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H nesprgcr}:gsmg, %uld reach the underlying transistors built into silicon, causing
device failures.
- deposition of a “seed layer” of copper conventionally by PVD ; this layer
being required to overcome the high resistivity of the diffusion barrier layer
30 onto which traditional copper electroplating processes produce non-
contiguous three-dimensional clusters of Cu rather than a uniform film [See
US Patent application 2005145499]
- electrochemical deposition (electroplating) of copper to fill the vias and

trenches.
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30 These CVD and ALD processes cannot be used for filling features as their
deposition rate is very low, making them incompatible with the high productivity
environment of semiconductor device manufacturing.

Electroless copper deposition directly on the barrier material has been
proposed to fill features. However, an extra activation step is often required and

35  adhesion is also a problem. (See W.L. Goh and K.T.Tan “the use of electroless



vol . 462- 463, Sep. 2004, p. 275-278). For direct plating
and filling, changing the diffusion barrier materi al
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In addition, one should note that such a process would bring productivity
gains as one single tool could be used to perform a sequence (seed deposition
followed by trench/via filling) which today requires two equipments i.e. one for
seed deposition and one for copper plating. This latter merit also suggests that the
above-mentioned technical elements regarding the shrinking of dimensions are

optional to motivate the introduction of the object of the present invention in
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30 copper bath which generally comprises: a copper source, at least one specifically
choosen complexing agent and optionally additives used to assist in filling.

More specifically, the electrolytic copper bath of the invention contains, in

solution in a solvent, a source of copper ions with a concentration of between 45

and 200 mM, preferably of between 45 and 100 mM and at least one copper

35  complexing agent which is an aliphatic polyamine having 2 to 4 amine functions

with a concentration of between 30 and 200 mM, preferably of between 60 and
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bath  In the framework of the invention, particularly preferred aliphatic
polyamines are ethylenediamine and diethylenetriamine.
Excellent results have been obtained in particular with bath compositions
30  in which the aliphatic polyamine is ethylenediamine present with a concentration
of about 95 to 160 mM.
Excellent results have also been obtained in particular with bath
compositions in which the aliphatic polyamine is diethylenetriamine present with
a concentration of about 160 mM.
35 In general, the electrolytic copper bath of the invention contains a source

. . . . Dy .
of copper ions, in particular cupric (Cu") ions.
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from Rohmé&Haas Electronic Materials L.L.C. (Marlborough, Ma, USA) can also

be used with the electrolytic bath of the invention.
Other additives such as levelling agents and wetting agents can optionally
30  be used in the electrolytic bath of the invention to enhance the quality of the

plated film.

According to a second aspect, the invention is directed to a process or
method for electroplating copper directly onto a copper diffusion barrier layer
deposited on a patterned substrate and, in the same step of the method, filling the

35 surface features of the patterned substrate with copper.
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30 At the end of the coating step, the substrate is removed from the
electrolytic copper bath. This removal step can be performed either with no bias
applied to the surface (cold exit) or with an electrical bias of any polarity (hot
exit).

During the step of forming the coating, the surface to be coated is

35  cathodically biased. More specifically, this can be accomplished through different

current or potential waveforms.
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30 According to one particular feature, the duration of bias may be between
0.001 and 1 second, for example around 0.5 second, whereas the duration of the
time interval where no bias is applied may be between 0.001 and 5 seconds, for
example around 1.5 seconds.

The number of cycles to be performed during this step depends on the

35  expected thickness of the coating.

In general, a person skilled in the art will readily determine the number of
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25  copper deposits.
A satisfactory coating may also be obtained by biasing in pulse reverse
mode, preferably so as to impose bipolar ( cathodic and anodic ) voltage pulses.
In general, this step may be carried out so as to impose a series of voltage
pulses corresponding to a maximum cathodic current per unit area within the
30 range from 2 mA/em® to 40 mA/cm?, and more particularly from 4 mA/cm® to
25 mA/em” separated by anodic voltage pulses corresponding to a maximum
anodic current per unit area within the range from 0.4 mA/cm? to 1 mA/cm>.
There may be time intervals where no bias is applied between the cathodic and
anodic pulses. The duration of these time intervals may be between 0.001 and
35 5 seconds.
The number of cycles to be performed during this step depends on the
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potential being measured either relative to the counterelectrode of the circuit or
relative to a reference electrode, preferably at the same voltage level as during the
coating deposition step when this is also carried out in potentiostatic mode.

