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1 2 3 GRAIN BOUNDARY BLOCKI NG FOR STRESS M GRATI ON
AND 4 ELECTROM GRATI ON | MPROVEMENT | N CU | NTERCONNECTS
56 7 8 9 Background of Invention 10 1) Field of
the Invention 11 This invention relates generally to
the field of sem conductor 12 processing, and nore
particularly, to reduction of electromgration and
stress voids in 13 netal interconnect structures. 14
15 2) Description of the Prior Art 16 The ever

I ncreasing requirenents for high density and
performance 17 associated with ultra |large scale
integration (ULSI) sem conductor device wiring are 18
difficult to satisfy in terns of providing

subm cron-si zed, |ow resistance-capacitance (RC) 19

dov; ¢ SR ROLREACE M o RS BHReE RS ERATION Ann
subst EBEETR OMIGR ATIONRIBROVEMICY St AU INEERCONSHTTS
(Si), and plurality of 21 sequentially forned

interlayer dielectrics and electrically conductive
patterns. An 22 integrated circuit is formed therefrom
containing a plurality of patterns of conductive |ines
23 separated by inter-wiring spacings. Typically, the
conductive patterns of vertically spaced 24
netallization layers are electrically connected by

vertically oriented Baigyehnd/6f Ivegfor?S filling via
holes forned in the interlayer dielectric |ayer

l)sgf%f?aﬁhﬁé“ﬁ?éioﬁet allization layers, 26 while other
conductive RLUGefdibd f{e?eg%lﬂél‘gﬁ} to ¥Rk BSIdSF s@Rkbiictor

el ectrical contact w
processing, and more particularly, to reduction of electromigration and stress voids in

metal interconnect structures.

2) Description of the Prior Art

The ever increasing requirements for high density and performance
associated with ultra large scale integration (ULSI) semiconductor device wiring are
difficult to satisfy in terms of providing submicron-sized, low resistance-capacitance (RC)
metallization patterns. Conventional semiconductor devices typically comprise a
semiconductor substrate, usually a doped monocrystalline silicon (Si), and plurality of
sequentially formed interlayer dielectrics and electrically conductive patterns. An
integrated circuit is formed therefrom containing a plurality of patterns of conductive lines
separated by inter-wiring spacings. Typically, the conductive patterns of vertically spaced
metallization layers are electrically connected by vertically oriented conductive plugs’
filling via holes formed in the interlayer dielectric layer separating the metallization layers,
while other conductive plugs filling contact holes establish electrical contact with active
device regions, such as a source/drain region of a transistor, formed in or on a

semiconductor substrate. Conductive lines formed in trench-like openings typically extend
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27 device regions, such as a source/drain region of a
transistor, fornmed in or on a 28 sem conduct or
substrate. Conductive lines fornmed in trench-1ike
openings typically extend . 1 1 substantially
paral l el to the sem conductor substrate. Sem conductor
devi ces of such type 2 according to current
technol ogy may conprise five or nore | evels of
metallization to 3 satisfy device geonetry and

m cro-mniaturization requirenments. 4 5 A commonly
enpl oyed nethod for form ng conductive plugs for 6

| ectrjcally.jntercannecting.vertically spaced.
SRS TSRt RtIhia th s ool s Seagucter deviees pfgh type
afoRERS®! diftentEEIMRORLY YnaylcBinPrif PEESThdE 1dvaN @k MR Ellization to
formng an opening (or via) in the 8 dielectric
sqtisfyedavipg @eomolpy &l micrq-minipgydeptiontequire@safat e t he
vertically spaced netallization 9 layers. The opening
is typically fornmed using conventional |ithographic
and et chi ng Al®mmatinegpeyed Akthed fortfernnipg nomiyctiw: plugs for

for, . Ihe opening.is,filled with conduct.ve " "
el huiplerRppnBTRL Vb spar g iR aeR s Kigm as "damascene
-Wéesbiﬁ@.ad}elfemleﬂllﬁtiﬁ@esﬁﬂg:ms_slve@mtgian%p&ﬁﬁg(dr 3la) @ithe

12 the surface of the dielectric interlayer is then .
dielggtricdnterlayes e wBl subsraraty scapatedhs vaatically gpaced metallization
3T Bl SR Sl ity B8 AT Bbgusptic grd peting
teshmipeasndliert the opdning ik foryned she opénang in fidlgd with domductive material,

speed varies inversely with resist.anc 16 and .. )

s B 87 P BT o e BB A e Sfiotive material on
thersuffgyeaif el ditle@tit ifieRfeOilthaiaySicalll re@BRddeby chotlidabmbéHagical
si zes .and_spaci ngs becone smaller, the integrated
P@PWE@P?“@H@E 18 becones | ess dependent upon the

transi stor i SehdrfARIndEhR RS Hipl e RVAs tgird 9api% %peed of

i nterconnection pattern. |If "the interconnection node
s¢rgiconsiuciodcipwelry, and theditdguated|carcil spegd garies ip@rsglygwith resistance
ﬁ&‘&ﬁ%& ceoéf i ﬁ]?ﬁe?@osnn?{tioﬁg)raﬁmaﬁs in@ﬁﬂ?ﬂl&ruﬁp become more

echnol ogl es, e 1T nrerconnection capacitance
compiex and faatuéd digdsiahd Redings bpaaictsandier, rdaengted Ritcnit speed
bhence tge ci.rcuit geedu As, &2 integ ation dens%ty

Foom1es se dongrdeny wpen fhe ransjtorjiself and more dopendepbymemie
itbrbdhne st falte. TFAR: HRSIBRedtish @dde fsR6utbLHRE hicOibideditie distance,

due to integrated circuit speed delays significantly
e2e fuadreds of microns or more, as in submicron technologies, the interconnection
capacitance limits the circuit node capacitance loading and, hence, the circuit speed. As
integration density increases and feature size decreases, in accordance with submicron
design rules, the rejection rate due to integrated circuit speed delays significantly reduces

manufacturing throughput and increases manufacturing costs.

Copper (Cu) and Cu-based alloys are particularly attractive for use in

VLSI and ULSI semiconductor devices, which require multi-level metallization layers.
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24 manuf acturing throughput and increases
manuf acturing costs. 25 26 27 Copper (Cu) and
Cu-based all oys are particularly attractive for use in
28 VLSI and ULSI sem conductor devices, which require
multi-level netallization layers. 2 1 Copper and
copper-based alloy netallization systens have very | ow
resistivities, which are 2 significantly |ower than
tungsten and even | ower than those of previously
preferred 3 systens utilizing alumnumand its aIons
Additionally copper has a higher reS|stance to

ectr raiion. Furt rnnre and

e g8 e b B B il i mﬁér which are

s1<gﬁ1ﬁ@mh@rlowemﬂw: tmlgﬂer[midGEIVbﬁl(ﬁuer (b alkdsy oﬁpﬂe\/ﬁﬁslﬁl pekferred

old. Also, in contrast to 6 alum num a

Sifsmsal&%maéwwg fts alloysppdditionadly; il hawén&hswe@étance to
elre@t?(qm[%)’atlgﬁmﬁﬂl%ﬁﬂor@tcobﬁéﬁl and itk SITRR LAY ra‘%%ngl&rrﬁﬁg c&¥ advantage

nown (wet 8glatlng t echni ques, “such
owr@omnrbleegfsotM@o Fl‘é@mﬂ'@pﬁla,tﬂ I\ sbflqnmqiwéd Adso, in contrast to

I [ nts.
<R PO ALY ok SRRl ol B Al BB RO B ow
tdnqxei‘amreafomled/by wpﬂamb\sn I(\net) platippicelittiques i elabd el ectiobis bal

tgg%ﬁgugggchg_éggg gf ée?ag{lhn ratesghl&(,\g)l aﬂgl(%% ; egttul?ements 0 S
nﬁﬁﬁ@gﬁh hﬂb@glgwlng 14 interconnect regions by ion
|nplanta i on. metal interconnect structure and

nmet hod of 15 making the sanme inplants ions of an all oy

_eI ene nts i ng?lﬂ & ?9%?‘%%%& ctapcﬁeiqgl%gm?nt\é hiathfa ﬁgt%ﬁ]t 111:&'1%11]1’6 can be

ion inplantation o e cop
gkmmﬂluhmnmghngmﬂwﬁdﬁwﬁngpmdﬁs |nproved 17

el ectrom gr i es at coppe e

critical ig 8&# 4 gg ]%"ﬁsef ai Gf’ ?@Wts &, me ‘i/ﬂq-tsﬁlﬁfﬂvely alloying
irddrt@ipét rBQoﬁsQoﬁbﬁ VhplantatidrD W BkenBtkconhi Sveihad tind BRthod of

entire copper line. 19 US 6,500,749 - Liu, et al. -

mRking e seEici implastsdonsafpr Alloy eementainie » penpeglhing thitigh BVja. Then
id'nqtﬁlip%f’dﬁsﬁ of the %ﬁﬁy aEﬁeﬁtgm Al E&ﬂ)el' ﬁﬁé)tlﬂ%gﬁ g ¥l frovides improved

ern hole into
electromlgrauon properties at the copper line at a critical electromigration failure site,

without attempting to provide alloy elements throughout the entire copper line.

