-1 WD 2007/ 101851PCT/ EP2007/ 052091 CQATI NG METHOD FOR ENHANCED
ELECTROM GRATI ON RESI STANCE OF COPPER The present invention generally
concerns a method and conpositions for 5 inproving adhesion strength

bet ween copper and etch-stop |ayer (ESL) and therefore limting surface

di ffusion of, GaPRGEs; 1N particular el ectromigration i Ecm%p gﬂm?&ﬁctric
field, during operati ons of sem conductor devices. Backgroun

i nventi on 10Copper has becone wi dely adopted to formnultilevel

i nterconnects required in today's ultra |arge scale integration (ULSI)

sem conductor devices, due to its | ower resistivity conpared to al um num
and its inproved el ect r oni gration resistance. i nterconnects
consist in a nefREFIE YFTHOB p‘f?@r ENHRNERD F?WWGWBN fgsxﬁ'rfxg% RESP tHat are
used to distribute various signals as well as power and ground to different
areas of an integrated circuit. In order to inprove real estate-efficiency,
these lines are stacked in several |evels separated by a dielectric
material and these Tievyeesnwaineentiongestadly ¢ooceach npthvdrand lspwpeghitione fer cal
apertures cal | rgxllig% adfrésfb?lsst?eﬁ hvb&@eéﬁr @01315%# ahd %t(ﬁi%({ﬁe ﬂlykks '(EEL t Slﬂl

danmascene process seguence g}g or exanp, ¢on roce55| ng
for the VLSl Efhgreforgdimiting ii“%?e_i 9y of r?OHii‘FFclﬁ Degietls e agietgs

i nt er connect Syﬁieealbctﬁeﬁéldﬂhﬁmgbperﬁimlheﬂselrmo(mklecwh®|VKB®t ric materi aI and
subsequently filled with copper before being planarized. A sinplified
version of this sequence can be_ described as follows: dry etching of the

di el ectric mat Bagkaround efghednventionhes and/or vias; 25 deposition
(conventional |y by (pdspps]i aa bacaper widelyosdoptednto- foRWD)mdfileael Cutegdiohfieets on

barrier (usual |y TaN Tak % Nfe& 19%9%@{116 1§te§‘at§cﬁ§€UI§§I géﬁ%@&ndﬁ&B?H&hces

di el ectrics and ’can reac he un ran5|stors bwlt into dg
silicon, causi Ag deviiee gt EFiS@EV‘tydecﬁB%a'Eefioﬁo oflugrnugy ARd) éﬂ?e?mpr&’e opper,
conventi onal | y cleytrdiMpratidOebistahdeochem cal deposition of copper to fill the

vias and trenches: Rk ARLHCHIEThEHn e Balpel QiR OF) to

| eave inlaid copper Tines e sur ace 0 8 sanme | evel
as the surflace treches)éhas rerstrigidipgiburceyagions signals as well gs g %?rtapgﬁr%’i}%i‘o t he

inlai d copper liffeesmt @tfeas':\ofthneihegﬁafed(buemcaﬁ&bdeatd oiprbwyresl 3G egfNademly] y Si ON,

SIN SiC Si %ﬁj}me S AiC sﬂa%fe% his&z@ra'i’iéva'sé tedﬂ?ﬁ&%l&ﬁ%@hﬁa@ahd WRROT

deposition - usi on rrier as well as
an etch-stop | &yels aeEspectd o ??@hSH’FI@FWg de@ﬁ"& 2RerERes8 sk Vighe overl ying
i nter-netal dl el ectLings 4t \e4s @ usudp dsrniel aBing fthd unasext prewel segdence

|nter-rretal ectric e I r Vi I
dielectric Ber ﬁ#ete i Ve €'beiv{/éj}lr 458 iy %Ceéé"% i%gt&i%n‘{t/@éI gltal oﬂ‘gld“:r? @W
i ncreases, the 68\7)dt1 hvhmh it eia@bsleve)mﬁheemtfr@pmi SYSEHY eSRe F‘l‘ibecjc‘inrt%i ts

decreases. As aieie%ﬁiélrﬁateﬁdnan&mfs‘eauéﬁ&tﬁm vitth dobp@ beRrdbei@plagigicedases and

current densitiges rie i ne e. The increase
in current densPiny lsfim%iﬂe%gp‘i‘ g%’le ep‘Ji%B:t?fS Sﬁf'igeéin glg)%%rrenon in copper

i nt erconnects. El ectnyethipgaf itsrlidentribwatgea do fasadrepghes ped/@fi st acenment  of
10netal ategs in Ina&%gae&{l@%vénhmiylaa pHysicali Ja@@ltdie@tas@éntbemwwem f1 ow.

formed i n certai n alGUSoBPIEsLORPR: DL DLEae o 1 oy frnse AShs 206
with tine, conpletediftkitioy esl o rednd thnmei%ldnme@nmstyﬁw anel ﬂm%‘@é}uent |y of
the integrated ci rCEHuEng@ﬁéJﬁaﬂures,
- deposition of a “seed layer” of copper, conventionally by PVD;
30 - electrochemical deposition of copper to fill the vias and trenches;
- planarization by chemical-mechanical polishing (CMP) to leave inlaid
copper lines; that is, the surface of copper at the same level as the surface
of the surrounding dielectric;
- deposition over the inlaid copper lines of a dielectric encapsulation layer
35 (generally SiCN, SiN, SiC, SiOCN or SiON deposited by plasma-
enhanced chemical vapor deposition - PECVD) which serves as a copper



151t has been shown (See for exanple C.K Hu et al., Mcroelectronics and
Reliability, Vol.46, Issues 2-4, p.213-231) that in copper |ines,
el ectrom gration primarily proceeds through surface diffusion of copper
atons or ions as the surface diffusion coefficient of copper is higher than
its self-djiffusjon _coefficient. Surface2iffusion of c
preferentig%yé&Zﬁgﬁg the weakest interface of a 20 copggggf%ggﬁa%Zre
| oosel y bound copper atons have nore nobility. In copper lines, the
weakest interface is the top surface of the line in contact wth the ESL
(See for exanple T.C. Wng et al., Thin Solid Filns, 498 (2006) p.36-42).
It is therefore desirable to enhance the adhesion strength between copper
25and the ESL in orgisidntbakridhiat weliiaf ac ewchiistop lsien(ESh) dedpgpeatterningmndy e
gLectromgratl on [ SRSLARLE SRvbe ateg%émtdmtmtrnaew erconnect system

\Y

Several techniques to ac ter ag?esm of ESL to
copper and better eiemtrf@rﬁf(ﬁi%tl?%ﬁevﬁb%f @feéﬁl?éa dﬁlﬁgi‘fd’]i‘ P FERTSY

reduci ng at ”DSpherQn&&idﬁh@s&n@ﬂmﬂlaeﬂﬁcmtdmm%nbaﬁwhﬂalbe been enpl oyed (see
fOf exarrpl 65 US pat t‘:f‘e"}f%ﬁ%ég%? ??E%CI%QS%S %@WQMB&SV @igéJQrﬁl &H@per

oxides and elim nat am na sent on the ¢ @B uvrface t hus
resul ting i n bésttuess oadhesiris decreases: RS2, e ‘wg\?étmsslsﬁcé‘oﬁ g and
directional nagdifeasfand Bardnt eakinentaricidhoesh spper lvepipercasput t er| ng over the

361 cokage som of TiddE nlﬂ GH6H plenbBedod | i ne
35| eakage. Some of 'l:bﬁ ctreagggnur a}é'lje&eégg/ dnBared ths Kleifo p e

er | rem rln t he g cess,
resulting in i moe%e‘@ieﬂcplﬁ@“ﬁe@?@to&ﬁ%ré“%ﬁae ° detr ?i@@ ?ﬂlé P eBnnect
performancey BeMQt3R97 iAR1BaAROMERP MO dir&5i20 8 the current 8bWi ci dat i on of the

For exampl ¢ US. pa it & SH63508 bl FIRPARGNaRA SALARer e ViR 86 S (see

544 During th
silicidation pﬁmmeém L%T@Wear%mféppﬂef HHES ﬁ@smg,{ghq%glt%gﬁ ?rqf"%“ ?‘(Wm t he
nore resistiVvecGRNBLtaifiliéCoilBe inkbiconnkasiybtem dnd suhegeadydf |thenimtagestddst ance
al so. 5 Dop mgl copg SV with other netals such as Ag or Zr, either in the
bul k of the Ii &Y ﬁg t he el ectrochem cal fi Illng step, .or i.n aJ[ocallzed
manner on fhe top sluhhabenghowppPrsior prEwlngd-Hrsh ]oeMHJ wlfsyevrsp
enhance resi st R@Eﬁnﬁt? bt r[s@ﬁlasgmtp DI3-1M g ehat o ceppantihes, P tpatignte 6387806

d 6268291 Int t d
11 usi on bl ockameryr e s SPRN Jistcy, Aty %‘?’f“éi& B s To

el i m nate coppeurfade ﬁffﬁsloon\wgfﬁtﬂmmf@ppef 18 hlgl@ﬁé‘é’na‘éé? d‘f{“ﬁ‘@n ﬁ%"éc gfdopant s

Y‘h' ch have | OV‘@ﬁrfﬁJeQﬁiﬁfﬁél&?éf &W;@@édr?/p&ﬁr@ﬁﬂmaﬂeﬁg the vealppeintenfatd of mlcr ease
i ne resistance, el ectiy e capping |layers

over copper?|i ﬁ‘é@oegh‘?f’nw}é%e @8@? gf%ppﬁleat?)s E‘Q% rﬁyggﬁggk)}éct rol ([e%g

deposi tion process hasorgbistndsedrs W@akpﬂftdp@?fé‘l? Fsibe R purkacs o e Jat ent s

6893959 and 699%&%9& v@ﬁldthyﬁs@p(sbé ﬁxatekﬁﬂplgqrtbeWa@aalOZ‘ﬁﬁa%&)i Filns, #98 s case,
copper surface u gg)c limted by netalto-netal bonding. Such capping
| ayers nay al sé %’8%%3@ opper diffusion barrier properties, thus
theoretical ly elini hdsitegforaesimbld tbenhancsitenadhesjqy strength between CORRSY er |

their integzatiga tE*S@ QHabrd@ﬁ%Sqﬁrﬁﬁ ﬁf@&e&ﬁffﬁﬁqueﬂceoﬁﬁr Wit ot the use
of ESLs is not straightf ?_r{%lrrgartl cu salignments have

to be taken i nte&CTé%‘E’&?ﬁ‘ton eidnte Wbl P fie Hléergosnln%&%}ﬁsqasel ectivity is very
difficult to maint aBeverdiesrhhiqnes m(mbm;pmmscrdetasae@everbﬁﬂ@r adhadesof Bl eased

line-to-line | qgg(%% rﬁlaqmt rr} eggg;g]ggﬁ§g§ws%@@t es line-to-line shorts. 25In
order to inprove e relia ULSI devi ces E%II%I ncr eaS| 8“1%%9 connect

el ectronigration r eglaémaﬁe@msﬁfa . E?d‘é‘FlP%W‘é’ts@ef%%‘c FENEATT &) mtations
of the priay amave thied eniptoyad Cds&arfornemhpfhef UGS metehtsd69e#eh @7z§|49i21)aﬂ<l‘| mt or

elimnate to i hei nes,
) e e P BRARR Fro TR g8 B R CoriBar e RRRAN

ace @F\?‘g hlt a esi on %trengt h
and 30el ectr omcgpmfl%‘l‘fa?ees“‘é% éﬁﬁélémg (i8) eﬁ?reé efE| et r i eR V"
characteri sti cgpnoficdl hed idit&lcaaNaast of ikt teamdnn ll’ﬂlh!DétSI somleampwqr [sputfesisg st ance
and line-to-line | akagoind ng%rlé{:tr%f are ek MED G QMrisk of higher line-to-line

35  leakage. Some of the top surface copper is removed during the process, resulting
in increased line resistance which decreases the interconnect performance.



