A METHOD OF CONTROLLED LOMK VIA ETCH FOR CU | NTERCONNECTI ONS BACKGROUND
OF THE INVENTION 1. Field of the Invention The invention relates generally
to methods for the fabrication of integrated circuit devices and
particularly to the controlled etch of vias in dielectric layers to form
vias having straight sidewalls. 2. Discussion of the Prior Art Conputing
t echnol ogy has revol utioni zed the way people work and play and has
contributed enornously to the advancenent of humanki nd. Much of computing

technol ogy has been T- the dlscover and advancenent of
sem conduct or proces PY Hgrated circuit

manuf acturing, a fundanental I esign and manufacture integrated
circuits to be as small as &gggigﬁbigéggﬁgmﬂg¢lgﬁﬁbmm inthis art, the
manuf acturing cost of an integrated circuit corresponds strongly to t he
waf er area occupied by each integrated circuit die or chip. This is
because tBRCKGROGNBDEPHEAINNTIGN eCtly to the nunber of possible
integrated circuits per nanufactured waf er, and because the theoretical

yi el d, far Reld gf H€mvempdf act uri ng def ect density, i ncreases as chip area
decreases. In addition, the smaller feature sizes that result in
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i ncreased functionality per unit area. Fig. | shows a p of 4
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| itho-patterning as is known in the art. The i'nterconnect s &¢ k i ncl udes

a subst r atdewalls.

2. Discussion of the Prior Art

Computing technology has revolutionized the way people work and play and has
contributed enormously to the advancement of humankind. Much of computing technology has

been enabled by the discovery and advancement of semiconductor processing technology.

In the field of integrated circuit manufacturing, a fundamental goal is to design and
manufacture integrated circuits to be as small as possible. As is well known in this art, the
manufacturing cost of an integrated circuit corresponds strongly to the wafer area occupied by
each integrated circuit die or chip. This is because the chip area correlates directly to the number
of possible integrated circuits per manufactured wafer, and because the theoretical yield, for a
given manufacturing defect density, increases as chip area decreases. In addition, the smaller

feature sizes that result in decreasing chip area also provide improved device performance and

increased functionality per unit area.

Fig. 1 shows a portion of an interconnect stack 10 before any etching has taken place but

following litho-patterning as is known in the art. The interconnect stack 10 includes a substrate



1 12 which may be an interlayer dielectric (ILD) |layer having Cu
interconnects 16 fornmed therein. An etch stop layer 18 is fornmed over the
substrate 12 and the Cu interconnects 16 and acts as a capping |ayer for
the substrate 12 and Cu interconnects 16. Fig. | shows an oxide-|ike
transition |ayer 24 forned over the etch stop | ayer 18. The oxide-like
transition |ayer 24 pronotes adhesion of the capping |layer or etch stop
18, and an interlayer dielectric (ILD) 14 formed over the oxide-like
transiti opzl | ayer 24. The use of the oxide-like transition |ayer is

parti cul ard YMefsBeYPpe an{periaxendiclestric (1518 fayprchayipg fu dntertoringuts k6 formerd thereinl ow- k
material. A hardmask 22 is forned on a second ILD |layer 14. Finally, a
phot or esi % ctostorslayes i fissogned avar thesubstaik | 2and thigfeu inteBdnpgcey16b4d has gref er abl y
low or ultra lowk dielectric layers forned by chem cal vapor deposition
(cvD) . THEPRrg g tfehe spstrate B2 g9d Spdntersontictts u6i dirg. dShdB annkideldiRetrdsBod4 from
the Cu interconnect as well as preventing diffusion to neighboring netal
lines. FdfYe0d* fmngd ever thegtch standeysed. | Tée okide ikotramgities lapk Ziiprota@esCVD | ow k
ILD, the etch stop layer 18 may be, for exanple, SiCN formed of either

