window both protects induction coil from plasma 110, and allows the
generated RF field to penetrate into the plasma processing chamber. Further coupled to
induction coil 131 at leads 130a—b is matching network 132 that may be further coupled
to RF generator 138. Matching network 132 attempts to match the impedance of RF
generator 138, which typically operates at 13.56 MHz and 50 ohms, to that of the plasma

110.

Generally, some type of cooling system is coupled to the chuck in order to achieve

thermal equilibrium once the plasma is ignited. The cooling system itself is usually



thermal equilibriumonce the plasma is ignited. The
cooling systemitself is usually 2 0 conprised of a
chiller that punps a cool ant through cavities in

wi thin the chuck, and helium gas punped between the
chuck and the substrate. In addition to renoving the
generated heat, the heliumgas also allows the cooling
systemto rapidly control heat dissipation. That is,

i ncreasing helium pressure subsequently al so increases
the heat transfer rate. Mdst plasma processing
systens are al so controll ed by sophisticated
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region. Excess conductive material on the surface of the dielectric layer is typically

removed by chemical mechanical polishing (CMP). A blanket layer of silicon nitride is

then deposited to cap the copper.

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 applied and lithographically patterned. Typically, some of



l'i thographically patterned. Next, an anisotropic etch
cuts through the surface cap material and etches down
through the I owk |ayer of the substrate, and stops on
a silicon nitride barrier, just above the underlying
metal |ayer. Next, the via photoresist |layer is
stripped, and the trench photoresist is applied and
lithographically patterned. Typically, some of 3 0 the
photoresist will remain in the bottomof the via, or
the via may be covered by an organic ARC plug, in
order to prevent the | ower portion via from being
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the partial vias. The photoresist is then stripped for trench etch over the vias with the hard
mask. The trench etch then cuts through the cap layer and partially etches the low-k
material down to desired depth. This etch also clears via holes at the same time stopping
on the final barrier located at the bottom of the via. The bottom barrier is then opened
with a special etch. However, trench-first methodology also requires near-perfect trench-

to-via alignment in order to properly etch the via.

Yet another methodology is called self-align. This method combines the oxide etch steps

but requires two separate ILD (interlevel dielectric) depositions with an intervening



mask. The trench etch then cuts through the cap | ayer
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At the bottom of the layer stack, there is shown a layer 208, comprising a semi-
conductor, such as SiO,. Above layer 208 is disposed a barrier layer 204, typically
comprising nitride or carbide (e.g., SiN, SiC, etc.). Dual damascene substrates further
comprise a set of metal layers including M1 209a-b, typically comprising aluminum or
copper. Above the barrier layer 204, is disposed a intermediate dielectric (IMD) layer
206, comprising a low-k material (e.g., SiOC, etc.). Above the IMD layer 206, there may
be placed a cap layer 203, typically comprising SiO,. Above cap layer 203, there may be
disposed a trench mask layer 202, typically comprising TiN, SiN, or TaN.



other different layers. At the bottom of the |ayer
stack, there is shown a |ayer 208, conprising a sem -
conductor, such as Si Q2. Above |ayer 208 is disposed a
barrier |layer 204, typically conprising nitride or
carbide (e.g., SIN, SiC, etc.). Dual damascene
substrates further conprise a set of netal |ayers
including M 209a-b, typically conprising alum num or
copper. Above the barrier layer 204, is disposed a
internedi ate dielectric (IMD) layer 206, conprising a
lowk material (e.g., SIOC, etc.). Above the IMD | ayer
t her 2 '
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214zxanpl e, a photoresi st nask pattern is created with a
set of trenches 214a-b. FIG 2D shows the
cross-sectional view of the layer stack of FIG 2C
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t er stack of FIG 2D, after photoresist |ayer
capé%‘éerggﬁ'd a BARC | ayer 222 are renoved. FIG 2F shows
the cross-sectional view of the |ayer stack of FIG 2E
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layer 220 and a BARC layer 222 are removed.

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.

FIG. 2G shows the cross-sectional view of the layer stack of FIG. 2F after the photoresist
layer has been opened and an etch has been performed to partially etch into IMD layer

206 to create a via.

FIG. 2H shows the cross-sectional view of the layer stack of FIG. 2G after photoresist
layer 216 and BARC layer 218 have been stripped, and an additional etch process has
been performed to extend the trench to a desired depth and etch through a via stopping on

barrier layer 204.



netal layer and a via connecting it to the first netal
| ayer 209a-b. FIG 2G shows the cross-sectional view
of the layer stack of FIG 2F after the photoresist
| ayer has been opened and an etch has been perforned
to partially etch into IMD layer 206 to create a via.
FIG 2H shows the cross-sectional view of the |ayer
stack of FIG 2G after photoresist |ayer 216 and BARC
| ayer 218 have been stripped, and an additional etch
process has been perfornmed to extend the trench to a
desired depth and etch through a via stopping on
barrier layer 204. 6 o In FIG 21, the barrier |ayer
204 is etched through using, for exanple CH2F2, CH3F,
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material in the substrate. Cenerally, lowk materi al
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minimizes cross talk between conductor lines. However, oxygen used in conventional
photoresist stripping processes may react with the carbon in the photoresist to create
volatile CO, gas and substantially reduces the carbon concentration in exposed areas.
Since, lowering carbon content may also substantially increase the corresponding k value,

photoresist removal may detrimentally increase the RC time delay.