The present invention addresses the above nentioned issue of
35unsatisfactory device reliability, due to copper electromgration at the
top surface of interconnect wires, with a novel approach. 4 WO

ﬁOO?/ 101851PCT/ EP2007/ 052091 In accordance with this invention, it
as been d| d . that a nunber of spetific conpound dto
form by d&il’%ﬁ%f Loval ent grafting, a nonconducting gll electri c? cappi ng

| ayer atop the copper or copper alloy wires after chemni cal - mechani cal
polishing, wthout the need of an el ectrol ess deposition step. 5The prinmary
goal of this capping layer is to inprove the quality of the copper - Etch
Stop Layer (ESL) / Diffusion barrier interface. The non-conducti ve
nature of the cappiSigcii@ioarofalie ¢dpper suvfec has beérepropssed eeeaei dslhesiany t o

deposit it sel G% %&%g%@ﬂ( 2 1GORAR 1e'U§§§er9§64@9@665%bmt18¥€dy44(7981)he entire

waf er surface. ccor t aspect, resent invention is
t heref ore di r ePreng ths %P%%ﬂ’ﬁ%d’@?ﬁs’ iﬂr@p‘é’rpp?f %f“r’ilfﬂ R 15 £9RPMEE AR ¥ e
devi ce, such asean@erssonckopparsildalei Tids reatlisch inconadilpesestshocstlep of (A)

forning a dyel ectri SolayElo ANENIHAGAS uches AgGPPRURhS TRUAN @havi ng at

| east one area electric_paterial and ast one a made of
15copper or cobb‘é?‘urﬁ}gl 1y clegochemicg) fithing stens %rultnfadlf’éalgf’ Y i S
material into e@fkact c@peeilinbehaniadd deenobuggeser teomparcsi rgistance tOhe

di azoni um sal t Etro%g!ah&? (see for sxgmple US ﬁ)aféntg 6330k 4R 629809 Befﬁrthl@ Qad! | east

one functi onal grou con in | ane,
silazane, sil oﬁ&rﬂ@Pa‘éWHéaCtWB‘Fr&;?)ﬂhY%\??é C?,%Heb 106&’59.?;5%“ %r Sl ﬁssbsf Stursor of
said fll azogo;lﬁbﬁathr%g,largeladbppéﬂgﬂﬁnm&ﬁmhﬂd coppdr diffnsioa peiBNays. X-Z in which: - A
is selecte rom-t ro LSkl a phenyl
group, which can beéu%s@%ﬁf &%nfslez)tf dofe QSI)‘)ssllt:ﬁl@}t1 %%%eldlo\g\nre?Elggﬁ%;%?%lggwyz5

group, a | ower cempaied igreapnst Bl | Hlﬁfeﬂszfl t?@é"r?l%"tnﬁ‘?n a group -CHX-B in which -B
is an aryl or hetervyk ofsdetive piiceéedadiivy cappirizelaydrs gveo uppper lises shelt er oar yl

group having 5,0 go@\fﬁﬁy ,%fcfegég?%d %ﬁvmle&mﬁ&s% P R96BeRS 8B also b S 2

si ngl e bond or preferably a
-CH2- or - @Bi- P@IPIQSeddﬁQ?LfET ewlerﬁ @atﬁntﬁ GR35 3 3ad 6%928%3%U @PRIFAHPH M t he
group consi sti RgmBdr 2@05/@2@675)! raaRNAse, Soppexaifface diffusien ishipdtedrbymetand

o L B PR Ky, T At s Bty Wi
properties, thus theoretically eliminating the need for a SiCN layer.

However, their integration in the dual damascene process sequence

20  without the use of ESLs is not straightforward; in particular when via
misalignments have to be taken into account.

Furthermore, deposition selectivity is very difficult to maintain when line
density increases. This causes increased line-to-line leakage and, in some cases,
creates line-to-line shorts.

25 In order to improve the reliability of ULSI devices by increasing
interconnect electromigration resistance and to alleviate the aforementioned
limitations of the prior art, there is a clear need of a method which can (1) limit or
eliminate top surface diffusion of copper atoms or ions in copper lines, (2)
improve the copper / ESL interface by enhancing its adhesion strength and

30 electromigration resistance, (3) preserve the electrical characteristics of the

interconnect system, in particular line resistance and line-to-line leakage.

Summary of the invention
The present invention addresses the above mentioned issue of

35  unsatisfactory device reliability, due to copper electromigration at the top surface

of interconnect wires, with a novel approach.



35- a second solution containing a conpound bearing at | east one functional
group selected fromthe group consisting of silane, silazane, siloxane, 5
WO 2007/ 101851PCT/ EP2007/ 052091 ami ne, hydroxyl and carboxyl groups and
bearing at | east one functional group capable of reacting with the aryl
radi cal grafted on_the surface of the cahposite materi t he
first so|u¥@6ﬂ?"“"&3 (B) form ng an overlayer on saﬁéngﬂﬁpﬁ%gﬁgf sai d
conposite material 5obtained in step (A), said overlayer consisting of a
Si-containing dielectric Cu- Etch Stop Layer and/or copper diffusion
barrier. It has been discovered that the diazoniumsalt of aniline, as
well as the diazoniumsalts and am ne conpounds defi ned above unexpectedly
i) show spont aneougn heREdanEwaH (15§ MOaGioh) it Bastbh Aiscdvetedni ianethbersof

10grafting) with petallic.co r..an I N [ : rn.Cu al | oy
interface wt hSpF(@gg.@%Tpff%ldéF%gt% r 61rsﬁdgtr0 gtlto "g’\rllY)yS A0k b ?%leg?%@?ﬁg‘j %19 1 gh
conpati bility ewintkcting(dinlsetrio} eavping layee pop thencqpren 9rcaoPRgt 2HoY, 8ty 845 d

adhesi on to PEGQYRideRRsiahREl [RilisEas haihbiithe fepREn eectiaspdspositibosterdi f f usi on
barriers and/ or et stop | ayers... 15Fur. t. 4 hi bi t
good thermal stabilli Wlﬁ’g%rg%%%&iﬂﬁ'tsecﬁg 1??%:%’%{% ‘E‘E’E@S&ge ?éhg’fgﬁgfé

The ori gi nal i tsoppér -tBieh $ippEayer (BHod htiffesion basiafigedacri es in the use of novel
sol utions cont ai ni NEheQHRB-cORdUIRVENHRE 6 Thee Cappdipiiaytn ds thesnaafiomiedvealiove whi ch
are precursors_of..a nonsconducti i L 0 J oved
adhesi on 20 beP%@Bﬁ“%g)p Y Slgﬁéefﬁgﬁ’eﬁg&ﬂ%@%@&éﬁéﬁ %ﬁ%oéltgraggn&%?ya%?g{r?

resi st ance. entire wafer wefaps-esent description, the term "l ower al kyl group"

is understopd to megRomlist tbal @bt aspéct, ihapefatinhydioadatierfore dadatedtawi ng 1 to
4 carbon atons. Su an _al kyl group is for .in o t hyl: |, propyl
ﬁ%oﬁ ?%ru%r,epaéllp faeI?"all 1I {;)lyéal.' Cr?eﬂ?pﬁillte &eR’?C@ g.lcg R Mlcongﬁ

or 1-nethyl-ethyl ] _ gr oup. e term "al kyl ene
group havi ng 1ldevicedwhigh beompriseets'step €f under st ood to nean a strai ght dival ent

hydr ocar bon chain qu)ff&mm@b@diele@he)asver arthaiuirBile of 4 ®ndposi, m@ertl 4 or a
car

branched dival gnt hydro Vi as for

exanpl e - CH( V—“,‘g%{ qos] ; %ﬁ?‘&%@?“@ﬁ%ﬂ@%@%&%&%%me term

"hal ogen afdni coppenaceprst albey, by biiesing seifl wfaes Jisaif|copppsis maggicbifne or

brom ne and prgfsicably a fluorine or chlorine atom The di azoni um

salt of aniline is a;inqgrst.glod Fgl mean t.hlg compound of formula In

the present inventiBA"FREVH BIECHCCPL'OrE cappi ng) |ayer deposition is

advant ageousl y per f or ned tipdigzeonmmpgaligf agbpeayi ng or spin-coating the wafer

surface wt hfa si 39' e S0|ala§dz9ﬁiufﬂ§a%é£in§uﬁle§@hb€fuﬁaﬁ)nls@&@ saleigd one or nore

precursors sai ayer. 5Dependi ng.on t chosen._saql ut.i o osition,

t he cappi nﬁgl ayer c’lé?lxﬁ?? gor‘é‘fpe‘g’f‘f1§}&g3’falé%‘SSﬁ?lta%a&e’oshO}(‘:écr)lﬁ’paﬁm%g y%%%er al | oy

| i nes or non-sel ectindehgporyl groppeer apreawepef said disgpnimisalfi el ectric surfaces.
- an amine compound of formula HyN-A-X-Z in which:

- A is selected from the group consisting of an aryl group, preferably a
phenyl group, which can be unsubstituted or substituted with an hydroxyl

