BARRI ER METAL CAP STRUCTURE ON COPPER LI NES AND VI AS BACKGROUND OF THE
| NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a
met hod of creating copper damascene and dual damascene interconnects

wher eby negat pugrefrkesksaef caxpeswie of:t be copper sunfracenpareagegat ed.
(2) Description of the Prior Art In the creation of sem conductor devices,

an inportant aspect of this creation is the interconnect netal that is
provi ded between el enents of sem conductor devices. |Interconnect netal

typically conprises netgépggggﬁﬁkj%ﬁfTMEP%%V%%%IﬁkaS that provide the

i nterconnection of int circui t's 1 n senconductor devices and/or the
interconnections in a nmultilayer substrate over the surface of which

sem conductor devices are nounted. One of the processes that is frequently
used for the creation of conductive interconnects is the damascene and the
dual darfdsceréepdoedsshel AnVEBLii@at i ng Very and U tra Large Scal e
Integration (VLSI and ULSI) circuits with the dual damascene process, a

| ayer of i nsulTat nigventdioel eetlrite snatcerthal fabrication of integrated

circuit devices, and more particularly, to a method of
creating copper damascene and dual damascene interconnects
whereby negative effects of exposure of the copper surface

are negated.

(2) Description of the Prior Art

In the creaticon of semiconductor devices, an important
aspect of this creation is the interconnect metal that is
provided between elements of semiconductor devices.
Interconnect metal typically comprises metal conductive
lines and vias that provide the interconnection of
integrated circuits in semiconductor devices and/or the
interconnections in a multilayer substrate over the surface
of which semiconductor devices are mounted. One of the
processes that is frequently used for the creation of
conductive interconnects is the damascene and the dual
damascene process. In fabricating Very and Ultra Large Scale
Integration (VLSI and ULSI) circuits with the dual damascene

process, a layer of insulating or dielectric material,




conprising for instance silicon oxide, is patterned with several thousand
openi ngs. These openings formthe pattern for the conductive |ines and
vias, which are filled at the sanme time with netal, such as typically

al um num but nore recently copper. The pattern of conductive |ines and
vias serweprteinnt éoconnecknaet isvué iand passieve iel eabhitgnefd ardthi nt egr at ed
circuit. The dual danmascene process also is used to formnultilevel

conduct i ¥evki-aes tabuseial opsuchgds TeepRebpeininkay €bsnof hiengultatsirng
material, such as polyimde, wusing therewmth nulti-|layer substrates over

the surfage of . which S8R.canduct ofdeviaces \arenmyat d) 10amscene i s an
i nterconnection fabrication process in which grooves are forned in an

i nsul ating |ayer and.fill Wi t al farm ugtive, J.ines. Dual
danascenggpg élmﬁuW%Fplg§§%1Vnfgggg%ﬁegg%gﬁagggbéggmﬁﬁ%ah?%ﬁ;%Fﬁ%addition
to formng the grooves o

t he single mascene .process, _conductive via
openi ngs *aF§5t Wecpéfﬁﬁd.%Pﬁ R t§%§n8 r&OD€H§El§§n§§8§ﬁeaﬁ?ﬂé@f@, t he
insulating layer is coated with a |ayer of photoresist. The coated |ayer
of phot osesveEE it iMtegcodnssded tHIEuGH da PRISSV SnEsRmF & idfage pattern
of the via openings, the via pattern is anisotropically etched in the
upper halihtefrahed msulcatiitng Thay eua ITiienptisoreoree Prsrcesgowlise decoisddexposed
t hrough a second nask with an i mage

to form multilevel conductive lines of metal, such as
copper, in layers of insulating material, such as polyimide,
using therewith multi-layer substrates over the surface of

which semiconductor devices are mcounted.

Damascene is an interconnection fabrication process in
which grooves are formed in an insulating layer and filled
with metal to form the conductive lines. Dual damascene is a
multi-level interconnection 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 process, the insulating layer is coated 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 anisotropically etched
in the upper half of the insulating layer. The photoresist
now is second expossd through a second mask with an image

pattern of conductive lines after the second exposure has




pattern of conductive lines after the second exposure has 2 been aligned
wth the first exposure pattern in order to enconpass the via openings. In
ani sotropically etching the openings for the conductive lines in the upper
half of the insulating naterial, the via openings that are previously
created baehhalupped hakh ahet Hersnsekabisnge apereane insiomdetrameous! y
etched and replicated in the lower half of the insulating material. After

the etchisng ok cQMRhet €12 BRLR HAS . Viras 2and Jtirk@10paniynags cane o ithleed with
netal . The dual damascene process is an inprovenent over the single

damasceng, pracess Sincel be duak ,0aTaseeac (B RFESSooRe BLLS e i |1 ng of

both the i ve grooves and vi as the sanme tine, thereby

eIininath%HErgcessggg st pPS.. Al t hough t he st%%d%rd damascene process

of fers a NGNDEr-0f AdVETTages "67er 6t REFGr G esses FEF PEFTRY Sty

i nterconnections, it has a nunmber of disadvantages. For instance, the dual
damascen&IFREEEs S T EGG MBS WG 2ids RifnG Nes EFs o0 G hetRE &t ern, a first

mask for the vias and a second mask for the conductive lines. Further, the
edges of siré teingooiseni wgshied ehe rewer caaleld éi tthe ilwsgiratiend Icdyer ,

after the second etching, tend to be poorly defined because of the two

et chi ngs thlen iaddiltitdmg sianeeialli.gndgEneroftiichettaming 1is complete,

both the vias and line openings are filled with metal.

The dual damascens process is an improvement over the
single damascene process since the dual damascene process
permits the filling of both the conductive grooves and vias
with metal at the same time, thereby eliminating processing
steps. Although the 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 requires 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 insulating layer,
after the second etching, tend to be poorly defined because
of the two etchings. In addition, since alignment of the two
masks is critical in order for the pattern for the
conductive lines to be over the pattern of the vias, a

relatively large tolerance 1s provided resulting in via




masks is critical in order for the pattern for the conductive lines to be
over the pattern of the vias, a relatively large tolerance is provided
resulting in via 3 openings that do not extend the full width of the
conductive |ine. Copper is gaining increased use as an interconnect netal
due to ibpehehati vRhy Hownea@stxzasddl ewer €silst ittty ofCopperohowevérehas a
relatively large diffusion coefficient into a surrounding dielectric

mat eri al ;sygh as silicon dioxide and silicon. Copper, which is used as an
i nterconnect medium therefore readily diffuses into the silicon dioxide

| ayer causing. éﬁ%?g gleghihgnbo1heceIR.canduct ua and.desnheasing the

dielectric str | i'con e layer. Copper interconnects are

t her ef | ated by at | east di ff b t
provent GEEFUSFOR FHt 6 Ene AP aon Il ox AEotagar. Clpgar - SFAPThr | s ol

known to be verﬁ sensitive to surface_ exposure, nost typically.resulting
i n oxi datceRest PHEVeExpGSed 6866§%V§&Wfé@égeTﬁéffH§éﬁplSHe ddréssds

concerns of creating copper interconnects and, nore specifically, the
negat i ve inpaet surtrhandaneg ﬁn@dﬁﬁé@l@ym@ﬁeé%@dsé@C§uﬂﬁaééléﬁ0@opper

dioxide and silicon. Copper, which is used as an
interconnect medium, therefore readily diffuses into the
silicon dioxide layer causing the dielectric to become
conductive and decreasing the dielectric strength of the
silicon dioxide layer. Copper interconnects are therefore
typically encapsulated by at least one diffusion barrier to
prevent diffusion into the silicon dioxide layer. Copper
further is well known to be very sensitive to surface
exposure, most typically resulting in oxidation of the

exposed copper surface.

The invention addresses concerns of creating copper
interconnects and, more specifically, the negative impacts
that are incurred by an exposed surface of copper

interconnects.

