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Field of the Invention The present invention relates to the manufacture of
sem conductor devices in general, and in particular, to a nethod of using
&conpOSite silicon-netal nitride as a barrier to prevent formation of netal

fluori deSMPASEDPpETLAANNSEENRL NITRIOeNmestsey Do Regerdpt i Relride
-Rel ated Art Copper is a preferred netal for use as an interconnect in

seni conduct or devi O&SMETALS FL.goREoAUSEN aDHPHER WalMadaiawn in the art,

~ copper has lower resistivity than the commonly used al um num and has
better el ectromgration properties. At the sane time, the advent of copper
interconnects has notivated the use of insulating materials wth |ow
dielectric constant (k) in order to further inprove the over-all device

. . : h
erformnce. SO of o Sasioukandk dakes araubLyari nated mterials, suc
gs anor phous 1 10 NOV 2004 fluorinated carbon {(a-C F), PTFE, fluorinated

Si2 and fluorinated polyimde. However, defluoriniation occurs with

{1) Field of the Invention .

The present invention relates to the manufacture of
semiconductor devices in general, and in particular, to a
method of using composite silicon-metal nitride as a barrier

to prevent formation of metal fluorides in copper damascene

interconnects.
{2) Descriptioﬁ of the Related Art

Copper is a preferred metal for use as an

interconnect in semiconductor devices. This is because, as

is well known in the art, copper has lower resistivity than
the commonly used aluminum and has better electromigration
properties. At the same time, the advent of copper
interconnects has motivated the use of insulating materials
with low dielectric constant (k) in order to further improve

the over-all device performance. Some of the low-k

candidates are fluorinated materials, such as amorphous




these material s, which then reacts with barrier materials and causes

del am nation. Barrier materials are used because, copper unfortunately
suffers fromhigh diffusivity in these insulating materials. FidrﬁrNﬁéﬁaﬂ_rﬂ@le,
copper tends to diffuse into polyimde during hi ghhterrper ature grpﬁessr ng
“of th auses ere osian of. the per an e

pol yi %uggk%r&gkgg t%gkggﬁ s(gcgsn% Hi nPCI%rE{ e qt'necih dyrarﬁcﬂg The
.COrro S I SS 4 dhesro el.am pati on, voids, an
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barri t of e red This i nvent i scl oses, a net ho or
preveﬁ??ﬁ% tn%gd’%%)]% neaggﬁ {9y TERS Bartt fP%FfiLﬁé FgEH E4Ow-k and

the f i errals This_is_acc rrplrshed by formng a
hfecklaHg'[ Ir ;&g‘%%%gs Qﬁa%{/lgeb?ﬁqca%r phOUSBSI Fi-€on, mﬁ‘grer‘f&\%é& by et A5€Ri tri de,

99% th odj ts of the :
S?e\émehiacrg%\?gﬁts%y %q:he met at{h i tride’ {Eﬁ%ﬁgpg&?ﬁs %%h Cllgtn YY%oh to form
the ternamedetal o, filig mQEEEPQ?sV‘h' has e%el | ent copper di ffusion

barrier property and adhesion toward copper ~topper FTRP<danedd&he process

r 2
'foa, w8l Lalenown steehpiotyanfiole LRLIAP L Nheraqnsetigns | n, sem conduct o

of the polyimide. = This causes

severe corrosion of the

copper and the polyimide due to the copper combkining with
oxygen in the pblyimide. The corrosion may result 'in loss

of . adhesion, delaminaﬁion, voids, and ultimately a

.catastrophic failure of the component. A copper diffusion

barxier 1is therefore often required. This invention

7 discloses a method for preventing the fluorine contacting

the barrier for the organic low-k and the fluorinated

inorganic materials. This is accomplished by forming a thick

“trapping” layer of amorphous silicon, followed by metal

nitride, as will be described more in detail later in the

- embodiments of the present invention. The metal nitride

then reacts with the silicon to form the ternary metal

silicon nitride which has excellent copper diffusion barrier

property and adhesion toward copper.

Copper dual damascene process 1is a well-known

technique for forming interconnections in semiconductor



devices. It is especially well suited for Utra Large Scal e |Integrated
(ULSI). circuit technol ogy where nore and nore devices are bei ng1qﬁw 004
into the sanme or snaller areas in a sem conductor substrate. As't

feature sizes get snaller, the smaller geonetries result in higher

L Be RERET | bER hor BSPAFTY Lkt P LGARASRENGoH HAESS TFGA GERIE more.
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manuf urin rooves and holes in appropriate |ocations in the grooves
2t Snga]a%% ns AT 4t er FEPUBY et ERi ng iIReF ch sdractiera¥ i | | ed

are forfred TN

wth Metal in.groaves formthe horizontal metal |ine interconnects
whi | egtg}gggﬁ%{]giasf nwgﬁgg’ didertit %%ﬁ"é% f OF At hePREFOIEEARConnett i ons to

the | S f tal .interconnects_forned in the previ ous damascene
struc?%?g. 381 ggﬁ8515884 more fully rrFj‘.ater, dgiascene process

provides a more exact dimensional control over small
geometries, while copper, as the metallization material,

provides better electrical characteristics.

The term ‘damascene’ is derived from a form of inlaid
metal jewelry first seen in the city of Damascus. In the
context of integrated circuits it implies a patterned layer
imbedded on and in another layer such that the top surfaces
of the two layers are coplanar. Thus, in semiconductor
manufacturing, grooves and holes in appropriate locations in
the grooves are formed in an insulating material by etching,
which are then filled with metal. Metal in grooves form the
horizontal metal line interconnects while the metal in thé
runderlying holes form the vertical connections to the layers

of metal interconnects formed in the previous damascene

structure.



Thus, in a single damascene sem conductor manufacturing process, incisi ons,
or grooves, are forned in an insulating layer and filled with rretladjm 2004
form conductive |ines. Dual damascene takes the process one step’f e
in that, in addition to form ng the grooves of a single damascene, hole

openi ngs are @hee,forned ataapprapidiat e @hasssehd thegrooue; furdher into
the insulating layer. The resulting conposite structure.of grooves and

‘hol es mreufhckhednyi phrometsal,. e PHAELSSok SqreRsaLed 138 YW, as
required to formthe multi-level inter COI’II’IEC?I ons between net ac} n][PT?nes and

the hokesiheniedinhetepetrwaed. £lin1eRe aRR aad 1 o %&%@'c&ﬁ{@é&f@@ process
showmn in Fig. la, two insulating layers (120) and (130) are forned on a

subst r aieef100puwnilt Haan scaber tekeRg tll sl d AR (D) sy +Jbst{ate (100)
is provided with netal |layer (110) and a barrier |ayer or passivation

layer ¢ba%). Bbbtabdbayesncato beotRen§omRAl YoHsed-2al ugkn ol copper,
V\/niyl e 'fhe %)arri er layer can be an ox?de | ayer or nitride ayer.&z desired

‘trenchdemagreove patier oddidligss fdd shielched Bk0 Lhe 5 rifsylating
material (130) using conventional photolithographic nethods an

hot or e3Est s( 140 heThe ooetC Fulg Helr0as: toN %&rﬁg@&ﬂﬁﬁfrl&(f@é)- Next, a
'gecond' photf)resiﬁ-st | ayer (160) is forned over the substrate, thus filling
parti akegutiié ngr ooempopenkengs¢ibBrurandopat §86888s and holes are

filled with metal. The process is repeated as many times as

required to form the multi-level interconnéctiops between

metal lines and the holes formed therebetﬁeen.

In one approach for a dual damascene process shown. in
Fig. la, two insulating layers (120) and {130) are formed on
a substrate {(100) with an intervening etch-stop layer (125).
Substrate (100) is provided with metal layer (110) and a
barrier layer or passivation layer (115). Metal layer can
be the commonly used aluminum or copper, while the barrier
layer can be an oxide layer or nitride layer. A desired

trench or groove pattern (150) is first etched into thé

upper - insulating material {(130) using conventional
photolithographic metheds and photoresist (140). The
etching stops on etch-stop layer (125). Next, a second

photoresist layer (160) is formed over the substrate, thus

filling partially the groove opening (150), and patterned




4 1 0 NOV 2004 wth hole opening (170), as shown in Fig. |b. The hole

Fig.

pattern is then etched into the lower insulating |ayer (120) aslqp ?mm_

| c and photoresist renoved, thus form ng the dual damascene

S cture

shown in Fig. if. O, the order in which the groove and the hole are

fornmedican heleevaatihg Thuso)t,heayppaicdhsulat Fng | ayer —(130) i
etched, or patterned, with hole (170), as shown in Flg.-lg. T%e %

pat t epatiteral 56 froreied toMedl 9t -SiOPL dRYLr i £« 1

PG(EEB

. %%ef%£é

is etched to formgroove (150) while at the sane ti t etchin
transfeer sshidven hahe miaft e18@ wRd hStShas19P hawekelnt Ocﬂ&%"’efor%nﬂﬂlj

(120), as shown in Fig. le. It will be noted that the etch-stop
| ayer tsteops:diheletaiioig oft diecu.gf ogveshntie £he | pwer insul ation |ayer.
the conpletion of the thusly formed dual damascene structure, both
the hol e opening and groove opening are filled with nmetal (180), and any
excess material on the surface of the substrate is renoved by chem ca

mechani cal pdii,shing, caslerseen ¥RiEhgLhd .gFs5b0E ahlk keRAChes) several

| ayer

After

di fferent nethods of

first
ol e
r |ayer

| ati on

form ng danascene structures with netal barrier

| ayer Sormed USaRabentredidsedl?, 109, tBE dppedi 564,056 & fet hod of

- noted that the etch-stop layer stops

-shown in Fig: 14.

(130) is first etched, or patterned, with hole (170}, as

The hole pattern is also formed into
etch-stop layer (125). Then, the upper layer is etched to
form groove (150) while at- the same time the etching
transfers the hole pattern in the etch-stop layer into lower
insulation layer (120), as shown in E‘ig. le. It will be
the etching of the.
groove into the lower insulation layer. After the
completion of the thusiy formed dual damascene structure,
both the hole openihg and groove opening are filled with

metal (180), and any excess material on the surface of the

substrate is removed by chemical mechanical polishing, as

seen in Fig. 1f. .

