El ectropl ati ng conposition for coating a substrate surface with a netal The
present invention relates in general to an electroplating conmposition
intended for coating a 5 surface of a substrate with copper, especially a
surface consisting of an electrically resistive material, in particular for
the coating of a copper-diffusion barrier layer. 10 The invention is

especi al ly appli,cabl e in.t fiel f..m cr. (AoTal f fabrication
of int erconnecfb‘s}eicﬁrio tlgécrlgkt%egog}pggﬁ'lttl?.n Ift('?ﬁjl g%gﬁtgg{gg%plsﬁ%ﬁ)%ﬁeﬁ ot her
fields of electronics, for theurfladeatijtdn sofstdtler connects in printed

circuits (Cahled prigled Chncdidcibn boAfsr o8 PEAN bty bogpdskror for

the fabrication passi ve el enents, such as inductors, or in,the
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m croel egt r yypchdd calr Syst egBdst 2Bcdhewi €nm teppek’, opkaberdalily umrder st ood
here to mean a nethod of govering a_surface of ats.ub trate w t.h.a rgatallic
or or ganonetHI4aC% oatPRG ISt A%hi cRTt hea%ubse[%reacf F 1L 6%t AEaTY i ased

anddbrouglhlt mdtericant agh wadtiacdiapi dorhatheconbat hsgpracuaseoprsirt he 25
said netallig. or ganonet.al | i pating, so as to formthe said coating.
When t he sulfgltféisel%%%aanrre ee%tfa}%% ‘conductor, the electroplating is for
exanpl e carried out by passing a current between the substrate to be coated

Whi ch CoRSt igtyyt efn%'n@%&?t 590'%5 the .aathods, 130 d hencere @fieadmeiml lic or
organonetal |'ic coating) and a second electrode (the no,det) in a bath
cont ai ni ng AT FFrPrur $61s Bret ﬁé‘béééﬁtﬁﬁnrm?grilﬁ gGmnects

in integrated circuits. It is also applicable in other
fields of electronics, for the fabrication of inter-
connects in printed circuits (called printed circuit
15 boards or printed wire boards) or for the fabrication
of passive elements, such as inductors, or in the
electromechanical field in integrated circuits or in

microsystems (called microelectromechanical systems).

20 The term “electroplating” is understood here to mean a
method of covering a surface of a substrate with a
metallic or organometallic coating, in which the
substrate is electrically biased and brought into
contact with a liquid that contains precursors of the

25 said metallic or organometallic coating, so as to form
the said coating. When the substrate is an electrical
conductor, the electroplating is for example carried
out by passing a current between the substrate to be
coated which constitutes an electrode (the cathode in

30 the case of a metallic or organometallic coating) and a
second electrode (the anode) in a bath containing a
source of precursors of the coating material (for
example metal ions in the case of a metallic coating)
and optionally various agents intended to improve the

35 properties of the formed coating (uniformity and
fineness of the deposit, resistivity, etc.), optionally
with a reference electrode being present. By inter-
national convention, the current flowing through and
the voltage applied to the substrate of interest, that



exanple netal ions in the case of a netallic coating) and optionally
various agents intended to inprove the 35 properties of the fornmed coating
(uniformty and fineness of the deposit, resistivity, etc.), optionally
with a reference el ectrode being present. By inter- national convention,
the current flow ng through and the vobtage applied to the substrate of

i nterest, that is to say the cathode of the electrochemcal circuit, are

negative. Tyougheul, tins E8Xhodwhet thEseUELeRLRARE-Y0lL:8985: @r e
mentioned with a posjtive value, it is.inplicit that this value represents
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vaf er s ot hes1sad e 5 copduelef idavhcessbei nipgannected togel herhitl%h a system
of netal interconnects consisting of "lines" "and 25 "contacts”, also called
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a sequence mwEsmEIdleoNMoi singui fidepodlivt | dafotmartiensabatinogodi elrettric

| ayer; zetglin .t he | conn tu i_n the. 35 i.d dielectric

| ayer; 156t ¢ %Qﬂéglg?i glr?%tosg a&gar@%%%{rlg éyé“%i(egenle¢1af$yp%ngggc8?%frarﬁ al um

titani um nitdbyealt amehl ushaieei déon urigs entabricaeion t ofgstmetadar bi de,

for exanpl ghtesRbrirediLVeBt COPR&IrdR&H abli®Ruits of increasingly

smaller etched features.

20 Integrated circuits are generally fabricated by forming
active semiconductor devices, especially transistors,
on the surface of silicon wafers, the said
semiconductor devices being connected together by a
system of metal interconnects consisting of “lines” and

25 “contacts”, also called “vias”, placed in superimposed
levels and obtained by respectively filling “trenches”
and “wells” also called “interconnection holes”, made
in the dielectric layers.

30 Since copper is difficult to etch and has a high
diffusivity in many materials, the interconnects are
generally produced by a sequence of steps comprising:

- deposition of an insulating dielectric layer;
- etching of the interconnect features in the

35 said dielectric layer;

- deposition of a barrier layer (generally made
of tantalum, titanium nitride, tantalum nitride,
tungsten nitride or tungsten carbide, for example) used

to prevent copper migration;



filling of the lines wth copper; and renoval of the nechanical polishing.
Thi s sequence of steps is known by the nane "Danascene process", which has
been described for exanple by C.Y. Chang and S.M Sze "ULSI Technol ogy",
MG awHi ||, New York, (1996), pages 444-445. The barrier |ayer generally
has too high a resistance for copper tg be electrochenically deposited
honmogeneously or uniformy at the wafer scale, an effect known to those

skilled in the art pyj{hgstgem "phm P8 N €S of the
barrier layer results bot% ?r omthe #lqég% rg%% sltnltw ty o é@%%@?ﬁauent
material s (WYereregPPReretandnitrides) and fromits snmall thickness

(generally froma feuowato arf ewHenssQ in n § grated
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i nt er connecteF LTt . PebheRYdEnt |y, it is general |y necessary, prior to
the copper electroplating step, to cover the barrier layer 25 - using a

non- el ect rq&?im cal nethod - with a th%lg Iaygr %&met allic copper, called a
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rapidly nove towards 10 nmor less. is to say one that accurately matches
the topogr@phy BRTFhRETsdavste geneeatbyt 8@s divp dobéghs@ frgsistaniee range of

aspect ratifus: Howeyger theadheston &a e dnidsizan yar ragiss pfed he
copper |ayers forned 5 chem cal deposition is poor. Thislimts in
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i mpl enent  them@ndiddiel g ieffd Cid;%%ffﬁér JiifVRe‘ésEOSﬁ'tPDdéé) pragently.
preferred fromthe industrial standpoi nt abecause It allTows surfaces having

a hi gh resift%hce s oSBeLLoktéGRRicss peenaralhiesiepmop €RY &8pp@ ao the
barrier thdewbtahsedM tihm,CVBepending on the integrated circuit

20 generation), which thickness is imposed by the small
size of the interconnect features.

Consequently, it is generally necessary, prior to the

copper electroplating step, to cover the barrier layer
25 - using a non-electrochemical method - with a thin

layer of metallic copper, called a seed layer. This

seed layer, 1like the barrier layer, is currently

produced by vapor phase deposition techniques such as

PVD (physical vapor deposition) or CVD (chemical wvapor
30 deposition).

Owing to the critical dimensions of the 1lines and
interconnection holes of current integrated circuits,
and their trend towards ever smaller dimensions, the

35 thickness of the copper seed layers at the present time
is around 30 nm and should rapidly move towards 10 nm
or less.

CVD deposition produces a conformal copper layer, that



20 processes. The thickness of the coating deposited by PVDis directly
proportional to the solid angle seen fromthe surface to be coated.
Consequently, those portions of 25 the surface having salient angles are
covered with a thicker layer than those portions of the surface having
re-entrant angles. As a result, the copper seed |layers fornmed by physical
vapor deposition are not conformal, and therefore do not have a uniform
t hi ckness adits evergagoopei hhavnathersueflac eadichdse thebstaraigraghy paf ti cul ar,
shadow or h@ungfgééeggs ar %o%{%-.%%{" fladbe ?Ba'ifBre%g éérgéf&he.s or
vias, up to the polnt of obstructing thelr apertdres and en ‘maki hg it
i npossi bl e af f pEPeEhemravrasov er Hovheesi dewdld s afiheseoBs toencties and
vias may besomesath Witdy Akl d s | chellt ddisdnespaplrd hersiargy | ayer. whi ch
then results in inperfect subsequent filli ng,, mssing material or "voids. In
additiop, tHES | pPPSpia@bcelS oMaMe sTHERallignigss t R fREACFESe exhi bits
by nature athe benefit of this type of process since strong
adhesion between the copper and the barrier is required
in order to ensure reliability of the structures

constituting the interconnects.

10
In addition, processes using chemical wvapor deposition
are relatively expensive because of the high cost of
the consumables (the precursors), of the equipment
needed to implement them and their low efficiency.

15

PVD deposition is ©presently preferred from the

industrial standpoint because it allows surfaces having

a high resistance to be coated with better adhesion of

the copper to the barrier than obtained with CVD
20 processes.

The thickness of the coating deposited by PVD is
directly proportional to the solid angle seen from the
surface to be coated. Consequently, those portions of
25 the surface having salient angles are covered with a
thicker layer than those portions of the surface having
re-entrant angles. As a result, the copper seed layers
formed by physical vapor deposition are not conformal,
and therefore do not have a uniform thickness at every
30 point on the surface of the substrate. In particular,
shadow or overhang effects are observed at the sharp
edges of trenches or wvias, up to the point of
obstructing their apertures and then making it
impossible to fill them. Moreover, the sidewalls of the
35 trenches and vias may be covered with an insufficient
thickness of the seed layer, which then results in
imperfect subsequent filling, missing material or
voids. In addition, the seed layer produced on the
sidewalls of the features exhibits by nature an



-5 adhesion that differs fromthat deposited on the flat surface of the
substrate (at the top and bottom of the trenches and vias). This nmay |ead
to inferior reliability properties, such as resistance to el ectronmi gration.
In other words, the non-confornmal coverage does not solely result in
differences in thickness as lack of confinuity and poor adhesion of the

| ayer on the sidewalls of the trenches and vias nay also arise therefrom
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and vias (ofu¥feceraér the sukstratrs At nhhenmeoer gndakptiteay of ghhes aspect

ratio;. I'n Eﬁéﬁcﬁéﬁte%ﬁxith%iﬁE?QtrQﬂﬁféingwx Chﬂéﬂ&e RﬁﬁseﬂﬁEQrDSEG
constitutes an, advant ageous alternative to_chem cal vapor deposition or

physi cal vapetidepbiFYi onPPEPEEEdESses, SHAR t o dhe rorelToRVedt i okl netal
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| ayers formhgoaaropperhdireéfusinon barrier in the nost advanced
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| ayer. t i he val ue of the sheet resistance is obtained by
dividi%ghtﬁgggéégg%ég%eéty (expressed in ohns. mor mcroohns.cm of the
constituent material of the |layer by the thickness (expressed in mor nm

f this | : t teid e, i I e I [ 10
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is minly used for filling the trenches "and we i anmascene process
by applyi ngf¥DC GAMEMtYEEa wier GVEIE@IST T eh8Ad Rnafri¥sseelol ayer
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electroplating techniques, which cannot be implemented
on resistive substrates.