US 6,500,749 -Liu, etal. - Method to improve copper via
electromigration (EM) resistance - Ions are implanted through the via pattern hole into the
metal via portion, and any portion of the metal interconnect structure above the metal via
portion. Whereby the metals have improved electromigration resistance,

US 6,713,875 - Farrar - Barrier layer associated with a conductor
layer in damascene structures ..

US 20030160330 A1 - McTeer, Allen - Copper interconnect for an
integrated circuit and method for its fabrication - A small dose of titanium is implanted

in the copper surface. The implanted titanium layer suppresses the copper oxide growth in



=R - R = T Y S I R

—_— = =
LS S N =]

—
(W NN

B DD et e e e
_— D D 00 Y

21 netal via portion, and any portion of the netal

i nterconnect structure above the netal via 22
portion. \Wereby the nmetals have i nproved

el ectrom gration resistance. 23 US 6,713,875 - Farrar
- Barrier layer associated with a conductor 24 |ayer
I n damascene structures .. 25 US 20030160330 Al -
McTeer, Allen - Copper interconnect for an 26
integrated circuit and nethod for its fabrication - A
smal | dose of titaniumis inplanted 27 in the copper
surface. The inplanted titanium |l ayer suppresses the

copper...oxi de .qr o in, 3 1 the.copper bond
B PG W RubR e doras B9 SO ARt Ee e BPledi e o
idnardnfy@orcopper 2 ion transport. 3 US 6, 426, 289 -

Farrar - shows a_nethod of fabricatiQ%.a barrier |ayer

4 associ at e SWPRO-AS L obdTREt-covap aethod of dahaicaidigea barfier layer
assb&ibied Wi cordudraybl #r daffhscenEs i@k, et al . shows a

met hod for inplanti'ng 6 sem conductor conductive _
| ayers. 7 UYS 6NE,7769 Pramamigk , ett ahl showh emsstiodifer impdanting

I8 &ﬁﬁgﬂopgo a0 tﬂjellg LS PI ecipitate to surround
TRLer conneet To mn i ze el ectrom gration. An alloy
preci pi t at e USs 6,298,769 midaricq i, sbowgla method d0 tirinitey dnidiloy
wi fhin an interconnect opening, .inclyding especjally. a .
PIEEIPY IS 1<t TR OOt B RERETA Ao ETatdth o Af fllsy précipate s

fRRE tdPdrRdfd 8kordddBtivedRl wHAhARSnRROnRkt SRBing! Abding tspecially a
boundary of the conductive fill prevents drift of "the

topaefacardivke cpntagtivafillal Birplloneracimtatent shertop swfagn anditshgygrain
i ) 1 )

o AR MR e S SAELL B L DN

swiren ambjalodglthe it S 0@ G coddudtive flllypd tito the indulaing layer

Met hod af .using ternart 16 copper alloy to obtain a
S?QRH“&@%?@%%WWQ&%%W P4 e grain size interconnect - A
met hod of 17 fabricating an integrated circuit

i ncludes foyy naosdobsr7si 61 | avphidd Qpal. |-alRfdh oBid ternary
walls 18 and a bottomof a via aperture and providing

ceppeedlivarty obleprelowarsiggnogiand legeegram| sizeintetvonngch - A method of
fabricating an integrated circuit includes forming a barrier layer along lateral side walls
and a bottom of a via aperture and providing a ternary copper alloy via material in the via

aperture to form a via.
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19 a
t he
i nve

perture to forma via. 20 21 4 1 2 Summary of
I nvention 3 Exanpl e enbodi nents of the present
ntion provide structures and 4 methods for

form ng an interconnect structure with a doped region

in a

top portion of a 5 | ower interconnect. 6 An

exanpl e enbodi nent is a nethod to fabricate a neta

inte
el ec
pr ov
inte
into
in
and
r egi
firs

rconnect 7 structure having inproved

trom gration resistance, conprising the steps of 8
i ding a sem conductor structure having an exposed
rconnect therein; 9 inplanting alloying elenents
the interconnect to forma first inplanted region
10 the interconnect; 11 annealing the interconnect

the first inpl ard@iimhPgbfafe tRvén@ioid 2 first doped
on in 12 a top_portion of the interconnect; the

t doped Exagplssmbadinegtspf diapressnbisusdian peayidersiuctyres and

rr%&l;gh@ﬁﬁ‘ tfofaﬁllﬁésﬁr?fn{e)‘ccﬁh% KEkture Jv\ﬂth]asdtﬁﬁd BERRh %.t%pepc%rﬁgn of a

o

di men an 1 nterconnect structure conpri

lob@r finletcomiasly: 17 a dielectric |ayer over a

semn
sai d

d . .a hard K. | 2
conat G DDA oo

stinfe havitl igskvddaeiromindatid @sisthRlefednipriidgali©stepsaf: a

barr

jer layer qver said hard mask | ayer said

dP"é’l"@é‘%&'E} %?ml%y’épctmﬁ@ﬁ?uae hﬁﬂ@'@(ﬁ*ﬁ%ﬁj nigfcoppech _FIW&?in;ZZ
a '?13%1% g:él[b?ﬁ{gt eldrhdrhd A6 A& lfert HRBECRBRE L fitR SRpIAked region in
co d of Copper;

rise
the interconnect;

annealing the interconnect and the first implanted region to form a first doped region in

a top portion of the interconnect; the first doped region having grain

boundaries that are at lcast partially blocked.

An example embodiment 1s an interconnect structure comprise the

following:

a dielectric layer over a semiconductor structure;

a hard mask layer over said dielectric layer;

an interconnect opening in said hard mask layer and said dielectric layer;

a barrier layer over said hard mask layer said dielectric layer in said interconnect
opening;

an interconnect filling said interconnect opening comprised of copper;

a first doped region in a top portion of said interconnect.

This summary incorporates by reference the substance of the claims of

this patent as allowed.
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23 a first doped region in a top portion of said

i nterconnect. 24 25 This summary incorporates by
reference the substance of the clains of 26 this
patent as allowed. 27 5 1 The above and bel ow

advant ages and features are of representative 2
enbodi nents only, and are not exhaustive and/ or

excl usive. They are presented only to 3 assist in
under standi ng the invention. It should be understood
that they are not 4 representative of all the

i nventions defined by the claims, to be considered

Ilnltatlons 5 th nventi on as fined by.the )
Lo ot onS TR e i bRy Rl B S B b ative

ellibsdients Sﬁl@ﬂ&iﬁ aré ﬂ(ﬁf&xﬁﬁusﬁ{?@ﬁﬂ/cﬁi @XElNdiAg They Ry pBBented only to
mut ual |y contradictory hat they cannot be

&
assishiny widfsEnding ﬂkﬁ’r@‘éﬁ‘é‘ﬂf’n Ihshau@. bsgindesiond Hakthsy are not
reptedidt@Velof af AEnAAVBA &9R3d Bf' ﬁle%?ﬂllnb GaBL @onsﬁief'éa 1f¥higations on

aspect of the invention, and I napplicable to others.
theimvenbeman definedkby memlam;p@cllmlteﬁonsgmtelqmvellems ieetihe claims. For

P A RN AT N
sihﬁltme?uﬂ? pBdséntén & Single@fidodiaient IS‘Srﬁillﬁﬁe &)lﬁ@i@laﬂtagés@é applicable
than for

1, purposes, of space and reduci ng )
to S @pRect %ﬁqtﬁe ippgRtion, ﬂi@ngﬁﬂi‘ﬁ%ﬁ? tooqﬂq?r% j%ﬂﬁ@?% @ertain aspects of

th% @%ﬁ&@ﬁh@&tloﬁ%ﬁ@ﬁ’&|b@eﬂ‘&l§c£&d%fb‘f’d dRfRAedhs Hﬁé’bﬁde\éﬁoﬁlﬂ be
etern1n|ng@$qU|va ence. Additional features and

depnasgasdjes thoe diseussadiherain wlnting K thoseomntdisesper leanein |0ther than for
ok B L 0 5L By A G O PR B
shwin]d e bBransidersl dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.
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3 The features and advantages of a sem conductor

devi ce according to the 4 present invention and

further details of a process of fabricating such a

sem conductor 5 device in accordance with the present
invention will be nore clearly understood fromthe 6
follow ng description taken in conjunction with the
acconmpanyi ng drawings in which Iike 7 reference

nuneral s designate simlar or corresponding el enents,
regions and portions and 8 in which: 9 10 Figure

1A-1 shows a cross sectional view of an first exanple

11 enbodi nent of an interconnect structure. 12 Figure

| A-2 shows a cross sectional view of an first exanpl e

13 enbodi ment of Bﬂlef])E@[-fpﬁﬁﬁQ{:theﬂbfmh 14 Figures
IBto E1 show a cross sectional views o an first )
exanpl e 15 Teadrabirerend adyaniages of ascaBemdustosdavigeageaading to the
P A i f i O S 01 ABRAKRH emeonductor
d@ticrmutamoedanwvvﬁh @mmesz:m iBvegitionsvib be nmsesclsmrbt urndatood ifiom the

con nt of an.inter.connect. . ..
R R S R O
rdfttr@ﬂiﬁ: nefals@LRRcke S¥EAMP bEcordipaidnpilémBaits, 8dgi@R and portions and
.interconnect structure. 22 Figure 3 shows a cross

ingghithional view of the top surface of doped region of
the 23 interconnect after anneal. 24 7 1 Detail ed

Description of the Exanple Enbodi nents 2 3
Figure 1A-1 shows a cross sectional view of an first example

embodiment of an interconnect structure.