Prior art teaches several different methods of
forming damascene structures with metal barrier layers. In

US Patent 6,017,817, Chung, et al., disclose a method of

fabricating a dual damascene structure. A low k dielectric



ricating a dual damascene structure. A low k dielectric 5 1 0 NOv 2004
r:ger and g cap layer are successively formed on a substrate havg}p@ aﬁn[‘
active region. A first photoresist layer is formed on the cap Ik e n
the cap layer is then patterned to expose a portion of the |ow I y
di el ectayer |ayera dhe tayst aphosereskstviayeroandaaspont bap ef the |ow
dielectric 1ayer ate siml tanfaousl y regovedgt gﬂfa}g ;é\é\ﬁ r: g)gf%rl rr;gcover .

i Mpvikigevoncpitot oresish. | ayeirks HREABE-905 a isAXor
ggre?: gﬁi'of ?he wiring | iﬁ% openi ng. When the step of "renoving e second

phot or®si shel ayap Layeperdiod Netle acyp a1hoke i%fﬁhgﬁdé&@‘éﬁﬂ’é& the active
region by sinmultaneously renoving the exposed |ow k die

ectric Tayer. The

via hotxp@se theowitriong df nenepamngx aneofbhked Vﬂér?\geﬁ mefal diayer to form

awring line and a via. A self-aligned via dual damascene s shown in US

Pat entpI5; 795 823 byl sAvanzang, £t paltiBnmesK Rald e, ofy thenehes ;of
conductive lines containing laterally enlarged areas where the via At
openi ngavyar e ate f erimed tiamddes linswlealbvda aBtepbal, are Jilrl’jﬁ.fg fqrped. f er
t he conductive |ine openings with laterally enlarged areas "are created,

the opesihys. afe $eddred whioh caeGAROr 1R} e pRLEQY | 8l rmbese £t ehe %%Ipecti vity
is substantially less than the etch selectivity :

layer to cover a portion of the wiring line opening. When
the step of removing the secdnd photoresist layer is
performed, a via hole is formed to expose the active region

by simultaneously ‘removing the exposed low k dielectric

layer. The via hole and the wiring line opening are filled

with a metal layer to form a wiring line and a via.

A self-aligned via dual damascene is shown in US
Patent 5,795,823 by Avanzino, et al. A mask pattern of

trenches of conductive lines containing laterally enlarged
areas where the via openings are to formed in the insulating

material are first formed. After the conductive line

openings with laterally enlarged areas are created, the

openings are filled with a conformal material whose. etch
selectivity is substantially less than the etch selectivity
of the insulating material to the enchant for etching the
insulating material and whose etch selectivity is

substantially greater than the insulating material to its

enChant-‘The conformal material is anisotropically etched to




of the insulating material to the enchant for etching the insulating
material and whose etch selectivity is substantially greater tmqppﬁﬂpzmn
insulating material to its enchant. The conformal material is

ani sotropically etched to 6 1 0 NOV 2004 formsidewalls in the enlarged

ar ea Zmdur efdvealhe mAt ehicaledhetwren 4:hes sigdevwabhsvbutyLeawe mteri al
remaining in the parts of the conductive |ines openings- The sidewalls

serveoeagese! fhal i gresvaEsk bok et gnytar9ReNiNGs: : nkihgy CjQﬁf Rl
material is either a conductive material which is left 1m place after the

vi a opentsgstathef eomeihcer @ il abpagi ngBt erhal sWAbGh1hS <RI d.-In the
forng?? the partially filled conduct?ve I?ﬁe openings arc fil eé§MAth

addi taonakl fcoDdyatiiveasat ebi-abrahong Wii%ho%)l%%iﬁig%u WhieCh. Jr St her the
sane or different conductive, material- In the latter, the conductive |ine

openimgseandlviias @itndi | hedoMdrtiRe Sageer£oNdygli-ve fmt erical .; | n anot her
US patent 5,990,011 by MTeer, a titanium alum numalloy wetting | ayer for

i npr opkdcal wrteum thel ig  ebedangscensa t kgpghas d;s Qﬁoaﬁﬂatﬁf}f‘? novel
process fornms a first recess, such as a contact hole, within a rst

di el emptéeibayerhpon ia SeBheeBAUCt B SURST FalmerAt 41825t qne, g §fusion
barrier layer, selected froma group
filled conductive line openings arc filled with additional
'conductive materiél_ along with the via, which is either the

same or - different conductive material. In the latter, the

conductive line openihgs and vias are fililed with the same

conductive material.

In another US patent 5,990,011 by McTeer, a titanium
aluminum alloy wetting layer for improved aluminum filling

- of damascene trenches 1is proposed. The novel process forms

-a first recess, such as .a contact hole, within a first
dielectric layer upon a semiconductor substrate. At least
-one diffusion barrier layer, selected from a group
consisting of ceramics, metallics, and intermetailié:s, is
formed within the first recess and at least partially
conformably formed upon the first dielectric layer. A first
‘electrically conductive layer is then formed within the
- recess over a said diffusion barrier layer. Preferably, the

first electrically conductive laver is substantially

composed'of tungsten. The first electrically conductive



- . . . . ‘ . . . . for
consisting of ceramcs, metallics, and internmetallics, is P
the first recess and at |least partially confornmably forned uponplﬂwgb ﬂ@#
dielectric layer. Afirst electrically conductive layer is then forned
wWithin the recess over a said diffusion barrier layer. Preferably, the

Tirstlebeet hiscalllanaanductive s aygE ecpubstaniiall yfoggﬂggsgd ogjtungsten
The first electrically conductive 7 1 0 NOV 2004 - | ayer plan rize

-abovesthéacecessrchar.eby teeohag & doR -S4 facg Eger ffoﬁmESCQRQng'eleCtr'c
‘layer is fornmed over the first dielectric Iay and sal I'rst

el ecttheal fyrstongleidyeri @y eTaydy seand 4 668SSri,S;f Orenfe%ﬂﬂé%l% econdh
dielectric layer. The second recess extends fron1an upper sur e of the

secondodietettei ddvayer A osthenHopsttfacesofs, the first, JJAC Iy
conductive layer. The second recess has a botton1forne§ partlally

by theitdacsuitadamvelr. theef isksbrel estédigal %yct%%@%ucﬁiéf ﬁy‘%f wet ting g
| ayer conposed of a titaniumalumnumalloy, is formed wthi e secon

recessuoferet hé skeondcohel aekbnicethrayenaRA Secong . & tédf%ﬁéé’&ﬁndUCtiVe
| ayer then fornmed to substantially fill the second récess over the wetting

' | ayer
| ayer th&hef ittt i eigect Byes1 Bpabbasut-he veecond €l eshLi cald 'olﬁdcoél%}!%é ve
toy substantially fill theEgecond recess whil e being ep03|t

has a bottom formed at least partially by the top surface of

the first electrically conductive layer. A wetting layer

éomposed of a titanium-aluminum alloy, is formed within the

second recess over the second dielectric layer. A second

electrically conductive layer then formed +o substantially

fill the second recess over the wetting layer. The wetting

layer enables the second electrically conductive layer to
substantially fill the second recess while being deposited

at lower temperatures than conventicnal deposition

~pbrocesses. A portion of the wetting layer and the

electrically conductive layer situated above the upper

surface of the second dielectric layer 1is selectively

. removed by planarizing to form a planar top surface. -

A hard masking method for forming a different oxygen
containing plasma etchable layer is taught by Jang, et al.,

in US Patent 6,007,733. There is first provided a substrate

. employed within a microelectronics fabrication. There is

then formed over the substrate an oxygen containing plasma




- e i iti . A portion of
at lower tenperatures than conventional deposition processes

the wetting |layer and the electrically conductive |ayer si t uatiel BDWVAB04 he
upper surface of the second dielectric |ayer is sel ectively renoved by
planarizing to forma planar top surface. A hard masking nethod for

forni agchadléf engat, oxygen want gkpiss phasaRnehehable layer i s taught by
Jgagt gf ZI:, ig US Pat ent 6,007,? 3. There Fs %I?éﬁ pﬁbfié% a Substrate

. ' i tilgi ' | ' f igatigon eI oSl f.ormed over
enpl oyadew tibi foaarmdcroel echueri-gS 1f aliga i8Q aliB S%ECC%E ha t%%

o
t he substrate an oxygen contai ning plasm 1 0 Nov etchabl e | ayer,

wher eetbringygdnhdentai pingrphasmRretohable JBYSHa i Stharmed of g mteri al
which is alggggﬂgceptible to etching mﬁtﬁfﬁ$a uori ne confhlnlng pl asna.

Ther efbsmebenpdror 0BE WRERYdME-OXYQER: RONtAIIUNY £l ashR gtq@@QJe-layer a
har d nas? Iayé?. There is thencfornedlugokﬁfkgﬁhard nask I'a eF'aapatterned

hot oheststndslyeLaydher eteyrd heg eihedrobhrguah,ise ol @by si apisotropic
Blasna etch ;g?hoaythe hard mask | ayer ?o forn?g patterngéldhara mask | ayer

whi | elagbruld apeotskieBeashitig-dd18s10XYg6R -CORLAI N NG phagmm gf chs  able
Iayer,aﬁd mhilg enplo?ing t he patternedﬁpﬁotore5|st SIayer as a first etch

mask ktayeughThesd i 68t sant S04# ORKE soRH-B85AR &GPt body enpl 9y, apy, et chant
gas conposition '
hard mask laver to form a patterned hard mask layer while
simultaneously reaching the oxygen containing plasma etch-
able layer and while employihg the patterned. photoresist
layer as a first etch mask layer.

The -first anisotropic

~plasma etch method employs an etchant .gas composition

 appropriate for etching the hard mask material. There is
then stripped from the patterned hard mask layer the
patterned photoresist layer, where the patterned photoresisf
layer is stripped employing a stripping method which does
not attack the oxygen containing plasma etchable laver.
Finally, there is then etched through use of a second plasma
~etch method the oxy.gen containing plasma etchable- layer to
form a patterned oxygen containing plasma etchable layer
while employing the patterned hard mask layer as a second
etch mask layer, where the second plasma etch method is the

- fluorine containing plasma etch method. The method is

claimed to be particularly useful for forming patterned low



appropriate for etching the hard mask nmaterial. There is then stripped
fromthe patterned hard mask |ayer the patterned photoresist I@L/é]rN g(gﬂ
the patterned photoresist |ayer is stripped enploying a stripping rret h
Whl ch does not attack the oxygen contai ni ng pl asma et chabl e Iayer

Fi nal Hyelekerec s t henretehed through Lse0f a secopd. pl asng, dllt; met hod
t he oxygen containing plasna etchable |layer to forma patterne oxygen
~-cont amiicrgepeasr@neioahable ilayalonathi | e enpl oying the patterned hard mask
|l ayer as a second etch nmask |ayer, where the second plasma etch nethod is
the fluorine containing plasma etch method- The nethod is clainmed to be
particul arly liseftlL{orarffarimmmgUpat Petaed [59w29 chd), NNV-2004, diel ectric
constant dielectric layers within m croel ectronics fabrications. In still
~anot héd -US Fapentns, D2de@osed/ chaelitethadlng shewlani h féeebah&Lc Ci reuit
having local interconnect for reducing signal cross coupled noise. Here,
an i rftoefgralt%ﬁl@m@w sigsapr ovirded hasduighed) | APEo¥ed i ntiesre CONRQCE
structure. The interconnect structure includes a power-coupl ‘ed I ocal

i nt er dovieactatield chifsuakways petoaiined ahavVPP on V8Spoved grespd) |evel.
The |l ocal interconnect resides a dielectric-spaced distance below critical

runs d¢fonnect structure. The interconnect structure includes a

power—-coupled local interconnect which is always retained at

VDD or VSS {i.e., ground) level. Thé local interconnect

resides a dielectric-spaced distance below critical runs of

overlying interconnect. The powered local interconnect

serves to sink noise transients from the critical conductors
to ensure that circuits connected to the conductors do not

inoperably function. Accordingly, the 1local interconnect

extends along a substantial portion of the conductor length,

and is either wider or narrower than the conductor under

which it extends. The local interconnect can either be

polysilicon, doped polysilicon, polycide, refractory metal

silicide, or multi-level refractory metal.