2L 5hel,

25 group, a lower alkyl group or an halogen atom; a group -CH-X-B in which
-B is an aryl or heteroaryl group, preferably a phenyl group or an
heteroaryl group having 5 or 6 members and having 1 to 3 nitrogen atoms;
- X is a single bond or an alkylene group having 1 to 4 carbon atoms,
preferably a -CH,- or -CH,- CH,- group;

30 -7 is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl, and carboxyl groups, preferably an
amine or carboxyl group;

b) or with
- a first solution containing an aryl diazonium salt and successively
35 -a second solution containing a compound bearing at least one

functional group selected from the group consisting of silane, silazane, siloxane,



After exposure to the solution, the wafer surface may be rinsed with

dei oni sed water or isopropylic alcohol and dried, before proceeding to the
10standard ESL deposition process. The resulting capping |ayer

exhi bits good thermal and plasma resistance to insure conmpatibility with
ESL deposi{jo . The conposition ofSthe solutions | ntion,
and in par#*%@?%?“?he concentration of precursors, mﬁlreﬁgﬁéﬁ@%ﬂ¥ﬁat t he
cappi ng |l ayer thickness is 15 advantageously less than 15 nm nore

advant ageously less than 10 nm still nore advantageously | ess than 8 nm
even still nore advantageously of between 1 and 8 nm to mnimze inpact to
the dielectric permttivity of the stack. The skilled person will readily

det er mi ne suchasRBCERd:G! hahsarbege athupgaahbdatieg ehieait cat frstionad gofupt he
compound(s) used, g %?ge%\gtri% D bR Avif lafiSl SHRAURO burike b el D¥BRdiON, the
surface of a cor?pqm e naterial having at” | east one area nade of a

di el ectric mat epiegpl thangs frthe Bt ol¥id: ar ea nade of copper or copper alloy is
brought into contaqB) tprsihgraabbyerlayeri onmedidisorfacespf said rgmpesigpinateddat i ng,
with a single sglutjon f 64 f SOKUEInPAhing ARIRIRI Y 2
conmpound al ’% ovv?lgr)l(g%ad ﬁjasﬁ%}?{@(bg%g%g%%ﬁ?rne g%kés%r ovi dinné 1rs1 abi | irzati on of Cu
or Cu alloy i nEshfStapd ayetaadiog enpet diffgsign BEHToni grati on and a very good
adhesi on to PECVD depesbécadiiSovaeantiai tientjaooippesaltof andippeas wtll ey thdi f f usi on
barriers and/ o, eteh, §§1@%néll %éqtﬁ%go%?ounds dé%ﬁggﬁlfyvggnéx@ec@&ﬁy particul ar

. digZoni .
enbodi nent, sald conpoun azontumsalt .of anili’ne which can be
either in-situ genedathed SPONANEOUSy FRARHEAD 9B S0P daierashion 4PmpaEst+¥ have
been obt ai ned watithoRGith QutsalBOtdppecams atlowtsaibilizagprt dfeCu or-Gi glloygetedaat ed

di azoniumsalt of anililn centration of from5 to 50 MM and
preferably of gb%ﬁ?Spi%konﬁth%ﬁ%gm@%g a capping | ayer of between and 8 am

to be obtained. i) pravide p dighgompabibtywih Bather Rrasess StERth BUPHRNA! 3sai d
conmpound is a ¢igzRBH WihGRnt to FEIVID depdsitbd 85 tonthsing voypkt onedppgr allyy sel ect ed
fromthe group  3sconsisting.of sl il azane, sil oxane, am ne, hydroxyl
and carboxyl gf lg.n%?lfmﬁélgd@reeetgh%gggyvgd that these functional groups
provi de exdél | ent alitheimane tthese 7compoprdy7exhebis sagCernsl otghrls P64 8ECVD

deposi ted Si - cofit@htnRaICRAPRGlen@Etegsopper al l oy diffusion barriers and/ or

etch stop | ayers. . These dj,azoni um . i t J e
generat ed or pre- syﬁl?%‘éré%“_}ail(sﬁ}f OlIdnetp ﬁegelé{ég‘%%géffh%?egqr?ﬁesgiélntg‘?%%éi %ﬁl@ﬁ
di azoni um sal t soldfiemBeontziaingome oamop Weeifie compouads asglelifedabars Hgich jee

di azoni um sal t ,aly@ets! dfNEnodondeiting @PYingildyepShat iRfuces inpréved delhésiat | ves

such as for_.instance sodiu trite, a mxture of | nitrite
tetrafl uor dBor gﬁ?/"&?ri‘ af’é’,l’e%l?&? itﬁfﬂ?‘ﬁtietgf)?@,emﬁﬂl%rg%%}{ It%gg%% i uor obor at e,
ni trosyl sul furic acldthe gtasent description, the fepmt"Haver alrbgIORR Sundeisiops Bsent
i nvention, prefent edysbRzR brathaylifocaben dkhid st CoMpabvdsatahs. Soecnul a

N=N-D-X-Z in which: =~ . - Dis an aryl oup refer ) | group,
whi ch can be uﬁgd‘ﬂ‘ﬂ BIUPEy Ty IERRE LS pﬁ%gh%égy#rpr%rﬁd ?ﬁ/ rrffé)%?111 egn#g%g{%’a | over
al kyl group or paiferhldy egethyh goup. - Xis a single bond or an al kyl ene
group havi 1 to ATgatbam Al RAS grddpahatinghl ¥ AcarbdiatoE" is@riderstob@to group;

i1 azane, i1 oBS SHHEHA IR HAGERP bORT RGBT BIE BFobry an
am ne or car boxydr dgir@upanched dival@amydovdrbed ghaprleivimgrigd 4aatod iawmssieim sal t s
of phenyl al kangi i Irawviag, tl ireiE NN B, oMWt adrciR;),s a
phenyl group, ;%Qiﬁgr %%{ng%kmggg)g’r rgggbg@@ﬁagi ng 1 t3i)§c42car2bon£d;(topr)§,
preferably a - &= or -CH2- CH2- group; and Z is a carboxyl group.
Excel | ent r@msul ts haue whge habiremianed’ i trdetstoed ftol thami angatel qﬁ ﬂmtgre -
an aqueous sol %HO?IHG of bré‘%ﬂ{e%&g@??é% 2684 R Rchidigenghated in-situ from
I'c "acld an odi um nit

4- am nophenyl ace ] ] I .rltg, In a concentration o; fromb5
to The diazonium salt of aniline is understood to mean the compound ©

@

t he

formula



25 50 MM, and preferably of about 10 mM allow ng a capping |ayer of
between 1 and 8 nmto be obtained, - an aqueous sol ution of

4-(2-am noethyl ) phenyl diazoniumsalt generated in-situ from

4-(2-am noet hyDani line and sodiumnitrite, in a concentration of from5 to

50 mM, ang O@T/ﬁ{sg |y of about 10 nM a8 | owi ng a Cappt@gﬂ,ﬁyﬁfsz(@{ 30

betmeen 1 an 0 be obtained ; - an aqueous sol ution of

pre-synt hesi zed 4-di azophenyl acetic acid tetrafl uoroborate, |n a
concentration of from5 to 50 MM, and preferably of about 10 nM all ow ng
a capping |l ayer of between 1 and 8 nmto be obtained. Accordi ng
to another particul ar enbodi nent, said conpound is an am ne 35 conpound of
fornula H2N-A- X- Z ale illefpirevent iabonien, the diMd:cRE0 or 1@p860PET¢ERPOST052091

In the fr amm%&va&?ﬂ‘ag&dﬁ@lypﬁ&ﬁﬁ%d 5&1\4&%&@% d%?a%irfgf Bﬁgpxﬁ%zﬂfngmmﬂs are

those conpounds ? anu group
-CH X-B in whi &ftacg with 3 Wl utb‘?noﬁtpwbtp t&’ﬁ ff?é‘tt@%&?’gif‘m&?o‘tﬁ? (Ffa(?l ffg 5 or 6
menber s and haypiengrsdrs bsaBl layerr ogen at ons, preferably an 5i m dazol yl group;

- Xis a si F'g| e bong.Q Fldlﬁ% oftties cH3berr ﬂ'@xon@&n oﬁt‘i&ﬂﬁle cap ﬁng $ayRr EA tROXY|

group. Excellent results have been obtain 0 sol utions: -
an aqueous sol m?%ﬁelbﬂemﬂsgﬂ%W@Per%cappébﬁg%mﬂew Yeglfﬁ’gC(fPBerSO m 10

and pref er abl y oofoppdrailiby i didiectad bwiacesy a cappi ng Iayer of between 1 and 8
nmto be obtained Aper exp oaﬂe@wﬁ@og@um Whd MRrRTsuFaRMnBP bémeaﬂmmom oni ¢

acid, in a concentration of rom d ef er abI bout 10
mM al | owi ng a¢ ?93‘&)‘bfidn§’aTeéﬂrls‘Eﬁr°H§’Z‘fvé%‘ﬁm& aa‘i’\odﬁg H?'%’B’ B@Cf)ﬁfj‘%/ gh
15Accor di ngOtosmncmﬁtEmdmmudmpmmssof the invention, the surface of a

conposi te material mvﬂeﬁlgtltﬁtcabﬁﬁgfa &Qﬁh@ft?@odmgﬁmgf arfd p@dsﬁh?&ﬁs&dn@e material

and at | east one area per or copper alloy is brought into
cont act, prefef%ﬂeﬁomm%@iﬁ%a@mwnng or spin-coating, with a first

sol ution, preferabl Ilheacbrmmaom@fﬂml seflutiong of det iaveniting, aud iarpatticdlaatteni um sal t
and successi ve'cync\éﬁtfa%o@ A SERRA AL B LA HANGR! ApAs dayepiROKAG, Rear i ng at

| east one functiona rou ected fro t|n f silane,
sil azane, 4Pl oﬁ‘é%tagwlﬁéess kRrarlieap H&ﬁfej%&%%%?yﬁyg‘?saﬁ’a gtélgmoffg at

| east one funchd\aﬁage@sl@m@s dapahhe eodn stidaotre adyamiagdousii ef batyéenrh@dcsal
grafted on the 2% G e m%ctctgwngﬁie‘ie%trgﬁl%e%ﬁtﬁ%t Qia@l%%ta{cg Tﬁ@sl@ﬂéd

di azonium sal t. Accor one ar. emfjodi nent al
di azoni um sal t P?@“h“@brﬁi’éd (ﬁeiﬁfm%rsﬁﬂ} SORRtPatiRns denendifg OF- the) §m¥§fﬁ aryl
group, preferabhtyreafranpogidi)psedwhi ch can be unsubstituted or substituted

o 2 onbd00 L R A B L 000D B o 3
composite matenal 1ngpat least one area made of a dielectric materlal and at

least one area made of copper or copper alloy is brought into contact, preferably
by immersion, spraying or spin-coating, with a single solution, preferably an
aqueous solution, containing a compound allowing a layer to be obtained
25 providing stabilization of Cu or Cu alloy interface with respect to
electromigration and a very good adhesion to PECVD deposited Si-containing
copper or copper alloy diffusion barriers and/or etch stop layers.
According to one particular embodiment, said compound is the diazonium
salt of aniline which can be either in-situ generated or pre-synthesized. Excellent
30 results have been obtained with aqueous solutions containing the in-situ generated
diazonium salt of aniline in a concentration of from 5 to 50 mM, and preferably of
about 10 mM, allowing a capping layer of between | and 8 nm to be obtained.
According to another particular embodiment, said compound is a
diazonium salt bearing at least one functional group selected from the group
35  consisting of silane, silazane, siloxane, amine, hydroxyl and carboxyl groups. It
has been observed that these functional groups provide excellent adhesion to



30 preferably a -CH2- or -CH2- CH2- group; Z is a functional group

sel ected fromthe group consisting of silane, silazane, siloxane, am ne,

hydr oxyl and carboxyl groups, preferably an am ne or carboxyl group.

