VIA ELECTROMIGRATION IMPROVEMENT BY CHANGING THE VIA BOTTOM GEOMETRIC
PROFILE FIELD OF THE INVENTION The invention relates to the field of fabricating integrated circuits
and other electronic devices and in particular to an improved via structure and method for forming a via
that leads to improved electromigration resistance and better device reliability. BACKGROUND OF THE

INVENTION Duying theesprradion Giraalriend mi e (BREEN PE YOO I9ARGIREITHE NikBeTTomic
device, several metal layers are stacked on egEhRETRICAAROALNIMY operation. The metal wiring is

separated by insulating layers comprised of dielectric material to prevent undesirable crosstalk between
the electrical pathways. Typically, vias and trenches are formed in an insulating layer by a damascene
method and are filled with a metal layer [prodoge THeErgQVEReTIONs the size of a circuit shrinks to
enable faster device speed and a higher density to accommodate more chips per substrate and
increased productivity, there is a significant challenge to manufacture vias with the appropriate size and

shape to optimiZe\geniehperHoERASS ¢o RrliabityiTase AhtaieRfakUNRifamasltonseesdrgome
smaller and higher circuit densities are employed. There is a significant effort to manufacture devices in

which failureg@gebanistsasarsieriansiallyifgiryeshoiarsyesiae 5o PesHEd b PIbAIngieials sriection
of material components and architecture. One leading cause of device failure is electromigration which is

the movemejizaismeialipoedd aleondnntratibeiesicteaarrbukiededeiteNtdssing through it. A
current typically flows from one

BACKGROUND OF THE INVENTION

During the so called “back end of line” (BEOL) portion of fabricating a
microelectronic device, several metal layers are stacked on each other in a packaging
operation. The metal wiring is separated by insulating layers comprised of dielectric
material to prevent undesirable crosstalk between the electrical pathways. Typically,
vias and trenches are formed in an insulating layer by a damascene method and are
filled with a metal layer to produce interconnects. As the size of a circuit shrinks to
enable faster device speed and a higher density to accommodate more chips per
substrate and increased productivity, there is a significant challenge to manufacture vias
with the appropriate size and shape to optimize device performance.

Reliability is also an increasing concern as interconnects become smaller and higher
circuit densities are employed. There is a significant effort to manufacture devices in
which failure mechanisms are substantially delayed or prevented from occurring by a
judicious selection of material components and architecture. One leading cause of

device failure is electromigration which is the movement of metal ions in a conductive



metal line through a diffusion barrier at the bottom of a via and then through the via before reaching a

second metal line. A compressive stress builds up on the upstream side of the diffusion barrier while a
tensile stress increases with time on the opposite side of the barrier. There tends to be a movement of
metal that leads to void formation in locations of tensile stress such as immediately downstream in the

current flow gem énidiféugirss BRIGRS. dirHsn iR S9HE Th Rl RRANdUEERaYeliRicaMafis wESRRHAbBNe

susceptible to void formation due to electromigration. A via structure for improving resistance to
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reliability. Although copper is rapidly replacing aluminum in metal wiring because of its lower resistivity,

Cu is more didgiib e fiagiRCedtd halidetafid S0l els-asshensiet 8 NS RiPYh Bhan gitkeghpmber

in the exhaust flow. As an alternative, an Al/Cu alloy may be used as a metal interconnect in situations

where metalgiighiiigHe BIFffGERRH baXne PIWeTlarh feeidiRddedayitie fleet M anaoo esstsssicefound in
U.S. Patent 6,080,660 where a first etch is used to form a via in a dielectric layer above a conductive line

and a secongi@chr strpuaviged Theeeameda Tobéaxenhoncite meihistal amnehas ravord IBenmat line.

The method is useful in correcting a notch at the bottom of a misaligned via that can lead to void

formation ang teasoiisreliadiiiie Atrsleatng bt ManRicaIEAr 8 owpErBed P ththeuneid low Wbitha
enables a good interface with a subsequently deposited metal layer. In U.S. Patent 6,004,876, a low

resistance ingEfaeireshwigh. iMpigyethechakidin & 2 depeliedanrg gvalvesanisastipaciaky Ti reaction
prevention layer between a first metal
susceptible to void formation due to electromigration. A via structure for improving
resistance to electromigration and a method of forming an improved via structure are
needed to achieve better reliability.

Although copper is rapidly replacing aluminum in metal wiring because of its lower
resistivity, Cu is more difficult to etch since its halides are not volatile and cannot be
swept out of an etch chamber in the exhaust flow. As an alternative, an Al/Cu alloy may
be used as a metal interconnect in situations where metal etching is practiced.

One prior art method to improve electromigration resistance is found in U.S. Patent
6,080,660 where a first etch is used to form a via in a dielectric layer above a
conductive line and a second etch step is used to remove a TiN layer on the metal line
as well as part of the metal line. The method is useful in correcting a notch at the
bottom of a misaligned via that can lead to void formation and a loss in reliability. A
slanting but planar surface is produced on the metal line which enables a good interface

with a subsequently deposited metal layer.

In U.S. Patent 6,004,876, a low resistance interconnect with improved reliability is



layer and a TiN anti-reflective coating (ARC) on the first metal layer. The method prevents AIN from

forming during deposition of TiN on an Al layer and avoids AIF formation when WF6 is used to deposit a
W plug in a via above the Al conductive layer. An imperfect diffusion barrier layer at the bottom of a via is
claimed in U.S. Patent 6,306,732 to control electromigration by reducing stress build up in a metal layer

adjacent to ygityrien BALIRIVSVEE MIBRISE dPw T reséabalpresin alauaHBEHEE: g heltere el the

imperfect barrier to replace the metal depleted in the downstream side of the barrier. A punch through via

with a conforgialrhaiae Imerdstmentenes toalisy PRRDS dhake.Ak3 mMevid igyicherdhfiaba TIN ARC

layer and into a first metal layer to give a concave bottom that has an undercut shape on the bottom

corners. A TiNvaiter AaeFol derapitedUnibeieisoaitiare be mikad vapPAreResitag dviids pipcess that
forms a conformal layer which is treated with a N2/H2 plasma to reduce resistivity. However, a

specificationfprilecrPRERYE\TIFRRNS @ dbay @dpisar W/NSLEMOALM suagesiasl AEiRRICIOEIdgIe is no

flexibility to vary the shape depending upon the stress encountered in a particular device, the type of

metal alloy, andiheigeieeesaiffissien. Jdremfaige patithelbistisie 6f 2egdad drahhas ia shepeutaish might
be modified to relieve stress in a particular product design and thereby improve electromigration

resistance agBusiaBlity BdatdsisdiaklediRigayon Wi Muitg swisa Bextblephatiometliagpdinat can be
formed in a first metal layer or stopped on a layer above the first metal layer. The method to form the

improved viagjaegttecshaitlsionveierntrajied sa Jrinaidhipahahe 6N S @ecidralRiveeninduesd in a
manufacturing environment.
the bottom of the imperfect barrier to replace the metal depleted in the downstream side
of the barrier.
A punch through via with a conformal barrier liner is mentioned in U.S. Patent
6,522,013. A via is etched through a TiN ARC layer and into a first metal layer to give a
concave bottom that has an undercut shape on the bottom corners. A TiN barrier layer
is deposited in the via by a chemical vapor deposition (CVD) process that forms a
conformal layer which is treated with a No/Hz plasma to reduce resistivity. However, a
specification for the concave shape at the via bottom is not taught or suggested.
Furthermore, there is no flexibility to vary the shape depending upon the stress
encountered in a particular device, the type of metal alloy, and other process issues.
Therefore, a via structure is needed that has a shape which might be modified to
relieve stress in a particular product design and thereby improve electromigration
resistance and reliability. It is desirable to have a via structure with a flexible bottom

shape that can be formed in a first metal layer or stopped on a layer above the first

metal layer. The method to form the improved via structure should be well controlled so



Moreover, the method should be compatible with a variety of materials used as a diffusion barrier layer
and metal layer to fill the via. SUMMARY OF THE INVENTION An objective of the present invention is to
provide a via structure that relieves stress near the interface between the bottom of the via and an
underlying metal line and thereby increases electromigration resistance and improves device reliability. A

further objectig ffdhsnapRSEAt BYeiandsl) RINIGRI Y arrigialieR feasiefara diANiding a via

structure which prevents materials in subsequent processes from attacking an underlying metal line that

is in the samaglesiisatinainan doesvisult 58l dorheriphissiinecihetpreseniinastiprisdg provide a
method for forming a via with a bottom curvature that is etched through a dielectric layer and into an

underlying mgfRlJRiEbaYeé BIRgEIes fipieeixpl8f dhedfiggaBtyRyention is to provide a method for forming a
via that is etched through a dielectric layer and stops on or in an ARC layer above a metal layer. Still

another objective of the present inventiogUis/fQARYIdFarMEeMQY N TaoNNg a via with a flexible bottom
shape that is selected based on the type of materials in the adjacent layers, the materials used to fill the

via, and the architecture which will have the least electromigration resistance. To achieve these

objectives, the inyeAbRIEIAE\GH 83caHBLBIR YidctiTidplisadprovRIROiQhacuiacise réNéy Bstiress

embodiment, a substrate is provided with a stack comprised of a lower first metal layer, a middle TiN

ARC layer, anshathenpesrebgleeisitveen the bottom of the via and an underlying metal line and
thereby increases electromigration resistance and improves device reliability.

A further objective of the present invention is to improve electromigration resistance
by providing a via structure which prevents materials in subsequent processes from
attacking an underlying metal line that is in the same electrical path as the via.

A still further objective of the present invention is to provide a method for forming a
via with a bottom curvature that is etched through a dielectric layer and into an
underlying metal layer.

Yet another objective of the present invention is to provide a method for forming a
via that is etched through a dielectric layer and stops on or in an ARC layer above a
metal layer.

Still another objective of the present invention is to provide a method for forming a
via with a flexible bottom shape that is selected based on the type of materials in the
adjacent layers, the materials used to fill the via, and the architecture which will have
the least electromigration resistance.

To achieve these objectives, the invention provides a unique via structure and

method of manufacture. In a first embodiment, a substrate is provided with a stack



layer. A photoresist is coated and patterned on the dielectric layer to form a via opening. A plasma etch
process then follows that transfers the opening having a diameter D through the dielectric layer and TiN
layer and into the first metal layer. A key feature is that the etch process generates a curvature at the via
bottom. The lower portion of a circle having a radius R defines the curved bottom shape. R may vary

from a maxigaipsseRi bRk her R SERANRyEIaa B i@dre TINTART SHRVVREIE ShisshadidiecticThe

lower portion of the circle connects points on the bottom of the sidewall at opposite sides of the via so

that the bottespaf thepriatisrestiraly sies ansl hatncipbrpidiencianpTarBateliffision Barrier is formed

on the inner surface of the via and then a second metal layer is deposited to fill the via and is

subsequentlyfbanagizen praghah ienseesietsneiah iRRIWs aomlanaisnats the gisdemidcHavrig Bhe

curvature at the via bottom helps to relieve stress near the diffusion barrier interface with the first and

second meta]jiieteraDadrhalghHRCERASeFiel REfERNaISHANN| s§BisERF it RS AesA ebaginent, a via
with a diameter D is formed as in the first embodiment except the via bottom is comprised of a flat bottom

portion and agpyadritehotinm srracinsiccessanindnaeiawahviariing detotiemoltaenportienelarcircle

with a radius R2 that ranges from a low value of 0.25 D to about 0.5 D is used to define the bottom

rounded corpertibheParsecl@hiarireleadhisiRcasnaststadeinten rtbattonapd. thRe wigdewal ignihe
closet point on the edge of the flat bottom forms a curved bottom corner. The diameter D3 of the flat

bottom is relgtathionfRirasiddthattie1es tiatien deate2tRZD o aanfnial slifkisipprieaiRr ddyrit 5.5

deposited on the sidewall and bottom of 5 the via. A second metal layer is then deposited to fill the via

and is subsegueTHy lower portion of the circle connects points on the bottom of the sidewall at
opposite sides of the via so that the bottom of the via is entirely curved and has no flat
portion. A conformal diffusion barrier is formed on the inner surface of the via and then
a second metal layer is deposited to fill the via and is subsequently planarized so that
the second metal layer is coplanar with the dielectric layer. The curvature at the via
bottom helps to relieve stress near the diffusion barrier interface with the first and
second metal layers and thereby increases electromigration resistance.