Figure 1A-2 shows a cross sectional view of an first example
embodiment of an interconnect structure.

Figures 1B to E1 show a cross sectional views of an first example
embodiment of an interconnect structure.

Figure 2A-1 shows a cross sectional view of a second example
embodiment of an interconnect structure.

Figure 2A-2 shows a cross sectional view of a second example
embodiment of an interconnect structure.

Figures 2B to 2D show a cross sectional views of a second example
embodiment of an interconnect structure.
Figure 3 shows a cross sectional view of the top surface of doped region of the

interconnect after anneal.
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20
21
22
23
24
25
26
27

4 Exanpl e enbodi nents of the present invention will be
described in 5 detail with reference to the
acconmpanyi ng drawi ngs. The exanpl e enbodi nents of the

6 present invention provides a structure and net hod of
form ng an interconnect having a 7 doped regi on near
the surface. The doped region had alloying el enents
that block at |east 8 sonme of the grain boundaries

and reduce stress and electro migration. 9 Two exanple
met hod and structure enbodi nents are described bel ow
10 In the first enbodinent, the barrier |ayer is not
renoved by hani ) before
Che | mpl o 2PAIES Bes AR 6 nlfnpllmpluitne 0 o)

| ayer acts as an 12 i npl ant block to prevent the
alloying elenents frombeing inplanted into the
dielectric 13 layer. 14 In the second enbodi nent, the
barrier |ayggarhle ERBBYBRNRYS ARGFEEA 1nve¥1§oﬁ'ﬁ@lh9@ﬂé§é‘1bed in
polish (CMP) before the inplantation of the alloying
degaibyyish referanaede dlermsqupazmngaywmgh atha gxgapleiembodiments of the

p@%‘h‘f in%ntio?_y)p%w S ast Sétfl?egar%dgigxlleﬁga PP %n?&h\gtag 1&'&1[%}51%{1# ﬁa@ﬁlg a

daticd Ir@(trrnear thayerface. Tie ddpedl regron Isid aﬁnm elements dight blook at least
nd | B to, | E show a first

Fi gures .| A-
SR ARLEERbBtTEict 08 16t SRR B Eng  an
i Nt er connectwoleRarhpe mdticilan@ ¥R esHRRbodinttsRA¢ dés&ﬁbcd below.

layer is not 22 renoved by chem cal - nmechani cal palish

hxt@/ﬁyst [setedignent; éhy bﬁ@qu@m IOt sImavee aphwpﬂgnecmucal polish
e ENAPRSL R o LR E Lo Bl @ The il

pre en oying e rom |wplanted
impldnd blook tatprelvent thei afloyiag etemeRt fradGbéRag emplamied inw the disteetric

1A 1, we provide a sem conductor structure 14 27

Hgblng an exposed | ower interconnect 24 and an inter

met al di el eqh HeGetcid@inbdBimehh€hd drAidr 18yet is' SinbUsd B hemical-
surface" is neant to include the upper nost exposed

mprl nolish (GMRBhLbgfers s jmpdgntation of the alloying element. A hard mask
layer that underlies the barrier layer acts as an implant block to prevent the alloying

elements from being implanted into the dielectric layer.

L First example embodiment

Figures 1A-1, 1A-2, and 1B to 1E show a first example embodiment
for a method of forming an interconnect. In the first embodiment, the barrier layer is not
removed by chemical-mechanical polish (CMP) before the implantation of the alloying
element. The barrier layer acts as an implant block to prevent the alloying elements from

being implanted into the dielectric layer.

Referring to figure 1A-1, we provide a semiconductor structure 14

hqving an exposed lower interconnect 24 and an inter metal dielectric layer 20. The term
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2 wafer, such as a silicon surface, an insulating

| ayer and/ or conductive lines. 3 The | ower

i nterconnect 24 is preferably conprised of copper. The

| oner 4 interconnect preferably has a top doped

region 26. The top doped region is preferably 5 forned

by an enbodi nent of the invention. The | ower

i nterconnect is shown for an 6 exanple and the style

and conposition of the |ower interconnect can be any
feasible 7 interconnect. 8 The top doped region 26 is

preferably doped with alloying elenent such 9 as B, P
“sgll;ugé.ue' ace gfn\cf\gré 8 St}ciu%tg :ggen?pgﬁ%ogggﬂﬁsgd é&grggggp % semiconductor
wafer,Gutngs aeélledmrshﬁfa@g 6n PisalhigalB)er ahdVor dmidatilviedinesthe top

doped reglon 26 11 has at | east some grain houndaries

stuffed w t Ae HavesinteRgomgctdddparsierady éOIBEIFFW/Of gepper. The lower

1&&5&1{&@& prefral§ s h Rig e p%dﬂ%s ﬁ"héfbg‘i‘ia? Pﬁn‘iﬂ Sefdrably

boundaries of "the top ed region 2 cked 13
fasped by em ewbedicieptrad dhepinvention. The towsr ait¢royrinaef i shommrfosan

SIS QRodin DR ARISLEA K Ga I EpPER AL
intercqunedter abl y conprised of |ow K 16 materials such an

Oy SED: 7 T RSB Rangh e et 1B S8 ement s
a@E ep Na&l @ wﬁﬂh%"@oﬁ%‘tﬂaﬁ&h 1I¥§sttﬁ£d P, %ind hidfe preferdbN-bdt@¥en d.Band 1

dielectric filmavailable from Novellus Systems
atpmc %o. dihg alipYine eleaicrts ard prelerbbrmoatmatalliay 3he tpldeped weion 26

B G Rou Gl AR Sl RS Al for
deseapticabl At léasbmdqmﬂﬂleegfaiﬂﬂioandmies of tha cop; doped peghinl 26 a2d blocked
ielectrjc %rlal %@Jlab fron1Dow Chem cal Co.

d
by pelpiCxandpreet e o the Rise 3) . 22 The
sem conduct Qhe &Iﬂdé@&&fe@x&%éf&%bly%ﬁmHbﬁﬁ%e&e@ﬁﬂ@b 'éﬁdih(300 A

28 on the 23 inter netal dielectric |ayer 2
hard mask cahe Beerdegipdidedriohys)igprefonbly C@nprged:OwaK

BTG o3 G0 FyerfR iDL bl LA BIRCKCAPMOND
silicdregxidebabd GVE lewtk fibm beajleble Zm Applicddyiatedslsg iné. SCORAL low-
k B{e?écﬁ{caﬁh%’ avallaBle | %%Ci\lgvfelh% %s?ems ¢.; fnd SiLK dielectric material
available from Dow Chemical Co. Other examples of low-k materials include; BLACK
DIAMOND 2 insulator material available from Applied Materials, Inc.; or p-SiLK

dielectric material available from Dow Chemical Co. (low K is dielectric constant K < 3),

The semiconductor structure further comprises a hard mask 28 on the
inter metal dielectric layer 20. The hard mask can be comprised of Si02, SiN, or SiC
based materials.

