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CAPPI NG LAYER FORIVATI ON ONTO A DUAL DAMESCENE
| NTERCONNECT The present invention relates to the

wdepginticen of a capping layer on a conducti ngpcT/EP2005/011128
interconnect in a dielectric |ayer for a sem conductor

device. Mire particularly, the present invention
relates to the treatnment of the dielectric |ayer prior
to the deposition of the capping |ayer. Sem conduct or

FasPeP A ERERCE SRRl SRy 3 Pl b Lol Gy

to achieve this is to reduce the dinensions of the
sem conductor circuits, thereby decreasing the gate

transi stor), _del ay. However, as e di mensigns of. the :
The! BRREERr EVEaTERE ZENE TSy Src P o PSR de 0P o CaPPing
1EBLeT bal 8 ekidngtipgt Aatertennktsthaeore dikakeasiiRgyer for
important. In particular, as the size of the

ac 6RIGCONAY SR e FETRRECt s MOFRt RiPFEd AUd 3HY » c itheu e seid

1 MRLE AL F‘é‘i'a%'sy £bNehe ‘E"tl_r%étﬂme%‘%c 032363 dilfectric layer

el ectrical resistance of I nt'erconnect i s
peiopotb ahet ekeyositieased. thel sapapines layencr eased

i nterconnect tinme delay. Until recently, alum nium had
been traditionally used to manufacture these

sE&H%B%@ﬂ%%%&SmaH@W%%%hre&% Qrdelche i6RRal vt R riving to

probl ens associated with the reduction in the circuit

rdcreesi dastegemndongyet eompaent dotteowes edavd rd¢editded One
bEReC QBRI A O o3 et oL Lkl CIRLSLEL) B SR
seanebndulck oresiistini by, theghbl deatrea@ntdctine ytand
(2%%%%&8@%& I&%lay. However, as the dimensions of the
circuits are reduced, the physical properties of the
materials making up the circuits become increasingly
important. In particular, as the size of the conducting
interconnects contained in the circuit, and more
particularly their width, decreases, the electrical
resistance of the interconnect is proportionately increased.
This causes an increased interconnect time delay. Until
recently, aluminium had been traditionally used to
manufacture these interconnects. However, in order to
combat the problems associated with the reduction in the
circuit dimensions, semiconductor manufacturers have decided
that copper provides better material characteristics than
aluminium for use in interconnects because of its lower bulk
resistivity, higher heat conductivity and higher melting
point, which results in improved speed and reliability
performance. In addition, copper also has lower rate of

grain boundary diffusion, and therefore higher

electromigration resistance.
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poi nt, which results in inproved speed and reliability

performance. In addition, copper also has |ower rate
w@boogzisee boundary di ffusion, and therefore hi BOIEEP2005/011128

el ectrom gration resistance Copper interconnects have

their own associ ated probl ens. Copper interconnects

still have a tendency to be degraded bydi ffusion and

el ectrom gration. A passivating dielectric |ayer,

typically 30 to 50 nanonetres thick, is usually

C?ﬁ?%&eQnE%rE%%.%ﬁ%@ﬁ%gv%o@ %Hgf%%%.%fs%Qqa%%ﬁp%&ob ems .

erconnect exanpl e of such a |electr|c used in
Cbpperrah3em$oﬁm@NtsHeWeﬂérhaweppeme$@EMewstir¢napegmaded by
adhesi,on to di tricgs, nd at the nonent he .
d&%rélPé&Pﬂ eénd & &‘f‘ FPrEE a6&- wh?*c als§18'r?§1619 fiﬁc?tiﬁéﬁtﬁlc
1biaht i B 1@@11qg/6 30N tohg or elindhieltirey @hildhe fisn@lsually
senm conduct or device. In addition, di el ectrics such as

asp@;Neﬁa\t@ &hiei ghrogisede Eop; surEgRst &t the ¢aope)r , and
g ESCEhEIY pr ﬁﬁﬁ% %%dgukﬂ gh%lgl%%k%g oEse%?ln this

rlc St ac firnal” sem conduct or “devi ce
rBhESlsssabNo umd&&w&ableopberogdéﬁe&@ E&ﬁhﬁ@obheaﬁhe81on to

probl eng, a thin p ayer nprising .a_netal,

d&?EF&’SFPWa ﬁé’fjalai i 5%§| I%SV‘ kgﬁaﬁ ésdéglﬁs%ﬂ@&e&ﬁrtlﬁe/ copper

19@%9%5cb”%%ﬁ%%nﬁ%ckée'%%t%ﬁ@ fhid MR8t BActors in the
di el ectric such as SiCN. The capping layer is also

reAdAiddtay pdssibeatfiionll sper copdugitior Kevigerecilat eddition,
th al.t hough.t he @l ns_of dhesi on.and

e ec Fg%FEra%Fon Sa@e% e%avge cgﬁ %d%lﬁ 5 r&&nf@?ﬁtgpt
veQpper,, andt ehegrfedts tirde breledichendmt e &he k value of
the dielectric stack of the final semiconductor device.

This is also undesirable.

In order to combat these problems, a thin capping layer
comprising a metal, typically a metallic alloy, may be
deposited on the copper interconnects instead of a more
common dielectric such as SiCN. The capping layer is also

known as a passivation layer.

It will be appreciated that, although the problems of poor
adhesion and electromigration have been described in the

context of copper, interconnects made from other materials
which suffer from the same problems, may also benefit from

such a capping layer for the same reasons.

Techniques used to deposit the capping layer comprising the
metal onto the interconnect, such as electro-less

deposition, are generally selective in nature, in that they
deposit the capping layer onto the interconnect but not onto

the dielectric surface. However, the selectivity and
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whi ch suffer fromthe sane problens, nmay al so benefit
fromsuch a capping |ayer for the sane reasons
wdemhesfees used to deposit the capping | ayer PCT/EP2005/011128

conprising the nmetal onto the interconnect, such as

el ectro-1less deposition, are generally selective in
nature, in that they deposit the capping |ayer onto

the i nterconnect but not onto the dielectric surface.
However, the selectivity andeffectiveness of these
dfeEiiqees dss Jf MHad e dia @rsstienad nife defgetihon

the dielectric surface. These defects can cause the

efxgisrgmicsn off dsrfiedies durthey ctited egdpdst siugif aste  hdhese

cfe%%%t%g dadY %Iratu%%tg poach fto‘%at%gi NRGUR] NG joltil g ghse

erepy res N unwan eleéctronic conmmuni 1 on

deglosden cnhefi ther cepracics 1 astkar betiveen thweg rdieyHtexirtag
and ultimately causing device failure. These defects |

infersgEngstsct Shehrde e sd Mg dife NavEnte S Grlresde ondis

AP i€ 20F AN HIRIeN el iefe Al Y, SHAMCRES- QR ting
the surface, which may initiate the deposition of the
tdwppiavy arateerd all tomattied viceluedng desidead@illure. These

i tion | areas of. netal . or tallj.c-oxi.de
d%ce%c&ﬁesmgﬁut edgelf? Ztel 5o tﬁg%gloenéiilfelreéﬂ:rlc surtace.

Arnkei=eit] edeffe eins .i nHase taAlRFe Y Ohligintatsrftthes on the
exanpl e, fromthe paLternin% and depaosition of the

TEHETEY | (G ik EFYall ForiftTy e dRCEISdTe s HiR ¢aPRI NI
mWehAacs. 0% HNS 1CASE MRS €11 LAPPIThY a!d@iecritdﬁr;‘,s gmall

deposited froman el ectrol ess bath sol ution,

adefeectod mey aflucirhere tiaddlivdexticist asisighies depdsia edirface may
a r)stoo bteh%o%usrifd%g:%df 9 etrrc]eentr ecl%cfteic%%. These areas may
originate, for example, from the patterning and deposition
of the conducting material forming the interconnects onto

the surface.

For the case where the capping layer is deposited from an
electroless bath solution, these defects may further include
contaminants deposited onto the surface from the reaction

solution.

When the surface has undergone polishing, such as Chemical
Mechanical Polishing, after the deposition of the
interconnect, as is usual when copper is used for the
interconnects, there may be additional causes for these
defects. Firstly, inherent defects on the surface may be
formed from small areas of metal or metallic oxide residues
that have not been removed from the surface. The deposition
of the capping material may be enhanced on these areas. The
defects may also include residual particles from the

polishing slurry remaining on the surface.
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solution. When the surface has undergone polishing,
such as Chem cal Mechani cal Polishing, after the

waelewed2isseon of the interconnect, as is usual WPETEP2005/011128

copper is used for the intetconnects, there nmay be
addi ti onal causes for these defects. Firstly, inherent
defects on the surface may be fornmed fromsnall areas
of metal or nmetallic oxide residues that have not been
removed fromthe surface. The deposition of the
capping materi al may be enhanced on these areas. The
defects may al so include residual particles fromthe
Opel #BRTAZCE| beryederai RAagioRackecsurhacdebaetappeoach

[ t he e scribed in US
a05LeBaeIANgS Eparh, Pig Perpb el aclidess Lbglols
pebeetsoafess db@osr®+besbndmprMtteﬁlﬁuaﬁhpahtrébeaual

contanmipnants on, the dielectric surface after the

d,
PaTEiF1 58 BaQ JeRbRTRORE Br GRoLRC Afbo L BARREA ByThace after

tRE USTE BErHL DEES SAeFHEVE DY ﬁP@éQ§§h§§etPe&Q€e&|S?néng
of the dielectric ‘and interconnect surfaces prio

bﬁ@%bsmglﬁﬁp@¢8$he cappi ng | ayer have included washi ng
wi th both inorganic acids and bases. However, the
ef fectiveness of these processes is |limted. Two ot her

Pappi oas hespad £clikes ct b bekle | 81 &n bng6Of 9he e lectric and
US2001/ 0018266. US 5, 358, 743 descri bes the treatnent
iRFeLComBT Rt FRELRTRT B OF t FO CRePOSEHBYB Of THee capping

147EAtRAL | ScLgles tRken: R '@{tﬁobggggfﬁ%%ggnfé &cids and

copper I nterconnect structure In
bases. However, the effectiveness of these processes is

limited. Two other approaches are described in US 6.860, 944
and US2001/0018266.