These di azonium salts can be either i n-s7istu generated or pre-synthesized as

35descri be j<n relation to the first enbodi ment j tion. 9

W0 5007/ 1o NeRBERIAS, 05 059001 According to anol %’%F%%*r’dtg?‘%gl ar

enbodi ment, said conpound bearing at |east one functional group of said

second solution is a polysilazane. Excellent results have been obtai ned

with the follow ng sol utions: - a first aqueous sol ution of

4-di azosalycilic acid generated in-situ from4- 5am nosal ycilic acid and

sodi um ni t ri t ePECVD deposited St-cothisiog wopren oatdppe allgy aliffusiogi arrésnindiept i de

coupling reactétgrpstpxﬁfa%gn a silazane derivative (KION Ceraset(r) 20

pol ysi l azane) and the di.azoniumsalt. Affer, eitgosur«%dto t he ﬁsﬂ?ls%ci:l ons of

the present invent ildise gigeoniim palissap e SHRCT 11 BRSO RiE &Y TIPS

advant ageous| ylwrthesad of or-situngsheamten off thé ddedndun sdt digaetization cangupieedy| i ¢

al cohol and dflase%r sp?e?{aﬁﬁé? R AERAMINNGalt O BnifhaNFansshoESly 18RSk ndAtepr ocess
eposi tion

and/or to the 0 f copper di.ffusi on bar.r*er.o <o llm i{ehi S
respect, it isOGIORREPStTHSR 2 HET PRSHDES $° L0 KT Sh OF 45088V oht'y usabl e
with today's irdaldarybosdhyddde, d fotassiEsL/ Bite.i enitphilictpfluorddp@d SION but 15
al'so with SiN o fhshEor SION as well as with known types of Cu

di ffusion barrier.

In the t hod accordin o th r.esent. invention,
the dielectric or dBpRS ff@mF‘é{VgrOf irtrge B‘igéef“gr“ﬁ’ﬁ?tffmf gfemda(ﬁzg?lmn ks ufd
cheni cal - mee hathossadonpohidsivif fgmEENRN-BRY-ZAmtwictks| eani ng. Alternatively this
| ayer can be fornmed Iggrénqultg%pcﬁ}gmaggj 2 PRENAN AWhRA cBObd ERiRgtdVP) or
during the cleani gg{ perto m::}gl %T%ﬁr CIVP.I ) I'n onemg{qu %;lraogn_enbodl ment
of the inventi BpPuPtige 8’?‘?%8’% YEOR LEPPA OWEHRE €79UR R 2L MY EB M k pi ece
coated with a silicof islhoxigitebdrdyeraroalkBenec gotpihaying 1l tovd kerbereptedsr i c | ayer

deposited by p ?e’??ul nhameed.cghem yapor deposition (PECVD) containing
copper or copphlr% a I}gyrtﬁm2 es. SSKD{?%“)

i ) e v ageously the conposite material
is a seniconduct or dev§ dungtign a&rP‘i‘Ibﬁ‘fE}%\‘ilgghﬂ’%l f?‘F af%/\ e?onislﬁ?rlrg%gﬁ%élg’t system
of an i ntegr at sthzarel silixhne, amine, hlroxyl dhd garboxyh gemps rpdefergplg @n antifreopr esent
i nvention CO”C‘E&B‘W%‘B gul tilayer conposite device obtai nable by the nethod
descri bed above. i H vi ce accordi ng t.o the &{@gegt i nvent.i og t herefore
general |y 30 conpriadalalyprefered #¢ diazaginm sgitsy ny} AlkpRQIC acify Bvdeot copper
or copper al | oyheabemulo N=NIB-X-@nposhitle Dniatacghieayl, group, X diasl algtieneerouwyer and
t he di el ectgic.ar S Il bed a W & a

S S pif2 L 4 CRBof SRRt R LICHRL. oIS ABALRApY

dielectric yer and/ or a‘copper diffusion barrier. Mre
specifically, tHpexyd gipBonduct or devi ce conprises: 35- a dielectric |layer
havi ng one or nore Ex®ehahesilts havhbecnapired viithehd fotlowihgisolusaisd trenches;

- a capping |ayer fpe{nn?qgecgﬂ g})ﬂlﬁoﬁ; gp Q-%fazgélgﬁyltatalﬁc dd gﬁn_glgféaqn—%m{ ebgd by an

ov-er| ayer consisti n% 0 SI-'contai ni.n Ielectric ch t,'St op. Layer
and/ or copper diantinepheny] Beetic Qgpd and sodium nitrite, in a concentration of from 5 to

25 50 mM , and preferably of about 10 mM, allowing a capping layer of between 1
and 8 nm to be obtained;

- an aqueous solution of 4-(2-aminoethyl) pheny! diazonium salt generated
in-situ from 4-(2-aminoethyl)aniline and sodium nitrite, in a concentration of
from 5 to 50 mM , and preferably of about 10 mM, allowing a capping layer of

30 between 1 and 8 nm to be obtained ;

-an aqueous solution of a pre-synthesized 4-diazophenyl acetic acid
tetrafluoroborate, in a concentration of from 5 to 50 mM , and preferably of about
10 mM, allowing a capping layer of between 1 and 8 nm to be obtained.

According to another particular embodiment, said compound is an amine

35  compound of formula H,N-A-X-Z as defined above.



- a silicon dioxide layer or Si-containing low k dielectric |ayer forned
over 5said Etch Stop Layer and/or copper diffusion barrier.

Advant ageously this dielectric capping |ayer has a thickness of less than
15 rim nore advantageously | ess than 10 nm still nore advantageously |ess
than 8 nn]“ﬁMﬁ@”@h%i mor e advant ageousl8y of between lpafgpRoiiEeeficcor di ng
to a third aspec he present invention concerns the solutions 10 used for
formng the dielectric capping layer in the nmethod described above.

These solutions contain a solvent, preferably water or a m xture of water
and a water-sol uble al cohol, and at | east one conpound selected fromthe
group consisting of the dlazonlun1salt of aniline, the diazoniumsalts and
am ne conpounds defli Hedrapovoek of the prase deeniien prsteresdianing EmPopds 18| | owi ng a

Cﬁppl 22 15 Iaytggsetcgmggudag)ggfoﬁg@[a@gma@.txahgprﬁlby with a thickness of |ess I

t han nm nore advant ageous Ss than r ageous y
| ess than 8 nm ever* §td *iouﬁn%'%?v%‘iv‘é‘ geous] %?n§’[)éll[ V\g@? h@{é}/ im
Advant ageous| ygrbiyebavisnb wt iSomembasnerd having 1 h‘é?’rﬁé‘i‘@eaﬁ“% (Bf%ft‘fétﬁy &% sul furic
aci d. 20Thes prgsgnbiyl g¥eption will now be illustrated by the follow ng
non-limting exanpl Wgeerh the Qi}?cegr_ to the invention is
used to prepare copgé}salsfﬂg bé’('}f]lﬂ{e%t ur es’f Sem conduct or devi ces.
It shoul d be noted -that canbOX}ﬂempexanpl es, bath corrposi tions contains only
wat er and precur sorg3)1df rebllf HaAPRieR BbthBYEith Pl folwin@solatiait i onal

addi tives may 25further be a sed in
this exanpl e consi staE&deIQ“%S(g\‘tfcl %%%E’ﬁ’df‘@ cgneepal Ogg)?ﬁ%#ﬁﬂg Z%@wm | ayer
of siliconi@i oxiddeefdmplysifabaeht h9 W%Wmham lé}‘?éﬁf betwean! b

deposition (P Dob a;l;{gg silicon dioxi de | ayer was coated wlth a Iayer of

tantalumnitri (Ta having a thic 8s$ of ,15 nm d t by physi cal

vapor deposition (P¥D) 28¥FMHps (g‘fm%hl aan?lg&ééhe pr%ﬁgrﬂ 5 a) hgw ng a
t hi ckness of 1énoentratisn af Som detp G9i o, dnyl ppw@ablxa\oigbput &9\“&‘6 bvingedd | ayer

was deposi t ed Pa?f) Pg Poft&av&mtahgsﬁﬁnb%yeﬁta&e&i a lum copper |ayer was
el ect rochem ca § em cal

ep05|ted on
mechani cal 1dol i shi rféFePERS t‘%/\ésse‘foﬁ‘gne“ébﬁa%g) ?ce&&t Hlé’elgtﬁ)rnf heesustacs hgasubst rate
to reduce the tafmiitcoppenl hdvigkndsst o cﬁwnm of a dielectric Thytesiak gisstlr at e was

cleaned first Py eﬁ'ngcﬂ ¢ lof cEppePbiidppE a@@f‘tsalbrﬂhghg m@e &%taMt préfetablyr i ¢ aci d

for 30 seconds anél) y igmersign in a s A)
citric acid foPY IWé%‘thfgraymg or SO IEs Y tgtaé fOf][ 10“ Prefé}gtag %

dei oni zed wat eﬁql(eahsV\lolm dpiteitlingi 4rh anil tdiazgeinm Salt and Stl@éesﬁlﬁfb‘sft Wti]@é* vvas t hen
coated usi g t\?\egg&g &Lﬁ(ﬂpcﬁftaﬁgg d Wﬁh@@eﬁrﬁ@%tqgﬁﬁ bhd ﬁ@fcﬁbmcgm@e' OW)

10The coating Raract eri ze %/ Foug gr Tr ansforlm I nfra1 eqq érlg;li'-

spect roscopy. selected fngm dhe grgup Fofgist Higae SU2nG SR e HEEG T of t he
invention, an 8RY cuibdxhi gisussidntl bearingiat teasten¢ Sinkjioriahgrenp vapsbldepersttingd on t he
substrate by PECHR) U i/ of MIRRIHBsifeMhatd ) tHahenh st Y-
15Adhesi on of the Ia?%#qgg}%}lsgyr{éggrﬁé@r wgcs 0eva uatpeé by neasuring the
critical forceaptédzdivgsdel ani nation of the SiN layer in a nicroscratching

t est. 25The sol gtdoadin®@to bhe phﬂmtﬂalt blﬁbbdxmertthsesd pazﬂ tdiezohiam @%alﬁm e was an
aqueous sol ution of H’ormul%ll\?‘q\lf-?'-k cont aining 0.93 gram/liter (10
mv) of aniline“dRPH 7" gFam j of sodiumnitrite, 20 Coating
pr ot ocol : -Dis an aryl group, prefera ly a phenyl group, which can be unsubstituted

or substituted with an hydroxyl group, a lower alkyl group or an halogen atom;
-X is a single bond or an alkylene group having 1 to 4 carbon atoms,
30  preferably a -CHs- or -CH,- CH;- group;

.Z is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl and carboxyl groups, preferably an amine or
carboxyl group.

