; 9:; <e3ephhi, I | Zp6pTpBARRI 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
particularl&, to a method of creating copper damascene and dual danmascene
i nt erconnects whereby negative effects of exposure of the copper surface
are negated. (BARHERMEMAIorCAE ITRUPTURE ON tCORPERME INEAtANIN OfAS

sem conduct or devices, an inportant aspect of this creation is the

i nterconnect metal that is provided between el enents of sem conduct or
devices. Interconnect netal typically conprises netal conductive |ines and

vias that provide the i HamgEaonaes on afr I Neg@ied circuits in
sem conduct or devices and/or the interconnections in a multilayer substrate

over the surface of which sem conductor devices are nounted. One of the
processes that is frequently used for the creation of conductive

i nterconnects 1s the scene and the dual damascene process. In
fabricati ﬁ%’ Veéjgﬁja%cf’%&q?% %‘feg‘gtjﬁél e Integration (VLSI and ULSI) circuits
wi th the dual damascene process, a |layer of insulating or dielectric

material, 1 TUhprTEHg $orrgriehde sthe dobobGatelon Lhattietdat sd t h
several thousand openi ngs. These openings formthe pattern for the
conduct i velf¢uies el cd s, awhindraremafiidehaty 1 e sameethiok afth netal ,
such as typically alum numbut nore recently copper. The pattern of
conduct i verda sy atebpye 8 Sd Sed M@snd candit@rabniend s @ata vien etk passt e
el ements of an

whereby negative effects of exposure of the copper surface

are negated.

(2) Description of the Prior Art

In the creation of semiconductor devices, an important
aspect of this creation is the interconnect metal that is
provided between elements of semiconductcer devices.
Interconnect metal typically comprises metal conductive
lines and wvias 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 matexial,



integrated circuit. The dual damascene process also is used to form

mul til evel conductive lines of netal, such as copper, in |ayers of
insulating material, such as polyimde, using therewith nulti-I|ayer
substrates over the surface of which sem conductor devices are nounted.
Danmascene is an interconnection fabrication process in which grooves are
fornedirﬁ@ﬂpiiﬁinqquK)iQﬁRﬁnQﬁuﬁiliQQRiQﬁiigﬁnﬁﬁﬂpﬁﬁiﬁtﬂﬁﬁtWﬁtmonductive
| i nes. Dual damascene is a multi-level interconnection process in which, in
addi ti on gsevdoxln ngpudendraoesngd. the s nghen daymsterme fPreogesistewconduct i ve
via openings also are formed. In the standard dual damascene process, the

i nsul ati ngot ayes dSndned B Wiided dayeriof, phote eststei Thed coateee | ayer of
photoresist is first exposed through a first mask with an i mage pattern of

the via OpgRk NGgSme e iRl | &l Sa @ $OL LR ¢l 1y Bl eheslid tdhie upper
hal f of the insulating |layer. The photoresist nowis second exposed through

a second 1 i f oggwgg' i f second
exposure ﬁ%é&}m§ B%%%%ﬁgﬁqe%aé\%ﬁ%rﬁeoﬁi rs eé%&%ri;ﬁ%%%ée?% ‘?%?S(’)rder to
enconpass_the via openings. In anisotropically etchi t he openings for the
conduct | vEST st ntHe CRTe el §- BV (e (RRUTRET G FRTETT &7 e vi a
openings that are previously created in the upper half of_ the insulating
| ayer ar e:RFSAFFafrédusT§U Bt chERF P | ATRBREVE i PEIERST oeFO hbd fURd t he
insulating material. After the etching is conplete, both the vias and line
openi ngs @ ef 1M | vl i 1 4veret @dndatiel trial 1 kasrest enet pF oceesh | &S an
i nprovenent over the single damascene process since the dual damascene
process copper, in layers of insulating material, such as polyimide,
using therewith multi-layer substrates over the surface of

which semiconductor devices are mounted.

PDamascene 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 cof 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 exposed through a second mask with an image

pattern of conductive lines after the second exposure has



permts the filling of both the conductive grooves and vias with netal at
the sanme tine, thereby elimnating processing steps. Although the standard
damascene process offers a nunber of advantages over other processes for
form ng interconnections, it has a nunber of disadvantages. For instance,
the dual damascene process requires two nmasking steps to formthe pattern,
a first reeknfakigned hish dite of besbrrkprskes @altirre ohduetdse 19 nes.
Further, the edges of the via openings in the |lower half of the insulating
| ayer, af¢mecotpessetivndvied chpenyngendln cates gpoorp ycakly nedclieoausge of t he
two etchings. In addition, since alignment of the two masks is critical in
order foropheipgstesn fis ¢hedeontuetivesd i Nescti® Bspovetalhepaiiern of
the vias, arelatively large tolerance is provided resulting in via 3

openi ngs {hat1 80 NQtmexdengh t hend %ia%ﬁgﬁ@stﬂ%@%%fé’ﬁ$ﬁ Copper

IS gaining increased use as an interconnect hetal due to i1ts relatively | ow

cost and é?géf §|§ﬁlyﬁéyd%§9 PQ¥§V@Ee &hééiﬁi grlgg e di ffusion

coefficien surro electrlc erla as SI i con di oxi de
and silicon. IS use n |nt rconnect nedl her ef or e
Aoaa ]y o T SRR Bl B e B A D e T et
becone conductive_ and decreasing the dielectric strength of the silicon

di oxi de | Byerineoppetng miare ct SAEFRT t He? P or el R pi e F PP EPERpsul at ed by
at | east one diffusion barrier to prevent diffusion into the silicon

di oxi de |kgehr. tCyppedsfamdhbing sopeningnoswe t bl bkedevitisemstialve to surface

The dual damascene process 1is an improvement over the
single damascene process since the dual damascene process
permits the filling cf 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 is provided resulting in via



exposure, nost typically resulting in oxidation of the exposed copper
surface. The invention addresses concerns of creating copper interconnects
and, nore specifically, the negative inpacts that are incurred by an
exposed surface of copper interconnects. US 6,143,641 (Kitch) shows a dual
damascene with cap |ayers. 4 US 6, 350,675 B1 (Chooi et al.) shows a dua
damascenePRRMEESs tWiath darndteredtgied sthayFwl bgrididy @& {ishurgndivisea

sel f - passi vation process for a dual danmascene interconnect. US 6,274, 499
(Qupta etliale) shows a cap over an interconnect. US 6,258,713 BL (Yu et
al.) discloses a dual damascene with a cap. SUMVARY OF THE | NVENTI ON A
principl e obj evdppver of s tdein IveMnOfed Sed 0u$s avd den ai e heshefccr eat i ng
damascene types copper interconnects whereby negative effects of surface

exposur e fd Natde: Processe ol creaf i NGy these 41 efspnnest st aff pegat ed.
Anot her objective of the inventionis to provide a nmethod of creating

| . am reat
R T R o S LI

th bjecti f the, i t] ist Vi t hod, .of ti
Coppor | daMEStehes 1 BPEDTHE TS HErERy BT oF Cogr bASSbput L 11 ng

are negated. . o ) )
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

layers.



