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BACKGROUND OF THE I NVENTION (1) Field of the Invention The invention
relates to the fabrication of integrated circuit devices, and nore
particularly, to a nethod for providing a protective |ayer over the surface
-of a created copper interconnect. (2) Description of the Prior Art An

i nportant aspect in the creation of sem conductor devices is the

i nterconnect metal that is provided between el enents of sem conduct or

devi ces or befpeey SR ABNAE! ancavheesn bat eocopmectriplaty typi cal |y

conprises netal conductive li1nes and vias that provide the interconnection
.of integrated circuits in sem conductor devices and/or the interconnections
in amnultilayer substrate over the surface of which sen conductor devices
are nounted. Frequently,

BAEK&L#?@&%ﬁS%%EfQQV%E@Igﬁeation of conductive
i nterconnects are the single danmascené an € dual damascene processes. In

fabricating Very and Utra Large Scale Integration (VLSI and ULSI) circuits
wi th the dual damascene process, a |layer of insulating or dielectric
material, conprising for instance silicon oxide, is patterned with several

t housand ‘épenfh§sd Theske 11nVPefi™hgs formthe pattern for the conductive
lines and vias, which are filled at the sane tinme with netal, such as
typically al uRPRuMBERtHIR ¢ A& I8P dOFpérPTiRat pat 8F Nt BTttt i ve
lines and vias serves to interconnect active and passive el enents of an

i nt egr at edrebicufeviTae, derd REMSEEHd Précdss &Psd FethR@dfor providing

a protective layer over the surface of a created copper

interconnect.

"{2) Description of the Prior Art
An important aspect in the creation of semiconductor devices -

is the interconnect metal that is provided between elements of
semiconductor devices or between semiconductor devices.
Interconnect metal typically comprises metal conductive lines and
vias that provide the interconnectioﬁ of integrated circuits in
semiconductor devices and/or the interconnections in a multilayer
substrate over the surface of which semiconductor devices are
mounted. Freéuently used processes for the creation;of conductive
interconnects ére the single damascene and the dual damascene
processes. In fabricatingIVery and Ultra Large Scale Intégration
(VLSI and ULSI) circuits with the dual damascene process, a layer

- of insulating or dielectric matérial, comprising for instance

silicon oxide, is patterned with several thousand openings. These




to formnultilevel conductive lines of netal, such as copper, in |layers of
insulating material, such as polyimde, using therewith nmulti-I|ayer
substrates over the surface of which sem conductor devices are nounted.
Singl e danascene is an interconnection fabrication process in which grooves
~are formed in an insulating layer and filled with nmetal to formthe
conductive. lines. Dual damascene is a nmulti-Ilevel interconnection process
in which, in addition to form ng the grooves of the single damascene

process, gonducid v Wi a,aPERLPgs, aksP e JMdRY 1 vLn 1t ResSEandas ds dual
damascene ‘process, the insulating layer is coated with a |ayer of

Phot or esl e LA eyl 8y ety of s 0! LRSSl Sidihst <fEREd-Lr ol @
first mask with an inagée pattern of the via openings, the via ermis
ani sot r opj cal |y, etehed 1n he upper_half, ofythe insulating Layer, The
photoresié& HoW'1 S second exposed t A7 g%'a SedSna Srask wr PR Eh i mage
pattern q{.conductive | i nes af er.t@e second expasure ggs been alnged wth
the first*8Goddie 'part SFAVPR of e 0" TS e SPFaPBpanT figs  STH D
ani sotropically, etchin% t he openings for the conductive lines_in the upper
hal f of tHe dhsdIt&EFAY ﬁaFéFFEFF-tﬁ%ev‘?‘éaJop%ﬂarﬁsentethoﬁ%é BL&vi b%sﬁ/g‘geen
“created in the upper half of the insulating |ayer are sinultaneously etched
and repl icatedmn Wu@ﬁélﬁBﬁérCﬁaﬂFCB%V%r&#W@ﬁHHQHWQlewaﬁQFPaP? APPEFT t hel
etching of the conductive lines and the vias is conplete, both the vias and
| ine opentdifrsarcd finspd@tinohmpeenl a2l Thtduads diwdeane  preédegstheremith
i nprovenent: over the single damascene process because the dual damascene
process periiitdaves fspblsimgtef boeh the wonthmt iofe wpichyesmandndiiasonit h
metal at the same tinme, thereby elimnating processing steps. Al though the
st andar d dnescereepmocessdof fers a nunber of advantages over ot her
processes for formng interconnections, it has a nunber of disadvantages.
For instance, the dual damascene process requires tw masking steps to form
the pattern, a first nmask for the vias and a second nask for the conductive
| ines. Furthersidge edgescehet he ¥hai@pertddseddl drh €& @Rt thahf pebcthe
insulating |layer, after the second etching, tend to be poorly defined
because ofn tihg divyrRickRRisndse kBraAddi 1408 Sidcedldgnigat ahdt ke1jug masks
i's _ .
with metal to form the conductive lines. Dual damascene is a

multi-level interconnectién process in which; in addition to
_forming the grooves of the single damascene process, conductive
via openings also are formed. In the standard dual damascene
preocess, the inéulating layer is coafed with a layer of
photoresist. The coated layer of photoresist is first exposed
through a first mask with an image pattern of the via openings,
the via pattern is énisotrobically etched in the upper half of
the insulating iayer;.The photoresist now is second exposed
through a second mask'with an.image ?attern of conductive lines
affer the second exposure has been aligned with fhe first

exposure pattern in order to encompass the via openings. In



~critical in-order for the pattern of the conductive lines to be aligned
wth the pattern of the vias, a relatively large tolerance is provided
resulting in via openings that do not extend over the full wi dth of the
conductive line. 3 Copper is gaining increased use as an interconnect
metal due to its low cost and low resistivity. Copper however has a
relatively large diffusion coefficient into a surrounding dielectric

mat eri al such as silicon dioxide and silicon. Copper, which is used as an

i nt erconngect diu herefore readily djffuses into the silicon,dioxjde
layer cau%?%ﬁéga? K F&h&b@??gng ﬁgﬁo SRENH ?Ru$¥§h&°H€8F§é¥anlPﬁ% in
dielectric strength of the silicon_dioxide |ayer. Copper interconnects are
therefore€Q?dﬁﬁﬁﬂiﬁm§ﬁbg sGﬁStéHsB§aE}ngéﬁﬁﬁa ditfrudiién oBsPLReEF ot
prevent diffusion into the surrounding silicon dioxide |ayer. Copper is

al so wel [PKFORT &0 BE WePfeBeRsFREoe 10 %Hﬁf%ﬁﬂ?ﬁaﬁﬁi?ﬂpé,t@?pﬂééPE?tlng
resulting in oxidation of the exposed copper surface. The invention

addr essesl &t étlits sdfud-aaerugleoppeied med corindcasegndn wbeelspeti hatal |y,
the negative inpact that is experienced by an exposed surface of created
copper i meridohnestud atiggera8ersas. BAf {¢iSU)hs mehiad iofft tbkf cpnduessvéor a
“barrier layer in a dual damascene process. US 5, 689, 140 (Shoda) shows a
~lift of f brocesnd dheaviasr ier chagbeten otduathadanmscene piaeespeniings US
6,202,191 (Filippi et al.) shows a lift off process for an inductor. US

6, 281, 127a4 fiSHuee) vdltbwsmeaadel f passivati on process for a dual danmascene

i nterconnect. US 6,274,499 (Cupta et al.) shows a cap over an interconnect.
US 6, 258,713 Bl (Yu et al.) discloses a dual danmascene with a cap. SUMVARY
OF THE I NVENTI ON A principle objective of the invention is to provide a

met hod of creatHd@uGAPRRMaksBEBECORDEEL s MBS adn Whgielderihe ekedt e single
interconnect netal is not affected by chemcals or other elenents that are

present igudhe-Syigroaert peAnatbernobjest | vannfcdhe Javenti g f$tLorhe
provi de a protective cap of sem conductor nmaterial over the surface of a

creat ed CPPlpPirnag} S AULIN %B%ctgg% Poa&%ora%%ﬂ_a‘@' mgkggsgggegmfﬁé of

t he invention new nmet hod i s provi or the creation 0

| ey Corneste e AR GORPRL AL ST LSS, |8 fleatsd; A Rrofective
standard damascene process offers a number of advantages over
other processes for forming interconnections, it has a number of
disadvantages. For instance, the dual damascene process reguires
two masking steps to form the pattern, a first mask for the vias
and a second mask for the conductive lines. Further, the edges of
the via openings in the lower half of the ihsulating layer, after
the second etching, tend to be poorly aefined because of the two
etchings. In addition, since_alignmént of the two masks 1is
critical in order for the pattern of the conductive lines to be
aligned with the pattern of the vias, a relativély large

tolerance is provided resulting in via openings that do not

extend over the full width of the conductive line.




sem conductor material is deposited over the surface of the created copper
i nterconnects. The protective |ayer is patterned and etched, exposing the
surface of the pattern of copper interconnects. The exposed copper surface:
is Ar sputtered after which a first barrier layer is deposited. The
patterned and etched | ayer of protective material is renoved, |eaving in
pl ace overlying the pattern of copper interconnects a protective |ayer of
first barrier material. A dielectric barrier layer, in the formof a |ayer
of etch stop qgteriaL, i s.deposiited after which additional |ayers oi
di el ectric i nterdpedr s€d MiTA"PayBFEe3F St ¥H st et e & RPE L aBpbaT t 84
Via and trench patterns are etched aligned wth a copper pattern to which
an el ect ri¢attottadtests apg 68we§?§BFFgY’1}eﬁY° tHRPRGp P SYEEL 8RF Bei ng
protected by the first |ayer of barrier material. A second barrier layer is
~ deposi t ed*etHe A difdotr RéAUpaPrefAcfEicisted Wi I SoppoLdingr which
excess copper is renoved by polishing the surface of the deposited |ayer of
copper. Gdlekﬁ@?§1QXE§§%rPFﬁCNu€F FRES DRAVPINGS i igle |ands sg lécess Seppedn of
the surface of a sem conductor substrate over the surface of which copper
poi nt s- of Wweldetid crecdc st aot ihavecherachpriondidon itherdimyer rebddilgl ectric.
Fig. 2 is a cross section after a layer of sem conductor material has been
deposi t eddbBrsdshe rdur fthee saflithe Hayeideoflayet erduding Ehg d3edhowsit heo

-~ formation of a photoresist mask. Fig. 4 show the result of etching the

| ayer of semmconchircharkivet andabetneastog dame ed vé Idvtitie phekageai s oRAsk,
t he phot oresi st mask has been renpbved. Fig. S shows a cross section during
the process: Mforal@kispUlibger . FCEppbr Shovsr Coiass sed iteR rakbes deposition

of a layer of barrier material. Fig. 7 shows a cross section after lift-off
of the patyerned andepbchedtbaysy ot semt eI O FdRIR dlrrier to
prevent diffusion into the surrounding silicon dioxide layer.
" Copper is also weil known to be wvery sensitive to surface

~exposure, typically resulting in oxidation of the exposed copper

surface.