These diazonium salts can be either in-situ generated or pre-synthesized as

35  described above in relation to the first embodiment of the invention.



After cleaning the substrate using the procedure described above, the
substrate was imersed in the solution of the invention for 10 m nutes
under ultrasonic agitation. The substrate was then rinsed with ethanol,
then rinsed with 25DIW then rinsed with acetone and dried with nitrogen.

gffs?; Z:nt ?V}gq%fsg_?har acteri zati on: 9 The t?@},ﬁpgﬁ-},g%%hows the

on bands of the coated filns. 30The correspondi ng bonds
are characteristic of the aniline nolecule. Wavenunber (cm) ldentification
1488 y CH aromatic cycle 1166 5 CH aromatic cycle (in plane) 840,827 5 CH
(out of plane) 12 WO 2007/101851PCT/ EP2007/ 052091 Adhesi on:
Adhesi on of Si N on copper was inproved by 10% using the coating of the

i nvention fcorrpar ed f}&oidﬂ% @: Arlogtiet ?Elm\dﬁlﬁl’f embgiineal sad) cwapowmpPenétk an t he
copper surface Electric results: . . P ubstrates having
copper lines i Inelaéa%tio eﬁ’ﬁmginﬁggrgu d&t\é%\c/iissﬁwngf?lﬁ%?rﬁ?égg%ggﬂg‘%%éd for electrical
performance eval uatkxsalaperesulistigynbasy opeired evith e follefvina SelHeongr t . were
submtted to the tr-&fv‘ﬁr@%&edﬂﬁ%@lﬁii&ﬁ@f pbaxsalydfit etid fbhekdi@BinrsRn tfont he

substrates re deposited. wmith an 80.nm SiN | ayer and then passivated using
the same se%\ﬁe?f@’élogagycg{frﬁcﬁgmgﬁ%&%g? ff{(;eat i on of actual integrated circuits.
Treated structures -@s sepond sbtignt alloadied astradidenpl ceePiide cowRIBBUEREf or

el ectrical conbdpbdnt ¥, sildzR- Weritatine (keek8geerasdstt 10 polykiRshs as@e theThi s

eval uati on 15351.0\/\/edu t hat structures treated as above exhibited simlar

per formance as®@fit¥€at%d structures. Reliability results: After electrical
eval uation, the st rafergrpesugse thesdobiions pfoht prepash invantipigthe surface of the

10  composite material is advantageously rinsed for instance with deionised water or
isopropylic alcohol and dried, before proceeding to a standard ESL deposition
process and/or to the deposition of a copper diffusion barrier.

In this respect, it is noted that the process of the invention is not only
usable with today’s industry standard for ESL/Barrier which is PECVD SiCN but

15  also with SiN, SiC, SIOCN or SiON as well as with known types of Cu diffusion
barrier.

In the method according to the present invention, the dielectric or capping
layer is preferably formed after chemical-mechanical polishing (CMP) and after
cleaning. Alternatively this layer can be formed during the chemical-mechanical

20  polishing (CMP) or during the cleaning performed after CMP.

In one preferred embodiment of the invention, the composite material
consist in a silicon work piece coated with a silicon dioxide layer or Si-containing
low k dielectric layer deposited by plasma enhanced chemical vapor deposition
(PECVD) containing copper or copper alloy lines.

25 More advantageously the composite material is a semiconductor device, in
particular a multi layer interconnect system of an integrated circuit.

According to a second aspect, the present invention concerns the
multilayer composite device obtainable by the method described above.

This device according to the present invention therefore generally

30  comprises a dielectric layer grafted on the surface of copper or copper alloy area
of the composite material, this dielectric layer and the dielectric area of the
composite material being coated with a dielectric Cu-Etch Stop Layer and/or a
copper diffusion barrier.

More specifically, this semiconductor device comprises:

35 - a dielectric layer having one or more trenches;

- the copper line formed in said trenches;



20 untreated, were diced in different dies and packaged using a procedure
well known by people skilled in the art. The packaged dies were submtted
to electromgration testing. Lifetime of the treated dies was significantly
hi gher than the lifetine of untreated dies. 25 Exanple 2: The
substrate this exanple consistedOof a silicon oat ed
wth a 400%%%(3? gy{asfpof silicon dioxide deposited by plggfr{gﬂe a%logi:d

chem cal vapor deposition (PECVD). The silicon dioxide |ayer was coated
with a layer of tantalumnitride (TaN) having a thickness of 15 nm
deposited by physical vapor 30 deposition (PVD) on top of which a |ayer of
tantal um (Ta) having a thickness of 10 nmwas al so deposited by PVD. A 100
mu copper seed | ayera oagpmglleagasﬁofr@ai dyth@uippentiteapusdbrnsddend aoveagdery aand a |

i _tm copper |aye S ed,, en.ut ed | ayer.
Chem cal nec haﬁvleélg OI?l tﬁ{gr 818? %%ﬂlal&(ng? %%ﬁg%pﬁ th %? f\%ggiﬁra?(g%e of

35t he subst r at eonper ¢ b t ot al copper thickness to 500 nrn. 13 WO
2007/ 101851PCT/ EP20Qi/+10%Adfbkide layer orT$ikconminhet vatkelidesriclhpadedefliovgt by

| mrersion 10 2.5 k0l IGO0 AL ehee hMMbn pdLL LT i C acid for 30 seconds

and then by i mrersi cont al ni ng 5% wt. citric acid for |
m nut e. m@vag@wﬂatt@smeomfe?ﬁpmnﬁé@/&r Rs ‘i‘lﬂlﬂ%kr“‘c’)ﬁl of dess\itler (DI W
and dried withi5gint megesvantageouslylees thab 0 hat sillvasretatemtageatsbdessshang t he

| uti f th t | Th g
st ol TSP AN e S

tinme-of-flight secoh#arding s hirdsspechcdhe gre "’é’ﬁﬁ%‘{“r%?g&"d ef@ % er
coating t heosubsiifatfernisg g diditriadapping fayef in thveméthndedeséribrd above80 nm t hi ck
stjicon mtride (Siffed %n@@ﬁmgﬁgos%'l\%ﬁg pRAeckl]E wattb Rt aatg&m&yofa@@ using a

silane (At) / anmon N | ayer on
copper was evaPitht Bdtepyolnea slsphHgandrs l‘éalsi ‘?r}ec‘é.’FnPPB‘chﬁlcﬁW dipgt ij g¥MPami nat i on
of the Si N | ayesnsisting offi thé @sebait@hbalg of @siline,1 liEhdiazniunt iselrs afid taénei nvent i on
in this particla e a I i, d (0.01
N) cont ai ni ng ? rgéoun?sgl 3 nlgdwgéve %QW&Hﬁa@B Sldlhjl'c(?é?lt g%n%lﬁdh’ﬁxté; %ﬁﬁ%d d and
0.7 gram/ 1$i téaver(tpdoem\btal@cfd %ckyamagﬁomlt/ Pyithea tmmi?%s drgch nm more  After
cl eaning the su&x&hfagéoaslysa:s@gmhm rpﬁoaeidrmsxe admgemd/ lalsotlie 8 hhe esanbst r at e
was i mrersed in C 0 invention for 10 m nutes under
ul trasoni c agi ftég ol alaﬁmagg&bs éﬁ) We@n? %gﬁmfl nsed wi th ethanol, then
rinsed with DIW t hé‘FﬁVamaﬁ%é@YvﬁhFW é@létl‘éiﬁeccﬁ%n dpithegmgget fr feidr Sip8nas

75Resul t s: FTsale%gc]@har acterization: The tabl e bel ow shows the

di fferent ansm ss{.on band bonds
are characferistic l?e Rrpsen tig\ée?n&x?]% Qﬁl &?Eg Hlu%trét&l‘ bg}ﬁgfoﬁ?&{ng%gﬂ nlgfh{]%v enunber
(cm 1) |dentif examplesnin3phigh the method accordmg to the invention is used to prepare

copper interconnect structures for semiconductor devices.
It should be noted that in these examples, bath compositions contains only
water and precursor(s) of the capping layer. Of course, additional additives may
25  further be added.

Example 1
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
30  vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of

tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor

deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of

10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by

PVD on top of the Ta layer and a lum copper layer was electrochemically
35  deposited on the copper seed layer.



v 0-H 2937 v CH, CH2 1730 v C=0 1646, 1514 y CH aromatic cycle 1394 v
0OC-OH 1146 8 CH aromatic cycle ( in plane ) 811,704 8 CH aromatic cycle (
out of plane ) TOF-SIMS: The follow ng peaks are attributed to the coated

filmby TOF- SI M5 spectroscopy: Mass / Charge ratio Reference Cu (no

< 11
WO 2007/101851 PCT/EP2007/052091

Chemical mechanical polishing (CMP) was then applied to the surface of
the substrate to reduce the total copper thickness to 500 nm.

This substrate was cleaned first by immersion in a solution containing
0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution

5  containing 2.5% wt. citric acid for 10 seconds.

The substrate was then rinsed with deionized water (DIW) and dried with
nitrogen.

The substrate was then coated using the solution of the invention (see
coating protocol below).