US 6,143,641 (Kitch) shows a dual damascene with cap

lavers.




i nterconnects. US 6, 143,641 (Kitch) shows a dual damascene with cap

| ayers. 4 US 6, 350,675 Bl (Chooi et al.) shows a dual damascene process
with barrier |ayers. US 6,281,127 Bl (Shue) shows a self-passivation
process for a dual danmascene interconnect. US 6,274,499 (CGupta et al.)
shows a cap over @50, m7er GinneticciUst6,2258, B3 WBl o ul dalngsadirec| oses a
dual damascene wth a cap. SUMMARY OF THE | NVENTI ON A princi pl e objective

of the i@yggéégwdfiﬁn%dygygﬂkiéyeggﬁhod of creating damascene types copper
i nterconnects whereby negative effects of surface exposure during the

process of creating these interconnects are negated. Another objective of
the invention is to provide a nethod of creating copper danascene

i nt erconnect s whe the negative inpact of i.n-line exposure to
processi ng cﬁgi c%%é’sl&?h Bgs @t‘iﬁ%n rKgo‘r‘i?niac§Ieslr%i Hegated. V' et" Aitother
objective of the invention is to provide a nethod of creating copper
damascend 9t tdertnin §eIe Sifdiepyr te reonnect .

Us 6,274,499 (Gupta et al.) shows a cap over an

interconnect.

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 damascene types copper interconnects
whereby negative effects of surface exposure during the

process of creating these interconnects are negated.

Another objective of the invention 1s to provide a
method of creating copper damascene interconnects whereby
the negative impact of in-line exposure to processing

chemicals such as etching chemicals 1s negated.

Yet another objective of the invention is to provide a
method of creating copper damascene interconnects whereby

effects of copper back-sputtering are negated.




effects of copper back-sputtering are negated. 5 A still further objective
of the invention is to provide a nethod of creating copper damascene
interconnects whereby formation of copper surface irregularities such as
copper hillocks is prevented. In accordance with the objectives of the
invention a new nethod is provided for the creation of damascene copper

i nterconnects. A nethod is provided whereby created copper surfaces are

capped with ap %X@ﬂloEuQ@hékebbﬁ%E%rl|v%| ofithi ithReneaprstikuebure of barrier
material, the surface of the created copper i nterconnect is shielded

agai nst g%%@% ol PELUBRCES SUeh AR Lok ahnplkecarsngchenheals. As a

result of 'the creation acap o terial conventional concerns
of copper  oxi dati.on back sputtering.and t ike are elim nated.
BRI EF m@éﬁlrﬁ%ycﬁ%@a%ﬁ%%oﬁ&\/\m@@e §or %aéjﬁodc& rggélﬁé & S8, PR 0P ot he
surface of a senm.conductor substrate over the surface of which copper

vi as and SPREEFC ORreCC e AEsPREVETEEN provided. The structure has been

covered with a layer of barrier material. 6 Fig. 2 shows a cross section
after a photoresist mask

In accordance with the objectives of the invention a
new method is provided for the creation of damascene copper
interconnects. A method is provided whereby created copper
surfaces are capped with a layer of barrier material. With
the cap structure of barrier material, the surface of the
created copper interconnect is shielded against outside
influences such as effects of processing chemicals. As a
result of the creation of a cap of barrier material,
conventional concerns of copper oxidation, copper back

sputtering and the like are eliminated.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of the surface of a
semiconductor substrate over the surface of which copper
vias and interconnect lines have been provided. The

structure has been covered with a layer of barrier material.




has been fornmed over the surface of the deposited |ayer of barrier
material. Fig. 3 shows a cross section after the layer of barrier material
has been etched. Fig. 4 shows a cross section after additional |ayers of
sem conductor material have been deposited with the objective of creating
a contact plugiyhepestbieughcrbisg. secshows adterosspaecbiren iaft ansa vi a
openi ng has been etched through the deposited | ayers of sem conduct or

material j 6l §eef $ROWRJ2GEOSEHEECHIER cAf ber theepepoBt B Riager’ oghows a
cross section after metal deposition and polishing, filling the created

via and h?ggig OReRi, 93 with netal. DESCRIPTI ON OF THE PREFERRED

EVMBODI VE e crea ion of sem conductor devices having sub-mcron and
deep subm cron device feature size has resulted in the 7 conventiona

i nt erconnect medi um of al um num bei ng progressively repl aced by copper or

copper alloys including alum numcopper Cu). For _the creation  of
conduct i ve |ﬁﬂ§rc§nﬁ§@W§ atﬁé0§ﬁn&ﬁ€téﬁ§ ééé?rdéﬁﬁsééﬁ@rppécg§§é§e§re

frequently used for this purpose.
material has been etched.

Fig. 4 shows a cross section after additional layers of
semiconductor material have been deposited with the

objective of creating a contact plug there-through.

Fig. 5 shows a cross section after a via opening has
been etched through the deposited layers of semiconductor

material.
Fig. 6 shows a cross~section after trench etch.

Fig. 7 shows a cross section after metal deposition and
polishing, filling the created via and trench openings with

metal.
DESCRIPTICN OF THE PREFERRED EMBODIMENTS

The creation of semiconductor devices having sub-micron

and deep submicron device feature size has resulted in the




Appl ying state-of-the-art nethods of creating single and dual danmascene
i nterconnects, the copper that is used as the conductive interconnect
mediumis readily exposed during processing to the fabrication
environment, which in nost applications conprises processing chem cals

such as . ehGhartiSnaAS iatkesbhheol tBlSs vexpasunerahuhecgepper surface, the
copper reacts with the exposing substance, a reaction that has a negative

| npact O?r%%%e%é&%%q d%%ﬁg%%eauh ceppkh AAdLIRR, thics d ntenactinen

bet ween t'he “copper a envi ronnmental |y preSent processing chenicals

readily resul.ts in _co r..back-sputteri i t i n..t.hi s manner
disburse&ﬁﬁgﬁﬁgp7ﬁ83? fﬁi@&?ﬁﬁed%ﬁﬁ %ﬁg ?%@5 ﬁgﬁngBCQ§¥%£ﬁﬁ1f§ of openi ngs
t hat have been created throu%h | ayers, of _surroundi ng dielectric. This

| atter pHERGFEREREESUI (99 F11GdGr &8Cn GG (RESIECET PS5 orténce of

the created conductive interconnects since the surface between the
sur r oundifrig agiegiteat risedarie 1t e 1dePESPOES i nt er connect metal 8 of copper is
poorly defined. In addition, interaction between surrounding chem cals,
for instance applied during a processing step of Chem cal Vapor Deposition
(CVWD), readily leads to the formation of hillocks or surface
irregulariti epplying state-of-the-art methods of creating single
and dual damascene interconnects, the copper that is used as
the conductive interconnect medium is readily exposed during
processing to the fabrication environment, which in most

applications comprises processing chemicals such as

etchants.

As a result of this exposure of the copper surface, the
copper reacts with the exposing substance, a reaction that
has a negative impact on the exposed copper surface. In
addition, this interaction between the copper and the
environmentally present processing chemicals readily results
in copper back-sputtering, causing the in this manner
disbursed copper to be deposited on and to adhere to
sidewalls of openings that have been created through layers
of surrounding dielectric. This latter phenomenon results in
degrading of the electrical performance of the created
conductive interconnects since the surface between the

surrounding dielectric and the deposited interconnect metal




in the exposed copper surface. Copper is well known to readily oxidize when
exposed to an oxygen containing environnent such as air, to then renove
the formed | ayer of copper oxide such steps as post-etch cleaning or
pre-nmetallization treatnment are frequently applied. These steps however do

not assupe EbﬁﬁeEe§kdﬁ@brl?oﬁﬁﬁﬁneﬁhaﬁnhéﬁdﬁﬁﬁﬁﬁﬁ overrsideval | s of created
via and trench openings, is also renoved. In addition, the conventional

step of Bg%wggaagbk%aﬁhaﬁnpr%ﬁ%ﬁﬁeglgayfger&B@%anéggéag@&@dtBar§h5ugtIon by

causi ng copper back sputtiering. To prévent all of the above highli ed
negative ects of  creat.i si:ng e danas ma copper
|nterconﬁé8F SStRe FE§8nP&oﬁ%5P65 ded “PSF @%Egsgggag gkvg a§§§§§%gyer of
barrier material, as will now be _exp alned in detail usin 1 t hrough

2 or CUhiSaSpurposts ReFBRTLAG D Gt SpEAR PEAFFS Je6% hE-CRBSE eb4Eron ¢ hat
is showmn in Fig. 1, there is highlighted the cross section 9 of a
sem conddodt 6hesabBPrafe COPPEVe B UEBEC8ur f ace of which are consecutively
deposited a first layer 12 of dielectric such as Inter-Layer D electric
(ILD), a first layer 14 of etch stop material, a first layer 15 of barrier
material, a
Copper is well known to readily oxidize when exposed to

an oxygen containing environment such as air, to then remove

the formed layer of copper oxide such steps as post-etch

cleaning or pre-metallization treatment are frequently

applied. These steps however do not assure that residual

copper, that has formed over sidewalls of created via and

trench openings, is also removed. In addition, the

conventional step of pre-metallization treatment may further

aggravate the situation by causing copper back sputtering.

