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MODE(S) FOR CARRYING OUT THE INVENTION

Illustrative embodiments of the invention are described below. In the interest of clarity, not all features

40 of an actual imiplementation are described in this specification. It will of course be appreciated that in the
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égc appi el a%%’th‘g‘éﬂ 1‘\01\‘/& ‘r"é‘rﬁr E’y S'gf“ﬁ“éanryerreréra){l C(ﬁdr i % dte"%sp’lg 1S
pr ovi ded tagerdVomay asebe previdedodn ﬁmbotﬂgmdé@ﬁ ylran@rdmalltheﬁ %heﬁnﬂnénmﬂotl iteelﬁﬂques
105B. For 1RxaAR! & apptréisﬁats B 828 Paydr YABLORYncl NGB i Q0 :ﬁ-ﬂfﬁl’éﬁﬂ(&oﬁiﬁ& BAs¥d a3l is

t, th by k | t g t t t |
Covel - MoPdb R i bnen Sharolt gt sl 88 hetaorrie e Ror B BB NThY ™50
Fur t her nomeh afa bxapambssr:d inatgril, oh e basis bOwefeatablishadoprsition supésapels asodlectrdvgemical
tr 8pc h1 1§ep%g>ntte|3ﬁnq\(lésa AQthetHé Eﬁgos}t;]:sg of thmagl%{aﬁnsl khesnplﬁﬁ' roftss s’e@:\éﬁc@ mlij;l-gb Wn&@

conprised 0O ny appropriate material as_is |n W, t h refer

to the b&# rr@rourimrﬂbmﬂh refgrengqde Helreilet e r'axar@ lsld%rﬁ ‘é““F“b"Pr?E‘B" IB%YG\E
appr opr i ap@tichdpissindliding tHeeapimg tiyer,106uch as CVD, PVD, eI ectrochem cal
deposition, atom c |ayer deposition and the like. In one illustrative
enbodi nent, the barrier 114 may be formed by a sputter deposr tion
process 115, \Aﬁ’é\'férlhs@%?‘é%%oﬁhﬁ‘gs %G‘E"f“é‘rﬂd‘%ﬁoéélﬁ‘“‘fi‘rk% Bpetiop of the abpyey
pessor medsasifidarpréces GRPASI. t Hétge, iltescRRbddi@dr deBdecl0d admditesa GO pPend baseOlinet &l

region, dy%nédqn ;nhu%per po Crﬂonalﬁg‘@of the dielectric layer 108, Moreover, in one emtbodiment, a capping layer 119

comprised of one or more of the materials as are specified above for the layer 106 may be formed on the metal

line 118, thereby forming an interface 118C having an enhanced resistance against electromigration.
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tendency of copper to form oxidized portions, may not be necessary or may
be perfor educed intensity 20 due to the prOV|S|on of the capping
| ayer 106, dzr(])mr/ﬁal{;l?/{or educing the risk for undue material T&IGE2814/0831 he
exposed cappi Agalaylethe k@Giconiiztoe devine 109 ponpdsee 2k bdharstd aticormedd pontierehitls may

after the;deRogile- Qaae@&et&matt}% 111 Qliyaha %ﬁphgajﬂéns b@rrom@@ Wtﬁplidv@E @,wcuqte,ammgd
to substanti al | et el

re-sputterjng process FI%‘/"‘F perft ormeg1 ge ?f{

t he mat er}”%ﬂfem 6F‘g’tﬂﬁféml¥e? &t Pf’ s ‘F‘?pBﬁ’nt"ael%‘E‘?‘%”ﬁ‘f"fbe FSfestide ﬁa‘e“a
openi ng 1iratiGiosttes nentel ayhievehidne ththe kress ofl 86 Br mery cdphieglaysuld8 t@int0s, athkrpin any
det grm neyt g 85 Wik A9 1 %%rig@&hloﬁt%%o%@dﬂg&déﬁﬁ{g&ﬁegg via 110 to the

nmet al - contai ning portion since any contribution of the barrier

| ayer 114 may be significantly reduced. In other enbodi nents, the barrier
| ayer 114 may & 60 ch@dpiemy deatbed With hdferbiné tooRipitdOB-1i, mhearamirrgdmmel 1Mabd1106 are

establ i Sh%gméél\ﬁ Ok &‘;?sreQ lgr?he u%&%@ g‘d{%& ort] Jﬁer}ﬁ)@je\te rothela@c Srlbé%&d a@%?f)e
seed | ayer € 10r I'n whic p based material is
to be for #ﬁéﬁlbm ‘t’lﬁi rPfeltewew\ﬁl%ire 2s@b@eaﬂ€ﬁﬁlvl‘gpdmteﬁré°&thwwt T%%nd t he via

opéani ng 110 may be filled with a nmetal, such as a copper-based materi al,
on the basis o hed depo suc . .