In a second embodiment, a via with a diameter D is formed as in the first

embodiment except the via bottom is comprised of a flat bottom portion and a rounded
bottom corner that connects the sidewall to the flat bottom. The portion of a circle with a
radius R2 that ranges from a low value of 0.25 D to about 0.5 D is used to define the
bottom rounded corner. The portion of the circle which connects a point on the bottom
of the sidewall with the closet point on the edge of the flat bottom forms a curved bottom

corner. The diameter D3 of the flat bottom is related to R2 and D by the equation D3 +

2 R2 = D. A conformal diffusion barrier layer is deposited on the sidewall and bottom of



planarized so that the second metal layer is coplanar with the dielectric layer. The curvature at the via
bottom helps to relieve stress near the diffusion barrier interface with the first and second metal layers
and thereby increases electromigration resistance. In a third embodiment, the via is etched through the
dielectric layer described in the first embodiment and stops in or on the TiN ARC layer. The via has a flat

bottom and ighdillgs! WtBet b rieabaIyiEr ilnyesadsesens i aipiHavea 2m a8 viee¥duentipned. By
stopping in or on the TiN ARC layer, the underlying first metal layer is not disturbed and is protected from

materials USEEHBEEBQ%'ﬁfﬁtﬂﬁ@@éé(ﬁﬁ@ﬂ’ﬁ&é’lqéyéﬂiéo&wl'a@lra?mﬁtm efishe-fifeti ayetal fmyer is
avoided and electromigration resistance is improved. The invention is also a via structure in a

semiconductgirdanies ¥thaeeviaengadmitiesvshaieonfolinss dEastee baflisioRyirasdiaeaaesd metal
layer and is formed in a dielectric layer on a substrate. The dielectric layer is formed on a TiN ARC layer

which is foriggH fiedifyshAtesRidaearrstane psrbadiangiridbe iverexterdsidatesayagciN ARC layer
and into the first metal layer and has a width D and a completely rounded bottom with no flat portion

which is formgéidrathsefirst metal layer. The bottom curvature of the via is defined by the lower portion of
a circle having a radius R that connects the sidewall on opposite sides of the via. A maximum value of R

is 1.51D while ajfdniRikdendbsifem imabaidddhethtaraigertambrdgventia vedssdeibee filedavith a
conformal diffusion barrier layer and a second metal layer is formed in a dielectric layer on a substrate.
The dielectriir6tlayesdsitpened i aopdliABoayre WincA RGaayed dma lirgtastaliaysotibne yi is
filled with a diffusion barrier layer and second metal layer as previously mentioned. By
stopping in or on the TiN ARC layer, the underlying first metal layer is not disturbed and
is protected from materials used in subsequent process steps. Thus, corrosion or
oxidation of the first metal layer is avoided and electromigration resistance is improved.
The invention is also a via structure in a semiconductor device where the via is filled
with a conformal diffusion barrier layer and a second metal layer and is formed in a
dielectric layer on a substrate. The dielectric layer is formed on a TiN ARC layer which
is formed on a first metal layer. In one embodiment, the via extends through the TiN
ARC layer and into the first metal layer and has a width D and a completely rounded
bottom with no flat portion which is formed in the first metal layer. The bottom curvature
of the via is defined by the lower portion of a circle having a radius R that connects the
sidewall on opposite sides of the via. A maximum value of R is 1.5D while a minimum
value for R is about 0.5 D.

In another embodiment, a via structure filled with a conformal diffusion barrier layer

and a second metal layer is formed in a dielectric layer on a substrate. The dielectric



extends through the TiN ARC layer and has a width D and a partially rounded bottom comprised of a flat
portion and a rounded corner portion that connects the flat portion to the vertical sidewall. The curvature
of the rounded corner is defined by the portion of a circle having a radius R2 that connects a point at the
bottom of the sidewall with the closest point on the edge of the flat portion. R2 has a maximum value of

about 0.5 D |g{ik dsmiriad b MAUE QTARD IRy dn dRRIAGS esnieedi Be Rt finsyim stel iy filesbwith a
conformal diffusion barrier layer and a second metal layer is formed in a dielectric layer on a TiN ARC

and has a flax eiRnniigHIRe MINTARGhayENaAB Gdave BRI BRaRE 8 pRIFAINON (Hadd oBAWINGS

FIG. 1 is a cross-sectional view depicting a prior art via structure formed in a dielectric layer and in

contact with gshys1sty Bloanetab drieh a2 r%ur%@@@dﬂ‘ﬁér?ﬁﬁﬂ@ﬁ&h‘éiﬁwﬁwWéé&%@f@%@ﬂﬂﬁti@n of a
via with a rounded bottom that is etched through a dielectric layer and into an underlying metal layer

according totpditgirapapediewal oflthe aliesaiiryemivrolmded (o mErasHeRABANG WRVHEFHIBA Yita
structure in FIG. 3 after a diffusion barrier layer and metal layer are deposited and planarized according

to the preseirgleendigng blagide FRarRctesmeesianaliMteay I BBiRErofithersasvealVitita pastially
rounded bottom that is etched through a dielectric layer and into an underlying metal layer according to a

second embgidisegnipeirherptreastidgeventientiat (Sorilos. aRPosasseeHarMeW aLb endstiuete® in FIG.
6 after a diffusion barrier layer and metal layer are deposited and planarized according to the present
invention.  and a minimum value of 0.25 D.

In another embodiment, a via structure filled with a conformal diffusion barrier layer

and a second metal layer is formed in a dielectric layer on a TiN ARC and has a flat

bottom that stops in or on the TiN ARC layer.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view depicting a prior art via structure formed in a
dielectric layer and in contact with an underlying metal layer.

FIGS. 2 - 3 are cross-sectional views illustrating the formation of a via with a
rounded bottom that is etched through a dielectric layer and into an underlying metal
layer according to a first embodiment of the present invention.

FIG. 4 is a cross-sectional view of the via structure in FIG. 3 after a diffusion barrier
layer and metal layer are deposited and planarized according to the present invention.

FIGS. 5 — 6 are cross-sectional views showing a via opening with a partially rounded
bottom that is etched through a dielectric layer and into an underlying metal layer

according to a second embodiment of the present invention.



FIGS. 8 - 9 are cross-sectional views showing a via that stops on an ARC layer above a metal layer and
which is subsequently filled with a diffusion barrier and a metal layer according to a third embodiment of
the present invention. FIGS. 10 - 11 are cross-sectional views showing a via that stops in an ARC layer
above a first metal layer and which is subsequently filled with a diffusion barrier and a second metal layer

according to a third emBdsRay-eb e RAPGRI BrveRiion: SFtRIER PESERIRT IO REidhbarrier

INVENTION The present invention is a method which is particularly useful for forming a via structure that

will serve as|afieplaatipréiRIRYEYNEMESESABI BHEDIHIL S ANRiab ey 1BnAapreerying sesend metal

layer in a semiconductor device. The via is designed to improve electromigration resistance associated

with the junctiorFpgvesen thardndesyisgclisridnaalRyabaisytas/reaencopablawer AROaajar A prior art

via structure depicted in FIG. 1 is one that the inventors have found to be problematic in terms of forming

stress relategpmidaandtinoesaseshte (pbHYsY 808 AR \CHNENWRH ePgrtgsibiosred ity ahtbeal
interconnect. A substrate 1 is depicted that typically contains active and passive devices (not shown). A

first metal laygfe? ictrore @6 sURFHBMBItherstartheopresised o @mribpper dielectric layer 4 and a
lower anti-reflective coating (ARC) 3 is formed on the first metal layer 2 by well known methods. A via 5

comprised of a gugfermel-diffusiendeesdesdarensl anshe seeaniddgnetahdHayetopaia hemRON@gRIN the
stack by conventional methods. The via 5 has a vertical sidewall that extends through the dielectric layer

4 and ARC 3ppddriaitserfisshmejat ayenhisndseimissies il flridaitomn aifoeibrebareie ayea2.

second metal layer according to a third embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is a method which is particularly useful for forming a via
structure that will serve as an electrical pathway between an underlying first metal layer
and an overlying second metal layer in a semiconductor device. The via is designed to
improve electromigration resistance associated with the junction between the underlying
first metal layer and the second metal layer in the via.

A prior art via structure depicted in FIG. 1 is one that the inventors have found to be
problematic in terms of forming stress related voids and increased resistivity over time
as current is repeatedly flowed through the interconnect. A substrate 1 is depicted that
typically contains active and passive devices (not shown). A first metal layer 2 is
formed on substrate 1 and a stack comprised of an upper dielectric layer 4 and a lower
anti-reflective coating (ARC) 3 is formed on the first metal layer 2 by well known

methods. A via 5 comprised of a conformal diffusion barrier layer 6 and a second metal



One or more events occur that degrade device performance as a current is repeatedly passed through
the via structure shown in FIG. 1. First, a compressive stress builds in the first metal layer 2 adjacent to
diffusion barrier 6 at or near the bottom of the via 5. Undesirable hillocks or extrusions may form
depending upon the amount of stress and the metal composition. A void may form as the result of tensile

stress in seqgyst Mekel {RYATErAidd MedcRebRIEYRShvERBonBiGhemibend TaNGEe 8IS ERGistdEY and

ultimately to device failure. Furthermore, loss of performance occurs if first or second metal layers are

contaminategidéiaming: it RIsOihfogRereoaierREndts |dDal PHRERMTIBoARVIAR Y IRRIIOR Y|

exposure to process chemicals such as etchants and organic solutions. As a result, reliability suffers and

device perforyapgeaimiatianidagsaned palvoacatisfassomvsievrial g stventors have discovered an
improved via structure with a flexible bottom shape and location that significantly increases resistance to

electromigrationgriloaksreyevepie esc el inbiliBedranetbedider pemaitadhed e vaeryia gjructure in a
first embodiment where the via bottom is completely rounded with no flat portion is described with

reference to felSeatetitydpiiefedrineciaghl thevia strostiate sKbispreFIed thatis centeiserbesieetive and

passive devices as well as conductive and insulating layers which are not shown in order to simplify the

drawing. A fisstggetalilagan thavirsimirpietgrabl Ad/&ebrili QiR Shooaprir &t b \viea et el tiotass of

about 2000 to 10000 Angstroms is deposited on the substrate 10 by a conventional method. Next, an
ARC 12 thatds theeteseblyUilesitasiethitkbrs D betwesibab ot #0randepdhdingstisensiie denosited oy a

CVD or plasma
stress and the metal composition. A void may form as the result of tensile stress in
second metal layer 7 at or near the bottom of via 5 which will lead to increased
resistivity and ultimately to device failure. Furthermore, loss of performance occurs if
first or second metal layers are contaminated with oxide, nitride, or fluoride compounds
that formed during device fabrication by exposure to process chemicals such as
etchants and organic solutions. As a result, reliability suffers and device performance
is often degraded below a satisfactory level.