This 1is because conventional electroplating, which

25 consists in applying in general a DC current to the
substrate immersed in a bath containing metal ions, can
be applied only to surfaces that are sufficiently
conducting, that is to say typically having a sheet
resistance of less than about a few ohms/square, which

30 is not the case for the layers forming a copper-
diffusion barrier in the most advanced technologies,
the sheet resistance of which is commonly a few tens of
ohms/square to several hundred ohms/square and may be
several tens of thousands of ohms/square.

35
Sheet resistance is a quantity used by those skilled in
the art for measuring electrical resistance of thin
films or layers. It is expressed in ohms/square and is

equivalent to the resistivity for a two-dimensional



15 netallic copper is described for exanple by Rosenberg et al., in "Copper
nmetallization for high performance silicon technol ogy”, Ann. Rev. Mater.

Sci (2000), 30, 229-62. 20 The use of copper electroplating on a copper
seed layer for filling trenches and wells has al so been described in Patent
US 6 893 550 incorporated herein by rekerence. 25 The el ectropl ating net hod
described in docunent US 6 893 550 is essentially characterized: on the
one hand, isysttkmrt, i thaekes use ehyaonel det rmicalti ngebai;ltr\@msefmi fic

chem cal 0s on S | east._one acid, ef gr abl uric
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075, [for Titdd NeoddWs vobdle hicbheageest |ayery frel oy el ity laver

(seed repajr or seed enhancenent). In a prefe red 8 rrent

this prior FFEFRERST &5 i% AT st of atgi baveut, pref erably by a physi cal
vapor deposition process, in which a non- 5 uni form "ul trat hin" (thi ckness
of about Zgﬁ:qu C?ﬁ? er seed | ayer is deposited and then in a second step
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al kal i be elisctmaphayi ngeed| fivr ofi(iHeIPHI0éE \Whictlrhies oie@t gel1tBan D)

taini |.phat 10 t f bl t
2ol d. and dot oREPRSCBER Sutices n iRl qers FEERn AovRCL RETF Rt o of the
coati ng and\ia(ﬁelammmnﬂd sog: Hhmaelpafidr wi eHuei Bgetihé.aryesn siridviitmmenfs dche
coating. The: oy aptadenslid ama bed dunkdg, cLeELLoRk ALl N eteen 15 1

mAV cn2 and 5 I nd OVeE pri o ument that this
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this possi kidtdain il #@bper is described for example by Rosenberg

et al., in “Copper metallization for high performance
silicon technology”, Ann. Rev. Mater. Sci (2000), 30,
229-62.

20 The use of copper electroplating on a copper seed layer
for filling trenches and wells has also been described
in Patent US 6 893 550 incorporated herein by
reference.

25 The electroplating method described in document
" US 6 893 550 is essentially characterized:

-~ on the one hand, in that it makes use of an
electroplating bath whose specific chemical composition
comprises at least one acid, preferably sulphuric acid,

30 at least one halide ion, preferably chloride, and a
combination of chemical agents capable of accelerating
or suppressing formation of the coating; and

- on the other hand, in that it consists in
modifying the density of the current applied in

35 predetermined sequences.

Copper electroplating has also been recommended, for
example in Patent US 6 811 675, for filling any voids
in the seed layer or for repairing this layer (seed



20 illustrated by any exanple and it appears not to be easily achievable
ow ng to the high current densities nentioned in that docunent. In this
situation, the object of the present invention 25 is to solve a new

techni cal problem nanely of how to provide a novel electroplating
conposition which nmakes it possible ip7p§rticular to produce continuous and
conformal copper seed | ayers having a thickness of the order of 10 nm or

| ess and e@éé%)é fn&egggélg&agg Iﬁlgrggfi on to diffusion barriers that nmay

have a hi ace r'esT st ance or 0 a few megohns/square. The sol ution
according tinthe pesterredyeanbahinent sod%@glbﬁﬂs trchpihzal Lplr-‘ocbltem

consi sts ofgaf,man ! egt EopLati 's'E%gr Cﬁl@oééﬁ:i’@d' Bh? ;bl éfér%l g ag for

coating a copper-dl ffusion bar ayer I n the catlon
i nt er conned®@y$ral ntepait ealaﬂomm@ ErcRssor i 28d Whltchatal tneWnpri ses,

in sol uki Oﬂlﬁ{‘f@rzﬁm‘iﬁ?}'ﬂkathlﬁ"sOGHIPFc]&Ee%’DB%r alEBl?t b fi‘mﬁor‘@%éﬁt' on of
between 0.4 and 40 nmM preferably of between 0.4 and 18 nM and nore

preferabl y SFehel aBEA 0S4 dgRPLeAM and thegy a3t SETEELFTEP BRI exi ng
agent chosefodféffm it §Ff OtReCOBPES Ileg ipid Bral aby péﬂlaé(t@r@m@eﬁmg

secondary al iphatic a ter |ar hat| C a nes mat | nes

ni trogen he‘i%f%y@@esngﬁ%f’o&? Opl ting p§o Bﬁ[}gplc 'f(?rli‘)?eﬁ%n g%gent(s)
nmol ar rati ostbedingibetweancq. ]:lrmiﬂ D) 5coptafimiabl ydpgtareesulpidatand 40 13;
and f Si | e han pr ably

bet ween 3 55%&%‘ % “ﬁoﬁ%ﬁ{églgoe ?Q‘SC aver e%géggﬁ Cfsnsc's]}lcons",itclitdut e%ﬁéhe basi s
15 of the prrsernal iwentbiogic t hacid nwnberomﬁe@foppm cémpizerieng tlgent s
contal ni ng I?Eé i d18@eLs ONE £ Nichi0 &0 458 k”aﬁﬁ!oqllrﬁ?:{j'é{{@pﬂé'@é f§rto say

at a pH of ss than 7, provi particu y remar kabl e copper
el ect r opl atf¥FEHMPoSIE; oﬁesm‘a%veaﬁ e u§ée feRaEHI 20 %r?\éaﬁa@‘ﬁ of

conti nuous étek TORf Ol icePpeauserd | ayessctbpeetiygon idi f fustpaeharrier
surfacgﬁ g‘fgﬂg those g“rplo ed in the fabrication of integrated circuit
i nt er conne TR R Sy is all the nore surprising as a per son
skilled in the art knows that conpounds containing a nitrogen atom in

ticul i h t hei
apabi ity B For et ed S CRAEPdE Pl G Tt Rene L LR L 05
t hus been fﬁe@x@aw@eprme@@po@we@m abparyseast tay@rq%m nere

sati sfactorddppdin agkbdgnedidia, n \Maueh tde; Pr opekki 8 19k yconpd exgdrcopper
is a priori,lower than in basi ¢ nedi um as recommended in the prlor art. 35

The copfer ohpt &G L ad¥nt Y h&XHFH De 88 dt i CRRF % B8ht && BE the
present inwedibn aBYibeabhesaedwini®Nto the high current densities

mentioned in that document.

In this situation, the object of the present invention
25 is to solve a new technical problem, namely of how to
provide a novel electroplating composition which makes
it possible in particular to produce continuous and
conformal copper seed layers having a thickness of the
order of 10 nm or 1less and exhibiting excellent
30 adhesion to diffusion barriers that may have a high

surface resistance of up to a few megohms/square.

The solution according to the present invention for
solving this technical problem consists of an
35 electroplating composition intended in particular for
coating a copper-diffusion Dbarrier layer in the
fabrication of interconnects for integrated circuits,
characterized in that it comprises, in solution in a

solvent:



9 cycl ohexanedi am ne; secondary aliphatic amines, in particular
pyrrolidine; tertiary aliphatic amnes,in particular 5

hydr oxyet hyl di et hyl am ne and t et raet hyl enepent am ne; o
aromati cam nes, inparticul arl, 2- di am nobenzene and 3, 5-di net hyl ani | i ne;
nitrogen heterocycles, in particular pyridine, 2,2'-bipyridine,

8- hydr oxyqui nol i ne sul phonate, 1,10- 10

phenant hr ol i ne, 3, S-4ll gBLAYEPYIH dditii2; dns, DLRYE! Meflidifse AR o PXbf1ES, 11
particul ar dinmeth IgJyOX|ne. In general, the nitrogen heterocycles that
const i tuteb.l%t"%i?rféyo -Eheést efBr cPES5852BiYcorfpi eRtrigemglntis adt can be
used withing he cond exdr&fptEeePABSENLE i PYERLEAN) MY RE d8fined as
nonocyclic or polycyclic conpounds, whether fused, or not, having 1 to 8

nitrogen atons, eadht ridsgS WRSchCOBREE nSOBPL 8XgNFendEPRE arfRoR8 or 20
may not5Sbe fxtdist ithet edroiph d:ohpr&s&iﬁ@nﬁp_@ﬁ.rfngfﬁuEél%h@t%ﬁ HRHISE ik from

hal ogens, oxyl__and. al .groups havi rom Q carbon atons.

The eIectrg%%éé%%f%oﬁ%bgﬁ¥kﬁﬁ Qﬂiﬂ?ﬁT@ggﬁtfﬂ€y2§ Fﬁgéﬁﬁpoﬁqﬁﬂﬁqﬂclude
one or nor @mwwrdiexiami regentsi ttogashbeenotpubdst hat exmégent resul tis can
be obtained with cqnipl ex] | e of bei adsorbed on a neta
surface, resulting In orggggggggbﬁgégggggSu6%*36%&?@, Wﬁﬁéﬁ(ﬂﬁﬁﬁ%?upe t he
copper conplestichgeageaes Ourir emdy2pbef armrastbrdrlyr dbagweent e 3i resedit i on,
are espgci al |3, ptd dine, 2,2'-bipyridine and the mxtures thereof, in
particular mxtures in which the nolar ratio between pyridine and

2, 2" - bi pyri di ne 35 HhePPhePhedhiss: Sithdcamsos pEtper BBLRIhdE®sertmnL and 1: 1

and nore pref eyradfdarafigptbetween 3.5 and 6.5.

It has been discovered, and this constitutes the basis

15 of the present invention, that a number of copper
complexing agents containing at least one nitrogen atom
used in acid medium, that is to say at a pH of less
than 7, provide  particularly remarkable copper
electroplating compositions that can be used for the

20 fabrication of continuous and conformal copper seed
layers directly on diffusion barrier surfaces such as
those employed in the fabrication of integrated circuit
interconnects.

25 This discovery is all the more surprising as a person
skilled in the art knows that compounds containing a
nitrogen atom, in particular amines, may be protonated
in acidic medium, thus 1losing their capability of
forming complexes with copper. Very surprisingly it has

30 thus been found that copper is deposited on a barrier
layer much more satisfactorily in acid medium in which
the proportion of complexed copper is a priori lower

than in basic medium, as recommended in the prior art.

