VI A ELECTROM GRATI ON | MPROVEMENT BY CHANG NG THE VI A BOTTOM GEQVETRI C
PROFI LE FI ELD OF THE | NVENTI ON The invention relates to the field of
fabricating integrated circuits and other electronic devices and in
particular to an inproved via structure and nethod for formng a via that

| eads to inproved el ectrom gration resistance and better device
reliability. BACKGROUND OF THE | NVENTI ON During the so called "back end of
line" (BEOL) portion of fabricating a mcroelectronic device, several
netal |ayers are stacked on each other in a packaging operation. The netal
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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.

Retiability 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 metat ions in a conductive




metal line through a diffusion barrier at the bottomof a via and then
through the via before reaching a second netal line. A conpressive stress
buil ds up on the upstream side of the diffusion barrier while a tensile
stress increases with tinme on the opposite side of the barrier. There
tends to be a novenent of netal that |eads to void formation in |ocations
of tensile stress such as immediately downstreamin the current flow froma
di ffusion barrier. Thus, the bottom of a conductive layer in a viais
especially susceptible to void formation due to electromgration. A via
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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 fiow. 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. Paient
6,080,660 where a first etch is used to jorm 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 metat line which enables a good interface

with a subsequenily deposited metal layer.

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




| ayer and a TiN anti-reflective coating (ARC) on the first nmetal l|layer. The
met hod prevents AIN fromform ng during deposition of TiN on an Al | ayer
and avoids AIF formation when WF6 is used to deposit a Wplug in a via
above the Al conductive layer. An inperfect diffusion barrier layer at the
bottomof a viais clained in U.S. Patent 6,306,732 to control

el ectrom gration by reducing stress build up in a netal |layer adjacent to
a diffusion barrier layer. Alimted flow of netal atons is allowed through
the bottom of the inperfect barrier to replace the netal depleted in the
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that the s&e b&%grbe accurately reproduced in a manufacturing environnent.
A punch through via with a conformal barrier liner is mentioned in U.S. Patent
6,522,013, Avia 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 [ayer which is treated with a Ny/H» 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
encouniered 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 electromigretion
resistance and reliability. it is desirable to have a via siructure 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 {o form the improved via structure should be well controlled so




Mor eover, the nmethod should be conpatible with a variety of materials used
as a diffusion barrier layer and netal layer to fill the via. SUWARY OF
THE | NVENTI ON An obj ective 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 netal line and thereby increases

el ectrom gration resistance and i nproves device reliability. A further

obj ective of the present invention is to inprove electrom gration
resistance by providing a via structure which prevents materials in
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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 stiil 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.

Stilf 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 manuiacture. [n a first embodiment, a substrate is provided with a stack




| ayer. A photoresist is coated and patterned on the dielectric layer to
forma via opening. A plasma etch process then follows that transfers the
opening having a dianeter D through the dielectric layer and TiN | ayer 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
havi ng a radius R defines the curved bottom shape. R may vary from a
maxi mum si ze that is 1.5 tinmes greater than Dto a m ninumsize where Ris
about 0.5 D. The lower portion of the circle connects points on the bottom
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portion. A conformal diffusion barrier is formed on the inner surface of the via and then

a second metal layer is deposited io fill the via and is subsequently planarized so that

the second metal layer is coplanar with the dielectric layer. The curvature at the via

botiom helps o 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

embaodiment except the via bottom is comprised of a flat boitom portion and a rounded

bottom corner that connects the sidewall to the flat botiom. The portion of a circle with a

radius R2 that ranges from a low value of 0.25 D 1o about 0.5 D is used 1o define the

boitom 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 botiom 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




pl anari zed so that the second netal |ayer is coplanar with the dielectric

| ayer. The ~curvature at the via bottomhelps to relieve stress near the
diffusion barrier interface wth the first and second netal |ayers and

t hereby increases electromgration resistance. In a third enbodi nent, the
via is etched through the dielectric |ayer described in the first

enbodi nent and stops in or on the TiN ARC | ayer. The via has a flat bottom
and is filled with a diffusion barrier |ayer and second netal |ayer as
previously nentioned. By stopping in or on the TiN ARC |ayer, the
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and into t%@ss{aﬂw t netal Iayer and has a width D and a conpletely rounded
bottomw t at portion which is fornmed in the first netal |ayer. The
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formed on se%ogpn';gslin oq%n%e J]'Wf(‘ﬁc Iayer, tynia %nderlying 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 dieleciric 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
sidewail 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 dieglectric




extends through the Ti N ARC | ayer and has a wwdth D and a partially rounded
bottom conprised 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

t hat connects a point at the bottomof the sidewall with the closest point
on the edge of the flat portion. R2 has a maxi nrum val ue of about 0.5 D and
a mninmumvalue of 0.25 D. In another enbodinent, a via structure filled
with a conformal diffusion barrier |ayer and a second netal |ayer is
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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 iliustrating the formation of a via with a
rounded bottom that is etched through & dielectric layer and into an underiying 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 tc the presant invention.