The present invention discloses a novel method of

forming ternary metal silicon nitride spacers 1in a copper

damascene structure -single, dual or more- in order to

prevent the formation of metal fluorides in copper.

10



overlying interconnect. The powered | ocal interconnect serves to sink
noise transients fromthe critical conductors to ensure that cldbmnwszwn
connected to the conductors do not inoperably function. Accordingly, ‘

| ocal interconnect extends along a substantial portion of the conductor
length, and is either Wwerry crrronerntman e conductor under which it
extends. The |l ocal interconnect can either be polysilicon, doped

pol ysilicon, polycide, refractory metal silicide, or nmulti-Ievel -
refractory nmetal. The present invention discloses a novel nethod of

formng ternary netal-@ddegQR nitri cerg ip,a_cop damascene
structure -single, dual or nore- |ng§9%%? to% p?8§8nt ng PE&PRat F6n of

met al gdiarddes; i iGapper 0 2004 JHE INVENTLON It is
there%ire an obj ect of thfgélﬁ%%%? % 3 Igy e 'gﬁﬁoBfm?BPhlng a
Efe‘{n

co Oﬁiﬁ}fﬂél - a ,fo tlon of .net al
fl lr.?;rl dles in %%BppieT?%dgﬁnsrﬂc%ﬁ}eeq}ec bféfsl{l%\:b%%er ob]ect # YRETPF 2s Rt

i nventd éﬁ)déﬁég@égéa.nethod of form ng anorphous silicon spacers
fol l owed by the formng of nmetal nitride over the spacers in a copper
damascene structure in order to prevent the

It is ancther object of the present invention to

provide a method of forming ,amorpﬁous silicon spacers
followed by the forming of metal nitride over the spacers in

a copper damascene structure in order +to prevent the

formation of metal fluorides in copper.

It is yet another object of the present invention to
p;ovide a method of preventing the delamination of layers in
a damascene interconnect by forming a ternary metal silicon

nitride layer lining the inside walls of the damascene

structure.

It is still another object of the preseﬁt invention
to prov1de a copper damascene structure having 1nsxde walls
lined with a ternary metal silicon nitride layer in order to

prevent the formation of metal fluorides in copper.

11




i | [ in [ ject of the
formation of nmetal fluorides in copper. It is yet another objec _
present invention to provide a nethod of preventing the del am nation of

| ayers in a damascene interconnect by formng a ternary netal 150-'N[§W2904
nitride layer lining the inside walls of the damascene structure. It 7S

still anot herhebiectorsfedthe PEEeseNta dlay@Nli Qg t o, proyide .a.copper o
damascene st'ructﬁre r?a?]vi ng inside walls |ll ned wi tjg a¥>trer r%arly glometaal silicon

ni tri debbayeatel Mo ko _pRseveat i bhe fydmt kgpnafy nefal fluorides in
'I:"opper. 11¥1 8 ngg& These obj écts aa(rye accorr%]gl shed&hy pr oVt ot ng a

- ‘mattal e a [ I ®Ri4a d o irst, metal layer
' ?glr)rsrteg@oﬁlsai d i%bs??gtég; %r%ﬂﬁg )aé’%1 gtnt(a%rg(;r%ne f(gﬁlg% ufe %T%S%%%t antially

er ti ealrucnsirde waths A @ nsubstantbally il ai bottomwall over sai
\r;assi vation | ayer therein sai su%‘st rate- for mng a I'ayer” of “&mo? phous

ili isang 14 sal o] lJ_.Qf ,sai d . damascene
:![ r Lg?g?:&ﬂg{téﬁ?%g sﬂal?ddtd:bn%?%%%ug%gill ia(%:‘gen]pl %églr? \ﬁ%ssflgr Y i cdheEpacers on

sal d icneirdaaldis, suiskedle e, Sam, J IR Jemying. a0, amor phous sil i con

layer fromsaid bottom wall” of ‘sai cene’’s _ ® ot nt 1Y net al
nitrideed ayenoVehs3ded $idiGoN Spacers and, quer, sald pottom of . said
Qamascene structure; etching said amorphous'silicon layer to
form silicon spaéers on said inside walls; while at the same
time removing said amorphous éilicon layer from said bottém
-Wall of said damascene struﬁture; fofming metdl nitride
layer over said silicon spacers and‘over said bottom of said
damascene structure; etching said bottom of said damascene
structure to expose said first metal_ 1ayer;’ depositing
second metal over said first metal léyer exposed 1in said

damascene structure; and removing excess metal to complete

the forming of the damascene of the present invention.

These objebt are further accomplished by providing a
damascene structure with-substantially vertical inside walls
and a substantiallyrflat bottom wall formed over said first
métal layer -therein said substrate; .amorphous silicon
sSpacers on said inside walls; a metal nitride layer -over

said silicon spacers and over said bottom of said damascene

structure; and a second metal formed within said damascene

12



damascene structure; etching said bottom of said damascene structure to
expose said first netal |ayer; depositing second netal over saiﬁ first
nmetal |ayer exposed in said danascene structure; and renoving e ge@&%ﬁm&h
to conplete the form ng of the damascene of the present invention. These
bbjec%t?LgtfurtherkacconplLshed by providing a danmascene structure with
subst ant ral 'y Svel? Tta? iMdiide WRal FSPtanl avisibst @idichl Eyrékatmeiot om wal |
forme r said first nmeta] layer therein said substrate; anorphous
siIicgﬁgggpggngegnl?mﬁfﬁqu§%ﬂ§§&%qusﬁfqﬁﬁ%ﬂefﬂtride | ayer over said
silicon spacers and over said bottom of said danmascene structure; and a
second nmetal formed within said danascene 12 1 0 NOV 2004 structure
making intimate contact with said first netal |ayer exposed in said
damascene structure. BRI EF DESCRI PTION OF THE DRAWNGS Figs. |a-Ic show
the formng of a dual _damascene structure where a line trench or groove is
~etched first into BRIEppBESSREBRAECHI BFe@HE DRAHYHGSUNti | an etch-stop
layer is reached, and then the hole pattern etched into the |Iower first
di el ectrirc layer, according to prior art. Figs. Id-le showthe formng of a
dual damascene structure where a hole pattern is etched first into an
upper Figs. la-lc  show the forming of a dual damascene
structure where a line trench or groove is etched first into
an upper second dielectric layer until an etch-stop layer is
- reached, and then the hole pattern etched into the lower

first dielectric layer, according to prior art.

Figs. 1d~le show the forming of a dual damascene
structure where a hole pattern is etched first into an upper’
second dielectric layer until an etch-stop layer is reached,
and then the line pattern etched into the Ltop layer while at
the same timg the hole pattern is fransferred into the lower

first dielectric layer, according to priocr art.

Fig. 1f shows a ‘dual damascene structure formed b§
either one of the methods shown in Figs. la-lc or Figs. 1d-

le, according to prior art.

Fig. 2a 1is a partial cross-sectional view of 3

substrate having a metal layer and a passivaticon layer and

13



second dielectric layer until an etch-stop layer is reached, and then the
line pattern etched into the top |ayer while at the sane tine gﬁ& hol e
pattern is transferred into the lower first dielectric Iayer,1 BNdme to
prior art. Fig. if shows a dual damascene structure.formed by either one

of thegnReth ds hshewn oFlogs I Qr according to prior
art. Fig.. %a is. a 3§9t|§%'cr§§§%§éc fgnaﬁﬁﬁﬁﬁﬁ()l%% S SUbss r T¥€°having a

met al d 1.0 NOV. 2004 h th
net a sb@)ﬁ%bt@'& 2 RASSIYAR o] E}Eﬁﬁea' ql terie It & a:i%%gf %/)M}ﬁg acheot her

a
form ng of a |rst and a second ric

by anabgbgggg Q%l HeQR Javel, . acgording to the present invention.
Fig. is a artla Foss: sectlon View of a substrate show ng the

fornlng of a dual danmascene structure wthin the first and second
dielectric layers of Fig. 2a, according to the present invention. Fig. 2c

is a partigl; cro seL i.opal substrat.e owi ng the formng of an
anor phous Slgp %ﬁiaye% %vePaFﬁéa n3|§85ﬁaﬁl§%ﬁpnﬁﬂe d{EFY dahscéne

struc i cording.to the pres invention. Fig. 2d is a
partlgg&%F%%g'ségF?ﬁﬁh a@?em?o 1géngsﬁ s@rﬁﬁ? fﬂﬁW%ﬁF?%% ?BFHFHBrSf silicon

5pace%§¢ﬁ%ﬁx%ﬁ%nglrst and second dielectric layers of Fig. 2a,

according to the present invention.

Fig. 2c is a partial cross—-secticnal view of a
substrate showing the forming of an amorphous silicon layer
over the inside walls of the dual damascene structure of

'Fig. 2b, according to the present invention.

Fig. 2d 1is a partial cross-sectional view of a
substrate showing the forming of silicon spacers, according

to the present invention.

Fig. 2e is a partial cross-sectional view of a
substrate showing the forming of a metal nitride layer over

the silicon - spacers of Fig. 2d, according to the present

invention.

Fig. 2f 1is a partial cross-sectional view of a

- substrate showing the forming of an opening from the dual

14



to the present invention. Fig. 2e is a partial cross-sectional vj Nﬂy
substfa?e showi ng the formng of a netal nitride [ayer over theﬁgrq ogmm
spacers of Fig. 2d, according to the present invention. Fig. 2f is a
partial cross-sectional view of a substrate showing the form ng of an

openi K e 2004 . scene structure of Fig. 2e into
tﬁe ugggﬁﬁgﬁﬂ§néf§?&F%§§r%gﬂd then t elgggggﬁyfoﬁng %%ﬁ&&%‘??ﬁ% t he

' i j ordi.n o the first
 enbodi ot afqbEMeR Shel Meoiitatn IOW CBLLBNY, 3FRY Gul i shane i ew of a

Subst katehaving, A FRLAL-LBKSE and & Passi vaLLen,| ayer and  show g the

formng of a first and a second ri‘c rayer g péfh ohikach ot her

by an ciMeliveny t.gh; yer, according to the present i nventi on.
Fiyg. 3b isla p;:?i]cgltq%r ??g)%sdet?tcﬁ%nal view of a substrate show ng the
formng of a dual damascene structure within the first and second
dielectric layers of Fig. 3a, according to the present invention. Fig. 3c

: i al \ct i ' i the formng of an
1S a part'%H@Rros§§sef§'OQalpgk%wggf %réggggég¥f%ﬁ%(MMé%£w- of a g

amor phous sillcon | ayer _

substrate having a metal layer and a passivation layer and

showing the forming of a first and a second dielectric laver

separated from each other by an intervening etch-stop layer,

according to the present invention.

o

Fig. 3b is a partial cross—sectional view of a
substrate showing the forming of a dual damascene structure
within the first and second dielectric layers of ¥ig. 3a,

according to the present invention.

Fig. 3¢ is a partial cross-sectional view of =
substrate showing the forming of an amorphous silicon layer
over the inside walls of the dual damascene structure of

Fig. 3b, according to the present invention. T

Fig. 3d 1is a partial cross-sectional view of  a
- substrate showing the forming of silicon spacers, according

to the present invention.