US 5,358,743 describes the treatment of a dielectric surface
with Cl1Si(CHi;);. The treatment is ﬁndertaken prior to

deposition of a copper interconnect structure in order to
increase the selectivity of the copper deposition through

Chemical Vapour Deposition.

Accordingly, in a first aspect the present invention
provides a process for the formation of a capping layer on a
conducting interconnect for a semiconductor device, the
process comprising the steps of:
(a) providing one or more conductors in a dielectric layer,
and
(b) depositing a capping layer on an upper surface of at
least some of the one or more conductors,
characterised in that the process further includes:
(c) the step of, prior to depositing the capping layer,

reacting the dielectric layer with an organic compound in a
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i ncrease the selectivity of the copper deposition
t hrough Chem cal Vapour Deposition. Accordingly, in a
wo poog2mspect the present invention provides aP@QI/BEESS011128

for the formation of a capping |layer on a conducti ng

i nterconnect for a sem conductor device, the process
conprising the steps of: (a) providing one or nore
conductors in a dielectric layer, and (b) depositing a
capping | ayer on an upper surface of at |east sone of

14354808 nREePEReaREH bG8  BPALABLERLSREVE gt DAk, EB%10wing

ther ~i ncrudes e step o i or
gdapesit Esgmbile:cappi ng | ayer, reacting the dlelectrlc
| ayer with an organic conpound in aliquid phase, the
sai d organi ¢ conpound having the foll ow ng genera
formula: (Fornmula I ) where Xw;s a functional group, R
iS an organic group or a orga asi | oxane group, Y i is
either a functi onal groupxg n_or ani c group or
or ganosi | oxane group, and“Y2 TS ei'ther a functiona
group or an organic group or Jrganosiloxane group, and
where the functional group (s).s / are (radepeadent!y
selected fromthe follow ng: NH2, a secondary am ne, a
tertiary am ne, acetanide trifluoroacetam de,

VRO, e SHhadnoabiyo sponil ippracotatgy or o
o@gaﬁbdéloaadesgkb&pth@[eoé.elther a functional group or an
organic group or organosiloxane group, and Y, is either a
functional group or an organic group or organosiloxane
group, and where the functional group(s) is / are
independently selected from the following: NH,, a secondary
amine, a tertiary amine, acetamide, trifluorocacetamide,
imidazole, urea, OH, an alkyoxy, acryloxy, acetate, SH, an

alkylthiol, sulfonate, methanosulfonate, and cyanide, and

salts thereof.

Herein, an organic group describes a group that is bonded to

the silicon in Formula I through a carbon atom.

The organic compound may either be provided in neat liquid
form or in solution. It will be understood that, although a
compound with Formula I may be provided for reaction with
the dielectric surface, hydrolysis at the silicon atom
bearing the functional group(s) may often occur in solution
by reaction with water. 1In this case, it will be
appreciated that it is not the compound shown by Formula I
which undergoes actual reaction with the surface. Instead
it may be a compound containing Si-OH bonds, or oligomers of

Formula I, in which molecules have reacted to create 8i-0-Si
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Herein, an organic group describes a group that is

bonded to the silicon in Formula |I through a carbon
wW@e@m025bbe or gani ¢ conpound may either be provPdPEP1005/011128

neat liquid formor in solution. It wll be understood

that, although a conpound with Formula | may be

provided for reaction with the dielectric surface,

hydrol ysis at the silicon atom bearing the functiona

group (s) may often occur in solution by reaction with

PARLES . IRl B8 023 dentiildy BeaRpee ahed ilded fhe in
not the conpound shown by Forrmula | whi ch under goes
sdttualeactaon of wdrpouness iefvdag. Forstdad T twirsy weeear,

c ound. cont ai ni,ng Si - bonds, .or .ol i goners of

G TRARA PV ZeRCHth ol BePASRIVE 1R ReCi s OfedpFmula T
walthOrhkebands e cFhe Presanicel.nventi on therefore al so

provides the in situ reaction of conmpounds havi ng

Formula | with water, followed by reaction of the

Fﬂ%%f"t‘i'o}‘éilg REIBUCLF C&fhe':‘ari@i'fe%tfl]ri‘éﬁ _tsl&]xif%%ed e GG ng the
surface. Functionalization of thé dielectric-surface
digleeacticngutdiacdl eliedt the suthade wonpdunel aegarierve to

compound ma erve to reduce the nunher and/or the
rER1Ee: Ch PHEDEE SeCY Bn e Secbo b CHECedesTS on the
dAeqReiRgl Y rtrhe.df .Un%@c@i@!i'né@&',o%h@)fu&%@if%%atﬂ%ation may

reactivity of the dielectric surface and defects
reducei fbe geachd vainf ade thehdirdestirdsalsiurdiciosn amaly defects
ri.cally_shiel t[%% ur f n h f. ... These
ct%aloael%%gctgg %1% %gnt rlcgeu't e%’t%% %u?jﬁt}:tl g%%ﬁe tutgﬂnorr{la's/n
stheikalle yokhdepds ithico Ruaif aidee atdp phreg deXpeit sant THelk® two

edi electric surface, thereby increasi n% the selectivity

sE ke @@ybgpppgﬁbute to & further reduction in the rate of
deposition of the capping layer onto the dielectric surface,
thereby increasing the selectivity of the deposition
process. The functionalization may also serve to modify the
surface properties of the dielectric surface. This may not
only be result of the steric shielding and a change of
reactivity, but may also be a result of a change of, for
example, the wetting properties of the surface.

Accordingly, the functionalization can result in a reduced
rate of deposition of contaminants onto the dielectric
surface. The functionalization of the dielectric surface
may also serve as an initial cleaning process before the
deposition of the capping layer, displacing impurities
already on the dielectric surface. For example, impurities
remaining on the surface after the deposition of the
interconnect material may be removed. These impurities may
include, for example, residues, such as silica residues or
carbon residues, remaining on the surface if the surface has
undergone polishing prior to the deposition of the capping

layer.
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process. The functionalization may al so serve to
nodi fy the surface properties of the dielectric

wa@ ano7aeese6 This may not only be result of the SPEF/EP2005/011128

shi el ding and a change of r®activity, but may al so be
a result of a change of, for exanple, the wetting
properties of the surface. Accordingly, the
functionalization can result in a reduced rate of
deposition of contam nants onto the dielectric
surface. The functionalization of the dielectric
surface nmay al so serve as an initial cleaning process

Fhefariernsid zdedesi tdforthef diled ecappiongurdeere wiildpltagingnlly

i rities alread n the di.electric surface. For .

S aIoe BRIt & Ao HORTG: GBSy B et i adi o
AgResid haAR MO HN & dritlRHeRNRAC e R8s BRtween the
renoved. These inpurities may include, for exanple,
qogypicdues ansuthreasugifidasa rddi diesleo e@ssdbpleeditirephysical
remaining on the surface i.f the.surfac s _undergone
R ST S e SsoalT o e e g poil s,
dlaysirdetreticonaltle raridiohDlod kereli &lgctadre waalface

w1l typically involve depositing the organi c_conpound
i G oo BH DS FOTREE Wit RSHe IPSIGREGGREd Of any

cﬁé%mc%ql HRRAS hetweenHhe tampoyRd Ad thhe surface.

I's al so possi bl'e that physical interaction may
occur, such as through hydrogen bondi ng, electrostatic

,nteracti.ons - or_even vanﬁgerlgggl i_nteractions, ma &BF

g R e R T e
liavaery diehipn t herewudh nbte wiwhGhonal Hy AURS ddd by
Formula | may al so be described_as

theory, reaction of the organosilicon compound with the
surface will usually proceed with the nucleophilic
substitution of the leaving group by either water, a
nucleophilic catalyst, or by the hydroxyl groups of the
surface itself. Therefore, in this case, a leaving group is

preferably defined as a group that is able to be displaced

by a nucleophile under the reaction conditions.

In the present invention the functional group(s) in respect
of X and optionally Y; and optionally Y, in formula (I) is /
are independently selected from NH,, a secondary amine, a
tertiary amine, acetamide, trifluorocacetamide, imidazole,
urea, OH, an alkyoxy, acryloxy, acetate, SH, an alkylthiol,

sulfonate, methanosulfonate, and cyanide, and salts thereof.

The selection of the functional groups in Formula I, for
example NH,, has been found to lead to a sufficient rate of
reaction with the dielectric surface for practical
applications. In contrast, some other functional groups,

such as halogens (eg chlorine), may exhibit a relatively
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| eavi ng groups. Although not wshing to be limted by
theory, reaction of the organosilicon conpound with

wo b@7seasb@ce wil | usual ly proceed with the nucPe€nphioos/a11128
substitution of the |eaving group by either water, a
nucl eophilic catal yst, or by the hydroxyl groups of
the surface itself. Therefore, in this case, a | eaving
group is preferably defined as a group that is able to
be di spl aced by a nucl eophil e under the reaction

stendirbicensf hRalheopr @Sent thevemtdreret.ne af unekd eddle of
group (s) in respect of X and optionally_Y and

rgpeiréral Ly vadesifraPdsl 400 PrAStAcale aup@ééﬁ’@ﬁd@msl yince it
15%&%%%%@ E%%gbgg%eﬁrl Ccengdar %, uc gh%'%%flclggcy of

m ne, acet uoroacetan1 azole, ure
tﬁH oa&raﬂ&y@xpduamnphopypcasstat@ursﬁeranralkwlmbﬂmgen

sul f onat nmet hanqQsul f onat ani de, an

S BRa LT HEOUE, oe Pl R Aa M e PR A oy, SeFRln 10 the
£6emaukanl of LoHegxaaphe MRorbasdeenhound by headdQtate
a sufficient rate of reac on with the dielecfric

fyythacerrocegrdtni e4epgppl i cations. In contrast, sone
ot her functional groups, such as hal ogens (eg

chlorine) , may exhibit a relativelyslow rate of
Theaebnen deirblt ibhe ofu-haceatA &EOWea@t&o@f1@ea@bb@ﬂdxay
undesirabl e for practical applications since

iPROrEREES VIRE ﬁle%é%é‘l RG oL erE edndictigdees tﬁ‘@PlYlng the

s6fifikebeney @het BereuekablePLAHUG RPN 0683S example, a fast
Furthernore, a hal ogen functional group, for exanple

rehbbapnetln@y1se§§pecnnlﬂwerEqpnaedonnohnua@péucabh@n where

tg% %roducts whi ch ma %pe55|tate furthgke roce55|@gform

CUGL3 1 1 WL compound 18 sprayed, in nea
or in solution, onto the surface of the dieleqtric. Thisg is
the case because it is expected that the reaction solvent

may quickly evaporate from the dielectric surface.