FIGS. 5 — 6 are cross-sectional views showing a via opening with & 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

| ayer above a netal |ayer and which is subsequently filled with a
diffusion barrier and a netal |ayer according to a third enbodi nent of the
present invention. FIGS. 10 - 11 are cross-sectional views showing a via
that stops in an ARC | ayer above a first netal |ayer and which is
subsequently filled with a diffusion barrier and a second netal |ayer
according to a third enbodi nrent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention is a nethod which is
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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 resisiance 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 subsirate 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 nore events occur that degrade device performance as a current is
repeat edly passed through the via structure showmn in FIG 1. First, a
conpressive stress builds in the first netal |layer 2 adjacent to diffusion
barrier 6 at or near the bottom of the via 5. Undesirable hillocks or
extrusions may form dependi ng upon the anmobunt of stress and the netal
conposition. A void may formas the result of tensile stress in second
netal layer 7 at or near the bottomof via 5 which will lead to increased
resistivity and ultinmately to device failure. Furthernore, |oss of
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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 resuli, 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 poriion 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, AISiCu, or




enhanced CVD technique on the first netal layer 11. Alternatively, the ARC
12 is selected froma group including Ti/TiN, TaN, or Ta/TaN. Typically, a
phot oresi st |layer (not shown) is coated and patterned on the ARC 12 to
form openi ngs which are subsequently plasma etched through the ARC 12 and
first netal layer 11 to forma netal line pattern. To sinplify the

drawi ngs, only a portion of one netal line is depicted as the first netal

| ayer 11. The ARC 12 serves to control reflectivity off highly reflective
first metal layer 11 during patterning of the photoresist which inproves
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first metal layer 11 during patterning of the photoresist which improves the process

latitude of the lithography step.

A dielectric fayer 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 SiO3,

polyarylethers, polysilsesquioxanes, fluorinated polyimides, and benzocyclobuiene.

The diefectric layer 13 has a thickness from about 2000 to 10000 Angsiroms 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 siabilize 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 nmto 600 nmor optionally with a projection electro
beam systemto give a via opening 15 after devel oping the substrate 10 in
an aqueous base solution. It is understood that while only one via openin
hereafter referred to as a via is shown above the first metal |ayer 11,
the invention is equally effective wwth nore than one via above the first
nmetal |ayer 11. Furthernore, when a plurality of vias are present, they
may be formed in several designs including isolated arrays, sem -isol ated
arrays, and dense arrays. Alternatively, an ARC (not shown) which nay be
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seconds. they may be formed in several designs including isolated arrays, semi-isolated arrays,

and dense arrays. Alternatively, an ARG (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
transter 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

n
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The second etch step also transfers the via 15 into the first netal |ayer
11 to forma rounded bottom21 with no flat portion that is etched to a
depth from 200 to 1000 Angstronms into the first metal layer 11. The
rounded bottom 21 has a shape which is defined by the |ower portion of a
circle 22 that has a center point C and a radius R and which connects
points S at the bottomof the sidewall on opposite sides of the via 15.
The rounded bottom 21 is forned by rotating the circle 22 in a 180 degree
arc on an axis (not shown) parallel to the vertical sidewall and

contai ning center point C whi tom of the
si dewal | g‘?”t@bﬁ%@l 6 T4 Ud%éscﬁfnl) 4

*tar?egaii(?r;’]('S %gb?%wc%g%c}%itsap%q@bhbe% ﬁr%s?grt&l uUs R has
andt he. oripas 85 25 oy PENERPRT CHRFISHLS! KOMALSCaPy0r SuGLR BOCLSH D31 on the
\pg:a?t i1<'5al ﬂ/t B gﬁbggﬁ (ﬁb{{;ﬁ% %ﬁ%%%togﬁg&m%éd %chgﬂ"gew -zla-h(la5$| ,ZAS C)Df deRcr eases
the si 7o é?ow%”%%%@daé’%é% Tioliererats genie 4o Eonpenag el i o Refthcea
Tt or 1 al § FSEEEDEIT G WRES aﬁth‘%t o aers e do o ARG dPPF ot on
15 Any. r erPAORFAES ol B ESTar AlayEr 114 1P EowrrEiRURT ey oct SRTAP et hod t hat
7 om wi t HOREHEDNg 152 o ?‘o%}q%@}%pg‘%téﬁﬁa%%%%@? S Gee sdfon
vl P'ntkféd?rh‘c%&w%%eé'a,%%%%sﬁ%ﬁhbim%“tao'pﬁml%@@% Sl TheRPoRlE SHPROHOE VBt S ne
o hel p pripeRtIsR RAOTCH AU oG o00% (ST 2208 3 W OSTBEBAIBAE T ocesses.

axis (not shown) parallel to the vertical sidewall and containing center point C while
maintaining contact with the botiom 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. K may
decrease to about 0.5 D and the circle 22 will stilf 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 typicaily

involves an organic solution which also removes organic residues from within the via 13.