15



~over the ri nside walls of the dual damascene structure of Fig. 3D,

according to the present invention. Fig. 3d is a partial cross-sgqfh@gabmg
view of a substrate showing the form ng of silicon spacers, accor
the present invention. 15 A 0 NOV 2004 Fig. 3e is a partial

cross-sectipopal wkew;af @ suhstrate Sglgéé\é?gs‘w?ﬁé%m ng.af a%fop%ni ng from

the dual damascene structure of Fig. nt o e underﬁying met _layer

accorgﬁ@gtggt@h%hBQQ§@pttﬂ@vggghgﬁgfﬁhggagfOgﬁﬁgﬁgfr%%ﬁﬁighgss§5ﬁctiona

view of a substrate show ng the mn f ela over the

Si |1 cCOanSPAERES Mg@&@xgﬁz%a sy nﬂglt)rhcc erugé?rf%ghgfg%ee nld t hen the .

a
deposition of copper into t damascene ure o it

i nveni j a; gt e i t of the invention. Fig. 4ais
a par%%g?r6r§§§§gggt9?oggl E@?‘e%%%g%glt su stnEgL?)en'hayl ng a netal |ayer and a
passivation layer and showing the formng of a first and a second
dielectric |layer separated fromeach other by an intervening etch-stop

| ayer, aceegdi ngrt o jthe pr f%i&fvegkgggksgg io4gli$v%e%ar&§

Cross-secti o%al view of a g% strate show ng t_ge Form ng of a%uael‘

damasegBet $hEHCEUERing the forming of a metal nitride layer over
the silicon spacers and the exposed first metal layer of
Fig. 3e, and then tﬁe deposition of copper into the

damascene structure of the present invention, . according to

the second embodiment ¢of the invention.

Fig. 4a 1is a partial cross-sectional view of a
substrate having a metal layer and a passivation layer and
showing the forming of a first and a second dielectric layer

séparated from each other by an intervening etch-stop layer,

according to the present invention.

Fig. 4b 1is a partial cross—sectioﬁal view of a
substrate showing the forming of a dual damascene structure
within thé.first and second dielectric layers of Fig. 4a,
according to the present invention.

/Fig. dc is a partial cross—sectional. view of a

substrate showing the forming of an amorphous silicen layer
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within the first and second dielectric |ayers of Fig. 4a, according to the
present invention. Fig. 4c is a partial- cross-sectional view Ofiaﬁ
substrate showi ng the formng of an amorphous silicon |ayer dI0VO2004
2004 over the inside walls of the dual damascene structure of Fig. 4b,

accor di;ag t h e yen Fi,g. ,4d,is a arti al cross-sectional
view of a %J%S?nggésh%oﬁg q?q?)rm G Lof I IRTHRE nPEAIFEI Sy ef L over  t he

anor pleys siy i gon.J I f F a cordl n to the present invention.
Fi g. 4e%| s a partloél%xglr og:s st‘Je onas1 r& “Substrate showi ng the

form ng of the ternary netal 5|I|con n|tr|de silicon spacers of the
present invention, while form ng an opening fromthe dual danmascene

structure ef. Fig., ntothe rlyi netal |ayer, according to-the
third enbodi glr:rent ofdJ[%e |nv8nf| E %ﬁogff"s%téoﬁ‘ér]ﬂ 11T 0s’t segt i onal

Vi ew thalf Show ng t he. depo ition of cop into the danmascene
struc?&lrb%to l%Pieg presrg(’ﬂt%,}dll hvent ToRd gicﬁ‘r dishag it d‘lltgﬁéiet h 3 en®ber nent of

the i nt I.PTI. THE PR RED MBODI MENTS. Ref erri n now t he
i %‘é‘% %\zxﬁgr_s* %QR](SJ:E_ ggé# laven. I%FE}B El according to g

present invention.

Fig. 4de is a partial- c£oss—sectional view of a
substrate showing the forming of the tergafy metal silicon
nitride silicon spacers of the present invention, while
formlng an opening from the dual damascene structure of Fig.

4d into the underlying metal layer, according to the third

embodiment of the invention.

Fig. 4f 1is a partial cross—sectional view of a
- substrate showing the deposition of copper into the
damasceng_structure of the present invention, . according to

the third embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now the drawings, Figs. 2a-2f, 3a-3f and 4a-
4f, there- is shown a method of forming amorphous silicon

spacers followed by the forming of metal nitride over the
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4f, there is shown a nethod of form ng anmorphous silicon spacers followed
by the forming of netal nitride over the 17 1 0 NOV 2004 sp e&aHl Eﬂﬂ%
copper dual danmascene structure in order to prevent the forhat

fluorides in copper. In a first enbodinment, shown in Figs. 2a-2f, the

i r of ; st e i C r.illustrative purposes is_a dual
hgggsﬁg%§%§gufugaﬁ é%g%&%é gugﬁnd#%mldﬁﬁg%eﬁgrgF U&ture? °E995 nkd with a

[ | bary d i-ner fol the forming of a_nitride |ayer,
msimf’%ﬁk’t%%tnaﬁé ggﬁghkeng%tlghf 0(1?% F%g%slidlglsco%@rrélto Sfit r fde SphtEFt and

1 co i bet.ween t,he ,copper damascene and an _underlying
'&Sggfﬁ%e?’fié?‘%}‘%er Qﬁgﬁﬁaggl b)%t]%,é‘ﬁsr'm %& ér%'opié%? ng-“ 45 om“e: Wakrdsceéne

‘ . . |
t r uctgyh he | yi copper, layer. after the formation of the neta
ﬁitriﬁgrﬁg§§f%6ve%%9%@’ a%%?bhd@§4§? i Toh' S pdEFRCF T ned® on t hélfAsi de

i.nsi have
wal | s the ndagpsc S ture. The inside walls of the structure
sidemé?%?'mhfﬁﬂ are su st%%%?a Py v Ertiods TY6t tOTUCWRTRh 8

i : I ‘ nbodi ment, _shown in Figs. 3a=3f, the
?ﬁ32§gg%%§t{¥gﬁhgéfme ﬁg?%gggggﬂgbggﬁgggénglgFFuc?B}éoﬁﬁ& t R¥ uhBerlying

coppered:hling S dley {051 he, gyl JamRecene, siuct ure by e{ching I nto The

orim
under |l yi ng copper |ayer after ormn

the silicon-metal nitride spacer, and where the

- interconnection between the copper damascene and an

underlying copper metal layer is made by forming an opening
from the damascene structure to the underlying coppér layer
after the formation of the metal nitride layer ower the

amorphous silicon spaéers formed on the inside walls of the

damascene structure. The inside walls of the structure have

sidewalls which are substantially vertical and a bottom,

which is substantially flat. In the second embodiment,

shown in Figs. 3a-3f, the interconnection between the dual
damascene structure and the underlying

copper line is made
from the dual damascene structure by e£ching "into the
undeflying copper laYer after thé forming of the amorphous
silicon spacers and befére the forming of the metal nitride
layer. 1In the third embodiment, shown in Figs. 4a-4f, the
ternary metal silicon nitride spacer is formed by'etching

after having first formed the amorphous silicon layer and

the nitride layer, in that order, and then etching the
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| sflicon'spacers and before the formng of the nmetal nitride

er.

In the

| ay
third embodi nent, shown in Figs. 4a-4f, the ternary netal sil UcNGYn200ki de

spacer is formed by etching after having first formed the anorphous

silic
18 1

struc
net al
Csilic
at th
Speci
prefe
-l ayer
sem ¢
regio
vi-as

- condu
inclu
al | oy

on layer and the nitride layer, in that order, and then etching the
NQY 2qp4 assi.vation/barrier |ayer at the bottom of the danmascene
aS531valLilo ?

are into tReAdddEA y
S@r ri.de reacés W, t

on nf?%?ﬁ% ha

AYgSCoppler ey pottamalaf t khee dambodément s,
h anoprphous silicon to forma ternary netal _ _
Pndln BREBFF¥ADNY HQRRIE y leveadherh ngldo tlopper while

e sane ti for _  formi ng an excellent barrier to diffusion of copper.
BTy

F’ICa

(2 ATABUGh BoF2Speti¥icen | Piiridst riaetng nan RegeeDaent

i des and source and drain
@gggégyde |C§E such as gate electro
g%, stfuctire

. 5 A G- T For kG At W BN s e eopiviet o8 L sUbstrave (200),
r b%ﬁ silicon, provided with a netal |ayer (210) and a passivation
)a

SIBHCH UsCHRPAF RtéEcotnetls, sagenttdcre pFags and

i el ectrani ¢ | ayers, conposed of insulators, dielectrics and
A o8] S O

ctors,

TIOre T 0 e kEnF tonduEt ePPReBst rate. Metal can

de one or nore froma group containing copper, alum num, alum num

, tungsten, titanium nitride, tantalum and tantalum

Specifically, Fig. 2a shows a portion of a

semiconductor substrate (200}, preferably silicon, provided

with a metal layer (210) and a passivation.‘layer_ (215) .

Although  not specifically illustrated in " .Fig. 'fa,

semiconducter devices such as gate electrodes anrd source and

e

drain regions, and structures such as metal interconnects,
- - i - T o
contact plugs and vias and microelectronic layers composed

of insulators, dielectrics and conductoers, may be Formed on

or in the semiconducter substrate. - Metal can include one or

-~ more from a group containing copper, aluminum,  aluminum

s

alIEy, tungsten, titaniunﬁ _nitride, tantalum and tantalum
nitride, but is preferabiy copper with éthickness betweén
aboqt 1;000 to 20,006 A, and the passivation layer includes
one or more from a group‘containing silicon nitride, silicon
oxynitride, siiicon barbide, boron nitride with a thickhess

between "about 500 to 5,000 A. First dielectric layer (220)

is formed over the passivation layer, comprising.a material

of low dielectric constant (low-k) and 1is usually
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itri i i i 1.000 to
nitride, but is preferably copper with a thickness between aboyt

20,000 A, and the passivation |ayer includes one or nore from BN 2004
containing silicon nitride, silicon oxynitride, silicon carbide, boron
nitride with a thickness between about _500 to 5,000 A First di el ect{:a(r:i N
I'ayer L akS4f Or th assivation |ayer, conprising . a. ma
of yI O\J?vi(%lgg%ggftt?fic cgﬁggg&r??%gl 0\%-% &A5F | FTHEIGYY 159 PPy

, i i di ] t tricted_to anorphous fluorocarbon
(he o B B O ) ot npP ER e PET ALy LBo T BT oAy [Pary| oHelE )

i i I inat ed. Si,02 ESG),. First dielectric |ayer
Elzgg; 'Irigggf% gr’ Fr;?ﬂyoﬂegl%ﬁtﬁrﬁ gﬁ%‘%‘gr?“ﬁ%’fﬁ'%eRo&éf&ﬂ‘ﬁdfgoo%l%mi@m AiBy vapor

d i bk or Spi; oat. f ol l.owed by an onal furnace or rapid
| tﬁg?%FEggheal i ﬁéQF%TA%l{%rgeeéﬁ%%n . NeXt', a tional 9739 et’eh-stop | ayer.