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



volatile CO2 gas and substantially reduces the carbon
concentration in exposed areas. Since, |owering
carbon content may al so substantially increase the
correspondi ng k value, photoresist renoval may
detrinmentally increase the RCtine delay. In addition,
exposure to oxygen may aggravate via corner erosion
and fencing, as well as cause trench and via

di mensi onal changes. This may becone even nore

probl emati c as substrate manufactures pursue next
generation dielectrics with extrenely |owk val ues
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occggkérring nowto FIG 3A the a cross-sectional view
of a layer stack, as showmn in FIG 2, in which
fencing 302 has occurred. Referring nowto FIG 3B
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The invention r SUNMARY QFGIHEE ENNENRTIEN: , to a net hod
of etching a substrate in a plasm processing system
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r
propexig sysiem. ¢ iie DRIt SRI-SQRIRCHAT Byre & TSy et fayer disposed

abolv 8 MelsenA¥ S duc@r B§60 At I8 eFBREoded WBEvethS AAS BAtricPAM Ea
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third hayslonaslf lasiso dispesed abeedhgilow-k 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. The method includes alternatively etching the substrate with a first
etchant and a second etchant, wherein the first etchant has a low selectivity to a first hard
mask material of the first hard mask layer, a third hard mask material of the a third hard
mask layer, and a first barrier layer material of the first barrier layer, but a high selectivity
to a second hard mask material of the second hard mask layer; and wherein the second
etchant has a high selectivity to the first hard mask material of the first hard mask layer,
the third hard mask material of the third hard mask layer, and the first barrier layer
material of the first barrier layer, and the second etchant has a low selectivity to the

second hard mask material of the second hard mask layer.



hard mask | ayer. The nethod includes alternatively
etching the substrate with a first etchant and a
second etchant, wherein the first etchant has a | ow
selectivity to a first hard mask material of the
first hard mask layer, a third hard mask material of
the a third hard nmask layer, and a first barrier

| ayer material of the first barrier layer, but a high
selectivity to a second hard nask. material of the
second hard mask | ayer; and wherein the second

et chant has a high selectivity to the first hard mask
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FIG. 2C shows a somewhat idealized cross-sectional view of the layer stack of FIG. 2B
after the first photoresist layer and the first BARC layer have been processed through
lithography;

FIG. 2D shows the cross-sectional view of the layer stack of FIG. 2C after a trench mask

layer has been processed;

FIG. 2E shows the cross-sectional view of the layer stack of FIG. 2D, after the first
photoresist layer and the first BARC layer are removed;



l'i thography; FIG 2D shows the cross-sectional view of
the layer stack of FIG 2C after a trench mask | ayer
has been processed; FIG 2E shows the cross-sectional
view of the |ayer stack of FIG 2D, after the first
photoresi st layer and the first BARC | ayer are
removed; 9 0 FIG 2F shows the cross-sectional view of
the | ayer stack of FIG 2E after a second photoresist
| ayer and a second BARC | ayer are disposed; FIG 2G
shows the cross-sectional view of the |ayer stack of
FIG 2F after the second photoresist |ayer has been

d and an etch s be erfor rtiall
FIGEANRONE e ik Sheiforae OF fhelbier SRSt 1. 2hher b jetond
ph&bRYSt ok afid 8 SEcoh€ BARM Rlevir€ispdseline | ayer stack of

FIG 2G after the second photoresist |ayer and second

BARC | ayer have been stripped; FIG 21 shows the
- i [ L E .
Flc%illfg iho%%é &Bg-seé’t]&&l‘ﬁ’l Obwldte lﬁ%es ';rstalézlli %P#I%EF ahG chEéé:bHd

a barrier ayer 1s etc shows t
phatowsist I8y hholeeh opéereed anfl at kieh hay/egen peidotmedfto parGallPétch mto

h %Eﬂya tcheni cal. mechanical polish process has been
© He'd 16" o' >sh the | ayer stack down to a cap
| ayer; FIG 3A shows the a cross-sectional view of a

| ayer stack in which fencing has occurred; FIG 3B
FIG r%h&hom dhecresseetionakyipw ok theylaxsssgek af F1L% 26 afienthy sgond
.G ' Qalﬁ RGeS ﬁg'- [35;; 4A a | ayer
phds%ét;ygglgtll n ?%ﬁzglgdggt}{ 0 yc%rhr ee (%ar guﬁasks, conpri sed of
two different barrier materials, has been deposited

FIG %’ S oavgst the Qr%gs-soe@tictmha? vieah otJ tRe’ lgg/ér stack OF gié]%}f i whiéh a barrier

layer is etched;

FIG. 2J shows the cross-sectional view of the layer stack of FIG. 2H in which a chemical
mechanical polish process has been performed to polish the layer stack down to a cap

layer;
FIG. 3A shows the a cross-sectional view of a layer stack in which fencing has occurred;

FIG. 3B shows the a cross-sectional view of a layer stack in which comer erosion has

occurred;

FIG. 4A alayer 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;