35 The copper complexing agents that can be used within
the context of the present invention may be chosen
from:

- primary aliphatic amines, in particular

ethylamine, cyclohexylamine, ethylenediamine and



-10- active species of the solution sufficiently and does not interfere
with the electroplating), water or a hydroal coholic solution will be
preferred. 5 In general, the electroplating conposition according to the

i nvention includes a source of copper ions, in particular cupric (Cu2+)

i ons. Advant ageously, the source of copper ions is a copper 10 salt such as
in particular copper sul phate, copper chloride, copper nitrate or copper
acet at e, preﬂg&ggl cquer.su[phate. According to one particul ar feature,

the source of T %% DS s present within the el ectroplating

conposi tion wtha sencedrat i alighdetaweerningsand d0nmMpgrieferkdt y of

bet ween O. and nore preferably of between 0.4 and 15 mM 20
Excel | ent ﬁ%gﬁﬁ?%ﬁ%g%%’been obtained with conpositions in which the source

of copper ions is peeserrwithebivhatént raanones! beideerPTGLankRd MM The
copper 50N 1SAYFGEY SORPESi ORI X1 RY éﬂan&é&a@%ﬁe%ép_@aft%aihe,-t he

el ectropl ating conposition according to the invention is between 0.1 and
2.5, preferably bet®e@PaBia andamines, |pigener FarfHatidectropléting

reF o abl y B B R L asi i on may. opt L onal Iy b
preferably between 3,5 an . e 0 e conpasition may. i onal ly be
adjusted within T hélh?ﬁ?%%nhe&?éc?cé&l%gelﬁy pt‘?&%r’rscu&ﬁra %‘6¥ 1®r, such
as one of those-piseridedej n § Hapndborkqain€henest sylphdndbysi ¢5,'1084t h
edition, David R . _Lide, CRC Press. ..according.to the invention,copprises,
in aquggus %&ﬁ?ﬁ?E#FOfane' go%ﬁé%“‘ﬁ#%ﬁh%ﬁ%li%nfh a 5gﬁgentP%t?on of

bet ween 0. 4okl “0idMe praférably of between 0.4 and 5 18 nM and nore
preferably of belwe&?i&eg,afg %érgy%ular diﬁe%h§ﬁ%ﬁ§FﬁﬁmQ¥r'd'ne and

2,2 -bi pyridine as copper conplexing agents; e copper/ conpl exi ng
agents nolar ratio being between 0.3 and 1.3; and

In general, the nitrogen heterocycles that constitute

15 one of the preferred classes of complexing agents that
can be used within the context of the present invention
may be defined as monocyclic or polycyclic compounds,
whether fused or not, having 1 to 8 nitrogen atoms,
each ring of which contains 5 to 6 members and may oOr

20 may not be substituted with 1 to 8 atoms or groups of
atoms chosen from halogens, hydroxyl and alkyl groups
having from 1 to 6 carbon atoms.

The electroplating composition according to the

25 invention may include one or more complexing agents.

It has been found that excellent results can be
obtained with complexing agents capable of Dbeing
adsorbed on a metal surface, resulting in ordered

30 layers. Such agents, which constitute the copper
complexing agents currently preferred according to the
invention, are especially pyridine, 2,2’'-bipyridine and
the mixtures thereof, in particular mixtures in which
the molar ratio between pyridine and 2,2'-bipyridine

35 lies between 5:1 and 1:5, preferably between 3:1 and
1:1 and more preferably about 2:1.

Although in principle there is no restriction on the

nature of the solvent (provided that it dissolves the



10- the pH of the said conposition being |l ess than 7, preferably between
3.5 and 6.5. The electroplating conpositions according to the invention may
be enployed in a standard el ectroplating 15 nethod that includes bringing
the surface of a substrate, such as in particular, the barrier |ayer
preventing copper diffusion, into contgagt with an el ectrodeposition
conposition according to the invention and a step in which a coating is

formed on 2ceard sydac obet theUBBL LR BnIUL G ML { hental dosyrface 1s

bi ased for atlrrelon enough formthe said coating ment s

i nvol ving e STcR% %r%ot"@lﬁl? alther 23 eskropdetgnsocoWatrily be preferred

when it is mesréglcdRdlibeselatipgswh01hpeepparti-¢dlzar specifications, and
especially coatings that are thin (with a thickness of |ess than 20 rim

and preferably less than 10 nm, adherent, conformal and uniform 30

Sur pri sbnglin genéaalbeEheob&ébte@p&@mamyaﬁﬂﬂpﬁﬁlﬂﬁﬁﬂ“éébéfﬂiﬁ@Stéegard
may be obtqhﬂgd tq§ eIe atln osition according to,the

i nvention by coﬁt &&F e eI ??5 | % nFPPSFesOFhe BB

condi ti ons mmdlexcmnchcmmmsumaffe tionise coated is brought into contact
with the said electroplating conposition (or bath) prior to formation of
the coating and the conditions under which this surface is renoved fromthe
sai d el ect rAspTan iaReeesbvsi then sfumre of2copper ions is a copper

10 salt such as in particular copper sulphate, copper
chloride, copper nitrate or copper acetate, preferably
copper sulphate.

According to one particular feature, the source of

15 copper ions 1is present within the electroplating
composition with a concentration of between 0.4 and
40mM, preferably of between 0.4 and 18 mM and more
preferably of between 0.4 and 15 mM.

20 Excellent results have been obtained with compositions
in which the source of copper ions is present with a
concentration of between 0.5 and 4 mM.

The copper ion source/copper complexing agent(s) molar

25 ratio in the electroplating composition according to
the invention 1is between 0.1 and 2.5, preferably
between 0.3 and 1.3.

In general, the electroplating composition according to
30 the invention has a pH of less than 7, preferably
between 3.5 and 6.5.

The pH of the composition may optionally be adjusted
within the aforementioned pH range by means of a

35 Dbuffer, such as one of those described in “Handbook of
Chemistry and Physics”, 84th edition, David R. Lide,
CRC Press.

A currently preferred electroplating composition



formati on of the coating. It has been observed, quite unexpectedly, that it
is possible, with the aforenenti oned electroplating 5 conpositions, to

i nprove the adherence between the copper coating | ayer produced by

el ectroplating and the barrier layer by bringing the surface to be coated
into contact with the el ectroplating Cffposition wi t hout bei ng under
electrical bias, that is to say without~10 i nposing an electric current or
el ectric p j el ative.to a, counterel ectrode or relative to a
reference<3éﬁﬁ#é%ﬁéon%%higqﬁnf%ﬁﬁfn T7%r t8™PhéS&Pect rdpl TN %t ep. 15
An even norsokutsemantial i nprovenent in this adherence has been observed

when the surface_ of_¢t erSUb%tJﬁS[heaéeo beW&‘?ﬁt edﬁi Sc?ﬁﬁ%mk@a‘ﬁo%‘i“o%"" th the
el ectropl ati ng conposition for “a period of "at Teas seconds after this
cont act i ng etepeemd Osti 1andgr A6r Mo tieePerabbyt odpletwegenst p4 landas been

found tBal 4dhani i@ URSRD ot Brd BaoaghBEeReeALal heassRe LaYR Lo Lhe

barrier |layer nakes it possible, surprising to i nprove the adhesion of
the 25 "seed | ayer/3i PL¥AE of thyekdteppandor 2¢ Bi ckipxyédingssanbl v,
that is to&ppdhecomprsain®nagenagdhesi on of the assenbly for which the
seed |l ayer is produ%$d. n %ggeral, it,is difficult_for the adhesion of a
30 single seed |ayer§ o°BRPREASHFED Shirsct39ERes pRel ar| yadlihdPe 9 ts smal |
t hi ckness, Hmttwddre 0 e5uhité Db3 pi aed have shown that the adhesion of the

P ah. The ener gy of CXANESI B O A8 CEBBHSF kg BR AR SRR orih cic
copper or thi akcefzgmalblndseriesnt d.bhenabrber | ayer, which energy is the
operational property of interest that it is actually to
The electroplating compositions according to the
invention may be employed in a standard electroplating
15 method that includes ©bringing the surface of a
substrate, such as in particular, the barrier layer
preventing copper diffusion, into contact with an
electrodeposition composition according to the
invention and a step in which a coating is formed on
20 said surface of the substrate during which the said
surface is biased for a time long enough to form the
said coating.

Embodiments involving more specific potential or

25 current protocols may be preferred when it is desired
for the coatings to have particular specifications, and
especially coatings that are thin (with a thickness of
less than 20 nm, and preferably less than 10 nm),
adherent, conformal and uniform.

30
Surprisingly, it has been observed that excellent
results in this regard may be obtained wusing the
electroplating composition according to the invention
by controlling, during the electroplating process, the

35 conditions under which the surface to be coated is
brought into contact with the said electroplating
composition (or bath) prior to formation of the coating
and the conditions under which this surface is removed

from the said electroplating composition after



be optim zed, is easier and nore useful to determ ne. For exanple, this
adhesi on may be determ ned by peeling -13- an adhesive tape bonded to the
upper surface of the assenbly, for exanple using a pulling test system The
adhesion nmeasured in this way, or interfacial energy expressed in J/ng,
characterizes overall both the 5 adheregnce of the seed |ayer to the
barrier, and that of the thick copper |layer to the seed |layer. It does not
gi ve preci sindorsmtd orcabata©negor the other interface, but it does
all ow the desired operational property to be quantified, nanely the
strength of the 10 copper/barrier interface. Consequently, in the present
Flescri pt i Orr:];t " adhelsﬁezm obbsgevaaed dnaes " ﬁnefa@léﬁté@n_yof t’;lE@tt mitcklsmpp]?r
ayer to the se ayer nd t ngth of. the copper/barrier. interface
after fill iy ’gﬁdlﬁ ! g i ntae'ff 3ed 15 §heHFORA A

observel, swomressitnighns, t had Imnpﬁ)\p@SSttlbée adh@bémél aoestsmbﬂaytﬂ{e haV| ng a

duct t i | . el egt | f | t hod
ot e keepi SPTHE Lot LAY SE U ERHLREE b5 Bt st e i f or o
time of bethgsarier a]mtf@o Y setogilsyg phef euatflayef ttomke tdoetast betaeen 1
and 5 seconds, Al enysidis rt%{@vaéléé%ﬁlheftl ﬁﬁ;&@@@% O%O&Hdton

Thus, the el ectropl at| ng conpositions accor i nvention wll
preferably ]Qfél%eﬁnﬂﬁrarﬁjeﬁ?—‘é‘éﬂ%l atdifp methed cbaprbcsi Agy withouf step

referred tangsosiay) d BNt el Mg MiSdht heysaish siiface ga g coated is
brought into contact with an el ectroplating bath while the said surface is

30 not unddrAEG i cBP bRas COMRF I ENIGE nePht aFRéBELNS hit® stdte for a
time of at deBsteritesecarutssrqdefl afabl yhiret waenfdde anchBbsecandscand nore

preferably albo t il to. 30 seconds; a step of formng the coating
during whi i T A SUr%ce is biased for a time |ong enough to form
the said coati ng and a step referred to as "hot exit" during which

the said suypf ageeh Sps Bak %%%a&lltgrglr cg;gl nalgléa&hn%hq%,t, ma@ggatag s

still under electrica on “of step
and a "hot h®§ tbeen e@bssﬁrmdswh@phdfdlmfwep@ésitblee Sth@sa?é‘mt@/etcbetter

adhesi on ofpd hgoasegd ilayREHEORREN cbhkhibBy widgserhby dMU & Risid 4 and
repr oduci bl I.n .t hi s_nethod, the step of formngl_?the coati ng_ by

el ect r opl at‘?/qﬁt&’ e kgn i Eaf oft PRFLedd Gt Fbn 1€6R1 oF eAECPB For"’l‘ﬁ‘i% desired
coat i ng Thitsi dur aiommacrmmgbe easip y deder nkaed1lby prpersoncskildied in the

art, being a function of the charge, which is
28 R R

equal the electric current flowing in the circuit
over the deposition tine (Faraday s law).