To prevent all of the above highlighted negative
aspects of creating single damascene and dual damascene
copper interconnects, the invention provides for the
creation of a cap layer of barrier material, as will now be
explained in detail using Figs. 1 through 7 for this

purpose.

Referring first specifically to the cross section that

is shown in Fig. 1, there is highlighted the cross section




second | ayer 16 of dielectric such as Inter Metal Dielectric (IMD) and a
second | ayer 18 of barrier material. Metal contacts or plugs or

i nterconnects 11 have been created through the first layer 12 of ILD,
metal plugs or interconnects 11 may conprise alum num copper, tungsten,

and the Lirke. skayebnbhctier eueervenrti anablyr ik$ea shirrsice lodyehieh etch stop
material, such as a layer of silicon nitride. It nust be noted in the

cross section tRak ks SN s ikleg a1 rihat theesunhace ofi caepRer Sl ugs or
interconnects 13 is lower than or recessed (récess 19, Fig. 1) fromthe

surface of | ayer f.dieleclrli : rabl e . u Thi,s recess 19,
preferre&ufg gvg%%e%eﬁéﬁgIb?hﬁg%ﬁgéﬁ%3gﬁgﬁﬁ’ %O%K%ggt?%ﬁfrig4p935ided SO
that the thereover created |ayer, of _barrier terial, overlies and in this
g 35t &
pr 6t ecthi s

manner pE&GEdES PadddGAtE pr 6t dctidn LAY Eh Ge 191t KEt&Sper Bl ugs or
i nterconnects 13. A conventional |ayer 15 of barrier material has been
deposi t e¢eePEC diaderalllts odf ddFerichds Cepegted st d ttie MEG ade PO SiMEICEH 161
copper vias and interconnect lines 13 through the first |layer 14 of etch
st op mat €Ml and secemdnridayeryct6 18of fdbelrederi aathye adoppertailnt er connect s
13 may first, at a

contacts or plugs or interconnects 11 have been created

through the first layer 12 of ILD, metal plugs or

interconnects 11 may comprise aluminum, copper, tungsten,

and the like. Layer 14, more conventiocnally, is a first

layer of etch stop material, such as a layer of silicon

nitride.

Tt must be noted in the cross section that is shown in
Fig. 1 that the surface of copper plugs or interconnects 13
is lower than or recesgsed (recess 19, Fig. 1) from the
surface of layer 16 of dielectric by a measurable amount.
This recess 19, preferred to have a height of between 30 and
80 Angstrom, is provided so that the thereover created layer
of barrier material overlies and in this manner provides
adeguate protection to the surface of the copper plugs or

interconnects 13.

A conventional layer 15 of barrier material has been

deposited over sidewalls of openings created for the

10




| ower | evel, conprise vias created through the layer 14 of etch stop
material after which interconnect trenches are created through the second
| ayer 16 of INMD, the trenches being filled with copper. Conventi onal
processing may al so be applied to renove all or part of the barrier |ayer
15 from theokadt:tiom of thepeopeniasgsncr éatted cohneugh ltihe sl dpetsrddgand 16 of
dielectric, this in order to inprove contact resistance of the created

copper i Rher goneectsyi3. 19 BEe cthins sitspnaktgengananto skhend nweatd o@, this
aspect has not been Kighlighted in the cross section shown in Fig. 1.

Barrier Layen '1%&9 @Edmfe @ogg%%r 2l c3eleeked of rz@rrmta@e £1950UP ag0Bsi sting
of w thout homever being limted thereto tungsten, Ti/TiN N W

(titaniumtitani um.nitride.tun gst n)., i ngsten/ ani,umcor
tltanIUﬁg{UﬁbS?ev lthrlHefglta%ﬁ%nngaﬁlﬁgﬁbﬁgpﬁﬁtg% 18 &%%lgénggm

nitride/titanium tantalum tantaluymnitride, tant licon nitride,
ni obi um S6ly BEERUME CEF dRi-n - S&1 U lﬁ&nﬂ“8£F&8nPﬁF30§fe“f “Bs *&°mat eri al

for the layer 18 of barrier material is selected a material that is:
el ect ri caliepteshdberivgeé the second layer 16 of IMD, the trenches

being filled with ccpper.

Conventional processing may also be applied to remove
all or part of the barrier layer 15 from the bottom of the
openings created through the layers 14 and 16 of dielectric,
this in order to improve contact resistance of the created
copper interconnects 13. Since this is not germane to the
invention, this aspect has not been highlighted in the cross

section shown in Fig. 1.

Barrier layer 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-tungsten/titanium or titanium-tungsten
nitride/titanium or titanium nitride or titanium
nitride/titanium, tantalum, tantalum nitride, tantalum
silicon nitride, niobium, molybdenum, aluminum, aluminumn

oxide (ALiOy).

11




copper conpatible isolation dielectric conpatible chem cally stable and
resistant to interaction with processing chemcals. For the layers 12 and
16 of dielectric can be used conventional materials used for the isolation
of conductors from each other and from underlying conductive el enents, a
sui tabl e di el egt i ;aheim@,]l ffor ittt drge rsillsi odn bdiraxiede mafeoxiade",s doped or
undoped) or silicon nitride ("nitride"), silicon oxynitride,

f 1 uor opolsynet-+ cpary eneripal HnH:de,s. tetra-ethyl -ortho-silicate (TECS)
based oxi des, boro- phosphate-silicate-glass (BPSG, phospho-silicate-glass
(PSG, boro flllcate Iasga%ESG oxi de-nitride-oxide (ONO, plasm
enhanced ®si FT8oh° hi tt %ecf % oxynitride. Alow dielectric constant
material, such as hydrogen silsesqui oxane. HDP-FSG (hi gh-density-plasna

f1 uori nesdoperbesi tiopteiglass) is a dielectric that has a lower dielectric
constant than regul ar oxi de. The nost commonly used and therefore the

preferred diglgetsrhcs:ofctayerscdidpandy,16é are silicon dioxide (doped 12
or undoped), silicon oxynitride, paryl ene or polyimde, spin-on-glass,

pl asrma OXId emlcagy fé and

e resistant to interacticn with processing chemicals.

For the layers 12 and 16 of dielectric can be used
conventional materials used for the isclation of conductors
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, fluoropolymer, parylene, polyimide,
tetra-ethyl-orthe-silicate (TECS) based oxides, boro-
phosphate-silicate-glass (BPSG), phospho-silicate-glass
(PSG), boroc-silicate-glass {BSG), oxide-nitride-oxide {ONO),
plasma enhanced silicon nitride (PSiNx), oxynitride. A low
dielectric constant material, such as hydrogen
silsesquioxane. HDP-FSG (high=-density-plasma fluorine-doped
silicate glass) is a dielectric that has a lower dielectric

constant than regular oxide.