10 o



enbodi nent of the current invention; 10 0 FIG 4B
shows the layer stack of FIG 4A, in which a via has
been etched using an appropriate etchant, according
to one enbodi nent of the current invention; FIG 4C
shows the | ayer stack of FIG 4B, in which mask 1 is
renmoved using an appropriate etchant, according to
one enbodi nent of the current invention; FIG 4D
shows the | ayer stack of FIG 4C, in which nmask 2 is
renmoved using an appropriate etchant, according to
one enbodi nent of the current invention; FIG 4E shows

he l.ayer,. st ack of E AD. in.which a . barrier. has
Figy o, R e S o I i e Y b el g
appropR4te eRARAHOBIdingdb ohdembstimentofitie/aifichOinyertibfy 4F
shows the layer stack of FIG 4E, in which a barrier
has been added to the trench or via using an
FIGPRF SRAWshE1a95ERR Df FRG M, (i Rich HARR S iSFRRALARRLg 2
the current “Invention; Fl 4G shows the | ayer Stack
apwbpiidtCetcidnt, dcpordivigdh obdrembadamertt of theduarehtigvdngien; i | | ed
and the top |l ayer stack has been polished using an
appropriate process, according to one enbodi nent of

FIG D Shofwsahé lalyevieatkioB FIG.HGin Which eusk 2ds fdngekd hisigglan
process in ich a substrate is etched with a set of

apprapraate pighand, aceerdisgde Ape erabaskaent ob i GyERRt igyenting
invention; and FIG 5B shows a sinplified process in
whi ch a substrate with a second barrier layer is

Fl@t4Ehshowaitheayerstack of FIKAHD, irawhish adeuter dashpen etcherbusing an

enbodi nent ,of the inventi,on. 1 DETAI LE -SCRI PTI ON
PO R P s St of SRk ERE |
will now be described in detail with reference to a

few preferred
FIG. 4F srlJlows the layer stack of FIG. 4E, in which a barrier has been added to the trench

or via using an appropriate process, according to one embodiment of the current

invention;

FIG. 4G shows the layer stack of FIG. 4E, in which the trench or via has been filled and
the top layer stack has been polished using an appropriate process, according to one

embodiment of the current invention;

FIG. 5A shows a simplified process in which a substrate is etched with a set of hard

masks, according to one embodiment of the invention; and

FIG. 5B shows a simplified process in which a substrate with a second barrier layer is

etched with a set of hard masks, according to one embodiment of the invention.
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enbodi nents thereof as illustrated in the acconpanying
drawi ngs. In the follow ng description, nunerous
specific details are set forth in order to provide a

t horough wunderstanding of the present invention. It
wi ||l be apparent, however, to one skilled in the art,
that the present invention may be practiced w thout
some or all of these specific details. In other

i nstances, well known process steps and/or structures
have not been described in detail in order to not
unnecessarily obscure the present invention.

hna. BEAH BESCRI TIOR3 PObeE L%E?%Wﬁ ¥

danage lowk material in the substrate. For exanple,
general, dual danmascene substrate nmanufacturing

T@ﬁﬁ?%&b‘ﬁé@“ﬁé qull pewhesiessribed yy detal with refprgngedy adew Pre&ened

[ I t
exllin TSl {iHEGA R i dRACERM B gl 1EH (bliing
deﬂaipeilohaiumemoumpgceﬁc dathild are sedfordhi iminrdey to protmietadhmmgiy
t.heor her ei

anfg e bt BacsEu Py s APPARG Lo i B g S i e

artlEaBthie plesetiihventibh Bty de praRti€dd WikHNE Sorh@ord] Etthdie Specific
Wit hout exposing the lowk material to ox% gen used in

detglinigiphen figlanpio sl £80wR ProCess sisphend/pirsugiss favq ppt been
de%%fryte% iPibtail MPEStH ROt \Fﬁ'neéegﬁnﬁ%bsgﬁre i &e&ﬂ? ffl%elﬁﬁ)‘ﬁ

mnimze msalignnment” | ssues present wth
trench-first and dual hard nmnask dual - damascene

hodol agi es, | nbodi
ATRUBERY P e BT SLEBR o Rlorst ap BAC Fifiamapte
reflsetioelcamting) cad ofteh dahagdloack imekal inmk wbprdtaFer eXaniple, in

total f our naskqg is used, In another enbodi nent the
gergel. dyal dampscenesubsipale mepwfaeiring 1RPEPaches TEAWET PROforAgst to be

apPRIovaPS Rir %a%k il SrdePR U RrapRitaRg bR thet\ﬂﬁm?ﬁﬁ%_ begtrate, and

mul tiple masks may be used wi th dual damascene
alsqgppesangtbe lovok sudterial &t exyigemuf act ur i ng.

D.

While not wishing to be bound by theory, it is believed by the inventor herein that laying
down a set of hard masks above the low-k material, will allow a via or trench to be etched
without exposing the low-k material to oxygen used in conventional photoresist stripping
processes. In addition, inspection of the set of hard masks may further minimize
misalignment issues present with trench-first and dual hard mask dual-damascene

methodologies.