The inventors have discovered an improved via structure with a flexible bottom
shape and location that significantly increases resistance to electromigration and
thereby improves reliability. A method for forming the improved via structure in a first
embodiment where the via bottom is completely rounded with no flat portion is
described with reference to FIGS. 2 — 4.

Referring to FIG. 2, a substrate 10 is provided that is comprised of active and

passive devices as well as conductive and insulating layers which are not shown in

order to simplify the drawing. A first metal layer 11 which is preferably Al/Cu, AlSiCu, or



enhanced CVD technique on the first metal layer 11. Alternatively, the ARC 12 is selected from a group
including TiMN, TaN, or Ta/TaN. Typically, a photoresist layer (not shown) is coated and patterned on
the ARC 12 to form openings which are subsequently plasma etched through the ARC 12 and first metal
layer 11 to form a metal line pattern. To simplify the drawings, only a portion of one metal line is depicted

as the first mejgh&yand haV ity ARKické SE5VETSAS0RRZRI0 ¢d a@by ARGHEMN @ﬂ%’ﬁ@s‘t’é‘é{ onretigé layer

11 during patterning of the photoresist which improves the process Iatltude of the lithography step. A

dielectric laysiidsirgtéo1ney arciie/éitiorl Meted DNplasaa RRTAN2GALE WhrefePaBilj TN WigFass and

is comprised Of Si02 with a dielectric constant (k) of about 4 or any one of a number of low k dielectric

materials withiakneakip&tilesn HissL8 20 F3AMBES RhiN draicie eleisosiméeriglsac/iveriptadaned Si02,

carbon doped Si02, polyarylethers, polysilsesquioxanes, fluorinated polyimides, and benzocyclobutene.

The dielectrignageicéd TaRtHyRkigss dioAa bt ReRd (eyEPaa0 AnasHame@nthearde beated at

temperatures up to about 6000C and/or treated with a plasma method known to those skilled in the art to

densify the lggascaed stahilizgrtisiglieleicidio g aMmstant TRND EVEAIMENVaghidiake Pitinalistihg stielectric

layer 13 is a composite layer comprised of a first dielectric layer that is deposited in a manner to provide

good gap fill (5epshiiy) iRy sodew ien @paidesreashdifteARC [#2ab Htrisopepasiie o pich faier rate 10 and
may or may not be comprised of the same material as in the first dielectric layer. A photoresist is coated

and baked oguthscdigéetlyipiayeralsiéadartnronotorasif rayanr khdietnhetaresisiriaeolidimpatterned by

exposing with one or more wavelengths in
metal line pattern. To simplify the drawings, only a portion of one metal line is depicted
as the first metal layer 11. The ARC 12 serves to control reflectivity off highly reflective
first metal layer 11 during patterning of the photoresist which improves the process
latitude of the lithography step.

A dielectric layer 13 is formed on the ARC 12 by a CVD, plasma enhanced CVD, or

a spin-on process and is comprised of SiO, with a dielectric constant (k) of about 4 or
any one of a number of low k dielectric materials with a k value of less than 3.5.
Examples of low k dielectric materials are fluorine doped SiO», carbon doped SiOo,
polyarylethers, polysilsesquioxanes, fluorinated polyimides, and benzocyclobutene.
The dielectric layer 13 has a thickness from about 2000 to 10000 Angstroms and may
be heated at temperatures up to about 600°C and/or treated with a plasma method
known to those skilled in the art to densify the layer and stabilize its dielectric constant
by preventing water uptake. Optionally, the dielectric layer 13 is a composite layer

comprised of a first dielectric layer that is deposited in a manner to provide good gap fill

capability, for example, and a second dielectric layer that is deposited at a faster rate

10



the range of about 10 nm to 600 nm or optionally with a projection electron beam system to give a via
opening 15 after developing the substrate 10 in an aqueous base solution. It is understood that while only
one via opening hereafter referred to as a via is shown above the first metal layer 11, the invention is
equally effective with more than one via above the first metal layer 11. Furthermore, when a plurality of

vias are preggid.nia9ManPadP BRI alfdasigamachidbihisaaietharfrys draBHtROlaiRY. arrays,
and dense arrays. Alternatively, an ARC (not shown) which may be a spin-on organic layer or a CVD

deposited inorganghBtetelali sy o ardiigRNsakedtade e fgrenadmnidyer dB'ﬁﬁB@rﬂﬁNﬁbtb?é@ﬁ@l@épaﬁng
the photoresist layer 14 in order to improve the process window for generating the via 15. Referring to

FIG. 3, a plasma gigd pHipesesist Uepst tegnansdeeedisyloxpasing aitkidmeihreiewWhectbelgeisieiayer

13. A first step employs a conventional plasma etch that is typically based on a fluorocarbon, oxygen,

and an inert gRsraHyIET EbERM o BeleeiRcdRptidAaKPArahEsctienlSeerBiesddhe photoresist

layer 14 may be consumed during the etch. A second etch step which is a key feature of the invention is

then performg@iomttengifes theixispenihgors aties ddveldgingehaayipsirasy TOihasadiesbodtbasee same
chamber used for the first etch step. When the ARC 12 is TiN, the second etch step is performed with the

following cordiligias:. alG4thdasftod tate ahle thiZsiandarsheutii Hepsartenetdes ol tB s/t iscrm);
an02 flow rate of 3 to 5 sccm, a chamber pressure of 40 to 50 mTorr, a chamber temperature of from
200C to 6008h@wd adrepeiwe rome @b aiiek200 thel PR MiaHsdaqu akyietigdtde iRitOMeRsanals.
one via above the first metal layer 11. Furthermore, when a plurality of vias are present,
they may be formed in several designs including isolated arrays, semi-isolated arrays,
and dense arrays. Alternatively, an ARC (not shown) which may be a spin-on organic
layer or a CVD deposited inorganic material such as silicon oxynitride is formed on the
dielectric layer 13 prior to coating the photoresist layer 14 in order to improve the
process window for generating the via 15.

Referring to FIG. 3, a plasma etch process is used to transfer the via 15 having a
width D through the dielectric layer 13. A first step employs a conventional plasma etch
that is typically based on a fluorocarbon, oxygen, and an inert gas mixture to remove
the dielectric layer 13 exposed by the via 15. Some of the photoresist layer 14 may be
consumed during the etch.

A second etch step which is a key feature of the invention is then performed to
transfer the via 15 through the ARC 12 and may or may not be carried out in the same

chamber used for the first etch step. When the ARC 12 is TiN, the second etch step is

performed with the following conditions: a C4Fg gas flow rate of 10 to 12 standard cubic
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The second etch step also transfers the via 15 into the first metal layer 11 to form a rounded bottom 21
with no flat portion that is etched to a depth from 200 to 1000 Angstroms into the first metal layer 11. The
rounded bottom 21 has a shape which is defined by the lower portion of a circle 22 that has a center
point C and a radius R and which connects points S at the bottom of the sidewall on opposite sides of the

via 15. The gaunfrdetissh AiniéorsaempyarpLinginafdreles?d i 8ctR? dediamBEs preasurxist (not
shown) parallel to the vertical sidewall and containing center point C while maintaining contact with the

bottom of the giges@irAatapro et siEes ehiberdtuid offremecaseets. dbe cading R REHBWepiiHM value
of 1.5 D as shown in FIG. 3. R may decrease to about 0.5 D and the circle 22 will still define a completely

rounded bottgiauR 3 Zuoths 504 Nadtho s atbe msacsit Dt swyakseomdisshange. The size of R partially
depends upon the width D chosen for the via 15. As D decreases to about 100 nm or below and an

increased amourk@keiEBAS istoFestisiedish & st v ciaaremio anetisl hdiaspmnensaieriardthe

increased stress. Other factors that influence the size of R are the types of materials selected for the first

metal layer }&@btobhiaifRERnnhayiet lsyeloanthseicoad heetad layripitatrare 2003eaETly deposited

in via 15 Any remaining photoresist layer 14 is stripped by a standard method that typically involves an

organic solupgigsifiehsalse teevesnasaanis esiducseonumiden bittyia 23. nBseiesnlbe hRiskirgper
contains a corrosion inhibitor such as Aleg3l 0 which is 12 commercially available from Mallinkrodt-Baker

Corporation.défmbeligy esethaianpaltiohabios amireadnaenastdrdrdnpibineiGeinsaraanplRxaridh the

first metal layer 11 to help prevent oxidation during the stripping and in subsequent processes.
which connects points S at the bottom of the sidewall on opposite sides of the via 15.
The rounded bottom 21 is formed by rotating the circle 22 in a 180 degree arc on an
axis (not shown) parallel to the vertical sidewall and containing center point C while
maintaining contact with the bottom of the sidewall at opposite sides of the via 15. In
one aspect, the radius R has a maximum value of 1.5 D as shown in FIG. 3. R may
decrease to about 0.5 D and the circle 22 will still define a completely rounded bottom
21 on the via 15 although the amount of curvature will change. The size of R partially
depends upon the width D chosen for the via 15. As D decreases to about 100 nm or
below and an increased amount of stress is predicted, the size of R increases to about
1.5 D to compensate for the increased stress. Other factors that influence the size of R
are the types of materials selected for the first metal layer 11 and for the diffusion
barrier layer and second metal layer that are subsequently deposited in via 15

Any remaining photoresist layer 14 is stripped by a standard method that typically

involves an organic solution which also removes organic residues from within the via 15.