C- doped SidResinn ofthespritingdaxss of ¢tdugiép R hst amintedasicadislety (18D 4 fhecdsed. The
oxide-like transition layer is not necessary for all interconnects 10, but
as will phe oxddepliksitranetionelayan24i Sheowanbihe bride-lictmelkioglags isisdri@1drig\sdfulor
ultra lowk ILD |layers. Due to its relatively high k-value as conpared to
the | LD |véigathelD layseisdornted of op-§ eryudtra 08k mnstedenarkatdmask oF BEshnRl oh €S5S t han
500 A, and usually within the range of 250-400 A, but technol ogi cal

devel opneatongd Hd? layerdld. tFanatlpduphetotesist 200iwfemed of tht Rirdmbgkige. One probl em
associated with the etch stop layer 18 is that, particularly when used in
conbination with |lowk and |ower-k CVD deposited |ILD | ayers, it has poor
et ch sel ecti vilh§ILDrigyar 1t ds preferably lei i wltrailow-k dielectric layers formed by chemical

vapor deposition (CVD). The etch stop layer 18 prevents diffusion of Cu into the ILD 14 from
the Cu interconnect as well as preventing diffusion to neighboring metal lines. For 90 nm via
width and smaller technologies which use CVD low—k ILD, the etch stop layer 18 may be, for
example, SiCN formed of either C-doped SiN or N-doped SiC, though other materials may also
be used. The oxide-like transition layer is not necessary for all interconnects 10, but as will be

explained below, is common for technologies using low-k or ultra low-k ILD layers. .

Due to its relatively high k-value as compared to the ILD layer 14, the etch stop layer 18
is generally formed at less than 500 A, and usually within the range of 250-400 A, but
technological development continues to reduce the low end of this range. One problem
associated with the etch stop layer 18 is that, particularly when used in combination with low-k
and lower-k CVD deposited ILD layers, it has poor etch selectivity. That is, it is difficult to
critically control the etch process. Typical etch procedures use for example carbon-fluorine
(C«Fy) organic chemistries in varying concentrations to perform the etch process in a step-wise

fashion. Often such an organic etch chemistry will have a higher CF, concentrations in initial



critically control the etch process. Typical etch procedures use for
exanpl e carbon-fluorine (C, ;F,) organic chemstries in varying
concentrations to performthe etch process in a step-wise fashion. Oten
such an organic etch chemstry will have a higher C.F. concentrations in
initial 2 etching and have a | ower concentration, producing |ess
reactivity, for the subsequent etching steps, resulting in greater
selectivity. Because such thin filns of Si CN provide poor etch selectivity
properties with respect to lowk or ultra lowk ILD layers, its use can
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during the etching process. Because the via walls becone tapered during
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resi stance, large via resistance variation between successive vias, and
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materials are absorbed into the porous ILD |layers, as a result durlﬂg
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residual C/F, is released causing further detrinen a etching. Oten this
addi t | onabaliebedoimegapetedidogng these peBisREp bOCLHObIERS éﬂntrésult@uéh% h@%&at ion of a
taper at the bottomof the via 26 in the etch stop |ayer hi's et ching
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ultra Iom#k | LD | ayer 14 does not
ashing process results in the formation of a taper at the bottom of the via 26 in the etch stop layer

18. This etching caused by the release of C,F, from the IL.D layer is called the “Memory
Effect.”

The use of ultra low-k ILD layers (k<2.5), for example in new technology such as 45 nm
Back-End-of-Line (BEOL) platforms, where for example the gate width is a mere 45 nm, creates
new issues to overcome. An ultra low-k ILD layer 14 does not adhere well to the SiCN due to
chemistry differences (organic vs. inorganic) and the fact that ultra low-k ILD is porous, thus
reducing the surface area for adequate adhesion. Because an ultra low-k ILD layer 14 does not
adhere well to the SiCN etch stop layer 18, an oxide-like transition layer 24 is used between the
etch stop and the ILD layer 14 to promote adhesion and structural integrity. While the oxide-like
transition layer 24 promotes good adhesion, it exacerbates tﬁe problems with etching and etch

process selectivity and the formation of tapering at the bottom of the vias. This is demonstrated

in Figs. 2a and 2b.