5 Astill further objective of the invention is to provide a nethod of
creating copper damascene interconnects whereby formati on of copper surface
irregularities such as copper hillocks is prevented. In accordance with the
obj ectives of the invention a new nethod is provided for the creation of
damascene copper interconnects. A nethod is provided whereby created copper
surfaces are dappedyitd/a Blaydthadi bar raler) neters ad . dwat hddrhees oape
structure of barrier material, the surface of the created copper

i Nt er connecdcéss S teh dedragat Nsiyerd si de i nfluences such as effects of
processing chemcals. As a result of the creation of a cap of barrier

mat eri al, conventional concerns of copper oxidation, copper back sputtering
and the like are elimnated. BRI EF DESCRI PTION OF THE DRAW NGS Fig. 1 shows

a cross secti qgaoé jde f}l{féfe(sg{ué‘) s&, condug %ﬁé’:ﬁéﬂ EoPVSEoddie

surface of whi copper”'vias and 1 nterconnect ave been “provi ded. The

structuref(g]asabcger}}c E\l/eredﬁm'th a Ia%rg{ 011_‘ barrier material. 6 Fig. 2
shows a cross” sectt off At t et eajprhtoef%cf 1%%"“ mask has been formed over the

surface of the deé)osited Ia@ of barrier material. Fig. 3 shows a cross
section after fhe®1aibrddt Riaretheterl TS D e Fig. 4 shows a

cross section after additional |ayers of
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 is to provide a
method of creating copper damascene interconnects whereby
the negative impact of in-line exposure to processing

chemicals such as etching chemicals is 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.



sem conductor material have been dep05|ted with the objective of creating a
contact plug there-through. Fig. 5 shows a cross section after a via
openi ng has been etched through the deposited | ayers of sem conductor
material. Fig. 6 shows a cross-section after trench etch. Fig. 7 shows a
cross section after netal deposition and polishing, filling the created via
and trench openings with netal. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The creation of sem conductor devices having sub-mcron and deep submi cron
devi ce featureassizel hasuresstt t@sijediihe Jf tlwonmrendrntonal dftwes connect
medi um of al um num bei ng progressively replaced by copper or copper alloys
i ncl udi NgpBbHHAUMEOPRSH dA Eat F18f ddp&F emP-ale cONdUCd M ct s

i nterconnects, the single and dual damascene processes are frequently used

for this MP@éf £SPRLYI D9 St %cﬁ)eﬁértél?r?é% ’EEHEP 1%1@1&%%{@1 déé‘g' e and

dual damascene 1nterconnects, copper t as the conductive

i nt er connect ned% IS readll d durlng proceSS|ng to the fabrication
envi r onmeRTE P Whi pfi%cﬁ%s%s %# hs conpri ses processing chem cals such
as etchants. As a result of thls exposure of the copper surface, the copper
reacts with the exposing substance, a reaction that has a negative inpact
on the exposed copper surface. In addition, this interaction between the
copper and theI@n@¢¢@ﬁ%®%¢%JWyt@r%%%w@blﬁ@%E%%$n@deEﬁ1b®Y%n¢e%@|¢y results

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.



i n 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 | ayers of surrounding dielectric. This |atter phenonenon
results in degrading of the electrical performance of the created

conducti ve |nterconnects since the surface between the surroundin

di el ectric and’tthe dePu¥1T el FINTT HHHEAN AtTRT & PR IR iMagdoor | y
defined. In addition, interaction between surrounding chem cals, for

i nst ance =pplhaeah dimimr@i PpocEssiqur Step of mrdemsmrl@mosiﬂi on
(CVD), readily leads to the formation of hillocks or surface irregularities
in the exposedxcappesrisal face. Copper is well known to readily oxidize when
exposed to an oxygen containing environment such as air, to then renove the
formed | ayer of copper oxide such steps as post-etch cl eaning or
pre-nmetallization treatnent are frequently appl i ed. These steps however do
not assure that: resi {%ﬁﬂ_ r .Sl I eat ed
via and trencﬂélo%eﬁ% %{S%W%g&)a s%sgf 2%%?/ a dlwegnlas*%g%ééon?/ae%ﬁéé{lal
step of Rr 8- erla.llallazatlon treat r&t may further aggravate the situation by
causi ng cr%pper o spu??%rl hYy. To prevent all of the above highlighted
negati ve aspects of creating single damascene and dual danascene copper

i nterconnects, the invention provides for the creation of a cap | ayer of
barrier material, as will now be explained in detail using Figs. 1 through
7 for this pur%vege 4 RIS i oIS tSepedt ixkiey addithonrloska vt idh t hat

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 depositicon and
polishing, filling the created via and trench openings with
metal.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The creation of semiconductor devices having sub-micron

and deep submicron device feature size has resulted in the



is showmn in Fig. 1, there is highlighted the cross section 9 of a
sem conduct or substrate 10 over the surface of which are consecutively
deposited a first layer 12 of dielectric such as Inter-Layer Dielectric
(ILD), a first layer 14 of etch stop material, a first layer 15 of barrier
material, a second |layer 16 of dielectric such as Inter Metal Dielectric

(1 MD) andCanseohend hyett - gingsly medivmt el j aluniveia beord act s or pl ugs or
i nterconnects 11 have been created through the first layer 12 of ILD, netal
pl ugs or preeressimeets Adphmyed dmpresepal urmm neoppeoppekoyd ungsthehinand t he
| i ke. Layer 14, nore conventionally, is a first layer of etch stop

mat eri al , abuenas-eoppyer (BECs) | izeon thd rétestidn sStchednetege i n the cross
section that is shown in Fig. 1 that the surface of copper plugs or

i nt er connggt Srddnhsct OWefhd haihPre r £ seesh (486855l pFbdesdds f4am the
surface of layer 16 of dielectric by a neasurable anount. This recess 19,

preferred i f,.be and 80 Angstrom is provided so
Phat the roreayer’ eadatet ot ot o

ereover- crea ayer material overlies and in this
manner provi des adequate protection to the surface of the copper plugs or
i nterconnects 13. A conventional |ayer 15 of barrier material has been

deposited over_sidewal | s of openings created for the 10 deposition of
copper vias antPRhYERZohree? 9§ e 130§ RS el f§FR3ting e?1naladf etch
stop material and second |ayer 16 of dielectric. The copper interconnects
13 may fiard, daal gdémeecenevilteronpresies vi e crepped tirbugh uded lager 14
of

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 preocessing 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 phencomenon results in
degrading of the electrical performance of the created
conductive interconnects since the surface between the

surrounding dielectric and the deposited interconnect metal



etch stop material after which interconnect trenches are created through

t he second layer 16 of IMD, the trenches being filled with copper.
Conventional processing nmay al so be applied to renove all or part of the
barrier layer 15 fromthe bottom of the openings created through the |ayers
14 and 16 of dielectric, this in order to inprove contact resistance of the
created cOPpEPReH ekt drnecty dsfinghcdt Mdditsiqiot igHrerart 1@ t he
invention, this aspect has not been highlighted in the cross section shown
in Fig. leBeeenesutmyerdig fdremidtals.a fmt erisiarsed eqmireld d anrtirey gr oup
consi sting of without however being imted thereto tungsten, Ti/TIiNW
(titani unptodassmy step def Chmgiséen)Vaddd apos itingst @IVl t ardadm 10f
titaniumtungsten nitride/titaniumor titaniumnitride or titanium

nitride/tidand upd trRatedmtiantad umniddider tm@égnﬁﬂé@%ﬂﬁfé&e
ni obi um nol ybdenum al um num al um num oxi de (Al xOy). a materia

for the I héaﬁﬂ%t|veréféyéguéﬁffHCés sel ected a naterlal that is:

electrlcally con pper conpatible isolation dielectric conpatible
chemcally stable and resistant to interaction with processing chem cals.
For the layers 12 and 16 of dielectric can be used conventional materials

used for the isol ation of conductors fromeach ot her and from underlying
conducti ve eIé%%RR%F Is well known to readily oxidize when exposed to

an oxygen containing envircnment 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



suitable dielectric being, for instance silicon dioxide ("oxide", doped or
undoped) or silicon nitride ("nitride"), silicon oxynitride, fluoropolyner,
paryl ene, polyimde, tetra-ethyl-ortho-silicate (TECS) based oxi des, boro
phosphat e-si |l i cate-gl ass (BPSG, phospho-silicate-glass (PSQ,
boro-silicate-glass (BSG, oxide-nitride-oxide (ONO, plasma enhanced
silicon n?¥rd RENPSIIEYCTORyTIRS i BRte ALY o el ctleet EfzemsPBrith i@l eri al |
such as hydrogen sil sesqui oxane. HDP-FSG ( hi gh-density-pl asma

fl uori ne-dgopecoi¢deat echy adeposstad di ef ecst i baydmt 1hast adi@iwetdiel ectric
constant than regul ar oxi de. The nost commonly used and therefore the

pref err edswktiel @ct Ihicsr-ofayayenpse Icantc 161D E, si | £ Lot diaxetel £ doped 12

or undoped), silicon oxynitride, parylene or polyimde, spin-on-glass,

pl asma oxielen o5t éPQYIX Oxisle, I hﬁlﬁ@f@’%é@éﬁl@' @ftmﬁrb@yem@@@fwlgml ght ed
above as p055|ble materials for the ayer 18 can al so be considered for the

layer 15 of . Lo B erial g g{y 8 out%o%ﬁ‘i £e&§£ﬁ)'%} g&&{ r 00 and

500 Angstron1 and nore prefera ngstromt ayer

f b f bl ted t t hi ck b t b t 50
ona 550 i&a@?ie” (71 Fregt ohaltY | BEPRE e i bt r R ndustaloor 30 and

