10

ot
R

20

25

WD 2008/ 094669PCT/ 1182008/ 001316 | NCREASI NG
RELI ABI LI TY OF COPPER- BASED METALLI ZATI ON STRUCTURES

WO NOFINFEROSTRUCTURE DEVI CE BY USI NG ALUM NUMPNI/TREDE 0 316
BACKGROUND OF THE I NVENTION 1. FIELD OF THE | NVENTI ON
Generally, the subject matter of the present
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conductive netal s, suchl\gﬁr tupper, enmbedded into a
dielectric material including a barrier material for

enhancing el ectrom grati on performance of the netal.
BACKGROUND OF THE INVENTION

o]

i. FIELD OF THE INVENTION

Generally, the subject matter of the present disclosure relates to the formation of
integrated circuits, and, more particularly, to the formation of metallization layers including
highly conductive metals, such as copper, embedded into a dielectric material including a
barrier material for enhancing electromigration performance of the rﬁetal.

2, DESCRIPTION OF THE RELATED ART

In modern integrated circuits, minimum feature sizes, such as the channel length of

field effect transistors, have reached the deep sub-micron range, thereby steadily increasing

nerf ance of thece sircnite in term
TOYTY
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the individual circuit elements is significantly reduced, thereby improving, for example, the
switching speed of the transistor elements, the available floor space for interconnect lines
electrically connecting the individual circuit elements is also decreased. Consequently, the
dimensions of these interconnect lines have to be reduced to compensate for a reduced
amount of available floor space and for an increased number of circuit elements provided
per unit area,

In integrated circuits having minimum dimensions of approximately 0.35 um and
less, a limiting factor of device performance is the signal propagation delay caused by the
switching speed of the transistor clements. As the channel length of these transistor
elements has now reached 50 nm and less, the signal propagation delay is no longer limited
by the field effect transistors, but is limited, owing to the increased circuit density, by the

interconnect lines, since the line-to-line capacitance (C) is increased, and the resistance (R)
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2. DESCRI PTI ON OF THE RELATED ART I n nodem

integrated circuits, mninmumfeature sizes, such as
WORRB/PHgAnel | ength of field effect transistoPET/URANE001316

reached the deep sub-micron range, thereby steadily

of the ilines &A8lkd therdRededifc0bBEE @c@lcell RESS-sEdtionkll 4r8a | r’l“h'fée[{aﬂﬁitic RC
e

of speed and/or power consunption. As the size o

time chidtn¥d, Aualiofd et tfhl: %{Fdah&i(%r? ofh ﬂ@\!vft T géjm%ing the
thereby 1 nprdvihg, Tor exanple, the sWtching speed o
the transistor elenments, the avail able floor space for

meta“’iz%tt%el}%‘g?{hect lines electrically connecting the
individual circuit elenents is al so decreased. _

ﬁ%lé'aﬂém Ipetalligelion Kprsi oas e WitHigslayethtiefledinaangtal lines and
_ | ines have to be reduced to conpensate for a reduced

vias fop paeroding the clavtaichladsingedtionorf Gpacevianinfears amnoidigy @as gpkcified
nunber of circuit elenments provided per unit area.

circuit layountaegfeaied by 4 idickgicaydm@add intlnbime doreRghPRSsififon dioxide
approximately 0.35 mand less, a limting factor of

and/or d8of SRRl OIBNGRinlim Eéqﬁlesﬂggfbgif nfRERP AL ANl B%uffers from

caused by the swtching spe the transistor
i . As. t he channel | engt h. of, t hese, transi st or . '
seniiGEE EREh SRR R0 i O eR i TREbe AR Y dpperarcd
.. propagation del LS no longer |imted by the field
circuit b ¥R YRRy Sevd feapp S%Z%S,%?wﬁl{néaz s inggopiBcachiy. for instance,
increased circuit density, by the interconnect |ines,
coppergVhich hapa signiicansly| lpwer elapisichk sepisen¢eond & higher waistiity against
and the resistance (R WO

clectro@(gr81i 90 4 BGOMCHIF1 LRGSO 2B IEcanibng, He alldiries té fsiaf TOpper and/or
i ncreased, due to their reduced cross-sectional area.