The invention addresses concerns of creating copper
interconnects and, more specifically, the negative impact that is
" experienced by an exposed surface of created copper

" interconnects.

Us 6,180;516 Bl (Hsu) shows a lift off process for a barrier

layer in a dual damascene process.

US 5,688,140 (Shoda) shows a lift off process for a barrier

‘layer in a dual damascene process. .




Fig. 8 shows a cross-section after deposition of a |ayer of etch stop
material. Fig. 9 shows a cross section after deposition of additional

| ayers of dielectric and etches stop naterial. Fig. 10 shows a cross
'section after patterning and etching of the deposited additional |ayers of
dielectric and etch stop material, creating an opening there through. Fig.
11 shows a cross section after deposition of a second | ayer of barrier
material. Fig. 12 shows a cross section after the opening has been filled
with netal, the %¥§§%S n?tal_ﬂnd t he second barrier material have been
removed from the SdPracélof FEhePRppRt Fhykershivditelddtr PEL PEQERFPTION OF
THE PREFERRED EMBODI MENTS Using the current copper dual danmascene process,
the surfae dFUHETcopper to which damascene interconnect plugs must be
forned is exposed after via and trench etch. This exposed copper surface,
when exposed to the processing environnent and the therein present

el enents, is attacked by conponents of the etching chem stry, by
phot or esi st stUS @, 46y ,p83t Bét ¢Ahve b/ thewth clddnipeg sdveistr prands yfor
oxidation in the air. This exposure of the copper surface results in a

-~ deteri or a imiofCarasceoppéntsucbanect havi ng a negative inpact on the

performance of the copper interconnect netal. In addition, conventional
argon (Ar) sputtering that precedes the deposition of copper barrier and
the copper fill, renoves copper atons fromthe exposed copper surface

resulting in appgr7depesi t(supveret hel | pwWiHowxta &8l iceerobnt he openi ngs

t hat have been created for the vias and interconnect trenches. These copper
deposits feadidoar@didf use into surrounding dielectrics and forma source of

| eakage currents fromthe copper interconnect netal to surrounding circuit

or device elenents. The invention provides a process that first covers the
surface of a pattern of copper interconnect with a | ayer of

US 6,258,713 Bl (Yu et al.) discloses a dual damascene with

a cap.
SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method of creating copper interconnect metal whereby the created
interconnect metal is not affected by chemicals or other elements

that are present in the environment.

Another objective of the invention is to provide a
protective cap of semiconductor material over the surface of a

created copper interconnect metal.




“barrier material after which overlying |ayers of netal interconnect are
formed. This process will now be explained in detail using Figs. 1 through
12 for this purpose. Referring now specifically to Fig. 1, there is shown a
cross-section of a sem conductor substrate 10 over the surface of which a
pattern of copper interconnect netal has been forned. 9 Specifically
highlighted in the cross section of Fig. 1 are a layer 13 of dielectric

t hrough whi-ch the pattern 12/14 of copper interconnect netal has been
formed. The surface of |ayer 13 has been polished after the copper for
pattern 12/ 14 has been deposited. The invention continues, Fig. 2, with the
deposition of a layer 16 of sem conductor material over the surface of the

| ayer 13 of di'd &AFFEANFRcFaENNGRE NP1 H At G (he ARVEPEOAReRt 2 Pattern
12/ 14. Preferred materials for the |ayer 16 of sem conductor material are
phot oi ni MOD ISy IPRTESedpPYnEhe GFedt Rt i IR PRBEEPPAPSES | tA| s
well known in the art that organic polyner is taken fromthe group
consi st i eplofepplof( sopPene latRerPnandta pol §liqatdsd, an@ricsegsédeasanpr of
inter-netal -dielectric. As an exanple of the deposition of a |ayer 16 can
be cited spoxindurgox hmayeriefl psl geprsited prasdure sgic fheeweénthbout 25
and 2.75 Torr in a plasma containing CHF3 at a flow rate of about 18 sccm
CF4 at a dtewadtepglerabotierZ2nseans anthdepmattatfivewlzgee ot aboteérdéd
sccm deposited for a tinme of about 10 seconds and to a thickness between
about 200k t3HEANgSeimgl@he surface of the pattern of copper

interconnects. The exposed copper surface is Ar sputtered after

which a first barrier layer is deposited. The patterned and

etched layer of protective material is removed, leaving in place

overlying the pattern of copper interconnects a protective layer

of first barrier material. A dielectric barrier layer, in the

form of a layer of etch stop material, is deposited after which

additional layers of dielectric interspersed with layers of.etch_

stop material are deposited. Via and trench patterns are etched

aligned with a copper pattern to which an electrical contact is

to be established, the copper pattern being protected by the

first layer of barrier material. A second barrier layer is

deposited, the wvia and trench pattern is filled with copper after

which excess copper is removed by polishing the surface of the

deposited layér of copper.



For 'l ayer 16 for instance can be used a | owk polynmer material including
pol yi m des, fluorinated polyimdes, polysilsequioxane, benzocycl obutene
(BCB), parlene F, parlene N and anor phous pol ytetrafl uorothyl ene. A polyner
filmcan be spun onto the wafer and can contain pol ycarbonate (PC),
pol ystyrene (PS), polyoxides (PO, polynethylnethacrylate (PPMA) and poly
pol yoxides (PPO). It is inportant to use a material for the polyner film
that can be applied by spin coating and that can, at a |ater date, be
easily renoved by dippin ' ge in a solvent.
Sol vents that can be usegRﬁgg ?ﬁ?éﬁgﬁfggigﬂﬁnc uggﬂgggﬁgne, THF and
trichloro-nmethane. The |ayer 16 of sem conductor material is next patterned
-and etched, using for this purpose a photoresist mask 18, Fig. 3, having a
pattern that exposes.the surface of, | aye 6 b ans _aof openings, 15/ 17
Pher o thr ough F-Bpen A5 1571950l TR 104 165 REREOAnEE:  paTTE A
Conventi onal nethods of ghotolithograpth exposure and devel opnent, are
appl i ed fOPSHEEEr 8IEFoRBf SEREAPhotoresi<t Qﬂﬁ?ﬁrlgoéﬁ5ﬁm°§neﬁ?%ggl%%ktion‘
in Fig. 3. The layer 16 of sem conductor dielectric_is now etched, Fig. 4,
Cafter whicmtEkéE pRIcoPeSNsPraBsked sl & rieire @i F3MLERET1E- surface of the
patterned and etch | ayer 16 using nethods of photoresist asking following -
‘by a thorough surface clean. The etching of layer 16 of dielectric such as

pol ysi.licon can be acconplished by using an anisotropic plasma etch, for
Fig. 2 is a cross section after a layer of semiconductor

‘material has been deposited over the surface of the layer of

dielectric.

Fig. 3 shows the formation of a photoresist mask.

Fig. 4 show the result of etching the layer of semiconductor
material in accordance with the photoresist mask, the photoresist

mask has been removed.

Fig. 5 shows a cross section during the process of argon

sputter.

Fig. 6 shows a cross section after deposition of a layer of

barrier material.

Fig. 7 shows a cross secticn after lift-off of the patterned

and etched layer of semiconductor material.




exanpl e a Reactive lon Etch (RIE), using as etchant gassés a gas such as
~hydrogen bromide (HBr) or chlorine (Cl2) and a carrier gas such as argon
(Ar) with as preferred gasses SF6 and HBr. Conventional processing
paraneters for the etch of layer 16 of dielectric can be applied: etchant
conprising a mx of CAF8 to COw th the CAF8 being provided at a '
tenperature of between about 50 and 70 degrees C and a pressure between
~about 50 and 60 nforr and a flow rate of between about 12 and 16 sccm The
CO gas is processed at a tenperature of between about 50 and 70 degrees C
and a pressure of between about 50 and 60 mlorr and a flow rate of between
about 300 and 400 scc The m x_ of Fe ta has -at | e out
1/ 20 and 1/Soﬁiﬁhe%sagkgﬁeao?r??&f%é%%ﬁﬁ%ﬂ%?%?ro%ﬁp%ﬁEgéégsgée%t%%ﬁgﬁﬁﬁgig.
4 is now i on bonbarded gg e-barrier nmetal argon sputter 20, Fig. 5), using
Ar as spittEr iStgPi BASCAt 24 -t enperature of about 25 to 150 degrees C and a

" pressure of about 100 to 150 niforr for a tinme duration of about 5 to 10
seconds, the sputter process being tinme 12 controlled. This Ar ion

bonbar dment di sl odges a nunber of copper atons fromthe exposed surface of
copper patter Fibp/ P4shenesa 8FesddgeetIppditeht GROFSFAPPRPR FATETEORAL
‘copper deposits 21 over the lower extrenties of sidewalls of the openings
15/ 17 cr eyt & nfodgle lekerigyend 16t diedi Sl mat@dteri al . This deposition
of barrier material over the surface areas of openings 31 results in

i mproved adhesion of the thereover deposited netal that is deposited to
fill openings 31, facilitating this process of netal deposition. The Ar
sputter. is theaief.on® fsabwewadchysthsedeposiaimr glatderajeg 28doétdairder
material as shown in cross section in Fig. 6. Barrier layer 22 is fornmed of
a materi abr selecdgdsfirem Lha:gloupl coagess iy dife widthdet ahoweveh bedmng
limted thereto tungsten, Ti/TiNW(titaniumtitaniumnitride: tungsten),
titani umfanasten/ tddamiivg ah bbtanhgMhengsierbuyH.ri de/ titani um or
“titaniumnitride or titaniumnitride/titanium tantalum tantalumnitride,
“tantalumsilicon nitride, niobium nolybdenum alum num al um num oxi de

(Al xOy). As a material for the layer 22 of barrier material is selected a
materi al that &ﬁq,?ﬁ?%&&h%ah'XrBQQdHQE£¥§n 2 EOPPRIefMAlNDLE ai §8kah&on

di el ectric conpatible

layer of barrier material.