80 Angstrom wth the dep05|ted barrier material. Processes and processing
condltlon%o@%%ft%r%rr%ﬁ%??eﬂrfb?t?ﬁ%o%?%%ﬁ?o%lo?aY%éb%??u%¥%?%e@hat i's

shown in cross section in Fig. 1 are conventional processes with the
excepti ontbfotte Eheafivtolayae layef IBDofmebatirtugmterial. These

interconnects 11 may comprise aluminum, copper, tungsten,
and the like. Layer 14, more conventionally, is a first
layer of etch stop material, such as a layer of silicon

nitride.

It 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 recessed (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
adequate protection to the surface of the copper plugs or

interconnects 13.

A conventional layer 15 of barrier material has been

deposited over sidewalls cf openings created for the

10



conventional processes will therefore not be further highlighted at this
tinme. As an exanple of the creation of layer 18 of barrier nmaterial can be
cited depositing titaniumsilicon nitride using PECVD in a tenperature
range of between 200 and 500 degrees C. to a thickness of between about 20
and 900 1 Angstrom Preferably, the thickness of the barrier layer 18 is
| ess t hanfERRT 200 FnfRRRSR BotS |3 ri LGOI st frat eriiowdHn be
selected a material that conprises a silicon conponent, for instance

di el ect ri'dee stictstaslayed coh @i ctidle (raxirrteridobethdrseppivpedyer B¢ 1icon
nitride ("nitride"), silicon oxynitride, silicon carbide (SiC), silicon
oxycar bi def (B @ ctand siThearppdr ocartradandSi N3 hayefidd | satpraef erably
deposi ted usi ng net hods of LPCVD or PECVD or HDCVD or sputtering or High

Density Plassm R Y HRRGAE) i ssleposd tekdted thiskfiesshdetapen abast 100 and
500 Angstrom After the structure that is shown in cross sectionin Fig. 1

has been gr&at @ty the: Senosi 1ad 4 ayercrl 8 0f e Hasi &t Bi&Kiads | Sra0W et ched,

for which purpose is created a patterned and devel oped | ayer 20 of

phot or esi s} Y&} | 4.1, JN. ST S B0 o1 L aver, 48 pphar rier mmierial. This

patt erned and oped | ayer p oresi st 1S 'shown i e Cross

section Otf> Fi({g);.f v%ereb% t he openings 21 that have been created through
the | ayer 20 of FOrEsT St AR I nt erspersed with the openings 21 that have

originally been created for the openings of contact interconnects 13. It
nmust thereby be 19

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, aluminum

oxide (AlxOy) .

11



noticed that the sidewalls for the openings that have originally been
created for conductive interconnects 13 align with the sidewalls of the
openings that are created through the |ayer 20 of photoresist. This in
order to provi de adequate protection over the surface of the copper
interconnects 13 after the layer 18 of barrier material has been etched in
accordance w thsthaptterh Evedi’l lavenel § Serbaoristr phtorest sts The

| ayer 18 of barrier material, Fig. 3, is now etched in accordance with the
pattern ofeldet¢dyerm0eniabhohar essst, | eaving the barrier material in

pl ace overlying the copper interconnects 13. In the cross section that is
shown in Fi%1e%t&ﬁ%aﬁh8t%b%%h%%i@%Sk 20 has been renoved from above the
surface of substrate 10 after the etch of layer 18 of barrier nmaterial has
been conmpleted. This remyal of the photoresist mask can be achieved using
conventionaFQRBFﬁbé§m§?té§aan fol l owed by a thorough surface clean. The
concept of the invention, which has been highlighted using the cross

secti ons of iRicdetipnt WiedgirtIict kampiasibAe creation of a thin protective

| ayer 18 of barrier material over the surface of created copped 15

i nt er connectchelnd.cals ynewWabukt kel ext ended using Figs. 4 through 7 for the
conpl eti on of copper interconnects using the dual danmascene process. It
nmust first be no%gdtin t he .craos .sectL%E t hat is.showEFin Fi%. 4 that the
layer 18 of BArH & ntCerT &S TE At e idith's PR CFEEEE Yo vEBFIVCAd St he copper

i nterconnects 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 credidrofhef liyersopgernidntlér ednddetlectTicThiag eosisesection is
readi |y obtained by applying a step of Chem cal Mechanical Polishing (CW)
to the sucParentional materials used for the isclation of conductors

from each other and from underlying conductive elements, a
suiltable dielectric being, for instance silicon dioxide
(“oxide”, doped or undoped) or silicon nitride (“nitride”),
silicon oxynitride, fluoropolymer, parylene, polyimide,
tetra-ethyl-cortho-silicate (TEOS) based oxides, boro-
phosphate-silicate-glass (BPSG), phespho-silicate-glass
{PSG), boro-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



of the layer 18 of barrier material that is showm in cross section in Fig.
3. This concept of creating the |layer 18, as shown in cross section of Fig.
9, is further used for the extended expl anation of the invention, an
approach that can be validated by realizing that the |ayer 18 of barrier
material that is shown in cross section in Fig. 4 continues to cover the
surface off tHAKRDer §htErpmegtstalde THRay iOh BroMY Prigteeds with,
Fig. 4, the deposition of additional |ayers of sem conductor naterial such
as 16 |w:yersonfolied eqr¥dene sephtated BCYRystrigdeof etch stop material,
over the surface of the second layer 16 of dielectric. Specifically shown
in the cross section of Fig. 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 digheciins ddeyeiale BRlnthdne Bddsth e 1 pnedg 16hel ngs the

second |l ayers of dielectric) a third layer 25 of etch stop material a

fourth | ayess a6 Of i &l 80141 £or KL ali#é!ﬁal 1@ { ard A@V&En@fdé&iecﬁ; fh stop

material.” Key and of significant | nportance to the inventionis, t

dur | h i1 bove hi ghl i ght ed f.sem cond
Lo i ngogepost 1Lon, of s e ahave MLAN LN pd el s, of s e ponduct o

mat eri al over t ace e second
surface is e€ oasﬁ and thgl@@eanﬁd i@gger i nterconnects_ 13 therefore do not
suffor amFHEgaarvE rpct - UeraD TR ARETS O i 16l M TRQE hat ar o
present in the processing environnent.