copper TAlR yPAKRS ivell CesRBlisHdBakD Rl [ Swn UREEBIO MBateE BIUIHE®n dioxide
the introduction of a new type of material for formng

= NTA l 'I i AV 'he e L 24 l_ Al ‘!:u- | l;ip oat'i onrflah:a 1ale
(k ~ 4.:%)%&9?1&% d_&?ﬁt(ﬁg LAy S,Féyﬂgééd [Ny L Yieq 18,3 b R aterials

ayers, 1.e. Wi T ers i’ncl uding” nmet ar:

having %nx'%lative permittivity of approximately 3.0 and less. However, the transition from
the well-known and well-established aluminumvsilicon dioxide metallization layer to a
copper-based metallization layer, possibly in combination with a low-k dielectric material,
is associated with a plurality of issues to be dealt with.

FFor example, copper may not be deposited in relatively high amounts in an efficient
manner by well-established deposition methods, such as chemical and physical vapor
deposition. Moreover, copper may not be efficiently patterned by well-established
anisotropic etch processes. Therefore, the so-called damascene or inlaid technique is
frequently employed in forming metallization layers including copper lines and vias.
Typically, in the damascene technique, the dielectric layer is deposited and then patterned
for receiving trenches and via openings that are subsequently filled with copper or alloys

thereof by plating methods, such as electroplating or electroless plating. Moreover, since
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5 vias for providing the electrical connection of the
circuit elenents according to a specified circuit
WOI249819t66%are formed by a dielectric |ayer staBRT/US2008/001316
including, for exanple, silicon dioxide and/or silicon
coppereddilydtifndds hin alplita BYNBraBel B cd, YRUICA sin®InAdioxidk A8&in many low-
al um num suffers fromsignificant el ectromgration at
k dielelh@88Mhe SUFHAMn 0% il Y L neighbord
ieledts e (_{ﬂ Mn GER 1i§§u§§n BME{%F&? E&S&E(%gq?le% tl{ér%elbhbormg

Integratea circulits having ex SCa tu

: 4 .alumnumis bei repl aced. by, far instance, ,

dictoct WTegid 0, 8 Mo e iR BEGAIRYon shanoSicin seen into
resi stance and a higher resistivity agai nst

the coppesbpsedningirhtiap o Ieopunpregped) 2 spRpast jceditledeacts to form oxidized
applications, in addition to using copper and/or

portiongohseabyatdseiply, detheomeng <les tiavhdiedeits afidhsvebppdertavsl metal line
dielectric materials silicon dioxide (k 4.2) and

with respdct @omhedibm,icdadddtivity ahd FRYrebiStah@PiAGREC 0¥ r&Rpealdned
lowk dielectric materials having a rel ative

REr bl Y1 A QAP Ple@Xdd R L Ve FIO c&%cti@ﬁg'oﬁw\ff&al region,
15 e we an

the transition from t - known

- e ished al um,nunVsi.l i con.di oxi de
conducl biFet Al AL BN borb OBt e Ryt aepp venches,
hil c#ager., Fqssi bl%, in combination wth a lowk dielectric
while digleclie Bprriey maleriale- g L Wyicidt ed apicap yetsyorghielpeig dgiries layers,
. be dealt wth. For exanpl e, copper may not be
which gap@dsor ad ab pnredfigient edcly stipgtmatniplint an ietrchaproedsk ifor &bticating a
manner by wel | -established deposition nethods, such as
contactctve thecaktaanegiphytsy @abiavaparding? Grotie pO&ietal aBgiolybsE @Rkt higher
copper may not be efficiently patterned by
metalli¥uioh -1&8 alFbi shxethcaNliz@id RRide BUGIR Wi CESSBStive copper diffusion
Therefore, the so-called damascene or inlaid tecP]}?n gue