The most commonly used and therefore the preferred

dielectrics of layers 12 and 16 are silicon dioxide (doped

12




The sane materials that have been highlighted above as possible materials
for the |layer 18 can also be considered for the layer 15 of barrier

material. Barrier layer 15 is preferably about 100 and 500 Angstromthick
and nore preferably about 300 Angstromthick. Layer 18 of barrier nmaterial
i s preferablyadepasitediteca bhisaknessechepaegnenabeut pbQyvamdd250 Angstrom

filling recess 19, having a height between about 30 and 80 Angstrom wth
t he depogbgﬁdonbaggg%r matemnhabx i BEosessesvandxpracessi ng conditions that
are required for he creation of the structure that is shown in cross

section in Fig. 1 are conventional processes with the exception of the
creation of the layer 18 of barrier material. These conventional processes

will therefore not be further hi ghl i ted at t exanpl e of
the croati on SPe 878 THCGFIRbFI EOR: RAVE: PRERCANOhe BrFed dehye: frng
titaniumsilicon nitride_ using PECVD in a tenperature range of between 200
and 500 PHEGEEES @atﬁélélﬁhﬁéﬁn§§§ OPYBEt Wle F28bEEEC26Caf@TE86€18%ANngst r om
Preferably, the thickness of the barrier layer 18 is |ess than about 200
Angst r omfoEothkayer et4 16f ot bhrstep materiial .cBarbeesellesesdla is

preferably about 100 and 500 Angstrom thick and more
preferably about 300 Angstrom thick. Layer 18 of barrier
material is preferably deposited to a thickness between
about 50 and 150 Angstrom, filling recess 19, having a
height between about 30 and 80 Angstrom, with the deposited

barrier material.

Processes and processing conditions that are required for
the creation of the structure that is shown in cross section
in Fig. 1 are conventional processes with the exception of
the creation of the layer 18 of barrier material. These
conventional processes will therefore not be further

highiighted at this time.

As an example of the creation of layer 18 of barrier
material can be cited depositing titanium silicon nitride
using PECVD in a temperature range of between 200 and 500

degrees C. to a thickness of between about 20 and 400

13




material that conprises a silicon conponent, for instance dielectrics such
as silicon dioxide ("oxide", doped or wundoped) or silicon nitride

("nitride"), silicon oxynitride, silicon carbide (SiC), silicon oxycarbide
(SIO0C) and silicon nitro carbide (SiNC). Layer 14 is preferably deposited

usi ng metheds rofn . LPE¥Be roh IRECYD 0t hHREYIR sor cSputikeblrg iel Hiagh Dartsi ty
Plasma CVD (HDPCVD), deposited to a thickness between about 100 and 500

Angst rom. JAft.eL Eggnsg%ggkuggotm%gskgogpomm in cross sectionin Fig. 1 has
been created the deposited |ayer 18 of barrier material is now etched,

for which purpose is created a patterned and devel oped | ayer 20 of
phot or esi st overl yi ng the surface of layer 18 of barrier material. This
hown .i n_the cross

patterned and deXeIope hot or esi i S $ 1
section of Fi§Cr2; a%ﬁer fh@ S%eﬁFﬁ SH: ﬁgﬁe Fe&H-SEFE5t €d t hr ough
the | ayer 20 of photore5|st are interspersed wth the openings 21 that
have ori giefgrieloéda tccomred st @ tHe 16penirvg®aritont&t HFtecEnnect s 13.
It must thereby be 14 noticed that the sidewalls for the openings that have
ori gi nal Iy eleen réreatedH ers cénducti e oxitder domectkes » 18lopald ¢ with t he
sidewal I s of the openings that are created
undoped} or silicon nitride {(“nitride”), silicon oxynitride,
silicon carbide (SiC), silicon oxycarbide (Si0C) and silicon

nitro carbide (SiNC).

Layer 14 is preferably deposited using methods of LPCVD
or PECVD or HDCVD or sputtering or High Density Plasma CVD
(HDPCVD), deposited to a thickness between about 100 and 500

Angstrom.

After the structure that is shown in cross section in
Fig. 1 has been created, the deposited layer 18 of barrier
material is now etched, for which purpose is created a
patterned and developed layer 20 of photoresist overlying
the surface of layer 18 of barrier material. This patterned
and developed layer 20 of photoresist 1s shown in the cross
section of Fig. 2, whereby the openings 21 that have been
created through the layer 20 of photoresist are interspersed
with the openings 21 that have originally been created for

the openings of contact interconnects 13. It must thereby be
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t hrough the layer 20 of photoresist. This in order to provide adequate
protection over the surface of the copper interconnects 13 after the | ayer
18 of barrier material has been etched in accordance with the pattern
created in the Ilayer 20 of photoresist. The |ayer 18 of barrier material,

Fig. 3, inptnewetehed tHen sderondanceou tthet he epatricer nieft thed ayer 20 of
phot oresist, leaving the barrier material in place overlying the copper

i nterconngets (k3.1 Bddhe SIRsSSeet bt (v shawrddhfds 31 he
phot oresi st mask 20 has been renoved from above the surface of substrate

10 afterg#ﬂgﬁg pqloﬁijXQ%kgﬁgg% %%r&%%rggﬁ?ES%ﬁghjﬁﬁ§EH%EQ”%%HRthEd' Thi s

r enoval ot or esi can be usi ng conventional nethods

of ashin foll owed hy a thaorough.surface clean.. The concept, of the

i nvent i ogﬁhﬁﬁrﬂ%\,\tﬁ’% &t @(r)ﬂ é’tﬁgip %&feﬁé’isr%g t elscrl&sorséecr{)ité)ns of Figs. 1
through 3, that is the creation of a thin protective |layer 18 of Dbarrier
mat eri al PR deh @ dairdde R3O TG Ea8d VEFpddeL 5 U T GHnddtts “PPPSS now

further extended using Figs. 4 through 7 for the conpletion of copper
i nt er connettesr amimagrt s Hed dufdie mares devye pridcedfs barrier material has

been etched in accordance with the pattern created in the

layer 20 of photoresist.

The layer 18 of barrier material, Fig. 3, is now etched
in accordance with the pattern of the layer 20 of
photoresigt, leaving the barrier material in place overlying

the copper interconnects 13.

In the cross section that is shown in Fig. 3 the
photoresist mask 20 has been removed from above the surface
of substrate 10 after the etch of layer 18 of barrier
material has been completed. This removal of the photoresist
mask can be achieved using conventional methods of ashing

followed by a thorough surface clean.

The concept of the invention, which has been
highlighted using the cross sections of Figs. 1 through 3,
that is the creation of a thin protective layer 18 of

barrier material over the surface of created copped
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It nust first be noted in the cross section that is shown in Fig. 4 that
the layer 18 of barrier material that renmains in place overlying the
copper interconnects 13 does in this case, as opposed to the cross section
shown in Fig. 3, not overly the layer 15 of barrier material that has been

deposi t ednevekcthecipside sur hacesuafhhe capenidegs utshaty Tawe. Been creat ed
for the creation of the copper interconnects 13. This cross section is

readi |y ebt-ai,ped by apphyi Bgrd1-ttieR off chepecal nMachanineal sPokisli ng (CVP)
to the surface of the layer 18 of barrier nmaterial that is shown in cross

section ip Fi.g. .3, [ n f. creating the |ayer 18, as shown in
Cross seg Fog 8# Eﬁéggg?ﬁgsgﬁﬁkﬁﬁgf used for the extended explanation of

the invention, an approach that can be validated by realizing that the
| ayer 18 of barrier material that is shown in cross sectionin Fig. 4
continues to cover the surface of the copper interconnects 13. The
i nvention nowlpr 88&&dd iwptnPerngtes ihdh§epsssti Srcter addti dfal | ayers
of sem conductor material such as 16 |layers of dielectric, separated by
| ayers ofshetich ist 6pg.mdt ehizgl thevdrvehe Surifabe rafi srth@asesand thpdr 16 of
dielectric. Specifically shown in the cross section of Fig.

remains in place overlying the copper interconnects 13 does

in this case, as opposed to the cross section shown in Fig.
3, not overly the layer 15 of barrier material that has been
deposited over the inside surfaces of the openings that have
been created for the creation of the copper interconnects
13. This cross section 1is readily obtained by applying a
step of Chemical Mechanical Polishing (CMP) to the surface
of the layer 18 of barrier material that is shown in cross

section in Fig. 3.