adhere well to the SiCN etch stop layer 18, an oxide-like transition |ayer
24 is used between the etch stop and the ILD |ayer 14 to pronote adhesion
and structural integrity. Wile the oxide-like transition |ayer 24
pronotes good adhesion, it exacerbates the problems with etching and etch
process selectivity and the formation of tapering at the bottom of the
vias. This is denonstrated in Figs. 2a and 2b. 3 6: The oxide-1ike
transition layer 24 has a different etch rate than the SiCN etch stop | ayer

nd the ILD,layer 14. 1t is normally etches slower that the ILD | ayer
i?l aThi s sl ow& e8%/@?#1%"9“3%%an‘frk?é"r@‘ébéﬁeﬁﬁt Eshyate; teanceasSigh eﬁﬁé@@d@}t;on}[ ﬁf

i rs an if the transition layer 24 were not there. Further,
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resist stripping via the ashing process, again residual C F. causes further
menory e‘f“f‘%g the SPERREFPergIgrRdAt ﬁﬁé’l"ﬁ?ﬁn Phibe 8826 svorsedhandfibe transiioh dayer 24
experienced. As discussed above, this tapering results in hlgh.V|a
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ultimately via failure. Accordingly, there is a need for an integrated
circuit RHUSCAYENGIcHist spping;vindhe gshag pracess, agaimrresidial €ife causésfforther tnemofy t he via
resistance, particularly in devices using ultra |owk IPD llayers requiring
the use SFfedifidinedmdiapiltinemeses the tptrayehleiomppiapel Asdisesisatubote, thie | LD,
Cu interconnect, and the SiCN etch stop layer. The present invention is
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ultimately via failure.

Accordingly, there is a need for an integrated circuit having straight sided vias, to
increase the uniformity of the via resistance, particularly in devices using ultra low-k ILD layers
requiring the use of an oxide like transition layer for proper adhesion of the ILD, Cu

‘interconnect, and the SiCN etch stop layer. The present invention is directed to providing such a

method and circuit.
SUMMARY OF THE INVENTION

One aspect of the present invention is a method for the formation of straight sidewall vias
including a step of providing an interconnect stack having a substrate, at least one metal
interconnect formed therein, an etch stop layer, a transition layer, an interlayer dielectric (ILD)
layer and a photoresist. The method follows with a step of etching the ILD layer to a
predetermined point to form a via having a first depth. Subsequent steps include ashing the
interconnect stack to convert the remaining ILD layer in the via to an oxide-like material, and
wet etching the via through the transition layer, wherein the etch stop layer remains substantially

unaffected and the sidewalls of via are straight.



One aspect of the present invention is a nethod for the formation of
straight sidewall vias including a step of providing an interconnect stack
having a substrate, at |east one netal interconnect formed therein, an
etch stop layer, a transition layer, an interlayer dielectric (ILD) |Iayer
and a photoresist. The nethod follows with a step of etching the ILD | ayer
to a predetermned point to forma via having a first depth. Subsequent
steps include ashing the interconnect stack to convert the remaining |ILD

| ayer in the via to an oxide-like material, and wet etching the via

t hrough the t rHIRYISE 259¢rt PEthe presepf Bvention isfiregied o astisproonapetrstaciehayings
substantially unaffected and the sidewalls of via are straight. 4 is

Anot her a¥piésgt sidswallpyias fchidingta sibsiratet 3 wetal igtertonnset fotnaddn the sitpstretecoretebe t

stack having vertical sidewall vias including a substrate, a netal

i nt er connwen fofrendrAaghe wbstrate and Hhetmetalantergennettcand ag indplayerdidetton(kP)Hagmbst r at e
and the netal interconnect, and an interlayer dielectric (ILD) |ayer

havi ng athaviagat least enapiafofmedibereintrateading txiughditragpitionigeg formed erathsétth on | ayer
formed on the etch stop layer. The via is forned by etching the ILDto a
first depidp lagshiThgvia hdorimst by ewhing tte [EDdek fitsodeptin disifiyg the roertdnnect stack toe | LD
bet ween the portion of the via forned by etching and the transition | ayer,
conver t i rgodifyi apoptomtdf e IbP befveen thpbiomnf thx ivid dormad by tahing amicthd tepitioet
etching the interconnect to renove the oxide material and a portion of the
t ransi t i daydr.apeverting this pontian vf the IIgX toenodixidg ntateriol, gkl thédrewdt leBhing tHehe et ch st op
| ayer. BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete under st andi ng
of the priesEotnechiverhiverthe et ndweiahahdanioapasf theameitdan layer to form a via

extending through the ILD to the etch stop layer.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, and the advantages thereof,
reference is now made to the following description in conjunction with the accompanying

drawings, in which:
Fig. 1 —is a cross-sectional view of an interconnect stack, prior to etching;

Fig. 2a —is a cross-sectional view of the interconnect stack of Fig. 1 following etching by

a prior art method,

Fig. 2b — is a cross-sectional view of the interconnect stack of Fig. 2a following ashing

resulting in undesirable tapering;