Next, we form a lower cap layer 30 over the lower interconnect 24 and
the inter metal dielectric layer 20. The cap layer is preferably comprised of SiC based, or

SiN based materials or combinations thereof.
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28 Si N based materials or conbinations thereof. 9 1
Subsequently, we forma dielectric |layer 34 over the

| oner cap layer 30. 2 The dielectric layer 34 is
preferably conprised of low K materials such 3 as

descri bed above (low Kis K< 3). 4 5 A hard nmask

| ayer 38 is forned over the dielectric layer 34. 6 W
then form ng an i nterconnect opening in the hard mask

| ayer 38 and 7 the dielectric layer 34. 8 The

I nterconnect opening preferably has a dual damascene
shape 9 conprising a top line opening and a bottom

via plug op r rh er, 42 gve

the hard na;%@b%gué:n 19 %\g tf(%‘gl J&Elhg eg)l%tc rl%y%r Jig?(er theAIogfﬁr cap layer 30.
t he intercorhe fdiel@ﬂﬁﬂaﬁg 34 Thprefeddbly esmprivgd of Ib&fK&’lzﬁ@als such
act as an inplant. mask for 12 a subsequent doping
a%ﬁ%?ﬁ%#ﬁ£?§£@%%géﬁﬂf Tél layer 42 is preferably

conprised of Ru, Ru oxide, W TiSIN, 14 Ta, TaN or a

bi -1 ayer of Ta and TaN. The barrier |ayer preferably
has a t hi ckfebad paskisger 381i5 farowd grer thodiclkctrithayenad.r i er

| ayer prefer ?ﬁ;ﬁ

| ayer 16 pr e‘:’?gr 5D y a@ﬂ}%{&’ oﬁgé%gg@@v%gﬁﬁigﬁaaﬁg}h%%ﬁg and
the didldctde lager3der | ayer conprl sed of a layer of Ta and a

| ayer of Ta Tal Ta 18 ha t hi ckne s

ot ween 100 HhdeBREe R PETHARY Sp Ay dpdees

calapﬁéiﬁg 4 Hpene OPAARS mﬁpenb&@nmapmg&@émﬁg a cond uct i ve

metal , such_as Au, Al, Cu, Cu alloys, Ag,

Pr eferably e qmtaéfraémﬁ@@r 47 gve dhadrard wsbkayw Sftm ﬂlélgctnc
r Wﬁﬂgﬁf ?}I aoony E&%p é 0?%&4?3& c4P418D zg:t ﬁsoaﬁﬁﬁ{plant mask for

ayer connect opening and coverl
azﬁbaem@nbdnpmglmglayer 42. The copper | ayer can be Cu or

o of o1 abl y. OHESHET B Hepresr At dmaRuan b B ey, TSN
TaJ Effebedbiylayer of Ta and TaN. The barrier layer preferably has a thickness between
100 and 500 A. The barrier layer preferably acts an implant mask. The barrier layer
preferably has thickness between 100 and 300 A.

A barrier layer comprised of a layer of Ta and a layer of TaN (Ta/TaN)
preferably has a thickness between 100 and 300 A and more preferably about 200 A.

The interconnect can be comprised of a conductive metal, such as Au,
Al, Cu, Cu alloys, Ag, and W. Preferably the interconnect is comprised of Cu formed
using a damascene process.

We form a copper layer filling the interconnect opening and covering
the barrier layer 42. The copper layer can be Cu or a copper alloy such as CuAl. The
copper layer is preferably made using a ECP process and the copper is preferably
substantially pure.

Referring to Fig 1A-2, we planarize the copper layer to a level about
even with the barrier layer 42 to form an interconnect 46 preferably without removing

significant portions of the barrier layer.

10
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25 substantially pure. 26 Referring to Fig 1A-2, we

pl anari ze the copper layer to a |l evel about 27 even
with the barrier layer 42 to forman interconnect 46
preferably without renoving 28 significant portions
of the barrier layer. 10 1 Preferably, CWMP process
paused after renoving the Metal 46 over the 2 Barrier
| ayer and before barrier (Ta/ TaN) was planari zed and
renmoved. In order to secure 3 1l-step CMP uniformty,
there is a new technol ogy called E-CWP which can al so
be used 4 here to renove Cu only (remain barrier

| ayer e.g., 6 The d damascepne
i n%/er c ongectP ralgg' EM}? PR F?a‘@S‘ﬁ—ﬁ‘{i‘?rg‘éfaO‘gflg e\}‘{lgal 46 over the
BRrriéf]a$&/nd Before barfier SztﬁﬂaNﬁ waehRAdriARE ah® réhveliBin mer to secure
plac%%§ ion inplant) alloyin elenents into
ltSFFB e—w%amwérc&her&es anew tesenelagy sabled EoGMP which gary @ﬁqﬁeaused
ie EStenodP AR hﬁﬂ(ﬁéﬁﬂh BRrielrayd eSS €7aALY). 10 we use a

asma i mersion 1on | nplantation process. 11
Preferably the entire exposed top surface of the
i nt erconnec

ol asma. | e 27 o Bamestal Bich R 4B e e R e vi

plid 484 abd alNne $6BOr C atons, at an energy bet ween 10 to
100 keV and re pre erably at a bit h energ
40 to 100 kg ferreeto digs'd |V€° %C@f(%gamnynwa@e%ﬁm& EEE@&‘S into

thé ﬁﬁeﬂc&ﬁrﬁl&%@tﬁe %ﬁ@ﬁéye? 92 Q@forﬂﬂa ﬂi@ﬁnﬁ‘)lzln%ﬁ' 8 on 5% Preferably,

el ements are preferably conprised a materi
we gppe PlesmayinBnerpion ipn igiplantation PF!rC§$Ser abI y the al I oyi ng

el ements ar re@&gblmelaﬁ!n ﬂe ex%gsegl'fﬁéﬁn%%e ollt%e 1r€(§r§orﬁ1%&c4%r19

for a "shor I'ng ure. arrier
infdanted\) are materials with dense-structure and 21

heavy atons, it was, expected that. daopapts will not
penetrate f E}}%gc‘anip Es&h’i imparsign jon1 Elp[] tation process, we implant,

B, P, N, Si or C atoms, at an energy between 10 to 100 keV and more preferably at a bit
high energy 40 to 100 keV. The dose is preferably between 1x1E15'° and 1x1E18 '®
atoms/ sg-cm.

The alloying elements are preferably comprised of a material
comprising B, P, N, Si or C. Preferably the alloying elements are non-metallic so there is
less concern for a "shorting" failure.

Since barrier (e.g., Ta/TaN) are materials with dense-structure and
heavy atoms, it was expected that dopants will not penetrate further through this barrier
layer 42. Therefore the underneath IMD layers will not be affected.

Referring to figure 1C, we anneal the interconnect and the first
implanted region 50 to form a first doped region 54 in a top portion of the interconnect.
The first doped region has grain boundaries that are occupied by the alloying elements.

The anneal can be performed at a temperature between 200 to 400°C,
and more preferably between 250 to 300°C. The anneal is preferably performed for a time

11
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22 layer 42. Therefore the underneath IMD | ayers w ||
not be affected. 23 Referring to figure 1C, we annea
the interconnect and the first 24 inplanted region 50
to forma first doped region 54 in a top portion of
the interconnect. 25 The first doped region has grain
boundaries that are occupied by the alloying el enents.
26 The anneal can be perforned at a tenperature
between 200 to 400C, 27 and nore preferably between
250 to 300C. The anneal is preferably perforned for a
time 11 1 between 10 to 30 ninutes and is preferably

ol TE hoe BRuS RSPl e B Vb mbf o e o

Ni/Hpl ant for each 4 net aI Iayer although it is p033| bl e
to performogne anneal after all netal doping/ neta

layer 5 ar &% gisalds peterply perfarmed dperths é@?‘%%}“@lant for each
m@i%f fa§ér AAHGA if 1s%§s1l§’l@ t@f)érfb‘x‘lhrbﬂe ShriRABTer 41 5P 8B5ih SO layer

bet ween about 0.1 and 1. 00 atom c % and nore
arp fermedlabl y betvveen 0.1 and 8 0.5 atomic % 9 10 The

first doped 4

and nore %g}e J}%%)f'ﬁ %lgsﬁagtﬁlb%gﬁg%gs glg?}?o%ﬂ’glgq?erﬁ
cdnoentfating betezﬁhoabdmeo.t[ ,and i INaleatdicy @ahd makd yrefetably Bdveedn 0.1 and

00 angstrons 13 Ta barrier before doping, the

Sé‘ﬂ’é‘PF tion depth should be thicker than that in the
second 14 enbodinent. 15 The portion of the

i nterconnect 46 below the first doped regi on 54 i 16

subst ant i al The firstdonstl regien dps »enth berwaens4001apd 1360 Atpad more
lzant ed th B, P, N Si, C
oy IR P " ce

dopants, and anneal ed at certain
t enper at ur el the dirst ‘embbdllﬁEﬂt dinpawt preferatsly hhvesabout 00 ahperoms
T%arrier before doping, the penetration depth should be thicker than that in the second
embodiment.
The portion of the interconnect 46 below the first doped region 54 is

substantially free of the alloy elements.

The interconnect was implanted with B, P, N, Si, C or other suitable
dopants, and annealed at certain temperature to drive these dopants to diffuse into the Cu
lattice.

As shown in figure 3, since these dopants are normally preferentially
located in the grain boundaries of Cu, it is expected that the ideal diffusion channels for
vacancies such as grain boundaries and surface will be blocked by B, P or other suitable
dopants. Therefore the process of accumulation of vacancies can be retarded. Take the
normal big grain size of Cu (after anneal) into consideration, the volume percentage of
grain boundaries in the dual damascene Cu lines will not be high. Therefore the required
concentration of dopants in the Cu to block the diffusion of vacancies may not need to be
high too (<<1%).