el ectrochem ca Eé‘éhe%aéﬁc l?]:yglr?] Pt E¢ mlpona‘écgor(a%\fm%d {)ﬁ%m&l& aosgllj Stg ?t%%oloafnd ﬁlc}ectn%

mat eri al , lager §i)2nfiomﬁ tfme@@% yhlslexqwewé@e Feptabyesiprel0pBsprbgs a @E@quéasa% BYPb epppryted
descri bedsuh i diRb®E RUG GnateBal RODBY BSpbrdprlaR barkibr Ma# 7. RSgaflE QN AQELIRRS of the

formation of the rreta or,t n105 |nclud|n £ ca ayer 106
Fi gure |i &8 ePEPPEY? #@} 2@0%53?% jgg?nﬁt gorﬁﬁrlﬁ%t%rﬂm SV BHT%)GO%)F & ?Sr%emus}y
coﬁr'él et i odesaibed with whope-to SRuspteldf | Moreqyemn the sanigadngon device %wpnsehe conductive

sem condughfhe HGY¥ 266 Qse@tafrmelos%:e%f%@n&é&lsapqaeaﬁm@e f&ﬂ tﬁ'ﬁﬁlaﬂels&%faﬁc[ e
in an uppei;10 Cftal on 11 of he di

ectr |.a

ebod mentheh SCEET AR B dieh 1gion D SRS 5% PO o PRI s
as are spmﬁmﬂnm@uts abeil sthpaydr287 ay by pré@&dnfallovsd b e rdimizdirio kyer288, e tvhich may he
118, ther ghyeqf.Qfhaha. i nterface 118C havi ng an enhanced resi stance
aggl nst el ectrom gr at| on. 11 WD 2007/040860 PCT/ US2006/ 032919 As a result,

Osemi conduct or devi ce 100 conpri ses an enhanced interconnect structure,
which may i nclige ilbepper enibadisehtnid aipsmg hadr 20632y be fadhed e @ subsipiilicaitialimsd be
formed wi f Qi dtyﬁ)yxvlamg L SAH bl RIEH o lohror RGESLRG0 5 GUbLERAALLE RRARRE e

perfor mance res ectrom tion or tress-1n
nat eri al oqﬁhapla@qswafem gsandicaieg py B Caw r%@a cqftlest ppperiah 2056y bp R vided %‘ﬁ’éﬁ By

Im)r e cap padfsgsuﬁawems chpQ-band mad] fdé\/ﬁlﬁih&g fheaikyal re@xoﬂ th &ﬁmiﬁqﬂﬁrﬁ)uw tilplated, e
106
a)égr K\ér?tuhgl sp ma%ena?zggaxenaﬂge (?ep?s}/tedln 19 a g«?ﬁ%ff;\m mann for s%r%r g 1”%% e§s salec]t_xa%

deSeri bed™ Wi erence
are for néfmowozlmftpr APEQEEss EraRenierys P!ﬁ*éouﬁmfémn}qd hicdd r@mpe tp WF%]H‘ ld%mw?ﬂﬂmﬂh er

]E echni quegrodBys Berestsad ,measppw rleémnbz@SB dﬁ}sferdnbﬁd algu theh:aﬁ;ﬁfgﬂiyeme rda @ drdvgUh € selty

or exenp resen | hvent |

schemat i c%hgfléa &ﬁ}é{}éﬂ%‘g g 8%‘}*%8?{% c{“ g™ Q% r‘ﬁ“e’mlﬁ t%aemguég YR S

and a di ebeefettmeﬂ eccoﬂdrag/@meﬂ@@abh@pmdceﬁsnm&amm SHW@hpm§sungrﬁelfMng stle isteettic

lr egpon 2 ?ﬁ?er z?w&h Ze@ﬁng’:\th&@@ Q&Bmpﬁﬁ)eﬂayﬁ%%%lecﬁlﬁﬁ%ﬁﬁﬁg%ﬁmﬁ %%&daay désa{b%@ tufth C
ayer nmaterl a rr.l er e

et o Tkt e cptnamen DL TR 10, hrersrtah e St S one Bisets PR i iopy

referred describkk correspondi ng corrponents as previously 15 described with
reference to Figures |a- I d. Moreover, the sem conductor device 200
conprises a conductive v}gl ng | ayer 206 conpri sed of qgne or nore of the
materials as sﬁée.rqsvlb&wav inpgfion wa“ﬁeaf@ﬁ%ha&%tealﬁ@u@g the Rgmption of Peririisy
abéye t helaymst, dh ph€gild rendiBensnchppdibastd eleatiizaton ldyay,elh 2Mch eddicaDd ¢letiromightisn me
illustrat Ie\ﬁ%rmance may be achieved, wherein particularly failure-prone portions, such as transition regions between
vias and copper-based metal lines, may receive a highly efficient conductive capping layer comprised of
materials, such as CoWP, CoWB, NiMoP and NiMoB, which may be reliably maintained throughout the entire
manufacturing process. A thickness of the capping layer may be selected in accordance with device