In one other particular embodiment the method of the present invention,
the entry steep is a "hot entry" where the substrate is immersed in the electrolytic
copper bath under electrical bias applied to it.

According to a third aspect, the invention is directed to the use of the
electrolytic copper bath of the invention for electroplating copper directly onto a
copper diffusion barrier layer deposited on a patterned substrate and, in the same
step of the method, filling the surface features of the patterned substrate with

copper.
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(gap filling, good adherence and low resistivity, high
rate). O course, additional additives (usually used
t o Eaami 1infi||ing and/or to rmdifythe pH) may

further d ou d al so be
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t he epo Ithﬂ onto Lntreat arrle ayers. I n sonme
tantalum nitride (TaN) having a thlckness of 10 nm deposited by PVD on top of

which a layer of tantalum (Ta) having a thickness of 15 nm was also deposited by
PVD.

This TaN/Ta stack is a copper diffusion barrier such as those used in
damascene structures. The sheet resistance of this barrier stack was
21 ohm/square.

A blanket substrate was used for sheet resistance (Rs) measurement by 4-

point probe. Adhesion on a blanket substrate was measured by a variable force
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bl ?pket substrate was used for gapfilling eval uation.

Gap fill was observed by scanning el ectron nicroscope
lO(SEI\/D cross-sectional imaging. These substrates were

usge pout any pre-treatnment. The electrolytic
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el ectrodeposition an es it _possible
t ostpkiliFechPayver FBPRIEPFOIding p SeiBga o 38 vebs prd o AMpgrss.
well as to supply argon for consistent hydrodynam cs

wi thin the solution. Connectors allowed contacting the
elm%t L trical wires to a stabilized power
20 suppl y Eh@\shblémge &vmxﬁm@ﬁn%ev«dédﬁtﬁﬂﬁm cbpmrpleatiesand the
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o?fownég ] ocie ¥ f)r% 01 wgi%%ﬁo
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2) Application of periodic rectangular pulsed potential with a period of

25  1.25seconds (0.75 s off and 0.5 s on) between 0 V and -15 V.
3) Hot exit: the substrate was taken out from the copper electrolytic bath

under electrical bias at a level equal to the pulse bias.

Results

30 By performing the above experimental protocol on a blanket substrate, we
obtained a continuous and uniform copper layer with a thickness of 480 nm, a
growth rate of 2 nm/s and a sheet resistance Rs of 0.05 ohm/square as-deposited.

After an anneal at 350°C during 5 minutes in 4% H, / 96% N, forming gas,

the adhesion value of the copper layer was 13.4 J/m?.

35 As shown in Figure 1, which is a SEM cross-section image of a trench
pattern (trench width 200 nm / spacing 100 nm) lined with a PVD TaN/Ta
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25 Connectors allowed contacting the electrode by electrical wires to a

stabilized power supply providing a maximum of 32 volts and 5 amperes.

Experimental protocol

The substrate was immersed in the electrolytic copper bath and the
30  following three-step protocol was performed:
1) Induction or cold entry: the substrate was immersed in the electrolytic
copper bath during 30 seconds without any electrical bias applied to it.
2) Application of periodic rectangular pulsed potential with a period of
1.25 seconds (0.75 s off and 0.5 s on) between 0 V and -12 V.
35 3) Hot exit: the substrate was taken out from the copper electrolytic bath

under electrical bias at a level similar to the pulse bias.
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These substrates were used without any pre-treatment.
The electrolytic copper bath of the invention in this particular example was
an aqueous solution containing CuSQO4,(H,0)s with a concentration of 65 mM,
and ethylenediamine with a concentration of 95 mM. The pH of this solution was
30 6.

Equipment
200 mm wafers were processed in an industrial tool commercialized for

copper electroplating applications. This tool was equipped with an
35 electrochemical cell having its own solution circulation system. The
electrochemical cell houses a copper anode and a diffuser installed between the

anode and the wafer which is the cathode. A sealed ring was used to provide
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an aqueous sol ution containing CuSO (H2ZOS with a

concentration of 65 mM and ethyl enediamne with a

concentration of 95 MM The pH of this solution was 6.