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

highlighted 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
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Met hods 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 tine. 17 By now et ching openings 29. Fig. 5,
through the layers 24, 25, 26 and 27, openings 29 being aligned with the
nmet al ( préhesabdny. cinglesaimby copperjhictmersomictiss Haritier seownd 1&yer 23
of etch stop material is exposed overlying the |ayers 18 of barrier

mat eri al . i 8Byl ®ow, tichig. alfoutet THO Mhasir@nch pattern through the |ayers 27,
26 and 25, and sinultaneously transferring the via pattern 29, Fig. 5,

t hrough the second etch stop |ayer 23, the layer 18 of barrier material is
exposed. As part of the pattern transfer through the second | ayer 23 of

etch stop mategial y, f ri ri Y, ffected,
resulting in b%%: -%%}Eé]‘feir?n(gf o%@?kﬁesﬁﬁ rléagée{n&g%gr%% lg%a ?%%&%%.aame in
this nannertback-s&lljttered barrier erial %ﬁt shown_in Fig. 62 deposits
and adher®3tt o The TOner BE TR 17 o3 b CUhE P HYs 310 AP -H Chher e
these lower extremties of openings 31 approach and are_ adjacent to the
|l ayers 1890¢19aFFied Fatlerdalsiihran ddbesids oh Ofidrirr i PHRLLF i al over the
above highlighted surface areas of openings 31 results in inproved adhesion
of the therdoned) depositecdomenalridet (VitepdsTedsibidon | oxyehinigde 31,
facilitating this process of netal deposition.

silicon carbide (SiC), silicon oxycarbide (8i0OC) 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 is 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

14



18 In addition, the renoval of the back-sputtered material fromthe
surface of |ayers 18 reduces the thickness of these |ayers and as a
consequence reduces the contribution of the barrier layer to the contact
resi stance of the contact interconnects created in openings 31, thereby
reducing the contact resistance of the conductive interconnects created in
openi ngs Batidqee that crhefsidewabls rieducing aeemtiands rigsitstaice of the
contact interconnects and of inproving netal adhesion to the sidewalls of
openi ngs &digham ey frew decktednhan cashdyct e honbarcbredctod The surface
of the exposed |ayer 18 of barrier material. As an exanple of this latter

process caMm de ¢itietisi NMHéWaBSs SPUtdRs | figen ONtps atha tarpenatdia of about
25 to 150 degrees C. and a pressure of about 100 to 150 nﬂorr for atinme

duration of - QRO 3s t 0y JO S@@%@gghlssiﬁgéerzrﬁwﬁso

control |l ed. The cross sectlon th own I n F|g e f||||ng 32
of the o 3 efer r|S|n copper,
after thggﬁgp05|t%%F$%§kﬁ ?%.O een po s %F ébg%gtance
met hods of Chemni cal Palis co er |nterconnects 32

i nsi de opEhY ?Eﬁp@ﬂﬁcﬁﬁe? Ht ?%%s of ?%%% L f%%{ [ grat&hifsls "attion of

Fig. 7 has been reduced by an anmount and in accordance with the pattern of
openi ngs 3aeh reterlRd 1o 3G ePrdyrte thetif fhetbdite e drritepuin dfig of the
| ayer 18

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
photoresist, 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 conventiocnal 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

15



of barrier material. It nust be pointed out, relating to the cross section
that is shown in Fig. 7, that the openings through |ayers 23-27 for the
creation of copper interconnects 32 therein can be lines with a | ayer of
barrier material before these openings are filled with copper. This |ayer
of barrier material has not been shown in the cross section of Fig. 7. The
summar i zelRHRCGIERR T DNt 3, coppav poifikebfexiprideditety &k pr dvi ded over
the surface of a substrate, preferably enbedded in a |layer of dielectric a
| ayer of barcusr heferidie i sondeosidred Dverpidre oxposechserfacesiof t he
copper interconnects, and additional |ayers of copper interconnect are
creat ed athgniéth M ddndheedayersceds 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 illus i i i i r il).recognize
that variati onisJE gﬁl%élﬁo I %a%%@%%ﬁ?%d%iﬁ h%eu%%%a%%gi? romt he

spirit of _the invention is.therefore intended to include wthin the
i % {]

i nvent i on34T" stidh :\L/%'ri%ttlr%%% G ¥ithtP o Whteh FArs- &t ni'tt he scope

of the apPend,ed cl ains and equi val ents thereof. 21
emains 1n 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 is readily obtained by applying a
step of Chemical Mechanical Polishing (CMP) to the surface
of the layer 18 of barrier material that i1s shown in cross

section in Fig. 3.

This concept of creating the layer 18, as shown in
cross secticon of Fig. 4, is 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 layers of semiconductor material such as

16



What is clainmed is: 1. A nmethod of creating copper interconnects, using
steps of danascene processing, conprising steps of: providing a

sem conductor substrate, said substrate having been provi ded over the
surface thereof with netal points of electrical contact, first copper

i nterconnect having been created in a |ayer of dielectric overlying the
surface ot2¥erd stindiekeetrkai Fepamtedpperlayres cohrtedh bieRy al i gned
with and overlying said netal points of electrical contact, the surface of
sai d firsnaceppel, i onver commettr betagf oves sdaond heawar fa€eoDf said | ayer
of dielectric by a neasurable amount, causing first copper plug recesses;
creating dié¢byetrrot. beywedeficml ey i showvern tttee stirdacesaft 5o dof i F5d. copper
i nterconnect; and conpleting creating copper interconnects aligned with
said | ayer gfefirst copper interconnect. 2. The nethod of claim1,
additionally said first copper interconnect being provided with a
surroundi ng | ayer of -barriec terial. 3. The nmetho f claim2,

additional Iy F%ﬁﬁ?%n&agnggéuP o&ﬁ&%nétPQy@?%glengﬁgP %ﬁf@FiiPyFFonla
bottom surface 22 of openi ngs_over. inside surfaces of which said barrier
material haStb&&PdEs6 ffederialTheingt A6yesf 1dlaim 3, said renoving said

surroundi ng | ayer of barrier conprising nethods of argon sputtering. 5. The

met hod ofe claaitini®d daiyerargomfspikilecitmdccdipliesi 1§ being 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

detalled at this time.
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usi ng argon as sputtering ions at a tenperature of about 25 to 150 degrees
C. and a pressure of about 100 to 150 mTorr for a tine duration of about 5
to 10 seconds, the sputter process being tine controlled. 6. The nethod of
claiml, said creating a |ayer of barrier material over the surface of said
first copper interconnect conprising steps of: depositing a | ayer of
barrier material over the surface of said |ayer of dielectric, thereby
filling said first copper plug recesses with barrier material; and

patterni ng andetodw et Saind |aysrinds bad ¢ i Birg el ertitatqugtentha nige ywsai<d
barrier material fromthe surface of said |ayer of dielectric, |eaving said
barrier nkerisml idsime Ba bpdnisigeappdse g Iepessasiti23I he metlle nmet hod
of claim1l, said conpleting creating copper interconnects aligned with said

first COpWefﬁ@ép@r&tﬁ@gﬁw@r&@@g&ﬁtﬁp@eménmi1:1 NG e | Kasdnpne
|

stack of sem conductor nmterial over the surface of said | ayer of
dielectrig,,saishalsl é)ﬂ%_:sn'i é&fﬁmj;é's' ssdd o fiEsiq | r of etch
stop naterall%l ; and Jc(i |; a se ondaatfayer o] d%%?oe%tri%, die%osq t%yd;over t he
surface of _said first |layer of etch. sfop,material; patterni,ng and etching
said at |&x5T on s?%clﬁa%lfl%%rﬁlacto%%ibrpwm?% 1ZIiLl,gtr at?%‘a“gjrﬁmascene or
dual damascene openi ngs there-through that ali %%vm’th said first copper

i nt er conneetRCh BRCFETR | Hyr gl Ypent BRI i 4 by A9 230 mP%ret hods of

simultaneously transferring the via pattern 29, Fig. 5,
through the second etch stop layer 23, the layer 18 of
barrier material is exposed.

BAs 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. 6)
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 improved
adhesion of the thereover deposited metal that is deposited
to £ill openings 31, facilitating this process of metal

deposition.

18



copper deposition foll owed by copper surface polishing, thereby creating
second copper interconnects aligned with said first copper interconnects.