barrier hitd a8 BUEBLL YoPIRIAYE s a0l L AR LAl 225080 L RY QNS

| fthe
I ncl udi ng copper nes and vias. Typically, “in Frhe> whon the
scene technique, the dielectric |ayer i.s deposited.
m"d‘”agf’?gﬁigﬁ ﬁ*‘%‘i&“{‘gvr %@%ﬁ@é‘rm%@& GO EHLRaR PRl Wragen-cnriched
- 0 [ g.s hat are subsequently filled w th copper or
silicon %ﬁ%g SAVHE FEBTENSY Yrhas heorst Hdtisiondiereradespite the diffusion
] .electropl ating or electrol ess plating. Mreover, since
hindering @08/ 084869mATIiA008¢00131 6nd oppiven cribidh baged barrier layers,
diffuses in a plurality of dielectrics, such as
it tumnssohti Gowedirpxiadecopper’s nesimmcel uirst dilbec ttiire®, inlh€d material
formation of a diffusion barrier layer at interfaces
transpottt {JlectBif@li LY | ABerdi @8 Ghdiiced MRALGLL R BYor P& ffects “strongly
requi red. Moreover, the diffusion of noisture ang
depend L BYIRE i9feC M L, B3ScdBel : :
epen suppresse@9§§§@%b§§98H8a§??§‘%@%% s&?GXFﬁ?%§%§?dP%8ﬁandlhe
. ortion t hereby npossibly deterioratfing the = .
adiaceng IEISRE Bty deregt TG 2B e OBRSHGH Hb A erpief it featuring
, respect to adhesion, conductivity and the resistance
high cuggnfi deasitigy, de israsapigatimpattant to design the interface between the copper-

based metal and the dielectric barrier layer such that a desired high adhesion and, thus, high
performance with respect to electromigration or stress-induced mass transport is achieved,
Hence, a plurality of approaches in this respect have been proposed and practiced in

the art in order to obtain superior reliability, i.e., superior electromigration behavior, in
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In order to not unduly reduce the overall conductivity
of the netal region, conductive barrier nmaterials are
WO &Py used for covering inner sidewall areRsSmNS/001310

trenches, while dielectric barrier materials are

combir}a‘ﬂ@hcﬁiﬂh Mn&é;\?&ﬁ??ﬁ:vﬁ@ppér flafc@ i 8! ¢ rciv%ralﬂa{)&jler?{:twny of the

ayers, 10 may” al so act as an efficien

. erial in.an etch process for fabrjcating,a .. .
dieleciit AR i o' Rlhe S iy 56 Tors: Taon Palsiiblig b iN. Sic,
SICN mﬁtgl.gegi n of a next higher netallization |evel. For
ICN 40qdRG HER, and iAlsoosmions £onBiealiqnsgidisse araterinle masclq yed as dielec-

) copper diffusion barrier and may be used, for
tric barrigs fraieeiel. Hewavedi sltwos putcthiat isivery didfiert tolmesdbhédrrequirements,

cases, when the noderately high permttivity of
L.e., supdrior elentromigraden behacionandlRved proypidsOsintadeny dielectric materials
nitrogen-enriched 15 silicon carbide (SIiCN) is
rovidihf Q€& QRL UEaki@AS PQfar | QDA% HLLT 1t
providing AAkRREK WAL ‘ﬁa‘éﬁﬁ‘é‘%ﬁ“ﬁi‘%ﬂ B PORSRAET0 dIBpHY Rygen,
ot i Y i Li Caflbi. based barrier
moistuf28ld 8 IFRRAAY TR AR YR 1 B o PRGh o, the copper
resi st ance against electric current induced nateri al
surface, Wﬁ%?ﬁ?&‘%ﬁéeﬂ%ém% FGraPPYRT 28 SHHEE repes SespRdireegeatments
) terial transport effects strongly depends on the
prior (¢ Fhgr SRAOBIHB{GI B0 GHEIBHT fogich petchel Meaer fraremove copper oxide
~ copper-based netal and the 20 adjacent dielectric
residuepawhice rmiapervide ddfustonr gaths forsoplerist intahich dntisgoatradon and
circuits featuring high current densities, it is
which gapellal kgducenaheant of aheleah@h haferidlnt ehé a&PebBlVBRMeposition
t he copper-based netal and the dielectric barrier

treatmeh @484y, SehbvePaha @ _qeﬁgﬁiﬁgarhi glaueshesh ofe ?n{bgspext RbSace A thereby