Preferably, the siripper contains a corrosion inhibitor such as Aleg310 which is
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Referring to FIG 4, a diffusion barrier layer 30 is conformally deposited

by a C/D, plasma enhanced CVD, or an atom c |ayer deposition (ALD) nethod

on the sidewall and rounded bottom 21 of the via 15. The diffusion barrier
| ayer 30 is conprised of one or nore materials that include Ta, TaN,

TaSIN, Ti, TiN, TiwW Wand WN and has a thickness between about 50 and 500
Angstrons. Preferably, the diffusion barrier layer 30 is a conposite |ayer
conprised of a first layer which is Ti with a 0 to 200 Angstrom thickness

that is deposited by an ionized netal plasma (I MP) nethod and a second

i 2yeée3‘3's.f{%n*ﬁer?%w AU MR Pl ORI 5@%@@??%@&? N the
TiN CVD %ﬁﬂ&j ink'c8 %ﬁﬁrﬂl_ﬁg |Eiﬂl|tgxf5a’%m+s% éd?@ﬁlé)! i th@eﬁr %tQMﬁYedrtﬂ form

an undesi raa COITp SO pr even uor eilna

ayer 1o df &E@r%ﬁ*@%@sﬁﬁ%’@@k@%ﬁ%hﬁﬂ? EH %@%ﬁ%%‘t"p@ﬁ%é%nf ch is used in
P P ey el e G L g %&gagﬁfs P Epodtad diReiolt | 0 A

to yield AIF a alloy is

deposited hofe oSONERCAAL J[RANT, 96l Ablockie (i), rﬁahoéma wonghlya Lhe

second ne may ’'be nari zation proces

such as a Chema%aonowfﬁmqgaa%olms %@%a.ngilgwgqgof Qﬁorﬁmlﬁ’%é?’fusi on

enpl oyed tr(?uF)‘ii anari ze e'sdfond met Al r renove

barrier |ayer (a)%]gtt aﬁﬁn earrllet gl’laN §nc‘3\}\fﬁ| aq'ﬁfﬁdsca | ayer 13.

13 The pre 8r‘?t m Coh Ctor evice conprised of a via
SHritre iR va@%ﬁéoé? S PEIANE ARSI
dielectric d ay omposc%e Iayersgc?rr%rfs%ﬁ f%?lrst]-ay%r which is Ti with a 0 to 200 Angstrom
thickness that is deposiied 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 {o prevent nitrogen in the TiN CVD
deposition from reacting with Al in the first metal layer o form an undesirable AN
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 vield AlF.

A second metal layer 31 which is preferably an Al/Cu alloy is deposited by a
conventional means to fill the via 18. Optionally, the second metai layer 31 may be W,‘
Al, or copper. A planarization process such as a chemical mechanical polish (CMP)

method, for exampie, 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 fornmed on a
first metal layer 11. The thickness and conposition of the first netal

| ayer 11, ARC 12, and dielectric layer 13 are described in the first

enbodi ment. The ARC 12 is preferably TiN and the via 15 extends through
the TiN ARC 12 and has a wwdth D and a bottom curvature which is fornmed in
the first nmetal layer 11. Referring to FIG 3, the curved shape at the via
bottom 21 is defined by the |l ower portion of a circle 22 having a radius R
that connects points S at the bottomof the vertical sidewall on opposite

si des of vi aT%&BtﬁﬁBﬂt"iﬁ\Hﬂ%E%EgQ& %i%ﬁoﬁym’féf@de‘x‘/ e%n@n?ed:)oftapv@ sL&Lum val ue

of about 0.5 Vi a tom is preferably a continuous curve and has

no flat pO(ljet &i delel ﬁv\{h%FéWQ V15 fiRk %%lfh@c&iférma?dtﬁass@zpBéﬁtrle@ﬁgétxﬂ:(ﬁ%ryw' chis

parallel to e sidewall "of the via contains center I nt

conf or mal 9%&&‘0%8 frﬁé}ail?égferr's? s!ofﬁﬁ%& rﬁe?d!eﬁaoﬁfc% E'o\ﬁ & Q{F’é’t‘ésﬂot erhayer

conprised 0O ayer aving a t ness rom about 0 to 200

Angstr oms 0&3 gctﬁ? ?ag/%PW éﬁ%@a l%@?ﬁ%‘%gﬁ a;r]ri/i\f')ﬁd% iRtk BE 3R at?%t"l\%(ﬁﬁl abOUt

50 ard ?0 |ona usion barrier layer 3

. I
nelugi g Blerots, TRATRRRS bRy Oﬁﬂﬁfﬁ?f'fﬁm'aﬁﬁﬁ“&@%n%@el y Sl ayer
g;r Ir |Se(r5m ftgll/elg?’mgbal 83 \Sé\(eeccgés ﬁl%qoﬁrth? T@?eﬁw%@dﬁ%f a?ﬁ? gﬁgﬁs%&g%ﬂy‘)ﬂN

diel ectri C%ﬂ Y8l ialts e%ﬁdsa‘[%%pﬁ %%eTaﬂfAr%‘%gfdgdﬁ%ﬁ%r@?tﬁ'gﬁgé n%%gﬂor%he devi ce

that inclu he via structu 14 f Inment is that

a hi gher el g6t [ ARAL!OMAR k! AIERCLRIDE fidﬁ%errﬁ 16 PR ot pyed he

i ncrease i h device I ce havi ng a pI‘I or art

via struct %a%esal?%\/ié BofidrPor & 4Rk %?%h@lo(a’e b%or‘(biaa b Iﬂa\'}xﬁé o.oaLes 1n a

flat botto
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 B 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 preiferably a composiie layer comprised of
a first layer of Ti having a thickness from about 0 to 200 Angstroms and & 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
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ina first netal layer 2 has a lifetine of about 1.68 x 105 hours as
nmeasured by an electromgration (EM test which was perfornmed at 200C to
250C with a current density of 1 MAMcnR using Destin equipnment. On the

ot her hand, a via structure having a round bottomas fornmed by the first
enbodi ment of the present invention has an increased |lifetinme of between 5
x 105 and 2 x 106 hours which neans inproved reliability. Table 1