7 Fig. 12 shows a cross section after the opening has been
filled with metal, the excess metal and the second barrier
material have been removed from the surface of the upper layer of

' dielectric.
DESCRIPTION‘OF THE PREFERRED EMBODIMENTS

Using the current Copper dual damascene process, the surface
of the copper to which damascene interconnect plugs must be

| formed is.exposed after via and trench etch. This exposed copper



chem cally stable, and resistant to interaction with processing chemical s.
As an exanple of the creation of |ayer 22 can be cited depositing a | ayer
‘of SiN using PECVD in a tenperature range of between 200 and 500 degrees C
to a thickness of between about 50 and 1000 Angstrom Anot her exanpl e of
depositing a barrier |ayer over a damascene structure by depositing a |ayer
of Si N under a tenperature between about 200 and 500 degrees C, a pressure
bet ween about 1 nTORR and 100 TORR, a time between about 2 and 100 seconds,
an envir t . _of Si * + i + t. i + + Ar
using a p aswgedrw?ﬁ??ﬁﬁPg%?%cggg?ﬁ xt%g%%ﬁg §235F1¥§?8EF5.E%? %$Q
sem condugt or .materi al .is.renpved ('pol r Jift-off") fromthe surface of
The ayer iy et reraer: FLERTREST ekt T B smih <SreobRola Th Br5es cection
in Fig. 7.. Remaining.in place are the layers 22 of barrie terial
over | yi ng i He Bopar ShEVer Y 1BPTHOTT Hee 1ydrs P2 PPaFnThraL et Ve Dy er s
of the surface of the copper interconnect pattern 12/14 14 For the
lift-off Q#ﬁﬁﬁiﬂgyﬁéﬁméﬁag h%n¢2b¥h%fl$%tﬁVbHFhﬂﬁmb€éF°tﬁélﬁo?§ﬂ%??r%d%ﬁone
or any other solvent may be used. A |ayer 24, Fig. 8, of etch stop material
i s then déposidPEgroverieRe 8FrAER Bt 1 HETRTPIREH O sREWARENCEPBRE secti on
in Fig. 7. Etch stop |ayers, typically conprising silicon nitride, are used
“to controtuiffesde 160 eheegtehve P st gt ftdempe rfvrsagheact ajee of
dielectric. The nethod of choice that is nost frequently used to create
openi ngs @Ry phstteiriconographytaher 8byaddigaitarer ronivantiionedneagoed(dn an
exposure mask is transferred to a radiation sensitive nmedium such as
phot or esi sput Heayiery 24a6f petchdss opheaaderosl t imay dforcoppstaheertenpangethe
oxynitride or silicon nitride and is preferably deposited using nmethods of
LPCVD or RE@A> dri IHDCYPmorespubbeet ng:aiis H xgpin Dens ietkypokkds papdyDd §IHDPLMD) .
An etch stop layer 24 of silicon nitride (Si 3N 9) can be deposited using
PECVD pr ocedilres ati nd cpbpssutepbet veesvabaitte 20hagfl @ikt rand 408 8T Qe at a
t enper at ure bet ween '

openings that have been created for the vias and interconnect
trenches. These copper deposits readily diffuse into surrounding
dielectrics and form a source of leakage currents from the copper

interconnect metal to surrounding circuit or device elements.

The invention provi&es a process that first covers the
surface of a pattern of copper interconnect with a layer of
~ barrier material after which overlying iayers of metal
intercbnnect are formed. This process will now be explained in

detail using Figs. 1 through 12 for this purpose.

Referring now specifically to Fig. 1, there is shown a
cross—-section of a semiconductor substrate 10 over the surface of

which & pattern of copper intefconnect metal has been formed.




‘about 350 and 450 degrees C, to a thickness of about 1,000 to 5,000
-Angstrom using NH3 and SiHO or Si Cl2H2. A silicon nitride |ayer 24 can al so
be deposited using LPCVD or PECVD procedures using a reactant gas m xture
such as dichlorosilane (Si Cl12H2) as a silicon source material and anmoni a
(NH3) as a nitrogen source, at a tenperature between about 600 and 800
degrees C, at a pressure between about 300 mforr and 400 mforr, to a

t hi ckness between about 1,000 and 5,000 Angstrom Next, |ayers of

di el ectrig int];e,rs rsgld \{\{ith etgh,sto material are deposited_as shown in
the cross”RECtidiRloff Bl 1498bEL 7 cEIT yhoWMP ST t00e Or 548 - séctFBn? of Fi g.
9 are a first layer 26 of dielectric, a second |layer 27 of etch stop

mat eri al ¥3Weh 13hywdr 99&8166FRECatPTPaeh | Wil dihee e terrap Lide &r PAI FORRPRE a
second | ayer 28 of dielectric. For the layers 26 and 28 of dielectric can
be used cHRVEIRQIGIRAL metedi Bps beed formethe TheolsatifgseoPfcdadatt b8 shds om
each ot her and from underlying conductive elenents, a suitable dielectric
bei ng, fdredmuadncdesi hiften dhextder¢r okérarattdoped 20l duhdeped¥nor silicon
nitride ("nitride"), silicon oxynitride, fluoropolyner, parylene,

‘pol yi m dejepatirtadst hyl -ortho-silicate (TEOCS) based oxi des,

bor o- phosphat e-si |l i cate-gl ass (BPSG), phospho-silicate-glass (PSG,
boro-silicate-glass (BSG, oxide nitride-oxide (ONO, plasm enhanced
silicon nitride (PSiNx), oxynitride. A low dielectric constant naterial,

- such as hydr ogefe sidveesqunoxaneintPP; F&Gs ( i ghridensihiey dplhbasiBion of a

fl uori ne-doped '

layer 16 of semiconductor material over the surface of the layer
13 of dielectric, including the surface of the interconnect

pattern 12/14.

Preferred materials for the layer 1% of semiconductor
material are photoinimide, polyimides, polymers or other
dielectric materials. It is well known in the art that crganic
polymer is taken from the group consisting of poly(arylene ether)
and a polyimide, and is used as an inter—-metal-dielectric. As an
example of the deposition of a layer 16 can be cited depositing a
layer of polymer at a pressure of between about 25 and 2.75 Torr
in é plasma containing CHF3 at a flow rate of about 18 sccm, CFyu
ét a flow rate of about 72 scem and He at a flow rate of about_
165 sccm, deposited for a.time.of about 10 seconds and to a

thickness between about 200 and 300 Angstrom.

10



silicate glass) is a dielectric that has a | ower dielectric constant than
- regular. oxide. 16 The nost commonly used and therefore the preferred
dielectrics of layers 26 and 28 are silicon dioxide (doped or undoped),
silicon oxynitride, parylene or polyimde, spin-on-glass, plasm oxide or
LPCVD oxi de. Layers 26, 27 and 28 are deposited in preparation for the
creation of a contact opening through these |ayers, the created contact
opening is aligned with copper pattern 14 as shown in the cross section of

" Fig. 10. Conventi qnal t hads of photolithqgraphi c exposure and devel opnent
are appi i ed f Pt HEYEECHSof OF ham BpRRTha-F0 ThrBifsh o HEWT hyBPLYSRT 27 26

and 24. Shown in the _cross section of Fig. 10 are deposits 30 created in
this i nst¥icEFiR tRE1EAERIT BPLYHBIER at T HIPOMATSehPRG Y281 9GA1 ch di sl odges a
nunber of copper atons fromthe exposed surface of copper Eattern 14. These
di sl odged®PTofpdrs e aRE2R6r nPERFACY af@P et Ite ofBCBpp &R TdEpEsit SPBTEPNE HE
| oner extremties of sidewalls of the opening 29. A second barrier |ayer
31, Fig. ad dmprpdheonisdepdyiteedadyvepr iy sy aedynel dpeni AN 20e afieli he
surface of layer 28 of dielectric, using the sane criteria of materi al
sel ect i orpraid Weposifieiroancondnt consaas prlexdousinatikad@Cheenchyghvigit ed for
the creation of the first barrier layer 22, Fig. 6. This is followed by,
Fig. 12, (s depdsiddicesugiPag, medhpdstlof 1 @etamy 1Geni (@aMA) and poly-

polyoxides (PPO). It is important to use a material for the

polymer film that can.be applied by spin coating and that can, at

a later date, be easily removed by dipping the coated

semiconductor package in a solvent. Solvents that can be used fox

this purpese include acetone, THF and trichloro-methane,

The layer 16 of semiconductor material is next patterned and
etched, using for this purpose a photoresist mask 18, Fig. 3,
having a pattern that exposes the surface of layer 16 by means of
openings 15/17 there;through, opening 15/17 align with the
interconnect pattern 12/14. Conventional mefhods of
'photélithographic exposure and development are applied for the
creation of the photofesist mask 18 shown in cross secticn in

Fig. 3.