225 ] L (e B i or me r the fjrs iek.ectric layer. The
<(atch2 5?23@353 :%s woer%\gd %@é%%pog'gégositﬁ oni(ﬁ’oé%gt hffckhéss V3@ Teen about

|, 1.8;:f0 2d by t.he formng of second dielectric |ayer
?QBBgééﬁﬁggﬁénggioé%ﬂ F%\%g\égﬁgt ér%la Owééﬁg e 3%3%9%%&%%% | t

i ncl udes r f I , ly-tetra-fluoroethlylene (PTFE),
Tef | o%iQ 53?5? e%g?%j%a% I Egllrhi%%gtlgl p(gﬁ%)n‘itdre?ame orinated Si 02

=

Next, an optional firsk etch-stop layer (225) shown in
Fig. 2b is formed over the first dielectric layér. The

etch-stop layer is formed by vapor deposition to a thickness

between about 50 to 5,000 A. This is followed by - the
forming of second dielectric layer (230}, which is also a
low-k material and is usually fluorinated. It includes

amorphous fluorocarbon, poly-tetra-fluorocethlylene {PTFE),
Teflon, Parylene~-F, fluorinated polyimidé, fluorinated S5io0,
deposited by vapor deposition or spin coating followed by an
optional furnace or RTA treatment to a thickness between
about 1,000 to 10,000 A. Lastly, an coptional cap layer
{235) is formed by vapor deposition to a thickness between
about 50'and 5,000 A. The éap layer includes one or more of
a Jgroup containing silicon nitride, silicon oxynitride,

silicon carbide and boron nitride.
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. L . . . |
deposited by vapor deposition or spin coating followed by an optiona
fuPnace or RTA treatnment to a thickness between about 1,000 tﬁ_mgvogm A
Lastly, an optional cap layer (235) is formed by vapor deposition to
t hi ckness between about 50 and 5,000 A. The cap | ayer includes one or nore

) ining silican nitride, silicon oxynitride, silicon

car bi de. ang Herbn TR 5 NOF STOETE ng? cohvBRE | oﬂlaP?Pé@fraﬁéues, a

g jst |ayer and an optiqnal organic bottomanti-reflective
coat | 8 B WniSiRsliny TG o Hen Svel-ERELSREoNE Pakeer ¢

| ayer Gdyhen patterned with the image of a conventional via or a contact
~hol e. (@T g (he-phs&od?ﬁsi]sst Nfert gt ek, thpl eepantedhel 240yirs t hen

tched Jj th tional . orgapic, BARC, second and first dielectric |ayers,
ienct ﬁgta%é‘? e?(,g ?ﬁ%Pud%%tgtem’geé] nteFlediify Bptyongl & chosveptiapel (225)

i LLg. ._Th hi f the optional organic |ayer, dielectric
ayer S Bnd E ne SHSHE BEOB: et cHELPhyd SPHICORPY] Shed AUSIGRS =

| ayers and the optiona

| asmy.- i d tchin wherein the etching chem stry includes one or
: ﬁnr eﬂgﬁ‘aﬁti’esﬁfg?l %\%\nt%ger 7 %o‘qrodca?Boﬁ,h%c%t%}%e%F&Pt@F@,e Pf?ﬂ%@&ﬁ:&ong

i i ne,
[ or ieratot At 00 Al aearpong (80 ay FER:s o ThUgL! T (ERLOT

: . ? layers, 'in <that
hydr ogen brom de, -oxygen, niirogén,
order, including the intervening”optional etch-stop layer

(225} as shown in Fig. 2b. The etching of the optional

organic layer, dielectric layers and the optional stop-etch

layer is accomplished using plasma-assisted dry etching,nb
wherein the etching chemistry includes one or more of the

following: fluorccarbon, such as CF4, C4Fg, hydrocarbons,
fluorine-substituted hydrocarbons (e.qg., CHF;),
fluorosulfur, chlerine, hydrogen bromide, oxygen, nitrogen,
argon and carbon monoxide. It will be understood by those

skilled in the art that different combinations cf etching

chemistry can be tailored appropriately to the etching of

different layers of films.

Next, the first photoresist layer and BARC are removed,
preferably by oxygen plasma ashing, and a second photoresist
layer and a second . optional organic BARC (not shown) is

formed over the substrate, including the opening formed in
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argon and carbon nonoxide. It will be understood by those skilled in the
art that different conbinations' of etching chem stry can be tf%l@hid
appropriately to the etching of different |layers of filns. Next, #00k st
photoresi st | ayer and BARC are renoved, preferably. by oxygen plasm
ashing, and a second photoresist |ayer and a second optional organic BARC
(not gﬂﬁ%ﬂﬁr?gloT%rﬁﬁgpové¥“%h%agﬁﬁgP?gt@}tpndﬂuﬁih@aﬁﬁecébeﬁihénﬁorned in
21 1 NOV.2004 _the previous step, and patterned with the inmage of a line
trenc 5%???ﬂ5?gﬁ86We%ﬁ9ﬁﬂee&z%ﬁgmﬁsiWQQWFSh%EtP?gﬁﬂmﬁ Fifhe Bfme pattern
is ne transferred fromthe second photoresist |ayer into the optional
secon gam't BAREHHd then 19 tHearetoruedi ef selri Eheayspchpd

pl asma-assi sted dr etching, wherein the etching chem stry includes one or
nor e Qﬁé%Qﬁf%%ﬁqc$%¥ﬁf ??Egr558r8§ﬁ§Pqﬁkk%ﬁ%ﬁ r%ﬁgqm%@r%hﬁ? and

fl uori,ne- assi, st hydr ocar bons, chl orine, hydrogen, nitrogen, oxygen,
argontgﬁalgépﬁﬁﬁz noxi g éﬁﬁ#???g%c S3¥phi NY BhATRR 28pLFEREI dEtch- st op

| ayer Jag | Nt he. . absence of .the optional etch-stop |ayer,
'%iwn%éﬁ%ﬁ?qﬁf ey~ S e %%I8§8hlpgr%%ﬂﬂﬁﬁﬁﬁ%ﬂ%ﬁ?ﬁﬂ?ﬁﬁﬂ?%ﬁ Bf TPFe. After

r enov ofc e 5660 hot gresi st | ayer and the second optional organic
th 289 T 3
BARC, the sane Ilnewgggfer%iﬁgrPﬁgﬁ_ nSy Ydrocargons’ %&uorlne'

fluorine-assisted hydrocarbons, chlorine, hydrogen,
nitrogen, oxygen; argon and carbon monoxide, .and first
stopping on the optional etch-stop layer (225). Inr the
absence of the opticnal etch-stop layer, “time-etching” may
be employed for a predetermined period of time. Afﬁer
removal of the second photoresist 1ayef and the second
optional oxrganic BARC, the same line pattern is then.
transferred from the second dieleétric layer into the etch-
stop layer (225). This is accomplished using plasma—assisted
dry etching, wherein the etching chemistry includes or more
of the following: fluorocarbons; hydrocarbons, fluorine-
assisted hydrocarbons, fluorosulfur, nitrecgen argon and
carbon monoxide. A damascene structure (245}, haviﬁg a
composite hole (240) and line (243) pattern is thus formed

as shown in Fig. 2b with substantially vertical inside walls

and a flat bottom wall.
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transferred fromthe second dielectric layer into the etch- stop layer
(225). This is acconplished using plasne-assisted dry etchi ngm gﬂgrﬁm@ t he
etching chem stry includes or more of the follow ng: fluorocarb ,

hydr ocar bons, fluorine- assisted hydrocarbons, fluorosulfur, nitrogen argon

and car hn.ongxi de. A d cene structure (245), having a conposite hole
(240) and Fiiie %4%) T5a e e F%&S(Pa?sc‘%rfbant% PEGSEDh with

; i Wl I d fl ottomwall. 22 1 0 NOV
2004 TR Lo EEARE RS o5 PhSp8h: (POl neSnPBERRE PRaENt i on. a

fi h N Q) is fornmed over the inside walls of t he
' :jﬁgﬁ{%é;n%@éc%%éé) g#%%}%; hlffg%ﬁegé% lja)c}‘l n%am?%%erﬁ)%t?Bﬁ?%ﬁlF?' as"ER8AR TN Fig. 2c.

A Llic ks .for -by vapor deposjtion at a tenpperature beftvveen
Aol BTt BBI 25 T T cRRges Bor il Mot SbLtBo5 680 A

NS Si 'Q% i Lh_intimate contact with the fluorjnated
errglr ectri CS!IDg;/er S O(KKZ)(Za ‘%Ig%%\gt%géo%,% att ST A I?%i'rw‘??]ihorapﬁ&ti ons ﬁnd
i he tra fluorine, the canpot crqss into the
: Eggffe?o E%E%d&n %Fﬁgnglgtoe:a -gglg%sklntee ik'])n e duA Olﬁ%né@c&ﬁe a??&of orm net al
i ' nge.: det.r | | effects of rretlgll fhl uori des,
flugk] degdghld sCOPPEl o hleNges n 1AnE§%§ma%e coﬁ%actrw1t the

such as del am nation at the 1 nterfaces
fluorinated dielectric layers (220) and {230y, acts as a
trap for fluorine ions and réacts to form SiF,. The trapped
fluorine, then, cannot cross into the copper that is to be
iater deposited in the duall damascene and form metal
fluorides in the copper. Hence, detrimental effects of
metal fluorides, such as delamination at the inferfaces of
léyers is prevented. | It should be noted thét
pelycrystaliine silicon, formed between about 580 to 650 °C,

can also be used provided that the films are stable above

500°C and that there is no aluminum present prior to its

deposition.

Layef-(250) is next  etched to form silicon spacers as
shown in Fig. 2d. The etching is performed using plasma-
assisted etching, wherein the etching chemistry includes one
or more of the. following: fluorocarbons, hydrocarbons,

chlorocarbon, . fluorine-substituted hydrocarbons, fluorine,
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layers is prevented. It should be noted that polycrystalline silicon,
foyned betaeen about 580 to 650 C, can also be used provided that the s
films are stable above 500C and that there is no aIun1pun1presbﬂtNﬂN|3ﬂHto
its deposition. Layer (250) is next etched to formsilicon spacers as

) i ] 2d_ - chj s perforned.using.pl asma- assisted etching,
aher it he BT ShT g SRan of PJIFRe| BAGSRoRE CBLORSRE SPCERS:f GG,

, .oy ocar bon, fluorjne-substituted
hydr oo oRlde IO ACBEBARR PNl S 0aTE et br e nbEr DGERY. thaygen

! I3 C 0 xide and.hydrogen bromde." It wll
o 5o na e CeRahing (Rbes SRR AR hslgas%éahof?goni Hgomcists e
I h al e.structure as . For selectiv
ggiﬁfg%a%? %ﬁgkgﬁngg%guékgl||coﬁyd%§$u?$%5?y%?c5¥§iilF85nse%99§%ﬂ§

: : : . : her
assi h I ldhe C S a. etchant_.is _prefe red._As anot
ﬁgy aé%gitgg ?ﬁ§1%F%sgﬁ?EFﬁég%tf%h?E% a%gFr ST met B TRt r iSdd 180) i s

PUEOE L . of 1t he
- fornednovefdat hepsikkii¢amn i spacel (250)19p; the yvertical sidepalls o .
damascene struSFure _aslaell ggﬂgn t%elﬁo%%onﬁémﬁ,ééﬁpsﬁ_ P Bi%. 2e.