8. The method of claiml, said |ayer of barrier material being deposited to
a thickness between about 50 and |50 Angstrom 9. The nethod of claiml,
said first copper plug recesses having a hei ght between about 30 and 80
Angstrom 24 10. A nethod of creating copper interconnects, using steps
of danmascene processing, conprising steps of: providing a sem conductor
substrate, sailh sadbitriadre hahe nerestil priwitce basierspiute: erd acet dihierleof
with netal points of electrical contact, first copper interconnects having

been createsh itha dayRicoOforirlrotd i1 omefddNEHdeamibiacs ofr saidke
substrate, said first copper interconnects being aligned with and overlying

sal d et alo POLO OTa &1 LG R SN Adaud e S [A5R Afp @i h [ SthEopper

i nterconnects being ower than"the surface of said [ayer ielectric by a

measur abl amunt Y first .,copper pl reces said first copper
pl ug recekgases avllar?éea&g (gigcg}}ﬁ Tt V\ereenyla%%aur}c%dg Paﬁ%i%d: y. dcgascftr om creating
a layer of barrier material oyer the surface of said first

copper
[ nt o1 conmBET S CANE TP AR T bR TG RBppit | T TBhd e 1 gt wi t
said first copper interconnects. 11. The nmethod of claim 10, additionally
sai d firsto’lepplerrs it Trasthedt stivei RN Profvi Tedi i e reenreg o Ut ed ayer of
barrier material.
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
barrier material. As an example of this latter process can
be cited using Ar as sputtering ions at a temperature of
about 25 to 150 degrees C. and a pressure of abkout 100 to
150 mTorr for a time duration of about 5 to 10 seconds, the

sputter process being time controclled.

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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12. The method of claim 11, additionally renoving said surrounding |ayer of
barrier material froma bottom surface 25 of openi ngs over inside
surfaces of which said barrier material has been deposited. 13. The net hod
of claim 12, said renoving said surrounding |ayer of barrier conprising

met hods of argon sputtering. 19. The nmethod of claim 13, said argon

sput t eri ngresapsest hgnust ngiar gonhas iseern t exduced dng at andenperad urre of
about 25 to |50 degrees C. and a pressure of about 100 to 150 niforr for a

time durahtedr@inabouith tive 1PaSECOMASE dihen Sy tBT i 08LSSr bebng tinme
controlled. 15. The nmethod of claim 10, said creating a | ayer of barrier

materi al H¥§Bli§§tsﬂﬁéa§§f8étS@fdtﬁér§écﬁiﬁﬁﬁ%téfﬂﬁﬁc&ﬁn@§éSl&ﬁ@Pr1§'ng
steps of: depositing a layer of barrier naterial over the surface of said

| ayer of dielgg iéf Lhereby filling said first copper plug recesses wth
barrier material; n% patterning and etching said | ayer of barrier

material, renoving said barrier material fromthe surface of said | ayer of
dielectric, leaving said barrier material inside said first copper plug
recess. 26 16. The method. of claim 10, said conpleting creating copper
i nterconnects aFi§hel RRtRCLRFad| ayer BE1BEFRT oFO NEhRrFEPSTOMPFFEPRg St eps

of : depositing a | east one stack of sem conductor materi al
that is 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:

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

dielectric

¢ 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

embodiments thereof, it is not intended that the invention
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over the surface of said |ayer of dielectric, said at | east one stack
conprising: (i) a first layer of etch stop material; and (ii) a second

| ayer of dielectric, deposited over the surface of said first |ayer of etch
stop material; patterning and etching said at |east one stack of

sem conductor material, creating damascene or dual damascene openi ngs

t her e-t hrisughinizd dld grhade hi Saisk faviste coppetinartisy cdimest sskidncked il |ling
sai d openings with copper, using methods of copper deposition followed by
copper suir ades pott shi g, rédwegrebye crieat i vgrisecionts coppeiod Nt iefaoisiect s
aligned with said first copper interconnects. 17. The nethod of claim 10,
sai d | ayesafodaiddery IBiait deheiingepash tiask teh A thicknass between about
50 and 150 Angstrom 18. A nethod of creating copper interconnects, using

steps of ﬂ%@x?&fc{)}? PfOCES S LD $ RS Olc1dde wANEM dido a
sem conductor substrate, sal %u strate a%clE ng bleecn preov“{l(rjl’{(’argl over the
surface thereof. wt tal. points of electrical_contact, first per
i nterconn]}‘;ré:‘%eslr(llfr1161&\’//\111 nagi ese%d%:r‘é% TR 75 é?m%ff]cﬁ&é ]eo&sri"%:hjo@?erf%i g the

surface of, sajd substrate, said first copper jnterconnects being aligned

with and ‘SVertyi e s%?%P%e?%lt‘b%i%ﬁ%efb#e%%]&%fﬁ%aﬁn%?ﬂ%‘félﬁw surface of
said first copper interconnects being |ower than the surface of said |ayer
of diel ect®$%e®dy- a nmeasurabl e anount, causing first copper plug recesses;

creating a layer of barrier material over the surface of said first copper
i nterconnects, said |ayer of barrier material being deposited to a

t hi ckness between about 50 and
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150 Angstrom filling said first copper plug recesses; and conpleting
creating copper interconnects aligned with said first copper interconnects.
19. The method of claim 18, additionally said first copper interconnects
being provided with a surrounding |ayer of barrier material. 20. The net hod
of claim 19, additionally renoving said surrounding |ayer of barrier
mat er i al ¥ham s botavmeurface of openings over inside surfaces of which
said barrier material has been deposited. 28 21. The nmethod of claim 20,
said renoving said surrounding |ayer of barrier conprising nethods of argon
sputtering. 22. The nethod of claim 21, said argon sputtering conprising

usi ng ar gon mSnSbd e5f NGr & HNBn @t c G IPEE Bt e ciehpUls 2oy t o 59 slegr ees
C. and a pressure of about 100 to |50 niforr for a time duration of about 5

to 10 secopfisscd e SPULLSL: R 0CESH Pel NGy tivB goptrol led. 23. The nethod of

claim 18, said creating a |layer of barrier material over the surface of

said first co j C | Si of . POSI L i | ayer of
barrier rraterﬁg]?é%%/cgirg% h%né;eﬁﬁ(g%lgg%?{%%i %9?%;%)@%‘1‘ %?gﬁ?e%?ﬂr)%%gg%%ereby
filling said. first copper. plug recesses with barrier terial; d
pat t er ni iR EHEP REH Mo SEHIPT ST of b aF tT 7 Crmt er 1 89T YEHbYIHES bai d
barrier material fromthe surface of said |ayer of dielectric, |eaving said
barrier ne@Erfalof melertshidyl fFeREachppir Pt UgPPRREsERESI2ANNTIHe et hod of
claim 18, said conpleting creating copper

having been created in a layer of dielectric overlying the

surface of said substrate, said first copper interconnect
being aligned with and overlying said metal points of
electrical contact, the surface of said first copper
interconnect being lower than the surface of said layer of
dielectric by a measurable amount, causing first copper plug
recesses;

creating a layer of barrier material over the surface
of said first copper interconnect; and

completing creating copper intercconnects aligned with

said layer of first copper interconnect.