El ectrom gration Test Results (1 MM cnR at 250"C ) Via bottom shape Ti
thickness in TiN thickness in Lifetine (hours) [/ location diffusion

barrier digfis Wh@%’iét'eﬁfbo@%@f@%tth%hlgﬁé@é{e&éﬁw iPAGSH Q¥R el |s°ﬂ%§lhé ms 1 68

x 10 bottomin netal Round bottomin Angstrons 50 Angstrons

102 netal,d lﬁ‘é{s@&eﬁe‘%g Rk n@@%ﬁ@éﬁn‘ dbv %,%Qﬁe‘ﬁ'ﬁ%ﬁsf&ﬁﬁ T2BIeAN9E HEARE h%\f 9% i;Srlérro

nmetal |ayer A secon iIment of the present invention is rated in

FIGS. 5 t0y4/yia Rk Feréh%gm LOFR. G thay hdd a"cj%d%?a & $hic rt&?rﬁnéi@ i Phaty %ﬁ@r%' st

| ayer 14 on a stac | ayers conprise a dielectric ayer ARC 12,

and first H%tfﬁét_nhémg%&é 2R ef"‘hféigﬁé&ré’ﬁo%t 4%sxv%ﬁﬁeuﬂssast %s%?édb( mprised of

active and passwe Ices in addition to insulating and 15 con uctive

| ayers ( “Oé )anorT Qﬁ\ﬂ CtBéTERﬂ% W98 pBfstichi sk Eﬁﬁto%sobbrvg‘éh é@&rﬁé ¢! ayer 11,
ARC 12, ctrl ayer arethe sane as described in't
enbodi rTentdensl’ty of 1 MA/cm? using Destin equipment. On the other hand, a via structure havmg

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/em” at 250°C)

Via bottom shape | Ti thickness in TiN thickness in Lifetime (hours)
/ location diffusion barrier | diffusion barrier

Conventional flat | 150 Angstroms 50 Angstroms 168x% 1()5

bottom in metal

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

Round bottonm in | 150 Angstroms 50 Angstroms 1.00x 10°
metal layer

A second embodiment of the present invention is illustrated in FIGS. 510 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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Wil e only one via 23 is shown above the first netal |ayer 11, the
invention is equally effective with nore than one via hole above the first
nmetal |ayer 11. Furthernore, when a plurality of vias is present, the vies
may be formed in several designs including isolated arrays, sem -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 forned on the dielectric layer 13 prior to coating
the photoresist layer 14 in order to inprove the process w ndow for

generatin RRTB Lans e via 23
havi ng a %o&w?ﬁc%%ﬁ’%yﬁfsoﬁkﬂi he Jﬁg:&gc%?gminyde@c“ﬁ% &qlrStrtst st@{)rgﬂpl oys a

convent i onghcRbagiPqiglkehc 1412t 18 3rd ¥BIsGRl! 36 de@g&%@ ﬁ‘fh@hrg SEAERON,

oxygen, and an inert gas m'xture to renove th ectri ayer 13 exposed

by the via 28 SRR b e RAPLANEBLSS HeBYamd RY heneansHBAsduriio the

etch. A second et step is then perforned to transfer the via ough

ARC 12 whi Glachs wi SR Ahbnd il IR 28020n 04 ReralihB1 Y. Fadbaborr wFahl The

second et step nmay or rmay not carrl out i n'the sane chanber used

for the f'%l\?hha%t A v%%‘??preg\gﬁinﬁe %b&?orh%gy %veﬂ?%e& F(Qi’ﬁ lu %@h step is

per f or med OW ng con to 60 sccm
[ t <7

Femper at ur &3P P i 60 E R sRer ARy o0 R Soulsd=r ALl ahisiy %55%4@2”%?60 Vet t's

f th

via Z‘gpefhs?%"@?ﬁ%?ﬁ%ﬁ%e%@ PR S G o PO RoBEER e Rl §¥Sa ’

R T T L LTt e R Ul
portion Ofpﬁotﬂc?resist tayer 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 eich 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 eich step is performed with the following conditions: a SFg flow
rate of 50 to 60 scem; 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 {0 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. Froma top-down perspective (not shown), the flat
portion 24 is a circular shape having a dianeter D3. Froma side viewin
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
portion of a circle 26 between points B and E. Circle 26 has a radius R2
that may vary froma nmaximumvalue of 0.5 D2 to a m ni num val ue of about

0. 25 D2. F;}ggppm%g%@@? hRom| c%rrfe?ﬁ@‘gd by sweeping the circle 26 in a 360
c

degree ar out an axis shown) that is parallel to the via sidewall

and passes tRpQ ?Erﬁﬁcﬁ%ﬁfh |%5 chdie. sfeé: ap\(ﬂé\ﬁz'mm%r@ﬁevt‘%%rtbr% d&fﬁ%}fqget he

circle 26 in contact wt ottomo eV|a S| dewa out er

edge E offbef ff 59%55[1'@%{%2{% r%&@ﬁ%@he%%in(%h%%geen%cfrﬂ%m‘ }Qpcat ed

above the perineter |'at portion 1ze
epﬁb%o‘m

| ect ed
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antici pat gl fiye %@sﬁévﬁth‘eq f GHRGT24 &Eﬁa& ;r %’ z{%@té’dlﬁ%‘? te for