Fig. 3 —is a cross-sectional view of interconnect stack according to one aspect of the

present invention, following an etching step;



reference is now made to the following description in conjunction with the
acconpanying draw ngs, in which: Fig. I - is a cross-sectional view of an
i nterconnect stack, prior to etching; Fig. 2a - is a cross-sectional view
of the interconnect stack of Fig. | following etching by a prior art
nmethod; Fig. 2b - is a cross-sectional view of the interconnect stack of
Fig. 2a following ashing resulting in undesirable tapering; Fig. 3 - is a
cross-sectional view of interconnect stack according to one aspect of the
present invention, follow ng an etching step; 5 Fig. 4 - is a

cross- sect i ondlig- ¢i-dha epssassctionelericnofrachtesbarckt steck accdiding thonOmPecdspP@et of
the present invention, follow ng an ashing step; Fig. 5 - is a

cr 0ss- sedtr¢soptanvopfienyfalfowang anslengsemect stack according to one aspect of
the present invention, followng a wet chem cal etch step. DETAILED

DESCRI PTI ON The present invention will now be described with reference to
Figs. 3-5, inFighpctis#¢mes-sertionpleriewpl an iffercomect staok akenalirgy th okeaspéot SBAE S,
where possible. The interconnect stack 10 of Fig. | is utilized in the

met hod ofPresef ipreatiem foliowingratwes nhangical foh sepn i nt er connect stack 10 havi ng
straight via sidewalls. The first step of formng the interconnect stack
10 with straight sidewall 28 vias 26, is to conduct an etching process

using a @E&&Q%&Rﬁﬁ?@mau as known in the art, and shown in Fig. 3.

However, unlike prior nethods

The present invention will now be described with reference to Figs. 3-5, in which like

number will be used to denote like elements, where possible.

The interconnect stack 10 of Fig. 1 is utilized in the method of the present invention to
form an interconnect stack 10 having straight via sidewalls. The first step of forming the
interconnect stack 10 with straight sidewall 28 vias 26, is to conduct an etching process using a
C«Fx etching material, as known in the art, and shown in Fig. 3. However, unlike prior methods
where the etching is continued step-wise until reaching the etch stop layer 18, according to the
present invention, the etching is stopped before even reaching the oxide-like transition layer 24.
This is done preferably by tirriing control, however, it may also be accomplished through optical
analysis. The use of C,F, et-ching materials causes the formation of a polymer 30 on the
sidewalls 28. Specific CxFy etching material chemistries can be used as known to those of skill
in the art to promote or reduce the amount of polymer formed on the sidewalls 28 in the via 26.

The etching process yields straight sidewalls 28, for this portion of the via 26.

After etching, the interconnect stack is subjected to ashing, through known processes
using oxygenated ashing materials having an oxygen component including but not limited to

additives such as O,, CO and CO,. The result of the ashing process is shown in Fig. 4. The




where the etching is continued step-wi se until reaching the etch stop |ayer
18, according to the present invention, the etching is stopped before even
reaching the oxide-like transition |ayer 24. This is done preferably by
timng control, however, it nmay al so be acconplished through optica

anal ysis. The use of C. F. etching materials causes the formation of a
polymer 30 on the sidewalls 28. Specific C.F. etching naterial chem stries
can be used as known to those of skill in the art to pronote or reduce the
amount of polyner fornmed on the sidewalls 28 in the via 26. The etching
process y#8IngSTSES HFGH PXErpisteashing @gterifle subishintiallyoeroventhepolyler 30 fara@.  Af t er
etching, the interconnect stack is subjected to ashing, through known

pr ocesses°n B syl g eihe wid 265 Rinthgr, ¥t reerherly stfba vomiguarsomx yowme eelirponent
including but not limted to additives such as 02, CO and CO2. The result
of the asPiPegs Py tbe eidewalls andhwilireffect the gprtieh of Fiell D6l 4asihhinigg BI tHE BB SIRY
oxygenated ashing materials substantially renoves the polynmer 30 formed on
t he si dewdh P& Dt i5f the hee of itw oR@geniiod shang, mittrinlsrelemey/ resifidi8 CLF, @0 sichtd8SedS OMe

of the etching process on the sidewalls and will effect the portion of the
I LD 14 r emdherrorys 8D layer Homusiup fofthdr kehingiofithd GideWAIR D6 iabd a pitBorISR nof alltdpe
oxygenat ed ashing materials releases residual C.F. that I1s entrained in

t he por oube IiIDayeryldat thd botousofithe fial26.hHowetet; hietferifry tfest abed A¥edahagl@c and a
portion but not all of the ILD layer 14 at the bottom of the via 26.