2. The method of claim 1, additicnally said 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
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interconnects aligned with said first copper interconnects conprising steps

of : 29 depositing a | east one stack of sem conductor naterial over the
surface of said layer of dielectric, said at | east one stack conprising:
(1) a first layer of etch stop material; and (ii) a second | ayer of
dielectric, deposited over the surface of said first layer of etch stop
mat er i al ; oheRr G AFRI cttdidyy o heas |ahsthione stiatoasfriseni conduct or
material, creating damascene or dual damascene openi ngs there-through that
align wthetserihl ihsd looppetepadigrexbnnects; and filling said openings with
copper, using nethods of copper deposition foll owed by copper surface
pol i shing, thereby creating second copper interconnects aligned with said
first copper interconnects. 25. The nmethod of claim 18, said first copper

plug recegseprhaylng@ hei ghiibes ween aboyl30,and, 80 ANGL QML £6. A

met hod of creating copper interconnects, using steps of damascene

processin i,SlNng. sie _rovi di sem duct substrate, said
substr at eﬂ%%%]lp%f b%%%%%vc?cgnﬁ 101-*{/12{;90,[ eceid% aociirrat'%ér}leo% %E%ylnr%q al points
of electrical contact, first copper interconnects having been created in a
| ayer of dielectric overlying the surface of said substrate, said first

copper interconnects 30 . . . o
5. The method of claim 4, 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 mTorx
for a time duration of about 5 to 10 seconds, the sputter

process being time controlled.

6. The method of claim 1, said creating a layer of barrier
material over the surface of said first copper interconnect
comprising steps of:

depositing a layer of barrier material over the surface
of said layer of dielectric, thereby filling said first
copper plug recesses with barrier material:; and

patterning and etching said layer of barrier material,
removing said barrier material from the surface of said
layer of dielectric, leaving said barrier material inside

saild first copper plug recesses.
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being aligned with and overlying said netal points of electrical contact,
the surface of said first copper interconnects being | ower than the surface
of said |layer of dielectric by a nmeasurable anount, causing first copper

pl ug recesses, said first copper plug recesses having a hei ght between
about 30 and 80 Angstrom creating a |layer of barrier material over the
surface of. skha Metisdtd coppelaimt ey comirdctonp batt thd ayssatofndarapmrr mat er i al
bei ng deposited to a thickness between about 50 and 150 Angstrom filling

sai d firsintopPSindttd 4 PLese®@Syi@nds £0Pf Bt s N sFeat | 11 SoPfRelect s
interconnects aligned with said first copper interconnects. 27. The met hod

of claimgby,additionally said first copper interconnects being provided
with a surrounding | ayer of barrier material. 28. The method of claim 27,

ith a suri 1 ayer _ _ of cl
Dot t om sur { Joc S bHeH Ach Svertipet arafl far et onfla B st

mat eri al has been deposited, 29, The nethod, of claim?28, said renoving said
Surroundi AT ayAT STLHATTI R SoidrieVTh Mt HOTASG W gotp ShRT el TG 31

30. The nethod of claim29, said argon sputtering conprising using argon as
sput t eri ngR¥ ohs2 @k @OTRFpeIRIUre of about 25 to 150 degrees C. and a
pressure of about 100 to 150 mTorr for a tine duration of about 5 to 10
seconds, the spultaribrocebaydeinf ¢tok sorp rioitediaBl.athe nmet hod of claim
26, said creating a layer of barrier material over the surface of said
first copper inteycannecdsd 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 damascene or dual damascene
openings there~through that align with said first copper
interconnects; and

filling said openings with copper, using methods of
copper deposition follcowed by copper surface polishing,
thereby creating second copper interconnects aligned with

said first copper interconnects.
8. The method of claim 1, said layer of barrier material
being deposited to a thickness between about 50 and 150

Angstrom.

9. The method of claim 1, said first copper plug recesses

having a height between about 30 and 80 Angstrom.
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conprising steps of: depositing a |ayer of barrier material over the
surface of said layer of dielectric, thereby filling said first copper plug
recesses wWith barrier material; and patterning and etching said | ayer of
barrier material, renoving said barrier material fromthe surface of said

| ayer of dielectric, leaving said barrier material inside said first copper
pl ug recekdsess EXhobhe firetreet iofg cdappm26intsaiabroenyl sst ivsgiey estdasy copper
interconnects aligned with said |layer of barrier material conprising steps

of . deposit idgnasdaastpane sdiack dongemconduati«ays rderial over the surface
of said |layer of dielectric, said at | east one stack conprising: (i) a

first layer ofyedeiystpn nBeldMdudil Ripsidde 2 Second:davelt Of

dielectric, deposited over the surface of said first layer of etch stop

I
mater i al ;haf)\?:flgfrﬁgé}g 4, &l eDing ug:hde al, | £ast t%%eséégﬁ[r%}c n?ef‘c[%lcond““ or

materi al , creating ddanascene or damascene openi ng ere rough that
align with said first copper. intercaonnects; and filll sai d openings with
copper . I Treth ke Brt HoPpe O teticiot i re f o SRR S 1 ace

pol i shing, thereby creating second copper_interconnects aligned with said
first coppfinthtibmiiaalsd 3 a hsto P bfdigad iy OppehYitd diltonnect ,

conprising steps of: providing a sem conductor substrate, said substrate
surface of said substrate, said first copper interconnects

being aligned with and overlying said metal points of
electrical contact, the surface of said first copper
interconnects being lower than the surface of said layer of
dielectric by a measurable amount, causing first copper plug
recesses, sald first copper plug recesses having a height of
between about 30 and 80 Angstrom;

creating a layer of barrier material over the surface
of said first copper interconnects; and

completing creating copper interconnects aligned with

said first copper interconnects.
11. The method of claim 10, additionally said first copper
interconnects being provided with a surrounding layer of

barrier material.

12. The method of claim 11, additionally removing said

surrounding layer of barrier material from a bottom surface
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havi ng been provided with netal points of interconnect over the surface
thereof; depositing a first stack of |ayers of sem conductor material over
the surface of said substrate, thereby including the surface of said netal
poi nts of interconnect provided over the surface of said substrate, said
first stack of |ayers of sem conductor material conprising: (i) a first

| ayer of ef chpstiopgsredwst alrisiadel fudfacesenionhidayetaiof hmetientric
deposited over the surface of said first |layer of etch stop naterial; 33

patt er ni ngs gdei £1 il H b s ddsStesd ack of sem conductor material, creating
first openings there through aligned wth said netal points of interconnect
provi ded over the surface of said substrate; depositing a first |ayer of
barrier material over the surface of said first stack of |ayers of

sem condupf oriRterl @la Shereby, inel uding Loside surfaces, ofosaid first

openings; TilTing said first openi'ngs W th cCopper; prOV|dfng Frst copper

i nterconnects, the surface of said firs%yg;gqgg i nt erconnects, bei ng | ower
r

than the SI¥FAcRT oP2EaI T FEPERTLTHK B I ELhi Tt I mat eri al by

a nmeasur abl e anount, causing first copper plug recesses; renoving said
first layer of barrier material fromthe surface of said first stack of
| ayers of sem conductor naterial; depositing a second | ayer of barrier
materi al oderThdhensunddcel oflasandl 3 rsdidtackonfspayrrsing sem condurt or

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.

15. The method of claim 10, said creating a layer of barrier
material over the surface of said first copper interconnects
comprising steps of:

depositing a layer of barrier material over the surface
of said layer of dielectric, thereby filling said first
copper plug recesses with barrier material; and

patterning and etching said layer of barrier material,
removing said barrier material from the surface of said
layer of dielectric, leaving said barrier material inside

said first copper plug recess.
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material, thereby filling said first copper plug recesses; patterning and
etching said second | ayer of barrier material, |eaving said second | ayer of
barrier material in place in said first copper plug recesses; and

conpl eting said copper interconnect by creating second copper interconnects

al i gned mnth said second |layer of 34 barrier material in said first
copper pllfy rBregesshesigly det Hods0 of saidl cofamestare Protelssd mpPBYE  The
met hod of claim 33, additionally renoving said first |ayer of barrier
material frioarEowddom asurdraat witisasalid i Yasfeopenhibasri S5 . mattwer el hod of
claim 34, said renoving said first |ayer of barrier material conprising
met hods ofomp giosti rspuéteass nge: 36. The net hod of claim35, said argon
sputtering conprising using argon as sputtering ions at a tenperature of

about 25 to 15Q.¢egr Oﬁlfe%% Bk Pressid & obr aba o d b 15 ¢derd) for a

time duration of ab to 10 seconds, the sputter process belng time

controll e(glveIS %h&f@g{@@ Pfs§ @l ng " <§f;"c§]1 o o?én eposﬁﬁ sal d

second | ayer o arrier erla r'nsing s ng a second
| ayer of barr| mat eri al over the surface of sald first stack of
sentcondd@?%rSE%?%r?%Wprt%%Q%by filling said first copper plug recesses
with a second | ayer of barrier material; and patterning and etching said

second | ayer ofiba? riEFstmtarenlof rereli HePR dieteetdhd 22§ er of barrier

material fromthe surface of said |layer of dielectric, |eaving said 35
(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 damascene or dual damascene
openings there-through that align with said first copper
interconnects; and

filling said openings with copper, using methods of
copper deposition followed by copper surface polishing,
thereby creatiﬁg second copper interconnects aligned with

said first copper interconnects.
17. The method of claim 10, said layer of barrier material
being deposited to a thickness between about 50 and 150

Angstrom.