Gas phase functionalization of a surface by an organosilicon
compound involves intricate apparatus and the need for very
carefully controlled reaction conditions. However, the
present inventors have found that, for this pre-treatment
step prior to the deposition of a capping layer on a
conducting interconnect, liquid phase processing may be a
much more practical technique for processing a substrate.
This is because it may be carried out in the same apparatus
as the deposition of the capping layer, and therefore
removes the need for specialized apparatus for the

functionalization of the surface.

Advantageously, the functional group X and optionally Y; and

/ or Y, are independently selected from a primary amine,
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The consideration of the rate of reaction is

especially inportant when certain preferred nethods of
w@pppeisee t he sol ution to the surface are consPCUPERINS/011128

For exanple, a fast reactioh tine is especially

required in an application where the organosilicon

conpound is sprayed, either in neat formor in

solution, onto the surface of the dielectric. This is

the case because it is expected that the reaction

ssRbvigRl-yTRY G, Clind evapakate amie,t Hecdiveliest Had ts
surface. Gas phase functionalization of a surface by
thgr6Pdanosi | i con conpound invol ves intricate apparat us

and the need for very carefully controlled reaction

condi tions. However, the present inventors have found

Inhat prederdeids egmbeditmeadt, n¥at ist epfpncoiotalt eoup, and the

depositign of a capping |ayer on_a conductin
GO0 SO GO B pESe T GEHES: S8 ey e P TrreREed
deRhi & aph et ittlrdgchnizgue ok FRIQERS Sinbbda maRSt ¥ organic
This is because it nmay be carried out in the sane

ceppatacu s caprise sdép FsiaCta co Propacdapsitignady e L oxmae
refore v f.ar ecj.al i zed appar at us

ofdEEfRY ke o ey 25, PRV JRCRARS

Advant ageousl y, the functional group X and optionally

Y1l and or Y2 are .independently selected froma

/ ]
Thr PRECYSENPRESECENATY TR arfd BBFt Fardr ampfependently
sefekbddiung saktis Lheeef and N 8P eber-ed 1exhed BRupsY so
i is a funcCtional group, and the functional group
thefpri et adn odnittisegr sugepengentdyaised eggeidv arigemic groups
ah@e?egE-oE%a%o%Eﬁ% %%%dg%g%% Ig%%tatkg%h%ﬁg%@ %he gilicon.
This may be advantageous since it may provide enhanced

shielding of the surface.

Preferably, the silicon in the organosilicon compound bears
two independently selected functional groups and two
independently selected organic groups and / or
organosiloxane groups. In another embodiment, the silicon
bears one functional group and three independently selected
organic groups and / or organosiloxane groups. These
embodiments are considered advantageous, as having two or
more organic and / or organosiloxane groups attached to the
silicon may be able to better shield the defects on the
surface. In other words, the steric bulk of the organic and
/ or organosiloxane groups may be advantageous, and
therefore the incorporation of more organic and / or
organosiloxane groups onto the silicon may enhance the
steric shielding of the surface. This may help protect and
reduce the reactivity of any nucleation sites on the

surface. Furthermore, by incorporating two or more organic
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conmpound conprises a reactive organofunctiona

si |l oxane oligoner, which may be provided in water. In
waeavilogisepr ef erred enbodi ment, Y i and Y2 are PCT/EP2005/011128

i ndependent |y sel ected orgdfi c groups and / or

or ganosi | oxane groups, so that a total of three

i ndependently sel ected organic groups and / or

or ganosi | oxane groups are attached to the silicon.

This may be advantageous since it nay provi de enhanced

a51d 9 SN & refarddie 19HFRC & r I Il Yehd RE 1SIddiEORHA surface

t he organosilicon conpound bears two |ndependently

mee bt e@rRumdtliconsl TERAIpdadeT then idépemddit lgpe organic
cte I G o r_Qr l.ox ne.

G A FOUE Mo ORI U 5

niiwi etimg N andg toier efiadt o hrage demd&ﬁ@e@emiélybmﬁelteﬁ &lelectric

ani ¢ oups and ./ or organosiloxane groups. These
é’ﬁ% %tf %ex%% &g 8dFS KePthda g kg mum.

or nore organic and / or organosil oxane groups
attached to the silicon may be able to better shield
Inheddétécors et tlsasturchecef theotthrganior mowhae rstedidmmbly

I ic and / or o ganosi | ox
C%étg vanﬁag %%l§ﬁbz¥ﬂé}éf5?% RE i"hcdr 56t 6#%§f9£%up
THeke 6frgaisC aard thotighy ganegicvaxaneny r'leequtaO the- the
siLicon may enhance the steric shielding of the

dslﬁllﬁ%élcTﬁUé"fﬁ&F héhe LYt SEOVARd NPe gid@nase protection of
theagkireicky of, ame gl onA%uda%ao%%ﬂ &I AGEe: o of the

Furthernore, by Incorporating two of € organi can
dgel@pgan@sstiane geQups eEoy ideel bwlgmmmpalmennmﬁhmng two

O%? 8%|Cg%anC%gn% %%1%%pe|3%% °h t Y a ZtB %n%41methylbutyl

group.

Preferably, the organosiloxane is an organosiloxane oligomer
or organosiloxane polymer. More preferably, it has the

general formula:

R
=

< —

w

= 40 (Formula IT)

where Y;, Yz, Y3, ¥, and ¥Ys are independently selected
functional groups as defined in claim 1 and / or organic

groups, and n is a positive integer.

Preferably, n is in the range of 1 to 20. More preferably,

n is in the range of 1 to 5.
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group. Hydration of the surface and bulk is kept to a
m ni num and therefore, as described bel ow, the

wale@7eeiseé ¢ constant of the dielectric |ayer iBCHEB®O05/011128

kept to a mnimum |In additlion, at |east one of the
organi c groups preferably contains a branching point,
such as in a tert-butyl group. These groups are

t hought to provide an 'unbrella for the dielectric
surface t her eby providi ng enhanced protection of the

% oF bheasisiaceor ddnRidls Rl 0meianidieryl -
e ectric surface ﬁé be provided by groups

dc;@ml@mmg twd et hiyd A nigtdiydindgopdilene,, sisletdylhyt-a
butaéd’l?he't&{ 'I%"m%'o%%tl%hegr QYR 5,iPleel @k aRl Y, the

nosi1-oxane i's an ordanosi ['6xane ol 1 gomer or

dﬂh@&%@&ﬂl@ﬂdﬂmem@bﬂﬁﬁﬁncwbﬁﬂam@efeEabhmlddidﬁaﬁa&h&'soluble
general, _formula ;. (Formula I1) where Yi

cXEATPS 1APBRn dEgeHdEn DYpasy ey éféﬁzﬁ&ﬂcﬁnénéﬁszg?@@upsquwlled

48t RedusRacl aifeleangd.d/ o%a%%g%ﬂilﬁogrsqli%%’esa%ﬂﬂe% a
positive integer. Preferably, nis in the range of

CDU@Z@SlMQr@Igﬁgbega@Mps n ﬂsfmntbﬁg ﬁa@@@hﬁ xsiﬁ;ﬂicad from
| | |
T AR e R M N L

di nmet hyl -tbutyldlnethylan1n03|lane and bi -
functional dinethylbis (dinmethyl am no) silane.
Needeppbd léc wateldvssPuBlRY Srlganbsi Pddes itacltlige reaction

sBﬁ%@i%Ean E§%ﬁ%ﬁe%n@ng%%g%uv%%pEEF?%érrm@t%%%kﬁﬁaethanol,

These are organo am no- | anes
ammonia and pyridine. These may also be added to enhance

the solubility of the organosilicon compound.

Advantageously, R and optionally one or both of Y; and Y,
is/are independently selected from the following organic
groups or organosiloxanes: a organosiloxane oligomer, a
organosiloxane polymer, Cl-C25 alkyl, C2 to C25 alkenyl, C2
to C25 alkynyl, aryl, aryl substituted with one or more of
Cl-C25 alkyl, C2-C25 alkenyl and / or C2-C25 alkynyl. Any
of these may be partially or fully halogenated. Preferably,
R and optionally one or both of ¥; and ¥, is/are
independently selected from methyl, ethyl, propyl, butyl,
prhenyl, pentafluorophenyl, 1,1,2-trimethylpropyl (thexyl)
and allyl. Again, any of these may be partially or fully
halogenated.