It has been found that the improvement in the adherence
of the seed layer to the barrier layer makes it
possible, surprisingly, to improve the adhesion of the

25 “seed layer/fill layer or thick copper or thick layer”
assembly, that is to say the “operational” adhesion of
the assembly for which the seed layer is produced.

In general, it is difficult for the adhesion of a
30 single seed layer to be measured directly, especially
owing to its small thickness, but the results obtained
have shown that the adhesion of the seed layers
produced according to the present invention is
obviously very high. The energy of adhesion of the
35 “seed layer/fill layer or thick copper or thick layer”
assembly to the barrier layer, which energy is the
operational property of interest that it is actually to
be optimized, is easier and more useful to determine.

For example, this adhesion may be determined by peeling



During the step of formng the coating, the surface to 15 be coated is
bi ased, either in galvanostatic node (wwth a fixed set current) or in
potentiostatic node (with a fixed set potential, optionally relative to a
reference electrode) or else in pulsed node (either the current or the
vol tage being pulsed). 20 It is also p f§5|ble to conbi ne these nodes, for
exanple a step in potentiostatic node 7Tollowed by a step in galvanostatlc

Gal vanost at e BoyEety®.rEong) Bk OB PEREE, RETENES MR ce
(millianps wers}qlw efeen@ml@) usolrsy nV puR liagd trﬂsrte SQGHL‘LGITEUl’EhldEy from

0. 1 CIT2 dnde 14 OBl S8k SRR OLiiyE 0% NG TR e2l39.0% 901 4 e by

bi asing in potentiostatic nod 03| a ce voltage i n suchr a way
that the reS@PTeseedel ncudr/ait | Pb@rﬂfﬂtﬁrnzﬁﬁe sareraddr r @Rtk anfgee as

i ndi cat ed pi&vé@é'ﬁ&a 38 (Rel s@éecqgge %Mx@%a@memr@ndpaiﬁa@%érl y from
0.1 mAVcn2 to 1 mAcnR). Al though the cell voltagﬁyﬁepen s in particular on

cel | desi gn-har BReEEr SOPRRth taYehetai d¥nctedd o E- cdtint¥rd geefode or
the presencgiwé apgegheane infloriddidie edsyut or odepPelcson thel5-oskétl ed in

th t to det t | | t neas r n stin

cUrront obtHTRHETOR o SGitvehE potisn | A1 LhHd 51 SEN-GoR | GHPSRF oRa . A
SatlSfaCtOﬁyr@EEWtMgtUByxﬁlq@ahElﬁbééLn@éﬂﬁﬂleﬁBengthngﬂhS&ﬂfnﬂﬂe
preferagly é%ﬁér}ﬁafﬂ)@el‘ﬁ%'etr%%%ep“'é& sedfedENG Ay WS SEEPHRY be

carried out
description, “adhesion of the seed layer”, “adhesion of

the thick copper layer to the seed layer” and the
“strength of the copper/barrier interface after
filling” will thus be used interchangeably.

15 It has also been observed, surprisingly, that it is
possible to obtain a seed layer having a conductivity
compatible with conventional electroplating filling
methods, while keeping the coated surface under
electrical bias, preferably for a time of between 1 and

20 10 seconds, preferably from a time of between 1 and
5 seconds, after its removal from the electroplating
composition.

Thus, the electroplating compositions according to the
25 invention will preferably be used in an electroplating
method comprising:

- a step referred to as “cold entry” during which
the said surface to be coated is brought into contact
with an electroplating bath while the said surface is

30 not under electrical bias, and preferably maintained in
this state for a time of at least 5 seconds, preferably
between 10 and 60 seconds and more preferably about 10
to 30 seconds;

- a step of forming the coating during which the

35 said surface is biased for a time long enough to form
the said coating; and

- a step referred to as “hot exit” during which
the said surface is separated from the electroplating
bath while it is still under electrical bias.



10 vol tage pul ses corresponding to a maxi mum current per unit area within
the range fromO.1 mdcn2 to 5 md¥cnR, and nore particularly fromO.1
mVcn2 to 1 mdcn2, and to a mninumcurrent per unit area within the range
fromO mdcn2 to 0.5 mAcnR, and nore particularly from15 0 n&cn2 to 0.1
mA/ cn2. More particularly, the duratiomof bias at the maxi numvol tage may
be between 0.15 and 5 seconds, for exanple around 2 seconds for a voltage

correspondinik tdbno 305 #BKh NN SUREENE REK ryni tstebeenef aar\%r&d i3 AV CNE,
whereas the duration of bias at the m ni mum vol tagCpa between 0. 15 and
gehd

7 seconds, Y6 eXanphes FatAacsnakesnds, PPsE IR R0 ree d88idhithg to a

m ni mum curd@idsipet ttlaéea\scgedar 0uRed 0 Bppay Cﬂgllgﬁgﬂ'h%s@gmﬂr of
cycles to be erfor d du |n%? (%Hs step depends on the desired thi ckness of
& el St T

the coati né“ Y|an PSkPtYed in the art will readily 30
determ Be the nunber of cycles to be per f or med knovm ng that, under the

f t d dit | | I b
has beon ofabr Vo4t HATCERE: dpBe: PR raf e 1O 0% SRS oyl e 35
The | att er edmdinebdfatiingf enentcangiedeoirhvénti andhaath@e]n snsieﬁd.on‘erpartl cuI ar
to produce (coppey gﬁe%ﬂel 4ELS 08 NLADLYEes! Fhive SUDSLI B enayf NG Sheet

resi stance of whi may be up 1 squar g, even -a

megohms/ squEasa.ly @L@temmﬁ@a@e’o@merehe aﬂye\lém?ntmronel@le" hm: exite' step is
carri edooutgidl ot 8t | Ok atdio odesnbhal 18,1 a 33y BY K a&fz_;%e' ectric
potenti al tc% t he coated subsltrate %nbher at a |xe§ |s potent| al

bei ng meastFEEs &5t IRGUG k| &Oi VLS o tiERE cbﬂﬁ?—@?@l e@f oH]éeofeJ{Gr‘R,fchiC‘r cuit or

relative tmﬁ:xre@fterﬂrmel@ eth r ede, cprefigtablyrathihelepd® tiont agend evel as
during the derrxlés ition step when this is also carried out in
e

pot enti ost a W second obj ect of the present invention is the use
of el ect romua:tlmgg Woepesedi ofis fdesdridethabovating, cohei Ggr&ace to

copper 1l | sion dar 1 erlayes |0y Uhe. "ol Lealiancat il eeanngts, for

integrated circuits. 5 aspec résent i nvention
enconpasse® & iathodiebf Cuvaehng amsuurri a@@telﬁtQOSU@Sm amedes foh ths aan

particul ar g3 ay rder ;&@ﬁ/&atp&fveag)weng@we&eg&wé' 2B, AL O | ses

bringing the said surface 20 into contact | ect rodeposition
conposi t i ot &S O el &bEFe HhdPBISEEp TGS nEPlHIYh FhE SAFSRrface is
bi ased dur ioig thes widliteigntodiatd gslhiioedpor mt he said coati ng.

20
It is also possible to combine these modes, for example
a step in potentiostatic mode followed by a step in
galvanostatic mode.

25 In general, a satisfactory coating can be obtained by
biasing in galvanostatic mode, preferably within the
current range from 0.1 mA/cm? (milliamps per square
centimetre) to 5 mA/cm?, and more particularly from
0.1 mA/cm? to 1 mA/cm?.

30
A satisfactory coating may also be obtained by biasing
in potentiostatic mode, by imposing a cell voltage in
such a way that the resulting cell current lies within
the same current range as indicated previously

35 (0.1 mA/cm® to 5 mA/cm?, and more particularly from
0.1 mA/cm? to 1 mA/cm?). Although the cell voltage
depends 1in particular on cell design parameters, such
as the distance from the counterelectrode or the

presence of a membrane, it will be easy for a person



25 According to a particular enbodi ment, the barrier |ayer preventing
copper diffusion conprises at |east one material chosen anong tantal um
nitride, tantalum ruthenium cobalt, tungsten, titaniumnitride, exanples
of specific barrier surfaces being ones consisting of a 30 tantal um
nitride/tantalum bilayer or a ruthenquglayer. This coating nethod is
especially useful for the preparation of a copper seed Iayer havi ng a very

Iow1th|ckn%§5fﬁe&h or&&g t3Qu9md%tefﬁ¥hef9ﬁe | e 8 tg t order of
er

10 nmor |ess, on a arrler ay prevent i ng copper fu5|on §s “def i ned
above. -1?neétﬁmptr$qtim @domnsmlm@tamehecuwemtl onbaaenaéedfcpn deposit a

copper Seeq;r@@ﬁ”péﬁbﬁﬂiéfqghéQQS§I@é§508§?RSQr%FRB nd copper-diffusion

barrier |ayer. These exanples are” especially applicable in the fabrication
5 of copper interconnect structures for integrated circuits. EXAMPLE 1:

Deposi t 5on @fs§t999@@£o§§eé05%>{ﬁ§ A2 JBN TBebabiaghdaa sy b@d@ﬂl@
conposi tion, accordin invention based on a m xture of

2, 2' - bi pyr it n®VA¢ dgyF‘PQFme preferably 90 ASpatst usmBATSeqif bragR
158ubstratqnﬂﬂgssubstrate used in this exanple consisted of a 200 mm

di ameter silicon wafer covered with a silica |layer having a thickness of
400 nm itself coated wth 20 a tantalumnitride (TaN) |ayer having a

t hi ckness din 1§enerdéposittied byepeactv Vbesrmatrtre'reidlgoaﬂdbyi timpod ang al um
(Ta) | ayer U d SRyt tering. 25
Thi s Tg %bé%%gwéégsﬁ%%lf Oglé:orp er dlafflﬁ%(ggfﬁ arr| er gs ?iésed in
"doubl e daﬁagdén@re%twuthuneshEnIENEKEaﬁmnma@:bnmbfcmopp@r5lmﬁécmonnects

for integrayed Ghbreuphs+idQE6al/ 0PG!I BI1SHUMPN to 1 ma/cn?, and
| to a minimum current per unit area within the range
from 0 mA/cm® to 0.5 mA/cm?, and more particularly from

15 0 mA/cm® to 0.1 mA/cm?.