12
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21

22
23
24
25
26
27
28

20 lattice. 21 As shown in figure 3, since these
dopants are normally preferentially 22 located in the
grai n boundaries of Cu, it is expected that the idea
di ffusi on channels for 23 vacancies such as grain
boundaries and surface will be blocked by B, P or

ot her suitable 24 dopants. Therefore the process of
accunul ati on of vacancies can be retarded. Take the

25 normal big grain size of Cu (after anneal) into
consi deration, the volune percentage of 26 grain
boundaries in the dual damascene Cu lines will not be

hi gh. Ther et.or u ired, 27 concentration of .
doant s 1 n- FrRrec Ssfsitabss Siond ER ST Bk it oplleSifongd rogion
300myf tﬁ@lntéi&ﬁﬁie&t@f@ﬁann&ﬁ Figgte 3t dhowk tek¥uteslos pﬂecﬂiliﬁtéé 81Bof the

shows a cross sectional view of the tgf surface
alipypngrclsenty i thogrampbayndariss of the Gugmaine dihe allowpg aﬁw&aﬂs block the

dffuSioh®f 3ac%ﬁ<9¥\§’3 dshiad 519ilréﬁy%dlﬂ:% sRERGhP LI gg?(?%é g}%t?onciﬁoﬁlgﬁs

3 alloying elenents in the grain boun
grains. The alloying elenents bl ock the 4 diffusion

oy aere! RO AENT e PEAER B 5 Il
batianaydraeer the tdpasirfher oflted/mter trtal afémcmdlbyaar Prdfanivliy ée CMP
| ayer over the tOP syrface of the inter netal

degscTQ CepoYe spgifaant partiens ofthe intepronpgob46 8 qoes not

remove si gnirhe el B?b%cﬂfm&ﬂﬁéﬂP&ﬁ&%ﬂ%o%e btrier
The final sta chem cal - nechani ca olish w

(whipsan lterié)%fag-’-lﬂp @ngstrogs thipk)c A pertiomef the @utlme:srw also be polished

oI TRE DR R b s B
théqm'rm@ loe gudng ihs CMIP plocesso tigkwvet e, the rippeirefien ot tdoxhick to

t he ggon | ost during the CMP process. However, the
Hﬁ&ﬁ% P EYireipianee Ml thick to 13 increase the Cu

resistance {aFRr tReGIMP lifte fifst 85pcihEi &M BretBly hdstldef@RREveen
regi on Eﬂnferably has a depth between 15 100 and 1000

16Mhesk YO9Rangstiees| anap apd merpprefesabdint gendh betpresn YO ardbH00
anﬁéggoﬁg_d 500 16 angstrons.

We then form a capping layer 60 over the interconnect 46.
Subsequently, another inter metal dielectric layer and overlying

interconnect can be formed contacting the top surface of the interconnect.

II. Second example embodiment

Figures 2A-1 to 2D show a second example embodiment for a
structure and a method of forming an interconnect. In the second embodiment, the barrier
layer is removed by chemical-mechanical polish (CMP) before the implantation of the
alloying element. A hard mask layer that underlies the barrier layer acts as an implant |
block to prevent the alloying elements from being implanted into the dielectric layer.
Parameters for the second embodiment are similar to the first embodiment unless

otherwise specified.
13
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17 W then forma capping |ayer 60 over the

i nterconnect 46. 18 Subsequently, another inter netal
dielectric layer and overlying 19 interconnect can be
formed contacting the top surface of the interconnect.
20 21 1l. Second exanpl e enbodi nent 22 Figures 2A- 1
to 2D show a second exanpl e enbodi nent for a 23
structure and a nethod of formng an interconnect. In
t he second enbodi nent, the barrier 24 layer is
renmoved by chem cal - nechani cal polish (CW) before the
inplantation of the 25 alloying elenent. A hard nask

| ayer that underlies the barrier layer acts as an
implant 26 block to prevent the alloying elenments

from bei ng Replrang ©digufd PAINEe BrRlideed dehicond¥@br struditire 214
Paraneters for the second enbodinent are simlar to

haiag 4 eppsedipwer irterronpget 34 aiangpice mgtak @egﬁf@e.lweéyo 13
1 2 Referripig l&%rflﬂt&‘df)ﬁae%tbﬂh’ca%e BoAiide o?c%pé)er The lower

semi conductor structure havi ng an exposed [ ower
interceymectrpefetablybis amep dnpedmm%t al dielectric layer

220. 4 The greonng d of
copper . Theaﬁgﬁﬁ}&ng “%Eerconné%éd e erg%ggp F%EES%B’P’
Ndsp ﬁd c:rvlexgi lﬁ'ﬂfel?alvlﬁz ccﬁcaﬂl@tlb@ fessithpe C[i%r GQi;QdSl\ll) &%ﬁd Iré:‘gudmmc aving
th alloyjng elenent s i, or
%Sﬁsca?eegréwgm %ﬁé‘@#ﬁ&' gbﬁaEf@gglgﬁ%ni% The top
dOped regi ot 226 daéidtthe %mﬁtbohﬁﬁﬁks §10£H§ r% bEH reglon 226 are
boundaries stuffed wth t loying ele

blogkask byswontesoind prrsipgiates ar hewHdrng elgmsntsx he t op doped

regi on 226 35 op el AKG e s 0L LSR pAULPIBE LY f8heR

or the alloying-e reglon can
have a dept IThbétteandtaldliélearic lay: a0 cdknpﬂ@d 'Eﬁ tow Kiredterials such as

R e 1 S SR GRS | O € Tater el
is K< 3). The semiconductor structure further comprises a hard mask 228 on the

inter metal dielectric layer 220. The hard mask can be comprised of Si02, SiN, or SiC
based materials.

We form a lower cap layer 230 over the lower interconnect 224 and the
inter metal dielectric layer 220.

We form a dielectric layer 234 over the lower cap layer 230.

The dielectric layer 234 is preferably comprised of low K materials such
as Coral TM, Black diamond TM, Silk TM (low K is K < 3).

We form a hard mask layer 238 over the dielectric layer 234.

We form an interconnect opening in the hard mask layer 238 and on the
dielectric layer 234.

The interconnect opening preferably has a dual damascene shape
comprising a top line opening and a bottom via plug opening.

We form a barrier layer 242 over the hard mask layer 238 and the

dielectric layer 234 in the interconnect opening.

14
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14 The sem conductor structure further conprises a
hard mask 228 on the 15 inter netal dielectric |ayer
220. The hard nmask can be conprised of SiQ2, SiN, or
SiC 16 based materials. 17 W forma | ower cap |ayer
230 over the | ower interconnect 224 and the 18 inter
nmetal dielectric layer 220. 19 W forma dielectric

| ayer 234 over the | ower cap |ayer 230. 20 The
dielectric |ayer 234 is preferably conprised of |ow K
materials such 21 as Coral TM Black diamond TM Silk
T™ (low Kis K< 3). 22 W forma hard mask | ayer 238

t he di t 234 .
nt er connect P PEREHTA R ASPHEFR H HRPTRR) B RaoBu giideo
TISK, TZAatll @ ladildyieCof Byaid Badd. Théfbatdte [dyat prefe@dblPEds a thickness

penl n(g}' pr efer ably has a dual damascene shape 26
t‘&op | i ne openi ng and a bottom vi a pl ug

opem ng. 27 Shfc
mask | ayer %‘}é%ngrgg thé)%glgh%%ghe r| cg%%%g&zo%gﬁ{lg%ﬂe

covetig Swrastr lype?d2ng. 14 1 The barrier layer 242 is

preferably Fé%ﬁg t%q'g%A u\ge W%%g‘* %ogi)?rizla r%hythe-[)%mer

TaN or a b| [fayer
lageretbarledd ybdmasma with thk epsef haitl sdkigyen 238 Thin ﬁorﬁ@@n/&lteréonnect

SENCRERE DRI AR

reﬂﬁfv%@rﬂoﬁg)nt&tﬁd}glr@ﬁaﬁq we planarize the copper |ayer
and the barrier 7 layer to a | evel about even with the

top of har dPrferkbly dyeeMPIgmoe sybstantisBy all therhamiardavise g,
g e e
hard mask. IQe Rrtatametd Zﬁﬁhhpref?;wﬁly amqmdd sfibsiphig 26Ayand a
11I1I £46té1e barrier |ayer (e.g.
As shown in figure 2B, we ion implant alloying elements into the
interconnect 226 and the barrier layer 242 to form a first implanted region 250.
The implant process (e.g., energy, dose, ions, etc) can be performed as
described above in the 1* embodiment.
Preferably the entire exposed top surface of the interconnect 246 is

implanted.

It can be seen from the above process that the dopants will also hit on
the areas covered by hard mask depend on the CMP process. It was expected that the
dopants will stopped by the hard mask layers and will minimize its effect to the IMD
layers.

Referring to figure 2C, we anneal the interconnect and the first
implanted region 250 to form a first doped region 254 in a top portion of the interconnect.
The first doped region has grain boundaries that are blocked by the alloying elements. The

anneal can be performed as described in the 1** embodiment.