The layer 16 of semiconductor dielectric is now etched, Fig.

4, after which the photoresist mask 18 is removed from the
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17 Pl ating (ECP) copper and copper Chem cal Mechanical Polishing (CW).
Typi cal ECP processing paraneters are as foll ows: tenperature between about
.25 and 50 degrees, the source of deposition of the H2SO9 is the dilution of
H2S04, CuS04 and HC1 with a deposition flow rate of between about 15K and
20 K sccm and a deposition tine of between about 1 and 10 m nutes, the
‘vol tage applied to the anode between about 0:1 and 2 volts and the voltage
applied to the cathode between about 0.1 and 2 volts The ECP process
creates the netal plug in a well-controlled manner due to the fact that ECP
Cu deposi%‘érf@d%brﬂ§t(§¥1a preitesnefapnAavech eedd WhitometiREsCafseed the
ECP bat h does not- deposit Cu. It may therefore be of advantage to the
‘process dPheters sividntastingo fodlphéng deposi therauwdd Junfece( gdeashown) over .
the layer 31, Fig. 11, of copper barrier material. Fromthe above detail ed
description of the invention, it is clear that the invention has provided a
nmet hod for the protection of a copper surface during processing steps of
creating an opeEre regcdMew pifndayhe toépperdseird@oe.c Bardh ars bayesi22¢cokig. 7,
serves this function of copper surface protection. The nethod of 18

pol yner |¢dd -lof fadwmsndhdenedseg fi88nhen caebddoropfc tthedhar eicer, | ayer
overlying the copper surface. Although the invention has been described and
i 11 ustrategamtd 4 efei@nee trenspeehf (R1k] | usd 1 iae Abedicngatsethergnt, it
'is not intended that the invention be limted to those illustrative

enbodi mendsch TWIR Sddehedrbhitibe (agk) Wbt | K BSOGN Z@thahnyagi & i ons. and

nodi fi cati ons can be nade w thout departing fromthe spirit of the

i nventio tol &, ther, e (ot e i %¥¥% id it [ jon all
such_varp%?%dﬁg§5€§§§§fiﬁié%??oﬁgggh%ghb?gﬁ vu%ﬁ#%?%%ﬁeggéo%%go é?he
appended cl ai ns and equi val ents thereof. VWhat is clainmed is: 1. The
creation of a copper interconnect, thereby using a protective |ayer
overlying a c i nt ,of _interconnect, conprising.steps,of:. providipg a
seniconductorq§ﬁ§é¥ﬁ§féflaprpggg l%%ep%€$$%ﬁeﬁ%iﬁF:g%mbﬁgg rFEaEagﬁﬁtggt
having been ég vi ded throu%h a fﬁrs&_lager of dielectric deposited over the
surface of"s CUFS 488 PEr BRPIFAGY: LSHAYP S O disding & Fie Xl PEt Cofsr Foa

| ayer of(&grrhgﬁ qg%erial overlying said at | east one copper point of

i nt er conneet Hhd & &4ty ME DDA HEF dhd2eteHRBTFEYEF OF RGppFer aPryked
with said |ayer of barrier material. 2. The nethod of claim1, said at

| east one’Copper’ hSigAresr &1 8Bfr fcRFe2TRFAce HERAThGLsen 58 0FdER BYRFTt he
surface of said substrate conprising steps of: depositing a first |ayer of
di el ect ri@n®vert tde rfef @éebetvsandakabst Fatap pdt tserami-nghend0etehi hg sai d
first layer of dielectric, creating at | east one opening through said first
| ayer of Eifetetiad @t fi [Ueipgresideatt | easveemetopenisiy anidt A Ocdppeees C
-appl yi ng nmet hods of metal deposition followed by Chem cal Mechani cal

Pol i shi nga{\MP)pafs ure suir bat@eoh theutdepbsindediretTalrr 26d a flow rate

of between about 300 and 400 sccm. The mix of Cy4Fg to CO has a

ratio of between about 1/20 and 1/30.

The surface of the structure shown in cross section in Fig.
4ris now ion bombarded (pre-barrier metal argon sputterIZO, Fig.
5), using Ar as sputtering ions at a temperature of about 25 to
150 degrees C and a pressure of about 100 to 150 mTorr for a time

duration of about 5 to 10 seconds, the sputter process being time

12



3. The nethod of claiml, said creating, using second dielectric lift-off,

a layer of barrier material overlying said at | east one copper point of

i nterconnect conprising steps of: depositing a second | ayer of dielectric
material over the surface of said first layer of dielectric, including the
surface of said at |east one copper point. of electrical contact: patterning
and etching said second | ayer of dielectric material, creating at |east one
openi ng through.said second | ayer of dielectric that aligns with said at

| east - one cqg er. point of electrjcal contact, exposing the surface of said
at | east O IE%H;%% poiit 26t 1ePebprPaaimeRht &kt Lodgegor Siymbesr PhgcPhReT

exposed surface of said at | east one copper point of electrical contact;
deposi ti R-eM§ aham shepEpPreednarEfpas @Ee@omw Antitege d2/d44i dtbeeend
| ayer of dielectric material, thereby including inside surfaces of said at
| east onedbpkedgryl crapmedd athmsuhrsatdis eboyrl 3 afercapoedi elepotite Ahateri al :
and renoving said patterned and etched second | ayer of dielectric materi al
fromthe sy dde dfowsal axdubsttate; of heiddwyalleavwhgtsaicpenaygs ob/barri er
material in place overlying said at |east one copper point of electrical
contact 2dreated Mrerawfrhatieofiagkai ib 1of sal €l erteaitd net&rdatit.er ned and et ched
- layer of copper aligned with said |ayer of barrier material conprising the
steps of: depositing at |east one stack of |ayers of sem conductor naterial
over the surface of said substrate, thereby including the surface of said

| ayer of barri®iidraigidsaliovebkybagrsai tnatet £S5 owie t¢RPRer fAeENLrf 5
interconnect, said at |east one stack of layers conprising: (i) a first

layer of gtchpstoRydratierdaal tandn(hinpravegcontkd averoofindi ehecthier
deposited over the surface o
deposited metal that is deposited to fill openings 31,
faciiitating this process of metal deposition. The Ar sputter is

therefore followed by the deposition of a layer 22 of barrier

material as shown in cross section in Fig. 6.

Barrier layer 22 is formed of a material selected from the
group consisting of without however being limited thereto
tungsten, Ti/TiN:W (titanium/titanium nitride:tungsten),
titanium—tungsteh/titanium or titanium-tungsten nitride/titanium'
or titanium nitride or titamium nitride/titanium, tantalum,
tantalum nitride, tantalum silicon nitride, niobium, molybdenum,

aluminum, aluminum oxide (Al.0y).

As a material for the layer 22 of barrier material is

selected a materizl that is:

¢ eclectrically conductive

13



~of said first layer of. etch stop material; patterning and etching said at.

| east one stack of seniconductor material, creating an opening
there-through that aligns with said |ayer of barrier material overlying
said at | east one copper point of interconnect: and filling said opening
with a layer of netal by applying nmethods of netal deposition followed by
metal surface polishing. 5. The nmethod of claim4, additionally depositing
a layer of barrier material over the surface of said at | east one stack of
| ayers of sem conductor, thereby including inside surfaces of said opening
‘created *the?@RRH CIRFP2SHLE addi tional step being provided prior to said
step of filling said opening with a |layer of netal. 22 6. The nethod of

- ¢l ai m 4, esal sbxeciand diedleettriicc conpptibiag pol yner. 7. The met hod of claim
1, said creating a patterned and etched | ayer of copper aligned with said

llayer of Jbargdef-JmBterddl160Mnksi ng the steps of: depositing at |east one
stack of layers of sem conductor material over the surface of said

substrate, thereby .including.the surface o i er .of .harrier materi al
over | yi ng sﬁﬁ%ﬁ%ﬁgﬁ%g§1jﬂﬁ§ e5hp8r Bé?ﬁtpg%cgé%éb g%ﬁ%%%%lgéid at |east one
stack of layers conprising: (i) a first layer of etch stop material; and

(ii) a second |layer of dielectric deposited over the surface

As an example of the cieation of layer 22 can be cited
depositing a layer of SiN using PECVD in a temperature range of
between 200 and 500 degrees C to a thickness of between about 50
and 1000 Aﬁgstrom. Another example of depositing a barrier layer
over a damascene structure by depositing a layer of SiN under a
temperature between about 200 and 500 degrees C, é pressure
between about 1 mTORR and 100 TORR, a time between about 2 and
100 seconds, an environment of SiHs + NH3 + N, or SiHg + NHs + N»

or SiH4 + N, + Ar using a plasma or thermal process.