More particularly, the duration of bias at the maximum
voltage may be between 0.15 and 5 seconds, for example
around 2 seconds for a voltage corresponding to a
20 maximum current per unit area of around 0.5 mA/cm?,
whereas the duration of bias at the minimum voltage may
be between 0.15 and 7 seconds, for example around 3
seconds, for a voltage corresponding to a minimum
current per unit area of around 0.05 mA/cm®.
25
The number of cycles to be performed during this step
depends on the desired thickness of the coating.

In general, a person skilled in the art will readily

30 determine the number of cycles to be performed knowing
that, under the aforementioned general conditions,
illustrated by the examples below, it has been observed
that the deposition rate is about 0.1 nm per cycle.

35 The 1latter method of implementing the invention has
been used in particular to produce copper seed layers
on highly resistive substrates, the sheet resistance of
which may be up to 100 000 ohms/square, or even a few
megohms/square.



The el ectroplating solution used in this exanple was an aqueous sol ution
containing: 0.3 g/1 (or 1.7mM of 2,2'-bipyridine; 0.6 g/1 (or 2.4m\) of
CuSO4-5H20; and 35 0.3 nl/1 (or 3.3mM) of pyridine. The pH of the solution
was between 5.8 and 6.2. Equipnment: -18- In this exanple, an

el ectropl ati ng deposition equi pment repgesentative of that enployed in the
m croel ectronics industry, nodel Equi noxTM from Sem tool (r), capabl e of

processi ng APantayedes sy Was hes ediooPerBh 61 648 PRI CORPEF SRERN ig
el ectroplating depositian cell in which .the seed layer was deposited and a
rinse/dry s?aa]%b% uSBG dft rOUBPLEPEFRNIC18OFRe it r DI &Ci RGYUSPBsi ti on
cell Comrimbﬂﬂganhde,ellmdﬁ:i;ﬂ tzb‘t@tfer@t}fia&ﬂ bﬂerchlerr&ic@lthe(d %u@@f@&t_t & .
pl ati num cogat e jtapium..or .0 met i dentical, t.o.that constitufing e
seed | ayer, a’lsah ?%1 saga%g%&ﬁﬁge?’,a d gihljisc@r?‘%ﬁé* k&P e R TaN Ta
barri er 5| ayertié&r coasativei e ttiee cabtmtereiethirsdeeblf. thHu SC:t:ﬁ%dxital o) .
i ncluded a il p far | i.vering_u 0 V and 4 A and a
devi ce for %fg%%ir%%g??yeégﬁ%t %(%ﬁ%r%éntc%eggt%#&g&d&wﬁrgeaﬁﬁrf%i a%lt:’fl’%d from
the sol uti o¥amg ydalge Thieyed| eesridatimpntthet i ngaténpcelgureialdy had a
ring shape alyhewed{ e %%b_S%Ié‘éecss}r%db' d;at Nt %sctgé‘éf‘&t poi nts
I 2 t a clude

pl aced uniformy around the sa substrate. o1n a device
for supportni“?%ethe waf er to be coated, including nmeans for rotating the
said waber at a predeterm ned speed. B. Experinental protocol 30 The

Cbrenear| ok 09 IRRR08nY28E 10k 'IhS SYETENE PAVBALESH 1B° iy i NG vart ous

electroplating compositions described above for coating
a copper-diffusion barrier layer in the fabrication of
interconnects for integrated circuits.

15
In this aspect, the present invention also encompasses
a method of coating a surface of a substrate, such as
an particular a Dbarrier layer preventing copper
diffusion, which comprises bringing the said surface

20 into contact with an electrodeposition composition as
described above and a step during which the said
surface is biased during a sufficient period to form
the said coating.

25 According to a particular embodiment, the barrier layer
preventing copper diffusion comprises at least one
material chosen among tantalum nitride, tantalum,
ruthenium, cobalt, tungsten, titanium nitride, examples
of specific barrier surfaces being ones consisting of a

30  tantalum nitride/tantalum bilayer or a ruthenium layer.

This coating method is especially wuseful for the
preparation of a copper seed layer having a very low
thickness of the order of 30 nm or less, for example of
35 the order of 10 nm or less, on a barrier layer

preventing copper diffusion as defined above.

The present invention will now be illustrated by the

following non-limiting examples in which the



-19- face having the TaN Ta barrier |ayer came into contact with the

el ectrical contacting device, the latter not yet being electrically
powered. 51.2. The assenbly forned by the electrical contacting device and
t he substrate, which hereafter will be referred as the "cathode assenbly”,
was bought into contact, for exanple b% imersion, with the electroplating
solution. This contacting step, 10 gen Zélly | asting 5 seconds or |ess (for
exanpl e 2 seconds)..was carried out whi t he devi ce s still not

el ectrical I?/O%%%%Jdénﬁ'h ot aggen%ﬁﬁ V\b%v%rr]’%%%rrlab rye tHéﬁdke%? in the
el ect r opl atdewpsbt uta oncapdmout sded ngldyesedofiorsal peonodsdpsatateast 5
seconds 15 Xane ro B Yin S ..Fo L.on e copper
coating Theé%:%tg%&(;dgﬁgés}ge%bl ?g%gé%(%t Eigﬁ%gl%gsoend ?3% f%ef)fgt %%?H‘;éta |%£$mde by

i nposi ng a esltplest age cespespahly ngrd ixadira ebt pde ubrler heebiof

gener al by kot vegngdet M 6aLraBn0-E MICHE (i 0Es exampl € Mhfegpica) and al
the sane tine rotated at a spee o? 20 to 60 rounds per mnute (for exanple
40 rounds pe¥rPELEF nute). The duration of this step depended, as will have
been understood, on the targeted thickness of the seed |layer. This duration

can be easily determ ned by g 30 person skilled in th eirt t he growt h of

the 111 m doRANRLE cbi |« Dembebelod Jof) a) copger; seed davex,gn’iac

af orenent i oreM/ToOnBariries, Idperepsiny an coempowdsishoutccorihmer tooul onb

ol cot O athg totlabibn Bafel®ly o dlaplde BEFE iR NG Und i 0g &
t hi ckness afytiddime and around 200 seconds for

A. Apparatus and equipment

15 Substrate:

The substrate used in this example consisted of a
200 mm diameter silicon wafer covered with a silica
layer having a thickness of 400 nm, itself coated with

20 a tantalum nitride (TaN) layer having a thickness of
15 nm deposited by reactive gputtering and with a
tantalum (Ta) layer having a thickness of 10 nm, also
deposited by sputtering.

25 This TaN/Ta ‘“bilayer” constitutes a copper-diffusion
barrier as used in “double damascene” structures in the
fabrication of copper interconnects £for integrated

circuits.

30 Electroplating solution:

The electroplating solution used in this example was an
agqueous solution containing: 0.3 g/l (or 1.7mM) of
2,2'-bipyridine; 0.6 g/1 (or 2.4mM) of CuS045H;0; and

35 0.3 ml/1 (or 3.3mM) of pyridine. The pH of the solution
was between 5.8 and 6.2.

Equipment:



-20- obtaining a coating having a thickness of 40 nm Step 3: "Hot exit" 5
This step may be divided into two substeps: 3.1. After the

el ectropl ati ng step, the copper-coated cat hode assenbly was w t hdrawn from
the electroplating solution with a zero speed of rotation, 10 while being
mai nt ai ned under voltage bias. The duriggdion of this phase was about 2
seconds. The speed of rotation was then increased to 500 rounds per

m nute for 110 tﬂm@r@ﬁamf&b@ cahhedecasspnblcy nbi @%pb%ﬂw_ldag &t gfdntdur i ng
this final hase re-rinse with dejoni zeq water vvas rried out in the
cel | . 203. esl'lfﬁgt'tlrvaef &ﬁo%%%ﬁ FPHOYRE d8edNS §HPH st erred

into the riimsiusgjny,yl mpdeadukquiiAoaft e riom bSeﬂhLﬂS@d@W t baslebDai zed wat er .
The rinsin%)%ﬁgQJ éf n r eno e%§ and then a drying 25 operation under a
stream of AtToOgen wa e 'outS “WHe Y9F%ti on was then stopped so as to
all ow the dried coated substrate to be rermved 30 In thi's exanple, the

exit step, and | pnaphbapl aloddie Laroyal ofoLbecaLbods assemly Jyom the

el ectropl at’i +i%ed o age f& sane
| evel as dmeil?ig tlﬁ)e Wbeghof ther rrsagdt hbayeatmgs mos?ze*serﬂtﬁmbta ned By

appl yi ng thg el é%{’ g? pyg, copper layers of 10 nm
20 nmand 40 nmin thlckness ex bltlng exc ent conformality, adhesion

and -21- resistance characteristics were obtained. Confornmality was

assessed DYHRDSET ¢ Ho ST HI38bBEH QBN LJ10S CORRpLE 888 SACTH R and
conparing the, 5 thjckness of the seed Iagje_r on the horizontal surfaces wth

that on t h&3P& t FEEPCEyOfacRR . 1nert met (for example platinum-
coated titanium) or of a metal identical to that

constituting the seed layer, in this case copper, the
silicon wafer coated with the TaN/Ta barrier layer
15 constituting the cathode of this cell.

This cell also included a stabilized power supply for
delivering up to 30 V and 4 A and a device for
electrically contacting the cathode, physically
20 isolated from the solution by a seal. This electrical
contacting device generally had a ring shape and
allowed the substrate to be biased at wvarious contact
points placed uniformly around the said substrate.

25 It also included a device for supporting the wafer to
be coated, including means for rotating the said wafer

at a predetermined speed.

B. Experimental protocol

30
The electroplating method wused in this example
comprised the following various consecutive steps.
Step 1: “Cold entry”
35

This step was divided into two substeps:

1.1. The aforementioned substrate was introduced
into the electroplating deposition cell so that the



The sheet resistance was nmeasured using a "4-point" neasurenent instrunent
wel | known to those skilled in 10 the art. The adhesion or interfacial
energy was neasured after el ectrochenm cal deposition of a 500 nmthick
copper layer (plating layer) on the seed |ayer. This 15 neasurenent was
carried out using an apparatus (pulling,test system that applied an

i ncreasing vertical pulling force on the surface via a strong adhesive tape

until the r ed.| t] a r m t he
Subst rate. T variier EREC AP SRRl LAtk TURRL S SR he

| ayer that Widsh dehaniadstcdd)idal eqantabehngt devicsnetlyy tthateradiato be
supplied i RQardes;d ﬁp@f@{@ i 9ReeLyl ayer fromits substrate. By

di vi di ng t%s enelrgé; %y t he a?egyt at has del am nated, the energy per unit
area is obtained. 25 Some of the results of the neasurenents are given in

Tabl e Isbel ow. 1. FEXAMRE ZsJepositi eprafeqd coppercssed day@iridh@a 30
TaN Ta barrier |7ayer using a conposition according to,the invention based

on 2,2 -bi FFRTeng device apd AfRr sUbstERdequipheht DR  ate: The
substrate wsdd idet befeexadples cansi st&ehofeaaskkndOy "GOUREN Woght n | engt h
and 2 cmin 'dthc coated w.th a siliﬁa | ayer .having a thic.ktess of 400
run, -22- TSR fCUHEY wi TR a FEAFPRIGm Ft r fdESEFA 1 ayEr-thaitiy a

t hi ckness cflekdErmopldepiosyt edsbyutdact.i ve Bipid t er cogtaandingt h astemnt al um
(Ta) |ayer Vi t Ri f eposi t y tteri Thi s TaN Ta
“bi | aybe- éc%ﬁ“s%’{?l&?fes%%?%% e i FRcBMueepse MDY (BYL ¢ SLihigh e T
damascene" SqQrdreswia tdRrfiadii oati o ble t kaec opperce nwescoritiekt s f or

integrated it ClttH &Lt1PPI G d8e§O! Uflil&mcatﬂ_&?ee'é‘:@éér@%id%t iypgks sol uti on
used in this example was an aqueous sol ution, contal hi ng CuSO45H20 and 2, 2' -
15 bi pyri dAFEL9ERRNY s Eeut <6RE t B8 cbPBer?tanpr et Al agertoyuton

bi pyri di newiait nedimg ieideddbebweanpriocdnd 2.t (fefsexmmmdsoddd) with a

CuSO4(f1320) 5( fco%nce%cna%n{pafel Oélr&fmg ) ? 0 g&/;é'conds) .