This concept of creating the layer 18, as shown in
cross section of Fig. 4, 1s further used for the extended
explanation of the invention, an approach that can be
validated by realizing that the layer 18 of barrier material
that is shown in cross section in Fig. 4 continues to cover

the surface of the copper interconnects 13,

The invention now proceeds with, Fig. 4, the deposition

of additional lavers of semiconductor material such as

16




4 are: a second |ayer 23 of etch stop material (the first |layer of etch
stop material being layer 14) a third layer 24 of dielectric (layer 12
being the first and layer 16 being the second | ayers of dielectric) a
third | ayer 25 of etch stop material a fourth layer 26 of dielectric, and
a final aagekaurith diayerct24 «Qf selfpehtasteop byatierieals. oifey tand safopsi gni fi cant
inportance to the invention is, that during the deposition of the above

hi ghl i ghted Jl.ayers oQf- %%r@ CORTUCLOT, Bt isalooven he surface of the
second [ayer 16 ‘of dielectric, no copper surface i s exposed and the

creat ed RAST. d.nter connagta 3 Fererons, daJnat caf terany fegal] ve

i npact due t ifteraction with el éments at are present I'n the processing
envi ronnent . thhods and processing condltlons that are applied for the
creati onlof ffie cross section that is shown in Fig. 4 follow conventional
procedures after the cross section shown in Fig. 3 has been created and

wi |l theeefarscpondbeayartherof detahl etoptmahésial netha7fByshowreethi ng
openings 29. Fig. 5, through the layers 24, 25, 26 and 27, openings 29
being alignefl tth thepnmeéadrial being layer 14)

e a third layer 24 of dielectric ({(layer 12 peing the first

and layer 16 being the second layers of dielectric)

a third layer 25 of etch stop material

a fourth layer 26 of dielectric, and

[

a final and fourth layer 27 of etch stop material.

Key and of significant importance to the invention is,
that during the deposition of the above highlighted layers
of semiconductor material over the surface of the second
layer 16 of dielectric, no copper surface is exposed and the
created copper interconnects 13 therefore do not suffer any

negative impact due to interaction with elements that are

present in the processing environment.

Methods and processing conditions that are applied for
the creation of the cross section that is shown in Fig. 4
follow conventional procedures after the cross section shown

in Fig. 3 has been created and will therefore not be further

detailed at this time.
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(preferably conprising copper) interconnects 11, the second |ayer 23 of
etch stop material is exposed overlying the layers 18 of barrier material.
By now, Fig. 6, etching a trench pattern through the layers 27, 26 and 25,
and simultaneously transferring the via pattern 29, Fig. 5, through the
second etch stop layer 23, the layer 18 of barrier material is exposed. As
part of the pattern transfer through the second |ayer 23 of etch stop

material, theglayer, 18 @f artLgl o maberi g my akse benakhechede Lesulting
in back-sputtg&iﬁg ofctﬁggba rié?gnateriaﬁgof Vayerolg. The in%FﬁFs manner

back- sput.ter barri_er terial .(nat ,sh in_Fi. ) ...depqsi_t adheres
to the | %\ﬂmggm ?gmapflegai of “Phé 1418%&%?%%\5@15@, aléilgjﬂeg, w\?\“/giglr g%tehznéeggﬁower
extremties of openings 31 approach gnd are adjacent .to the | ayers 18 of

barrier MREELFEERLLFhCOTRERGSTHI GAPEF Bartier SRAPEFTEl {dver Fhé Sabble
hi ghl i ghted surface areas of openings 31 results in inproved adhesion of
t he ther éaver dépedi cédhmetar tBAErislddFosipeged oveilly 1ogedintgs 31,
facilitating this process of nmetal deposition. 18 In addition, the renoval
of the baekesputliBerdd bamtréeiralmaterial. By now, Fig. 6, etching a

trench pattern through the layers 27, 26 and 25, and

simultaneously transferring the via pattern 29, Fig. 5,

through the second etch stop layer 23, the layer 18 of

barrier material is exposed.

As part of the pattern transfer through the second

layer 23 of etch stop material, the layer 18 of barrier

material may also be affected, resulting in back-sputtering

of the barrier material of layer 18. The in this manner

back-sputtered barrier material (not shown in Fig. ©)

deposits and adheres to the lower extremities of the

openings 31, Fig. 6, where these lower extremities of

openings 31 apprcach and are adjacent to the layers 18 of

barrier material.

This deposition of barrier material over the above
highlighted surface areas of openings 31 results in inmproved
adnesion of the thereover deposited metal that is deposited
to fill openings 31, facilitating this process of metal

deposition.
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fromthe surface of |layers 18 reduces the thickness of these |ayers and as
a consequence reduces the contribution of the barrier |ayer to the contact
resi stance of the contact interconnects created in openings 31, thereby
reduci ng the contact resistance of the conductive interconnects created

in openings 31. The latter effects of reducing contact resistance of the
contact interconnects and of inproving netal adhesion to the sidewalls of

openi ngs 31 cen 2 SdEEQ hde@h%rrgmeaaqeefbxhelBecnogpagéagea agt@@@aﬁurface
of the expose ayer barrler naterlal As an exanple of this latter

process 1g§egé%$ggu5|n yg@ssegt&% |%g§ @&6§kbggg %gt%%% -af

about 25 F8m §°cTand Y5 Br aSstire o abolt miorr for a
time duration of about 5 to 10 seconds,, the putter P ess being tinme
control | 68YTHeER0SE SeCPPRIPRALS SSEHEM IFRCFFG C T BHOVETL RE I | ing 32
of the openings 31, Fig. 6, with a netal preferably conprising copper,
after theadepesi Layekayer toF C@@ﬁépthé§sﬁééﬁnﬁﬁlP§hége Gsrkgcfor instance
nmet hods of Chem cal Mechanical Polishing, |eaving copper interconnects 32
i nsi de openkmgsnldictEherehitekiness opknliager $118thrrehy 19dorosy $éetion of
Fig. 7 has been reduced by an anount and in

contact resistance of the conductive interconnects created

in openings 31.

The latter effects of reducing contact resistance of
the contact interconnects and of improving metal adhesion to
the sidewalls of openings 31 can be provided or enhanced by
ion bombardment of the surface of the exposed layer 18 of
parrier material. As an example of this latter process can
be cited using Ar as sputtering lons 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.

The cross section that is shown in Fig. 7 shows the
filling 32 of the openings 31, Fig. 6, with a metal,
preferably comprising copper, after the deposited layer of
metal has been polished, using for instance methods of
Chemical Mechanical Polishing, leaving copper interconnects

32 inside openings 31. The thickness of layers 18 in the
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accordance wth the pattern of openings 31 in order to highlight the

af fect of the back-sputtering of the layer 18 of barrier material. It nust
be pointed out, relating to the cross section that is show in Fig. 7,
that the openings through |ayers 23-27 for the creation of copper

i nterconpeelks 32cktheneid ragn benkisnesew thdadeayery eh hawvtiner amat eni al
before these openings are filled with copper. This |ayer of barrier

mat eri al jhas At kegn -shewn b@t%@%ncﬁgsép%%ﬁﬁﬁ%n3qfi%j%rdéf The summari ze
the invention: copper points of interconnect ‘are provided over the

surface of. substrate, preferab e d i | I i ctiric a

| ayer of%ﬁgﬁﬁﬁgg%nﬁ grﬁgﬁeﬁg ggpgéftgg%%vgguFﬁgﬁéf'oggdgkgugﬁgggélgf t he
copper interconnects, and _additional |ayers of copper interconnect are
created C&l PGRéd Sk PRYEREAlayers of barrier material overlying the surface
of the copper points of interconnect. Al though the invention has been
described and illustrated with reference to specific illustrative

enbodi nents thereof, it is not intended that the invention 20 be limted to
those il ustr dtti weisenbediprmemtsd Those rskialtlied to the cross section

that 1is shown in Fig. 7, that the openings through layers

23-27 for the creation of copper interconnects 32 therein

can be lines with a layer of barrier material before these
openings are filled with copper. This layer of barrier

material has not been shown in the cross section of Fig. 7.

The summarize the invention:

e copper points of interconnect are provided over the
surface of a substrate, preferably embedded in a layer of
dielectric

e a layer of barrier material is deposited over the exposed

surfaces of the copper interconnects, and

e additional layers of copper interconnect are created
aligned with the layers of barrier material overlying the

surface of the copper points of interconnect.