Preferably, the stripper contains a corrosion inhibitor such as Aleg310 which is

12



Referring to FIG. 4, a diffusion barrier layer 30 is conformally deposited by a CVID, plasma enhanced
CVID, or an atomic layer deposition (ALID) method on the sidewall and rounded bottom 21 of the via 15.
The diffusion barrier layer 30 is comprised of one or more materials that include Ta, TaN, TaSiN, Ti, TiN,
TiW, W and WN and has a thickness between about 50 and 500 Angstroms. Preferably, the diffusion

barrier layer c3thip éreRIMPasERdBMEfr6RIMAEARK R Brgkdayosbieion TiwEbal e @faf\agstrom
thickness that is deposited by an ionized metal plasma (IMP) method and a second layer which is TiN

with about aZi80RcPeP Anasdresiipeiaesy thesdhibidyebimslanasipiewitn (YR spaiBad 1 dys Th

serves to prevent nitrogen in the TiN CVID deposition from reacting with Al in the first metal layer to form

an undesiralteHiN greruRwGddith duaAvey thaxalseingeaeatildoBdedn ensprseassss. metal layer

deposition from reacting with Al in the first metal layer to give an unwanted AIF compound. For example,

WEF6 which is usesténrm Ml epasition, dnrisidiffise iBradger BoTidlderitdemaye tepedrag byt eV m, yield
AIF. A second metal layer 31 which is preferably an Al/Cu alloy is deposited by a conventional means to

fill the via 15;|@gtienafiMatireaecymd sieial dayelic layendbpdditioN . (ALEDRReEhAEN e sltwaIPaAsS

such as a chemical mechanical polish (CMP) method, for example, is employed to planarize the second

metal layer 3&@fbtEBmnemtRe diftusiomabesricT naydiffagienthaatsamdyaetd isyesmpralmyeftbadlsdectric
layer 13. 13 The present invention is also a semiconductor device comprised of a via structure depicted

in FIG. 4 wheighe adirAaldiirdiwidirieordomaal ditissionThami fRyer BOanrdvensananshgatal layer 31 is

formed in a dielectric layer 13 on a substrate 10. The
thickness between about 50 and 500 Angstroms. Preferably, the diffusion barrier layer
30 is a composite layer comprised of a first layer which is Ti with a 0 to 200 Angstrom
thickness that is deposited by an ionized metal plasma (IMP) method and a second
layer which is TiN with about a 50 to 300 Angstrom thickness. The TiN layer is
deposited with a CVD method. The Ti serves to prevent nitrogen in the TiN CVD
deposition from reacting with Al in the first metal layer to form an undesirable AIN
compound. The Ti layer may also prevent fluoride in a subsequent metal layer
deposition from reacting with Al in the first metal layer to give an unwanted AlF
compound. For example, WFs which is used in a W deposition, may diffuse through a
TiN barrier layer and react with Al to yield AlF.

A second metal layer 31 which is preferably an Al/Cu alloy is deposited by a

conventional means to fill the via 15. Optionally, the second metal layer 31 may be W,
Al, or copper. A planarization process such as a chemical mechanical polish (CMP)

method, for example, is employed to planarize the second metal layer 31 and remove

the diffusion barrier layer 30 and second metal layer 31 above the dielectric layer 13.
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dielectric layer 13 is preferably formed on an ARC 12 which is formed on a first metal layer 11. The
thickness and composition of the first metal layer 11, ARC 12, and dielectric layer 13 are described in the
first embodiment. The ARC 12 is preferably TiN and the via 15 extends through the TiN ARC 12 and has
a width D and a bottom curvature which is formed in the first metal layer 11. Referring to FIG. 3, the

curved shape af faepyissBREPRCALioh e lnesl Dy dhRJEMEI NBF RV RIACEIFGiRided 18V HIgia saditkrR that

connects points S at the bottom of the vertical sidewall on opposite sides of via 15. R varies from a

maximum vadggiefel I IGa4auHBHeMm valkie 18 ahsyiiih B chhrorialtgfiosionlispaieipehsa egirfinuous

curve and has no flat portion and is formed by rotating circle 22 about an axis which is parallel to the

sidewall of thegdacke anetfeayeing CRMeRSINI a dikecctniarpel ddfesiensomsieitane. 3dirpreferably a

composite layer comprised of a first layer of Ti having a thickness from about 0 to 200 Angstroms and a

second layegigbigthids dyby WBNRpricEnasns Remeedaeul BTarE 3R MRIYFeE dARlianal e

diffusion barrier layer 30 may be a single layer or a composite layer selected from a group of materials

including Tajal@N1Ta3ihe ThickiRest \AhF\oorgoditibrl bethedase niaeipldapen 31 ARE ¥2/Gudlloy, W, or

copper. The top surface of the diffusion barrier layer 30 and second metal layer 31 are coplanar with the

dielectric laygielebtfnrpstv a8 tags qdSbeIEE!e MheomsI&Mh Bodi thendevilestpR (el die prdrendBIpUTURLUre

14 formed by the first embodiment is that a higher electromigration resistance is provided as indicated by
the increasedndigwogdifesragtdniaslitirdedhetie AiNexiRe e mghchpEQl vt DSiE W sogoawn in FIG. 1

that has a filled via 5 which terminates in a flat bottom
curvature which is formed in the first metal layer 11. Referring to FIG. 3, the curved
shape at the via bottom 21 is defined by the lower portion of a circle 22 having a radius
R that connects points S at the bottom of the vertical sidewall on opposite sides of via
15. R varies from a maximum value of 1.5 D to a minimum value of about 0.5 D. The
via bottom 21 is preferably a continuous curve and has no flat portion and is formed by
rotating circle 22 about an axis which is parallel to the sidewall of the via 15 and
contains center point C.

The conformal diffusion barrier layer 30 is preferably a composite layer comprised of

a first layer of Ti having a thickness from about 0 to 200 Angstroms and a second layer
which is TiN with a thickness between about 50 and 300 Angstroms. Optionally, the
diffusion barrier layer 30 may be a single layer or a composite layer selected from a
group of materials including Ta, TaN, TaSiN, Ti, TiN, TiW, W, and WN. The second
metal layer 31 is an Al/Cu alloy, W, or copper. The top surface of the diffusion barrier

layer 30 and second metal layer 31 are coplanar with the dielectric layer 13.

One advantage of the first embodiment and the device that includes the via structure

14



in a first metal layer 2 has a lifetime of about 1.68 x 105 hours as measured by an electromigration (EM)
test which was performed at 2000C to 2500C with a current density of 1 MA/cM2 using Destin
equipment. On the other hand, a via structure having a round bottom as formed by the first embodiment
of the present invention has an increased lifetime of between 5 x 105 and 2 x 106 hours which means

improved refinhilEy-pladle fir&leaiosaiaranens tieat Resyhsr (b MABMIGlatiaPesidlimbetiomrsthiieaT

thickness inTiN thickness inLifetime (hours) / locationdiffusion barrierdiffusion barrier Conventional flat150

Angstroms5@Apgrseasts bbths MEhadtamrnevaiel IReWAE Rotte THANIATQEVES NGy apFior 0 X 10

metal layer Round bottom in150 Angstroms50 Angstroms1.00 x 10 6 metal layer A second embodiment

of the presenRiinyg iRt HUHENAAATFIES $ thdPhas RefRsdngd G Pifsich tarMiind3ds femEnest Boitom

photoresist layer 14 on a stack of layers comprised of a dielectric layer 13, ARC 12, and first metal layer
11 on a substateirk mvérighdgdy Ricrlly Lamsnriredieltriiive. GBS passivedexicarelibafstition 4 insulating

and 15 conductive layers (not shown). The composition and thickness of first metal layer 11, ARC 12,

and dielectrig|stesrhpaedhe BRI R aswisseriad pets st enpoditent250°C with a current
density of 1 MA/cm? using Destin equipment. On the other hand, a via structure having
a round bottom as formed by the first embodiment of the present invention has an

increased lifetime of between 5 x 10° and 2 x 10° hours which means improved

reliability.

Table 1

Electromigration Test Results (1 MA/cm? at 250°C )

Via bottom shape | Ti thickness in TiN thickness in

/ location diffusion barrier

diffusion barrier

Lifetime (hours)

Conventional flat | 150 Angstroms 50 Angstroms 1.68x 10°

bottom in metal

Round bottom in | 150 Angstroms 50 Angstroms 770 x 10°
metal layer

Round bottom in | 150 Angstroms 50 Angstroms 1.00x 10°

metal layer

A second embodiment of the present invention is illustrated in FIGS. 5to 7.
Referring to FIG. 5, a via 23 is formed in a photoresist layer 14 on a stack of layers
comprised of a dielectric layer 13, ARC 12, and first metal layer 11 on a substrate 10

which is typically comprised of active and passive devices in addition to insulating and
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While only one via 23 is shown above the first metal layer 11, the invention is equally effective with more
than one via hole above the first metal layer 11. Furthermore, when a plurality of vias is present, the vias
may be formed in several designs including isolated arrays, semi-isolated arrays, and dense arrays.
Alternatively, an ARC (not shown) which may be a spin-on organic layer or a CVD deposited inorganic

material SuGihAg VRN AYRIYTIR EhiumedTomRberiiSRIBe Ve tHidKprias tefanatiftialdyeptpiesist

layer 14 in order to improve the process window for generating the via 23. A plasma etch process is used

to transfer thep £38 Aadricfuid 42148 he sARIeEtEEaTsEY 1 tiie! HePepRrRIgYReht.

conventional plasma etch that is typically based on a fluorocarbon, oxygen, and an inert gas mixture to

remove the dielggHile layRr oh2 expessd Blidhe UBR2 enfiesehiephgierasistiryei dAtHaYefrIguMed
during the etch. A second etch step is then performed to transfer the via 23 through ARC 12 which is

preferably Tifegtivesmitnanidre THaiNbnealTaNors ABbld e Jrepribeiragtap may arh@avdre! hmearried

out in the same chamber used for the first etch step. When the ARC 12 is TiN, the second etch step is

performed withplife gl @nvingscienstisiesst, aneRadipimaiate abhAde APsaTalaelighsgaslfieiga chamber
pressure of 60 to 70 mTorr, a chamber temperature of from 20C to 60C, and a RF power from about 300

to 500 Wattgtpatederied of dahipictiareransytharkecendetanAiep AlssrianssrsdhAreE Z8ointo the

first metal layer 11 to generate a via comprised of a vertical sidewall, a flat 16 portion 24 and a curved

bottom cornghdburiRfkicinentdy 6 atspinieh isrgiasmpectpraCYO\depesadbeimtamaritenial the
such as silicon oxynitride is formed on the dielectric layer 13 prior to coating the
photoresist layer 14 in order to improve the process window for generating the via 23.

A plasma etch process is used to transfer the via 23 having a width D2 through the
dielectric layer 13. A first step employs a conventional plasma etch that is typically
based on a fluorocarbon, oxygen, and an inert gas mixture to remove the dielectric layer
13 exposed by the via 23. Some of the photoresist layer 14 may be consumed during
the etch.

A second etch step is then performed to transfer the via 23 through ARC 12 which is
preferably TiN but also may be Ti/TiN, Ta/TaN or TaN. The second etch step may or
may not be carried out in the same chamber used for the first etch step. When the ARC
12 is TiN, the second etch step is performed with the following conditions: a SF¢ flow
rate of 50 to 60 sccm; an inert gas flow; a chamber pressure of 60 to 70 mTorr, a
chamber temperature of from 20°C to 60°C, and a RF power from about 300 to 500

Watts for a period of 12 to 60 seconds. The second etch step also transfers the via 23

into the first metal layer 11 to generate a via comprised of a vertical sidewall, a flat
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via 23 in FIG. 5 is enlarged, the radius R2 is the distance between a center point C2 for the circle 26 and
a point on the curved bottom corner 25 of the via 23. From a top-down perspective (not shown), the flat
portion 24 is a circular shape having a diameter D3. From a side view in FIG. 6, D3 is the distance
between points E at opposite ends of the flat portion 24. The curved shape at the bottom corner 25 is

defined by the ppsti@ucfR siteievde betwreraeisieB.and E. Circle 26 has a radius R2 that may vary
from a maximum value of 0.5 D2 to a minimum value of about 0.25 D2. The bottom corner 25 is formed

by sweeping thereifelain$ 16 BB IRIEpaAEC oYt o (Vv heMers it Hetewa bt iher tiesidewall
and passes through the center of the flat portion 24 while keeping the circle 26 in contact with the bottom

of the via sidgwats Frandtieisweaeses, thotdariar2oestine dsthitie BWedn 2d3Aterpdm€eios

located above the perimeter E of the flat portion 24. The size of R2 that is selected partially depends on
the width D2is8esenefe6thayia pditAsh PRUS e RS 8ot APeinéd @ Brofanf&ivveand-ashing repsgehvimount

of stress is anticipated, the size of R2 increases to about 0.5 x D2 to compensate for the anticipated

stress. Othepéspsstial Hstugiserierizeebbdierc2d estinsircofdnsiRifh sales g ditahiiefiDg. metal

layer 11 and for the diffusion barrier layer and second metal layer that are subsequently deposited in the

via 23. Any efainngdeh ORERISt Igy B, DBissstipprddnce bandaie ponifoe e bivsadyemadobiapan
organic solution which also removes organic residues from within the via 23. 17 Preferably, the stripper

contains a cfgDTIdNAIOT ReuARAIEa3HEe witiesd oteamawitalRsavaiited onthahokiontidBaker

Corporation. It is believed that an
circle 26 between points B and E. Circle 26 has a radius R2 that may vary from a
maximum value of 0.5 D2 to a minimum value of about 0.25 D2. The bottom corner 25
is formed by sweeping the circle 26 in a 360 degree arc about an axis (not shown) that
is parallel to the via sidewall and passes through the center of the flat portion 24 while
keeping the circle 26 in contact with the bottom of the via sidewall B and the outer edge
E of the flat portion 24. Note that D3 + 2 R2 = D2 and C2 is located above the
perimeter E of the flat portion 24.