However, ddhetapdapr ¥8 ef thectiddilesransitionliag@@e, 4shethe @h&hh SbQBsch apgkr the, or the
oxide-like transition layer 24, as in the known processes. Qher than

possi bl e poesibld teaidus tehing yiath@mehery EBAY e eghir@qa&ocegsh@elﬁmh%gleB&%‘eﬁaﬁéd itself,
usi ng the oxygenated naterial, does not have effect on the oxide-I1ke

transi ti onatérayeloesdbt hibkeffedt be tHookideOike ehnsitda 1dyef24. Trhut BERbLALAGE B iHe
bottom of the via 26 prevents any of the, residual etching caused by the
14 remaining in the bottom of the via 26 prevents any of the, residual etching caused by the

memory effect from reaching the oxide-like transition layer 24 or the etch stop layer 18.

The portion of the ILD 14 which has not been etched away at the bottom of the via 26
and any portions of the polymer 30 remaining on the sidewalls 28 are modified by the ashing
process to form an oxide-like layer 32, as the carbon contained therein is depleted. In addition,
the ashing may form a superficial oxide-like layer (not shown) on the sidewall 28. Again, the

ashing step is preferably controlled by timing control, however, it may also be accomplished

through optical analysis.

Because the oxide-like transition layer 24 and etch stop layers 18 are protected by the
ILD layer not etched during the etching process, and are further protected from the memory
effect etching caused by the release of the residual CXFX in the ILD layer 14 during ashing, these
layers do not have tapers formed in them. Incidentally, the ashing process as usual, also known

as anisotropic resist stripping, also removes the photoresist layer 20.



menory effect fromreaching the oxide-like transition |layer 24 or the etch
stop |ayer 18. The portion of the ILD 14 which has not been etched away at
the bottomof the via 26 and any portions of the polynmer 30 remaining on
the sidewal s 28 are nodified by the ashing process to forman oxide-|ike
layer 32, as the carbon contained therein is depleted. In addition, the
ashing may form a superficial oxide-like |ayer (not shown) on the sidewall
28. Again, the ashing step is preferably controlled by timng control,
however, it may al so be acconplished through optical analysis. Because the
oxi de-li ke traNsitid Kp. J, ietiitednBEtGtablk ClisSLGR1dIAY 8 Wlt-diRnikaLerl QifCtRd by the
| LD | ayer not etched durlng the etching process, and are further protected

fromthe seipley HFet b6t @kiabbREd SRHSAEs Whidihe: EBLWR ISR orthR if &5 fual C F.

in the ILD |l ayer 14 during ashing, these |ayers do not have tapers forned

in them Thewet@mhrdckss rkhibved skl TIhdIERAGERS c%orpéégﬁ:lted AR ik %9%2 a@%v(s:ll

ani sotropic resist stripping, also renovés hot oresi st Fayer 7 Next

in Fig. SasthbexilldiS ERNN6FlaysaCHhd Ay bpediil S& c%:qggﬁ;g ﬂ}loﬁshmgfb\?\ﬁm e €t ch

using, for exanmple, HF or other fluorine bas strie are known

to those gfievadtis b8, rtichBiSa &hbe havT tt’ﬁ‘%ﬁt s%e%%?é&&ﬁ lﬁro(t:tg{ge\,{ E%dx%ns)f( 2 f t he

remai ni ng car bon deple ed oxi de-like [fayer as we S E 1 i ke

transiti ofpheleRY 8lop Aer @th@ﬂb’théﬁﬁﬁﬁtdm‘iff%{g rgX' de layer (not shown) formed on
the sidewalls 2%, resulting in avia aving straight sidewalls

extending fromthe hardnask 22 to the etch stop layer 18 without the

formation of trpeiter frédesdittl SRS inRFBERESHRN 18thd & & i(ﬂ)t 1&Yer 98 G ﬁlo%tdaCk 10,
the etch stop layer 18 is renoved using processes to t ose of skil

in this aidingR6cctROBRDWRAUS BREESE skBNAl thid W8t M BoffBNirdd8es ddalii? fnay be filled or

partially filed with metal conductors to produce an integrated circuit.