The dielectric surface preferably contains hydroxyl groups
or groups that hydrolyze in an ambient aqueous environment
to produce hydroxyl groups. In this case, the

functionalization of the dielectric surface preferably
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conprising organo groups. A further exanple is Silicad
fromcCelest, Inc., which has the chemcal fornmula C

wo 33/p8i56€0H) 3 . Nucl eophilic catal ysts may al BOI/BR2005/011128
added to the reaction sol utlon. Exanples of additives
i ncl ude net hanol, ethanol, ammoni a and pyri di ne. These
may al so be added to enhance the solubility of the
or ganosi |l i con conpound. Advant ageously, R and
optionally one or both of Y i and Y2 is/are

ihbdependenthby selient edrbramuble frebleWond eFJameC surface
groups or organ03|loxanes . a organosil oxane ol i goner,

ggogpganosi | oxane pol ynmer, Cl1-C25 alkyl , C to C25
al kenyl , C2 to C25 al kynyl , aryl, aryl substituted
with one or nore of Cl-C25 al kyl, C2-C25 al kenyl and /
Aeboealﬁgiyalk%ﬁybreéﬁﬁtOﬁnhbas&oﬁaﬁsb&bﬂértbabkwvdﬂe a
fully hal ogenated. Preferably, R and optionally one

fHEFHGSfa¢V§ﬁ&39? i sKkr d5i REEEBN R F§S8eltbeted é&ﬁleCtrlc

cgﬁghﬁht %Eh¥he @ﬁ%@ﬁbe gﬁtbkeaﬁg§n¥hanp%ﬁﬁﬁfof the bulk.
| uor ophenyl , 2-trinmethyl propyl (thexyl) and

OCakl yeasagaitmr ahysomawh@sethaypmeSQapE|aflyydrokuﬂlgroups
ted. Th f f bl
oBohth: ROTRGAFoRy| CHFotus 16E St Bups (PHAE FYAPGIyZe SFRuDS may

raBudfbienthadfaeusrahliel apeehbtlenpbdduee ey dhewyhe
groups. In this case, the functionalization_of the

SHrEREEt i dheupPseEbEFeletsn| yEnPel ey ernter aeptoko an
1HE§E35@B|&1%§%%EEQQ BhsthBerSULl age %ﬁ?g@ In addition,

Accordi ngly, the present 1nvention is able to provi de

i thetﬁeeladtantagempkuses ef pemoukemeaseibhat thiea the
wakgke%% ecules may absorb into the bulk material through
the penetration of pores, causing an increase in the bulk
dielectric constant. Therefore, by functionalizing the
surface through interaction or reaction of the hydroxyl
groups, the absorption of water onto the surface may become
less favoured, thereby reducing the surface dielectric
constant. If the dielectric layer is porous, then the

functionalization may also keep to a minimum the increase in

the bulk dielectric constant due to the absorption of water.

In the case of a silicon-oxide-containing material, surface
hydroxyl groups are generated by the break up or hydrolysis
of Si-0-8i (siloxane) bonds at the surface of the material
by reaction with moisture. These bonds are usually strained
since they are typically part of four- or six-membered
siloxane rings. In addition, in other materials, such as
metal oxides, hydroxyl groups may also be formed at the

surface by reaction with moisture.
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constant of the surface is greater than that of the
bul k. One reason for this may be the presence of

wh @ o23sh6 gr oups on the surface of the di el ect PCTVEP2005/011128
These hydroxyl groups may nésult in the favourable
absorption of water onto the surface. The absorbed
water is believed to lead to an increased dielectric
constant at the surface. In addition, if the
di el ectric conprises a porous material, then the water

H?/‘éilxﬁ%libﬁs oFaY HRD SR ddat, 0 e h@i@l']:*ét":[%tne Wfak HNRUI material

he penet rati on of pores, causl ng an increase in the
iputkedicelsecodfi @ Wﬂ@ntdleiﬁ@rtéﬂ@ne ispyp particularly

reﬂ%%%n%nﬁlkét n%%%bt%%o%%% ﬁ@é?éﬁglfﬂ%e tion is

reactiono droxy e-absorption ©

thaten toako albllé Sy faaxaiacetmy cla:&a:erm esdlleasouedeiated with
t hereby reduci ng_the surface dielectric constant. _If
hyREadiePect FRE Stdyer W EPGuSUTERGS tRgergoes polishing

&H%%I%%n%%bz%wfm&ﬂﬁ@b.%&S%h%e%% oo nd mdyéP“nﬂH¥% 1s usually

|ncrease in the bulk dielectric constant due to
cathrsolegi oot df iditee Prejseniciee ofase wett ex-based slurry

on- Oxi de cont ai ni_n erial,. surfa dra
TG0 R, & et CER-a sy e i SR TaD ot Sy TR
cBimpOuBld (Eililcox dndle daRitds cat rhetsurfiace tofe td'ﬂﬁ“face hydroxyl
mat erial by _reaction with noisture. These bonds are

IFOURS ot PaiSRe §ETViTc & Ot REPYEFa tey fihgaluy fgse a6f the same
tfgﬁ (b%;r%bétq%ﬁp%ﬁ%%.%Hs%&%%% Wdﬁ¥}),|% Tﬂ”ﬂ% dlto lead

terials, such as netal oxides, roxyl droups
twayhaléehbdrbmnnmdodtthheb@dkfa@ﬁebyaﬂeacﬂhomhmaIway, the

R e BBt arl (% e 298 16F i o P Tt B 1 o,
ad¥adtBaebiu@ikAley reduced.

Secondly, if the capping layer is deposited onto the
conducting interconnect from an agqueous solution, the
presence of an organic layer on the dielectric surface may
reduce the rate of, or prevent, water absorption onto the
dielectric surface during the deposition process. This
again may keep the dielectric constant of the dielectric

surface and the dielectric bulk to a minimum.

This may have the additional advantage of widening the range
of methods that can be used to process a semiconductor
device, in particular a semiconductor device containing a
porous dielectric. Therefore Chemical Mechanical Polishing
and electro-less deposition may be used now without the need
to take any steps to minimize hydration of the surface

during these processes.
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rel evant issue. An advantage of the present invention

is that it is able to address certain problens
wasmoorabed wi th hydration. Firstly, when the BCF/ERMES/011128

under goes polishing prior tié the formati on of the

capping layer, this is usually carried out in the

presence of a water-based slurry. Therefore the

treatment of the surface with an organi ¢ conpound

whi ch interacts or reacts with the surface hydroxyl

PHERSDIRY, 230 sl d Glehydr #e e cslidracd At ddifing

same time (by réaction with absorbed water) , and it
Liearp ralfag thead comprtisegohypdrigm &9 dhet sEepulo€ mat eri al

. In.this. , e dielectr] n of,.t he ,
sprtacir e R AR R st e Laver,
thecetdipy ofi bdliehdappivke hayer issirdepesidfedentidiectors so
conduct.ing intercaonnect from an_aqueous solution, the

theds 8dE SMTERCEr daniStshpart 16 Lvh €CgPdPed we tdy ithse apper

SRY Jcedyge tth%e Jiahe Qfpi OF RIRY ey Wat olq%q&%t ML upper

onto the dielectric surface during the deposition
sprdeess ofThihe aga ©mmpree epnidue tdirdlse ¢ toried egwitdiyamtomprises

f the dielectric surface a he .di el ectric .bulk ta .a,,
R TS ey S diive HOGTETBAAT BRVER 4G ool ishing
(av@gni ngnt ke ikargeeof tiR! hads thlkatreat bE wiRd diklectric
process a sem conductor device, in particular a
sslaeeen PEdOsT teedicpesdddra fitndhe sereisadilelveat hias the

flﬂ'}%‘h% %%lv%%@ﬁ% th'ggcc han irr% 1Rald $hf g and s?el%g:[etrn%'nt of

a
ess deposition may be used now w thout the
reakeuadly seepdntiagrion rihze suydibatl af tefr hd istriface

The one or more conductors preferably comprise Cu or an
alloy thereof. Alternatively, or in conjunction, Ag or an

alloy thereof may be used.

The dielectric layer preferably comprises an oxide of
silicon or a carbonated oxide of silicon. Suitable examples
include silicon dioxide or carbonated silicon dioxide. The

dielectric layer may be a porous or non-porous layer.

The capping layer will typically comprise a metal, typically
a metal alloy, preferably a ternary alloy, composition
comprising, for example, one or more of Co, Ni, W, Mo, B, P
and Sn. Suitable examples include CoP, CoB, CoWP, CoWB,
CoMoB, CoWBP, NiP, NiB, NiMoP, and CoSnP.

The capping layer is preferably deposited by a process
comprising electro-less deposition. The process is
selective, so that the capping layer is essentially only

deposited on the interconnect structure and not on the
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during these processes. Preferably, the process for the

formation of the capping |ayer further conprises,
W@eri031023566 t he step of functionalizing the uppePCHEPi0a®@11128

of the dielectric |ayer, th& step of polishing the

upper surface of the conductors so that said surface

is substantially co-planar with the upper surface of

the dielectric. The step of polishing the upper

surface of the one or nore conductor (s) preferably

BRTRISES: @ﬁﬁ%ventﬂh%nh/grd&gwii%l%sc'g)q@c%lg the

nmechani cal polishing ( . I'n this case, the pre-
surdaaee gongfa iriaglitélee dties comfeats griter & @olution of the
depasi ti on of the capping | ayer has the further.

B o TR dE e e CaE £ (e NSHPReRSH gito the
alegyduRipp ireMaisRidiy on thehsiirpegeditt afs pRldashiyng.