Equi prrent 200 mm waf ers were processed in an
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Results By perform ng the above experinental protocol
onRasdllsanket substrate, we obtained a continuous and

uni f or nﬁ??}@{}g %@ﬁﬁg nl%’&v% Ry eri}ﬁgﬂal&ﬂb&g&eﬁ? ?fanﬁé%%ugmate we

a grow an av

r eghigtngg @@onmousaﬁn@umga’nwﬂnp@ql@mrw&lsa depo shickngss of 480 nm,
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0 mnutes passed the scotch tape test. shown in
Fi §ufePositedahi ch is a SEM cross-section | rrage after
Chem c alwv s raniddfat adbebios AttegInneEIMPR00TC ort30aniebtes passed the

att ench wdth 140 nm/ spacing 140 nm |ined
?‘iﬁ)?é‘ntﬁsﬁjr TaN/ Ta diffusion barrier and filled with
copper As shown in Figure 2, which is a SEM cross-section image after Chemical

Mechanical Polishing) (CMP) of a trench pattern (trench width 140 nm / spacing
140 nm) lined with a PVD TaN/Ta diffusion barrier and filled with copper
according to the method of the invention performed on a trench patterned
substrate, defect-free gap-filling of the structures was obtained.

Example 4
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 10 nm deposited by PVD on top of
which a layer of tantalum (Ta) having a thickness of 15 nm was also deposited by
PVD.
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substrate used in this exanple consisted of a silicon
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20in the electrolytic copper bath during 30 seconds

mﬁ%: Ty elgcirical bias applied to it. 2)
Ap

i odi c rectangul ar pul sed potenti al
with a pbeisvbstefe rvags igmesad ipotheselsctpflytiasgppersbath opnd  the
betWRRAnDthYe@8tEh pbtoc¥l was performed:

1) Induction or cold entry: the substrate was immersed in the electrolytic

25  copper bath during 30 seconds without any electrical bias applied to it.
2) Application of periodic rectangular pulsed potential with a period of
1.25 second (0.75 s off and 0.5 s on) between 0 V and -10 V.
3) Hot exit: the substrate was taken out from the copper electrolytic bath

under electrical bias at a level similar to the pulse bias.

30
Results
By performing the above experimental protocol on a blanket substrate, we
obtained a continuous and uniform copper layer with a thickness of 450 nm, a
growth rate of 1.9 nm/s and a sheet resistance Rs of 0.12 ohm/square as-deposited.
35 After an anneal at 350°C during 5 minutes in 4% H, / 96% N, forming gas,

the adhesion value was 5 J/m>.



3) Hot exit: the substrate was taken out fromthe
copper electrolytic bath under electrical bias at a

wo easlooapori | ar to the pul se bias. Results By peCcT/apromngsi1esi

5

10

15

20

25

30

t he above experinental protiecol on a bl anket
substrate, we obtained a continuous and uniform copper
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Experimental protocol

The substrate was immersed in the electrolytic copper bath and the
following three-step protocol was performed:

1) Induction or cold entry: the substrate was immersed in the electrolytic
copper bath during 5 seconds without any electrical bias applied to it.

2) Application of periodic rectangular pulsed current with a period of
1.25 second (0.75 s off and 0.5 s on) between 0 A and a current of 3.5 A or 5 A.

3) Hot exit: the substrate was taken out from the copper electrolytic bath

under electrical bias at a level similar to the pulse bias.



1) Induction or cold entry: the substrate was i nmersed

in the electrolytic copper bath during 5 seconds
wowndiouzs@ny el ectrical bias applied to it. 2)PCI/EP2007/051681

Application of periodic reasangul ar pul sed current

with a period of 1.25 second (0.75 s off and 0.5 s on)

between O A and a current of 3.5 Aor 5 A 3) Hot

exit: the substrate was taken out fromthe copper

el ectrolytic bath under electrical bias at a | evel

Si Redults to the pulse bi as. Results By perform ng the
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10 dehigh) meabutey h@ttasnhmnéﬂﬁbmf‘ced chemi cal vapor deposition
(PECVD). The silicon dioxide |ayer was coated with

various layers: - 10 nmof tantalumnitride (TaN)
deBaampled by PVD, with 15 nm of pure tantal um
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These layers are copper diffusion barriers such as those used in damascene
structures.

25 A blanket substrate was used for sheet resistance (Rs) measurement by 4-
point probe. Adhesion on a blanket substrate is measured by a variable force stud-
pull test. These substrates were used without any pre-treatment.

The electrolytic copper bath of the invention in this particular example was
an aqueous solution having a pH of 6 and containing CuSOy4,(H,0)s with a
30  concentration of 65 mM, and ethylenediamine with a concentration of 95 mM.