In one embodiment, the masks are substantially comprised of metal materials. In another
embodiment, a set of three masks and cap layer (or total four masks) is used. In another
embodiment, the set of masks is comprised of different alternating mask materials. In

another embodiment, the set of multiple masks may be used with dual damascene
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In the discussions that follow, terns such as "above"
and "bel ow," which nmay be enployed herein to discuss
the spatial relationship anong the | ayers, may, but
need not always, denote a direct contact between the
| ayers involved. It should be. noted that other
addi tional |ayers above, below, or between the |ayers
shown may be present. Further, not all of the shown
| ayers need necessarily be present and sone or all nay
be substituted by other different layers. In the
current invention, in a non-obvious fashion, a
substrate,i.s conf%g red wwth a nmask or cap | ayer

am?8m§ ited between a set of hard

masks and the Iom#k dielectric material. The cap

| ayer and the set of hard masks are further conprlsed

In the discysstons gat fillome tams sughas, Akaven gndydiclover Whish giaydies |

t
e 19 (R SHBA' SR lrs 481 Bt
alwtays, aiepeuetaldambtauontayﬁmtwéen thaltayers nnwmeér it alhquld)bn n@tedﬂhgtpther

I I Vi t o, t.h
=il g elie bR o in e BHS S sl BE G Ty ot
all bPtheanslvi &961@ nékd heceds@hly Hedr&kesthhd 5&@Sor lllinag bl lsu.ﬂi%tltuted by
select|V|ty to (and hence will tend not to etch) SiN

othey diffierent layérgewi se, et chants such as CF4, CHF3, CH3F,
and CH2F2 have a low selectivity to SiNor SiC, but
have a high selectivity to TECS. The set of hard nmasks
In the putrérg mvestigrg in @ noredbvioss ﬁaghion, aditbstratedk coriftguonderitis @ mask

nmet.hods to at.e haol.e. for the i t r,enc
or GRIQGE oo TEOST ) Armprrtothedniboel Gl b Yol
dieketrizahiterv ATiRYcap $dyef atid e g hpidinadsks ar@tfudtier c&mpllilﬂtcﬁ a set
such as based on, fluorjpne chem stry as previqusl

of Gt eanating bigier Petesiels, WhaTERasEbHT olehanis may eeleoted

wheﬂewé;cﬁqﬁcﬁvﬁﬂaue%ahﬂrﬁ BfpsssQs %1&%&1&&%5’ 1/ h BA¥tiOllar ype of
'ayer stack, rep resentzv% the |ayers of an exenpla

barsierhaterialybut @rhighGseldctivightocthe zenaaining fnatmabi masks is
enpl oyed to create a hole for a via or trench, as used
in a dual -damascene 13 o

For example, etchants such as C4Fs and C4Fs have a low selectivity 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 CF4, CHF3;, CH;3F, 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.
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 hard

masks is employed to create a hole for a via or trench, as used in a dual-damascene
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manuf act uri ng net hod, according to one enbodi nent of
the current invention. FIG 4A shows a |layer stack in
which a set of three hard nmasks, conprised of two
different barrier materials, has been deposited and
patterned on the cap |layer, according to one

enbodi nent of the current invention. At the bottom of

| ayer stack, there is shown a |ayer 408, conprising
Si 2. Above | ayer 408 is disposed a barrier |ayer
404a, typically conprising nitride or carbide (e.qg.
SiN, SiC etc ), and possessing a thickness of about

madgcfiing Rl SUUEE Rert AT JgbeChreot JRFURF §

conpr|3|ng al um num or copper. Above the barrler | ayer
IS dIS osed a internediate dielectric &0

FKI? aﬂfthOM@ ays ﬁBFlF Hy Wiyich ajsefpfjthrge hard imasks, éorgpnsedSif
differdnt Lmﬁgﬁﬁ%%ﬁlﬁ 858 bBEh %ept)gﬁ&lmﬁ Sp%tt&ﬁ%tﬁgpﬂi cdP1a990%Rording

ove t ayer there may ['aced a cap
to dreeyemrbodidant of the |cum¢ﬂtyn\cmnm iAtitigboreas)f laymi sfaols skere isrshown

j ck Ab I 4 .
o et SRInEp o Bty R dmg SRR R o e ety
rbﬁﬁﬂnmh{&rdﬁ egtblki(8g., SIN 8819[ &pl), antl Possessipch thidikadss 3f about
conprises SiC or N, and has g thi ckness of,

70%80 valsi@elaﬁeenwshétr@tem@%er cwmRsise @88t of el layses ipgludige M1
n |
409ob Dy QiR ol Ehfindbr M. ApSitihe pERTAET DS
dispiseda interenddiayediclsetaic KIMD) k@ 406pcomprisig clovwwk matetigl (eags,
. en etched using.a a r] chant ,
sics 5 ki ees o Ren SEBE AR P I A T RGN n D 18R a0,
thereath&y beplacedgap l8en403m slpicalld G&Iﬂpﬂ;ﬁdg TE@Spaml posyessing a
403a, but a hi.gh selectivity to Si '

thickgessiof abowy 340 4k Abgyigapdyer Al here m@r 4%%%'@8%’%? st pf hard

maﬁ(rsQlfldt heveXeet Eauéiﬁ& AP RNYiatetBetAsd. IMRR 3%049@&& ﬁgzes SiC
of mask 3 404b. FIG 4C shoms the | ayer stack of

or $iN, andrhaghiteicknessf abon0309), A Mask 2 4034y ca@nprisss TEOS, and lyis a
thic %F olﬁ? E%azgnl\ﬁﬁp{ QMA @&ﬁpggeg Ig?cnér’Sﬂ%u&ﬁ 188 a B0

about 500 A.