Step 2: Formation of the copper coating

The cathode assembly was then biased in
20 potentiostatic mode by imposing a cell voltage
corresponding to a current per unit area of generally
between 0.4 mA/cm® and 0.8 mA/cm’ (for example 0.6
mA/cm®) and at the same time rotated at a speed of 20
to 60 rounds per minute (for example 40 rounds per

25 minute).

The duration of this step depended, as will have been
understood, on the targeted thickness of the seed
layer. This duration can be easily determined by a
30 person skilled in the art, the growth of the film

depending on the charge passed in the circuit.

Under the aforementioned conditions, the deposition
rate was about 1 nm per coulomb of charge passed in the
35 circuit.

In this example, the duration of the electroplating
step was around 50 seconds for obtaining a coating

having a thickness of 10 nm, and around 200 seconds for



20 (or 0.8m\M) for exanple. The pH of the solution was between 4.5 and 5.
Equi pnment: 25 This exanple used a glass electroplating cell nade up of two
parts: the cell intended to contain the electroplating solution and a
"cover" for nmintaining the various electrodes in operative position. 30
The electroplating cell had three el ecigodes: an inert nmetal (platinum
anode; the silicon coupon coated with the TaN Ta | ayer, constituting
the cathodespithing a céd: A AALE04gr gf Eﬁfeﬁﬁeggegtr@denm% Connectors are
used to bring into electrical contact the el ectrodes which are |inked via
electrical wres to a potentiostat supplying up to 10V and 2A. -23- B.
Experimental pra@osel3: Theteleeitopl ating nethod used in this exanple
conprised the follTow ng vari ous consecutive steps. 5 Step 1: "Hot entry"
The el ectroplating solution was poured into the cell. 10 The vari ous

el ectr ofles Tere giagreaethyorod h#iedded dhtdhewel eabsogbati ng cell. The

el ectrodes were brought into contact with the el ectroplating solution under
bias. 15 Step 2: Formation of the copper coating The cat hode was biased

ei t her in gal vanbst atAfttemdehen eliectaroplatdmy r angp, f rone 1 aobrar- 0. 125

MV CN2) 10 coated cathode assembly was withdrawn from the
electroplating solution with a zero speed of rotation,

10 while being maintained under voltage bias. The duration
of this phase was about 2 seconds.

The speed of rotation was then increased to 500 rounds
per minute for 10 seconds, the cathode assembly bias
15 Dbeing cut off during this final phase.

A pre-rinse with deionized water was carried out in the
cell.

20 3.2. The substrate coated with the seed layer was
then transferred into the rinsing/drying module in
order to be rinsed with deionized water.

The rinsing water was then removed, and then a drying
25 operation under a stream of nitrogen was carried out.

The rotation was then stopped so as to allow the dried
coated substrate to be removed.

30 In this example, the exit step, and in particular the
removal of the cathode assembly from the electroplating
solution, was carried out under voltage bias at the

same level as during the step of forming the coating.

35 C. Results obtained

By applying the experimental protocol described above,
copper layers of 10 nm, 20 nm and 40 nm in thickness
exhibiting excellent conformality, adhesion and



20 4 mMA (or 0.5 mNcm (for exanple 2 mA (or 0.25 mAcnR)), or in
potentiostatic node in a potential range from2 Vto 5 V (for exanple 2 V),
or in cyclic voltammetry node with a potential ranp ranging within a range
of potentials from2 Vto 5V (for exanple 2 V), 25 a sweep speed of

bet ween 20 and 500 mV/s (for exanple 50, nW/s) and a nunber of cycles
between 2 and 10 (for exanple 2). gassing with argon may be enpl oyed
- it allo Y, ] i lished in the cell. The
duration g?rﬁ%t%?%% %Ié%%%deg J(C')Snétf%éeng?%gt ?ggﬁg%ﬁggél deposi ti on node used
(gal vanostatic or cyclic voltanetry node). In general, it was between 2 35
and 15 mn 3 S de ke noge, th io é&ﬂﬁgﬁ% on the
targeted tt#éﬁﬁ%i%é%%gfhqugéd P%%g%sgﬁh cgg be8%§§??§§%etginined y a

per son ski | $6RC FFOR h& 1gHos aome gFBREE oFSEREORT | Aki RETRAFLASt i B of t he
charge pass@glitindéde 6Fr hlet sec@4rakiiflesnt kg caframRHdOnes €oqeds i ons,

t he deposition rate was about 31, nm per %oulonb of charge passed in the
circuit. S‘Wﬁgbhggaﬁx%ﬂp? e YRetHciat PORt8FSEhe el ectropl ating step in
cyclic voltametry node was about 480 s in order to obtain a coating having
a thickness,,of ahout. 30 ri 10Step.3: "Cold exit" . The_bigs was rgnoved,

t he el ectrgrees SHISE bg?ﬁég}:ﬁnESm‘gﬁ% \IEE‘EE“:P‘iS‘Pﬁ%és(SJISle"]igon‘f’1 15 2 %%t hode was
t hen di scomszsedenand thetougkhy rrelkskedkwoivh 18 Mchdeeosikzéd edaten, then
dried ggi nNg.1an grgon gun with a gas pressure of around 2 bar. C Results
obt ai ned 20 By applyi ng the experinental protocol described above in cyclic
vol tanmetry node, continuous confornmal copper |ayers were obtained (this

bei ng obsermes HAAGEidnSNENGLESEEEIN H&F PP CHRE) nialdhiddy ckpess of 20
rim 2530 ri and 40 run, The copper seed |ayer, havi ng{La t hi ckness of 30

nm had a TErRShenirRe SERPTHMIS q@4r eane%t%eré’&‘ by RERE nEtPRE
dels\l;:ri bed imﬁ?npl(@lhtiwwmﬁyér) Depnasi t iche gfs@e@oppﬁye&eed Tn:ygrbon S
TaN Ta,barrj e er_using a_compqgsition according to the ipvention base
on a mlgturr!ée%ﬁu’%, er}%i‘fa’??i a?ﬁgggﬁdobﬁ?r e et shodradlis ' Belting

test system)

that applied an increasing vertical
pulling force on the surface via a strong adhesive tape
until the copper layer (seed layer and plating layer)
separates from the substrate. The work of this force

20 (force multiplied by length of the 1layer that has
delaminated) is equivalent to the energy that had to be
supplied in order to separate the copper layer from its
substrate. By dividing this energy by the area that has
delaminated, the energy per unit area is obtained.

25
Some of the results of the measurements are given in
Table 1 below.

EXAMPLE 2: Deposition of a copper seed layer on a

30 TaN/Ta barrier layer using a composition according to

the invention based on 2,2’-bipyridine.

A. Apparatus and equipment

35 Substrate:

The substrate used in this example consisted of a
silicon coupon 6 cm in length and 2 cm in width, coated
with a silica layer having a thickness of 400 nm,



A. Apparatus and equi pnent Substrate: -25- The substrate used in this
exanpl e was identical to that of Exanple 2. Solution: 5 The sol ution used
in this exanpl e was an aqueous solution containing 2,2 -bipyridine,
pyridine and CuSO™ (H20) 5 The copper/conpl exi ng agents (2,2'- bipyridine
and pyridine) nolar ratio varied betweah-0.1 and 2.5 (for exanple 0.5) with
a CuSH4(H20)5 10 concentration of 0.2 g/1 (or 0.8nmV) for exanple, for nass
concentrat iiaiselof tdeated cobith exa Notagenlen ofni thel dGanme(Taler dyemgni t ude.
The pH of the solution.was between.5.8 and 6.2. 15Equi porent; The. equi pnent
used in t hi e Hpl% &h}%l(fslﬁré%%? catttort Al SFRSENETe Y B. X BPetThent al
protocol TFEmpretioowl amskdwitht has exavplenwad)dedblyeal havihgt af
Exanpl e 2. : §$§ s . obtai ned i j i mental protocol in
cyclic vol ttgln%‘re r%xgcé rr%%e%@c%ﬁt? 8%29%%&%%'&{1%5%%%% ‘|l ayers (observed
under aSscanni ng el ectron microscope) were obtained with thickness of 10
rim 20 rinwmga The ;6QRRe! segd gisg havi frﬁﬁ§ﬂ$§§:ﬁf 20 nm
and 10 na,m%agga S eefiresﬁ$?§%Ee o§88sgﬁﬁs?sauarec§%) 18 ohns/s Uar e
respect i velSATTARE ReduIB5dt he 1EPHbd cdesevisiseRs n sbragiwres 1k LE 4:
Deposi tion ofb@ COPRSE 88t NAYES O ai habi-dgnhRabtkersdrayit Mk i@
conposition according to the invention based on a pyridine derivative
-26-- A APPETHYSS and equi pment Substrate: 5The substrate used in this
exanpl gowas identical to that of Exanple 2.

Electroplating solution:

The electroplating solution used in this example was an
agueous solution containing CuS04-5H,0 and 2,2'-
15 Dbipyridine.

In this solution, the copper/complexing agent (2,2'-
bipyridine) molar ratio varied between 0.1 and 2.5 (for
example 1.4) with a CuSO4(H;0)s concentration of 0.2 g/l

20 (or 0.8mM) for example. The pH of the solution was
between 4.5 and 5.

Equipment:

25 This example used a glass electroplating cell made up
of two parts: the cell intended to contain the
electroplating solution and a “cover” for maintaining

the various electrodes in operative position.

30 The electroplating cell had three electrodes:
- an inert metal (platinum) anode;
- the silicon coupon coated with the TaN/Ta
layer, constituting the cathode, and
- an Ag/AgCl0, reference electrode.
35 Connectors are used to bring into electrical contact
the electrodes which are linked via electrical wires to
a potentiostat supplying up to 10V and 2A.