Equipment
200 mm wafers were processed in an industrial tool commercialized for

copper celectroplating applications. This tool was equipped with an
35  electrochemical cell having its own solution circulation system. The

electrochemical cell housed a copper anode and a diffuser installed between the
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ri pgbdecshdusedvifor phshi dethe wathedt. Aoschlee maf @hs uddd fo provide

curren del i1 ver,ed b unit c

dor Pt i dre atet B iRl iR e e baiset hEROER Baitbe of
t héelwafieg (MAS S )eameuluin a SRD (spin rinse dry)

chanber SR, i I

or ot oco]Alﬂ%i%@ng P§HMS ; %Tf'rgrlglr)vgse Q&rd ﬁ%gﬁb (spin rinse dry)
eId@mﬂﬁtyﬁﬁ@déﬁﬁbéﬁmﬁdphland t he fO||0MAng t hree-step
protocol was performed: 1) Induction or cold entry:

the substrate was i mersed in the electrolytic copper

ba 0 onds wi thout any electrical bias

appl i edTh® substraly v&@plmmaxtsé@nnoﬂlep&eétﬁﬂ'yt@c rcoppenbath aind the

d. 1 25 d (0.75
of PR e L ghprolbePl B PSR AP 2 current of -3.5 A

10 3) Hot éxInductidreosaiid tenay ethaasbstakewas uhmersednin He electrolytic
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COPger Sétﬁ%ﬁgé,%x%%@g@%&gg&g@g eﬁJC el lﬁéb A% pt 2

esu y performng
the abovke Apppeationeof a@rlqﬂi@tr@fémg méﬁeldowe@r Frikbep period of

Sulpats rsaéo%a (M75 R o3haRto.5 @gh)ssems&m Nhnﬁfhﬁzu%ﬁgﬁ 26 A,
ai_.ned a conti nuou uni

wWe o
copper r%a%@? exily; tgﬁ SUPSHRE AV IhiRkRh eWsI T tg%ﬁoﬁ‘ﬂ‘?f SI‘T?]GU%IYUC bath
meaides BRetrichElsiksitanieeclisinildreo trngdse®isdSS - 0. 06
ohnm' square (see Table 1). Adhesion on such copper
I a ers.is very hi gh, measured better than 10 J/ nR.
Taéﬁ@Lﬁ. sheet resistance and growth rate nmeasured on
vari oustaf)af@nﬁmg 8 Cabuve oéxpeepesia egrovsppen. vAsowablanket
be th [ e
Cos%ogﬁr {H Elna%t ?%?s ggsg g’ﬂr: dﬂepfalngg 2t0h §8(§ 2191{5%16%53 Bbtained a
obwmmgpys mﬂr @méwan@weéwrs w@ :; meahéhlg@@ess)fof #50 nm and a

Si REhe sﬁe@f i s%hb@ﬂl thé PJE@@OQQSL Q.06 hnV s ake (%E@Walﬂ@ qi)
rTU|tI-SO tion edures of the prior art%; (ﬁf
et hod  AERCATERI THSBI SRR YEBP STV Bk dRqayurSH Peites thars 10V
copper diffusion barrier |ayer deposited on a

Pat T SamedteS UDSHes sheEsisthitel|N M caaTRect QR taACe 216 Growth
(ohm/sq) copper deposition (chm/sq) | rate (nm/s)
TaN/Ta
(10 nm/15 nm) 21 0.059 1.8
TaN 15 nm 100 0.055 1.9
TaN 5 nm 380 0.060 1.9

Table 1: sheet resistance and growth rate measured on various wafers for 450 nm
of deposited copper.

As can be seen from the above description, the single step copper filling
method according to the invention is obviously more advantageous, due to the use
of a single formulation, compared to the multi-step and multi-solution procedures

of the prior art.



method, filling the surface features of the patterned
substrate with copper, said nethod conprising: -

w@raxiogizpg an el ectrol yti c copper bath contai NnPODEP2007/051681
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solution in a solvent, a saorce of copper ions with a
concentration of between 45 and 200 mM preferably of

bet ween 45 and 100 nM and at | east one copper

conpl exi ng agent which is an aliphatic pol yamn ne

having 2 to 4 am ne functions with a concentration of

bet ween 30 and 200 mM pref@ar a1y of between 60 and

200 mM the copper/conpl exing agent(s) nolar ratio

bei ng of between 0.2 and 2, preferably between 0.3 and
1.5; - DbtiAghegod dodeleapypdatingi ¢dppsi dimeddlyr ontera tapper ddfusion
sapgd. . .50 cQn i ' I Iyt i

con R aieh Yool WhREclt bRl e, BF highht Suep of the
substhodt éilling thg sdtfees ifestres]pl Hreephtigeiedr tibsigate ovittheopper, said