Although the present invention and its advantages have been described in detail, it should
be understood that various changes, substitutions and alterations can be made herein without
deparfing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.



partially filed with nmetal conductors to produce an integrated circuit.

Al t hough the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing fromthe spirit and scope
of the invention as defined by the appended cl ainms. Moreover, the scope of
the present application is not intended to be limted to the particul ar
enbodi ments of the process, machi ne, manufacture, and conposition of
matter, means, nethods and steps described in the specification. As one of
ordinary Y& CEAIM:the art will readily appreciate fromthe disclosure of
the present invention, processes, nmachi nes, nmanufacture, conpositions of
matter, neans, nmethods, or steps, presently existing or later to be

devel oped!- fmgthoddorths formation of sirright pidgwalliassamprisinmibe stops afr  achi eve
substantially the same result as the correspondi ng enbodi nents descri bed
herein may be utilized according to the present invention. Accordingly,

the appended dRIHES Y} BerRpRFRLREFkbavinge pubstEataat lepsh oneraetel interspanest fotmed
processes, machines, manufacture, conpositions of matter, neans, nethods,
or st eps. MECRETSIR KAP [4yer. & tratifeslay ey antipferlayst diglerton (16D) Byerainght si dewal |
vias conprising the steps of: providing an interconnect stack having a
subst r at PhORYeSfsEast one netal interconnect formed therein, an etch stop

| ayer, a transition layer, an interlayer dielectric (ILD) layer and a

phot or esi st ; e%ghiq%ILBj | LD | ayer to a predeterm ned point to forma via
having a fir st deBt: "PA80T IRF RFrstsrRined BYmie frmss vie having adfopivdepth; t he
remaining ILD layer in the via to an oxide-

ashing the interconnect stack to convert the remaining ILD layer in the via to an oxide-

like material;

wet etching the via through the transition layer, wherein the etch stop layer remains

substantially unaffected and the sidewalls of the via are straight.
2. The method of claim 1, wherein the etching utilizes a carbon-fluorine species.
3. The method of claim 1, wherein the ashing utilizes an oxygenated material.

4. The method of claim 1, wherein the etching step forms a polymer on the sidewalls of the via

in the portion where the ILD layer is etched away.

5. The method of claim 4, wherein the ashing step releases residual carbon-fluorine absorbed

into the ILD layer during etching.

6. The method of claim 4, wherein the ashing substantially removes the polymer formed on

sidewalls of the via.



li ke material; wet etching the via through the transition |ayer, wherein
the etch stop |ayer remains substantially unaffected and the sidewal | s of
the via are straight. 2. The nmethod of claim1l, wherein the etching
utilizes a carbon-fluorine species. 3. The nethod of claim1l1l, wherein the
ashing utilizes an oxygenated material. 4. The nethod of claim11, wherein
the etching step forns a polyner on the sidewalls of the via in the
portion where the ILD layer is etched away. 5. The net hod of claim 4,
wherein the ashing step rel eases residual carbon-fluorine absorbed into
the | LD |hykhe neatiddied cletme fii whyreithe Tgngzplets caborcih iepodionwh @ 21LD 1dyB€inashi ng
substantially renoves the polyner forned on sidewalls of the via. 9 7. The
met hod ofthebetiom of theshebetiveentthefimsdeptigund eplta@hdsondagébon in the portion of the
ILD layer in the bottomof the via between the first depth and the
transition |layer. 8. The method of claim7, wherein the depletion of carbon
modi fi es & Hegsthadeficleim 7,heteirDhe depdetion oficarvn nxelifies theglortionef eal batyeeen t he
first depth and the transition layer into an oxide material. 9. The nethod
of cl ai miB thektemohthe Mia bastvem theffiost depta asitherrdrsition layerihdan badema@Rnalt he
sidewalls of the via. 10. The nethod of claim8, wherein the wet etching
renoves the superficial oxide |ayer on the sidewalls, the carbon depleted
oxi de nat%erihgmethodohgaignt, therest the Asbing farmsarsdpeatipa okide teyef ontthesiddwatn st t i on

| ayer.
y the via.