.The one or nore conductors preferably conprise Cu or

iggoaPogR tefedase, the sodattiied -y, 16 fisn tenjalitcthat, the
@G of %%%nkhﬁkgo%aQQXiQ%t§§%%F E%ﬁu@ﬂydﬁnﬂ@ %Héﬂﬁgtal
| de O Sl or a

preferably conprises an ox con
sedrtizorat edheoxiedelof Hnl iacdnl cSuidssts erhexdmnpllesrandhedeH of

i 1icqn di oxide or, carbonate i licon di.oxi.de. The
cheePEAtEN By 16y BE A006F00S GG RoTiahs | dyer
aflae tGRRDI RY shaemaW be bHRletRkley r@TRY @2 sBtRlion.

typically a netal alloy, preferably a ternary all oy,
SEEFpESREiten 2B6mdr OFi FEMPLEX 1@ea Rgiedt SoFaro e Liser deof

iFior e eES8 "E5E B Can, TSR Covee, N P, N B

Ni MoP, and CoSnP. The capping l.ayer is preferably
AQ%%Q%EE%%_%%rat %O% %%troless deposition of CoWP may, for
example, comprise a tungstate salt (WO,%"), such as a sodium
salt, an ammonium salt or the tetramethylammonium salt; a
cobalt salt, such as a chloride or sulphate; a
hypophosphite, such as a sodium salt, an ammonium salt or
the tetramethylammonium salt; EDTA may be added as a
complexing agent; and tetra-methyl-ammonium-hydroxide may be
added to alter the pH. Citrate ions may be added to buffer
the solution. Each of these components are added to the
solution in a proportion in the range of 5 to 100 g per
litre of water solvent. 1In addition, a surfactant may be
added at a lower concentration,‘such as in the range of 0.1
to 5 g per litre of solution. Preferably, the reaction
solution is kept in the temperature range 40 to 90°C, more
preferably between 45 and 60°C. The pH of the solution may
be between 8.5 and 13, preferably between 8.5 and 9.5.
Further details of techniques for electroless deposition for

metallic cap layers can be found in Electrochim. Acta 44,

3639-3649 (1999).
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conprising electro-less deposition. The process is

sel ective, so that the capping layer is essentially
wo@pndoy/oeisposi ted on the interconnect structure PCOOEPIINS/011128

on thedielectric surface. The process involves placing

the surface containing the interconnects into a

solution of the salts of the various netals to be

i ncorporated into the alloy capping |layer. A reducing

agent is usually incorporated into the solution. It is

whaughb cthalh Ure tirdueiengcegebt sty akaciliictated he
reduction of the netal salts to the netal . An acid or

0§g§@0ﬂﬁﬂ@neaﬁﬁep§nﬂi§dpHu@fiph@0§@¢d9m0n0@gv Flago Nieed to be

0 sqQl uti Is b
R e R AL Do
reamnhaxlngEagembiv@a@cayﬁerhaatnonrﬁ@r@h&&&dﬂé&ﬂd@ﬂ by the

pl ati.n solutlon A sqlution for the electroless

r&éﬁ&%P i SRS IEBWE Ry N Gl OBl EClyBREiizesign is, for
ekam9§bat%a%@h&e@ 2 higPUebnaend 3edbimeFaldant .

ammonium salt or the tetranethyl ammoniumsalt; a
Tb@maﬁprgalﬁhES@@mcagtaathb@rpdetbe somplang, having Formula
h h such di um sal t., _an.amoni Wl sal t

oy BEp AL AR PR AR LT BRtRe Ry AR iy Roloe of
18~ %Qﬁphﬂan@oa@mﬁt and

t et ra- net hyl - ammoni um hydr oxi de may be added to alter

the pH Citrate ions may be added to buffer the

oBALU! FQouEREN 1ob HERe CEOMRRRBALS 1ke ?@d%dr%%S%Q%n
solution in a proportion In the range o

tpapelkatureobindtrom 260! wadt 85rQ, a@deﬁemabla'g@rtacﬁaﬁc The
lg%¥tgeof time that the dielectric layer is left exposed to
the reaction solution is preferably up to 240 minutes; more

preferably up to 30 minutes; more preferably between 20

seconds and 5 minutes; and more preferably up to 2 minutes.

The compounds having Formula I may also be applied to the
surface by spraying. More particularly, the compounds may
be dissolved in an organic solvent and sprayed onto the
surface, or the compounds may be applied to the surface in
neat form. Preferably, the compounds may be sprayed onto
the surface in an inert atmosphere. The inert atmosphere
should principally contain very little or no moisture (e.g.
preferably <1% humidity). In addition, the inert atmosphere
may contain one or more the following gasses: argon,

nitrogen, and / or carbon dioxide.

Functionalization may also be achieved by the Langmuir-

Blodgett technique.
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added at a | ower concentration, such as in the range
of 0.1 to 5 g per litre of solution. Preferably, the

WO e@c2ssn6 sol ution is kept in the tenperature PENgR2049011128

to 900 C, nore preferablylbetween 45 and 600C . The
pH of the solution may be between 8.5 and 13,
preferably between 8.5 and 9.5. Further details of
techni ques for el ectroless deposition for nmetallic cap
| ayers can be found in Electrochim Acta 44, 3639-3649

Tﬁ%gggbanwgﬁﬂ1%%@§Ekﬁ®c@5dth@ydk%|%@B%U@ei%%%&CQﬂMéI%olutlon
the organosilane is carried out in solution, care nay

bweéésﬁhﬁbeoﬁaﬁ@nal@Céﬁﬁépnt@0@@@#@1@SC@§§@¢QVES In either
c%%%¥w%552%%eg@ﬁghgjg% %%P%%Q% eE§&%%$%%% solutlon

ol'ynmerization I's characterize by the reactl
cepltatindngt thel oggenddd yondohegntr imagt pakdetie, f@m‘be preceded

exanpl e, favoured by hi gh concentration of _reactant.
P¥he P&t BPED PReP PEsSERSC 2 GROoPTERE S0 g“@n Yeantigg of the

shorauka | rhiQr '1%%n*3¥1%f Qloys 'w%tsﬁﬁ%%‘)‘chay' S rRAef Alher one
in the range of 10 4 to ICI2 noldrrf3 . Other favoured

ore&oi eiepsndi ti ons include a reaction tenperature of
from20 and 85 0C, preferably 20 to 500C . The |ength
of time that the dielectric layer is left exposed to

the mgact ic@easaleiti @l ths apr @hefalang cupctia 240 iMoid=eS:c
nore preferably up to 30 mnutes; nore preferab
b@éFMe§HC@Oa§e@@m@§1§ﬁUPFIWPQ§P§§ SRR V& Sy

Hmll?loh‘iu% @C&'&B&%ﬁe The aﬁ&%‘lﬁﬁ#%y'&%%k‘i@e’zor mula | may

be applied to the surface by spraying. Mre
par t beul atlgatineatc eripdurds orgpnie dicdsbloredn wrganic base,

%E%?chcﬁgkﬁ%”%cﬁ%ﬁ %&%ﬁ%eda%Q%p thﬁlc acid, acetic acid,
tartaric acid, tetramethylammonium hydroxide,

tetraethylammonium hydroxide, aminoehtanol.

These steps may be carried out either in order (i.e. step a
followed by step b), or in reverse (i.e. step b followed by
step a), or one can be carried out before treatment step of
the present invention with the organic component, and the
other after, or with one or both steps before, or with one

or both steps after.

In a preferred embodiment, steps a and b are carried out
prior to the treatment of the surface with a solution
containing only an organic component, more preferably an
organosilicon compound, such as that with the structure of

Formula I, to functionalize the dielectric surface.

The pre-treatment solution may comprise one of or more of
water and an organic solvent. Preferably, especially when

the pre-treatment solution is water-based, a co-solvent is
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surface, or the conpounds may be applied to the
surface in neat form Preferably, the conpounds may be

waproagpesseont o the surface in an inert atnospheP€I/EP0&011128

i nert atnosphere shoul d prilici pally contain very

little or no noisture (e.g. preferably <1% hum dity)

In addition, the inert atnosphere may contain one or

nore the followi ng gasses: argon, nitrogen, and / or

carbon di oxi de. Functionalization my also be achieved

1By 1R ALanGRd o -BlAqeeit w8C Rkl e OrGARSI Tl 'tC_;PQ)f the

conpound may be added either in a solution by itsel

cmmmme@t@qut itéve codtudiivmg sagdl @isy éde |Srureﬁatqt@fntoasén

td'?i“:ﬁ‘. L.Lr %at %f stoli%e%lf:r fm% a\%l Q\I R:I?l% F 1%L so&ut ion,

contalnlng € organic co ofent may pr ece e,

apiie eeede diiley it thiehh Jfe tmeemmnl@ylt@ dnp rtexase%ldﬂ”i@n, to

cl eani ng of the surface. This cleaning (or mashing)
;‘}‘qrﬁc%@&é?g@inf’h]ér SRS WS %glé" %e of the

AW-R 18R itNOr §3RiFeAG1Y O HN QPN GRRS 8 5 %%0%1%h01 more

anmoni um persul f at e, amoni um phosphat e, anmoni um

pireferiadd yori tarmso sithanioddead deorh ipopreatyitertl agltdl afIPA) .

organic acid or an organic base, such as citric acid,

oxalic acid, malic acid, acetic acid, tartaric acid,

Thebdatet byl ammehieu mdawI@htd @aviieky ae;txlﬁm&mmtlﬂa pre-

hydr oxi de, am noehtanol . These steps may be carried
té‘@lat@epﬁelsollhltépalefﬂaéf ad sos s 1adeo Ry ey oft @y hier)
addQk ihRsr everse (i.e. step b followed by step a ) , or

one can be carried out before treatnment step of

For example, the solution may include complexing agents,
such as EDTA (ethylenediaminetetraacetic acid), or a
derivative or salt thereof. Complexing agents are able to
help the removal of any metallic species absorbed onto the
surface. The organic acid may also act as a complexing

agent.

The pre-treatment solution may also include surfactants to
aid the wetting of the pre-treatment solution onto the
surface, to aid the solubility of various of the components
in solution, and/or to help clean the surface. A wide
variety of surfactants may be used. It may be advantageous
to use a block co-polymer of poly(ethyleneoxide) and

poly (propylene)oxide. These two groups are efficiently
absorbing on both hydrophobic and hydrophilic surfaces, and
the length and ratio of each group present in the block co-

polymer can be easily tailored to the application.

The pre-treatment solution may be either acidic or basic.