15
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11 Ta/ TaN) and stopped on the hard mask. The

i nterconnect 246 top surface is exposed. 12 The

i nterconnect 246 is preferably conprised of a via plug
246A and a 13 line 246B. 14 As shown in figure 2B, we
ion inmplant alloying elements into the 15

i nterconnect 226 and the barrier |ayer 242 to forma
first inplanted region 250. 16 The inplant process
(e.g., energy, dose, ions, etc) can be perfornmed as

17 descri bed above in the |I" enbodinent. 18 Preferably
the entire exposed top surface of the i nterconnect 246

is 19 inpl d. .20, 21 | n seen fromthe ahove
process th a?ﬂF ﬁéﬂ gg%eélﬁ?%mﬂ;? ‘F OPﬁntg clspenseonpepratio it

bétheasatavel Bchndy1. b@ﬁl@nﬁ@%ﬁﬂ%ﬂﬁ‘@ re@étatili Betwi¥Eh PN @6EHS. atomic
It was expected that the 23 dopants will stopped by

“¢he hard nask |l ayers and will mninmze its effect to

the IMD 24 Ay ffSnnd: gttﬁgﬁ%{ H(hﬁglgég%rf hgsuﬁ @el}l%lfo Sep 100 and

anneal the iInterconne
[ @@ pngstraB afier anoeainand ﬁlprespreﬁcqbbcb depdfi batwesy 4001aml 06p

0 e . first, dope
PRl b 86t RAPRCE 1736 oL 1 BERB ety about
1a%k@ﬂmn@mdmﬂﬁﬁgs The 28 anneal can be perforned as
described in the 1s° enbodinent. 15 1 The first do
regi on 254 H4SPertign phipeiperprirshtdocsinve e fiti Hedzregwn 254is

pREINAE rhu@@ﬁﬁffall? frle c{f Gy gll(;y QQm@ﬁtQH"bﬁx the ﬁﬁgdéﬂéﬁ‘f'%lon 254.

preferab y between 1 arid 0.5 atomc
t he anneal , Figwee 3 shosnts aomwdecrt@galone\fn abthg tcdeqstrﬂacebﬂﬂ/ﬁeinped

P 205 ORI B 900 ) B
pReipiteteadl Yoftthealttepigelémenadinuthe Q’raﬁlboilﬁde%e@BOit bﬁhb Cﬁ@rains The

cglnggli gtgéntg rsua{ aesfs%[u%ebsl o¥‘ pfaetgz%lilttates Zlg)%{oc?(fthe di fusmn of vacancies 308
and thereby reduce stress and electro migration problems.

As shown in figure 2D, we form a capping layer 260 over the
interconnect 246. Preferably, no CMP process is used between the implant step and the
formation of the capping layer 260.

Subsequently, another inter metal dielectric layer and overlying

interconnect can be formed contacting the top surface of the interconnect.

The figures are not to scale or proportion.

The above description and illustrations should not be taken as limiting
the scope of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar

arrangements and procedures, and the scope of the appended claims therefore should be
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8 The portion of the interconnect 246 bel ow the first
doped region 254 is 9 preferably substantially free
of the alloy elenents fromthe first doped regi on 254.
10 Figure 3 shows a cross sectional view of the top
surface 302 of doped 11 region 300 of the Cu

i nterconnect 300 after anneal. Figure 3 shows the
solutes or 12 precipitates 312 of the alloying
elements in the grain boundaries 304 of the Cu grains.
The 13 alloying elenents (such as solutes or

preci pitates 312) block the diffusion of vacancies 308

14 thereby. reduce stress and el ectrg m gr.ation .
L kb ISLERR LB T8 ot mpt P o ERb g an simitar
2 ahr@pement§@ndp@tedui®. 16 i nt erconnect 246. Preferably, no

CVWP process is used between the inplant step and the
3 17 formation of the capping | ayer 260. 18
Subsequently, another inter netal dielectric |ayer and
overlying 19 interconnect can be fornmed contacting
the top surface of the interconnect. 20 21 The
figures are not to scale or proportion. 22 The above
description and illustrations should not be taken as
limting 23 the scope of the present invention
defined by the clains. 24 Wile the invention has been
particularly shown and described with 25 reference to
the preferred enbodi nents thereof, it will be
understood by those skilled in 26 the art that
various changes in formand details may be nmade
wi t hout departing fromthe 27 spirit and scope of the
invention. It is intended to cover various
nodi fications and simlar 28 arrangenents and
procedures, and the scope of the appended cl ai ns
therefore should be 16 1 accorded the broadest
interpretation so as to enconpass all such
nodi fications and simlar 2 arrangenents and
procedures. 3 17
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What is clained is: 1. A nethod to fabricate a netal
i nterconnect structure having inproved
el ectrom gration resistance, conprising the steps of:
provi ding a sem conductor structure having an exposed
i nterconnect therein; inplanting alloying el enents
into said interconnect to forma first inplanted
region in said interconnect; annealing said
i nterconnect and said first inplanted region to forma
first doped region in a top portion of said
i nterconnect; said first doped region having grain
boundaries that are at l|least partially blocked. 2. The
met hod of claim 1l wherein said interconnect is
conprised of copper; said first doped region is doped
with alloyjng elenents selected fromthe group
hisickimpdiSof non-nmetal lic el ements; said first doped
regi on spans across the entire top surface of said
i nterconnect. 3. The nethod of claim 1l wherein said
L Avmsthodrio fabricats acuatgd iitewsdnnskt Yoo havig ithpfoved eledippraigration
regqi d Wt ing el enents selected fromthe
g%%ﬁ%ﬂcecgﬁtgﬁ%%%%e%{@bg%fh- netallic elenents; and said
first doped region has a alloying elenent total
concentratiqgn qof less than 1% said first dopeﬁ@region
cBR¥Iding aremicandpion el haying aprexpesel intrreopRish Sl
4 impRAHRENRR e entdn® iMloksaliBleRioAn&#it6 fdrit L8O MG ed rSgion in
conprised of copper; said first doped region doped
wi t h al | oyi ngsaid épterposnest] ect ed from the group

consiat | ' * . . _
CRARAT 28 BlerdOyngle atd sl 680 el epIR' R i doped resion
el ement t ot &l a wppoaithreftaidintedcohests sdil &irst #oéd.redi8n baving grain
The nethod of cJaim1 wherein said interconnect

openi ng hasgg Py%ﬂﬁﬁ%@éﬁEtEﬂBﬂS”ﬂ% rised of a top

| ine opening and a bottomvia plug opening. 6. The

met hod of claim 1l wherein said interconnect is
2C’J@}@g‘p@h@(ﬂof}jﬁm@dmgmrpmg;mddmmcpgl@ect is comprised of copper;

said first doped region is doped with alloying elements selected from the group
consisting of non-metallic elements;
said first doped region spans across the entire top surface of said interconnect.
3. The method of claim 1 wherein said interconnect is comprised of copper;
said first doped region doped with alloying elements selected from the group
consisting of non-metallic elements; and said first doped region has a alloying
clement total concentration of less than 1%,;
said first doped region covers the entire top surface of said interconnect.
4. The method of claim 1 wherein said interconnect is comprised of copper;
said first doped region doped with alloying elements selected from the group
consisting of N, B, P, Si and C or combinations thereof and said first doped region has

an alloying element total concentration of less than 1% .
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doped regi on has an alloying el enent concentration

bet ween about 0.1% and 1.0 atomic % 7. The nmethod of
claiml wherein said interconnect is conprised of
copper; said interconnect opening has a dual danascene
shape conprised of a top line opening and a bottom
via plug opening; said first doped region has a depth
between 7 to 12 %the height of the line of the

i nterconnect. 8. The nethod of claim 1l wherein said
first doped region extends across the entire top
surface of said interconnect. 9. The nethod of claim1l

erei id.first doped.region has a final depth
> %@H‘)@%‘l@?m%wg%e SR SR (damAgreagshape
| Sdpred Bﬁﬁotpq}'ﬂ% eﬁﬁ%wﬂmt 6otRIeRa pfe-operfing) Provi di ng
a_sem conductor structure; 3 b) formng a dielectric
6, Hipanctbode! daim kshereiorsaid interconnegt s compriged of gpprenpaigl first
h Ver nQV [ [ Tic.laver:
f o i A SRRl SR EaBShl G BN Do gnd 10
| atpmiic @Wnd said dielectric 6 layer; 7 e) formng a

rri r. over said hard nmask. | ayer. sai.d
7 ot salhod &¥cRtipch PhordE stig Mot B o 1)
f QlidinfGc SRBEVpeniny Bis o dual #dhss@iedhifttBipARREMta (9P AL Hkning
and covering said barrier 10 layer; 11 g) planarizing
s#dp bdtopeyia phigapenisga | evel about even with said

bar i i . ' ; .
oA AL RS L Bl B PLLERTRE St e
shitalcdnaeceti er | ayer to form 14 a first inplanted

8! 1 i&thod of claim 1 wherein said first doped region extends across the entire top
surface of said interconnect.
9. The method of claim 1 wherein said first doped region has a final depth between 100

and 1000 A.