Met al phéfeidedincludes but not restricted to titanium (TiN),

As anotherlkey aspect of the preéent invention, a layer
of metal nitride (260) is formed over the silicon spacers
(250) on the vertical sidewalls of the damascene structure

.as well as on the boftom wall, as shown in Fig. 2e. Metal
ﬁitride includes - but not restricted to titanium (TiN},
tungsten (WN), tantalum (TaN). TaN is preferréd; and formed
by vapor deposition ox physical vapor deposition (PVD), to a

| thickness between about SQ to 5,000 A. Metal nitride (260)
tben reacts with amorphqus silicon (250) during the
debpsition of metal nitride and/or further heat treatment
step, between 200°C and 800°C performed between 400 and 760
Torr and in the presence of nitrogen to form the important
ternary metal silicon nitride which acts as a barrier to the
diffusion of copper to be deposited .into the damascene
structure shown in Fig. 2f. Prior to the deposition of

copper, metal nitride and the passivation layer {215) at the
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tungsten (WN), tantalum (TaN). TaN is preferred, and fornmed by vapor
deposition or physical vapor deposition (PVD), to a thickness ﬁtmeen

. about 50 to 5,000 A. Metal nitride (260) then reacts with anorg MOV 2004
silicon (250) during the deposition of nmetal nitride and/or further heat
freatgeg% steg, bet ween 200C and 800C perfornmed between 400 and 760 Torr
and i ROFRE™pr 8SentBSof MRt r og@R2E6eRer nREhe ¢hpordantsiter narghimedg al

silicon niitride which acts as a barrier to the diffusion of copper to be
deposFBEHlFﬁFg t hEPOLYEsREne 00 r ubtur en@hdwn 9t Fihe 2ffoPréwingo t he
deposition of _copper, netal nitride and the passivation |layer (215) at the
24 1 0TNOYOSGERO 0t t om of PYRECHREPOBENRSCene EFEo Bitesliust igueedhi ng
cheni%tE% inc%pding ogg or nore of the follow ng: fluorocarbons,

hydr oC&FbOTE PP For i ne- st ut edchhyaiBear boeran uori nechkdt bdéne, bor on
trichhg&igg ( CIS% hydr ogen, nitrogen, argon, carbon nonoxide until

first ‘metal ‘| a€rTPIT0y iLFredehed. AF9M | CBEbeFprBenarade twatithe sane
etchi@g @klk@%kﬁplkgnnve 0 arts of the netal silicon nitride from
other frat portions ot t dahBsteRAELEEr uctlir & dude aaPR¥omizhed| edge

bet we h I n and_hqgl.e openings-. thus form ng spacer |ike formations
over’ %E{ﬁtet :trr}il)érp 8us <19 sBéh:grsa]éF? sh8®AVEn Fomf Rrrteomderthe

" metal ~silicon nitride' from other flat portions of the
: damasceﬁe structure- sucﬁ as from the ledge between the line

and hole openings- thus forming spacer like formations over
the amorphous silicon spacers as shown in Fig. 2f. Copper
is next deposited through vapor deposition and

electroplating to a thickness between about 5,000 angstroms

" (A) to 20 micrometers (hm) , and any excess is removed by

conventional techniques, such as chemical-mechanical
" polishing (CMP). Aluminum can also be used in place of
- copper.

In a second embodiment shown in Figs. 3a-3f, damaséené
structure (345) is formed on substrate (300) having first
copper metal layer (310). Passivation layer (315) is formed
over the firstlmetal layer and the hole and line patterns of
the damascene structure are formed within the optional cap

layer {335), the first and second dielectric layers, (320)
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i s next deposited through vapor deposition and electroplating to a
Lﬁicﬁness-getmeen about95,008 angstroms (A) to 20 m cronet er s §( BrhiQY a2(dk
any excess is renoved by conventional techniques, such as _

cheni cal - mechani cal  polishing (CW). Al um num can also be used in place of
copper.. In econd_embodi nent shown in Figs. 3a-3f, damascene structure
(345) RSt bi e OHEEHB?,'FF%(F%Y( 3@33?%%?th][ Sptt%ﬁ%?ﬁﬁ?[ h(e 3ﬁ8|)'e
Passi vation. |l ayer (315)_j or ne over e firs

o O a5 g8y

and | e patt it anadSene! sthacfire taraiastimsh v t hipethe

i 335), e first and second dielectric layers, (320)
2215750738 B! S3B) o1 Sl it Se e by v ot ol
etch-staop,,)layer (325). As in the first enbodinment, layers (320) and (330)
are o?%ﬁﬁ%%ﬁ%ﬁ%ﬁnr? cEFECARt and FoFE-$&mP t hirkRnessé2ds bekode.

Et ch- %%%.Ia er (3@5 -an gassivation | ayers §§15) and cap layer (335)
are a?%o the S %ﬁ??% he~ti pef &ﬂﬁxﬁ#ﬂﬁﬁ-(s &bvgﬁﬁ?ﬁ@?ﬁOtPEEfg;nlng
of amprphous, silicon l.ayer 50). shown in Fig. 3c an e or m ng
Sili g%r?ﬂ‘%pééerls“ (tgfo)é’s%&\ﬁ%?%;ﬁntsd a{%o"f%"?%he ?fii?tzﬁ?t;l@@frgsgf, (310) as
passi ion laver (31 is etched to_ _expose the fir
shomn%ﬁi %ﬁ%fﬁgéﬁs 51§;con iayer (350) shown in Fig. 3c and the
forming of silicon spacers (350) shown in Fig. 3d as in the
first embodiment, passivation layer (315} is etched to
expose the first metal layer (3190) as shown iﬁ Fig. 3e,
before the forming of the metal nitride layer, unlike in the
first embodiment. The etching is accomplished using plasma-
assisted etching, wherein the etching chemistry includes one
or more of the following:_ fluorocarbons, hydrocarbons,

fluorine-substituted hydrocarbons, fluorine, nitrogen, argon

and carbon monoxide.

Then, metal nitride barrier layer (360) is formed
fover silicon spacers ({350) as shown in Fig. 3f. Metal
nitride reacts with-amorphous silicon to form the ternary
metal silicon nitride as in the first embodiment, which has
excellent copper diffusion barrier preperty and adhesion
toward copper. Finally, copper is deposited wusing vapor

deposition and electroplating into the composite structure
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before the forming of the netal nitride |ayer, unlike in the first
enbodi nent. The e?ching i s acconplished using pl asna- aSS|steq gtﬁ@wqmﬂg
wherein the etching chem stry includes one or nore of the follow ng:
fluorocarbons, hydrocarbons, fluorine-substituted hydrocarbons, fluorine,
ﬁitrggpn, argon _.a d carbon nonoxide. Then, netal nitride barrier |ayer

(360) 51§ FSrmed TS Verr BTN falid 5o 350y e akoshbue PR Fhg. dsal Met al .

ity i t h _anor phou ilicon to formthe ternary netal silicon
2::%%%%%%?&%:%4%?%??%ﬁe'$ﬁ%§ﬂﬁ%%t9r%ﬁﬁ%% hagenekert | ent copper dif fusion
barrier property and adhesion toward copper. Finally, copper is deposited
usi ng vapor deposition and electroplating into the conposite structure 26
1 0 NOV 2004 and excess nmetal renoved to conplete the formng of the dua
damascene i nterconnect of the present invention. In the third enbodi nent

shown in 1§ dazdf 4th | silic nitri,de ace is forned
by etchiggigz?fértﬁ%ﬁ?ngg??ég%ﬂgégne & éﬂ%rpﬁéﬁ% Si*F & F&?er and the

itrd ot ) ts der . t ching. the  passivation/barrier
P;yéfg§¥h?%gﬁﬁgﬁ?oﬁﬁgflﬁﬁée%%%ggg%ngiﬂggﬁhc Ur 6OFAES ¢ ﬁﬁﬁhﬁp9lng copper

| ayertecBUsay €RFRE99RE  FOFHEE ViR HiRrdifol &7 189 1 20 SUPSSL 21§, (400) having
the nitride layer, in that Qrder,: and then Vetching the
passivation/barrier' layer at the Bottom. of the damascene
structure into the underlying copper layer; Thus, damascene’
structure (445) is formed on substrate (400) haviﬁg first
copper metal layer (410). Passivation layer (415) is formed,
over the first metal layer and the hole and line patterns of
the damascene structure are formed within the optional cap
layer (435), the first and second dielectric layers, (420)
and (430}, réspectively, separated by interﬁéning optional
e£ch-stop layer (425). As in the previous embodiments,
layers (420) and (430) are of low dielectric constant and
-have same thicknesses as before. Etch-stop layer (425),
passivation layer (415) and cap layer (435) are also thé
same as in the first embodiment. Howeﬁer, after the forming
of amorphous silicon layer (450} shown in Fig. 4c, and
unlike in the previous embodiments,.the ternary metal spacer
is not formed until after the next layer, namely metal

nitride layer (460) is first formed as shown in Fig. 4d.
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3 . - - - ’ f - t
copper netal |ayer (410). Passivation layer (415) is forned over .t
ne?gl | ayer andythe hole and line patterns of the damascene stﬂugtgﬁg 3@3
formed within the optional cap |ayer (435), the first and second _

dielectric layers, (420) and (430), respectively, separated by intervening

pt i b- I r (42 in the previous enbodiments, layers
?ng?nghﬁn?Z§6?§§SB4§$¥F5W#ﬁié%%ﬁfr?ﬁec6ﬁ§géﬁtaﬁndﬂnﬂﬁzi;?agﬁgtEﬁékrgizfs
(335 0 o Tora b "R L TR oo PP o e it so AR e p Rl | e

' i ous silicon layer (450) shown in Fig. 4c, and wunlike in
Iﬁ;nkpg%?gégggﬁ%ggi%%n?%%r% B Y%¥ﬁa? OHE%SPSSBéééFOHPS Ade fdahddiaunt i |

el t al itride |ayer (460) is first forned as
gLL\% %%ee?g&lzéi’é%%? h%n%%ﬁ%%ﬁa'g%ﬁrélﬁt%y@r@h(%) WRETre4B0)har e et ched

h I i o formthe ternary metal silicon nitride spacers
?ﬁrzugﬁec¢ﬂ%grgggéﬁaﬁ$ﬁﬁ h??if%%smf¥ﬁaaﬁﬁrdﬁﬁﬁ% gf| itdyh. TPRdostiging i s

i i I.asma- assj st ed.etching, wherein the etching chem stry
ol udss onecBrb B8 bl o BSRAGHRI” 1 Lor oG bhBoAES A AAGIA DO,

fluori | ed draqcarbons, fluorine, boron trichloride , hydrogen,
'nitr092§§§§§§%%é§%ﬂ c§ﬁ§8ﬁlﬁ§noxﬂﬂ%¥o?hetﬁ&dﬁ%ﬁﬁ&ﬁeof t hehydrogen,

nitrogen, argon aﬁd carbon monoxide. The formation of the
ternary mefal éiiicon nitride, upon feaction of the metal
nitride and émorphous silicon as described in the first
embodiment, can be achieved'jjl two ways. First approach
follows after the deposition of both. metal nitfide and
amorphous silicon (Fig. 4d) and the second approach is taken‘

after the etching of the metal birdie-amorphous silicon

‘spacers (Fig. 4e).