the anticipate ess act ors t Sl ze O are the

types of nmaieri Q]Bé vienBh 8568 B0k Qs{ahﬁéﬁ?t%%ﬁlp{){q?sy&e%t éﬁlp Eéj ch@d of iE P

di ffusion barriér [ayer and ’secon ayer at ar séquent

depost od fgbiiy s 19y AR EBLRDGo PRLBE R b . SAHE pthd ﬁowa@ed by

a standard thod that typica i NVorves an organl C I ch al so

[ enoves or ganl £ bk BSinld @ IhyE! i diend 2, SARZ%E@%W@%M he

stripper con e OPT RS DAY hnittide suc

Com;ﬁ' Al b YavA VA & d. 5%t%'rhth%n‘?%lug%k%ou%rzg%ftfh%nboﬁlo% bsinBesd eved

t hat
is formed by sweeping the circle 26 in a 360 degree arc about an axis (not shown) that

is parallet 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 B3 + 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 alsc removes organic residues from within the via 23.
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al cohol or am ne conponent in the inhibitor forns a conplex with the first
netal |ayer 11 to help prevent oxidation during the stripping and in
subsequent processes. Referring to FIG 7, a diffusion barrier layer 27 is
conformal |y deposited by a CvD, plasma enhanced CVD, or ALD nethod on the
sidewal I, flat bottom 24, and rounded corner 25 of the via 23. The
diffusion barrier layer 27 is selected froma group of materials that
include Ta, TaN, TaSiN, Ti, TiN, TiW W and WN and has a thickness of

bet ween about 50 and 500 Angstrons. Preferably, the diffusion barrier |ayer

200 Zn\g\;t e et Ropl el M.i?%ﬁ%@éﬁ*?‘e{a‘h@f}&%@ﬁ%ﬁ%ﬁ@%@%ﬁgaﬁégoﬁdo '
| tromthi ckness | d and"a |
e kST U 50 oy SO S SR M T Tever =
CVD deposi 4y bf SfdeeRRHHAG M 2 iihinhd} f&ms%Eérﬁéig%r?vhﬁltq%ﬂé{eéﬁfgggl&%gﬁm an

undesi rabl e AI'N conpoun may al sO preven t

el AT ERSEASRRE B W kel e, 0
corosttont TR s, o BTN ol BB A RO LB o 5
%gt ;A\l)/n glul 3}{)%%% ieé%%f)&%ﬁ%&é[ﬁ%r Q?g%?tﬁgggﬁg@ei %Q@%Im%{}fot%% %%lﬁbgrrohueﬂﬂ\é(iia 23.
Do o SR 0 R IR B BB RS L
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7 that i ncﬂ)é{\ﬂgén gbélljt%o?a%deiOblA%gst%nth E’re?grg 1?/,r t%ldif%isro%%séiﬁr%?la%g EJ/ ?sra layer 27

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 & 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

metat layer deposition from reacting with Al in the first metal layer to give an unwanted

Al compound. For example, WFs 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 AIF.

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

conventional means fo 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

fayer 28 above the dielectric layer 13.
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and a second netal layer 28 that is forned in a dielectric layer 13 on a
substrate 10. The dielectric layer 13 is preferably forned on an ARC 12
which is formed on a first netal layer 11. The thickness and conposition
of the first netal layer 11, ARC 12, and dielectric |ayer 13 are descri bed
in the first enbodinment. The ARC 12 is preferably TiN and the via 23
extends through the TiN ARC 12 and has a width D2 and a partially rounded
bottom conpri sed of the bottomcorner 25 and a flat portion 24 which is
formed in the first netal layer 11. Referring to FIG 6, the curved shape

at the bottom,e BF&%F‘E i%@entiioﬁ id8Ed Q%gm%nﬁgof%ftcie%ggw%isgd SH gi:%e%%ﬁﬁ%eaumﬁqen

points B and E. "Crcle 26 has a radius vary
ttgmco er 25
il

val ue of 0%%@&1 frOF 18y, Bl AR O ?qg%ﬁzf. H@%qgigbgagrﬁom%difmgﬁn% 17 (Jﬁ;(eé s that

is forned sweeping the circ egree arc - “abou

Is parall ehnd Qsé%d%éaﬁgﬁ‘%ltﬁatfﬁf]%r@gﬁ§1e§ditetércf?|{é%}etr?§ oﬁﬁagétgo%{rgt%rﬁtogf I |th

portion 24 while keepl ng e circ I'n contact W

via si dewafo BoiBel 14)22 19 SorePlPimal oh AR Ao RALL'OR A MG Advant age

of the second enbo e devi cé that Inc ucture

formed by rthtl%lls% gopd ﬁg@rﬂfék .tanid%oh'tbg)%iii%gi tlgg?iFs‘[ %J)e%.tléy%gHg.rﬁﬁquf 209 e