FIG. 4B shows the layer stack of FIG. 4A, in which via 410 has been etched using an
appropriate etchant, such as C4F¢ and C4Fs, which has a low selectivity to the TEOS
material, comprising mask 2 4035 and the cap layer 403a, but a high selectivity to SiN or
SiC, comprising mask 1 404¢ and mask 3 4045b. The initial profile of via 410 may thereby
be defined by pattern of mask 3 4045.

FIG. 4C shows the layer stack of FIG. 4B, in which mask 1 404c, comprising SiN or SiC,

is removed using an appropriate etchant, such as CF4 and CHF;, which has a low

selectivity to SiN or SiC, but has a high selectivity to TEOS. In addition, the removal
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selectivity to SiNor SiC, but has a high selectivity
to TECS. In addition, the renoval 14 o process al so
transfers a trench pattern onto nask 3 404b. Since the
thi ckness of lowk material 406 (10,000 A) is

consi derably greater than that of mask 1 404c (500 A),
only a small anmount of the lowk material is renoved
due to the ion bonmbardnment of the etchant. FIG 4D
shows the | ayer stack of FIG 4C, in which mask 2
403b, conprising TECS, is renoved using an
appropriate et chant, such as C4F6 and C4F8 whi ch has

electivit the TE i sin
prefgsoloo ST APt g fen Bto rak 3 A0 Sinvs G WbeegRec -
mate@iaBi0¥ ﬁqo ,000 @) ¢OemRkidsiaBly dred tBarfBdtoranskiagat 50040 4enly a
The full dual danmascene structure, such as trench 410
smalhamoung of the lowrk malgrial isrpemeaved Huetygheriop borbgrdigent of the
etchifated, stopping at barrier 404a, due to the ion
bonbardnment of the etchant. FIG 4E shows the |ayer

stack of FIG 4D, in which barrier 404a has been

PGP Hop i Py easPEEREACC T Wi ok 2 PP G Rerne RS, i
rerrhﬁ@d @sxﬁg thap‘}ﬁblﬁfdté Stehant, tsﬁchTﬁ@F(, laﬁld egd| whieh had®Riw :Q:fectlwty
mprising SiN or SiC, has_ al so been renov

to the @Eoéhn%tmomnésmawk 2 ¢3cangrcaplayer 403, b gk Felggtivity
to SiRNr&ic be!hh {n%gk $3642a% ARRY 4085081 b Ezi] %mﬁmﬁ&@&éﬁ

or via usl approprlate process, suc
strucgyre rsudeqmdsant:h 410 andtiG411 G kivowsna:td:r'eﬂ I4ﬁ9 maystsa bk crshited,

s Y B 5 B S S BB ABEET, e
material, and the top | ayer stack has been pollshed
using an approprlate %Rgcess such as chem ¢

FIGrdErshpwe the lper slask ofgf] Pemrwlﬂgh hewier 4042 has bseAe etched using an
app% b drdtBflt, BEQGRTS, lald @1 i A5iRh RACL RSN i $irP oSN 0f Sl(f? but

described I'n which a substrate i's etched w t'h a set
hashaghigh sebeskivity tcBgP8li In gdditiommeost of mask 3, comprising SiN or SiC, has

also been removed.

FIG. 4F shows the layer stack of FIG. 4E, in which a TaN or TiN barrier 414 has been

added to the trench or via using an appropriate process, such as plasma vapor deposition.

FIG. 4G shows the layer stack of FIG. 4E, in which the trench or via has been filled with
copper, or another appropriate conductive material, and the top layer stack has been

polished using an appropriate process, such as chemical mechanical polishing.
Referring now to FIG. 5A, 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
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enbodi nent of the invention. Initially, a substrate is
introduced in a plasma processing 15 o system the
substrate having a seni-conductor |ayer, a first
barrier |ayer disposed above the sem -conductor

| ayer, a |lowk layer disposed above the first barrier
layer, a third hard nask |ayer disposed above the

| ow-k layer; a second hard mask | ayer di sposed above
the third hard nmask layer, and a first hard mask

| ayer di sposed above the second hard mask |ayer, at
step 502. The substrate is then alternatively etched

t.chant i
sysflh i} nfR'E R R R JERG K ! GAIAR Jy ARG above
theltamil cominktorRiyer, b &dw-kddyet Bispdsed aboveahelfirsabicricalyger, a third hard
ma;tslgi;agggr df;g,rﬁgedr%%% }}n)g: (? : -Igﬁiayega s:egggfh Lo dlf Ea'yer(ﬁlsRoH‘;éi above the
third Hadd mB&I15yRT arldBYi&5e hdtdnadk 1'8?&4111%5%% % sk&dnd hard mask

second hard nmask materi al the second hard nmask
laybraytestop Sdehmglbetlrate tﬂihers%étmmvelv telied withs first dighgnt and a

ectivyit f t .
SCCP?(# gtf:h g er. n f(hel}gst e}ch%{gthtﬁg glo \Ugaléctf{fgt&% %{{st %{delﬁiﬁglmatenal
of thé fitdd Bardh4sH 14@f, & thied Kard ay:8k massridl dfthe hithisd hdvd maislekayer and
| ayer, materi al aﬁf the first barrier