Next, the layer 16, Fig; 6, of semiconductor material is
removed (“polymer lift-off’”) from the surface of the layer 13 of
dielectric, the.results'of'which are shown in cross secfion in
Fig. 7. Reméining in place are thé layers 22 of barrier maferial
overlying the copper pattern 12/14, these layers 22 form
protective layers of the surface of the copper interconnect

pattern 12/14.
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of said first layer of etch stop material; patterning and etching said at

'l east. one stack of sem conductor material, creating an opening
there-through that aligns with said |ayer of barrier material overlying
said at | east one copper point of interconnect: depositing a |ayer of
barrier material over the surface of said at |east one stack of |ayers of
sem conductor, thereby including inside surfaces of said opening created
there-through; and filling said opening with a | ayer of copper by applying
met hods of netal deposition followed by netal surface polishing. 23 8.
:The met hod of claim 3, said argon sputtering the exposed surface of said at:

| east one c er i . of..electrl o] C ri.si usi At .a
sputtering TEReM & Teidr dher Boor M aBoted 2t o 160 Hogroat e and Srer
pressure. of about 100 to, 150 nilorr faqr a Q T%ed%ragiogeofsggout 5to 10
seconds, THePSpdlEEr Brot@es PeiHY (T HE L ST 6 ed Yo THE Er eati on of a

copper interconnect, thereby using a protective |ayer overlying a copper
point of interconnect, conprising the steps of: providing a sem conductor
substrate, a copper_point of electrical contact having bheen prodeeg
through a |AykaYe¥ “dielid@ribe @épSsrhedteneratelhriadd ot EaCF156Bst r at e;
creating, using polynmer lift-off, a layer of barrier overlying said copper
poi-nt of dvfrerdenresfacandf cklat$ i ka BWed 1 angTeEeheact ayeriBfF bpper
aligned with said layer of barrier material. 10. The nethod of claim9,
sai d copper Hicihntstob ékwetrsi chvpiemthctcanpriignigeSi lpEeni debrsder a¥fre
surface of said substrate conprising the steps of: depositing a | ayer of
di el ectriuseaavean tthetsoif abe deépshidf sibstatathe;th24 ispacrépninad bindoeditd ng
said layer of dielectric, creating an opening through said |ayer of
di el ectrilmfdd ldfihdisaiedtopeni Nhe whé thebpperchep@ yhag et hods dfequeemtly
used to create openings uses photolithography whereby a pattern
- that is contained in an exposure mask is transferred to a

radiation sensitive medium, such as photoresist.

Layer 24 of etch stop material may for instance comprise
oxynitride or silicon nitride and is preferably deposited using
methods of LPCVD or PECVD or HDCVD or sputtering or High Density

~Plasma CVD (HDPCVD). An etch stop layer 24 of silicon nitride
(SisNis) can be deposited usingrPECVD procedures at a pressure
between ébout 200 mTorr and 400 mTorr, at a temperature between
about 350 and 450 degrees C, to a thicknessIOf about 1,000 to
5,000.Aﬁgstrom using NH; and-SiH4or SiClyH,. A silicon nitride
layer 24 can also be depbsited using LfCVD or PECVD procedures
using a reactant gas mixture such as dichlorosilane (SiCl;H;) as a

“silicon source material and ammonia (NHsz) as a nitrogen source,
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of the deposited netal. 11. The nethod of claim9, said creating, using
polymer lift-off, a |ayer of barrier material overlying said copper point
of interconnect conprising the steps of: depositing a-layer of polymer over
the surface of said layer of dielectric, including the surface of said

. copper point of electrical contact; patterning and etching said | ayer of

pol yner, creating an opening through said |ayer of polynmer that aligns with
sai.d copper paQint of electrijical contact expos?@%_the surface of said
i

copper p&int JETREEELPFEaPCEERTAILOHr JHP St AGITRESeXkpodkd® surface of

. said copper point of electrical_contact; depositing a |ayer of barrier
mat eri al RIRATSUTRe PEEFESRe2BPUE af 00 I BIRHT A PAWNBT O EheFRby FREFERRTY
i nside surfaces of said opening created through said | ayer of polyner; and
removi ng %V{fe@a@ﬂo@ﬂﬁeérﬁﬁa é{lgh%oo@%y%“rgﬁroﬁbl ymer fromthe surface of
said substrate, thereby leaving said | ayer of barrier 25 material in
pl ace overlying said copper point of electrical contact. 12. The nethod of
claim9, said creating a patterned and etched | ayer of copper aligned with
said | ayer of Neatri éeyrateriatiiebaprist ngp e rsirepsl vfithdepoki stoy at | east
one stack. of |ayers of semnmi conductor material over the surface of said
subst r at ega ttdrarsdby riendepdshged hes ssiidvac el rofttzaicd-dsay ercof chasfi Btgrmad eri al
overlying said copper point of interconnect, said at |east one stack of
| ayers c@pydifiit@illy shown in the cross section of Fig. 9 are a first
layer 26 of dielectric, a second layer 27 of etch stop material
(with layer 24 being a first layer cof etch stop material) and a

second layer 28 of dielectric.

for the layers 26 and 28 of dielectric can be used conventional
materials used for the isolation of conducteors from each other
and from underlying conductive elements, a suitable dielectric
being, for instance silicon dioxide (“oxide”, doped or undoped)
or silicon nitride (“nitride”), silicon oxynitride,
fluorcpolymer, parylene, polyimide, tetra-ethyl-ortho-silicate
(TEOS) based oxides, boro-phosphate-silicate-glass (BPSG),
phospho~silicate—gla$s-{PSG), boro-siiicate-glass (BSG), oxide-
nitride—-oxide (ONC), plasma enhanced silicon nitride (PSiNx),
oxynitride. A low dielectric conétant materizl, such as hydrogen
silsesquioxane. HDP—FSG {high-density-plasma flubrine—doped
silicate glass}.is a dielectric that has a lower dielectric

constant than regular oxide.
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(i) a first layer of etch stop material; and (ii) a second |ayer of

di el ectric deposited over the surface of said first |ayer -of etch stop

mat eri al’; patterning and etching said at | east one stack of sen conductor
materi al, creating an opening there-through that aligns with said | ayer of
barrier material overlying said copper point of interconnect; and filling
said opening wth a | ayer of copper by applying nethods of netal deposition
foll owed by nmetal surface polishing. 13. The nethod of claiml 2, _
additional |y deposjting a |ayer of barrier materjal over the surface of
sai d at Ieai?eo %SEt%Rih?ﬁl¥é§%¥§E%¥i§@ﬁFESHHGCFB?,p¥?£ﬁ%%ﬁﬂiqﬁﬂ%ﬁﬁﬁﬁdcs

i nsi de surfaces of 26 sai d opening created there-through, said additional
step bei rif proiATded SpePer 2602881 815t epn olig¥1ds ngopsicd cspenrageM th a | ayer
of netal. 14. The nethod of claim9, said creating a patterned and etched

| ayer of ThppEn &aXvgaéd idier hraavderayef pflbatidenr spdhernaplesfprPsasia t he
. steps of: depositing at | east one stack of |ayers of sem conductor materi al
over the @idacy 3PCYA dxddbstrate, thereby including the surface of said

| ayer -of barrier material overlying said copper point of interconnect, said
at | east one stack of layers conprising: (i) a first layer of etch stop
material; and (ii) a second |ayer of dielectric deposited over the surface
of said firshykayeropf2etald StOmratdepicali tefat heppépgr antbet £y nthesai d at

| east one stack of sem conductor material, creating an opening

t her e- t hr oxgix ddato fala @os twcthopahdnd ayerowdh bafddeen sl i aheoveshyéag

sai d copper point of interconnect; depositing a |layer of barrier material

- over the ssufaae Qersaigd 18t ahegstaonerst asdoof JAvens: ali senMsgeRHUES Ofhe
“thereby including inside surfaces of said opening created there-through;

and 27 £iddd ngSaidh eRerigg Wht heanlayelo.of1 Midlody appl yi ng nethods of
nmetal deposition followed by netal surface polishing 15. The net hod of

~claim 11, s g 5 rga%r}a%%t BLLBEEDCL FYPASAL SHIACS AL 33T GORRE (RO! N Of

electricé? contact conprising using Ar as sputtering io a tenperature
of about é%%ﬁcbéi%%e opening 29 through the layers 28, 27, 26 and 24.

" Shown in the cross secticn of Fig. 10 are deposits 30 created in
this instance by the etch for the creation of opening 29, which
dislodges a number of copper atoms from the exposed surface of
copper pattern 14. These dislodged éopper atoms form thin layers
30 of copper depésits over the lower exiremities of sidewalls of

the opening 29.

A second barrier layer 31, Fig. 11, is next deposited over
‘inside surfacés of opening 29 and the surface of layer 28 of
dieleciric, using the same criteria of material selection and
deposition conditions as previously have been highlighted for the
creation of the.first barrier layer 22, Fig. 6. This is followed

by, Fig. 12, the deposition using methods of Electro Chemical
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‘degrees C and a pressure of about 100 to 150 niforr for a tinme duration of
about 5 to 10 seconds, the sputter process being tine controlled. 16. The
creation a protective |layer overlying a copper point of interconnect,
conprising the steps of: providing a sem conductor substrate, at |east one
copper point of electrical contact having been provided through a first

| ayer of dielectric deposited over the surface of said substrate; and

. creating, using second dielectric |ift-off, a layer of barrier material

overlyin id co oint of interconnect..17. The net hod_of .c| aim 16,
s;id g; ?%§§¢”3%e8§§%ng%§8Fn?n§fc@PEEFr'%%Wl%Q%nﬂﬁéﬁW%N%.gPBééﬁhbhgvided

over the surface of said substrate conprising the steps of: depositing a

first Iayé?M%*’dielectric over the surface of said substrate; patterning
and etching said first layer of dielectric, creating at |east one opening
through said first layer of dielectric; and filling said at |east one

~opening W th copper, applying nethods of nmetal deposition followed by :
Cheni cal Mechahyrida PGlGE pregece/Py phraheteny fake af fdld odéposi ted netal .
18. The method of claim 16, said creating; using second dielectric
lift-of f, tempeyeiury Hedmiciear avatisr 2al andedb) yiegrasd.d tite |seagtteoné copper

- poi nt of interconnect conprising the steps of depositing a second | ayer of
di el ectridepm¢Erial avermhe MeSeurifsadheotdidaitdohi oSt Hisyker Casodialdedali c,
~including the surface of said at | east one copper point of electrical

cont act; path ex nileygpsaind cet chiomg raakdosebontedmyssod 1direlaeet riockmateni al ,
creating at |east one opening through said second | ayer of dielectric that

~aligns w ihdsaide@dsitgast tare ogpperwpehnibehit el egld i1amiceRkact thexposi ng
the surface of said at | east one copper point of electrical contact; argon

sputteri ngot heg&xagsed sWd aee ahosai HedlebfaSto N CORPEI 2PNt s0fnd
el ectrical contact; depositing a |layer of barrier material over the surface

of said segond,]ayer Hpidicel et the BBLELER! pethBLLILdNCIHE 89429 voh Sl de
surfaces of said at | east one opening created through said

The ECP process creates the metal plug in a well-controlled
manner due to the fact that ECP Cu deposits Cu only on places
that have a Cu seed, without the Cu seed the ECP bath dces not
deposit Cu. It may therefore be of advantage to the process of
the invention to further deposit a seed layer (not‘shown) over

the layer 31, Fig. 11, of copper barrier material.