The size of R2 that is selected partially depends on the width D2 chosen for the via

23. As D2 decreases to about 200 nm or below and an increased amount of stress is
anticipated, the size of R2 increases to about 0.5 x D2 to compensate for the
anticipated stress. Other factors that influence the size of R2 are the types of materials
selected for the first metal layer 11 and for the diffusion barrier layer and second metal
layer that are subsequently deposited in the via 23.

Any remaining photoresist layer 14 is stripped by a standard method that typically

involves an organic solution which also removes organic residues from within the via 23.
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alcohol or amine component in the inhibitor forms a complex with the first metal layer 11 to help prevent
oxidation during the stripping and in subsequent processes. Referring to FIG. 7, a diffusion barrier layer
27 is conformally deposited by a CVID, plasma enhanced CVID, or ALD method on the sidewall, flat
bottom 24, and rounded corner 25 of the via 23. The diffusion barrier layer 27 is selected from a group of

materials thapigRpalsiyl ahd abiphePbntaidd™ déYedhoram Bidreast hags alBigkneseHitHagtween about

50 and 500 Angstroms. Preferably, the diffusion barrier layer 27 is a composite layer comprised of a first

layer which iéoﬁﬁWE%W@@%&@%HWMiW-B@bﬁ@&WEﬁG@V s e evethgrhead a second
layer which is TiN with a 50 to 300 Angstrom thickness. The TIN layer is deposited with a CVID method.

The Ti servegi¢ehpreyedrhmeeasngbribat THNKeVHPiBaBP soHaTs fEoso iasielngitnith Attt hectiustapetal {ayer

to form an undesirable AIN compound and may also prevent fluoride in a subsequent metal layer

deposition frnhegagiiagenitididitigiediishgeial dayspitydve an siivsesieshtAdfoeeszeeund. For example,
WF6 which is used in a W deposition, may diffuse through a TiN barrier layer and react with Al in a first

metal layer to yiglgkéimgteaaendymetatiasion Zhwiic i pEfasdiy Ritridiielesirdenoaitdby a

conventional means to fill the via 23. Optionally, the second metal layer 28 may be W, Al, or copper. A

planarizatiorppiogrsersugiicas £ NP MELM ehistedttny Bibtsigtanali Zaattbetssecpdl metaldayeeds and

remove the diffusion barrier layer 27 and second metal layer 28 above the dielectric layer 13. 18 The
present invepyabis28sst eheerri@BdaeiodiayisencoarnEres of avia sulevige fidepiatgeoiprdE. 7 that

includes a via 23 filled with a conformal diffusion barrier layer 27
materials that include Ta, TaN, TaSiN, Ti, TiN, TiW, W, and WN and has a thickness of
between about 50 and 500 Angstroms. Preferably, the diffusion barrier layer 27 is a
composite layer comprised of a first layer which is Ti with a 0 to 200 Angstrom thickness
that is deposited by an IMP method and a second layer which is TiN with a 50 to 300
Angstrom thickness. The TiN layer is deposited with a CVD method. The Ti serves to
prevent nitrogen in the TiN CVD deposition from reacting with Al in the first metal layer
to form an undesirable AIN compound and may also prevent fluoride in a subsequent
metal layer deposition from reacting with Al in the first metal layer to give an unwanted
AIF compound. For example, WFg which is used in a W deposition, may diffuse through
a TiN barrier layer and react with Al in a first metal layer to yield AlF.

A second metal layer 28 which is preferably an Al/Cu alloy is deposited by a

conventional means to fill the via 23. Optionally, the second metal layer 28 may be W,
Al, or copper. A planarization process such as a CMP method is employed to planarize

the second metal layer 28 and remove the diffusion barrier layer 27 and second metal

layer 28 above the dielectric layer 13.
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and a second metal layer 28 that is formed in a dielectric layer 13 on a substrate 10. The dielectric layer
13 is preferably formed on an ARC 12 which is formed on a first metal layer 11. The thickness and
composition of the first metal layer 11, ARC 12, and dielectric layer 13 are described in the first
embodiment. The ARC 12 is preferably TiN and the via 23 extends through the TiN ARC 12 and has a

width D2 and a pagiphyséewnsrchheHesntsenpdant iiadioraavieereengrissd 8 flalrosterfewhich is
formed in the first metal layer 11. Referring to FIG. 6, the curved shape at the bottom corner 25 is

defined by thfpritden #RGIZithabiReirRe aPAN SR red Witk H@erdbiad difafdieh B tlaatayay aary

from a maximum value of 0.5 D2 to a minimum value of about 0.25 D2. The bottom corner 25 is formed

by sweepinghg giseleotfl imatdbld gaapea it ishaianipdsdibridgipassie! 18 bie yisupdeuteli@d passes

through the center of the flat portion 24 while keeping the circle 26 in contact with the bottom of the via

sidewall B angetiiremstigicadgert 8figerérirapriioorateddie adnamtaee aihich reranskerpbagimant and the

device that includes the via structure formed by the second embodiment is that a higher electromigration

resistance ignraviggeraptindipatesidvn R ingteese postvaefitedniesisieddn dpdta 1, AmOorarand
structure as shown in FIG. 1 that has a filled via 5 which terminates in a flat bottom in a first metal layer 2

has a lifetimgiefedaeidyen 1314% Rigsripe dieasie eesbymbotiessitmpnatiaR(EM) iepraibiehyvasN
performed at 2000C to 2500C with a current density of 1 MA/cM2. On the other hand, a via structure

having a parfiadytieundes kxkeitemhasfghed TINIARESS aoenentecdimaatroDR e fdes @alriavgntion has
an increased lifetime of up to 1.00106 hours which means improved reliability.

rounded bottom comprised of the bottom corner 25 and a flat portion 24 which is formed

in the first metal layer 11. Referring to FIG. 6, the curved shape at the bottom corner 25

is defined by the portion of a circle 26 between points B and E. Circle 26 has a radius

R2 that may vary from a maximum value of 0.5 D2 to a minimum value of about 0.25

D2. The bottom corner 25 is formed by sweeping the circle 26 in a 360 degree arc

about an axis that is parallel to the via sidewall and passes through the center of the flat

portion 24 while keeping the circle 26 in contact with the bottom of the via sidewall B

and the outer edge E of the flat portion 24.

One advantage of the second embodiment and the device that includes the via
structure formed by the second embodiment is that a higher electromigration resistance
is provided as indicated by the increase in device lifetime listed in Table 1. A prior art
structure as shown in FIG. 1 that has a filled via 5 which terminates in a flat bottom in a
first metal layer 2 has a lifetime of about 1.68 x 10° hours as measured by an

electromigration (EM) test which was performed at 200°C to 250°C with a current

density of 1 MA/cm?®.  On the other hand, a via structure having a partially rounded
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A third embodiment of the present invention is illustrated in FIGS. 8 to 12 and involves a via structure
formed in a dielectric layer that stops on or in an ARC layer on a first metal layer on a semiconductor
substrate. This embodiment may be preferred over the first or second embodiments in situations where a
loss of performance is anticipated by etching into the first metal layer. In the third embodiment, the

exposure of HRtéretag iy 8y ithenaspisadsdmBEBRABHEDT RieGResRniSHIBRIIANAS 'Bdiseefed

eliminated by leaving an ARC layer between the first metal layer and via structure. Referring to FIG. 8, a

via 40 is formeditRead?ipecesioblave bl WhdRGk @i taYieRprevsanrisribintya dielectric layer 13, ARC 12,
and first metal layer 11 on a substrate 10 which is typically comprised of active and passive devices in

addition to insulatimgr@eehiSeaitkeHY 61l &Ye ks Eaehs iavuntiorr aamsrastiion fd gligkness ahthe first metal
layer 11, ARC 12, and dielectric layer 13 were previously described. Optionally, an organic ARC or

inorganic ARy EYes @il Rimrd on dheislistadtriajayendiSsries &nh 6pating INROhayeiesishlayer

14 in order to improve the process window for generating the via 40. While only one via 40 is shown

above first mptaldester bleihenyestinbdadagtsbiedactive Wi eetsodiaieanteia sbpverdresdnslal layer
11. Furthermore, when a plurality of vias is present, the vias may be formed in several designs including

isolated, senirdshigtent seind Gle_sevVERVS S MASTIRARER IWRERSS IR ESeA prifenttaideesvimiélpatedgh
the dielectric layer 13 and stops on the ARC 12 which is preferably TiN but also may be Ti/TiN, Ta/TaN

or 20 TaN. Thigstienhajtoo4hdsirhavbesniae Wittheenil Griaysdidd Ehmetekiuaaessfishdased on a

fluorocarbon, oxygen, and an inert gas chemistry and is typically performed
metal layer to chemicals in subsequent processes is significantly reduced or eliminated
by leaving an ARC layer between the first metal layer and via structure.

Referring to FIG. 8, a via 40 is formed in a photoresist layer 14 on a stack of layers

comprised of a dielectric layer 13, ARC 12, and first metal layer 11 on a substrate 10
which is typically comprised of active and passive devices in addition to insulating and
conductive layers (not shown). The composition and thickness of the first metal layer
11, ARC 12, and dielectric layer 13 were previously described. Optionally, an organic
ARC or inorganic ARC layer (not shown) is formed on the dielectric layer 13 prior to
coating the photoresist layer 14 in order to improve the process window for generating
the via 40. While only one via 40 is shown above first metal layer 11, the invention is
equally effective with more than one via above first metal layer 11. Furthermore, when
a plurality of vias is present, the vias may be formed in several designs including
isolated, semi-isolated, and dense arrays.