Finally, copper is deposited using vapor deposition
and electroplating into the composite structure and excess

metal removed to complete the forming of the dual damascene

interconnect of the present invention.

Though these numerous details of the disclosed

embodiments are set forth here, such as process parameters,
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. . - - - ' - - - de and
ternary netal silicon nitride, upon reaction of the metal nitri _ _
ahnrphgus silicon as described in the first enbodiment, can @q]qﬁﬂfqmﬁp in
two ways. First approach -follows after the deposition of both netal ,
nitride and anorphous silicon (Fig. 4d) and the second approach is taken

\ h t chi ng e |l _birdie-a phous silicon spacers (Fig. 4e).
ET ESH ; eggpgg(}r&?ls&%e%gsiﬁé ﬂssf?%%‘g%/% og%{jeb]aﬁi HGT e Hnd 1BV EREF-6pk at Fthg

i.nto th 0§t IUGE ung and, exce tal renpved to conplete the
;grﬁinggogggﬁe%§u§F§3§ﬁ%gcéﬁ% |ﬁ§érc€%n ?SSfS%ﬁggﬁﬁe§€hﬁﬂq“ﬂﬁﬁl¥ﬂﬁt

Though th u .de discl osed enbodiments are set fort
here? sucﬁﬁggep?%%ggglgéﬁgﬁ%%ggifhg%% 3°% ﬁﬁweggggy B A i the

i ts sent i ntigon, it wll be obvious, however, to
Phose sk T edors Cry reRfl | M oEhOlsakle | B, airc Wbbh Ret HE Gb¥ oyed

: . . . : : dent

to practi he resgd i.on t 4he sa time, it |1 be, evi

tha? t he ggﬁ% h%?ﬁods nayh%§%§$§Id§%§ IﬁaffﬂggﬁérﬁfiépfhE%E§§Z§2§E?E§ZLh?E
re too Ci; u , r xanpl e . :

?he forn?%gﬁg%gﬁotég%%€yq§ﬁgf gf%hu ?P- a%%gcgg §Fﬁ%%tu?€§? bﬁ?ftqﬁ%¥ngle

danascenee§5ﬁﬂqur%%5¥%ﬂ%§lthgu%%%gwggﬁéoégg_ %athe forming of not

~only dual or multi—damascene structures, but to single

damascene strucfures as well. Furthermore, the dual
Vdamascene structure which is'ﬁonstrudted here with the Vvié—
lfirst” approach can also be constructed using the “trench-
first” approach, or other known apprcaches as it will be

understood by those skilled in the art.

While the invention has been particularly shown and
described with réference te the preferred embodiments
thereof( it will be understood by those ékilled in the art
that wvarious changes in form and details may be made without

departing from the spirit and scope of the invention. -

What is claimed is:
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damascene structure which is constructed here with the "via- first"

approach can al so be constructed using the "trench- first" approacfn @ﬁ‘ 28
ot her known approaches as it will be wunderstood by those skilled |ﬁ g 04
art. Wiile the invention has been particularly shown and described with
refergnc to ;:Eedpre erred . enbodinents thereof, it will be understood by

t hose “ski‘t | BETIRY Het afPT™iRS FarSBROLHehgéd lilkonormtadd détaibs my be

-made Wit t eparting fromthe spirit and scope of the invention. Wat is
cl ai n\ggﬂ}%@%&i %rﬂ&}g‘éo%ﬂmi?lﬁﬂrr@?ha‘&t@rl fofiATges conpadstepper

si ki cop; itride barrier to prevent formation of netal fluorides in a
coppe%ngéd%n%és]cesnteruscﬁutﬁ?'Lﬁ%“ N%itRe t HeCRE et  of : providing a
substrate having a passivation layer formed over 6 a first netal |ayer
formed on said substrate; formng a damascene structure with substantially

verti 9.4 nsi de Ils .and a substantially flat_.bottomwall over said
passi %Olvolnc_lﬁrgiear St"\#gﬁ'téﬁ%tesg?ad"_%sﬁ RARS LBt i d%eh FayerdoPVawor phous
and sajd bottomwall of said danmascene

- silic v, sai.d J-nside | 1s
st rﬁuc%r%‘%lts St nrh'sga%eali \é?%’?%‘?cbh%rbss?rqli I FEFER/ t o form silicon spacers

on said inside walls, while at the sane tine renoving said -

forming a damascene structure with substantially vertical
9 inside walls and a substantially flat bottom wall over said

passivation layer therein said substrate;

12 forming a layer of amorphous silicon over said inside walls

and said bottom wall of said damascene structure;

s etching said amorphous silicon layer to form silicon spacers
on said inside walls, while at the same time removing said

amorphous silicon layer from said bottom wall of said

18 damascene structure:;

forming metal nitride layer over said silicon spacers and

21 over said bottom of said damascene structure;

etching said bottom of said damascene structure to expose

24 said first metal layer;
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anor phous silicon layer fromsaid bottomwall of said 1s damascene
structure; formng netal nitride |ayer over said silicon spacers]anggg%@Bh
over said bottom of said danmascene structure; etching said bottom of
damascene structure to expose 24 said first netal layer; 30 I O NOV 2004
deposi 419 .second netal over said first netal |ayer exposed 27 in said
damasCERe struct ute; O Hhd T efbv PR exGess Tietsdl merdonprece ehpobedni ng of
LQ@ %91%9%%§C ne of theTPresent invention. 2. The nethod of claiml1,
wHér ei'nt’ 41 scf?d%alsr%letrbe iT G5 2% The method of claim 1, wherein said
first metal layer includes one or nore froma group containing copper, 3
‘alum num alum num 'alloy, tungsten, titanium titanium nitride, tantalum
t ant al jtride,_ 4. The thod of claiml1, wherein said passivation |ayer
i ncl ud:leil‘{s}a(%}nler1 r HOre T r OHi e gr otp cOMRARFRG BRPi cHATMBNE| ¢ PEdethsi | i con
o>%ni tcfén%esc Sili Cé) carbide and boron. nitride. 5. The nethod of claim1,
wher ei i1 Sai o tantscete BT IRt urd Vedh?*ses a conposite line and hol e

pattern with said inside 3 walls and said bottom wal |

2. The method of claim 1, wherein said substrate is silicon.

3. The method of claim 1, wherein said first metal layer
includes one or more from a group containing copper,
3 aluminum, aluminum ‘alloy, tungsten, titanium, titanium

nitride, tantalum, tantalum nitride.

4. The method of claim 1, wherein said passivation layer
includes one or more from a group containing silicon

3 nitride, silicon  oxynitride, silicon carbide and boron

nitride.

5. The method of claim 1, wherein said damascene structure

qomprises a composite line and hole pattern with said inside

3 walls and said bottom wall.

6. The method of claim 1, wherein said amorphous silicon

layer is formed by vapor deposition.
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. . . - s formed
6. The nethod of claim1, wherein said anorphous silicon layer is

by vapor deposition. 3 31 | 0 NOV 2004 7. The nethod of clai mi1) NoWwrlh
sai d anorphous silicon layer has a thickness between about 50 to.5,000 A
3 8. The nmethod of claim1, wherein said etching said anorphous silicon

“ id,silicon_spacers js_ 3 accopplished using pl asma-assi st ed
gfze;f%ﬁfﬁgg- gﬁggﬁ fﬁ% g?%ﬁﬁné”ch@h?§?ﬁ? i TR UdESCERECHS ndi-&1EPBmM a gr oup

cont aijnj f r han rocarbons, fluorine-substituted 6
hydr ocl;éry%nsk%a%?laagﬁlne, sec%%%b%tﬁqe%erboar% Yy r#@h?%r?d%?o fydrogen, nitrogen,
argon, carbon nonoxide. 9. The nethod of claim1, wherein said formng said

-metal nitride |ayer is acconplished by vapor deposition. 3 10. The nethod

' whelgiLy sald netal nitride | ayer has a thickness between about
gg ELQE?E%EEA. 3 é@ T%g n%%%%ﬂ o?’clﬁh%ﬁélquﬁ%ﬁql§%?ﬂh%¥%hlﬁ@l§ald

‘ I e structure is,acconplished using 3
Pl asag B Sy LR Te Gherdl n PHE cEeHing CHERS Apacers is

3 accomplished using plasma-assisted dry etching wherein the
etching chemistry includes one or more from a gzroup
containing fluorocarbons, hydrocarbons, fluorine-substituted

6 hydrocarbons, fluorine, chlerine, boron trichloride,

hydrogen, nitrogen, argon, carbon monoxide.

9. The method of claim 1, wherein said forming said metal

nitride layer is accomplished by vapor deposition.

10. The method of claim 1, wherein said metal nitride layer

has a thickness between about 50 to 5,000 A.

11. The method of claim 1, wherein said etching said bottom
wall of said damascene structure is accomplished wusing
3 ﬁlasma—assisted dry etching wherein the etching chemistry
includes one or more from a group containing fluorocarbens,
hydrocarbons, fluorine-substituted hydrocarbons, fluorine,
¢ chlorine, boron trichloride, hydrogen, nitrogen, argon,

carbon monoxide.
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i ncludes one or nore froma group containing fluorocarbons, hydrocarbons,
fluorine-substituted hydrocarbons, fluorine, 6 chlorine, boronj RK§9V 2004
trichloride, hydrogen, nitrogen, argon, carbon nonoxide. 32 1 0 2004
12. The method of claim1l, wherein said second netal |ayer conprises

copper. 3. h formi ng a copposite silicon-netal nitride
baffler tgj%?gﬁgégaoggagﬁgﬁmbﬁléﬁgﬁr?% oPPdls S5 dMperl Ba2wakmscene

struc he steps of: providing a substrate having a
pa55|3g%?gﬁ' ayer f%ed over 6 a first netal |ayer forned on said
sugstrate; formng a damascene structure with substantially vertical
inside walls and a substantially flat bottomwall over said 9 passivation

| ayer qt-hergi S fornln a_Layer .of. anorphous silicon over
saYd Hﬁgl e ﬁbg %gbaﬁégﬁo??on}m%? g 'flgdﬁﬁgﬁ' 1;%%rG&FGz€e etghlng
sai d [ orm n spacer 5 on said inside
ma:Is ng2?§ﬂ%%g%%#é rmaﬁeﬂSV| QQ%ﬁ é%ﬁﬂ?ﬂé%% 57| #c6RPPS&Yer from
 said hoptamyunl ALY IN dcao@ggfyfngtéﬁgtgég s ofd

.providing a substrate having a passivation layer formed over
6 a first metal layer formed on said substrate;

forming a damascene structure with substantially vertical’

iﬁside walls and a substantialiy flat bottbm wall over said

9 passivation layer therein said substrate;

forming a layer of amorphous silicon over said inside walls

12  and bottom wall of said damascene structure;

etching said amorphous silicon layer to form silicon spacers
15 on said inside walls, while at the same time removing said
amorphous silicon layer from said bottom wall of said
.damascene structure; | ‘ )
A18
etching said bottom of said damascene structure to expose
said first metal layer;

21
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-etching sai d bottom of said damascene structure to expose said first netal
layer; 21 33 i 0 NOV 2004 forming nmetal nitride |ayer over saildUsNQVcaidh
spacers and over said bottom of said damascene structure; 24 depositing
second nmetal over said first metal |ayer exposed in said danascene

struct .and_2 enmovi ng. excess netal to conplete the form ng of the
danascfleééﬁlo?gtﬁ‘gzﬁrieéjelrﬁrliqﬁ/ei?YSH. FF 1452 e SHdtlsed ofpatairm 83d wherein

~said s rate,i silicon. 3.15. The nethod of claim 13, wherein said
first né%éf§%5§é$0t?%ﬁl%ﬁe%a%ﬂegﬁmaﬁﬁ?%ef?BH?ﬁtgFéap cont ai ni ng copper, 3

aL%ninunl alum num al l oy, tungsten, titanium titanium nitride, tantal um

and tantalumnitride. 16. The nethod of claim 13, wherein said passivation

| ayer i des one or .nore froma group containing silicon 3 nitride,
i1 TSR T GRS dha | Bohad aPtide S Hortrt el layer exposed

in said damascene structure: and

27
removing excess metal to complete the forming of the
damascene of the present invention.