10. A method of forming an interconnect comprising the steps of:

a) providing a semiconductor structure;

b) forming a dielectric layer over semiconductor structure;

¢) forming a hard mask layer over said dielectric layer;

d) forming an interconnect opening in said hard mask layer and said dielectric
layer;

¢) forming a barrier layer over said hard mask layer said diclectric layer in said
interconnect opening;

f) forming copper layer filling said interconnect opening and covering said barrier
layer;

g) planarizing said copper layer to a level about even with said barrier layer to form

an interconnect;
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15 i) annealing said interconnect and said first
inplanted region to forma first doped 16 region in a
top portion of said interconnect; 17 j) planarizing
said barrier layer to renove said barrier |ayer over
the top surface 18 of said inter netal dielectric
layer. 19 20 11. The nethod of claim 10 which further
i ncl udes said sem conductor structure 21 conprises an
exposed | ower interconnect and an inter mnetal
dielectric layer, and a hard 22 mask on said inter
nmetal dielectric layer; said hard nmask conprised of

Si Q2 0 ' ' p
et S ek SRR g8 oy L 1068% o
di el ect mifostlimpknted 2&iagi d | ower i nterconnect conprised

of cQpper:. sai.d. |l ower int ect having.a t 2

dopeh Rk iR g6 0 MO TOM A4 t form & st doped
al | oyi ngeg%rﬁiﬁ%‘tbﬁg&@ibﬁ%f@&d fri@BdnB&; 27 group

consji sting of N Si and C or combinations

t herBof mwwg@@lﬁ@mer éayprbiier reRQys sasbarrieiayeypvergheripp surface
The netg@gngﬁﬂ d&g &n said dielectric |ayer

is conprised o nater afs 30 said interconnect
openi ng has a dual damascene shape conpr|3|ng atop

i-ne openi .31 .and ,a. bott.o i a ni n sai d
1 L&ffviné%?hcr%%}m@e%% i G RaR i R g ies,
f esHipriseaéxpepedlows isterdd@inddh aftlian fnter ekl aleléévncﬁhye'sl al}ld a hard
Ta, TaN and a bi-layer of Ta 33 and TaN 34 13.

e an s31d dnter mstaloliclprtie layer heaihareinagk gomprised of S&A AEN, or

ekRMBRLEmhE Qgrforned by a 35 plasnma i mmersion ion
|nplanta?ioﬁ process, by inplanting B, PN, Si or C

at dowsr cap layar o@8 said hmgynaﬁktamé said irfertmetal Geléatnic lapet; a
bet ween ﬁ?d | x1E18 18t ons/

AR oo eomntisRT Shemer orit ToRE pieBdm b Ratr

atidpeyliréiion | aieop Solbeii 1P€ibh Qoped with all&ﬁng’lelﬁllnazﬁﬁﬁelected from the

i mersion jion_j antation process, mpl anting B

NETORP capsisgpg ef gn‘%ﬁg Siand G er combinations ¥hereof with a concentratlon less
than 1% .

12. The method of claim 10 wherein said dielectric layer is comprised of low K materials;
said interconnect opening has a dual damascene shape comprising a top line opening
and a bottom via plug opening; said barrier layer is comprised of a material selected
from the group consisting of Ru, Ru oxide, W, Ti 8iN, Ta, TaN and a bi-layer of Ta
and TaN.

13. The method of claim 10 wherein the placing of the alloying elements is performed by a
plasma immersion ion implantation process, by implanting B, P N, Si or C atoms, at an
energy between 10to 100 keV and a dose between 1x1E15" and 1x1E18 “toms/ sq-
cm.

14. The method of claim 10 wherein the placing of the alloying elements is performed by

a plasma immersion ion implantation process, by implanting B, N, P, Si or C atoms, at
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40 an energy between 40 to 100keV anda dose between

| x1El 515 and | x1E18 18tons/ 41 sg-cm 42 15. The

nmet hod of claim 10 wherein said alloying elenents are
conprised of a material 43 selected fromthe group
consisting of B, P, N, Si and C, 44 said first doped
region has a alloying el enent concentration between
about 0.1 %and 45 1.00 atomc %; said first doped
regi on covers the entire top surface of said 46

i nterconnect. 47 16. The nethod of claim 10 wherein
said first doped region has a alloying element 4

8
concentr.ation bout 0.1% and 0. tsom.c %, 48
R A DRR VAR s RO P8 G e Promes
regéAn has a final depth between 100 50 and 1000 A 51
18. The nethod of claim 10 wherein said interconnect

13.Ihe mgthadaf ¢laim 19 whegeinpsaid aligyangoeleypents ara compyispdiof agpaterial
d reeg ﬁﬂﬁhi . Lat@ 12 % t he hei ght
o%ﬁt%ﬁeg ffhh Bt @‘?’h%ngss wﬁ?gﬁﬁﬁle%’td.@’m 55 19. A
metit didst e pédoregion hasmallayingr deanent concenimation diectveeet eous 036 and

i st alopéccgion o R
ko TR LA ey RERERTA R bt 1 hhls ST

dinedresinedtc | ayer; 58 b) forming a | ower cap | ayer over
sai d | ower inter%o negt an i nter

16306 spethadcot ol 10 Sy ST ORRE Agped i b aloving glsment

O¥tcertiiitin bENWRER Bt b AYEInd 0.8 htdllicBPrm ng a hard mask
| ayer over said dielectric layer; 62 e) formng an

17. Athe meegirndeastcladip d fivwhgrdim saidi fiest Heped regiek hasiy Enal slapthdgivepen 100
dgnedleo%gz{c 63 layer; 64 f) formng a barrier |ayer
over said hard mask | ayer said dielectric layer in

1% dihe mefttod oftctaimndi0nartein pedindgtonnect is comprised of a via plug and a

line; said first doped region has a depth between 7 to 12 % the height of the line of the

interconnect.

19. A method of forming an interconnect comprising the steps of:

a) providing a semiconductor structure having an exposed lower interconnect and
an inter metal dielectric layer;

b) forming a lower cap layer over said lower interconnect and said inter metal
diclectric layer;

¢) forming a dielectric layer over said lower cap layer;

d) forming a hard mask layer over said dielectric layer;

e) forming an interconnect opening in said hard mask layer and said dielectric
layer;

f) forming a barrier layer over said hard mask layer said dielectric layer in said
interconnect opening;

g) forming copper layer filling said interconnect opening and covering said barrier

layer;
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69
70
71
72
73
74

75
76
77

78
79
80
81

66 g) form ng copper layer filling said interconnect
openi ng and covering said barrier 67 layer; 21 68 h)
pl anari zi ng said copper layer to a | evel about even
with said barrier layer to form 69 an interconnect;
70 i) inmplanting alloying elenents into said

i nterconnect and said barrier layer to 71 forma
first inplanted region; said alloying elenents are
conprised of a 72 material selected fromthe group
consisting of B, P, NN Si and C, 73 j) annealing said
i nterconnect and said first inplanted region to forma

|t ePtREine 58 oo Lariof & gl i hierjaver o form

aIoningnghaﬂsmim@oncentratlon between 76 about 0.1 %
and 00 atomc¢c % ; said first_doped region _covers the

77 eﬂt implantipg a’é%ﬁ‘#&a%l@m@?ts g enid MtarQueRstand said Bargpr layer to
pl anari zhg, ﬁe : altkd 1oha§’a?d[ all Qi Sk goxﬁ?ﬁ{eﬂ%@a

| ayer over t surf 79 of said Inter
di eI ect materlaéyﬁiwemom)hefgwm msmtmmqyﬁﬂ My N, &yad Gver

sai d..inte .conn '
it oD EBIRUEE SRS el Shn oAl 0B LidR B g e

sem condaegdrin aStbppsmuﬁefsdﬁd ink@corineg; a dielectric |ayer
over said sem conductor structure; c) forning a hard

mask | aye id dielect aye for

" ot conrd S0 Ge A rEn e Ayl gpertzip bohveen
dielectric |aﬁdlﬁﬁ)11% gid fi Q0dMic 8 Daiid filf ddpRY BdgiV®vers the
said hard mask | ayer said dielectric | ayer in said

i nt er connec €NFEERN Frgface 9f seisk intergonspfper | ayer filling
|S gly glf)l nt ﬁ%&gﬂleg%tald%agwr ?a%rela t%q'erglg\\r/eesrall({llgargg}‘l lgye? g\rferrlthe top surface
of said inter metal dielectric layer;

I) forming a capping layer over said interconnect.