From the above detailed description of the‘invéntion, it is
clear that the invention -has provided a method for the protection
of a copper surface during processing steps of creating an
opening overlying the copper sqrface. Barrier layer 22, Fig. 7,

serves this function of copper surface protection. The method of
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second | ayer of dielectric material; and renoving said patterned and etched
- second | ayer of dielectric material fromthe surface of said substrate,
thereby | eaving said | ayer of barrier material in place overlying said at
| east one copper point of electrical contact. 19: The nmethod of claim 16,
said second dielectric conprising polyner. 20. The creation of a protective
| ayer overlying a copper point of interconnect, conprising the steps of:
. providing a sem conductor substrate, a copper point of electrical contact
havi ng been provided th h | ayer of dielectric deposited over the,
_surface o?&s’ﬁi'ear st g?_r%ﬁé?ﬁg%%gb%?%aﬁﬁ& %ll%i SpotyAfET A 115 ofS BAFRYRF of
barrier overlyin ai.d copper point of _interconnect 21. The nethod of claim
20, said %%ﬁﬁgﬁﬂgﬁi H“@ftgpeEPBPﬁﬁlsﬁﬁﬁ?%%t havi ng been provided over the
surface of said substrate conprising the steps of: depositing a |ayer of
dielectric over the surface of said substrate; 30 patterning and etching
said layer of dielectric, creating an opening through said |ayer of
diel ectric; arfd¥iquahgheailavepeéhPhghas tireendpirarcridssl windg idketrbdsted net al
deposition foll owed by Chem cal Mechanical Polishing (CW) of the surface
of the depbsh teafanstngle t22spFhéfmet hbbuetratiena®modsaied ter sheiragf, ust ng
olymer lift
P _y is not intended that the invention be limited to those

lillustrative embodiments. Those skilled in the art will recognize
that variations and médifications can be made withcut departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and egquivalents thereof.
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off, a layer of barrier material overlying said copper point of
i nterconnect conprising the steps of: depositing a layer of polymer over
t he surface of said |ayer of dielectric, including the surface of said
copper point of electrical contact; patterning and etching said | ayer of
pol ymer, creating an opening through said |ayer of polymer that aligns with
sai d copper point of electrical contact, exposing the surface of said
copper point of electrical contact; argon sputtering the exposed surface of
sai d copper pojint of electrical contact; depositing a |layer of barrier
‘material WY th&lSdesdcdSof said |ayer of polymer, thereby including
“inside surfaces of said opening created through said |ayer of polyner; and’
renovi ng saithHAIHHER gAd2eFERRET | BYe? T GINHSI e efehm tHen§urf ace of
said substrate, thereby |leaving said |layer of barrier 31 material in
pl ace oveRP¥sliqntisd dayppevepoyhngon edrRey ikintc ot detterggannghe, net hod of
claim 20, said argon sputtering the exposed surface of said copper point of
el ectri catomgunt oty camprsi 9ifng using Ar as sputtering ions at a tenperature
of about 25 to |50 degrees C and a pressure of about 100 to 150 nmiforr for a
time duration mfowtiotg 5 tsemiBosduohds, stihwet st ert freasessnbecngpétrne
controlled. 24. The creation of a copper interconnect, thereby using a
protecti vigolmyesr alerdtyrirglaceappet povihtg Bedmitadmrecthrough a first

layer of dielectric deposited over the surface of said substrate;

creating, using second dielectric lift-off, a layer of
barrier material overlying said at least one copper point of
interconnect; and
creating a patterned and etched layer of copper aligned with

said layer of barrier materiazl.

2. The method of claim 1, said at least one copper point of
electrical contact having been provided over the surface of said
substrate comprising steps of:
depositing a first layer of dielectric over the surface.of
said substrate;
patterning and etching said first layer of dielectric,
creating at least one opening through said first layer of
'dielectric;
filling said at least one opening with copper, applying
methods of metal deposition.followed by Chemical Mechanical

Polishing (CMP) of the surface of the deposited metal.
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conprising the steps of: providing a sem conductor substrate, a copper
~~point of electrical contact having been provided through a first |ayer of

‘dielectric deposited over the surface of said substrate: depositing a
second |l ayer of dielectric material over the surface of said first |ayer of
dielectric, including the surface of said copper point of electrical
contact; patterning and etching said second | ayer of dielectric material,
creating an opening through said second |ayer of dielectric that aligns.
with said copper point of electrical.contact, exposing the surface of, said
copper'pd%Tnéﬁ%.Wﬂt P%aFﬁébﬁtﬁct?a CTegydi¥ s PRt 8r PRGOPHed bR posk-©
surface of said copper point of electrical contact; depositing a |ayer of
barrier retErict ofelavke §GrPé€€l%¥ 83 @ Sele e lay o éﬁlﬂiégek??$ one
~material, thereby including inside surfaces of said opening created through
sai d secoPREy &G @ﬁeﬂég?FF@nﬁﬁ@Er¢%WEI#%%ﬁﬂnﬁﬂ§P§aPé=patterned and :
etched second | ayer of dielectric material fromthe surface of said
‘substrate, thelaippitéagi agssapdd| dgyeer off brglientnimt eeitgrinh prvacethe
overlying said copper point of electrical contact; and creating a patterned
and et cheshitzymy odf sedppériraki gagdrwi dsalatbtimymr iofclibdi npechaaserfate

of séid at least one copper point of electrical contact;
'pattérning and etching said second layer of dielectric
material, creating at least one opening through said second laver
df dielectric that aligns with said at least one copper point of
electrical contact, exposing the surface of said at least one
copper point of electrical contact;
érgon sputtering the exposed surface of said at least one
copper point of electrical contact;
depositing a layer of barrier material oﬁer the surface of
said second layer of dielectric material, thereby including
inside surfaces of said at least.one opening created through said
second iayer of dielectric material; and
removing said patterned and etched second layer of
dielectric material from the surface of said substrate, thereby
leaving said layer of bérrier materiai in piace overlying said at

least one copper point of electrical contact.
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25. The nethod of claim 24, said copper point of electrical contact having
been provided over the surface of said substrate conprising the steps of:
depositing a first layer of dielectric over the surface of said substrate;
patterning and etching said first |ayer of dielectric, creating at |east
‘one opening through said first |layer of dielectric; filling said at |east
one opening wi th copper, applying nethods of netal deposition followed by
- Chemi cal Mechani cal Polishing (CWP) of the surface of the deposited nmet al .

33 26. The_ net hod of i m?24, said creatin attern tched | ayer
of coppef* aIPSn@EtQP?hoga? F%y%rEﬁ?‘bé??ﬁéﬁnga?egﬁéﬁeE% |ﬁ§xﬁh§psteps
of : depositing at | east one stack of |ayers of senlconductor mat eri al over

t he surfé@éeéf°§aFEP§ﬁﬁs%¥%ﬁ%§dtWﬁﬁhﬂiﬁ%dnéﬁgﬁFnﬁftH%r§h?¥d3% Tt %aid | ayer
of barrier material overlying said copper point of interconnect, said at
| east oneoFPaéRiBy FAYePseRDMFising: (i) a first layer of etch stop
material; and (ii) a second |ayer of dielectric deposited over the surface
of said firstdeapeitdhoetthleasp one ertiaalk ogatlegriPng L aRebEHHY Fai d at
-l east .one stack of sem conductor material, creating an opening

t her e- t hmaugirislabver the surface of said substrate, thereby including

the surface of sald layer of barrier material overlying said at
least one copper point of interconnect, said at least one stack
of layers comprising;
(i) a first layer of etch stop material; and
C(ii) a seéond layer of dielect:ié deposited over the surface
of said firét_layer of etch sto? material;
patterning and etching said at least one stack of
semiconductor material, creating an opening there-through that
aligns with said layer of barrier material overlying said at
least one copper point of interconnect; and
filling said opening with a layer of metal by appiying

methods of metal deposition followed by metal surface polishing.