a fist barigr oy errmgierial 86 the frshhagar Loer vt ?/}“(gg%%ﬁ%t“’été(é% fgecond
harl 38k Hﬁ?elﬁal 559&1@ §dcBhd Rdrd i3Sk Pa?@@ aed Kasdin®me Kec]%)ﬁd/ gichan®has a

step 504. Referring now to FIG 5B, a sinpl
high sde@srsty itothe fmté@mhmquowg@al 0 theyfirstdhard slaslﬁléx@”r thig laird hprd
[
ma§,jl Cr(r:%tglazl?l ﬁ)g egt}]%gégrd n?%gngﬂﬁ %M@Jﬁ:ﬁt bsa?r{lf\:}'gé ﬁ{agerﬁﬁéfktﬁe first
bartiéri layed) dnd, thases olibételainehdss lowtseledtindgdoitie szcmhchlmndimask
r.ocessin the substrate having a
malggp} of Wg%ngl{arqs mask layer, ?tlsFesPthgar rier |layer disposed
above the sem -conductor |ayer, a lowk |ayer
di sposed above the first barrier |ayer, a second
Refigminginew o &J6r 5Bl asspopkfiedpraccss iaplpghg RIOFeSyEe SYSem s r d
desF&zMeg 15'%&%11' 0B (#é ﬁ g&j w?tpq\égt 5{!& ﬁlﬁ&%ngccgﬁﬁr{ i) one
er, a secon nask ayer di sposed above
emlbdmmelmlmam 1mlnoh dymlally, acabisteatd is nmrodwawchlm'azzlksmaa;rmessing

sys%lgg_ %—Slsﬁgstra?e Va%lr}ghaesegl?%8n(9ucpo%liayer asfll(rs Earier layer dlspos%d 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 alternatively etched with a first etchant and a second etchant, wherein the
first etchant has a low selectivity to a first hard mask material of the first hard mask layer,
a third hard mask material of the a third hard mask layer, and a first barrier layer material
of the first barrier layer, but a high selectivity to a second hard mask material of the

second hard mask layer, and wherein the second etchant has a high selectivity to the first
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substrate is then alternatively etched with a first

etchant and a second etchant, wherein the first

etchant has a |ow selectivity to a first hard mask

material of the first hard mask layer, a third hard

mask material of the a third hard mask | ayer, and a

first barrier layer material of the first barrier

| ayer, but a high selectivity to a second hard nmask

material of the second hard mask |ayer, and wherein

the second etchant has a high selectivity to the first

16 0 hard mask material of the first hard nmask | ayer

s | [ .

hafdiadc il Bf e 0 bl oy 1R EafL o MRy TR i
hadd mask lier,rand the faytbarrianayer eteriabafthel fisst baraiot lapasamd theow

sel ectivit o the second hard k teria t he
SecOBE. Gie AP APSF o SHKFE(O (i tPephL e d ik ngiria) ofths sfyepd hard
madk LaybedMSsccll bariélbser] A1¥@PSOEN has been descr i bed

in terms of several preferred enbodi nents, there are

alterations, pernutations, and equival ents which fal

i hin Co . .

Wil B S RRE e esb it in bSO L QL A A Yo ncnts, there
arecabtaragiond, permutdtions, laadeflasdents vhighdslhwithinahe sopa of this

. Syste e.qg,, el anTM Exel anTM HP, . Exel an. . HPT, .
imv3Hir For BB A GER e Rspsgns inv QMR e s SPRL i ophgption
withahEREsc ARl pRSmb pRIEess ssteind (&AL ERlanTHYER &0 P, Bxeln™
with sybstrates of various dianmeters (e.g., 200 mm ‘
HPF023Q0ny, Vassys, ‘?.StaAl @), ofiep Plapraa pracessingSireieras a19y e gsed. This

_ L _ T
i GRS 15, SR bR D SRR B 4 0B ey 00 o,
eteyaddso qfhotongsist plasha B@hhﬁﬁcmmr[s@@gascs_fothdn ellanﬁygm may be used.
e AR B B Yo B gk e o
of thE PFB&H if@nsotst em Addi tional advantages may include

the m nim zation of photoresist damge due to
exposure to oxygen-based etchants, mnim zation of RC

AdWnighds 8ftnk k}ﬁ/lent? Liual fre rggﬁf.n?aﬂaﬁ bR at@e®hillg irP4 PRsma

urrng a dua anascene uracturi ng process,
processing system. Additional advantages may include the minimization of photoresist

damage due to exposure to oxygen-based etchants, minimization of RC delay on the
substrate, elimination of a plug step during a dual damascene manufacturing process,
minimization of trench and via faceting and fencing during the etch process, and

minimization of trench and via misalignment during the etch process.
Having disclosed exemplary embodiments and the best mode, modifications and

variations may be made to the disclosed embodiments while remaining within the subject

and spirit of the invention as defined by the following claims.
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m nim zation of trench and via faceting and fencing
during the etch process, and mnimzation of trench
and via msalignnent during the etch process. Having
di scl osed exenpl ary enbodi nents and t he best node,
nodi fications and variations may be nmade to the
di scl osed enbodi nents while remaining within the
subject and spirit of the invention as defined by the
followng clains. 17 o Wiat is clained is: 1. In a
pl asma processing system a nethod etching a
substrate, said substrate having a sem -conductor
| ayer,. a,first barrier |layer disposed above said

.cl 1 .