40 requirements, wherein, in some particular embodiments, a highly efficient etch strategy may be used, which may
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enbodi nents, an etch stop layer 207 may be provided, followed by a
d'eleCtr'ﬁmﬁﬁXﬁzmg in which may be fornmed a via opening 210. 20 In one
illustrative e ment, the capping | ayer 206 may be fdi 2P49/042919
substantl@FWVeeemﬁwebmgmewfﬂw&mﬁeﬂmdywpp@wﬁdﬁmgmat@a@mﬁyshwmaﬂ@mﬁ&hmangﬂw
| east on weRnphe &B&rwﬁﬁgcﬁhedleﬁbrﬁg 1R QRBirdlayd: tRGHnbds @mé Eﬁ@gqti}{er? t roceéla
cat a mat eri a

t he process stra ted by 205

205C iy SRR 01 B Caeh TG B e bt oMY B e bits a%ﬁwvep?rgwg
for form ng the netal region 205B, as is also previously explained, or 25
wherein the catalyst material 205C may be deposited in a sel ective manner,
for instance bﬁ‘elect “&;f selectivye E%SIIIOH after a process sequence
as previously e2pPaicRaLrmRedipetisss IP@HE@"?% Yaresnipgs tha nvestprsaey e mefiied agd
processes pfagiced ac@fsen Guit dyeivaap peners egpacnt BObEe mkilfedde tenirt bty aRcbehdiie of the
cappi ng | ay&ky 29&'61{?‘&)?0; g)[ange iy ﬁ)cése Ltraps & fogﬁ]ggovg %2 erfog'lﬂgir ﬁbay ﬁfferent order.

S|gn|f|cagtly reduci ng process conp exi Subseque

| ayer 207 ™ot GRfdignsac gialead e d?/@ﬁy S jof eev@tamqnsqﬁ é@‘gﬁrbé@@ﬁo%e‘?‘?fé&néﬁd
t helGsubs edeserted privceani Blov. A isfil@feftirdieyideit ahatl the batadular élmlﬁﬁm'leﬁy 8ibclodiB:baRGnay be
etching t b i & f (Eff%h r!igd %i’tosucﬁia%ng%nso Gk cgﬁsi;@gd |Wnfd ée!: rsrgzolp f & Sg ?q.be invention.
previously descri reference t e nponent s

Ther eaf t el‘““’cofq‘f@fyf by P%@?“%F‘Hé‘éé@?%’@ asr?ﬁsf‘”ﬁenﬁ'éﬁlﬁ’@ﬁ heew-as i s previ ousl y
described. As a result, the present invention provides an enhanced

techni que for the formation of netallization 35 | ayers, in particular
enbodi nents copper-based netal lization |layers, in which enhanced

el ectrom gration performance may be achi eved, wherein particularly
failure-prone portions, such as transition regions between vias and
copper -based netal lines, may receive a highly efficient conductive capping
| ayer conprised of materials, such as CoWP, CoWB, Ni MoP and N MoB, which
may be reliably maintained throughout the entire manufacturing process. A
t hi ckness of the capping | ayer may be selected in accordance with device 40
requi rements, wherein, in sonme particular enbodinents, a highly efficient
etch strategy may be used, which may 12 WD 2007/040860 PCT/ US2006/ 032919
provi de a precise opening of the etch stop layer and etching into the
capping | ayer wthout exposing the underlying copper-based netal. Hence,
the required |l ayer thickness of the capping |layer with respect to process
mar gins may be sel ected noderately thin so as to not unduly affect the

el ectrical resistance of the corresponding via. 5 The particul ar

enbodi ments di scl osed above are illustrative only, as the invention may be
nodi fied and practiced in different but equival ent manners apparent to
those skilled in the art having the benefit of the teachings herein. For
exanpl e, the process steps set forth above nay be perforned in a different
order. Furthernore, no limtations are intended to the details of
construction or design herein shown, other than as 10 described in the
clains below It is therefore evident that the particul ar enbodi nents