18. A method of creating copper interconnects, using steps

of damascene processing, comprising steps of:
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second | ayer of barrier material inside said first copper plug recesses.

38. The nethod of claim 33, said conpleting said copper interconnect
conprising steps of: depositing a | east one second stack of sem conductor
material over the surface of said first stack of sem conductor material,
said at | east one second stack conprising: (i) a first layer of etch stop
mat eri al ; and RIQY1E e PSRt off adurttiate depod t8Ph%ate he surface
of said first layer of etch stop material; patterning and etching said at

| east onehaeioon dastraak of i dadi el udtors urefare dihewraaty g dustialdamascene
openi ngs there-through that align with said first copper interconnects; and
filling sgpithitualf delaseeite 10 pesni st W i <o ppgsfpe 1 Si mge edrhossc ©of copper
deposition foll owed by copper surface polishing, thereby creating second

copper i M&eFcannesds atdanad W th sajd- fdf sdi CORper; d SR CoMRstshe 39. The
met hod of claim 33, said second |ayer of barrier material being deposited

to a thi C&Pﬁéc{%ﬁ%&%s{%@é‘,d 424 Af‘ahgééﬂ Oéla%ﬁ’eﬁreiigrﬁr?e%%ﬁqé‘@éé‘oc' of

claim 33, said first copper plug recesses having = etween about 30
and 80 8tAEML Mned TR S0 RLEAH DY SORPYL LDt S1S0MnEcSe COMPT ST ng
electrical contact, the surface of said first copper
interconnects being lower than the surface of said layer of
dielectric by a measurable amouni, causing first copper plug
recesses;
creating a layer of barrier material over the surface
cf said first copper interconnects, sald layer of barrier
material being deposited to a thickness between about 50 and
150 Angstrom, filling said first copper plug recesses; and

completing creating copper interconnects aligned with

salid first copper interconnects.

195. The method of claim 18, additionally said first copper
interconnects being provided with a surrounding layer of

‘barrier material.

20. The method cof claim 19, additionally removing said
surrcounding layer of barrier material from a bottom surface
of openings over inside surfaces of which said barrier

material has been deposited.
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provi ding a sem conductor substrate, said substrate having been provided
with nmetal points of interconnect over the surface thereof; depositing a
first stack of |ayers of sem conductor nmaterial over the surface of said
substrate, thereby including the surface of said netal points of

i nterconnect provided over the surface of said substrate, said first stack
of layers of sem conductor material conprising: (i) a first layer of etch
stop nmaterial; and (ii) a second |ayer of dielectric deposited over the
surface oflsdlte fmegtod ayercldfinetad, stapd medrervialg geatd esuni mguraticheet chi ng
said first stack of sem conductor material, creating first openings there
t hrough alagsedo i bdrsiodd d@misti poiditsettHodNter cornactspiow diaty over the
surface of said substrate; depositing a first layer of barrier material
over the surface of said first stack of |ayers of sem conductor material,

t her eby including inside surfaces of said first openings; 37 filling said

fSIU;fStanpO sal dgv'lfl rstg&ggcgfpépé q¥er ngsnge]lb Sgrt‘)ggl ng%%%ﬁﬁi%ﬁlsur ce of

d fi t stack of | f duct t b
St e e A Rl A MG s TR e BSOS ccses

havi ng a hehght bet ween about 30 and 80 Angstrom renoving said first |ayer
of barriefOrb?Rri2¥reedirt NS 7 FRESHIIHH I77%t STAcke ok > dYEPET of

seni conduct or
for a time duration of about 5 to 10 seconds, the sputter

process being time controlled.

23. The method of claim 18, said creating a layer of barrier
material over the surface of said first copper interconnects
comprising steps of:

depositing a layer of barrier material over the surface
of said layer of dielectric, thereby filling said first
copper plug recesses with barrier material; and

patterning and etching said layer of barrier material,
removing said barrier material from the surface of said
layer of dielectric, leaving said barrier material inside

said first copper plug recesses.
24, The method of claim 18, said completing creating copper

interconnects aligned with said first copper interconnects

comprising steps of:
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material ; depositing a second |ayer of barrier material over the surface of

said first stack of |ayers of sem conductor material, thereby filling said
first copper plug recesses, said second | ayer of barrier material being
deposited to a thickness between about 50 and 150 Angstrom patterning and
etching said second | ayer of barrier material, |eaving said second | ayer of
barrier materiddpisipinxe ikeasdi drd rstadoppersgtigprrandssegatadal

conpl eting said copper interconnect by creating second copper interconnects
al i gned witdr sahal sectmtk |@fyevaiofl larar esf mbiteld@l riay sadidi fdtr Steaaapper

pl ug recesses using nethods of dual danmascene processing. 38 42. The

met hod ofoigd adtadid, cashiidonal |y renmoving said first layer of barrier
material froma bottom surface of said first openings. 43. The method of

claim92, said yemvingsaid dirst d@ayers hared efaatard al conpri sing
met hods of argon sputtering.” 44. The netho&)of claim 43, said argon

sputtering co j Si i 0 puttering ions at t enper,at ure of
about 25 to 1EB£%%d$gg%§%ggé%%ﬂ%pﬁ?@é%ﬁ#%a% %ékn§%%RﬁfE%?J%&?%ﬁéh% for a

time duration of apout, 0 10 seconds, the sputter process being tine
control | et?* .eﬁ"ljg Tkt R chayen Af %ta(?'ekh %a‘m &' M gt 3nd et chi ng sai d

second | ayer of barrier material conprising steps of: depositing a second
| ayer of barriRRtHeiRI@ 2 fteHGS BTt bf lamd I sttatlackE of
sem conductor material, thereby filling said first copper plug recesses
with a sesomicomyertof marererl netezitaing athpaterns nglend dtedscrnesai d
second | ayer of barrier material, renoving said second | ayer of barrier
materi al dpomitde shefacchofugaithdayeriol il esdid cfiteavidigpsal d

interconnects; and

filling said openings with copper, using methods of
copper deposition followed by copper surface polishing,

thereby creating second copper interconnects aligned with

said first copper interconnects.

25. The method of claim 18, said first copper plug recesses

having a height between about 30 and 80 Angstrom.