< tor layer, a |lowk |layer disposed above
said first barrier layer, a third hard mask | ayer

di sposed above said |owKk, |ayer; second, hard sk
1. IngRiasmyi EQRsSHRg Rstare 24850 Fif g a‘?batrﬁas%a}q spsifate haing o
se -Jogﬁ&ttoxhﬁ’gfeg, é"f?t%kbdrﬁéiqéyeg dRPORAAbARVERI Al doRRien thyer, a

hard mask 1ayer, conpri'sing: alternatively etching
lovs hilayesdibprsecatwveisaifl fiastbarrisr layes halird band mask lagendisposed above

.etchant = wherein saj i ISt
soif LR v bt s Rt e Hlsp i MAle it b8 sl laver,
and 4 fist hdrd hthskRstr disposed abdve kiid dedoad Hardasdsk beyer combrisifig:
said a third hard ., mask | ayer, _.and first barri
| aygﬁmfﬁféw@eéﬂmn@fsa@aﬁusswqt? ¥ fritrichaptgpd o Seqot clghant,
hi gh sel gedrbikishidl fir@ cfhdRIAE IGREdediBitl tdBERE hall nflsk material
said second hard mask [|ayer, wherein said second

et chant dfasiddirstihgrd maskdaydrya thirdtherdsmash materdal of saidia Hxlhard
mat eri al f id.fid.st . . ' '
o " ke R Al o St pallf oy IRRe B said T babrlr e, ura

sai d fi ridgh sedectivity td ayeeondiimdre miasit maferislofdaiisesind hard mask

barrier _ | ayer, and said second etchant has a | ow .
sel ecti V¥ to said second hard mask material of said

secRRdeinaaid sBRRY elcBdifhas @Rikh selectivity to said first hard mask material
of said first hard mask layer, said third hard mask material of said third
hard mask layer, and said first barrier layer material of said first barrier
layer, and said second etchant has a low selectivity to said second hard
mask material of said second hard mask layer, and
wherein said alternatively etching includes etching partially through said low-k

layer and said first barrier layer with said second etchant.

2. The method of claim 1 wherein said alternatively etching includes substantially

removing said first hard mask material.

3. The method of claim 1, 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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wherein said alternatively etching includes etching
partially through said lowk |ayer and said first
barrier layer with said second etchant. 2. The net hod
of claim1l wherein said alternatively etching includes
substantially renoving said first hard mask nateri al
3. The nethod of claiml1, wherein said first hard mask
material, said second hard mask naterial, and said
third hard mask material are |ithographically
patterned for a dual - damascene manufacturing net hod.
18 oa 4. The nethod of claim1, wherein said first
hard mask material is SIiN. 5. The nethod of claim1l,
wherein said first hard mask material is SIC. 6. The
4. TES Medo@bf Shiak 1) wherdih e4i@ ififst hatddmsskanaterid & SINmas k
material is TECS. 7. The nmethod of claim1l, wherein
said third hard mask material is SiN 8. The nethod of
i ' i:d LR I {HadiFBs4s regial is SiC
S gh@{PEEg&rlrgmgig? %’PW C a{? rsr% 1? Iﬁmwltll g@e’?n sai %ﬁ??ﬁltca barri er
layer is SiN. 10. The nethod of claim1, wherein said

i rst_barrier layer .is .S C. 1...Th I ai m

6. Th¢ P phefim LiMiren ST soeone bdra SR L0 oS
claim1, wherein first etchant is CHF3. 13. The
net hod of claim 1, wherein second etchant, i.s CAFG6.

7. The mythed pbelagyl.ovhesn s ilelr%?éﬁ? Besk BAEBRLS Sinant i s
CAF8. 15. The method of claim1, further including a
second barrier layer, conprised of a second barrier

8. Titeet ioethed of ¢laindll, sphesen siieé thirskdrard miask material IR&Kd mask
| ayer and said |lowk |ayer, whereas said second
etchant has a | ow selectivity to said second barrier

9. T raethad of claim 1, wherein said first barrier layer is SiN.

10. The method of claim 1, wherein said first barrier layer is SiC.

11. The method of claim 1, wherein first etchant is CFs.

12. The method of claim 1, wherein first etchant is CHF;.

13. The method of claim 1, wherein second etchant is C4Fs.

14. The method of claim 1, wherein second etchant is C4Fs.

15. 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.
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and said first etchant has a high selectivity to said
second barrier material. 19 0 16. The nmethod of claim
15, wherein said alternatively etching includes
etching partially through said second barrier |ayer
with said second etchant. 17. The net hod of claim 16,
wherein said second etchant etches at |east a portion
of said second hard mask | ayer, said | owk layer, and
sai d second barrier |ayer substantially

simul taneously. 18. The nethod of claim 15, wherein
said second barrier layer is TECS. 19. In a plasm
processi ng system a nmethod etching a substrate, said
substrate having a sem -conductor |ayer, a first