10 The coating was characterized by Fourier Transform Infrared (FT-IRRAS)
spectroscopy.

After coating the substrate using the solution of the invention, an 80 nm
thick silicon nitride (SiN) layer was deposited on the substrate by PECVD using a
silane (SiHy) / ammonia (NH;z) chemistry.

15 Adhesion of the SiN layer on copper was evaluated by measuring the
critical force producing delamination of the SiN layer ina microscratching test.

The solution of the invention in this particular example was an aqueous
solution of sulfuric acid (0.01 N) containing 0.93 gram /liter (10 mM) of aniline
and 0.7 gram / liter (10 mM) of sodium nitrite.

20
Coating protocol:

After cleaning the substrate using the procedure described above, the
substrate was immersed in the solution of the invention for 10 minutes under
ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed with

25  DIW, then rinsed with acetone and dried with nitrogen.

Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated films.

30 The corresponding bonds are characteristic of the aniline molecule.
Wavenumber (cm'l) Identification
1488 v CH aromatic cycle
1166 & CH aromatic cycle (in plane)
840,827 8 CH (out of plane)




coating) Exanple2 (with coating) nfz Nornmalized intensity Normalized
Intensity Positive ionization CoH4 76 18.43 236.06 63Cu 63 8724.71
1823. 24 65Cu 65 4002.25 830.62 5 Adhesi on: Adhesi on of Si N on
copper was inproved by 64% using the coating of the invention conpared to

the situat QLRI N0 coating was appl i 18d on the COPPEETEBYOhARS01

Adhesion:
Adhesion of SiN on copper was improved by 10% using the coating of the
invention compared to the situation where no coating was applied on the copper

surface.

Electrical results:

Patterned substrates having copper lines inlaid in SiO2 and having
structures designed for electrical performance evaluation well known by people
skilled in the art, were submitted to the treatment described above. After

10 treatment, the substrates were deposited with an 80 nm SiN layer and then
passivated using the same sequence as during the fabrication of actual integrated
circuits.

Treated structures as well as untreated structures were evaluated for
electrical continuity, line-to-line leakage, and line resistance. This evaluation

15  showed that structures treated as above exhibited similar performance as untreated

structures.

Reliability results:

After electrical evaluation, the structures used above, both treated and

20 untreated, were diced in different dies and packaged using a procedure well
known by people skilled in the art. The packaged dies were submitted to
electromigration testing. Lifetime of the treated dies was significantly higher than

the lifetime of untreated dies.

25 Example2:
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
30  deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a 1 um copper layer was electrochemically
deposited on the copper seed layer.
Chemical mechanical polishing (CMP) was then applied to the surface of
35  the substrate to reduce the total copper thickness to 500 nm.



10 Exanple 3: The substrate used in this exanple consisted of a
silicon workpiece, coated with a 400 nm | ayer of silicon dioxide deposited
by pl asma-enhanced chenical vapor deposition (PECVD). The silicon dioxide

| ayer was coated with a |ayer of 15 tantlal umnitride (TaN) having a

t hi ckness eposi ted by physicall3vapor deposit top of
whi ch a la%ﬂ%{ﬂ@agt al um (Ta) having a thickness of 18%’#%@52@51
deposited by PVD. A 100 nm copper seed |ayer was deposited by PVD on top of
the Ta layer and a 1 um copper |ayer was el ectrochem cally deposited on the
copper seed | ayer. 20Chem cal nechanical polishing (CW) was then applied
to the surface of the substrate to reduce the total copper thickness to 500
nm Thi s subsThiatebsivais wiseradd flirstshy imymeérine s iaoselutionacostining on

containi ng 0. 1904 mswlﬁﬁwa&l@%rdﬁ @écoﬁ@s &Qﬁﬂﬁﬂsbyaﬂﬁiméﬂ@i@ﬂ iRYa sosSi on in a
sol ution contai ni n% § }\g}% %'r m nute. 25The substrate was
then rinsed wi EHHEPSA; z/ga \‘ﬁé’i‘%‘?‘“‘i 3\]‘“&‘1’{8 dr| ed with nitrogen. The
substrate was then Traubsraswagththensed with dsfpnied ttater iR hatdodriesdth coat i ng
prot ocol bekowodlle coating was char acterized by Fourier Transfor m

Infrared (FT-1RRAS), _spectroscopy of fl cOo r
(TOF- SI MS) spect r osBh ?l%s%at%f“fa th"é‘o?ﬁ eﬁlgusfl}%e g %?? gq% h’&r’q{oﬁe oI ution
of the inventi crtingpro8@ohlmlew. ck silicon nitride (S N) | ayer was deposited
zght he subfst [ﬁt eSbyTﬁe%Gé(@ng@mdﬁct%hm Koﬁlwraﬁsf&mmﬁh@d N@Rt &hi;r)em st ry. |
esion o e SiN er 0 s. eval u asurin e critica
force produci né‘mﬁ‘éﬁ’sﬁﬂﬁ éﬁ%ﬂgﬁcﬁ%? n‘%’l\l“’l"‘ﬁﬂ}’éﬁa&ﬁgaﬁ%sge IEEPEPhi ng test. 10
The sol uti 8 of t heAftervweatingthe isnbstafesusprgrthé sallitton efxtherplventigas amB0 agueous
;9' zt '( on 31; nfﬁgﬁ&uu@coﬁggfide‘( %éﬁ)]-laWr vvafarat«:ﬁdsﬂém tlia% é;mﬁé bmts@vd is% & m( 10 nM
nitrite. Coati Hganﬁf%%‘&d@mmoni%@fme&lg%. ng the subst rate using the
procedure descri bedAdtizsivs,oftthe SiNilster amecopps wasrevab@itdi by tiessusiog wltd on of
the invention Exﬁﬁcaﬂﬁ ﬁéﬁu@ﬁg%@ﬂﬁﬁnaﬂbﬁ 5??‘599!1\Cla9§'1ﬁ RldiQBscraldifnoSist rat e was

then rinsed wt n. r|nsed DIW then rﬁnsed W th acetone

and dried Wth nit rB&esr‘P “t‘?Bl?éélﬂﬁ t"é’f’m“’lﬂ‘lm ﬂRP?R@“EWé‘r%f@f‘@q Yat #bidveo%he tabl e
bel ow shows t heoldtidof ef ewifuricr and 1§0.85 IN)Ncdnaaidsg 352t gremdoat 66 HM)naf, 4-

Th d t <. 2= ami: t hyl il
The oot t espondieiRdFyBiesShAALE Bhloti (B miliordsddn Afi@oethyl) ani i ne

Wavenu catiron 3

Coating protocol:

20 After cleaning the substrate using the procedure described above, the
substrate was immersed in the chemical solution of the invention for 10 minutes
under ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed
with DIW, then rinsed with acetone and dried with nitrogen.

25  Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated film.

The corresponding bonds are characteristic of the 4-aminophenyl acetic

acid molecule.

Wavenumber (cm™) Identification

3226 v O-H

2937 v CH, CH,

1730 v C=0

1646, 1514 v CH aromatic cycle
1394 v OC-OH




v N-H 2910,2834 v CH, CH2 1592 6 N-H 1502, 1364 y CH aromatic cycle 1213 v
N-C 1117 5 CHaromatic cycle 825 6 NH2 16 WO 2007/ 101851PCT/ EP2007/ 052091
TOF-SIMs:  The followi ng peaks are attributed to the coated film by

TOF- SI MS spectroscopy: Mass / Charge ratio Reference Cu ( no coating )
Exampl e 3 (gMobthotRati ng ) Negative i onit4at i on

PCT/EP2007/052091
1146 8 CH aromatic cycle (in plane )
811,704 8 CH aromatic cycle ( out of plane )

TOF-SIMS:
The following peaks are attributed to the coated film by TOF-SIMS spectroscopy:

Mass /
Charge Referenc.e Cu (neo F.Zxampl(?Z
. coating) (with coating)
ratio
m/z Normalized intensity | Normalized intensity
Positive ionization
CeHy 76 18.43 236.06
%cu 63 8724.71 1823.24
%cu 65 4002.25 830.62
5
Adhesion:

Adhesion of SiN on copper was improved by 64% using the coating of the
invention compared to the situation where no coating was applied on the copper
surface.

10
Example 3:

The substrate used in this example consisted of a silicon workpiece, coated
with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of

15  tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a 1 pm copper layer was electrochemically
deposited on the copper seed layer.

20 Chemical mechanical polishing (CMP) was then applied to the surface of
the substrate to reduce the total copper thickness to 500 nm.

This substrate was cleaned first by immersion in a solution containing
0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution
containing 2.5% wt. citric acid for 1 minute.

25 The substrate was then rinsed with deionized water (DIW) and dried with
nitrogen.



mz Normalized intensity Normalized intensity NH 15 7.15 132.01 CN 26
2278.49 6583.31 Positive ionization NH3 17 2.29 178.17 C6144 76 20.71
111.19 C8H1ON 120 30.31 426.73

WO 2007/101851 15 PCT/EP2007/052091

The substrate was then coated using the solution of the invention (see
coating protocol below).

The coating was characterized by Fourier Transform Infrared (FT-IRRAS)
spectroscopy, time-of-flight secondary ions mass (TOF-SIMS) spectroscopy.

5 After coating the substrate using the solution of the invention, an 80 nm
thick silicon nitride (SiN) layer was deposited on the substrate by PECVD using a
silane (SiH,) / ammonia (NH3) chemistry.

Adhesion of the SiN layer on copper was evaluated by measuring the
critical force producing delamination of the SiN layer in a microscratching test.
10 The solution of the invention in this particular example was an aqueous
solution of sulfuric acid (0.01 N) containing 1.4 milliliter /liter (10 mM) of 4-(2-
aminoethyl) aniline and 0.7 gram / liter (10 mM) of sodium nitrite.

Coating protocol:

15 After cleaning the substrate using the procedure described above, the
substrate was immersed in the solution of the invention for 10 minutes under
ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed with
DIW, then rinsed with acetone and dried with nitrogen.

20  Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated

films.
The corresponding bonds are characteristic of the 4-(2-aminoethyl) aniline

25  molecule.

Wavenumber (cm'l) Identification
3226 v N-H
2910,2834 v CH, CH,
11592 dN-H
1502, 1364 v CH aromatic cycle
1213 v N-C
1117 | § CH-aromatic cycle
825 d NH,
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Example 4

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

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical

vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of

tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor

deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of

10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by

PVD on top of the Ta layer and a 1um copper layer was electrochemically

deposited on the coppe

r seed layer.