Although the invention has been described and
illustrated with reference to specific illustrative

enbodiments thereof, il is neot intended that the invention
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inthe art will recognize that variations and nodifications can be nmade

W t hout departing fromthe spirit of the invention. It is therefore
intended to include within the invention all such variations and

nodi fications which fall wthin the scope of the appended clains and

equi val epts 1 ithheraotc 2hoMbat lilsiselraicied kesbollimAnmet hadoet ekeafieng copper
i nterconnects, using damascene processing, conprising: providing a

sem conduct @k sybst rat e, rsabdryubsthate vahavingnkeanprevidedawibhspoi nt's
of electrical contact, at |éast one first copper interconnect having been

created inalayercof ;dhelLECLELG AYGH ¥ig SR o 3ubst pat enesai d at | east
one first'"copper "Interconnect ~“being aligne Wi th and over ying at | east
one of said oints _of .electrical caontact, the surface of said_at | east
one first"Y6p éP“rnFéréénﬁ§8Fe§8Fﬁgl Aefhd&R eREUSGr Pac letggid | ayer
of dielectric by a recess height, causing first copper plug recesses
havi ng alrgeadsopr add- sgebt ek 1atieati Ag amosidctAtdarty vedhductive | ayer
of barrier material over said first copper interconnect

within the scope of the appended claims and equivalents

thereof.
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havi ng a hei ght about equal to said recess height and having a cross
section about equal to said recess cross- section, said creating a | ayer of
barrier material over said first copper interconnect conprising: (i)
depositing an electrically conductive |ayer of barrier material over said
| ayer of dielectric, thereby filling said first copper plug recesses with
barrier Wgégr%glélgggegziggi) patterning said | ayer of barrier material,
renovi ng sal arrier material fromsaid |layer of dielectric, |eaving said
barrier material inside said first copper plug recesses; and creating at

| east one second copper interconnect aligned with and overlying said at

| east one first copper _ interconnect. 2. The nmethod of claim1,

addi ti onalt y2sBEEPaH PEaSteehendf FPEPEEopPeF L FREBFEOANEEE 1 BEi ng provi ded
with a surrounding layer of barrier material. 3. The nethod of claim 2,
addi ti onaflkpaperdei pgosardingur FEURHIL A Payer of barrier material froma
bottom surface of openings over inside surfaces of which said barrier
mat eri al has bpenvdépogi tedemiconductor substrate, said substrate

having been provided with points of electrical contact,
at least one first copper interconnect having been
created in a layer of dielectric overlying said
substrate, said at least one first copper interconnect
being aligned with and overlying at least one of said
peints of electrical contact, the surface of said at
least one first copper interconnect being lower than the
surface of said laver of dielectric by a recess height,
causing first copper plug recesses having a recess Cross-
section;

creating an electrically conductive layer of
barrier material over said first copper interconnect
having a height about equal to said recess height and
having a cross section about equal to said recess cross-
section, said creating a layer of barrier material over
sald first copper interconnect comprising:

(1) depositing an electrically conductive layer of
barrier material over said layer of dielectric, thereby
filling said first copper plug recesses with barrier

material; and
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4. The nmethod of claim3, said renoving said surrounding |ayer of barrier
conpri sing nethods of argon sputtering. 5. The nethod of claim4, said
argon sputtering conprising using argon as sputtering ions at a
tenperature of about 25 to 150 degrees C and a pressure of about 100 to
150 niforr for a tine duration of about 5 to 10 seconds, the sputter

process being {imp contiollgd. 23,6, Jhe gethod, ol chaimd, said creating
at | east one econd copper tnterconnect conprising: depositing a | east one
stack of sem conductor  nmaterial over ia%d | ayer OL dielectric, said at
| east one"SBPHRERY coipi Rihg SFfi JRFi PS5t T T eef of ¢f¢h sTop material ; and
(ii) a second layer of dielectric, deposited over said first layer of etch
stop mat edialechhtter AeaRlea) g2 bt PehstchnBakeheR: of PEERT cHRttict or
material, creating damascene or dual damascene openings there-through that
al i gn withisatdcappteastugnectesses: copper interconnect; and filling said
openi ngs with copper, using nethods of copper deposition followed by
copper surfacecpebttshyngt léherebyecseadndgeappteashtenecseeond copper
i nt er connect

aligned with and overlying said at least one first copper

interconnect,

2. The method of claim 1, additionally said at least one
first copper interconnect being provided with a

surrounding layer of barrier material.

3. The method of claim 2, additionally removing said
surrounding layer of barrier material from a bottom
surface of openings over inside surfaces of which said

barrier material has been depcsited.

4. The methed of claim 3, said removing said surrounding

layer of barrier comprising methods of argon sputtering.

5. The method of claim 4, said argon sputtering
comprising using argon as sputtering ilons at a
temperature of about 25 to 150 degrees C and a pressure
of about 100 to 150 mTerr for a time duration of about b

to 10 seconds, the sputter process being time controlled.
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aligned with and overlying said at | east one first copper interconnect. 7.
The nmethod of claiml, said |ayer of barrier material being deposited to a
t hi ckness between about 50 and 150 Angstrom 24 8. The method of claiml,
said first copper plug recesses having a height between about 30 and 80
Angstrom 9. A nethod of creating copper interconnects, using danmascene
processi ng, conprising: providing a sem conductor substrate, said substrate
havi ng been provided with points of electrical contact, at |east one first
copper interconnect having been created in a |layer of dielectric overlying
said substrate, said at |east one first copper interconnect being aligned
with and overlying at |east one of said points of electrical contact, the
surface of-shih@ Bethedasf shalhitstsebppefeirhted cohne?iSheP™d | over than
the surface of said layer of dielectric by a recess height, causing first
copper i nsercodnecppreecesseschaviny acmpecesiIer oss-section, said first
copper interconnect recesses having a height of between about 30 and 80
Angst rom depositing a least one stack of semiconductor

material over said layer of dielectric, said at least one
stack comprising:

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

(i1) a second layer of dielectric, deposited over
said first layer of etch stop material;

patterning said at least one stack of semiconductor
material, creating damascene or dual damascene openings
there-through that align with said at least one first
copper interconnect; and

filling said openings with copper, using methods of
copper deposition followed by copper surface polishing,
thereby creating at least one second copper interconnect
aligned with and overlying said at least one first copper

interconnect.

7. The methoed of c¢laim 1, said layer of barrier material
being deposited to a thickness between about 50 and 150

Angstrom.
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creating an electrically conductive |ayer of barrier material over said at
| east one first copper interconnect conprising: (i) depositing an

el ectrically conductive |layer of barrier material over said |ayer of
dielectric, thereby filling said first copper plug recesses with barrier
material; and 25 (ii) patterning said |layer of barrier material, renoving

said barrper ppatatabaf pm.eald |averiof oidbel eobpbe. plagviagesabd barrier

mat eri al [ hsidé sal frrst copper plug recess, said patterned | ayer of

barrier paterial hayi ei ght _about | ' hei ght d
havi ng a Bf6s89sdc ?bﬂggbgﬁgwﬁgﬁa?g?Bgs3§ggggeégssgéggégggzztioﬁ!gandan

creating at | east one second copper interconnect aligned with said at

| east one first copper interconnect. 10. The nethod of claim?9,
additionally said at |east one first copper interconnect being provided
with a s@rradundbhgdl ajecreftbagr Feppaut ehtakconnectpe weihed of clai m 10,
additionally renoving said surrounding |ayer of barrier material froma
bottom sdrhasecnt ppenkngsnoyeccipsideénsurfaces of which said

providing a semiconductor substrate, said substrate
having been provided with points of electrical contact,
at least one first copper interconnect having been
created in a layer of dielectric overlying said
substrate, said at least one first copper interconnect
being aligned with and overlying at least one of said
points of electrical contact, the surface of said at
least one first copper interconnect being lower than the
surface of saild layer of dielectric by a recess height,
causing first copper interconnect recesses having a
recess cross~section, said first copper interconnect
recesses having a height of between about 30 and 80
Angstrom;

creating an electrically conductive layer of barrier
material over said at least one first copper interconnect
comprising:

(1) depositing an electrically conductive layer of
barrier material over said layer of dielectric, thereby
filling said first copper plug recesses with barrier

material; and
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barrier material has been deposited. 12. The nethod of claim1l, said
renmoving said surrounding |ayer of barrier conprising nethods of argon
sputtering. 13. The method of claim 12, said argon sputtering conprising
usi ng argon as sputtering ions at a 26 tenperature of about 25 to 150
degrees C and a pressure of about 100 to 150 mforr for a time duration of

about 5 to 10ﬁ§gf0§§§8e£9§n§pygisr1g§gfe§§ belpgetipeccopiyolled. 14, The

nmet hod of cl ai creating at [east one second copper interconnect
conprising: depositin | east one stack.of sem co o] mat eri al over
sai d | ayePBe THNG| SRE Vi B2 FEArH T TPRLSE Hne" g&a@kﬂggﬁ%r‘%%i ng: (i) a first
| ayer of etch stop material; and (iié a second | ayer of .dielectric,
deposi t edi69efCtEaFd FER¥ENP PRI oP2EF Rt sFBpEFater +RFL9paftEfni ng sai d at
| east one stack of sem conductor material, creating danascene or dual
damascenefopehi agspetrhetedt heoagh, t hatdappgheined savdrapf|easrione first
copper interconnect; and filling said openings with copper, using nethods
of material having a height about egual to said recess

height and having a cross section about egual to said
recess cross-section; and
creating at least one second copper interconnect

aligned with said at least one first copper ilnterconnect.

10. The method of claim 9, additionally said at least one
first copper interconnect being provided with a

surrounding layer of barrier material.

11. The method of claim 10, additionally removing said
surrounding layer of barrier material from a bottom
surface of openings over inside surfaces of which said

barrier material has been deposited.

12. The method of claim 11, said removing said
surrounding layer of barrier comprising methods of argon

sputtering.

13. The method of claim 12, said argon sputtering
comprising using argon as sputtering ions at a
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copper deposition followed by copper surface polishing, thereby creating
at | east one second copper interconnect aligned with said at |east one
first copper interconnect. 15. The nmethod of claim9, said |ayer of
barrier material being deposited to a thickness between about 50 and 150
Angstrom 27 16. A nethod of creating copper interconnect, conprising:

T R L D Lol S et "Ry ng. boen provi ded

wi th poin er connec depositing a first stac ers of

duct d bstrat th d t
ifn:ﬁfgrggﬁﬁ%%?u sgé ??rifésTﬁ%ﬁrSgcfaégF@h%fdgéin¥€6na€cqéng%; :arlalomn >

conprising: (i) a first layer of etch stop material; and L a_second
| ayer of ©Fel@cEFFeneiRposit efPdVERT REPEEFT rReiPGykiiefCol ?P o) material ;
patterning said first stack of sem conductor material, creating first
openi ngs there-through aligned wth said points of interconnect provi ded
over said substrate; depositing a first |layer of barrier material over
said firstastagk néthayess ofasentcopdudt oreantegiat, least one
second copper interconnect comprising:
depositing a least one stack of semiconductor
material over said layer of dielectric, said at least one
stack comprising:
(i) a first layer of etch stop material; and
(ii) a second layer of dielectric, deposited over
said first layer of etch stop material;
patterning said at least one stack of semiconductor
material, creating damascene or dual damascene openings
there-through that align with said at least one first
copper interconnect; and
filling said openings with copper, using methods of
copper deposition followed by copper surface polishing,

thereby creating at least one second copper interconnect

aligned with said at least one first copper interconnect.
15. The method of claim 9, said layer of barrier material

being deposited to a thickness between about 50 and 150

Angstrom.
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t hereby including inside surfaces of said first openings; filling said
first openings with copper, providing first copper interconnects, the
surface of said first copper interconnects being |lower than the surface of
said first stack of |ayers of sem conductor material by a recess height,
causing first copper plug recesses having a recess cross-section; renoving
said first layer of barrier material from said first stack of |ayers of
sem conductor naterial; depositing a second |ayer of barrier materi al
which is electrically conductive over said first stack of 28 |ayers of

sem conductor pnatenbal oft beeebynbi Ebppgrsahdertbnstccoppenpplagngecesses;
patterning said second | ayer of barrier material, |eaving said second

| ayer of barrieromatiéenbak bsampbaceuihorsaibsfirese, coppér spbagrabeesses,
said patterned second |ayer of barrier material having a height about
equal to hsaidorbeessphevghedandthapPagta efosBt8EEPTBACAPOUt equal to

sai d recess cross-section; and congletin% sai d copper interconnect by
creating secof@resppéndi At ELE8ANEEREXaPIghadehPt RisaPdipattBFhed second

| ayer of barrier _using nethods. of dual nmascen . .
y material ove% sagd substra%e, g ereby Encludlng said

points of interconnect, said first stack of layers of
semiconductor material comprising:

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

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

patterning said first stack of semiconductor
material, creating first openings there-through aligned
with said points of interconnect provided over said
substrate;

depositing a first layer of barrier material over
said first stack of layers of semiconductor material,
thereby including inside surfaces of said first openings;

filling said first openings with copper, providing
first copper interconnects, the surface of said first
copper interconnects being lower than the surface of said
first stack of layvers of semiconductor material by a
recess height, causing first copper plug recesses having
a recess cross-section;

removing said first layer of barrier material from
said first stack of lavers of semiconductor material;

depositing a second layer of barrier material which
is electrically conductive over salid first stack of
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processing. 17. The nethod of claim 16, additionally renoving said first
| ayer of barrier material froma bottomsurface of said first openings.
18. The method of claim 17, said renoving said first |ayer of barrier

mat eri al conprising nethods of argon sputtering. 19. The nethod of claim
18, said argon sputtering conprising using argon as sputtering ions at a
tenperature of about 25 to 150 degrees C and a pressure of about 100 to

150 niforrf@era &f BefluEaidoacof @bostidl, tohdbeispcontsing heasputt er
process being tine controlled. 29 20. The nethod of claim 16, said

conpl eti ngi s&t dcCEPPErplift esconmest conprising: depositing a | east one
second stack of sem conductor material over said first stack of
sem conduct or patesialag said stctedsiapee sBcomdrseackaitonprlsing: (i) a
first layer of etch stop material; and (ii) a second |ayer of dielectric,
deposi t edleveing ssd tkd f festndlayeyevfcbtlehrstop haterial ; 1pabtaedi hy said at
| east one second stack of sem conductor material, creating dual damascene
openi ngs said first copper plug recesses, said patterned second

layer of barrier material having a height about equal to

said recess height and having a cross section about egual

to sald recess cross-section; and

completing said copper interconnect by creating
second copper interconnects aligned with said patterned
second layer of barrier using methods of dual damascene

processing.

17. The method of claim 16, additionally removing said
first layer of barrier material from a bottom surface of

said first openings.

18. The method of claim 17, said removing said first
layer of barrier material comprising methods of argon

sputtering.

19. The method of claim 18, said argon sputtering
comprising using argon 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 b

to 10 seconds, the sputter process being time controlled.
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there-through that align with said first copper interconnects; and filling
sai d dual damascene openings with copper, using nmethods of copper
deposition foll owed by copper surface polishing, thereby creating second
copper interconnects aligned with said first copper interconnects. 21.
The met hod of claim 16, said second |ayer of barrier material being

deposited.to t hi ckness bet ween ou n o) The et hod
of clain1%@; @%?dm? ?%@ %gp%ggl%lﬁg’ %%%gsggﬁgkégg%g‘%g %i%%%gﬁétmeen about
30 and 80, Angstrom 30 23.. A nethod of creating copper interconnect,
conpri si ngRteproviEThg"dBeh? t0ftduct or substrate, said substrate having
been provided with points of interconnect; depositing a first stack of
| ayers of seni dometttord Anterfhl OBvercsald StdsSkrat eSCThePeBYCTAEl udi ng
said points of interconnect provided over said substrate, said first
stack of mayersabfoseni sehdutivstnateckabl eeonpeoringtoyigateriast |ayer of
etch stop material; and

said at least one second stack comprising:

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

(1i) a second layer of dielectric, deposited over
said first layer of etch stop material;

patterning said at least one second stack of
semiconductor material, creating dual damascene cpenings
there-through that align with said first copper
interconnects; and

filling said dual damascene openings with copper,
using methods of copper deposition followed by copper
surface polishing, thereby creating second copper
interceonnects aligned with said first copper

interconnects.