5. The metheod Qf claim 4, additionally depositing.a layer of.
barrier material over the surface of said at least one stack of
.'-layefs of semiconductor, thereby including inside surféces of
' gaid opening created there-through, said additional step being
provided prior to said step of filling éaid_opening with a layer

of metal.
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aligns with said layer of barrier material overlying said copper point of

i nterconnect; and filling said opening with a |ayer of netal by applying
met hods of metal deposition followed by metal surface polishing. 27. The
met.hod of claim 26, additionally depositing a | ayer of barrier materi al
~over the surface of said at |east one stack of |ayers of sem conductor,
t-hereby including inside surfaces of said opening created there-through,
said additional step being provided prior to said step of filling said
opening with a layer of meta . The methad of claim 24, said second

di el ectri® cOtpriedhng 65I§ﬁﬁﬁm 59 S%ﬁ% PREMUY Brel@Liheo#omRaE 8 8P eat i ng a
patterned and etched | ayer of copper aligned with said | ayer of barrier
mat eri al ROYWAS i ng the steps of: depositing at |east one stack of |ayers
of sem conductor material over the surface of said substrate, thereby
including the surface of said |layer of barrier material overlying said
copper point of interconnect, said at | east one stack of |ayers conprising:
(i) a first Tyercidfodetodh cdbop iat eridl creaing id retdecord bagjeptohed
di el ectric deposited over the surface of said first |layer of etch stop
mat eri al ; 1qpdt erficugpred adtighkedgwsahdsatd| bagdr one stracdlerofmagemiiedbnduct or
material, creating an opening there-through that aligns wth said | ayer of
barrier ned®stadirayeteyisngpsaiod:copper
dépositing at least one stack of layers of semiconductor
material over the surface of said substrate, thereby including
the surface of sald layer of barrier material cverlying said at
least one copper point of interconnect, said at least one stack
of layers comprising:
(i) a first lavyer of etch stop material; and
{(ii) a second layer of dielectric deposited over the surface
of sald first layer of etch stop material;
patterning and etching said at least one stack of
semiconductor material, creating an opening there-thrcugh that
aligns with said layer of barrier material overlying said at
least one copper point of interconnect;

- depositing a layer of barrier material over the surface of
said at least one stack of layers of semiconductor, thereby
including inside surfaces cf said opening created there-through;
and

filling said opening with a layer of copper by applying

methods of metal deposition followed by metal surface polishing.
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"~ point of interconnect; depositing a layer of barrier material over the
surface of said at | east one stack of |ayers of sem conductor, thereby
i'ncluding inside surfaces of said opening created there-through; and
fi.lling said opening with a | ayer of copper by applying nethods of netal
deposition followed by netal surface polishing. 35 30. The net hod of
claim 24, said argon sputtering the exposed surface of said copper point of
el ectrical contact conprising using Ar as sputtering ions at a tenperature

Ol DO ED e IRGHIe018 %1610 2sBLESRUES, Ao Aol ph0Qy0 efplior T for @

~time duration of out to sécon er process time
controll e " The cr.eation of a copper interconnect, thereby using a
protecti v%u]f']g%ceer c>ohr\e;esr '—ﬁir%: geggﬁpg?epg?%eléfp?]rﬂtéro ofHES-F €8 FPQF%@tt he
steps of: _providing a.sem conductor, substrate, a copper point of electrical
cont act H%Iﬂ%ﬁjﬁégﬂLﬁVﬁﬁi&gdthF8H§EEE?T%y%9n%ﬁaQﬂ%ﬂ?ﬁﬂﬂ%ﬁ?t&éﬁogﬁt%BOEPer
the.surfa$§ of said substratep depositing a | ayer of polyner over the
surface of° s&? dtIhSITEESdCePBEL i BTEFFTARhFRIE PO &6 16 BEPET chpher
poi nt of electrical contact; patterning and etching said |ayer of polyner,
cr eati ng Ant B tito@dh 28818 Pajer 1of seepidfor Wisatspaititgas PRPERSSai d
“copper point of-electrical contact; exposing the surface of said copper
poi nt of ®RF&ed riies cooiradied.

9. The creation of a copper interconnect, thereby using a
protective layer overlying a copper point of interconnect,
comprising the steps of:

‘providing a semiconductor substrate, a copper point of
electrical coﬁtact having been provided through a layer of
dielectric deposited over the surface of said substrate;

creating, using pplymer lift-off, a layer of bérrier
overlying said copper point of interconnect; and

creating a patterned ahd etched layer of copper aligned with

said layer of barrier material.

10. The method of ;laim 9; said copper point of électricél
contact having been provided over the surface of said substrate
: comprising the steps of:
depbsiting'a layer of dielectric over the surface of said

substrate;
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argon sputtering the exposed surface of said copper point of electrical
contact: 36 depositing a | ayer of barrier material over the surface of
sai-d | ayer of polyner, thereby including inside surfaces of said opening
created through said | ayer of polyner; renoving said patterned and etched
| ayer of polynmer fromthe surface of said substrate, thereby |eaving said
‘layer of barrier material in place overlying said copper point of

el ectrical contact; and creating a patterned and etched | ayer of copper

aligned with said | ayer of barrjer material. 32. The nmethod of claim 31,
said copper 'pé?arﬁtecﬁ’%*éllge@flpi ELFNEDAL 221D hR Ty Ve &t SIEGTEdEd GveRtiRg an
surface of said substrate conprising the steps of: depositing a | ayer of
dieIectri???ﬂ&ﬂgtqﬂ¥Q9§PfééédggagéFdogu%%?#%&?flﬁkuterning and etching said
| ayer of dielectric, creating an opening through said |ayer of dielectric;
filling said operiimy wietR €Bppery wWhph yForRPeRt FFds vdnaneeahodepesi B¢ bnl
fol l.omed by Chem cal Mechani cal Polishing (CWP) of the surface of the
deposi t edd¢resitigy foldgweghpynEhpodcal Me¢ciani3hl Faild sbriogt i(AYPH pht tee ned
and et ched

surface of the deposited metal.

.11. The method of claim 9, said creating, using polymer lift-off,
a layer of barrier.material overlying said copper point of
interconnect comprising the steps of:

depositing a layer of polymer over the surface of said layer
of dielectric; including the surface of said copper point of
electrical contact:;

patterning and etching said layer of polymer, creating an
opening through said layer of polymer that aligns with said
copper point éf electrical contact, exposing the surface of said
copper point of electrical contact;

argon sputtering the exposed surface of said copper point of

. electrical contact;

depositing a layer of barrier material over the surface of
said layer of polyﬁer, thereby including inside surfaces of said
opening created fhrough sald layer of polymer; and

removing said patterned and etched layer of polymer from the

surface of said substrate, thereby leaving said layer of barrier
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‘layer of copper aligned with said |layer of barrier material conprising the
steps of: depositing at |east one stack of |ayers of sem conductor materi al
over the surface of said substrate, thereby including the surface of said

| ayer of barrier material overlying said copper point of interconnect, said
at | east one stack of layers .conprising: (i) a first layer of etch stop
material; and (ii) a second layer of dielectric deposited over the surface
of said first layer of etch stop material; patterning and etching said at

| east one stack of. sem conductor materjal, creating an opening

t her e- t hrBRAIGHE 1Hati PGS RIVER1¥ATE PAIRrCHPHAMIIET Pt @rlnegrtré%h yi ng
sai d copper point of interconnect; and filling said opening with a |ayer of
copper byc@pp§ing net hods of met al deposition followed by netal surface
polishing. 34. The nethod of claim 33, additionally depositing a |ayer of
barrier material over the surface of said at |east one stack of |ayers of
sem conduct or, thereby including inside surfaces of said opening created

t her e- t hr bugHihs aiathaddictli oRalinsPepsbed ngrprovnged pgrtterned saddestepd of
filling said opening with a |layer of nmetal 38 35. The nethod of claim 31,
sai d creataywy apatdpgreredlagdedt ghed sayeérlafercoppéraralilegnedtertihlsai d

| ayer .of barrier material conprising the steps of: depositing at |east one
stack of tayerissiofg atid cargyecb@r material over the surface of said
substrate, thereby including the surface of said | ayer of barrier material

overlying sai digopparinPiatt 1ebskNbeECOPACEtor SEl k& Jreasinienadstask of
| ayers conprising: (i) a first layer of etch stop material; and (ii) a
second | aygefe ofa diglBCliHeC sdepaskt 6d oyes thesSMdAChereby including
the surface of.said layer of barrier material overlying said
copper poiht of interconnect, said at least one stack of layers
comprising:
(i) a first layer of etch stop material; and
{ii) a second layer of dielectric deposited over the surface
of said first layer of etch stop material;
| patterning and etching said at least one stack of
semiconductor material, creating an opening there-through that
aligns with said layer c¢f barrier material oveflying said copper
peoint of interconnect; and
filling said.opening with a layer of copper by applying

methods of metal deposition followed by metal surface polishing.

13. The method of claim 12, additionally depositing a layer of
barrier material over the surface of said at least one stack of

layers of semiconductor, thereby including inside surfaces of
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of said first layer of etch stop material; patterning and etching said at
| east one stack of sem conductor material, creating an opening
there-through that aligns with said | ayer of barrier material overlying
sai d copper point of interconnect; depositing a |layer of barrier material
over the surface of said at | east one stack of |ayers of sem conductor,
t hereby including inside surfaces of said opening created there-through;
and filling said opening with a |ayer of netal by applying nethods of netal
‘deposi tiopn_ foll owed by netal rfac ol i.shing. 36, .The thod of claim 31,
said ar gosrla:Ls%ucfEfeenrlinrgg T 3)?p§§85e§§1?$%%%hbfs c?%ﬁﬁé’rnggoisﬁf?po?elng
el ectrical co.nCEa t conprising 39 using, Ar. as sputtering ions at a
"t enper at U e”of eafg(ﬁﬁl 5tPongé GEGPeBE B anthd ek Spediar ¥psht 21 6BYeH | 50
mrorr for time duration of about 5 to 10 seconds, the sputter process
bei hg tin®" dbHtdol 1 ed. 37 The nethod of claim1, said creating a patterned
and etched | ayer of copper aligned with said |ayer of barrier materi al
conpri sing met hods of single damascene and dual damascene. 38. The net hod
of claim9, said creating a patterned and etched | ayer of copper aligned
wi th sai dl 4 aykte gfethad icér chatar Pal sebipried Hgnavet lreds eohesli agbectamagcene
and dual damascene. 39. The nethod of claim 24, said creating a patterned
and et cheteYaiyerf gforgepperd ighednedtiv $hidalaydmyes kefrrianr matemateri al
conpri sing met hods of single damascene and dual damascene. 40
. A@Q . AS. AEASL AQr Afe. AtAps. Afbp?. AL A’ 5. A?. A A AYv
"UAAQy. AL A(T . Ak, A5y, AQ Aly. A A5?. Ay. AQ Apy. A5. Aby. Aly. A&5y. ASy. A5. AQ A@
Q AS5. ASp. Av5. Algiics itidly a€ (&R EDaD Gk @f @ayers GEIRER) -@\@R-@ r
?27p@00088Q @ @@ @@ @@
-@Ni (| ?ABA@disall dvélrcaheakoakaakcal cad @] sad sl nal cahealked] salkeakeadcal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal MN\34HOP R Y

the surface of said layer of barrier material overlying said

copper point of interconnéct, said at least one stack of layers
bomprising:

(1) a first layer of etch stop material; and

(ii) a second layer of dielectrig deposited over the surface
of said first laver of etch stop material;

patterning and etching said at least one stack of
semiconductor materiai, creating an opening there-through that
aligns with said layer of barrier material overlying said copper
point of interconnect;

depositing a layer of barrier materizl over the surface of
said at least one stack of layers of semiconductor, thereby
including inside surfaces of said opening created-there—through;

and
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()-?2\]17~_2 = filling said at least one opening with copper, applyling

methods of metal deposition followed by Chemical Mechanical

Polishing (CMP) of the surface of the deposited metal.