A plasma etch process is used to transfer the via 40 through the dielectric layer 13

and stops on the ARC 12 which is preferably TiN but also may be Ti/TiN, Ta/TaN or
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at a higher pressure and a lower power than the etch process through the dielectric layer 13 in the first
two embodiments. Some of the photoresist layer 14 maybe consumed during the etch. The remaining
photoresist layer 14 and any organic residues in the via 40 are removed by an organic stripper that
preferably includes a commercially available corrosion inhibitor such as Aleg3l 0. Referring to FIG. 9, a

diffusion barmigNaye{etvidssstiaimelly deBaskegiana Wi nhe apmaganEed keVdiboproeBsgrhod on
the sidewall and bottom of the via 40. The diffusion barrier layer 43 is selected from a group of materials

that include pasd@n 4 3BidvodarBon, bygdM, and VN g chEnukagseef ikahprepBerormaad 800

Angstroms. Preferably, the diffusion barrier layer 43 is a composite layer comprised of a first layer which

is Ti with a 0402209 MEtdsiiseButBilfRPasc il ipslepesitad thy afciMitonib asrangratrecnarb&ver which is
TiN with a 50 to 300 Angstrom thickness. The TiN layer is deposited with a CVID method. The Ti serves

to prevent nigggen Iithad iNsiGWerepogittnfoMSbisivotber pruaiotesidifkférd 4 Zaidiato the first

metal layer 11 to form an undesirable AIN compound AlIF compound and may also prevent fluoride in a

subsequent gegialifagardighrsttiendishn Tiyisiie dMeabhbilrab rea@inuavdiuAdnin rgafifst metal layer

11 to give an unwanted AIF compound.. For example, WF6 which is used in a W deposition, may diffuse

through a TiN:kyeeans trenotadit Adnenfiisbmpiphraeahic totiijsie AilatAdrdeeisymethldrges 44 which

is preferably an Al/Cu alloy but may also be W, Al, or 21 copper is deposited by a conventional means to
fill the via 40cdwrinedraraptiavaierse sorsosio ahicid S neethedirgai@oyed to planarize the second metal

layer 44 and remove

Referring to FIG. 9, a diffusion barrier layer 43 is conformally deposited by a CVD,
plasma enhanced CVD, or ALD method on the sidewall and bottom of the via 40. The
diffusion barrier layer 43 is selected from a group of materials that include Ta, TaN,
TaSiN, Ti, TiN, Tiw, W, and WN and has a thickness of between about 50 and 800
Angstroms. Preferably, the diffusion barrier layer 43 is a composite layer comprised of
a first layer which is Ti with a 0 to 200 Angstrom thickness that is deposited by an IMP
method and a second layer which is TiN with a 50 to 300 Angstrom thickness. The TiN
layer is deposited with a CVD method. The Ti serves to prevent nitrogen in the TiN
CVD deposition from diffusing through the TiN ARC 12 and into the first metal layer 11
to form an undesirable AIN compound AIF compound and may also prevent fluoride in a
subsequent metal layer deposition from diffusing through TiN and reacting with Al in the
first metal layer 11 to give an unwanted AIF compound.. For example, WFg which is
used in a W deposition, may diffuse through a TiN layer and react with Al in a first metal

layer 11 to yield AlF.

A second metal layer 44 which is preferably an Al/Cu alloy but may also be W, Al, or
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the diffusion barrier layer 43 and second metal layer 44 above the dielectric layer 13. Alternatively, the via
40 depicted in FIG. 8 may be transferred partially into the ARC layer 12 by a second etch step or by
continuing the first etch for a predetermined amount of time beyond a point where the via bottom 41 is
about coplanar with the ARC 12. When TiN is employed as an ARC 12, the previously described second

etch step in dbsﬂést#aép@nwmsaa%fwmﬂ%m iRt o tinkpy LAY 40 BA\ $8AAASafSADIRREEsAN
extended via 40a with a tlat bottom 42 is generated in the ARC 12 which is preferably TiN as depicted in

FIG. 10. In angsheiseaDMIMABINGY I8 4hpRyRPIaRG: Sl R imedia sapregioaef e siglectric

layer 13 on the substrate 10 and a via 40a will be formed in another region of the dielectric layer 13. This

situation is ligRdydier@sievrisiieide lagBrursfarpites s R aliehe phatarrsist thickiresstrcarEgengor etch
rate variations across a substrate or because of a design that includes both isolated and dense via holes.

Densely packedatiamigiblp, ehehviasder depictisdiatenlyiasmijenelagmdhanda gaaikjeptesastaive of a
via in a dense array while the via 40 is representative of an isolated via formed in the same photoresist

layer 14. Theapbetreasish lsyesdd stod srapaseBpiedasillAg théasiarBadaadveiédraimegmoved by
an organic stripper that preferably contains a corrosion inhibitor such as Aleg3l 0. A diffusion barrier layer

43 and the sgerthinstahlayssywhdespoihadyReeritshigotitn denssimsLndbnaine viatddse NRC

present invention is also a semiconductor device that includes the via structure 22 depicted in FIG. 8

comprised of 2. via H8riled ithepreydarasadifmiondarieeplayrRiudhs asdorilseddrtonetalitiystephithat is
formed in a dielectric layer 13 on a substrate 10.
the first embodiment is performed for a period of about 50 to 80 seconds.

As a result, an extended via 40a with a flat bottom 42 is generated in the ARC 12
which is preferably TiN as depicted in FIG. 10. In another embodiment, a via 40 as
shown in FIG. 8 will be formed in one region of the dielectric layer 13 on the substrate
10 and a via 40a will be formed in another region of the dielectric layer 13. This
situation is likely to occur due to non-uniformities such as slight photoresist thickness
variations or etch rate variations across a substrate or because of a design that includes
both isolated and dense via holes. Densely packed vias tend to etch faster than
isolated vias. Therefore, the via 40a is representative of a via in a dense array while the
via 40 is representative of an isolated via formed in the same photoresist layer 14.

The photoresist layer 14 and any organic residues in the via 40a (and via 40) are
removed by an organic stripper that preferably contains a corrosion inhibitor such as
Aleg310. A diffusion barrier layer 43 and the second metal layer 44 described

previously are then deposited within the via 40a.

The present invention is also a semiconductor device that includes the via structure
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The dielectric layer 13 is preferably formed on an ARC 12 which is formed on a first metal layer 11. The
thickness and composition of the first metal layer 11, ARC 12, and dielectric layer 13 were described

previously. The ARC 12 is preferably TiN and the via 40 stops on the TiN ARC 12 and has a flat bottom.
Optionally, the via structure has an extended sidewall and a flat bottom that is formed in the ARC 12 as

depicted in R&pidfedINTF REVeHgeD A daeoihi ¢iambadisarnitang dbaigavigediffatibalvaesdhRyEr 43

structure formed by the third embodiment is that a higher electromigration resistance is provided as

indicated by pg BeEaselPneNIt8/dendentistradiimalim 2 dislgviee wijer a Poer a8usIRitEe 8 shown
in FIG. 1 that has a filled via 5 which terminates in a flat bottom in a first metal layer 2 has a lifetime of

about 1.68 xTH¥diews s |BRASHEAE piefaraplgabamaratioan( AMIta st wiikh iy asrRricPomectiast2000C to
2500C with a current density of 1 MA/cM2 . A via structure with a flat bottom that stops on a TiN ARC

(FIG. 8) haswatdneigased lifEHBeRikrede arkPoorifobrieis orhied finstieatesl irapsevead raiabilgy ahable 2
Electromigration Test Results (I MA/cm' at 2500C ) Via bottom shapeTi thickness inTiN thickness

inLifetime (hgigiektredalienddivaios dasdarbtysiendhasiier CreveRtPNliaisierapgsTimERthe via
Angstroms1.68 x 10 bottom in metal- Flat bottom on100 Angstroms50 Angstroms1.64 x 10 F TiN ARC
Flat bottom apl&Q8psgateeTsH0 ARGSTR2mad-A9s<al A BONANRCOptionally, the via structure has an
extended sidewall and a flat bottom that is formed in the ARC 12 as depicted in FIG. 10.
One advantage of the third embodiment and the device that includes the via
structure formed by the third embodiment is that a higher electromigration resistance is
provided as indicated by the increase in device lifetime listed in Table 2. A device with
a prior art structure as shown in FIG. 1 that has a filled via 5 which terminates in a flat
bottom in a first metal layer 2 has a lifetime of about 1.68 x 10° hours as measured by
an electromigration (EM) test which was performed at 200°C to 250°C with a current

density of 1 MA/cm?. A via structure with a flat bottom that stops on a TiN ARC (FIG. 8)

has an increased lifetime of up to 1.69 x 10° hours which indicates improved reliability.

Table 2

Electromigration Test Results (1 MA/cm? at 250°C )

Via bottom shape
/ location

Ti thickness in
diffusion barrier

TiN thickness in
diffusion barrier

Lifetime (hours)

Conventional flat | 150 Angstroms 50 Angstroms 1.68x 10°
bottom in metal
Flat bottom on 100 Angstroms 50 Angstroms 1.64x 10°
TiN ARC
Flat bottom on 150 Angstroms 50 Angstroms 1.69 x 10°
TiN ARC

23




23 The invention provides an additional advantage over prior art methods and via structures in that the
via bottom shape is flexible and may vary from a flat bottom to a completely rounded bottom in order to
optimize electromigration resistance for a particular set of materials and wiring design. The via bottom
profile selection is based on a relative importance of several process concerns that include amount of

compressive anfiHgn&le it pr VRSN P aeRMbRRaHcaRtaguNaiaseHas: Aethebdneighadoy.

thickness and composition of the diffusion barrier layer, and the width of the via structure. Thus, an

integration agpRAGR & ANIRE YROVASSHIRINOSARRR REHOXBRNSAdIMAPORTF IR A ®das s Rehieved.

While this invention has been particularly shown and described with reference to, the preferred

embodimentgghieadlytrailheedinaetsioad drashesoplittesbivit@rarhihaitivaredrs elriors i form and

details may be made without departing from the spirit and scope of this invention. 24 We claim: 1. A

method for rpanidariHEBe Gt iierR I eldd WiAFPaBSRIrstITRRILLEOYIRIPEOfi(@)sIerfbiRdsbased
semiconductor substrate having a first metal layer formed thereon and an anti-reflective coating (ARC)

on said first gretaténeve (i pimaneecotistaelris [RiRees soift&ME tlayerdoidecatitaangrpatterning a
photoresist layer on said dielectric layer to form a via in said photoresist layer; (d) performing a first etch
step to trans¢eitpeceisivBranandhsildielesssc iryeamnNsecond metal contamination issues, type of

metal alloy, thickness and composition of the diffusion barrier layer, and the width of the

via structure. Thus, an integration approach to improving electromigration performance

in a semiconductor device is achieved.