resi stance rovid ~as indicate ncrease’| evi‘ce~l'i
e T o S b PR SR  rEEee hel E,
LSt omt g WTsle Pk P AR R RE G sy,
cur et 1 PRSP 6B ot OB RPN 0 A Ve B0 °
ﬁ\re:rS] gnit n;)?}é{q,"g%"'@g?’?g%{a??& ‘L {?Crfa&%ﬁﬁg 10 Fid & LB e ! é%atpg a1 2bot38, QoKL St ch
is defined by the portion of a circle 26 between points B and E. Circle 26 has a radius
K2 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 paralle! to the via sidewall and passes through the center of the fla
portion 24 while keeping the circle 26 in contact with the botiom 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 enbodi ment of the present invention is illustrated in FIGS. 8 to 12
and involves a via structure forned in a dielectric |ayer that stops on or
in an ARC layer on a first nmetal |ayer on a sem conductor substrate. This
enbodi ment may be preferred over the first or second enbodinents in
situations where a |oss of performance is anticipated by etching into the
first nmetal layer. In the third enbodi nent, the exposure of the first

nmetal |ayer to chem cals in subsequent processes is significantly reduced
or elimnated by leaving an ARC | ayer between the first nmetal |ayer and

via structpdiem Reforhed B?tHeOseEb@ efbo@ménBoiiRe b%sfe@tr iARGhtbR hﬁs RARL Rk ST

| ayer 14 on a stack of layers conprised of a dielectric layer 13, ARC 12,

and first et of @Ver dohmo@rsswh@wneéa%slrﬁpro%u &Nabifyt ypi cal 'y conpri sed of
active and passive devices in addition to insulating and conductive | ayers

(not shown) . ATHe @rﬁﬁ&ﬂl@]bﬁﬂcﬂ"t‘h@g@sbﬂ'|ﬁ\kéhﬂ§r$|39ﬁus§r3%dfth Frds. bdls dyer 11,
ARC 12, and dielectric |ayer were previously described. Optionally, an
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| ayer 13 prior to coating the photoresist |layer 14 in order to i nprove the
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above first netal lTayer 11, the invention is equally ective vmt nor e
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transfer the via 40 through the dielectric |ayer stops on the ARC

12 whi ch 'ﬁet@f%@@ﬂté%hé‘m%ﬁ@n@%b \ﬂ%@ﬂtrﬂ?ﬁce@@es-rﬁs/ n%ca{lg/rgﬁ &{or%%zrﬁé\éj The

via bottom 41 i s about copl anar th 'the ARC | e et process is

?3; Iegaﬂnyab [ b4ARQEANPRNay PN ABYrAhdifIter 4R VERGILAHLY and 1
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 metai 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 | ower power than the etch process through the
dielectric layer 13 in the first tw enbodi nents. Sone of the photoresist
| ayer 14 may be consuned during the etch. The remai ni ng photoresist |ayer
14 and any organic residues in the via 40 are renoved by an organic
stripper that preferably includes a comrercially avail able corrosion

i nhi bitor such as Al eg310. Referring to FIG 9, a diffusion barrier |ayer
43 is conformally deposited by a CVD, plasna enhanced CVD, or ALD net hod
on the sidewall and bottom of the via 40. The diffusion barrier |layer 43

i's sel ected\rom a,860 4qf.sg@<§ﬁ aﬁaﬁﬂ@#th%?@djg out@S\% gg;%’g U

TiN, Tiw W and WN and has ness et wee

Angstroms. , Regly ﬁraafmo}’cz 2l gk V% Hséﬂf‘agﬁ‘wréﬁ'gt%% oa&éfﬂ, r%ég%!jsstx\&ogfl rH@s?f%trhg | ayer

conprised o a first ayer ch'is ngs rom i ckness

that is deﬁ%l%@ r%b%(sﬁﬁ% Al loﬂ%h@@&eﬁﬂgn ‘f’ne%ﬁ&?@%gé?sﬁﬁfougg tl%]g h%otT E\/ wth a

50 to 300 Angstro I ckness I'ayer eposit

met hod. Thayehh 3SR inkesiRoRf erﬂétr&‘?ﬂ%‘of'tﬁeb?cﬁorgs{&1a§%@ifﬁ8€§ét'On from

di ffusi ng throug and Tnto t TSt to form

an undesi r%@ﬁm%:gggwg%%.ﬁi% r%ﬂﬁ?rﬁr’;ﬁ]%nc? gs@ﬁ¥ ﬁoarBL?ﬁf(%Riﬁamé uoride in a

subsequent neta eposition u3|ng hrou and reacting

wth Al '{;@%Bs 5 ntﬁé%a%tﬁ%rérﬁéf\%c\)éy}{a hlk{%vﬁBeHﬂ‘é‘@;ﬁ}}e @ﬁﬁﬁag? und. . For

exanpl e, use e on rough a Ti N

| d d
el ?Qﬁeéoﬁifﬁémﬁvﬁsb%%g frobibh ﬁ@h*@%‘%ﬁh&fmﬁéo@&bh? e oo be WA or
21 copper isp g?ewa? tto%q'ebyCﬁmﬁ&&éfﬁ%@hﬁag%oﬁmeEéuvdgbp&e\é'b§n48vo

pl anari zati on process uch as a o pl fari'ze the
second nmetgl o a¥afarftds 2D, P RPMEnethod 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, TiIW, 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 MP
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 AlF compound.. For example, WFg which is
used in a W deposition, may diffuse through a TiN iayer and react with Al in a first metal
fayer 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 |ayer 43 and second netal |ayer 44 above the
dielectric layer 13. Alternatively, the via 40 depicted in FIG 8 may be
transferred partially into the ARC |ayer 12 by a second etch step or by
continuing the first etch for a predeterm ned anount of tinme beyond a
poi nt where the via bottom41 is about coplanar with the ARC 12. Wen Ti N
is enployed as an ARC 12, the previously described second etch step in the
first enmbodinent is perforned 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 do%p@ﬁ@fd%@é?t'eb!lbga%éﬁﬁerﬁ%ﬂh%éﬁqs' 1B filrkda vid do. WpANeLhEe: gebadi ment,
Wi