Solution: 10The solution used in this exanple was an aqueous

sol uti oncont ai ni ng3, 5-di net hyl pyri di neand CuSO4 (H20 )

5Thecopper/ conpl exi ngagent (3, 5- di net hyl pyridine) nolar ratio varied
between 0.1 and 2.5 (Exanple 1) with a CuSO4(H20)5 concentration of 15 0.2
g/1 (or 0.8mM) for exanple. The pH of_2t§1e solution was between 4.5 and 5.

Equi prent: 20 The equi pnment used in thi's exanple was identical to that of

Exanpl e 2. B. erd The protocol used in this exanple
was i denti cal tE@ 5 thert (J.)t —Results obtained 30 By applying this
experinmental protocol in galvanostatic node, continuous conformal copper

| ayers (ob ed in ro 1 £r ogcope re Qb(;g" d wth

t hi ckness 21]§{é2’5 ﬁ%@gﬁgoggagg%g ngg‘kgggopgleér&geegﬁ angg havi nJBla@

t hi ckness ofom¥ Frbrid85Follgwieg vwrhees ¢eBsecuhté¥eoft8pP8hns/ square and
4 ohns/gquare respectively, measured by the nethod described in Exanple 1.
-27- EXAMPLE 5: Deposition of a copper seed |ayer on a TaN Ta barrier |ayer
usi ng a conposi t3EP deicotfithgeR Y he i nvention based on an aliphatic

pol yam ne 5A. Apparatus and equi pnment Substrate: The substrate used

pol yar Hant o | e 2.
in this exaﬁpel eefe\acstfo% r!‘:tttllcr?gly stgl&glért]ax}vagfpgé%gg $nfo the cell.

10 The various electrodes were placed on the cover of the
electroplating cell.

The electrodes were brought into contact with the
electroplating solution under bias.

15
Step 2: Formation of the copper coating
The cathode was biased either in galvanostatic mode,
within a current range from 1 mA (or 0.125 mA/cm?) to
20 4 mA (or 0.5 mA/cm?) (for example 2 mA (or

0.25 mA/cm?)), or in potentiostatic mode in a potential
range from 2 V to 5 V (for example 2 V), or in cyclic
voltammetry mode with a potential ramp ranging within a
range of potentials from 2 V to 5 V (for example 2 V),

25 a sweep speed of between 20 and 500 mvV/s (for example
50 mvV/s) and a number of cycles between 2 and 10 (for
example 2).

Degassing with argon may be employed - it allows some
30 hydrodynamic regime to be established in the cell.

The duration of this step depended on the
electrochemical deposition mode used (galvanostatic or
cyclic voltametry mode). In general, it was between 2
35 and 15 minutes. For the same deposition mode, this
duration depends on the targeted thickness of the seed
layer and can be easily determined by a person skilled
in the art, the growth of the film being a function of

the charge passed in the circuit.



Solution: The solution used in this exanple was an aqueous sol ution
cont ai ni ngtetraet hyl pentam ne with a 15 concentration of 0.36 g/1 (or
1.9m) and CuSO4(H20)5 with a concentration of 0.6 g/1 (or 2.4nm\V). The
copper/ conpl exi ng agent (tetraethyl pentamne) nolar ratio was 1.26, but
could vary between 0.1 and 2.5, for exanple wth a Cu504(H20)5
concentration of 0.6 g/l. The 20 pH of the solution was 5.1. Equi pnent:

The equi pmesigdised-Han famos_»e@ﬁ@fmﬂ&lé/@s dRNd iGHs 1 0 R t Rdpfi Xl e 2.
| ati ng net hod used in this

B. Experinental proto The el ectro

exanpl e 30 % rgg\‘éd atQ‘Wéltf oﬂoWn@e\?ar?%%g%n§§CLﬁkﬂf%g%t@B§Se§téﬁl 1: "Cold
entry" Thelad eciiv@apl®ti ng solution was poured into the cell. 35 The

vari ous el ectrodes were placed on the cover of the electroplating cell.

-28- electroplating solution. At this stage, the assenbly thus fornmed was
not yet5Sel dot rickakl yei@eiuaﬁbd (itthewashﬂfatijiom open-tﬁlécwﬂeqnﬁcgmdtajﬁg 5 The
assenbl y i nt.ai state under nQ, el ectryi hias) for a
peri od ofmgéxgg gg‘ §g% 6ftexa % éﬁD ec3ﬁﬁ%)abgyg ééﬁﬁ%rﬁﬁflon of

t he copper cowked nigo 10bfhenca h@d@tmg bexsed ian galvknessabifc alwde: wi t hin
the currentzy e from2 mA (or 0.25 mAcn2) to 8 mA (or 1 mAcnR) (for

exanple 6 mMA (or 0.75 mA/cnR)). 15 Degassing with argon may be enpl oyed -
it allows sone hydrodynamic reginme to be established in the cell.

10 Step 3: “Cold exit”

The bias was removed, the electrodes still being in
contact with the solution.

15 The cathode was then disconnected, and thoroughly
rinsed with 18 MQ deionized water, then dried using an

argon gun with a gas pressure of around 2 bar.

C. Results obtained

20
By applying the experimental protocol described above
in cyclic voltammetry mode, continuous conformal copper
layers were obtained (this being observed under a
scanning electron microscope) with thickness of 20 nm,
25 30 nm, and 40 nm.

The copper seed layer, having a thickness of 30 nm, had
a sheet resistance of 4 ohms/square measured by the
method described in Example 1.

30
EXAMPLE 3: Deposition of a copper seed layer on a
TaN/Ta barrier layer using a composition according to
the invention based on a mixture of 2,2’-bipyridine and
pyridine.

35

A. Apparatus and equipment

Substrate:



The duration of this step depended on the targeted thickness of the seed

| ayer and could easily be 20 determ ned by a person skilled in the art, the
grow h of the filmbeing a function of the charge passed in the circuit.
Under the aforenentioned conditions, the deposition 25 rate was about 33 nm
per coul onb of charge passed in the cigeuit. In this exanple, the
duration of the electroplating step was about 200 seconds in order to

obtain & copld ng.30chaving, a-bhiscknens Of cbigul o 40,04 M aSheRcdr AL exit”

The cat hode was t renoved fromthe sol |as S ei ng
appl i ed. THd & atHodixamsle hen di sconnected, and thoroughly rinsed with 18
Wh dei oni zed water, then dried using an argon gun with a gas pressure of
around 2 bar. -29- C. Results obtained By applying the experinental

pr ot ocol descri BAALWHRE:, conti nuous conf or nal copper layers 30 rimand 40

nmin 55thi)'lfﬂ@e~°s‘90hl\&ﬁf1%r9bttf’éé@g :I(rpbslﬂu@d &E&%l?h%:i’é\k ni 419 Sicgyé had
m Croscope e copper ,sge ayer VI nNg I CKNess .0 mu ad a
sheet reS|§F§ﬁH€' Eﬁf%%ﬁﬁ%ﬁ ﬁeasugégyﬁ}dﬂﬁ€ 10 Hﬁ?ﬁ@ﬂnﬁesc¥?%ed in
Exanpl e 1. d:‘:)%\{l?ﬁgoﬁs. Deprisét i oBopbes /copplexieed | aygnten a FQJ barrier

23" b pyr NS R S0y e 1o n Sl p BB e ZoHY SR ISPy dhis

exanpl e corsidted .6f a(for example 0.5) with a CuS0O4 (Hy0) 5
10 concentration of 0.2 g/l (or 0.8mM) for example, for
mass concentrations of the two complexing agents of the
same order of magnitude. The pH of the solution was
between 5.8 and 6.2.

15 Equipment:
The equipment used in this example was identical to

that of Example 2.

B. Experimental protocol

20

The protocol used in this example was identical to that
of Example 2.

C. Results obtained

25
By applying this experimental protocol in cyclic
voltammetric mode, continuous conformal copper layers
(observed under a scanning electron microscope) were
obtained with thickness of 10 nm, 20 nm and 40 nm.

30
The copper seed layers, having a thickness of 20 nm and
10 nm, had a sheet resistance of 8 ohms/square and
18 ohms/square respectively, measured by the method
described in Example 1.

35
EXAMPLE 4: Deposition of a copper seed layer on a

TaN/Ta barrier layer using a composition according to

the invention based on a pyridine derivative




20 silicon coupon 6 cmin length by 2 cmin width, coated with a silica

| ayer having a thickness of 400 nmu, itself coated with a

rut heni um ( Ru)

| ayer having a thickness of 30 nm deposited by sputtering. The sheet
resi stance of this substrate was 7.5 ohns/square. 25 This Ru |ayer may

constitute a copper-diffusion barrier_gs_used in "double
structures in the fabrication of cover interconnects for

danascene"
advanced

integrated circui} Sappraiisitamd. equBfmede EXxperinental protocol The

el ectropl ati ng nethod usSed 1 n tnis exanpre was identical

to that of Exanple

5. 5 C Results obtained By applying the experinental protocol described
above, a continumussitcead®sr mal copper |ayer 40 nmin thickness 10 was

obt ai ned (observed under a scanning el ectron microscope).

Thi s copper

seed | ayer had a sheet resistance of 2.5 ohns/square neasured by the nethod
descri bBd in 15 ThanplbstraEXAMRdE 7inDepdss tégamel e awegppeicrasieskl ayer on
a TaN Ta bq__r(git%[azé gé'@rEéja% a, conposition according to the invention based

on a mxture o

bi"pyridi ne’ and 20 pyridine A. Apparatus and equi prment

Substrat e:
Solution:
10 The solution used in this example was an aqueous
solution containing 3,5-dimethylpyridine and
CuS04 (Hz0) 5. The copper/complexing agent (3,5-

dimethylpyridine) molar ratio varied between 0.1 and
2.5 (Example 1) with a CuS04(H;0)s concentration of
15 0.2 g/1 (or 0.8mM) for example. The pH of the solution

was between 4.5 and 5.

Equipment :

20 The equipment used in this example was identical to

that of Example 2.

B. Experimental protocol

25 The protocol used in this example was identical to that

of Example 2.

C. Results obtained

30 By applying this experimental protocol in galvanostatic

mode, continuous conformal copper layers

(observed

under a scanning electron microscope) were obtained

with thickness of 25 nm and 35 nm.

35 The copper seed layers, having a thickness of

25 nm and

35 nm, had a sheet resistance of 5 ohms/square and

4 ohms/square respectively, measured by the method

described in Example 1.