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of this invention.
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(e) performing a second etch step to transfer the via through the ARC layer and into said first metal layer,
said via having a vertical sidewall and a via bottom with a curvature. 2. The method of claim 1 further
comprised of stripping said photoresist layer, depositing a conformal diffusion barrier layer on the
sidewall and via bottom, depositing a second metal layer to fill the via, and planarizing said second metal
layer to be coplanar with said dielectric layer. 3. The method of claim 1 wherein said first metal layer is an
Al/Cu alloy, s@igldiff: copper. 4. The method of claim 1 wherein said ARC layer is TiN, TaN, Ti/TiN, or
Ta/TaN having a thickness from about 200 to 800 Angstroms. 5. The method of claim 1 wherein said

dielectric layer has & thégkbaseraaaacaiMy 2009 ians hetlGrmeedre@s anddsurelesiagrignya group

includingSi02, fluorine dopedSi02, carbon dopedSi02, poly(aryl ethers), polysilsesquioxanes, fluorinated

25 polyimides, and (agnrecisiehatemiboridectoebiassabetaavinghefedt arithyiaye PRt datiesohat

includes isolated, dense, and semi-isolated via arrays. 7. The method of claim 1 wherein said first etch

step is performesghyith 2 piREsTIacBRESBEEAJTRE 088 SAUneCrisrRiis@geef a fluorocarbon, 02, and an
inert gas. 8. The method of claim 1 wherein said via bottom has an essentially continuous curvature that

is defined by the loygripatiing afdatdgeifdRYBE resid ARWRiepnnects points at the bottom of said
vertical sidewall on opposite sides of the via and wherein R
(c) coating and patterning a photoresist layer on said dielectric layer to form a via
in said photoresist layer;
(d) performing a first etch step to transfer the via through the dielectric layer; and
(e) performing a second etch step to transfer the via through the ARC layer and
into said first metal layer, said via having a vertical sidewall and a via bottom with a
curvature.
2. The method of claim 1 further comprised of stripping said photoresist layer,
depositing a conformal diffusion barrier layer on the sidewall and via bottom, depositing
a second metal layer to fill the via, and planarizing said second metal layer to be
coplanar with said dielectric layer.
3. The method of claim 1 wherein said first metal layer is an Al/Cu alloy, AlSiCu or
copper.
4. The method of claim 1 wherein said ARC layer is TiN, TaN, Ti/TiN, or Ta/TaN
having a thickness from about 200 to 800 Angstroms.
5. The method of claim 1 wherein said dielectric layer has a thickness between

about 2000 and 10000 Angstroms and is selected from a group including SiOg, fluorine

doped SiO,, carbon doped SiOy, poly(arylethers), polysilsesquioxanes, fluorinated
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has a maximum value of 1.5 D and a minimum value of about 0.5 D where D is the diameter of said via.
9. The method of claim 8 wherein said second etch step is performed with a C4F8 flow rate of about 10
to 12 standard cubic centimeters per minute (sccm), an 02 flow rate of about 3 to 5 sccm, a chamber
pressure from about 40 to 50 mTorr, a chamber temperature between about 200C and 600C, and a RF
power of abeidfidi8e8, HeidPbMateferoprerad of about 45 to 200 seconds. 10. The method of claim 1
wherein said via bottom is comprised of a flat bottom portion and a curved bottom corner and wherein the

curvature of saig CONgGretiedoLerIaT B WRERGH BYithei R astsanabpeinemharina Auaed s Hiaidmt

connects a point on the bottom of said sidewall with the closest point at the edge of said flat bottom
portion, saidjexdiesdRd Bavingsalasdoiamalye of 0.25 D and a maximum value of about 0.5 D where D
is the diameter of said via. 11. The method of claim 10 wherein said flat bottom portion has a circular

shape 26 from gtoptiomBIHIeY ofidifirqUlaicTaaPediaving atelaststeisDamdraiedwith 4 Rksmaaqual to D.
12. The method of claim 10 wherein said second etch step is performed with a SF6 flow rate of about 50

to 60 sccm, gareestaR e gadamaerEesaprREPBT abnseeatedi®, 0] uhashBvRgjdemperature
between about 200C and 600C, and a RF power of about 300 to 500 Watts for a period of about 12 to 60

seconds. 13. Thg: Meid ecksh 6tREN cavherqun srith diffigsiea battden laxenis cosepistig ebemeudugnore of Ti,
TiN, TiW, Ta, TaN, TaSIiN, W, and WN.
curvature that is defined by the lower portion of a circle having a radius R that connects
points at the bottom of said vertical sidewall on opposite sides of the via and wherein R
has a maximum value of 1.5 D and a minimum value of about 0.5 D where D is the
diameter of said via.

9. The method of claim 8 wherein said second etch step is performed with a C4Fs
flow rate of about 10 to 12 standard cubic centimeters per minute (sccm), an O flow
rate of about 3 to 5 sccm, a chamber pressure from about 40 to 50 mTorr, a chamber
temperature between about 20°C and 60°C, and a RF power of about 1200 to 1500
Watts for a period of about 45 to 200 seconds.

10. The method of claim 1 wherein said via bottom is comprised of a flat bottom
portion and a curved bottom corner and wherein the curvature of said curved bottom
corner is defined by the portion of a circle having a radius R2 that connects a point on
the bottom of said sidewall with the closest point at the edge of said flat bottom portion,
said radius R2 having a minimum value of 0.25 D and a maximum value of about 0.5 D

where D is the diameter of said via.

11. The method of claim 10 wherein said flat bottom portion has a circular shape
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14. The method of claim 2 wherein said diffusion barrier layer is a composite layer comprised of a first
layer of Ti having a thickness from about 0 to 200 Angstroms and a second layer of TiN with a thickness
of about 50 to 300 Angstroms. 15. The method of claim 2 wherein said second metal layer is an Al/Cu
alloy, Al, W, or copper and is planarized by a chemical mechanical polish (CMP) process. 16. The

method of C'ﬁf%?aWBﬁfGMQiéwPQQHB%[@QP%Y%?)@%@\HH taresifidser D DWRBIe BUlignRbatincludes
a corrosion inhibitor. 17. The method of claim 2 wherein said via is used to form an interconnect in a

device that hagantglgctromigration resistance which is higher than for a device having a via with an
essentially flat bottom and which has sidewalls formed in said dielectric and ARC layers that extend into

said first metal lgyemi8 rfetnethef driirnaouiarkEIRG 8idi8d B IBIEFCORREE! 586 HTEd GRItAREISIFY: ()
providing a semiconductor substrate having a first metal layer formed thereon and an anti-reflective

coating (AR@bansRIGTIENEEY RYSO SoCR) AorMEN GaditeRLris dRePn 98y FREEAIRE fiGIncassnaed

patterning a photoresist layer on said dielectric layer to form a via in said photoresist layer; and (d)

performing ag ¢Fmsten ta traRTBetevisciiove bEwsigle®oatl2rdC said 6UCT sions PREBDIEGIayer

and forms a via with a sidewall and a flat bottom. 19. The method of claim 18 further comprised of
stripping saigphateEsist FoEdeRdsitiaparkatsrard diffesiomoastesdager on the sidewall and via

bottom, depositing a second metal layer to fill the via, and planarizing said second metal layer to be

13. The method of claim 2 wherein said diffusion barrier layer is comprised of one or
more of Ti, TiN, TiW, Ta, TaN, TaSiN, W, and WN.

14. The method of claim 2 wherein said diffusion barrier layer is a composite layer
comprised of a first layer of Ti having a thickness from about 0 to 200 Angstroms and a
second layer of TiN with a thickness of about 50 to 300 Angstroms.

15. The method of claim 2 wherein said second metal layer is an Al/Cu alloy, Al, W,
or copper and is planarized by a chemical mechanical polish (CMP) process.

16. The method of claim 2 wherein the stripper that removes said photoresist is an
organic solution that includes a corrosion inhibitor.

17. The method of claim 2 wherein said via is used to form an interconnect in a
device that has an electromigration resistance which is higher than for a device having a
via with an essentially flat bottom and which has sidewalls formed in said dielectric and
ARC layers that extend into said first metal layer.

18. A method for manufacturing a via in an interconnect structure, comprising:

(a) providing a semiconductor substrate having a first metal layer formed thereon

and an anti-reflective coating (ARC) on said first metal layer;
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coplanar with said dielectric layer. 20. The method of claim 18 wherein said first metal layer is an Al/Cu
alloy, AISiCu, or copper. 21. The method of claim 18 wherein said ARC layer is TiN, TaN, Ti/TiN, or
Ta/TaN having a thickness from about 200 to 800 Angstroms. 22. The method of claim 18 wherein said
dielectric layer has a thickness between about 2000 and 10000 Angstroms and is selected from a group

including Si02, fluoihercipmes SdIcarkRaa R HARRAREY (aryl ethers), polysilsesquioxanes,

fluorinated polyimides, and benzocyclobutene. 23. The method of claim 18 wherein said via is part of a

pattern that includeg)isglaling, senpRtngisgAiphotaiedivtaseash d4ididie BRHod piclairrkd ywaarein

said etch is performed with a gas mixture comprising a fluorocarbon, 02, and an inert gas. 25. The
method of claimid @adereitosadistidysiomharrier layer is selected from one 28 or more of Ti, TiN, TiW,
Ta, TaN, TaSiN, W, and WN. 26. The method of claim 19 wherein said diffusion barrier layer is a

composite layer coeppperamiindiest eer abpitbavirg rRIANKIRE MR IR BN HRIecIRE IApestEms and a

second layer of TiN with a thickness of about 50 to 300 Angstroms. 27. The method of claim 19 wherein
said second megtayRIps an SdiEWRIDYayer WhdabaaBREVIANEIE Blakmival Mydeachensabmechanical

polish (CMP) process. 28. The method of claim 19 wherein the stripper that removes said photoresist is
an organic solut@nthatrinsibhegvpsaiPI®MURRBY®SMprised of stripping said photoresist layer,
depositing a conformal diffusion barrier layer on the sidewall and via bottom, depositing
a second metal layer to fill the via, and planarizing said second metal layer to be
coplanar with said dielectric layer.

20. The method of claim 18 wherein said first metal layer is an Al/Cu alloy, AlSiCu,
or copper.

21. The method of claim 18 wherein said ARC layer is TiN, TaN, Ti/TiN, or Ta/TaN
having a thickness from about 200 to 800 Angstroms.

22. The method of claim 18 wherein said dielectric layer has a thickness between
about 2000 and 10000 Angstroms and is selected from a group including SiOg, fluorine
doped SiO,, carbon doped SiOg, poly(arylethers), polysilsesquioxanes, fluorinated
polyimides, and benzocyclobutene.

23. The method of claim 18 wherein said via is part of a pattern that includes
isolated, dense, and semi-isolated via arrays.

24. The method of claim 18 wherein said etch is performed with a gas mixture

comprising a fluorocarbon, O, and an inert gas.

25. The method of claim 19 wherein said diffusion barrier layer is selected from one

28



29. The method of claim 19 wherein said via is used to form an interconnect in a device that has an
electromigration resistance which is higher than a device with a via having a flat bottom and sidewalls
formed in said dielectric and ARC layers that extend into said first metal layer. 30. The method of claim
18 further comprised of a second etch step immediately following said etch step through the dielectric

layer, said sgePRgreteh BERNIONNVNTRITARTIEYR! ANchigdragNg via having a flat bottom. 31. The
method of claim 30 wherein the second etch step is performed with a C4F8 flow rate of about 10 to 12

standard cubic ggntirhgtenstredBMIEartSTah &t PLstiuvdimleiohalHe? [ erSecacenahasneaapsessure
from about 40 to 50 mTorr, a chamber temperature between about 200C and 600C, and a RF power of

about 1200 eokgsiis ety iz farst IBgEP@Of ianarh§& thBR5eSO Rde3ZbAusOMEcL0d Utk HEMIEeand a

comprising: (a) a first metal layer formed on a semiconductor substrate; 29 (b) an anti-reflective (ARC)
layer formedseggiaid st BretaNlavier;a [Mickeigiedriatarsonysdomagitirome. layer; (d) a via comprised

of a vertical sidewall and a bottom having a curvature wherein said vertical sidewall is formed in said

dielectric layer and gxienalstHy@ @it saic1ARR NPT H2iid SRicoiG R Bxeiaad Whew sgidaviabottom
is formed in said first metal layer; (e) a conformal diffusion barrier layer formed on the sidewall and
bottom of sait sapEacnavie plakepzstiagetbabinieapaaanaibdhsolishe@neRayrEcRRd.