In the case where neither steps a or b described above are
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the present invention with the organic conponent, and
the other after, or wwth one or both steps before, or

WoRao/oesses or both steps after. In a preferred PCI/EP2005/011128

enbodi nent, steps a and b dPe carried out prior to the
treatment of the surface with a solution containing
only an organi c conponent, nore preferably an
organosi |l i con conpound, such as that with the
structure of Formula | , to functionalize the

cdir@h et bue PeFbaeCor g tRiet reERREIRN LSl ISR FARY with
conprise one of or nore of water and an organic

thdky pre - tReatewall polusperi althy wren trketpeatt B@éﬂ@qn

solutl mater e oIven isinclu
PRREELPOAN DRE, eRtante TERE EoPlnl 1 oosP Pastls Rl pre-
tgeaperet scQlittibe salutineludsueh asidhe psefeatbant anl n
addi ti on, the co-sol vent na¥ al l ow t he reaction
O¥ERBICoRC 18nd fOKe SHPEPLEL GLICEH CoPRCHO T BRgdfemCd di-n The

plre rsabiutiean, sb‘iu*&%oﬁo}fn%ﬁ ATRAEIAUS LERTRA g?le?:%&nlc acid,

W t hout the presence o e co-solvent. Pre

folre ezampdlevent amgoanual saftl,, smohe agr efmewaliiuyn pbnamlfate
et hanol and / or isopropyl alcohol (IPA) . In addition
to the conponent having Formula | , the pretreatnent

1sobmtiloBemaypakeati febhdeha Feiegbity ehher taddigrawent
For exanple, the solution may include conpl exing

1§§éﬁF§0ns DERVASCEDRADLEr B} EaRe8ILaR AOreBrA&EEEVe aci d)
elee*’cr% def \é%go\é%tggns%t s%ﬁgggﬁﬁuc%gpléf?\?ﬁ'r'l%a%g%ﬂt.s

are ab eto e renova any net I C Specl es
absorbed onto the surface. The organic acid may al so
acg g%cgn oggbgé%ngthe present invention provides a process
for the formation of a capping layer on a conducting
interconnect for a semiconductor device, the process
comprising the steps of:

providing one or more conductors in a dielectric layer,
the one or more conductors comprising Cu or an alloy
thereof, the dielectric layer comprising Si or an oxide or
carbonated oxide thereof, and

depositing a capping layer on an upper surface of the
one or more conductors,

characterised in that, prior to depositing the capping
layer, the process further includes the step of reacting an

upper surface of the dielectric layer with a reactive

organofunctional organosiloxane oligomer.

The reactive organofunctional siloxane oligomer may be

provided in the presence of water
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agent . The pre- treatnent solution may al so include
surfactants to aid the wetting of the pre-treatnent

W@ eoa2ssee ont o the surface, to aid the sol ubi | PCERP{005/011128
various of the conponents i2h solution, and/or to help
clean the surface. A wide variety of surfactants nmay
be used. It nay be advantageous to use a bl ock
co- pol yner of poly (ethyl eneoxi de) and poly
(propyl ene) oxide . These two groups are efficiently

TRRS FehithE- N RQIdTibedr epheki ¢ nard1R¥dIRPhd ithe first aspect

surfaces, and the length and ratio of each group

ageegdre iBFrrlieallec ko dhgospeende asnesteasiibhamidinoad arly

o.the apnlication. The pre-treatment solution may be
Céiﬁ%e%oa0|éF§%6¥Lbasic. In the case where neither

steps a or b descri bed above arecarried out before or
after treatnment of the surface with this pre-treatnment

ISoPutdrc BfPSsite- S RERERT s oIYERS Pr SEASISF Ras a
BHRLriGS {1 chrncAECALH A0lkni AR CAUNE

solution"may include an acid, preferably an organic
obtiednatde dyampireosicssi esahgirer nneleiscrddiedl. The
pre-treatnent solution may al so include an inorganic

acid, for exanple an ammonium salt, such as ammoni um
Ipees folat®. adpedt,| the appacent ihvemtibe PHRAWUR] a

that the present invention provides a pre-clean step
cPEFusEagt v egIcornesite £9Td 8p §§MEICORIYS tEaNICEYHESat or
cbabhiicatisan. In a second aspect, the present invention
provi des"a process for the formation of a capping

(Hayer dnedectnductliaygr hesriogneeet ofromoaes exnciondtioatsor
p%%%&%%a E%?a r%%%%% surface thereof, said upper surface
being functionalized so as to reduce the number and/or the
effect of any defects on the dielectric surface or to modify
the surface properties of the dielectric surface, and

(i1) a capping layer provided on an upper surface of at

least some of the one or more conductors.

In a fifth aspect, the present invention provides a
semiconductor device comprising a conducting interconnect as

herein described.

In a sixth aspect, the present invention provides for the
use of an organic compound to functionalise a dielectric
layer having one or more conductors on a surface thereof,
wherein said use comprises reacting the organic compound.
with the dielectric layer prior to deposition of a capping
layer on an upper surface of at least some of the one or
more conductors, and wherein said organic compound has the

following general formula:
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conprising the steps of: providing one or nore
conductors in a dielectric layer, the one or nore
w@omdaeises s conprising Cu or an all oy thereof, PCTEP2005/011128

di el ectric layer conprisinglSi or an oxide or

car bonat ed oxi de thereof, and depositing a capping

| ayer on an upper surface of the one or nore

conductors, characterised in that, prior to depositing

t he capping | ayer, the process further includes the

step of reacting an upper surfnce of the dielectric

layer with a reactive organofupctional organosil oxane

ol i goner. The reactive orggnof nct onal sil oxane

ol i gomer may be provided i ' th preésence of waterThe

features descri bed above in reFatlon to the first

aspect are al so applicable to ¥he secondmspecta 1)

either singularly or in conmbination. In a third

aspect, the present invention provides a conducting

WIS GONRCE! A0l T CORMCT R 1deuC @.000Al ?}:lo%pb%r a

a process as herein descCrib our aspec

qmgaﬂamihqmﬂﬂa|gm®umLOWEdes altbaﬁuatfngctmbaa&ogmeap or an
a sem conduct or devi,ce, conpri sing '%%a, X

CUREFAE FRERayd: AR ‘OREGF RoFbEeafdsk ey 45 either a

FRLQiGed 1 rafiplRRearS Wrkaed o ReRef ors @I%aliﬁﬁﬁrloxane
surface being functionalized so as to reduce the

JEGHPer 2a8d "B Tehdhef flagctdrnady ggetedss as thare
1%d%5%%h E%l@u%%ﬁ%%t%h.E%CHP@%EYfOllOWlng: NH;, a secondary

amine, a tertiary amine, acetamide, trifluoroacetamide,
imidazole, urea, OH, an alkyoxy, acryloxy, acetate, SH, an
alkylthiol, sulfonate, methanosulfonate, and cyanide, and

salts thereof.
The features described above in relation to the first aspect
are equally applicable to the second, third, fourth, fifth

and sixth aspects, either singularly or in combination.

EXAMPLES

The present invention will now be illustrated further with

reference to the following non-limiting examples

Comparative example 1

A conventional array of copper interconnects on a silicon
dioxide surface was provided after Chemical Mechanical
Polishing. A solution containing 20g citric acid, 20g malic
acid and 20g ammonium persulfate in 1 litre of water was

prepared. The pH of the solution was measured to be between
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the surface properties of the dielectric surface, and

(ii) a capping |ayer provided on an upper surface of
w@rooreasst6 sone of the one or nore conductors .PCTER2005/011128

fifth aspect, the present i2dvention provides a

sem conduct or devi ce conprising a conducting

i nterconnect as herein described. In a sixth aspect,

the present invention provides for the use of an

organi ¢ conpound to functionalise a dielectric |ayer

2NAViAg oNg Or RN &GaRANCIAIS L & %%!{ﬁgae‘}e e e mect

wherel n said use conprises reacting organic
scorfpaendas timntehesedl dlre dthrdisc dodyeriqor isdr 220 Mefrasi2t indmutes
.of _a.capping |l.ayer on _an upper_.surface of at | east

i3 ESPREITE  orfiteo T o SR TS C LAMF MHAE! 10 ¢
sNgRNIch TP hagtiha d-@) lRWoRa taeRe!d a capping layer,
formula: (Fornula | ) where X is a functional group,” R

3iss O CBY Ty RAKETGr S@rdrigatdon ewamey ISP 05048773 (US
PRIRer NAduRctd onal 2%2“@@%&” 3@ € (4l Oe%%ta ls | The
n er a unc

organosi | oxane 'group, is el i"ona
sgilotipor wais argatied dioauls 00/senogaizo sitl GeRIE @rrmdp;he[and
where the functional group (s) i.s / are independently
x?@P@@@e%rPFb & 8F&8ﬁ'n@gdkﬁéiogeg%5ﬁh&5@y anmi ne, a
tertiary am ne, acetamde, trif |uoroacet am de,

i m dazol e, urea, OH an al kyoxy, acryloxy, acetate, .
Asphoipazkil i dhe suirfosst ds mbohvandsulFignate 1 .andortions

yani.de.. | EQ%% of . . The.f.eatures descri bed
o S IO T LS MR UBRP yer e
been deposited are clearly visible as spots of darker

material on the lighter dielectric surface. It is thought
that this unselective deposition of the capping layer is a

result of residuals on the dielectric surface.

Example 1

A conventional array of copper interconnects on a silicon
dioxide surface was provided after Chemical Mechanical
Polishing. A solution containing 20g citric acid, 20g malic
acid and 20g ammonium persulfate in 1 litre of water was
prepared. To this was added 0.5 wt% Sivento Dynasylan
HS2627. Sivento Dynasylan HS2627 was supplied by Degussa,
and it is known to be a siloxane oligomer that is soluble in
water. This siloxane oligomer further comprises an amino
functional group and organic groups attached to silicon.