a via 40 as shown in F be formed in one region of the dielectric

layer 13 afichh@ Stiasthahsy isknAddddo YladaflamisbboRenb Rl BBg 401 anehheE

region of the dielectric layer 13. This situation is likely to occur due

to non- unitheumiubiod Bafies hydsas kh@BecdPNO Q59N 14 LK MRS FeleMAL 12951 £I1S OF
etch rate variations across a substrate or ‘because of a design'that

i ncludes  bopRerhaRledt 8 ¥E0 depeRa\h BIAY B8y bPRHSELYePBLKET Mioafe hiRd to

etch faster than isolated vias. Therefore, the via 40a is representative

of a via igya 1@%}/5agseﬁe'bh§?étc‘l“/@tépﬁortMon‘éﬁ@ngﬁ’f@leif§stre?&{f%§§[ibtr&1teité4ﬁm@d an

isolated via forned in the sanme phHotoresist |ayer 14. The photoresist |ayer

14 and anyar%m@%mhé%gymfasp&aﬁtlM@em@vaé%t&aw séf&@oﬁ%pr%ﬁiwgmﬁw by an

organic stripper that preferably contains a corrosion In tor such as

Al eg310. Adifhysirmniskaigidyel dsayesrd3aand p}&ﬁoﬁmgrsﬁ@&@éggh@ﬁh sf%b in

described previously are then deposited within"the via 40a. e present

i nvention s righ SApBaRRM SYRABEEE of8 eRSd BM&QU} ﬁgygm@ﬁ&h@s.vi a structure

22 depicted in FIG 8 conprised of a via 40 fi a conf or nal

diffusion batbSesliaifbxdRaediid 49a SREAN: BB ab Génctel fthe!dRd pEmed 1N 2
ielectric layer 13 on a substrate 10.
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 inciudes
both isolated and dense via holes. Densely packed vias tend fo eich 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 viz 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 struciure
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The dielectric layer 13 is preferably formed on an ARC 12 which is forned
on a first netal layer 11. The thickness and conposition of the first
netal layer 11, ARC 12, and dielectric layer 13 were described previously.
The ARC 12 is preferably TiN and the via 40 stops on the Ti N ARC 12 and
has a flat bottom Optionally, the via structure has an extended sidewall
and a flat bottomthat is forned in the ARC 12 as depicted in FIG 10. One
advant age of the third enbodi nrent and the device that includes the via
structure forned by the third enbodinent is that a higher electromgration
resi st ancedﬁ'?}Q'C’fe@ﬁm%Kﬂ@@OmriB@ﬂDf@aviedﬂwed wih arvonisanel diffusievbarderl | kfesdBme
listed in Table 2. A device with a prior art structure as showmn in FIG 1
that has aafid hiseconvi raets! inpdrclid thalriadovaedsn & dietectricdayerd@tanomsibstratef i st net al
| ayer 2 has a lifetinme of about 1.68 x 105 hours as measured by an

el ect r om giae diereclENgyer d8tis mieiacablwémmpd ohannidtiC 42 vadds fon28@a0 adirsh a
current density of 1 MM cnR. A via structure with a flat bottomthat stops
on a Ti N ARetql Fiyer 18) Thégkaess aret easedition bétherfiestofnetaldaya 11, 8BCx12186d hour s
whi ch indicates inproved reliability. Table 2 Electrom gration Test

Resul t s ( 1dipigcticfayer 12500 Yeddriaet) otavamsyhaffee ARCtIRI i€ kreégably TiN e tHe Wkness
in Lifetime (hours) I [/ location diffusion barrier diffusion barrier
Convent i ondl sfpatonIHOTIAWSE ri@rmsd3ts Antgs bottoms. Opbéhatly 102 visbstubune has aet al

Fl at bottom on 100 Angstrons 50 Angstrons 1.64 x |10 Ti N ARC Flat bottom on
150 Angst r extsnd@l Angedlraps: fat @9ttem et iFioknddRB 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 thai 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 siops 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/em? at 250°C )

Via bottom shape | Ti thickness in TiN thickness in Lifetime (hours)
/ location diffusion barrier diffusion barrier
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 % 10°
TiN ARC
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23 The invention provides an additional advantage over prior ail nethods
and via structures in that the via bottomshape is flexible and may vary
froma flat bottomto a conpletely rounded bottomin order to optim ze

el ectrom gration resistance for a particular set of materials and wiring
design. The via bottomprofile selection is based on a relative inportance
of several process concerns that include anount of conpressive and tensile
stress, first and second netal contam nation issues, type of netal alloy,
t hi ckness anﬁi osition of the diffusion barrier Ia er, and the w dth of
the via strdBt BVETIORRISYIdeHaT a&a@w ﬁ@%néﬁ&srqysaw*qr@wrﬁ@he@%@f@;ﬂwa