26. A method of creating copper interconnects, using steps
of damascene processing, comprising steps of:

providing a semiconductor substrate, said substrate
having been provided over the surface thereof with metal
points of electrical contact, first copper interconnects
having been created in a layer of dielectric overlying the

surface of sald substrate, salid first copper interconnects
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second | ayer of barrier material inside said first copper plug recesses. 39
46. The nethod of claim41l, said conpleting said copper interconnect
conprising steps of: depositing a | east one second stack of sem conductor
material over the surface of said first stack of sem conductor material,
said at | east one second stack conprising: (i) a first layer of etch stop
mat eri al ; bedhel (21)ored ecbint 3y eoverflding evtid oretdebaxdins over the surface
of said first layer of etch stop material; patterning and etching said at

| east oneeleconics! acknidcisentioonsluctiare naf evd iad , f oreatdspatual damascene
openi ngs there-through that align with said first copper interconnects; and

filling saheledtehndanBsisenty OpeMt Ngsham tih& OPEFacdlSd NGBl hngdse Ofo£opper
deposition foll owed by copper surface polishing, thereby creating second

copper i n§eLcoAPect Sp@l & GReds W Akh Salgh {d¢ SteAPPARY FNLES % ﬁ%ld% tThe

met hod of claim 7, whereby sald second copper I nterconnec h

id fi i i ti ded by. g f
Darri or TRTGTTAT:" ¥ TnLHEC MG O™ o Al 16 VRt a1y A ¢ SGUB copper
interconnects aligned '6h S$!§ first _copper interconnects are additionally
surrounde Bve%ﬁ|§9%?tg$ 2T &Y MITTTE 90

creating a layer of barrier material over the surface
- of said first copper interconnects, said layer éf barrier
material being deposited to a thickness between about 50 and
150 Angstrom, filling said first copper plug recesses; and
completing creating copper interconnects aligned with

said first copper interconnects.

27. The method of claim 26, additionally said first copper
interconnects being provided with a surrounding layer of

barrier material.

28. The method of claim 27, 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.

29. The method of claim 28, said removing said surrounding

layer of barrier comprising methods of argon sputtering.
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49. The net hod of claim 24, whereby said second copper interconnects
aligned with said first copper interconnects are additionally surrounded by
a layer of barrier material. 50. The nethod of claim 32, whereby said
second copper interconnects aligned with said first copper interconnects
are additionally surrounded by a |ayer of barrier material. 51. The nethod
of clai m¥A, Teredlhedief sebdviit LDpperid i edo et ise aln g reenmi tshingi d
first copper interconnects are additionally surrounded by a | ayer of
barrier nedirdg edrgd?.as hgpunetdwoithofi@iaian 46, tedysreiyusaidf sesornd Zopper
interconnects aligned with said first copper interconnects are additionally

surroundegh bys@ dayeseHic hadnd ef pdesi@d .oflabout 100 to 150 mTorr
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first copper interconnects, the surface of said first copper
interconnects being lower than the surface of said first
stack of layers of semiconductor material by a measurable
amount, causing first copper plug recesses;
removing said first layer of barrier material from the
surface of said first stack of layers of semiconductor
material;
depositing a second layer of barrier material over the
surface of said first stack of layers of semiconductor
material, thereby filling said first copper plug recesses;
patterning and etching said second layer of barrier
material, leaving said second layer of barrier material in
place in said first copper plug recesses; and

completing said copper interconnect by creating second

copper interconnects aligned with said second layer of
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35. The method of claim 34, sailid removing said first layer

of barrier material comprising methods of argon sputtering.

36. The method of claim 35, 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 5 to 10 seconds, the sputter

process being time controlled.

37. The method of claim 33, said patterning and etching said
second layer of barrier material comprising steps of:

depositing a second layer of barrier material over the
surface of said first stack of semiconductor material,
thereby filling said first copper plug recesses with a
second layer of barrier material; and

patterning and etching said second layer of barrier
material, removing said second layer of barrier material

from the surface of said layer of dielectric, leaving said
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semiconductor material, said at least one second stack
comprising:

(1) 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 second stack
of semiconductor material, creating dual damascene openings
there-through that align with said first copperx
interconnects; and

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

aligned with said first copper interconnects.
39. The method of claim 33, said second layer of barrier

material being deposited to a thickness between about 50 and

150 Angstrom.
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depositing a first stack of layers of semiconductor
material over the surface of said substrate, thereby
including the surface of said metal points of interconnect
provided over the surface of 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 the
surface of said first layer of etch stop material;

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

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

openings;

37



10$1 103%1 109! <109l & ()-8 10%l & ()-6 109l & ()-410%l & () -1 TdEMDC
10@0%l & ()-WO0%l & ()-109%1 & ()- 110%l & ()-<

1109l & () -$10% & ()-T<] dEnbC 10@ 10%| & ()-\10%l & ()-910%l & () -

1091 & ()-!109%81 & ()-10%l & () - VdEnbC 6l & (
10@ 01091 & ()-Y. 1091 & ()-6,!10%l & ()-* 109l & ()-% 1098] & () - #c1l0%l &
)- 1" #$abC 10@ADUGNY ) 33 AD UG 7T - CRYTHIADH L D FIRPADUR R A BT 0% &' () - 4
109l & () - IndEbC 10@0%@& ()-! 10%@& ()-!10%@& ()-f10%a& ()- 10%@& ()-<
109 () -DrteshbCaor@r interconnects, the surface of said first copper
10%a&' ()-!10%@& ()-'109%@& ()-\plOove® ()-910%@& ()-10%x& ()-*f(dEbC

10@! 10%@¥ 9 r ¢ QCIONA 1og irvg 1056@r (Yhdn 10U (Y £4dd 03B )d IAD@ () - (>knop
ghC 10@ 0% ()-z10%x&' ()- 10@10@10@< 109%&' () -

610%Q& () sAdORVE (Jaf b G A 0GB ) cldV@afdrial by a measurable

10%a&' ()-f10%@& ()-C 10%@&& ()-< 10%a& ()-;\dEbC

10@*0! 1094k, I 109634 L) - AOYEE £ B (s JOVER () 5519 %R L) - $X6dEDC
100 01098 ()Y, 100G (] 6, 1o ~§ 10U (5" oML 1) - TRBvR () - 6oxmboe

igg%;??;%é%@&%ég§%&g§%%§§?%§%Zq%@&%?(ﬁ_%ﬁ%gﬁﬁﬁﬁftween about 30 and 80

10@L0%81 & ()-C109%8! & ()- 1098 & () - 109l & ()- <
D10%$! & fﬁj“(‘%ﬁ%ﬁ/&% () ()>H{ +WjEnb(c) 0

removing said first layer of barrier material from the
surface of said first stack of layers of semiconductor
material;

depositing a second layer of barrier material over the
surface of 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 50 and 150 Angstrom;

patterning and etching said second layer of barrier
material, leaving said second layer of barrier material in
place in said first copper plug recesses; and

completing said copper interconnect by creating second
copper interconnects aligned with said second layer of
barrier material in said first copper plug recesses using

methods of dual damascene processing.
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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.

45. The method of claim 41, said patterning and etching said
second layer of barrier material comprising steps of:

depositing a second layer of barrier material over the
surface of said first stack of semiconductor material,
thereby filling said first copper plug recesses with a
second layer of barrier material; and

patterning and etching said second layer of barrier
material, removing said second layer of barrier material
from the surface of said layer of dielectric, leaving said
second layer of barrier material inside said first copper

plug recesses.
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surface of said first layer of etch stop material;

patterning and etching 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 interconnects

aligned with said first copper interconnects.

47. The method of claim 7, whereby said second copper
interconnects aligned with said first copper interconnects

are additionally surrcunded by a layer of barrier materxial.

48. The method of claim 16, whereby said second copper
interconnects aligned with said first copper interconnects

are additionally surrounded by a layer of barrier material.
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49. The method of claim 24, whereby said second copper
interconnects aligned with said first copper interconnects

are additionally surrounded by a layer of barrier material.

50. The method of claim 32, whereby said second copper
interconnects aligned with said first copper interconnects

are additionally surrounded by a layer of barrier material.

51. The method of claim 41, whereby said second copper
interconnects aligned with said first copper interconnects

are additionally surrounded by a layer of barrier material.

52. The method of claim 46, whereby said second copper

interconnects aligned with said first copper interconnects

are additionally surrounded by a layer of barrier material.
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