21. The method of claim 16, said second layer of barrier
material being deposited to a thickness between about 50

and 150 Angstrom.

22. The method of claim 17, said first copper plug
recesses having a height between about 30 and 80

Angstrom.
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(i1) a second layer of dielectric deposited over said first |ayer of etch
stop material; patterning said first stack of sem conductor nateri al
creating first openings there-through aligned wth said points of

i nt erconnect provided over said substrate; depositing a first |ayer of
barrier material which 1is electrically conductive over said first stack of
| ayers of sem conductor nmaterial, thereby including inside surfaces of

said first openings fiIIing said first openings mﬁth copper provi di ng
first coag i nt er conne the surface of said $ lnterconnects
bei ng | ower - t haRe R sH f%E%anngaFapp?FréP %F%%Qn%? fay% ‘

sem conductor material by a recess height, causing first co pl ug
recesses haV|ngfellélﬁécés§eﬁi6§§d§@EPFoﬁub§EFﬁt?ec%%édhéP ﬁEE%E?ng bet ween
about 30 and 80 Angstrom renoving said first layer of barrier material
from saibdafingtbseackrofitiagerstbf peenteonfiuctbrrantesihl; depositing a
second | ayer of barrier material over said first stack of |ayers of
zgrhconductor mepesialing ahéieby &ihbtkngfshadetsrsf seppernglagorecesses,
material over said substrate, thereby including said
points of interconnect provided over said substrate, said
first stack of layers of semiconductor material
comprising:
(i} a first layer of etch stop material; and
(ii) a second layer of dielectric deposited over
said first laver of etch stop material;
patterning said first stack of semiconductor
material, creating first openings there-through aligned
with said points of interconnect provided over said
substrate;
depositing a first layer of barrier material which
is electrically conductive over said first stack of
layers of semiconductor material, thereby including
ingide surfaces of said first openings;
f£illing said first openings with copper, providing
first copper interconnects, the surface of said first
copper interconnects being lower fhan the surface of said

first stack of layvers of semiconductor material by a

recess height, causing first copper plug recesses having
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second | ayer of barrier material being deposited to a thickness between
about 50 and 150 Angstrom patterning said second | ayer of barrier
material, |eaving said second |ayer of barrier nmaterial in place in said
first copper plug recesses, said patterned second |ayer of barrier

mat eri al having a thickness between about 30 and 80 Angstrom said second

| ayer of papLiess ORLELialcfHEthel, haviag.ds Ckoseneection Bbokdeequal to

sai d recess Cross-section; conpl eting said copper interconnect by
creating secong copper i hterconnects aligned with said patterned second
layer of BaPYter® $§ é%I %%%%goﬁéthods of dual damascene processing. 24.
The nmethod of claim23, additionally reno ing sai d firs%%ia er of barrier
material from BeHOYtoeh Setfackr of LQ¥FH P rRECbpehi HYsSr 82 25 “%he met hod
of claim24, said renoving said first [layer of barrier material conprising
net hods ofaadgbhrsspetaekiaf. 126er Thel neehodonfiuet ar mebersald argon
sputtering conprising using argon as sputtering ions at a tenperature of
about 25 to 15@egdegieesgCandcangr sgareof barrier material over

said first stack of layers of semiconductor material,

thereby filling said first copper plug recesses, said

second layer of barrier material being deposited to a

thickness between about 5C and 150 Angstrom;

patterning said second layer of barrier material,

leaving said second layer of barrier material in place in

said first copper plug recesses, sald patterned second

layer of barrier material having a thickness between

about 30 and 80 Angstrom, said second layer of barrier

material further having a cross section about equal to

sald recess cross-section; and

completing said copper interconnect by creating
second copper interconnects aligned with said patterned

second layer of barrier material using methods of dual

damascene processing.

24. The method of claim 23, additionally removing said
first layer of barrier material from a bottom surface of

said first openings.
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of about 100 to 150 mflorr for a tinme duration of about 5 to 10 seconds,
the sputter process being tinme controlled. 27. The nmethod of claim 23,
said conpleting said copper interconnect conprising: depositing a | east
one second stack of sem conductor nmaterial over said first stack of

sem conductor material, said at |east one second stack conprising: (i) a

first layen of @l g shap Jrlatial p ANdaid kdovarond ayen,of diel ectric,
deposi ted “6ver Salé iTst layer of 'etch stop material; patterning said at

| east one _second ack .of sem conductor .material._, creatd al danmascene
openi ngs ifﬁ@?éf?i éﬁﬁﬁeﬁhgﬁaﬁﬁ%ﬁi\ﬁ%ﬂ?ﬁiﬁﬁﬁ ﬁgg%m%%pggigqﬁ%?%rconnects;
and filling said dual damascene openings with copper, using nethods of
copper depdsitisdri "ol | owed by copper surface polishing, thereby creating
second copper 33 interconnects aligned with said first copper

i nterconnects. 28. The nethod of claim®6, whereby said at | east one second
copper interconnect is additionally surrounded by a |ayer of barrier
material. 26, The method of claim 25, said argon spulttering

comprising using argon 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.

27. The method of claim 23, said completing said copper
interconnect comprising:

depositing a least one second stack of semiconductor
material over said first stack of semiconductor material,
sald at least one second stack comprising:

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

(11) a second layer of dielectric, deposited over
said first layer of etch stop material;

patterning said at least one second stack of
semiconductor material, creating dual damascene openings
there-through that align with said first copper
interconnects; and

filling said dual damascene openings with copper,
using methods of copper deposition followed by copper

surface polishing, thereby creating second copper
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29. The nethod of claim 14, whereby said at | east one second copper
interconnect is additionally surrounded by a |ayer of barrier material.
30. The nethod of claim 23, whereby said second copper interconnects
aligned with said first copper interconnects are additionally surrounded
by a layer of barrier material. 31. The nethod of claim 27, whereby said

second copper_ _interconnects ali d. wi I i copper interconnects
are additi %ﬁqu%ﬁﬁ%%négiﬁﬁmﬁi&é aj%%h%FE§€%?r%é§ﬁ%¥éteriaI. 32. The net hod
of claim1, wherein the barrier layer is a material that is copper

conpati bl EL§EAHTOC di el ectric conpatible, chenically stable and
resistant to interaction with processing chemcals. 34 33. The nethod of
claim9, wherein the barrier layer is a mterial that is copper

conpatible, isolation dielectric conpatible, chemcally stable and

resi stant24 o Timt erachodne W ¢k pr ocessineiehedd tal &t BB STHE 9ret hod of claim
16, wherein the second |ayer of barrier material is a material that is
copper codpatndl €;ppésolateorodietects i addbnpatd bl e, swhemioid st abl e and

a layer of barrier material.

29. The method of claim 14, whereby said at least one
second copper interconnect is additionally surrounded by

a layer of barrier material.

30. The method of claim 23, whereby sald second copper
interconnects aligned with said first copper
interconnects are additionally surrounded by a layer of

barrier material.

31. The method of claim 27, whereby saild second copper
interconnects aligned with said first copper
interceonnects are additionally surrounded by a layer of

barrier material.

32. The method of claim 1, wherein the barrier lavyer is a
material that is copper compatible, isclation dielectric
compatible, chemically stable and resistant to

interaction with processing chemicals.
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resistant to interaction with processing chem cals. 35. The nethod of claim
23, wherein second |ayer of barrier material is a material that is copper
conpatible, isolation dielectric conpatible, chemcally stable and
resistant to interaction with processing chemcals. 35

33. The method of claim 9, whereln the barrier laver is a
material that is copper compatible, isolation dielectric
compatible, chemically stable and resistant to

interaction with processing chemicals.

34. The method cf claim 16, wherein the second layer of
barrier material 1s a material that is copper compatible,
isolation dielectric compatible, chemically stable and

resistant to interaction with processing chemicals.

35. The method of claim 23, wherein second layer of
barrier material 1s a material that 1is copper compatible,
isolation dielectric compatible, chemically stable and

resistant to interaction with processing chemicals.
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