el ectrom grati on pe in a sen conductor device is achieved. Wile
this i nventiUSH #HE i%@élﬁe Bé%lo tE”‘I%‘@P?/‘sz%W‘? Abmar¥eyiioana iRl tee erence t o,
t he preferrﬂHg od| nts there it will be understood by those skilled
i the ar t TR B SCRRGG G o PRI HaCHRT A s IBRLAaTS vi ¢ hout
departing fromthe Sfpll’lt and scope of this invention. 24 W claim 1. A
met hod f or PareTHA 61 Wﬁ”%ls #d W'rﬂf‘gad%”alThierYiae‘?@Wh@@f"esgteﬁ%@%sé)ased

conpri si ng: % %Wpr ovi di n a sem conductor substrate having a first netal

| ayer for ngtetHl f@d‘ﬁpow & SRYRTPLRTBFISE CPNSRENT Biat iNRlyde ARCHNON said first
metal layer; (b) formng a dielectric |ayer on said ARC | ayer; (c) coating
and pat t er Fimige W?@%ﬁeﬁtreﬁﬁﬁﬁt %6 S§ﬁ‘i’rﬂj raee %ttam@aiﬂaylé(@uetsdyp@roﬁm a via
in said photoreS|st | ayer formng a first etch step to transfer the
via throug’ﬁeiah%l Q BIckPesS qpq Céyrrégosmgﬂ@f thediffusion 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) performng a second etch step to transfer the via through the ARC | ayer
and into said first netal layer, said via having a vertical sidewall and a
via bottomwith a curvature. 2. The nethod of claim|l further conprised of
stripping said photoresist |ayer, depositing a conformal diffusion barrier
| ayer on the sidewall and via bottom depositing a second netal |ayer to
fill the via, and planarizing said second netal |layer to be coplanar with
said dielectric layer. 3. The nethod of claim|l wherein said first netal

| ayer isVémclalmCu alloy, A SiCu or copper. 4. The nmethod of claim1
wherein said ARC layer is TiN, TaN, Ti/TiN, or Ta/TaN having a thickness
from about R0A rheth80GorAngstfacimeing 2. vid frea metthbidtesforvieat strictwieecanprising.d
dielectric layer has a thickness between about 2000 and 10000 Angstrons

and is sel ect g gro@0ing @samiRohdGttudbugstiStERavihy udirsiraetat! yedfdsir@a, themobon
doped Si @2, poly(arylethers), polysilsesqui oxanes, fluorinated 25

Pol Vi m des. o fsh BRRFORXALOBLERRE(ARES) diSadirhaict 12gbai m 1 wher ein said via

is part of pattern that includes isolated via holes, dense via holes, and

sen -i sol at ed{%@Tﬁ%?ﬁe‘%ﬁr@%&%@gdQ\fR !asjep’l | wherein said first etch

step is perfo asnma’ generate oma gas m xture conprised of
a fluorocarbo

vi 2 bot tom hald geuedany Bapid adfRinstes Gl B i Elet i RERTS Jar e

| ower portion %I/ a circl tha'vi ng a radius R that connects points at the
bott om of dBiSAIARAAPESSIEYEEWAl | on opposite sides of the via and wherein R

(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 SiO,, fluorine

doped SiO., carbon doped SiO», poly(arylethers), polysilsesquioxanes, fluorinated
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has a maxi mum value of 1.5 D and a m ni nrum val ue of about 0.5 D where Dis
the dianeter of said via. 9. The nethod of claim8 wherein said second
etch step is performed with a CAF8 flow rate of about 10 to 12 standard
cubic centinmeters per mnute (sccm, an 02 flow rate of about 3 to 5 sccm
a chanber pressure fromabout 40 to 50 mlorr, a chanber tenperature

bet ween about 20C and 60C, and a RF power of about 1200 to 1500 Watts for
a period of about 45 to 200 seconds. 10. The nethod of claim 2 wherein said
di f f usi opolyinidiesr andienzacyclebiienesed of one or nmore of Ti, TiN TiW Ta,
TaN, TaSiN, W and WN. 11. The nethod of claim2 wherein said diffusion
barrier | ay@r The netoahpbdaine 1lvdyarein saihpiriis parteff patteirrtbat inaludes ifolated viavi ng
a thickness fromabout 0 to 200 Angstronms and a second layer of TINwth a

t hi cknesgorfs. abesd viaholas, 300 sAngsdolsted vidlBole3he net hod of claim 2 wherein
said second netal layer is an Al/Cu alloy, Al, W or copper and is

pl anari zed byTRe pEROE8I clBRE RaMcialn L2 fish ofcBM2p § Sdtforrfedidith dpkagied hod of
claim2 wherein the stripper that renoves said photoresist is an organic

sol ut | on GBI FbHFLGa8 LIPSO fidbrocdtbonT0F, 4Rt APthep{gad Al m 2
al ed to

wher ei n via IS U orman Interconnect in a device that has an

et g R BP0 Yl SR SRR B 3 v
diel ectr icarvaa?l?re tﬁ‘e‘ﬁcl:s ld%}ligéé b§/ t&%{ Io%v)gr %Bﬂicjnncgfoa &‘F‘ézé’ hE\i/zF]S ta ra ;tuglR ltl'ifjl %E)hngc?ts
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 2 wherein said diffusion barrier layer is comprised of one or
more of Ti, TIN, TiW, Ta, TaN, TaSiN, W, and WN.

11. 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.

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

14. 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.
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