10. The method of claim 8, wherein the wet etching removes the superficial oxide layer on the

sidewalls, the carbon depleted oxide material in the bottom of the via, and a portion of the

transition layer.

11. The method of claim 10, further comprising a step of removing a portion of the etch stop

layer to expose the Cu interconnect.

12. The method of claim 1, wherein the substrate is an ILD layer.

13. The method of claim 1, wherein the etch stop layer is SiCN.

14. The method of claim 13, wherein the SiCN etch stop layer is in the range of 250-500A.

15. The method of claim 1, wherein the ashing step utilizes an oxygenated material selected

from the group consisting of O,, CO,, and CO.
16. The method of claim 1, wherein the wet etching material is HFL.
17. The method of claim 1, wherein the ILD layer has a k value of <2.5.

18. An interconnect stack having vertical sidewall vias comprising:
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11. The method of claim 10, further conprising a step of renpbving a portion
of the etch stop Ilayer to expose the Cu interconnect. 12. The nethod of
claim1l1, wherein the substrate is an ILD layer. 13. The nmethod of claim1,
wherein the etch stop layer is SIiCN. 14. The nmethod of claim 13, wherein
the SiCN etch stop layer is in the range of 250-500A. 15. The nethod of
claim1, wherein the ashing step utilizes an oxygenated material selected
fromthe group consisting of Oz, CO2, and CO 16. The nethod of claim1,
wherein the wet etching material is HFL. 17. The nethod of claim1, wherein
the 1LD | ayer aalsstratek val ue of < 2.5. 18. An interconnect stack having
vertical sidewall vias conprising: 10 a substrate; a netal interconnect
formed in the substrate; an etch stop forned on the substrate and the netal
i nt er connect ; aametal antercorheat fenped idhedubstatd;c (1 LD) | ayer having at | east one
via fornmed therein extending through a transition |layer formed on the etch
stop layer, said via being fornmed by etching the ILDto a first depth,
ashi ng t he i neeelchpingtrmed ercthe substraselardfdythampral ihiegonebt; kit | LD bet ween t he
portion of the via fornmed by etching and the transition |ayer, converting
this portion of the ILD to an oxide material, and wet etching the
i nterconnect edNEhkpvdidsticdliRidayenbayitigak least dnavip bwmbdtheredf extdndingr ansi ti on
| ayer to forma via extending through the ILD to the etch stop |ayer. 19.
The i nt ertongheriransitige leyerflomiediomtie@tchwtupriasien sad prrbking forafed bietchihg thest op
| ayer is renoved to

ILD to a first depth, ashing the interconnect stack to modify a portion of the ILD between the

portion of the via formed by etching and the transition layer, converting this portion of the ILD
to an oxide material, and wet etching the interconnect to remove the oxide material and a portion

of the transition layer to form a via extending through the ILD to the etch stop layer.

19. The interconnect stack of claim 18, wherein a portion of the etch stop layer is removed to

expose the Cu interconnect.
20. The interconnect stack of claim 18, wherein the etch stop layer is SiCN.

21. The interconnect stack of claim 18, wherein the etching forms a polymer on the sidewalls of

the via, which is substantially removed by the ashing,

22. The interconnect stack of claim 18, wherein ashing crates a superficial oxide layer in the

sidewalls of the via, said layer being removed by the wet etching.
23. The interconnect stack of claim 18, wherein the etching utilizes a carbon-fluorine species.

24. The interconnect stack of claim 18, wherein the ashing utilizes an oxygenated materaial.
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expose the Cu interconnect. 20. The interconnect stack of claim 18, wherein
the etch stop layer is SICN. 21. The interconnect stack of claim18, '
wherein the etching forns a polynmer on the sidewalls of the via, which is
substantially renoved by the ashing. 22. The interconnect stack of claim
18, wherein ashing crates a superficial oxide layer in the sidewalls of
the via, said | ayer being renoved by the wet etching. 23. The interconnect
stack of claim 18, wherein the etching utilizes a carbon-fluorine species.
24. The interconnect stack of claim 18, wherein the ashing utilizes an
oxygenat edSteéntercennect statk ofclaiitie, whdrein corusiing stef @RéscOfesibaicabsSaumkigr ei n
the ashing step rel eases residual carbon-fluorine absorbed into the second
| LD | ayer abhorlied éniethe héaogd ILTPlayer during etching. ’
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