di scl osed above nay be altered or nodified and all such variations are
considered within the scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the clains below 13
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Printed: 04/01/2008-'.: CLMSPAMD. U$2006032919. DEOGAS PCT47452 NEW-CLALAG
JPAmgtﬁé conprising: formng a first opening (110) in a dielectric
-I.%(%?d'.(ofig(g,_ Y26%F med above a netal GMBBAMDSai d netal region comSAOSEORRGS
et &l - cOREES ni ng portion (105b) and a conductive capping | ayerpcfd@6) , “said
capping |l ayer (106) covering said netal-containing portion (105b) so as to
format l|east one interface with said dielectric |ayer (108); wherein
forming said first opening conpri¥¥CLAMS orring a first etch process (112)
to etch through said dielectric |ayer (108) using an etch stop |ayer
(107); performng a further etch process (113) on the basis of a fluorine
and oxyger}\rgﬁ%ﬁrggm%nibi,ent to renove nmaterial of the etch stop |ayer (107)
while | eaving & Tesi %al t hi ckness (107T); perforating an additional etch
process to o‘%@‘?‘i“@aﬁ“ﬁol@wﬁl@@ i diclegyrisray(rl U7F) formndlabo e satethregitiy @idgliasadia i r st
opetm ng (110) 't !"t@“ﬁmﬂﬂgﬁﬁﬁmoﬁl@lﬂhgayoﬁfon (cﬂo@@)anmﬁglcb.?péﬁ% Ehbﬁﬁg!wagpﬁa' Qid?ﬁggl) -
contai ni ng porti over.ed . i d..conducti cappi ng [ayer ;
and filling said FPr %?“‘?oé‘e"ﬁ% °\r§%5§%i‘8§4‘e§‘3’°ﬁqae“é{‘é%p°ad°{’ (O FLP 14 T b preal  (114)
and a net al - cont dMerfg™iatad i"%?"'&“c layer (19 whsteholtmetis ealdafinsh obgninghvemmises sai d
netal conprises cofpeingaGst eTheroasi(tiort eth Eoadhid diebdciFar(1080RE kSR Y

}‘orn‘i ng(g sai)d met @lop RPN, 3y: forrt;‘i ng a second openi) ng in zg di el ect(rji c
ayer (102); ] nduct i ve barrier | ayer (104) at a bottom an

si deval | s ofpeltsféa}xl%ﬁk 2%‘&‘%&%8?&% (klé? on “}eibf’sl'si"ﬁ"g‘&“é’a‘?"d“ sk elasEpEwicAYe ®ek a net al
to form sai d net &ReEdpftbsicikh pep lyen(iinorhil¢ ROBE  residuatthickhess (0TTy sai d cappi ng
Iay\(/aqu (106) fmlﬁmmgﬂaﬂmo&dietﬂmﬁcaitﬂb;f&ﬁlsd)ﬁ[chisté}d’lay@ﬂ{@@@andw‘l- The m?fjhod 0}‘ claim
3, erein fochlg i flS ing conprises. tecessing. said netal to
formsaid et ﬁ%‘gﬁﬁﬁﬁi, ?gﬁ%@?ﬁﬁ T GEERYE Yt 0L W ot e it 4,
wherei n recessi n§ U PHEFAIOR 6FHIPd b edd qulvesive eapming lvad @PShedal i n excess to
overfill s&fline wédsshepcuimsdhioing leashelthdarow imagriab 1 00 88! aRiaRdoht@hindayaeal, | east one
of chem cal nechani cal polishing and an el ectrochem cal renoval process.

6. The Aretillafedl orehi!MikrintlCheh Db QLILAG, Sal d capping Layer (106)
conprises depositing sard capping ayef’ by an el ectrochem cal deposition

process. 7. The nethod of claim®6, wherein form ng said capping | ayer

conpr i SesTHeaetivdaf claimd didlescotpriving fomiirglsaidibctdl @@BA4YON Sai d net al - cont ai ni ng

portion ( 10%ddhing Odecohdbpbdimktid N\BeiS@b de?&%;t rochem cal deposition process.

8. Tlre neth Lm.Z. . furt conpri si renovi ng excess material of

sai d cappi n%%gé%%hﬁi@%?hgry&yﬁf aﬂz’éﬁg‘{t@%ﬁ@S’Q?“"’B%Fﬁ“’c*&‘i“%?f‘ﬁ‘&ni cal polishing

and an el ecgv*&%ﬁﬁﬁ’i"%’élol’eﬁ’éW’d‘Ime}ﬁ’rt@)@@ssﬁd negl-coftaipingWERNDEDLEMEET 30/ 07/ 200: 7
forming said capping layer (105) on said metal-containing portion (105b).

4. The methed of claim 3, wherein filling said second opening comprises recessing said metal to form said
metal-containing portion (105b),

5. The method of claim 4, wherein recessing said metal comprises depositing said metal in excess to overfill

said second opening and removing excess material by at least one of chemical mechanical polishing and an.
electrochemical removal process,

6. The methad of claim 1, wherein forming said capping layer f106) comprises depositing said capping layer
by an electrochemical deposition process.

7. The method of ¢laim 6, whersin forming said capping layer comprises forming a catalyst material at least on
said metal-containing portion (105b) for initiating said electrochemical deposition process.

8.The method of claim 7, further comprising removing cxcess material of said capping layer (106) by at
least one of chemical mechanical polishing and an electrochemical removal process,
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