25 The substrate used in this exanple is identical to the one used in
exanple 1. Electroplating solution: 30 The el ectroplating solution used in
this exanpl e was an aqueous (de-ionized water 18.2 Mohmcn) sol ution
prepared in a cleanroom environnent (class 10,000 or 1SO 7) containing: 0.4
g/1 (or 2.56 M) of 2,2'- 35 bipyriding;(purity 99.7% supplied by Oxkem
0.8 g/1 (or 3.2 MM of CuSM-51120 (purity 99.995% supplied by Al fa Aesar;
and 0. 367 rgtavdil 4% "VbepbsiidH Ne£( PAM i ddpdr 9%ecd!PRLLRE bynAldri ch.
-31- After ngarat17ﬂtf‘rge SorutT o was f1ttered at 0. 2uimr 1te prtof the
sol ution Wia B bexyi gk havep UsEngn de n¢ompes ¢ Hon hagcordinge ta
identical tithd henwdier U5 bad e @XSAPAR d1iPhaEX@epbiPaindhepr ot ocol  The

el ectropl ating method used Tn this exanple 15 rdentfcat to the one used in
exanple 1. C. Results obtained By applying the above experinental protocol,
copper bayers of AQ mppapdtdB amd equlpbsléentss exhi biting excell ent
conformality (see figures TA and 1B bel ow), adhesion and resistance
characteristics were obtained. The excellent conformality characteristics
of this layer ar@ubdtxesteated in figures la and | b which represent
cross-sectional view in backscattered el ectrons node enhanci ng chem cal
contrast. 25 Conformality over trenches was al so characterized on a | arge
scal e (0.01E® gybagracst tesodetiny. tThesecexmasle en@wt sidhonédad copper
llayer {pickngss of #Hpat ghe top, bottomand sidewalls of trenches and
they are 30 in good agreenment with actual thicknesses observed by SEM
cross-sections. Except for scatteronetry, all characterization nethods are
identical to thegnesidsed in exanple 1.

The solution used in this example was an aqueous

solution containing tetraethylpentamine with a
15 concentration of 0.36 g/1 (or 1.9mM) and CuSO;(H,0)s

with a concentration of 0.6 g/l ({or 2.4mM). The

copper/complexing agent (tetraethylpentamine) molar

ratio was 1.26, but could vary between 0.1 and 2.5, for

example with a CuSO04(H;0)s concentration of 0.6 g/l. The
20 pH of the solution was 5.1.

Equipment:

The equipment used in this example was identical to
25 that of Example 2.

B. Experimental protocol

The electroplating method used in this example
30 comprised the following various consecutive steps.

Step 1: “Cold entry”

The electroplating solution was poured into the cell.
35

The various electrodes were placed on the cover of the
electroplating cell.

The electrodes were brought into contact with the



35 Table 1 below gives the results obtained in the above Exanples 1 to 7.
Simlar trends were al so observed for the sheet resistance before treatnent
of a few hundred ohns/square, or several tens of thousands of -32-

ohns/ square or even up to a few negohns/square. TABLE 1 Copper seed | ayer
obt ai ned according to: Thickness (nu)-Sheet resistance (ohns/square)
Adhesi on (J/ nR) Bef ore

electroplating solution. At this stage, the assembly
thus formed was not yet electrically biased (it was at
its open-circuit potential).

5 The assembly was maintained in this state (i.e. under
no electrical bias) for a period of 10 to 60 seconds

(for example 30 seconds).

Step 2: Formation of the copper coating

10
The cathode was biased in galvanostatic mode within the
current range from 2 mA (or 0.25 mA/cm?) to 8 mA (or
1 mA/cm?) (for example 6 mA (or 0.75 mA/cm?)).

15 Degassing with argon may be employed - it allows some

hydrodynamic regime to be established in the cell.

The duration of this step depended on the targeted
thickness of the seed 1layer and could easily be

20 determined by a person skilled in the art, the growth
of the film being a function of the charge passed in
the circuit.

Under the aforementioned conditions, the deposition
25 rate was about 33 nm per coulomb of charge passed in
the circuit.

In this example, the duration of the electroplating
step was about 200 seconds in order to obtain a coating

30 having a thickness of about 40 nm.

Step 3: “Hot exit”

The cathode was then removed from the solution, the
35 Dbias still being applied.

The cathode was then disconnected, and thoroughly
rinsed with 18 MQ deionized water, then dried using an

argon gun with a gas pressure of around 2 bar.



treatnment After treatnent Exanple 1 20 23 8 11 to 13 Exanple 1 10 23 18 11
to 13 Exanple 2 30 23 4 3 to 5 Exanple 3

~29_

C. Results obtained

By applying the experimental protocol described above,
continuous conformal copper layers 30 nm and 40 nm in

5 thickness were obtained (observed under a scanning
electron microscope).

The copper seed layer, having a thickness of 40 nm, had
a sheet resistance of 8 ohms/square measured by the

10 method described in Example 1.

EXAMPLE 6: Deposition of a copper seed layer on a Ru

barrier layer using a composition according to the

invention based on a mixture of 2,2’-bipyridine and

15 pyridine

Substrate:

The substrate used in this example consisted of a
20 silicon coupon 6 cm in length by 2 cm in width, coated
with a silica layer having a thickness of 400 nm,
itself coated with a ruthenium (Ru) layer having a
thickness of 30 nm deposited by sputtering. The sheet
resistance of this substrate was 7.5 ohms/square.

25
This Ru layer may constitute a copper-diffusion barrier
as used in “double damascene” structures in the
fabrication of cover interconnects for advanced
integrated circuits.

30

Solution:

The solution used in this example was identical to that
of Example 1.

35

Equipment:

The equipment used in this example was identical to
that of Example 2.



20 23 8 5 to 7 Exanple 3 10 23 18 5 to 7 Exanple 4 25 23 4 1 to 3 Exanple 4
35 23 51 to 3 Exanple 5
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B. Experimental protocol

The electroplating method used in this example was
identical to that of Example 5.

C. Results obtained

By applying the experimental protocol described above,
a continuous conformal copper layer 40 nm in thickness

10 was obtained (observed under a scanning electron
microscope) .

This copper seed layer had a sheet resistance of
2.5 ohms/square measured by the method described in

15 Example 1.

EXAMPLE 7: Deposition of a copper seed layer on a

TaN/Ta barrier layer using a composition according to

the invention based on a mixture of 2,2’-bipyridine and

20 pyridine

A. Apparatus and equipment

Substrate:
25
The substrate used in this example is identical to the
one used in example 1.
Electroplating solution:
30

The electroplating solution used in this example was an
agqueous (de-ionized water 18.2 Mohm.cm) solution
prepared in a cleanroom environment (class 10,000 or
IS0 7) containing: 0.4 g/1 (or 2.56 mM) of 2,2'-
35  Dbipyridine (purity 99.7%) supplied by Oxkem; 0.8 g/l
(or 3.2 mM) of CuSO045H,0 (purity 99.995%) supplied by
Alfa Aesar; and 0.367 ml/l (or 4 mM) of pyridine
(purity 99.9%) supplied by Aldrich.



40 23 8 <1 Exanple 6 40 7.5 2.5 >20 Exanple 7 20 22 5.3 >20 Exanple 7 10 21
15 >20
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After preparation, the solution was filtered at 0.2um.
The pH of the solution was 5.94.

Equipment:
5
The equipment used in this example is identical to the
one used in example 1.
B. Experimental protocol
10
The electroplating method used in this example 1is
identical to the one used in example 1.
C. Results obtained
15
By applying the above experimental protocol, copper
layers of 10 nm and 20 nm in thickness exhibiting
excellent conformality (see figures 1A and 1B below),
adhesion and resistance characteristics were obtained.
20
The excellent conformality characteristics of this
layer are illustrated in figures 1l1la and 1lb which
represent cross-sectional view in backscattered
electrons mode enhancing chemical contrast.
25

Conformality over trenches was also characterized on a
large scale (0.0lnm@) using scatterometry. These
measurements showed a copper layer thickness of 7 nm at
the top, bottom and sidewalls of trenches and they are
30 in good agreement with actual thicknesses observed by

SEM cross-sections.

Except for scatterometry,‘all characterization methods
are identical to the ones used in example 1.

35
Table 1 below gives the results obtained in the above
Examples 1 to 7. Similar trends were also observed for
the sheet resistance before treatment of a few hundred

ohms/square, or several tens of thousands of
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a copper-diffusion barrier
integrated circuits,
a source of copper ions,

sol vent :

| ayer

characterized in that

CLAIMS 1. El ectropl ati ngconpositionintendedin particular for coating
in the fabrication of
it conprises,

i nterconnects for
in solution in a
in a concentration of between 0.4

and 40mM preferably of between 0.4 amb-18 mM and nore preferably of
between 0.4 and 15 mM
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Example 5 40 23 8 <1

Example 6 40 7.5 2.5 >20

Example 7 20 22 5.3 >20

Example 7 10 21 15 >20




a mxture of pyridine and 2,2'-bipyridine as copper conpl exi ng agents;

t he copper/conpl exing agents nolar ratio being between 0.3 and 1.3; and

the pH of the said conposition being |less than 7, preferably between 3.5
and 6.5. 8. A nethod of coating a barrier |ayer preventing copper
diffusion in the fabrication of intereommects for integrated circuits which
conprises bringing said barrier |ayer under electrical bias into contact
with an el ectroplating conposition as claimed in one of clains 1 to 7. 9.
A nethod as clainmed in claim8, whereiylatipe coating fornmed using the

el ectropl ating conposition is a seed |ayer.

1. Electroplating composition intended in
particular for coating a copper-diffusion barrier layer
in the fabrication of interconnects for integrated
circuits, characterized in that it comprises, in
solution in a solvent:

- a source of copper ions, in a concentration of
between 0.4 and 40mM, preferably of between 0.4 and
18 mM and more preferably of between 0.4 and 15 mM;

- at least one copper complexing agent chosen
from the group comprising pyridine, 2,2’-bipyridine, 8-
hydroxyquinoline sulphonate, 1,10-phenanthroline, 3,5-
dimethylpyridine and 2,2’ -bipyrimidine;

- the copper/complexing agent(s) molar ratio
being between 0.1 and 2.5, preferably between 0.3 and
1.3; and

- the pH of the said composition being less than

1, preferably between 3.5 and 6.5.

2. Electroplating composition according to Claim 1,
characterized in that the abovementioned solvent 1is

chosen from water and hydroalcoholic mixtures.

3. Electroplating composition according to Claim 1 or
2, characterized in that the aforementioned source of
copper 1lons 1is a copper salt, such as in particular
copper sulphate, copper chloride, copper nitrate or

copper acetate, preferably copper sulphate.

4. Electroplating composition according to one of
Claims 1 to 3, which comprises a source of copper in a

concentration of between 0.4 and 18 mM.

5. Electroplating composition according to one of
Claims 1 to 4, characterized in that it comprises a
mixture of pyridine and 2,2’-bipyridine as copper

complexing agents.
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6. Electroplating composition according to claim 5,
wherein the molar ration between pyridine and 2,2’
bipyridine is between 5:1 and 1:5, preferably between
3:1 and 1:1.

7. Electroplating composition according to Claim 6,
characterized in that it comprises, in aqueous
solution:

- copper sulphate, with a concentration of
between 0.4 and 40 mM, preferably of between 0.4 and
18 mM and more preferably of between 0.4 and 15 mM;

- a mixture of pyridine and 2,2’-bipyridine as
copper complexing agents;

- the copper/complexing agents molar ratio being
between 0.3 and 1.3; and

- the pH of the said composition being less than

7, preferably between 3.5 and 6.5.

8. A method of coating a barrier layer preventing
copper diffusion in the fabrication of interconnects
for integrated circuits which comprises bringing said
barrier layer under electrical bias into contact with
an electroplating composition as claimed in one of

claims 1 to 7.

9. A method as claimed in claim 8, wherein the
coating formed using the electroplating composition is

a seed layer.