20. A method of forming an interconnect comprising the steps of:

a) providing a semiconductor structure;

b) forming a dielectric layer over said semiconductor structure;

¢) forming a hard mask layer over said dielectric layer;

d) forming an interconnect opening in said hard mask layer, said dielectric layer;

¢) forming a barrier layer over said hard mask layer said dielectric layer in said
interconnect opening;

f) forming copper layer filling said interconnect opening and covering said barrier
layer;

g) planarizing said copper layer and said barrier layer to a level about even with
said hard mask layer to form an interconnect and to remove said barrier layer

over said hard mask layer;
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g) planarizing said copper |ayer and said barrier

| ayer to a |l evel about even with said hard mask | ayer
to forman interconnect and to renove said barrier

| ayer over said hard mask layer; 22 h) ion inplanting
alloying elenments into said interconnect and said
barrier layer to forma first inplanted region; i)
anneal ing said interconnect and said first inplanted
region to forma first doped region in a top portion
of said interconnect; j) form ng a capping |ayer over
said interconnect. 21. The nethod of claim20 wherein

said jnterc ect.is cQ rlse of ,a

et BRipRRRRSE eyTue PRGNS Rl e Breiispoeeht RiChserlgyer o
12 % t heoiea ghst nﬂflgﬁté@fdgigﬁ& of the interconnect. 22

The nethod of claim 20 wherein said barrier |ayer

conmpb .a@&ah%g Saad igreqmnget and paid figy implagtgd rogionge dorm a first doped
consi st i, fn 218 pditidh oRbid Rkr ﬁfh and a bi-layer of

Ta and T t@%'Re netﬁ%% o?a ?ﬁ\ZO wherein said

i nt er)cfornmgta cmspinghtpen' wetsand ingergainaegl ug and a | ne;

the entire exposed top surface of the interconnect is

i mpl anted. 24. The nmet hod of claim20 wherein said

first doped region has a alloying el enent

ﬁﬁ@Fentr i on between about 0.1 and 1.00 atom c. %
2irlde athpsdpfsfain 29; whesn s psrronnssigs F?m@ise@%wanp@gwﬁa

hﬁﬁe il SRl Ho?&f B8R 148 Ridbpth BEEVRE D 1d 99 o HhAAP ofthe Afle of the

The nmethod of claim20 wherein said first doped region
btereamet00 and 500A. 23 27. A nmethod of forning an

ZQ.pIth% rn?e?lg%e({ct{cla%%%r\g/l}ei'enng Sﬁl&l Eirﬁ%:le Bfﬁ:r 1£ COmﬁqseg Py Jng{e % Riected

sem con or structure; OV\EI’ cap a er
ofiein thagidup esmsistngl of Tay TN, RIS Rulokide aﬁd abbdlageryd Ta and TaN.
i.electric er, over sai.d. |lower c
29 . ’ﬁ’le method otJ C fy 20 wherein sai 1nterconnectai gnsec’i ofaviaplugand a

line; the entire exposed top surface of the interconnect is implanted.

24. The method of claim 20 wherein said first doped region has a alloying element
concentration between about 0.1 and 1.00 atomic %.

25. The method of claim 20 wherein said first doped region has a depth between depth
between 100 and 1000 A .

26. The method of claim 20 wherein said first doped region between 400 and 500A .
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d) formng a hard mask | ayer over said dielectric

| ayer; e) formng an interconnect opening in said hard
mask | ayer, and said dielectric layer; (1) said

i nt erconnect openi ng has a dual damascene shape
conprising a top I|ine opening and a bottomvia plug
opening. f) formng a barrier |ayer over said hard
mask | ayer said dielectric layer in said interconnect
opening; (1) said barrier layer is conprised of Ta,
TaN or a bi-layer of Ta and TaN. g) form ng copper
layer filling said interconnect opening and covering
said barrier layer; h) planarizing said copper |ayer
and said barrier layer to a |level about even with

2B aiAimbiabd oNRSKirgaY Shteiconded! BvBpriding MeerRpHeEt and to
renove said barrier |ayer over sald hard mask | ayer;
(1) ¥aPQvidiiger CERFRRERCDSISR i sed of a via plug and a
i negy it Lol ' i ,aL.o said
|t oD iR 1T A0 e P LR B RIRRL LY £ &

i npl @rfomaing e dicbeviriq layeroher saittlower @pposed t op surface

of t interconnect ,is inplanted: j.). annealing said
e P dotia  SEREREL %y PR e a o on "So Tor m a
firsé) foefagan ifgtamettdpanih@ h POT Kidr® hadk a5 ghd said dielectric
i nterconnect; said first doped region having grain

boundar 1485t hat are bl ocked by said al l oying el ements.
24 (1) said first doped region has a alloying el enment

concentr 6(%1) £ RRSVGRBCt PBBHE hik aldidNdartasEéhedh A8 comPtising a top
(2) said first doped region has a depth between depth

bet ween 100liagepenigomd Abokymivéz Pig gPenittappi ng | ayer

over f)%grlmqngl zr; Lgrrriglp l?lgeer(i)tvér said hard mask layer said dielectric layer in said

interconnect opening;

(1) said barrier layer is comprised of Ta, TaN or a bi-layer of Ta and TaN.
g) forming copper layer filling said interconnect opening and covering said barrier
layer;
h) planarizing said copper layer and said barrier layer to a level about even with
said hard mask layer to form an interconnect and to remove said barrier layer

over said hard mask layer;

(1) said interconnect is comprised of a via plug and a line;

1) ion implanting alloying elements into said interconnect and said barrier layer to

form a first implanted region;

(1) the entire exposed top surface of the interconnect is implanted,;

j) annealing said interconnect and said first implanted region to form a first doped
region in a top portion of said interconnect; said first doped region having

grain boundaries that are blocked by said alloying elements.
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28. An interconnect structure conprising: a) a
dielectric |layer over a sem conductor structure; b) a
hard mask | ayer over said dielectric layer; c) an

i nterconnect opening in said hard mask | ayer and said
dielectric layer; d) a barrier layer over said hard
mask | ayer said dielectric layer in said interconnect
opening; e) an interconnect filling said interconnect
openi ng conprised of copper; 1) a first doped region
in atop portion of said interconnect. 29. The

I nterconnect structure of claim28 wherein said

sem condugt or. st ruyct ur e .coppri ses. a,lower .
"t er conrdd vaid Fts el b R o3ing RiscAT fonesyapion beypeen
a | oner capabay@r @der.08 atoshic ¥9wWer i nterconnect and

said inter netal dielectric layer; said | oner

I nterconnect conprised of copper; said |ower

i nt er conn@¢ saidh fivst doped regipn diepedentle hetwisen depthibeteperddend
regi on dopeqowkgh al l oyi ng el enent consisting of B, P
N, Si or Cw a concentration less than 1% ; said

top RPORSEhdLIEDBinE NP OvR s8Rt Hfeen 100 and 1000

A. 30. The 1 ntérconrect structure of claim28 wherein
said barrier layer is conprised of Ru, Ru oxide, W
Ti SIN, Ta, TaN or a bi-layer of Ta and TaN. 31. The
i nterconnect structure of claim 28 wherein said first
28lopednteaginoett sowewrs colprisigpt i re top surface of the
i nterco qgct. 32. The interconnect structure of claim
Flgetag ]

28 WHet RYCF PYEL £ SRS RUF g S B ped wit h

al | oyy Skhr& hRGERYS Vet fed idlebitieMykhe group consisting
of B, P, N Si and C. 25 33. Thé interconnect

st r uekanriaterpnegehppanig inssed dpud magk dayier argd sagbielgctrie dayer

has éaﬂ)dﬁrgé(ﬂ&%%r o%r%@%u%ﬁ&?%‘eﬁ- Qﬁll{i %l&ﬁﬁc\’ﬁf él?pi&lf {nterconnect

0. 1% an atom c € I nterconnec ructure
of cl ai mp@8ngherein said first doped region has an

alloyin el eme concentration between ahout .0.1% and
0. 5 BN tetomosh IR 3o e P E RPN o CORIEE:

28 wherfbttopad fhgldnlis b tépPRRGoH SGaiiinfAwnAecept h

29. The interconnect structure of claim 28 wherein said semiconductor structure comprises
a lower interconnect and an inter metal dielectric layer, and a lower cap layer over said
lower interconnect and said inter metal dielectric layer; said lower interconnect
comprised of copper; said lower interconnect having a top doped region; said top doped
region doped with alloying element consisting of B, P, N, Si or C with a concentration
less than 1% ; said top doped region having a depth between 100 and 1000 A.

30. The interconnect structure of claim 28 wherein said barrier Iayer is comprised of Ru,
Ru oxide, W, Ti SiN, Ta, TaN or a bi-layer of Ta and TaN.

31. The interconnect structure of claim 28 wherein said first doped region covers the
entire top surface of the interconnect.

32. The interconnect structure of claim 28 wherein said first doped region doped with

alloying elements selected from the group consisting of B, P, N, Si and C.
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bet ween 100 and 1000 A. 36. The interconnect structure
of claim28 wherein said interconnect is conprised of

avia plug and a line; said first doped region has a

depth between 7 to 12 %the height of the Iline of the
i nterconnect. 26

33. The interconnect structure of claim 28 wherein said first doped region has a alloying
element concentration between about 0.1% and 1.0 atomic % .

34. The interconnect structure of claim 28 wherein said first doped region has an alloying
element concentration between about 0.1% and 0.5 atomic %.

35. The interconnect structure of claim 28 wherein said first doped region has a depth
between 100 and 1000 A.

36. The interconnect structure of claim 28 wherein said interconnect is comprised of a via
plug and a line; said first doped region has a depth between 7 to 12 % the height of the

line of the interconnect.
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