The pH of the solution was measured to be 2.9. The silicon
dioxide / copper interconnect surface was immersed in this
solution at 22°C for 2 minutes in a beaker. The surface was
then transferred into a solution for the electroless

deposition of a capping layer, as described in patent
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are equally applicable to the second, third, fourth,
fifth and sixth aspects, either singularly or in

W@ oovhiozssté on.  EXAMPLES The present invention wWd¢T/EPZS/011128
be illustrated further witR3reference to the follow ng
non- limt ing exanples Conparative exanple 1 A
conventional array of copper interconnects on a
silicon dioxide surface was provi ded after Chem ca
Mechani cal Polishing. A solution containing 2Qg citric
2519 caf Qorl R 2C b AN 038 AT WAL I Gridbskale.

itre of water was prepared. The pH of the sol ution

Tiees seBasuoad wa tte:ebeiaﬁeefwz &lamec@r@ls Bire 56°9d,ca@amd then

di oxi r rconnect. sur.fac mrersed in
RS et TR S S, S5 ATERES W e o The
surface was then transferred into a solutlon for the
el ectrol ess deposition of a capping |ayer,

Ad @etiogagpin Ofaide sandl aic@athsoﬁ Ll LBSEXDUE?/ @o48Prd ike
t , a .

R 8] CrBh e e SAAR ol 50 Saconde e s nprved,

itnldie i artel oy @d rurcdimddre saslluatdtowe aieghoaliltdwed ctfo tdtey .capping

photo h ,of e surface is shown in Figure 1

B3R SeBor SR ¢ e IEE T SRR

cappi ng Iayer has been deposited are clearly visible

as spots of darker material on the lighter dielectric

surface. It is thought that this unselective

deposition of the capping layer is a result of

residuals on the dielectric surface. Exanple 1
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A conventional array of copper interconnects on a
silicon dioxide surface was provi ded after Chem ca

wor@haeise@l Pol i shing. A solution containi ng 2BgI/EP1005/¢11128
acid, 20y malic acid and 2@4 anmoni um persul fate in 1
litre of water was prepared. To this was added 0.5 wt %
Si vento Dynasyl an HS2627. Sivento Dynasyl an HS2627 was
supplied by Degussa, and it is known to be a sil oxane
oligomer that is soluble in water. This siloxane
cAlijgerer further conprises an am no functional group
—and-or gani ¢ groups attached to silicon. The pH of the
solution was neasured to be 2.9. The silicon di oxi de /
1copp&r interco pnec surface was

g0l ot BITOSEe5 106 FHE SCRTRILAE B BeRRARd yer on a

couiduaee naas ntkedohharsf gored isthl cangRlctbrodehae, hehe
el ectrol ess deposition of a 6ﬁpp|ng | ayer, as

Pﬁ@@@ﬁﬁb@@mpﬁlﬁépénﬁéﬁpﬁﬁ@@ﬁ nunmber US2 0050048773
t f e | Lt ne

Pl 85 NAEERg, SR BT o Rt STt AR A R SIRE R e Laver,
sol utinan, and al | owed to dry. A photograph of the
gﬁrf ce is_shown in Fi i 2 . Unlike for the
( ROP}E1EFafpfEPP ] 9a GVEZn CBuPFalBPEE GhEdArsy ot at
1|e|&@|tc abidd o hehonRr @ rsSaleel icvaddeRresist,i on of the
cappi ng layer than in the case of the conparat|ve
exanpgharecaems sed. IR phoseshef processt dumibican igiclades:

pp I r duct i o C I
G307 B3 2ER, e, Braing PRosdiSbEnEREcaktid ceavse
rebetiay phevddeﬂgcﬁm&coﬂaW@&ewd@hd&@t@&gamﬂcacompound in a

ielectric la and
l%quld phase, %%e said organic compound having the following

general formula:

X—=8i—R

).<..—
I

(Formula I)

where X is a functional group, R is an organic group or a
organosiloxane group, Y; is either a functional group or an
organic group or organosiloxane group, and Y, is either a
functional group or an organic group or organosiloxane
group, and where the functional group(s) is / are
independently selected from the following: NH,, a secondary
amine, a tertiary amine, acetamide, trifluorocacetamide,
imidazole, urea, OH, an alkyoxy, acryloxy, acetate, SH, an
alkylthiol, sulfonate, methanosulfonate, and cyanide, and

salts thereof.
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(b) depositing a capping |layer on an upper surface of

at | east sonme of the one or nore conductors,
w@b@nraeises i sed in that the process further i ncPCIEB2005011128

(c) the step of, prior to @&positing the capping

| ayer, reacting the dielectric layer with an organic

conpound in a liquid phase, the said organic conpound

having the followi ng general forrmula: (Fornula | )

where X is a functional group, R is an organic group

207 ap0GRRRd QARA AhRUP inY 13 il NehedfiWICHARR to the
group Or an organi c group or organ03|loxane gr oup, and

s¥ep ofeinelrert imdf duinet |da|¢é|ecg:rrc;t¢p laryean wiitgatihe groamicr

Qr gano |I ane group, mher the functional graqup
e g
pbalilsbvingg thlzsll-lzn.ppasxs %@Qﬁ@@%y oMtk e, odel &t imdne aBnFctors so
acetami de, trif |uoroacetam de, i m dazole, urea, OH,

tBAtaPRyCX FUTEGCR dfy SUREERREE 213N, CRPAiPRAL Mish the upper
=S %gggag% t@gt@g@q@g&&q@ate and cyanlde and salts
t

er eof . A process as clainmed in claim1l , wherein,
pri or to the step of reactlng the dielectric |ayer

mnth he organi c cqonpo process. further

eompfi SESERE EEeRIaRTEA Lo HGIEne. FBEr eddr Fhse S5EP Of
pbm@smelgorthréomg»p@@n@u@tf@e& @ ttml@t ol @rSHihacedriluctors
substantial ly co-planar with the upper surface of the

cgperdees ¢hemicah pesbasscad prdilsbdnon (EMEIm 2 |
wherein the step of polishing the upper surface of the
one or nore conductors

4. A process as claimed in any one of the preceding

claims, wherein the one or more conductors comprises Cu or

an alloy thereof or Ag or an alloy thereof.

5. A process as claimed in any one of the preceding
claims, wherein the dielectric layer comprises an oxide of

gsilicon or a carbonated oxide of silicon.

6. A process as claimed in claim 5, wherein the dielectric
layer comprises silicon dioxide or carbonated silicon

dioxide.

7. A process as claimed in any one of the preceding

claims, wherein the dielectric layer is a porous layer.

8. A process as claimed in any one of the preceding

claims, wherein the capping layer comprises an alloy.

9. A process as claimed in claim 8, wherein the capping

layer comprises a ternary alloy composition.
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conpri ses chem cal mechanical polishing (CW) . 4 . A
process as clained in any one of the preceding clains,

wob@7meises he one or nore conductors conpri ses EUT/BP20a51011128

all oy thereof or Ag or an &bloy thereof. 5 . A process
as claimed in any one of the preceding clains, wherein
the dielectric |layer conprises an oxide of silicon or
a carbonated oxide of silicon. 6 . A process as
claimed in claim5 , wherein the dielectric |ayer

ONPkh Idd 1,qxi.de sor L t l.ic
:Lgi'oxFAdz)%.%c%EJ.g %%Br(%ggé{gﬁaé%c Icg%&qu@?n%}glﬁ?e&ﬁe%glfe ttr?ernary
apleyedionpodidiine, coimpreisest baedical ecinel ©fl &pgr Nis &, Mo, B,
por u% | ayer. 8 . A process as clained in any one of

PtﬁQ%p &cedi ng cl ai ns, wherein the capping |ayer

conprises an alloy. 9 . A process as clainmed in claim

8 , wherein the capping |ayer conprises a ternary

131-| of PFPFESist iden cleingdpisceny gneclodi e prreciesiima

) . ¥ A ' :
cipiiE el ade RHRhpY HRTRES ChlBR SR D B cone.
Ca¥BG| d@oMed,i CoNBP, 0N Pof Ntilke Mrew®]i Bgdcicaismy,. wher ei n

the capping | ayer conprises CoP, CoB, CoW,, CoWB,
CoMbB, CoWBP, NiP, NiB, N MoP, and CoSnP. 12 . A

1Br,0CRS$r3%cGlAlE e 1bArRRY 1NEnof chide o egedi %c%'d]%gﬁ !
wherein the capping layer is deposited by electrol ess
cdeposit wbereld tha geppésng dsvelraisedeposatgdoby of

e&ggtegﬁgggi%%position.

13. A process as claimed in any one of the preceding
claims, wherein R and optionally one or both of Y; and Y, is
/ are independently selected from the following organic and
organosiloxane groups: a organosiloxane oligomer, a
organosiloxane polymer, Cl1-C25 alkyl, C2 to C25 alkenyl, C2
to C25 alkynyl, aryl, aryl substituted with one or more of
Cl-C25 alkyl, C2-C25 alkenyl and / or C2-C25 alkynyl.

14. A process as claimed in claim 13, where the
organosiloxane oligomer or organosiloxane polymer has the

general formula:

—.
}_\

|.<__
W

= Jn (Formula II)
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clainms, wherein R and optionally one or both of Y i
and Y2 is / are independently selected fromthe

wo oo o28566¢) or gani ¢ and or ganosi | oxane groups: BCT/EP2005/011128

or ganosi | oxane ol i goner, a2organosil oxane pol yner,
C1-C25 alkyl, C to C25 al kenyl, C2 to C25 al kynyl,
aryl, aryl substituted with one or nore of Cl-C25

al kyl, C2-C25 al kenyl and / or C2-C25 al kynyl. 14. A
process as clainmed in claim 13, where the

I 1 gxang ol g r-or I 0 S
e I SRR i O R P U 95 04
fanmd: tY®rarle gruoeyEe rde rid fii reel dot ed afinnct isoral/ grroupsyaasic
defined in claim1 and ./, or ,organic groups, and n is a
SBGREE v 8 gdt & B9 R0 B8R el ai ned i n cl aim
14, wherein nis in the range of 1 to 20. 16. A
process as clainmed in claim15, wherein nis in the
lpangd froreass 58 claimgdprige edeias 1d aiviedaim anyisofin the

r%%%FpE%C?dEngg ai ms, wherein the organic group
comtai ns ‘one or ‘nore branching points. 18. A process

as clainmed in claim17, wherein the organic group
contains at |east twy branching points. 19. A process
18s cPaPFeFSSS &%y g™ the ChPdfediPng "ISHSi8L WHE ém the

rbhgecorpqurd, Raving Formula | is hydrolyzed prior to
reaction with the dielectric surface. 20. A process as
clainmed in any one of the preceding

17. A process as claimed in any of the preceding claims,
wherein the organic group contains one or more branching

points.