thiekesdndrisk@prer to be el ectroplated, removing the
substrate fromsaid el ectrol ?ﬁ?ti c copper bath. 2. The

met hodPTeV Idigaihelectrolias pRPef RAthejaBEANING AN 9 WIONHAS foheent. a
f orm ofouscesef t@spePfiomsenithdi Gorﬂzghﬁzﬁﬁ)n%f EéiWe&ﬂMSOEYnd 200 mM,
potentla , avi a nit engil n the .
bor 11 creteote AL DRl 390D, AFD SRRl i fpper complexing
el ect rageat whichss haslipheicflyantfie AadogLito dousinp deretibhabvith a
or cur | ar {-zatl ' ' '

on Chel Fabn RELRIIERIA 03 P90 RagL A PRS0 an
cl ai ms200 mdl;3he whppesicampleixtngaddeptislt melap satipabring of getween 0.2

sel ect ggh 4 LATLBE O EPBsd $5i ng of .
al kyl ene-pol ya pol yal kyl ene- es havin

nes angd. p pol yam
2 16 dvrRE ) rf&pp%rn@?@.sweb%?rylaff?roﬂﬁo i Sl;}{;%ﬁ’be fnto cntact
consi ﬁtv{mgaidfeleetrhwkieﬁeﬁﬁeaﬂhﬂhe, di Iet hyl enet ri ami ne, )
triet net etram ne, . .an i pr epetrjanine. .5 The ..
et RocAHBIVIEE & GIoRregh RS o T BBRAS B i B Bgraine
sel ect @dh¢ thicknt$seofgoppgy te baslestroplgtedf et hyl enedi ami ne
and _di am : one of
cl ai-rrvsree téﬁgﬁé %@%@ﬁgﬁfﬁagﬁg@ﬁ?%@% g@é’per bat h
essent i al! Thecwgthad o claim Lovhareisrthe glegtrical bianhas ghe form of a

SOWER 0PThehORP BlilstLHBcuMehiNoPpSOHIE Mak ki a0Ra@fitule H¥RSing on
45 and 100 mM , preferably of between 50 and 80 and

at NI°¥EHone copper conpl exi ng agent which is an
al i phat i 8. Pl patodefhéaimng whdreindharieogichiubias hanthewoth of a

BT SRR SRR R AR fag o

nmobatrier satepiabei ng of between 0.3 and 1.5, preferably

bet ween §.fhaRgkid8of any one of claims 1 to 3, wherein said aliphatic
polyamine is selected from the group consisting of alkylene-polyamines and
polyalkylene-polyamines having 2 to 4 amine functions preferably from the group
consisting of ethylenediamine, diethylenetriamine, triethylenetetramine, and
dipropylenetriamine.

5. The method of claim 4, wherein said aliphatic polyamine is selected
from the group consisting of ethylenediamine and diethylenetriamine.

6. The method of any one of claims 1 to 5, wherein said electrolytic
copper bath essentially contains, in solution in a solvent, a source of copper ions
with a concentration of between 45 and 100 mM , preferably of between 50 and
80 mM and at least one copper complexing agent which is an aliphatic polyamine

having 2 to 4 amine functions with a concentration of between 60 and 200 mM,



7. The method of any one of clains 1 to 6, wherein, in

the af orenenti oned el ectrol ytic copper bath, the
waberyepesad i oned sol vent is chosen from water apPdI/EP2007/051681

hydr oal cohol i ¢ m xtures anadit he source of copper ions

is a copper salt, such as in particul ar copper

sul phate, copper chloride, copper nitrate or copper

acetate, preferably copper sul phate. 8. The nethod of

any one of clainms 1 to 7, wherein the aforenentioned

Supsdferable dafsbawséd PC amndWeBemM; nth’elmppewkr@qa}@fmg agent(s) molar
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nltrldei%%a %ily ten nitride (W) [ayer,
a CORRGS PEAie A EEH ‘EOPPEreS“EJ | ayer, a cobalt-based
| ayer angl Ehermtthediotinmpasedf chymas 1 8.7, Aheedie clier eoytnentioned
COQ%%{ratgeqsha gl‘i)l%r?'\ﬂfé}gm 11thﬁ c%ﬁl"s%tdfoﬂphg tﬁgsﬁ)l f%/g?zg&% cir’}cuits the
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ﬁmm @é%r}taﬁmotfltrﬁi@t@é@% leygr, éﬁ%F“Q‘GFP ﬁMO%‘PQfC@rQBﬁ‘)N) layer,