Chemical mechanical polishing (CMP) was then applied to the surface of

the substrate to reduce the total copper thickness to 500nm.

This substrate was cleaned first by immersion in a solution containing

0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution

containing 2.5% wt. citric acid for 1 minute.

The substrate was then rinsed with deionized water (DIW) and dried with

nitrogen.



The correspondi ng bonds are characteristic of the 4-(diazo) phenyl acetic

25aci d tetrafl uoroborate nol ecul e. Wavenunber (cm 1) ldentification 3256 v
OH 2947 v CH, CH2 1730 v C=0 1653, 1517 y CH aronmatic cycle 1399 v 0C CH
1155 8 CH aromatic cycle (in plane) 811,707 8 CH (out of plane) TO: SI VS:

The fO”OWOW% are attributed to tHE& coated fiIm

spectrosc rge/ mass rati o Reference Cu (no coatl ng@ arrp e4 (with
coating)

The substrate was then coated using the solution of the invention (see
coating protocol below).

The coating was characterized by Fourier Transform Infrared (FT-IRRAS)
spectroscopy, time-of-flight secondary ions mass (TOF-SIMS) spectroscopy.

5 After coating the substrate using the solution of the invention, an 80 nm
thick silicon nitride (SiN) layer was deposited on the substrate by PECVD using a
silane (SiH,) / ammonia (NH3) chemistry.

Adhesion of the SiN layer on copper was evaluated by measuring the
critical force producing delamination of the SiN layer in a microscratching test.
10 The solution of the invention in this particular example was an aqueous
solution of sulfuric acid (0.01 N) containing 2.2 gram/liter (10 mM) of 4-(diazo)
phenylacetic acid tetrafluoroborate.

Coating protocol:

15 After cleaning the substrate using the procedure described above, the
substrate was immersed in the solution of the invention for 10 minutes under
ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed with

DIW, then rinsed with acetone and dried with nitrogen.

20  Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated
films.
The corresponding bonds are characteristic of the 4-(diazo) phenylacetic
25  acid tetrafluoroborate molecule.

Wavenumber (cm™) Identification
3256 v O-H
2947 v CH, CH,
1730 v C=0
1653, 1517 v CH aromatic cycle
1399 v OC-OH
1155 0 CH aromatic cycle (in plane)
811,707 & CH (out of plane)




Negative ionization mlz Normalized intensity Normalized intensity CHO 45

100. 28 1854. 62 CH2COCOH 59 56.54 249.6 Positive ionization

1823.24 "Cu 65 4002.25 830.62 5 Adhesion:
was i nproved by 10% using the coating of the invention conpared to the

situation %%&/ﬁ%si:oati ng was applied dB the copper sy&{,ﬁ%omszogl

10

15

20

25

TOE-SIMS:

The following peaks are attributed to the coated film by TOF-SIMS spectroscopy:

"Cu 63 8724.71

Adhesi on of Si N on copper

Charge/mass Reference Cu Exampled
ratio (no coating) (with coating)

Negative m/z Normalized Normalized
ionization intensity intensity
CHO 45 100.28 1854.62
CH,COOH 59 56.54 249.6
Positive ionization
Bcu 63 8724.71 1823.24
®Cu 65 4002.25 830.62
Adhesion:

Adhesion of SiN on copper was improved by 10% using the coating of the
invention compared to the situation where no coating was applied on the copper

surface.

Example 5
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a lum copper layer was electrochemically
deposited on the copper seed layer.

Chemical mechanical polishing (CMP) was then applied to the surface of
the substrate to reduce the total copper thickness to 500 nm.

This substrate was cleaned first by immersion in a solution containing
0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution
containing 2.5% wt. citric acid for | minute.

The substrate was then rinsed with deionized water (DIW) and dried with
nitrogen.

The substrate was then coated in two steps, each using a specific solution

(see coating protocol below).



10 Exanple 5 The substrate used in this exanple consisted of a
silicon workpiece, coated with a 400 run |ayer of silicon dioxide deposited
by pl asna-enhanced chem cal vapor deposition (PECVD). The silicon dioxide

| ayer was coated with a | ayer of tantal ugl nitride (TaN) having a thickness
of 15 nmd ' y physical vapor 15 l@eposition (PV which a
| ayer of tg‘ﬁf@%@q‘j"f a) having a thickness of 10 nm vvaspgflggmgg%é@?ted by
PVD. A 100 nm copper seed | ayer was deposited by PVD on top of the Ta | ayer
and a 11. 1m copper |ayer was el ectrochem cally deposited on the copper seed

| ayer. Chem cal nechani cal polishing (CVWP) was then applied to
the surface of 20 the substrate to reduce the total copper thickness to 500
nm Thi s subsTheatoetingasasodhemntedlzedi byStoubiyr Tramstorsi lnfrated (BI-ERRAS) on

containing 0. 18 Woscsi furic acid for 30 seconds and then by imrersion in a
solution containing 2.°5%w. citric acid for 1 mnute. ) The
substrate was then 2eiseating n seRsfraigiusng thitolftiopppighe dvgnins ag st

25ni t r ogen. thick sTliven sithidd (SN elayesvas degostabdretie substato by PEOY D wanghr usi ng a

speci fic sokut i SE’) gpg(?' RE.OLiRGR~ el ow) . The coating was
characteri zged E@dﬂ%gu?@ergﬁ%a?ns or3?n Infrared (FT-I RRA%éyiﬁsgtros
i

: opy.
After coating the shB¥sra©E hisPiRglayHePrsenPRE! BIfmERsuE ’rﬁ’f’i%ﬁ?’%an 80 nm
thick silicon mchtiq@be (SiN) |ayer was deposited on the substrate by PECVD
using a 5 silane (S elanelal I\[lqﬁé) | Sk Vised Adheshemof the
Si N layer on copper%v’il_g% péremasur%gﬁ Bfft esoéﬁlj-fﬁ gggl n%lg%lgendse?uggtﬁlﬁﬂqug{)g © In
this particul afle@ed§sEates wo sol utions were used sequentially to coat the
cl eaned subgtrate. Tt tolotkdn wed bi thidrpanieeldd exantphd waspardjha@uk sslut@aanpl e was
an aqueous sol yti en -of . ' i ( i N 5s-dnpdsvamE liter
(10 M of 4- a%f%“g@s?gé‘?ﬂ?-?@éi 8&§’h’§‘go‘9%‘p%'?§?’%§‘ﬁ??§“”’(%4#“w o somdi um
nitrite. ackthandsQ 4 grrgn/ter UP V) qEediynynitiEs particul ar exanpl e used
N, N - di net hyl for mefiedecdddMolutida wed irethis mnitute rkahpie dseliBN N glimerhyli t er (0. 3

M of N 15 hy NZQLE I igh bi | | jt-€n M of
N, N diisopr opgqrgl)rén%ﬁ%, &g\é§%%% %Oﬁietts%ﬁ %?%%%%14%'2!\)7’&%@?& t()t.? Mﬂ o :N‘

N, N - di i sop? opyydaxsberrorinzele (BIQRE ) Sandndipitgylier | (¢ &r M1 fodY

Cler aset (r) h20 piddopSipl RS . SOCRatiliegliRer ¢0.OCH): onGSU’aﬂisapropylcarboﬁAﬁﬁcElr)
cleaning the s i . W ove, the substrate
was i mrersed |WF§#$’F@ gE%T/LI ?gﬁk or gérgsrﬁgiﬁ%@geds&ﬁgz e?’ ul trasonic
agitation. The substrate was then rinsed with ethanol, then DIW then
rinsed with acebang pagtdeddr i ed with nitrogen. 25 Step 2: Af ter
perform ng §te te11USi ng the procedure descri bed above, the substrate was
i mersed i Ath tond solution for 30 minutes under ultrasonic agitation.
The substrate was tAfer ¢lpanitedthei substrag vsingdhe Proseduie Weschbel wpoveh#® ri nsed

Wiht h 3? acet ?P%b@@'ﬂe %dseﬁnwr&ela_riﬁi ﬁ%qglﬁtnsoéﬂﬁﬁufo? S0 minhteb Rﬁﬁ%ﬁf ultrasogaic
characterl zatl on, .. L apl e oW sno | .erent
transni ssi on baFHERECT e SHstrt WAy ghe\?éérﬁ%dsWﬁ{éftgaﬁq?’ttg?n ]éﬁgpt%in B’f‘se? ratheoat i ng
prot ocol . acetone and dried with nitrogen.
25

After performing Step 1 using the procedure described above, the substrate
was immersed in the second solution for 30 minutes under ultrasonic agitation.
The substrate was then rinsed with DMF, then rinsed with DIW, then rinsed with

30 acetone and dried with nitrogen.

Results:
FT-IRRAS characterization:
The table below shows the different transmission bands present on the

35  substrate after Step 1 of the coating protocol.



The correspondi ng bonds are characteristic of the 4-am nosalycilic acid

nol ecul e. Wavenunber (cm 1) ldentification 3431, 3258 v OH 2993 v CH, CH2
1610 v C=0 1529,1393 7 CH aromatic cycle 1273 v 0C-OH 1053, 997,839 8 CH
grlorratiﬁ cycle (out of plane), 5 0C CH fiéi n and out of plane), 5The table
el ow sho Lfferent transm ssion nds present o ate after
Step 2 of m?‘h(%%%g) %%g pr ot ocol . The corlroespondi ngcﬁ)gﬁﬂ’?’}%?%ﬁ
characteristic of the 4-am nosalycilic acid and sil azane nol ecul es.
Wavenunber (cm 1) ldentification 3354 v NNH 2178 v Si-H 1530 v N-Si

The corresponding bonds are characteristic of the 4-aminosalycilic acid

molecule.
Wavenumber (cm™) Identification
3431, 3258 v O-H
2993 v CH, CH,
1610 v C=0
1529,1393 v CH aromatic cycle
1273 v OC-OH
1053,997,839 & CH aromatic cycle (out of plane),
8 OC-OH ( in and out of plane),
5 The table below shows the different transmission bands present on the

substrate after Step 2 of the coating protocol.
The corresponding bonds are characteristic of the 4-aminosalycilic acid

and silazane molecules.

Wavenumber (cm™) Identification
3354 v N-H
2178 v Si-H
1530 v N-Si
1064 v NH-Si, N-H, SiCH=CH2, N-Si
1273 v OC-OH
1053,997,839 & CH aromatic cycle (out of plane)
& OC-OH (in and out of plane)
10
Adhesion:

Adhesion of SiN on copper was improved by 60% using the coating of the
invention compared to the situation where no coating was applied on the copper
surface.