18. A process as claimed in claim 17, wherein the organic

group contains at least two branching points.

19. A process as claimed in any one of the preceding
claimg, wherein the compound having Formula I is hydrolyzed

prior to reaction with the dielectric surface.

20. A procesgs as claimed in any one of the preceding
claims, wherein the step of reacting the dielectric surface
with the organic compound is carried out in a solvent

comprising an organic solvent.

21. A process as claimed in any one of the preceding
claims, wherein the step of reacting the dielectric surface
with the organic compound is carried out in a solvent

comprising water.
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claims, wherein the step of reacting the dielectric
surface with the organic conpound is carried out in a

W@ loremtse€onpri sing an organi ¢ solvent. 21. A PCDERNS5/011128
as clainmed in any one of tR®& preceding clains, wherein
the step of reacting the dielectric surface with the
organi ¢ conpound is carried out in a solvent
conprising water.22 . A process as claimed in any one
of the preceding clains, wherein the step of reacting

e di j r : j t:h t ' 1ﬁﬁy39HQg { ;
%zgr r %e?rc;%&:e@li a;ys%aafj\lt%ll%&n ltglorfag&i gﬁwﬁ aci d an C;lsf}%
cd e, acthemteir? 3 he Aty oS scefaart dtrge Hher rditd lerctofi @ surface
C ing | ayer ,on a conduct,i ng interconnect for ,
G GO ot RTINS 5 SEHSS o St (FRM LR
hiprAlfeQicdishty 211Q) AIndTOr X NGt a diel ectric
| ayer, the one or nore conductors conprising Cu or an

all oy thereof, the dielectric layer conprising Si or

AN O ARl LArhonahed Qi e Thetg0l, AN depasiidng .
cappi ng l'ayer on an upper surface of t one or “nor e
comdthattios 1 ntlearcantrerdts dibr @ teeati,copiduat dro ddepesd t ivig

t he cappi ng l.ayer, the process further includes the
BET 56t - GFFﬁémbﬁ: Psufdce of the dielectric
| ayen Wt idi @Rl 1048 i @RRYdRct 0Rali OIS GXANE 1 ayer,
oligomer. 24" A process as clained in claim?23,
Bhige gien orh @oxea sindet s iogEn slompetiisdmal Cor ganesi ladXanye
t%%&%%qgrthi %E%Té%%%ﬂé’f&%%r comprising Si or an oxide or
carbonated oxide thereof, and

depositing a capping layer on an upper surface of the
one or more conductors,

characterised in that, prior to depositing the capping
layer, the process further includes the step of reacting an

upper surface of the dielectric layer with a reactive

organofunctional organosiloxane oligomer.

24. A process as claimed in claim 23, wherein the reactive
organofunctional organosiloxane oligomer is provided in the

presence of water.

25. A conducting interconnect for a semiconductor device
obtainable by a process as defined in any one of the

preceding claims.

26. A conducting interconnect for a semiconductor device,
comprising:

(i) a dielectric layer having one or more conductors
provided in an upper surface thereof, said upper surface

being functionalized by reacting the dielectric surface with
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presence of water. 25. A conducting interconnect for a
sem conduct or devi ce obtai nable by a process as

waledo7nesseé n any one of the preceding clains. 2BCT/BP2005/011128

conducting interconnect for9a sem conductor devi ce,
conprising: (i) a dielectric |ayer having one or nore
conductors provided in an upper surface thereof, said
upper surface being functionalized by reacting the
dielectric surface withan organic conpound in a liquid

h : ' [ | [ he, _f.ol | ow
Borear Porsiph-ARaR & AURIREARE, "R SAR, Rl

copdundRhesian ahgafiol lgwiny genarelgdoasiullexane
group, Y i is either a functional group or an organic
group or organosil oxane group, and Y2 is either a
functional group or an organicygroup or organosil oxane
group, and where the functional” group (s) is / are

i ndependent |y sel ect ed fr$€1t%r_igﬁlomnng. NH2, a

secondary amne, a tertia anf ne, "acet am de,

trifluoroacetam de, im dazole,|urea, OH an al kyoxy,
acryl oxy, acetate, SH, an al ky¥, thiol, swdanater)
nmet hanosul f onate, and cyani de, and salts thereof;
(ii) a capping |layer provided on an upper surface of

whbre8St oS QMR 0+ 4G QNG A, TORE 4 OTA‘PIU%%%F%'- Lodd or
conéﬁctlng |nPerconnect%és &l alnég i'n cl Fhﬁf%%' u% a
owhaneisi lokener gaoup ,c apbanditkereacfiunetional group or an
or ganof uncti onal , , _
organic group or organosiloxane group, and Y, is either a
functional group or an organic group or organosiloxane
group, and where the functional group(s) is / are
independently selected from the following: NH,, a secondary
amine, a tertiary amine, acetamide, trifluorocacetamide,
imidazole, urea, OH, an alkyoxy, acryloxy, acetate, SH, an
alkylthiol, sulfonaté, methanosulfonate, and cyanide, and
salts thereof;

(ii) a capping layer provided on an upper surface of at

least some of the one or more conductors.

27. A conducting interconnect as claimed in claim 26,
wherein the organic compound is reactive organofunctional

siloxane oligomer.

28. A conducting interconnect as claimed in any one of
claims 26 and 27, wherein the one or more conductors

comprises Cu or an alloy thereof or Ag or an alloy thereof.

29. A conducting interconnect as claimed in any one of
claims 26 to 28, wherein the dielectric layer comprises an

oxide of silicon or a carbonated oxide of sgilicon.
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si |l oxane oligonmer. 28. A conducting interconnect as
clainmed in any one of clains 26 and 27, wherein the

wWor@®702556®r e conductors conprises Cu or an al | B§T/EP2005/011128

thereof or Ag or an alloy Bhereof. 29. A conducting
i nterconnect as clained in any one of clains 26 to 28,
wherein the dielectric |ayer conprises an oxi de of
silicon or a carbonated oxide of silicon.30. A
conducting interconnect as clainmed in claim 29,
wherein the dielectric layer conprises silicon dioxide
or carbonated silicon dioxide. 31. A conducting
3iont elrC aoneltictd sioc Iiajitlm«tdnmea:ty agne lefimeldaiims cﬂ&jmo 231)
erein e dielectric_la isS a .por ous l.ayer
WEGHGICt i© %5 dHedrEtTISe e TC CaMRE B iy g gitiade or
@ tedd Q13koneisiitid.he capping |ayer conprises
an alloy. 33. A conducting interconnect as clained in
cl ai m 32, mhereln the capping | ayer conprises a

shernar Yol o Comosiion, 3 A Saudueli 19 Ly one of

|nterconnect ascraimed i n e réin
cuemn@r26ahb0$oqomm@&ehmomh@omn@u%eﬁrd@e1®We&0n% ef gSrous
Ni, W, M, B, P and Sn. 35. A conducting

l@ye&r-connect as claimed in any one of clains 26 to 34,
wherein the capping | ayer conprises CoP, CoB, CoWpP,

CowB, CoMbB, CowWBP, NI P, Ni B, N MoP, and CoSnP. 36. A
3@ondéc riomgluiciitieoc dmtesc casecitaiase d liad medy ion@rnof one of

claims 26 to 31, wherein the capping layer comprises an

alloy.

33. A conducting interconnect as claimed in claim 32,
wherein the capping layer comprises a ternary alloy

composition.

34. A conducting interconnect as claimed in claim 33,
wherein the ternary alloy composition comprises one or more

of Co, Ni, W, Mo, B, P and Sn.
35. A conducting interconnect as claimed in any one of
claims 26 to 34, wherein the capping layer comprises CoP,

CoB, CoWP, CoWB, CoMoB, CoWBP, NiP, NiB, NiMoP, and CoSnP.

36. A conducting interconnect as claimed in any one of

claims 26 to 35, wherein the capping layer is an electroless

deposited capping layer.

37. A semiconductor device comprising a conducting

interconnect as defined in any one of claims 25 to 36.
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clains 26 to 35, wherein the capping layer is an
el ectrol ess deposited capping layer. 37. A

W@ eov7oriseact or devi ce conpri sing a conducti ng PCT/EP2005/011128

i nterconnect as defined in3any one of clains 25 to

36.38. Use of an organic conpound to functionalise a
dielectric layer having one or nore conductors on a
surface thereof, wherein said use conprises reacting
the organic conpound with the dielectric |ayer prior

3:330 deR@sidd an %ﬁcg%n‘i%p IR AL e L L RRRM 134 Thace
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X—8i—R

¥, (Formula I)

where X is a functional group, R ig an organic group or a
organosiloxane group, Y; is either a functional group or an
organic group or organosiloxane group, and Y, is either a
functional group or an organic group or organosiloxane
group, and where the functional group(s) is / are
independently selected from the following: NH,, a secondary
amine, a tertiary amine, acetamide, trifluoroacetamide,
imidazole, urea, OH, an alkyoxy, acryloxy, acetate, SH, an
alkylthiol, sulfonate, methanosulfonate, and cyanide, and

gsalts thereof.