Of abebveen(1Y lare 20Ratiivh didiide qqm)e ﬂdy@ﬂr@k@ﬁuﬁ}ﬁ silicon nitride
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or ERPELE e wai rSU IV o8 R Ty ot igring (VO
15 copzqyelr alvabdit-bdsed laieru8] a whhaniuedasutlagdrl y contains, in
| ut t
SOl U1 ona! 0y QAPhER! coel BCESDRESch PR M4 Nofin, o
be e BOpasrdoBOWiHVagndcatratien et bezsweerbfbbfm 200 mM preferably

coapb&weagwg@dﬂomﬁm Bnd 8t @&kt dhé e&nief orRPleYAFa86nt which is an
havi. (f am ne funct [ 1<2‘ns wth concent rati on of

bef YRS 0RRViRg 2pie eﬁlameyfwl%% Y& agepngpgration of

20 1SBetWM3n t3e adppen/ ﬁlepk)&)ferﬁﬁlya@énEc{tﬁf}eﬂTEﬂOarand apd® mM; the
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b f b t Q. b b

antgeg o tSE et Corod e Bfin S SaesRal A ERY Apgeerably
or bd@ecemhSrapili.sai d al i phatic polyanmine is seI ect ed

from t he (9221%%13‘6 f%‘ti%tcb r® fdthadfk&gn%r@ VLY %Htams in

pol yal kyl e nes having 2 to 4 am ne unc i ons
pr &flatiebina selpents mwg@eowfpcqp@ﬁrsmﬁ Wil aogoncentration of between 45

25 et hyd @0@ghhNn] &ferglbl tdrybanedd | Bamnaeso mM and at least one copper
trlet Ienete mne add| % rLa ne 12. Ej
el %‘EPP m.a&@yo & TS0t # IRt pabAmE Ny &19,4 &gjige functions

al ithat ¢ancpatatian crfd)et\se@%()eﬂ:ﬁcbm(f frﬂm pieterghl o between 90 and
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30 11. The electrolytic copper bath of claim 9 or 10, wherein said aliphatic
polyamine is selected from the group consisting of alkylene-polyamines and
polyalkylene-polyamines having 2 to 4 amine functions preferably from the group
consisting of ethylenediamine, diethylenetriamine, triethylenetetramine, and

dipropylenetriamine.



di et hyl enetriam ne. 13. Use of the electrolytic copper
bath of any one of clains 9 to 12, for electroplating

waoomp@pe3do rectly onto a copper diffusion barriPCT/ERYOT/051681
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deposited on a patterned substrate and, in the sane

step of the nethod, filling the surface features of

the patterned substrate with copper. 14. Use according

to claim13, wherein the aforenenti oned substrate is a
silicon wafer in the course of fabricating integrated
circuits)2.tive secttadgge ebppdri bhh dfoclkhen coatebkreinssdidhatliphatic

grgﬁga{g ol ds'eLe&Pe If ?rg> biat]ké ;gr;ou%a&)er{ 1s§1%| et eeqﬁx)tléx%%a%ﬁe and

Si st ase St ant
ni dxetlxymamnahmm (TaN/ Ta), a tantal um nitride (TaN)
layer, ac{f%ﬂ% §fekﬂr&]?ﬁc @b{%ﬂek %ch( gl\gnel (ﬁyc@e[lms@ to 12 for
titani um ayer um n| er,

t] @laﬁrcmwmgl GOPBRY qlirqcﬂv @8q APy di &Vé}ﬂ baé’ﬂ%rdﬁ)g@t ﬁosned on a
Ni pattegfod BB trdt@MRY, in thel ARBSEPHIERE RRtholl filling €he su¥¥abe Jeatures

: g%grlhe patterngc? substrz?t%%vqthl g%leaér and a rut heni um based

14. Use according to claim 13, wherein the aforementioned substrate is a
silicon wafer in the course of fabricating integrated circuits, the surface of which,
to be coated, is that of a copper diffusion barrier layer selected from the group
consisting of a bilayer based on tantalum nitride/tantalum (TaN/Ta), a tantalum
nitride (TaN) layer, a tantalum silicon nitride (TaSiN) layer, a titanium (T1) layer,
a titatium nitride (TiN) layer, a titanium silicon nitride (TiSiN) layer, a tungsten
nitride (WN) layer, a tungsten carbon nitride ( WCN ) layer, a cobalt-based layer

and a ruthenium-based layer.