18. The method of claim 16, said creating, using second
dielectric lift-off, a layer of barrier material overlying said
at least one copper point of interconnect'coﬁprising the steps
of:

depositing & second layer of dielectric material over the
surface of said first layer of dieledtric, including the surface
of said at least one copper point of electrical contact;

patterning and etching said second layer of dielectric
material, creating at least one opening throﬁgh said seccond layer
of dielectric that aligns with said at least one copper point of
electrical contact,.exposing the surface of said at least one
copper point of electrical contact; |

argon sputtering the exposed surface of said at least one
copper point of electrical contact}

depositing a'layer of barrier material“pver the surface of

- salid second layer of dielectric material, thereby including
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second layer of dielectric material; and

removing said patterned and etched second lajer of
dielectric material from the surface of said substrate, thereby
leaving said layer of barrier material in place oﬁerlying said at
least_one copper point of electrical contact. |
19; The method of claim 16, said second dielectric comprising
polymer.
23. The creation of a protective layer overlying a copper point
of interconnect, comprising the steps of:
?roviding a semiconductor substrate, a copper point of
electrical contact having been provided through a layer of

dielectric deposited over the surface of said substrate: and

pL0% & ()-! X@

101 1
+10% & () - ! %10%s& () - - U8B6 &l &&JEaS4

creating,
overlying said
21. The method
contact having

.comprising the

using polymer lift-off, a layer_df barrier
copper point of interconnect.

of claim 20, said copper pocint of electrical
been provided over the surface of said substrate

steps of:

depositing a layer of dielectric cover the surface of said

substrate;
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22. The method of claim 20, said creating, using polymer 1lift-
.éff, a layer of barrier material overlying said copper point of
interconnect comprising the steps of:

depositing a layer of polymer over the surface.of sald layer
of dielectric, including the surface of said copper point of
electrical contact;

patterning and etching said layer of polymer, creating an
opening through said layer of polymer that aligns with said
copper point of electrical contact, exposing the surface of said
copper point of electrical contact;

argon sputtéring the exposed surface of said copper point of
electrical contact;

depositing a layer of barrier material over the surface of
‘said layer of'polymér, thereby including inside surfaces of séid
opening created through said layer of polymer; and .

removihg said patterned and etched layer of polymer from the

surface of said substrate, thereby leaving said layer of barrier
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- using Ar as sputtering ions at a temperature of about 25 to 150
. degrees C and a pressure of about 100 to 150 mTorr for a time

duration of about 5 to 10 seconds, the sputter process being time

controlled.

24. The creation of a copper interconnect, thereby using a
protective layer.overlying a copper point of interconnect,
comprising the steps of:

providing a semiconductor substrate, a copper point of
electrical contact having been provided through a first layer of
dielectric deposited over the surface of said substrate;

dépositing a second layer of dielectric material over the
surface of said first layer of dielectric, including the surface
cf said copper point of electrical contact:;

.patferning_and etching said second layer of dielectric
material, creating an opening through said second layer of
dielectric that aligns with said copper point of electrical
contact, exposing the surface of said copper point of electrical

contact;
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said second layer of dielectric material, thereby including

inside surfaces of said opening created through sald second layer
of dielectric material:;

removing said ﬁatterned and etched second lqyer of
dielectric material from the surface bf said substrate, thereby
leaving said layer of barrier material.in place Qverlying said
coppér point of electrical contact; and

creating a patterned and etched layer of copper aligned with

said layer of barrier material.

25. The method of claim 24, said copper point of electrical
contact having been provided over the surface of said substrate _
cémprising the steps of:

depositing . a first layer of dielectﬁic over the surface of
said substrate;

patterning énd etching said first.layer of dielectric,
creating at least one opening through said first layer of
dielectric;

filling said at least one opéning with copper, applying

- methods of metal deposition followed by Chemical Mechanical

Polishing (CMP) of the surface of the depoéited metal.
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of said first layer of etch stop material;
patterning and etching said at least one stack of
semiconductor material, creating an opening there-through that
| aligns with said layer of barrier material overlying said copper
point of interconnect; and
filling said opening with a layer of metal by applying

methods of metal deposition followed by metal surface polishing.

~27. The method of claim 26, additionally depositing a layer of
barrier material over the surface of said at least one stack of
layers of semiconductor, thereby including inside surfaces of
sald opening. created there-through, said addifional step being
provided prior to said step of filling said opening with a layer

cf metal.
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28. The method of claim 24, said second dielectric comprising

poiymer.

29. The method of claim 24, said creating a patterned and etched
layer of copper aligned with said layer of barrier material
comprising the steps of:
depositing at leést one stack of layers of semiconductor
material over the surface of said substfate, thereby including
“the surface of said layer of barrier.material overlying said
goppef point of interconnect, said at least oﬂe stack of layers
 comprising:
(i) a first iayer of etch stop material; and
(ii1) a second layer of dielectric deposited over the surface
of said first layer of etch stop material;
patterning and etéhing said at least one stack of
" semiconductor material, creating an opening there-through that
aligns with said layer of barrier material overlying said copper
ppint of interconnect;
depositing a layer of barrier material over the surface of
said at least one stack of layers of semiconductor, thereby
including inside surfaces of said openiﬁg.created there~-through:;
and
filling said épeniﬁg with a iayer of copper by applying

methods of metal deposition followed by metal surface polishing.
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30. The method of claim 24, saild argon sputtering the exposed

surface of said copper point of electrical contact comprisipg
using Ar as sputtering ions at a temperature of about 25 to 150
degrees C and a pressure of.about 100 to 150 mTorr for a time
duration of abéut 5 to 10 seconds, the sputter process being time

controlled.

31. The creation of a copper interconnect, thereby using a
protective layer overlying a copper point of interconnect,
comprising the steps of:

providing a semiconductor substrate, a copper point of
electrical contact having been provided through a layer of
dielectric deposited over the surface of said substrate;

depositing a layer of polymer over the surface of said layver
cf dielectric, including the surface of said copper point of
electrical contact:

patferning and etching said layer of polymer, creating an
opening through.said layer - of polymer that aligns with said
copper point ofceiectrical contact, exposing the surface of said
copper point of electrical contact;

érgon sputtering the exposed surface of said copper point of.'

electrical contact:;
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removing said patterned and etched laver of polymer from the

surface of said substrate, thereby leaving said layer of barrier
_material in place.overlying said copper point of electrical
contact;: and

.éreating a patterned and etched layer of copper aligned with

said layer of barrier material.

"32. The method of claim 31, said copper point of electrical
contact having been provided over the surface of said substrate
comprising the steps of:

depcositing a layer bf dielectric over the surface of said
substrate; |

patterning and etching said layer of dielectric, creating an
opening through said layer of dielectric:

filling said opehing with copper, applying methods of metal -
deposition.foilowed by Chemical Mechanical Polishing (CMP} of the

surface cf the deposited metal.
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material over t e surface 0f said substrate, thereby including

the surface Qf said layer of barrier material oﬁerlying said
copper point of interconnect, said at least one stack of layers
comprising:

(1) a first layer of etch stop materiai; and

(ii) a second layer of dielectric deposited over the surface
of said first layer of etch stop material;

patterning and etching said at least one stack of
semiconductor material, creating an opening there-through that
aligns with said layer of barrier material overlying said copper
point of interconnect; and

filling said opening with a layer of copper by applying

+methods of metal deposition followed by metal surface polishing.

34. The method of claim 33, additionally depositing a layer of
barrier material over the surface of said at least one stack of
layers of semiconductor, thereby including inside surfaces of
said opening greared there-through, said additional step being
provided prior to sald step of filling said opening with a layer

of metal.
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material over the surface of said substrate, thereby including

the surface of said layer of barrier material overlying said
copper point of interconnect, said at least one stack of layers
comprising:

(i) a first layer of etch stop material; and

(ii) a second layer of dielectric deposited over the surfé;e
of said first layer of etch stop material:;

“ patterning and etching said at least one stack of
semiconductor material, creating an opening there-through that
aligns with said layer of barrier material overlying said coppér
point cf interconnect;

depositing a layer of barrier material over the surface of
said at least one stack of layers of semiconductor, thereby
including inside surfacés of said opening created there-through;
and

filiing said opening with a layer of metal by applying -

methods of metal deposition followed by metal surface polishing.

' 36. The method of claim 31, said argon sputtering the exposed

surface of said copper point of electrical contact comprising
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- 37 The method of claim 1, said creating a patterned and etched
layer of copper aligned with said layer of barrier material

comprising methods of single damascene and dual damascene.

38. The method of claim 9, said creating a patterned and etched
layer of copper aligned with said layer of barrier material

comprising methods of single damascene and dual damascene.
32. The method of claim 24, said creating a patterned and etched

layer of copper aligned with said layer of barrier material

comprising methods of single damascene and dual damascene.
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