16 .bRHeth@kod eeefimdiss phseth salialeratieely etchingdndudss etchingypertially
a Iom#k | ayer dlsposed agove he first barrier |ayer,
threughesaidrig %wt drdserond s Bde  the | ow k
| ayer, a third hard nask | ayer di sposed above the

second barrier layer, a second hard mask |ayer
17. dll“lspm@mﬂ afivtaim 16hwhetein sdidrerandraiehiant efghes at l&aﬁy agortiongf said

secpxéé/ gz?r lﬂ,La'er szﬁg % S % d é@g (s)Xlﬁ sggb gr%%p ng&?ugstﬁﬁﬁlﬁy

sinfultBgdonglye Wi th a flrst etchant and a second et chant,
wherein said first etchant has a |ow selectivity to a
first hard mask material of said first hard mask

IS.LrTg'DéEﬁeith(ﬁi et 1*5%%@9?&&&%&&{& Bakri@flayefisdrEog.hi rd hard

ayer, and a first barrier layer material of said
first barrier layer, but a high selectivity to a

19 5 gAEsR  SRS0RE R g
sen&eﬂoﬁcﬁdtorl layer, ta)ﬁxsebednén lagetr disposedd mbeve the sanirandudér 1aysr,c
SIEW L AT N RN MR A
the 16W R Na Bt Lthir@ haf mSki 18y et Uispése@@bévelhe 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, comprising:
alternatively etching said substrate with a first etchant and a second etchant,
wherein said first etchant has a low selectivity to a first hard mask material
of said first hard mask layer, a third hard mask material of said a third hard
mask layer, and a first barrier layer material of said first barrier layer, but a
high selectivity to a second bard mask material of said second hard mask
layer,
wherein said second etchant has a high selectivity to said first hard mask material
of said first hard mask layer, said third hard mask material of said third
hard mask layer, and said first barrier layer material of said first barrier
layer, and said second etchant has a low selectivity to said second hard

mask material of said second hard mask layer and said second barrier
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| ayer, and said second etchant has a | ow selectivity
to said second hard mask material of said second hard
mask | ayer and said second barrier 20 a | ayer, and
wherein said alternatively etchinc includes etching
partially through said |owk |ayer and said first
barrier layer with said second etchant. 20. The

nmet hod of claim 19 wherein said alternatively etching
i ncludes substantially renoving said first hard mask
material. 21. The nethod of claim19, wherein said
alternatively etching includes etching partially

t hrough said s nd barrier er wth said second..

et chant . Paé’ b &Wﬁ% SFerTaY a&?’“@b‘é‘%{%ﬂfgm W?i‘fdg ? ﬁt‘?@‘gfé jartially
second efizhiphlsaidlioRasSlaidr an@ 85l fist Barrict Rerokitisaidisecond
second hard mask | ayer, said | owk |ayer, and said

second betekdnér | ayer substantially simultaneously.
23. The nethod of claim 19, wherein said first hard
mask naterial, said second hard nask mmaterial, and
20 SHietnéthod of dismoll Inelsdreinshidraltatnativedy ttiching grehyples sublstagtially
pattern g@for a dual - damascene nmanufacturi ng nethod.
rengoyin, bapd mask gRIErat- 19 wherein said first hard
mask material is SIN. 25. The nethod of claim 19,
wherein said first hard mask material is SiC 26,

21.iEherroethedt ofidlaimm9) gherghnsaed ﬂteg%tlaely@&bm ipglpdes eiching Pamally
gﬁ§§ gﬁh ¢ claim 19, wherein
ﬂn@%@%ﬁéq%e?gﬁﬁ%r nﬁ%E&#EEQ?Fa %& 28. The net hod
of claim 19, mherein said third hard mask material is
.C. 1 . net hod, of
22?%" l}egpetﬁ%q, (?f] C 9m| yg[he emn s%ilc}\isoecor?c{ e%chang' gtbhes affehd trz]t p%ﬁ o% of said
second hard mask layer, said low-k layer, and said second barrier layer substantially

simultaneously.

23. The method of claim 19, wherein said first hard mask material, said second hard mask
material, and said third hard mask material are lithographically pattemed for a dual-
damascene manufacturing method.

24. The method of claim 19, wherein said first hard mask material is SiN.

25. The method of claim 19, wherein said first hard mask material is SiC.

26. The method of claim 19, wherein said second hard mask material is TEOS.

27. The method of claim 19, wherein said third hard mask material is SiN.

28. The method of claim 19, wherein said third hard mask material is SiC.
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30. The nethod of claim 19, wherein said first barrier
layer is SiC. 31. The nethod of claim19, wherein said
second barrier layer is TECS. 32. The nethod of claim
19, wherein first etchant is CF4. 33. The net hod of
claim 19, wherein first etchant is CHF3. 34. The

met hod of claim 19, wherein second etchant i s CA4F6.

35. The nethod of claim 19, wherein second etchant is
C4F8. 22 o

29. The method of claim 19, wherein said first barrier layer is SiN.

30. The method of claim 19, wherein said first barrier layer is SiC.

31. The method of claim 19, wherein said second barrier layer is TEOS.

32. The method of claim 19, wherein first etchant is CF4.

33. The method of claim 19, wherein first etchant is CHF3.

34. The method of claim 19, wherein second etchant is C4Fs.

35. The method of claim 19, wherein second etchant is C4Fs.
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