15

Examples 6 and 7

Following the protocol of example 1 an aqueous solution of histidine and

aqueous solution of 3-amino-3pheny! propionic acid were tested.



1064 7 NH-Si, NNH SiCH=CH2, N-Si 1273 v 0C-OH 1053,997,839 8 CH aromatic
cycle (out of plane) 8 0C-OH (in and out of plane) Adhesion:

Adhesion of SiN on copper was inproved by 60% using the coating of the

i nvention conpared to the situation where no coating was applied on the
copper surfac les 6 and 7 The r@dults thus obt gj mar i zed
in the fol I(N&M&%E;{%g?e: Precursor Formul a Sol ution/Pr O?SE@ migﬁé%?on

i nprovenent (9% Histidine C3H2ZN2H CH2- CH NH2- COCH 10nM aqueous sol ution /
clean as in exanple 1 + 10mn imersion + rinse with deionized water +dry
18% 3- Ami no- 3 phenyl propionic acid C6H5- CH NH2- COOH 10mvaqueous sol ution
/[ clean as in exanple 1 + 10mn imrersion + rinse with isopropylic al cohol
+dry The results thus obtained are summarized in the following table:

Precursor Formula Solution/Protocol Adhesion
improvement
(%)

Histidine C;HoN,H-CH;- 10mM aqueous
CH-NH,-COOH | solution/
clean as in example 1 18%
+ 10min immersion +
rinse with deionized
water +dry

3-Amino-3 phenyl{ C¢Hs-CH-NH,- 10mM aqueous
propionic acid COOH solution /

clean as in example 1 21%
+ 10min immersion +
rinse with isopropylic
alcohol +dry

As can be seen from the above description and examples, the novel
5  solutions according to the invention allow a dielectric capping layer to be
obtained which induces improved adhesion between copper and ESL to insure

good electromigration resistance.



21% As can be seen fromthe above description and exanples, the
novel b5sol utions according to the invention allow a dielectric capping

| ayer to be obtained which induces inproved adhesi on between copper and ESL
to insure good el ectrom gration resistance. 22 WO

2007/ 10185%%@#@%997/ 052091 CLAI M5 22 1. A et hod fpg (ﬁﬁ@é'zb g9 a nulti

| ayer conpos evice, such as a sem conductor device, conprises the

step of 5(A) formng a dielectric |ayer on the surface of a conposite

material having at | east one area made of a dielectric material and at

| east one area nmade of copper or copper alloy, by bringing said surface of

said conposite material into contact: a) either with a solution, conprising
10- the diazoniumsalt of aniline; CLAIMS a diazoniumsalt bearing at

| east one functional group selected fromthe group consi sting of silane,

si l azane, sil oxane, am ne dr oxyl . and car roy or a precursor of
said di azoni um sal tl- 4 h%l(ﬂl ?fepréé{%%@“g‘f ‘f%?r‘fﬂ‘%&osﬁgl@eﬂc% HeRPSvéhi ch:  15-
A is selected {smnmtdluetogdanqa whinis catprisgs e s@pofiryl group, preferably a
phenyl group, whi Chﬁﬁ@%rrﬁﬁl Ungrie fct 14y & %P EheSHPREL toytae&%& aardiydr oxyl

group, a |ower alky roup or an n atom ich - B
is an aryl or Hé‘t"é&ﬁa‘?e\ﬂ Or’ﬁrafﬁ?rﬁnadﬁf’g? gﬁegﬁﬁ“ﬁ n%?teﬁﬁgﬁ%i gera&?ﬁeélfeaéﬂ?dﬁg eroaryl
group having 5 cagpeSomapperslogny bangimgsaid swfaBe of saidgenpatto materidDintX is a
singl e bond or .gR.2! kyI ene group having 1 to 4 carbon atons, preferably a
-CH2- or -CHz2- CHz2- .- Zis a functional group sel ected fromthe
group consi sting ofa)sei‘tp%{ﬁ’@th%ﬁoi%‘?a’r@m%‘?‘%xane ani ne, hydroxyl and

carboxyl griOups, preferabhodigaonmm salt obrniias;boxyl group 25b) or with - a

first solution containing d@d}oamﬁlsaﬁb@amg'au%%ahéfua&%natgts&fp%%lex@hy
a second solution containing a Gco é)t'flﬁ b ri ngasﬁgx east. one fur]ctl onal

group sel ected from™H eggr?)‘t?pfoeﬂﬂgig ang; amine, hydroxyl| oy ane,
am ne, hydroxyl andanda:atboxylgrchps);qnapmdrslmﬁrsmdglmbmhmasht one functi onal

group 30capabl e of react.i HQm‘Methm Qﬁldagfy+nﬁ 1N grzaﬁlt\,@gchon t he surface of
t he corrpom%e materlg Q he ar Iazonitu ri
form ng an!dverl ayerAdhs B‘Pf T &'YP @8?‘%1"‘8&%365?%’ egrﬂ‘éﬁ é%r‘?fﬁﬂabléftﬁ a| ned in

step (A) , said ovepleaylegroqn mdichtdan@e ahsubstBited onsubstitired vdihedndotiraxgl Cu- Et ch
Stop Layer and/or CABRE l%él‘fa‘f@il Qﬂ%uf? B &d Kflogen atom; a group -CH-X-B in which
-B is an aryl or heteroaryl group, preferably a phenyl group or an
heteroaryl group having 5 or 6 members and having 1 to 3 nitrogen atoms;
20 - X is a single bond or an alkylene group having 1 to 4 carbon atoms,
preferably a -CH,- or -CHs- CHy- group;
-Z is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl and carboxy! groups, preferably an
amine or carboxyl group
25 b) or with
- a first solution containing an aryl diazonium salt and successively
-a second solution containing a compound bearing at least one
functional group selected from the group consisting of silane, silazane, siloxane,
amine, hydroxyl and carboxy! groups and bearing at least one functional group
30  capable of reacting with the aryl radical grafted on the surface of the composite
material thanks to the aryl diazonium salt;
(B) forming an overlayer on said surface of said composite material
obtained in step (A) , said overlayer consisting of a Si-containing dielectric Cu-
Etch Stop Layer and/or copper diffusion barrier.
35



23 WD 2007/ 101851PCT/ EP2007/ 052091 2. The nmethod as clainmed in claim1l,
wherein said diazoniumsalt bearing at |east one functional group is a
conpound of forrmula NN-D-X-Z in which: - Dis an aryl group,
preferably a phenyl group, which can be unsubstituted or substituted with

an hydroxyl gr a |l ower alkyl group @ an hal ogen a - is a single
bond or anwﬁg%?w@ﬁ%lgroup having 1 to 4 carbon atgms, B’?%@?"gﬂf’%&ﬂ% -CHZ-gor
-CH2- CH2- group; - Zis a functional group selected fromthe group
consi sting of silane, silazane, siloxane, am ne, hydroxyl and carboxyl
groups, preferably an am ne or carboxyl group. 103. The nethod as cl ai ned
inclaiml, wherein said diazoniumsalt used in said first solution in step

(A) b) is a conmpoundThé medobanal alalhed-ificlan D; Xh&einrsaidhdiadonium salt bearif@ i s an
aryl group, preferabl phenyl ar | RenupSUbSE Whtdhed or
substituted w%ﬁeagtnonﬁ)%ﬁ}%ggl ?ggorugg%ﬂbgn O\émv\%zr;ﬁgﬁ@g? rgug1 or an hal ogen atom
- X is a single bond® §@narY &%Qigﬁ%faﬁFyo%@eﬁﬂ\ﬂrﬂ’@”Y 1B can beynsasiiedhg . 15
preferably a -&Hibstiited dti2an Bid2oxyl pup, a lower alkyl group®r an halogehiatmal  gr oup

sel ected fromthe gr naistiing of 5l hhAZaN8 o LB NBmsam ne,
hydr oxyl an53 car box )?%go?gg‘ﬁge,§°§\Pe(gea?‘a?}&}l%%2§r§%€ne o? cgr boxyl gr!cr)]a’p.

4. The net hod ersferabl o A ki 2, 8"QFRr ei n sai d conpound bearing at

20l east one functi amals griewgpiondl gai sdetanftosothatgrarp camsiatiggpby sildnazane.

5. The nethod as cl ai.ned in cl aj [ j I RZOAbIYR ARhd of S 2

3 azoni um sal t RFRS %{%T’g‘%'ifr a‘%f‘{?a%r‘g"yé\g?‘g%?&%%%}#&% RAEbI o aniihc ot i ch
D is a phenyl eplaxyleup.s an al kyl ene group having 1 to 4 carbon atons,
preferabl yi@ - CH2-3, Qhe nfetidd 2EcRim@! @Uiddimal) tvhereirssaid diazonomy baligrsedipn.  256.
The nmethod as ¢l aj Wy ' RER.B ALY is WaRRpOf
bringing said ssaﬁ??%g%}%ﬂ‘mg}g%&{:@%%Js??oéﬂpr?g{lde?flfg' |‘rrilto copt act w th said

sol ution, conprisi nd isrmrerd igryp. BpfesplnyPsnylgsoyp: BhichicAYLSUsHbEBISH i on onto
sai d surface ofr @mBitHute®WRRah hRdroByll @Fdud| a lower alkyl grolip of Be halegdnatbras cl ai nmed
in any of clains 1 tp.6, wherein the ct Si ri |

sem conduct or devi c'@,? 5 ?i Sf%fet ?%ntr‘}l (grma&%%% é{ogﬁzlrgﬁ?%ﬁe{ro%{oﬁé\rg%l?atgilnét em

8. The nul 13| apwsferabbypddiz er ddr E&20808nabl e by the nethod according to

any of claims 1 to 7z is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl and carboxyl groups, preferably an amine or

carboxyl group.
4. The method as claimed in claim 3, wherein said compound bearing at

20 least one functional group of said second solution is a polysilazane.

5. The method as claimed in claim 2, wherein said diazonium salt is a
diazonium salt of a phenyl alkanoic acid of formula N=N-D-X-Z in which D is a
phenyl group, X is an alkylene group having 1 to 4 carbon atoms, preferably a -
CH;- or -CH,- CH;- group; and Z is a carboxyl group.

25 6. The method as claimed in any of claims 1 or 5, wherein said step of
bringing said surface of said composite material into contact with said solution,
comprising immersing, spraying or spin-coating said solution onto said surfgce of
said composite material.

7. The method as claimed in any of claims 1 to 6, wherein the composite

30 material is a semiconductor device, in particular a multi layer interconnect
system. ‘

8. The multilayer composite device obtainable by the method according to

any of claims 1 to 7.