28. The method of claim 19 wherein the stripper that removes said photoresist is an
organic solution that includes a corrosion inhibitor.

29. The method of claim 19 wherein said via is used to form an interconnect in a
device that has an electromigration resistance which is higher than a device with a via
having a flat bottom and sidewalls formed in said dielectric and ARC layers that extend
into said first metal layer.

30. The method of claim 18 further comprised of a second etch step immediately
following said etch step through the dielectric layer, said second etch step stops in said
ARC layer and forms a via having a flat bottom.

31. The method of claim 30 wherein the second etch step is performed with a C4Fs
flow rate of about 10 to 12 standard cubic centimeters per minute (sccm), an O, flow
rate of about 3 to 5 sccm, a chamber pressure from about 40 to 50 mTorr, a chamber
temperature between about 20°C and 60°C, and a RF power of about 1200 to 1500
Watts for a period of about 50 to 80 seconds

32. A semiconductor device, comprising:

(a) a first metal layer formed on a semiconductor substrate;
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(f) a second metal layer formed on said diffusion barrier layer that fills said via and is coplanar with said
dielectric layer and said diffusion barrier layer. 33. The semiconductor device of claim 32 wherein said
first metal layer is comprised of an Al/Cu alloy, AISiCu, or copper and has a thickness from about 1000 to
10000 Angstroms. 34. The semiconductor device of claim 32 wherein said ARC layer is TiN, TaN,

TI/TiN, or Ta/TaN h@;igg gﬁhl@[@ﬂgéﬁ\féomﬁgg)qﬁyé}%%g@@ AN GEIEPINSE ﬁ,@ta]hgﬁmiconductor device of

claim 32 wherein said dielectric layer has a thickness between about 2000 and 10000 Angstroms and is

selected from a groy JrrBIERNAS B lepriee) dppesiSRR Corifasn doped Si02, poly(arylethers),
polysilsesquioxanes, fluorinated polyimides, and benzocyclobutene. 36. The semiconductor device of

claim 32 wherein saif) Wigits sowigrsediamatiericaaidadlademiselactdofenagingnd cavdtgaiated arrays.
37. The semiconductor device of claim 32 wherein said curvature in the via bottom is 30 defined by the

lower portion of gifelin RaingeaitalivRIEVERIC BMesES PN aelBetrRokgeY einepiskrifdawalrengpposite

sides of the via and wherein R has a maximum value of 1.5 D and a minimum value of about 0.5 D where

D is the diameteypd pREMigy &8nild1eH8 MO ATBIBIOR PV IIRION REHEIN3SANEEL D RBIGh Vot RHEM IS

comprised of a flat bottom portion and a curved bottom corner and wherein said curvature is defined by
the portion of a sirIgiRAiNG A [agis R2 that connects a point on the bottom of said sidewall with the
closest point at the edge of said flat bottom portion, said radius R2 having a minimum value of 0.25 D

and a maximum va(g¢ @cabesrntab dXubeie batadheayer formed on the sidewall and bottom of said
via and having a top surface that is coplanar with the dielectric layer; and
(f) a second metal layer formed on said diffusion barrier layer that fills said via
and is coplanar with said dielectric layer and said diffusion barrier layer.

33. The semiconductor device of claim 32 wherein said first metal layer is comprised
of an Al/Cu alloy, AISiCu, or copper and has a thickness from about 1000 to 10000
Angstroms.

34. The semiconductor device of claim 32 wherein said ARC layer is TiN, TaN,
Ti/TiN, or Ta/TaN having a thickness from about 200 to 800 Angstroms.

35. The semiconductor device of claim 32 wherein said dielectric layer has a
thickness between about 2000 and 10000 Angstroms and is selected from a group
including SiO,, fluorine doped SiO,, carbon doped SiO,, poly(arylethers),
polysilsesquioxanes, fluorinated polyimides, and benzocyclobutene.

36. The semiconductor device of claim 32 wherein said via is part of a via pattern
that includes isolated, dense, and semi-isolated arrays.

37. The semiconductor device of claim 32 wherein said curvature in the via bottom is
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diameter of said via. 39. The semiconductor device of claim 38 wherein said flat bottom portion has a
circular shape from a top-down view with a diameter D3 where D3 + 2 R2 is equal to D. 40. The
semiconductor device of claim 32 wherein said diffusion barrier layer is comprised of one or more of Ti,
TiN, TiW, Ta, TaN, TaSiN, W, and WN. 41. The semiconductor device of claim 32 wherein said diffusion

barrier layer i fn6@HPasEeIAe IR ised efraldnshlang 0fabiliaring & tusiess femahptid to 200

Angstroms and a second layer of TiN with a thickness of about 50 to 300 Angstroms. 42. The

semiconducissitisvies ShielaidedalbareppositbsaaesbmetaliavaidsuarsliTathas anméimaioy, Al, W,
or copper. 43. The semiconductor device of claim 32 wherein said device has an electromigration

resistance WigldohigBen thaa 2 sievier grvznised abautia with ettt bofsomendtarieteroddrg wad

vertical sidewalls formed in said dielectric and ARC layers that extend into said first metal layer. 31 44. A

semiconductor ggViTeCosmidanguceradBRat8nefaliiae8 onmerbim saRPUNCEOHAYR1AS Sdpsbiaied(b) an
anti-reflective (ARC) layer formed on said first metal layer; (c) a dielectric layer formed on said ARC

layer; (d) a ViRicooingsbafeh \itica sifleudoaaiachrhsptrmnwHe e ssaiaeitalesisewatids fsymed
in said dielectric layer and stops on said ARC layer; (e) a conformal diffusion barrier layer formed on the
sidewall andthetmieh #id olialespil fifusierivarfer faxet Havised pp it dach b arplasag with the
sidewall with the closest point at the edge of said flat bottom portion, said radius R2
having a minimum value of 0.25 D and a maximum value of about 0.5 D where D is the
diameter of said via.
39. The semiconductor device of claim 38 wherein said flat bottom portion has a
circular shape from a top-down view with a diameter D3 where D3 + 2 R2 is equal to D.
40. The semiconductor device of claim 32 wherein said diffusion barrier layer is
comprised of one or more of Ti, TiN, TiW, Ta, TaN, TaSiN, W, and WN.
41. The semiconductor device of claim 32 wherein said diffusion barrier layer is a
composite layer comprised of a first layer of Ti having a thickness from about 0 to 200
Angstroms and a second layer of TiN with a thickness of about 50 to 300 Angstroms.
42. The semiconductor device of claim 32 wherein said second metal layer is
comprised of an Al/Cu alloy, Al, W, or copper.
43. The semiconductor device of claim 32 wherein said device has an
electromigration resistance which is higher than a device comprised of a via with a flat

bottom with no curvature and vertical sidewalls formed in said dielectric and ARC layers

that extend into said first metal layer.
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dielectric layer; and (f) a second metal layer formed on said diffusion barrier layer that fills said via and is
coplanar with said dielectric layer and said diffusion barrier layer. 45. The semiconductor device of claim
44 further comprised of extending said via sidewall into said ARC where said flat bottom is formed. 46.
The semiconductor device of claim 44 wherein said first metal layer is comprised of an Al/Cu alloy,

AISICu, or coppgf apdsbasicdHHEkRGSadIRR bR o 10000 Angstroms. 47. The semiconductor
device of claim 44 wherein said ARC layer is TiN, TaN, Ti/TiN, or Ta/TaN having a thickness from about

200 to 800 Angstro(gs AfsT hfesgmigenebietIsyiasehfiiRtdetvhaipitragd dielectric layer has a

thickness between about 2000 and 10000 Angstroms and is selected from a group including Si02,

fluorine doped SiOZyReMEPERECH R (AR E(anyetTBrm edolySisaFRsiaangdafeprinated polyimides,
and benzocyclobutene. 32 49. The semiconductor device of claim 44 wherein said via is part of a pattern

that includes isolatey,flgrsectricd SpsPrdsalatedryisarirART 38y drhe semiconductor device of claim 49
wherein an isolated via in one part of said pattern has a flat bottom formed on said ARC layer and a via

in a dense array in (@nathry GafpHsicopatirsRibassbai rsamdorned o saichA Rin laxrr Vekiddie

semiconductor device of claim 44 wherein said diffusion barrier layer is comprised of one or more of Ti,

TiN, TiW, Ta, TaMehaiN, dfnrsdiMdhid didibetaemigendratefairvire LfigaRCHayédrerein said diffusion
barrier layer is a
(e) a conformal diffusion barrier layer formed on the sidewall and bottom of said
via, said diffusion barrier layer having a top surface that is coplanar with the
dielectric layer; and
(f) a second metal layer formed on said diffusion barrier layer that fills said via
and is coplanar with said dielectric layer and said diffusion barrier layer.
45. The semiconductor device of claim 44 further comprised of extending said via
sidewall into said ARC where said flat bottom is formed.
46. The semiconductor device of claim 44 wherein said first metal layer is comprised
of an Al/Cu alloy, AISiCu, or copper and has a thickness from about 1000 to 10000
Angstroms.
47. The semiconductor device of claim 44 wherein said ARC layer is TiN, TaN,
Ti/TiN, or Ta/TaN having a thickness from about 200 to 800 Angstroms.
48. The semiconductor device of claim 45 wherein said dielectric layer has a
thickness between about 2000 and 10000 Angstroms and is selected from a group

including SiO,, fluorine doped SiO,, carbon doped SiO,, poly(arylethers),

polysilsesquioxanes, fluorinated polyimides, and benzocyclobutene.
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composite layer comprised of a first layer of Ti having a thickness from about 0 to 200 Angstroms and a
second layer of TiN with a thickness of about 50 to 300 Angstroms. 53. The semiconductor device of
claim 44 wherein said second metal layer is an Al/Cu alloy, Al, W, or copper. 54. The semiconductor
device of claim 45 wherein said device has an electromigration resistance which is higher than a device

comprised of a y& Wifs 3 difidepidertdpaBeR EcTaiffifsaMRI layeE aiad 1te paerdcalsagenathiar said
dielectric layer that extends through said ARC layer and into said first metal layer. 33
includes isolated, dense, and semi-isolated via arrays.

50. The semiconductor device of claim 49 wherein an isolated via in one part of said
pattern has a flat bottom formed on said ARC layer and a via in a dense array in
another part of said pattern has a flat bottom formed in said ARC layer.

51. The semiconductor device of claim 44 wherein said diffusion barrier layer is
comprised of one or more of Ti, TiN, TiW, Ta, TaN, TaSiN, W, and WN.

52. The semiconductor device of claim 44 wherein said diffusion barrier layer is a
composite layer comprised of a first layer of Ti having a thickness from about 0 to 200
Angstroms and a second layer of TiN with a thickness of about 50 to 300 Angstroms.

53. The semiconductor device of claim 44 wherein said second metal layer is an
Al/Cu alloy, Al, W, or copper.

54. The semiconductor device of claim 45 wherein said device has an
electromigration resistance which is higher than a device comprised of a via with a flat

bottom formed in said first metal layer and with a vertical sidewall in said dielectric layer

that extends through said ARC layer and into said first metal layer.
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