30

14. The method of claim 13, wherein said substrate jis

silicon.

15. The method of claim 13, wherein said first metal layer
includes one or more from a group containing copper,
3 aluminum, aluminum alloy, tungsten, titanium, titanium

nitride, tantalum and tantalum nitride.

16. The method of claim 13, wherein said passivation layer
includes one or more from a group containing silicon

3 - nitride, silicon oxynitride, silicon carbide -and boron

nitride.

17. The method of claim 13, wherein said damascene structure

comprises a composite line pattern and hole pattern with

3 said inside walls and said bottom wall.
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nitride. 17. The nmethod of claim 13, wherein said danascene structure
conprises a conposite line pattern and hole pattern with 3 said |‘§_r&|[\¢[pj 2004
wal | s" and said bottomwall. 34 1 0 NOV 2004 18. The nethod of claim13,
wherein said anmorphous silicon layer is forned by vapor deposition. 3 19.
The method of claim 13, wherein said anorphous silicon Iayer has a
t hi ckness bet ween about 50 to 5,000 A ? 20. rhe ne:ho? of clghngsﬁicon

rebn said etching said _anorphous silicon |ayer to form saic¢ -
Eggceég'i?he3@§% | PShEY2HY Ha rEtGRIUsPRGCpRESFR QST stieliary et ching
wher ein the.et%hi§% cggnistry i ncludes one or nore froma group containing

Gc

f1 uor 0€drbons, iy PhdRECH | $é-+ B! -subst i t ut ed hydrocar bons,

~flyorine, chlorine, boron trichloride, hydrogen, nitrogen, argon, carbon
nonoxi de. 21. The nethod of claim 13, wherein said etchlnglsagdlbott0ﬁ1
wal | . sald damascene_structure to expose said first neta layer is
' accon%tr’rs b& ﬁﬁ%%l%@nﬁ;%@i difed Hr§retehFagdwharaphase st thiom

' ' ne or nore froma group containing fluorocarbons,
Fyar odarBandast Fubieness betuaen about 50 o3, 000 A,

3
20. The method of claim 13, wherein said etching said
amofphous silicon layer to form said silicon spacers is
3 accomplished with a recipe using plasmd—assisted dry etching -
wherein the etching chemistry includes one or more from a
group containing fluorocarbons, hydrocarbons, fluorine-
6 substituted hydrocarbons, fluorine, chlorine, boron

trichloride, hydrogen, nitrogen, argdn, carbon monoxide.

21. The method of claim 13, wherein said etching said bottom
wall.of said damascene structure to expose said first metal
3 layer 1is accomplished using plasmé—assisted dry etching
wherein the etching chemistry includes one or more from a
group containing fluorocarbons, hydrocarbons, flucorine-

6 substituted hydrocarbons, fluorine, nitrogen, argon, carbon

monoxide.

22, The method of claim 13, wherein said forming said metal

nitride layer is accomplished by vapor deposition.
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ituted hydrocarbons, fluorine, nitrogen, argon, carbon nonoxide.
22§u$ﬁg Lethod gf claim 13, wherein said formng said netal n'tiéfﬁ%ﬁﬂ er
is acconplished by vapor deposition. 35 1 0 NOV 2004 3 23. The
claim13, wherein said netal nitride layer has a thickness between about
' 50st0 5,000 A 3 24. The method of claim 13, wherein said second netal I
" layer conpr.ises copper. 3 25. A nethod of formng a conposite silicon-neta

itri i e . formation of metal fluqrides in a copper 3
dammsoane: ot heried BEneedim 357 huhdlede GRIdmsliAd g o tetbateio. havi ng a

passi kgl gnihaxehoLar REG.QURT 18,8 iy st wetgly Laver formed on said

; ially vertical 9
substrate; formng a damascene stru dbst anti a . ( .
inside walls and a substantially flat bottomwall over said passivation
| ayer therein said substrate; 12 form ng a |ayer of anorphous silicon over

id LRsi i ; form ng
sai d Si a batt.omwal | of said danmascene structure; 1s
netalkgftgﬁﬁgﬂkgégg g%éfﬁggﬁﬁ:Qﬁbr%%%ﬁ§l?a§39? second metal layer

comprises copper.
25.A method of forming a composite silicon-metal nitride
barrier to prévent formation of metal fluorides in a copper

3 damascene structure comprising the steps of:

providing a substrate having a passivation layer formed over

6 a first metal laver formed on said substrate;
- forming a damascene structure with ‘substantially vertical
9 inside walls and a substantially flat bottom wall over said

passivation layer therein said substrate;

12 forming a layer of amorphous silicon over said inside walls

and bottom wall of said damascene structure; -

15 forming metal nitride layer over said ambrphous layer;

etching said nitride layer and amorphous silicon layer to

18 form ternary metal silicon nitride spacers on said inside
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etching said nitride | ayer and anorphous silicon layer to 18 {orn1ternary
metal silicon nitride spacers on said inside 36 1 0 NOv 2004 1\aiNQY, 264 | e
at the same tine renoving said nitride |ayer and anorphous silicon | ayer
fromsaid bottomwall of said 21 damascene structure; etching said bottom

of saj nma stru re to expose 24 said first netal |ayer;
depog?%%gg’sggggg ﬁ% a?ggvgﬁ%ﬁﬂ TFr SETRSEEC 1586t R%kpBied Fre9th said

- d ( : d i tC lete the f i Of

e A B B, e D SATa ot e A T b o6t 51 m 25,

m@pre?gmgghgn§u$§%53£grg§ silicon. 3 27. The nethod of claim?25, wherein
net a

sald firs ayer~“fncludes one or nore froma group containing
copper, 3 alum num alumnumalloy, tungsten, titanium titanium nitride,
tantalumand tantalumnitride. 28. The nmethod of claim 25, wherein said

re froma group containing silicon 3

al um and umm ¢
nririaehElle; B SRFEIRGRr e TR oRBERFERAE S trare Bt gbse

24  said first metal layer;

dgpositing second metal over said first metal layer exposed

27 in said damascene structure; and

removing excess metal to complete the forming of the

30 damascene of the present invention.

26. The method of claim 25, wherein said substrate is

silicon.

27. The method of claim 25, wherein said first metal layer
includes one or more from a group containing copper,
3 aluminum, aluminum alloy, tungsten, titanium, titanium

~nitride, tantalum and tantalum nitride. B

28. The method of claim 25, wherein said passivatien layer
includes one or more from a group containing silicon

3 nitride, silicon oxynitride, silicon carbide and boron

nitride.
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37 NOV 2004 29. The nethod of claim 25, wherein said damascenel &t NGyt pgR 6
conprises a conposite |line pattern and hole pattern with said inside walls
and said bottomwall. 30. The nethod of claim25, wherein said anorphous

silicon layer is formed by vapor deposition. 3 31. The nethod of claim 25,

wh ; i o] LLi.con. | ayer has a_thicknesg_betmeen about 50 to
B G00EA: “SBY RERRBARUE BabiRoD s el o e Py S St

igri i ks r. deposition.. 3 33, The nmethod of claim
e WherbRLeLsl B REEA S B e BRI R0 BRites sOBb1 ReBn gt 50 to

5, 000:A: 43534 4Th h of . _claim 25, wherein said etching said nitride
Iayersg\ﬁ %géédgngﬁgﬁ%ugggi Fiaégﬁlblo & tw(?il‘lorm said 3 ternary netal
silicon nitride spacers is.acconplished with a recipe using plasna-assisted

dry etching wherein the etchigg cheantry LnC|Ud$f gpﬁngrszggfiIL?gha

rou ontalni fl uorocar S, rocarbons, flu - supsi
gydrgggfb%ﬁg, 55&%ﬁ%€ %g?HPi%g/lﬁﬁ%ﬁ?%qlEﬁ%%r?ﬂ@?phﬁ%$%ﬁﬁ%ﬁCQﬁtrogen,
argonlagggbgg %gggéhd%y vapor deposition.

3

31. The method of claim 25, wherein said amorphous silicon

layer has a thickness beﬁween about 50 to 5,000 A.

32.The method of claim 25, wherein said forming said metal

nitride layer is accomplished by vapor deposition.

33.The method of claim 25, wherein said metal nitride layer

'y

has a thickness between about 50 to 5,000 A.

- 34. The method of claim 25, wherein said etching said
nitride layer and said amorphous silicon layer to form said
3 termary metal silicon nitride spacers is accomplished with a

recipe using plasma-assisted dry etching wherein the etching

chemistry includes one or more from a group containing
6 fluorocarbons, hydrocarbons, fluorine-substituted
hydrocarbons, fluorine, chlorine, boron trichloride,

hydrogen, nitrogen, argon, carbon monoxide. .
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38 1 0 NOV 2004 35. The nethod of claim25, wherein said etching said
bottomwal|l of said danascene structure to expose said first ﬂqy g ﬂ]éiyer
i s acconplished using plasma-assisted dry etching wherein th t'e 8
chem stry includes one or nore froma group containing fluorocarbons,
Rydr oggr bons, fluorine 6 substituted hydrocarbons, fluorine, nitrogen,
ar gon>>carB8nmeHR6x Pde S1aige 2Phe whetttod: ofaicd aitmiihg wheteilbosesd second
met al Iaxer conpri ses copper. 39 7 ' :

wall of said damascene structure to expose said first metal

.3 layer 1is accomplished wusing plasma-assisted dry etching

wherein the etching chemistry includes one or more from a
group containing fluorocarbons, hydrocarbons, fluorine-
~substituted hydrocarbons, fluorine, nitrogen, argon, carbon

monoxide.

36.The method of - claim 25, wherein said second metal layer -

comprises copper.

T
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