hi gh 'performance with respect to electro ation o
. S ced a Qrt is achieved. Hence, a
conuib @RS HAUER IR Rah L RR el AR ectE bR etinshog anwor
: roposed a racticed in 25the art in order to obtain
during @ﬂﬁpdg’ﬂa&f’“ PZ?‘%KQ%W?‘% y?eh%e Pe,ss 8RATETSH Gr Irgrag gfwfgﬁ»%@pi mpposed in
behavi or, in WD 2008/ 094669PCT/ US2008/ 001316
order tq: il HatFORMREEOL the ceprasdasks matsripkr Fothisaissrect tdeaper silicide
is, lowoverall permttivity of the dielectric
or nitrogap-epitalnéng nopiee sifitidd (CaiN) oms| geridentiiedefsone effi@ay alloy,
materials, such as SIN, SIC, SIiCN and the |ike, and
which @b GesvirinauiighoTbiabRt intiicOf ihtRB§ enaBWRE Bt TorrBB6nBRg metal
used as dielectric barrier material. However, it turrns

region Qih ihéi@hsettrebiStak€d Yndllus! €HARi1iP wiRSEsRRE B clectromigration and
requirenents, Le., ‘superior “el ectrom gration

5
other stﬁ%?»ﬂdu%f:d ?rﬂtgs lt&ﬁ%;%;é‘tp %tﬁ&?srt .H%ECe %%Egﬁﬁgq%g%engikg%lﬁpbéga%hes, the

erial's provi e desired
characteristics with respect, to copper, oxygen, ]
copper §SAGE iy BXERRGH {ohe Macles BATERIPNYy SYRAAR 2o IhgRrG R Seac s agpbicn,

.. k value. Furthernore, the copper surface may be highly
which rpayseantaje s&qqee(&lé,,aﬁégl@pl@oamn@guag psechrsquiukdes nitrogen-containing
respective treatnents prior to the deposition of the
gas, thediby| @ettimgothbaopparsilademiihl a specificdfnction sfeivvgerc OpRE&dlly, the
oxi de 10 residues, which may provide diffusion paths
process f@f for@in@rth@hitiigeh &bh@iftEdgper AREIIBYCASINNEaRAIGR Yk posed

al so reduce adhesion of the barrier material. The
t;i 5 hii : : er.. have
copper LRGPEEL ¥EdBhRed FRSLLAL pbpa TR DR coll AN S apor
. j [ to an inferior performance of the copper ..
deposiiGf (RECI) P fhe Bl iRl Gien ¥ 8P BRI e sbfeeniched silcon
operation of the device. Thus, |ess aggressive
treatnents have been proposed in

1
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15 order to avoid undue damage of the copper-based
material. In this respect, copper silicide or

WO ¥¢eh- cont ai ni ng copper silicide (CuSi N) ha®Ubpenoo1sie
identified as an efficient alloy, which may result in

carbid@ of i @bYhatibAPkigerédtt SHbAGE e ﬁet@[{ifeibxmgﬁ‘ﬂg‘éﬂg[%&sg@? such as plasma

correspondi ng nmetal region ncrea resi st ance
h ectrom grati

ctn G5 54 DL Y SRS AL BB B

Hence, in some copventional approaches, the 20 copper

for thegppequgnt forpgiss el the g opEneq Iy BINg £OPRRLTIBFHe (GuERDadloy and
a pl asma-assi sted gas anbi ent, which may contain

the depositignef (181 diglpctais barrgdr|masenalc diuai aplogpliy ebenmsplex andesses may
nitrogen-contai ning gas, thereby creating the copper

be invelvki chatemay tibteencs paidi thee coHppre tsuecofandithér@ti@d result in complex
Usual Iy, the process for formng the _

surfacetéADEGRR; GHNR Ny GhefPPRCIq it Iéd& 1Y CHRMed BloREdsBlonditions
at the exposed copper interface is perforned

o YRGS Y B Bl 00 BB ST LARGRICHNA. . 1 ms
o SR S BB LSS 2 s o

thereof, wherein respective cleaning processes, such
the compogifion i BANEHIEBS JrBessestainiaet pepper kdicidpayCh%N) material,
performed in order to prepare the copper surface for
therebyt ¢uen sletesiorpiisptthd drarettéromico bt theeoppérmegemesarfhad. 1ing, although
copper silicide (CuSiN) alloy and the deposition of
nitrogehendirghecoppes shiddidd eCuS)erki Alpron Ry, cahdiladd #d EdhaBting the
conpl ex processes nmay 5 be involved that nmay interact

perforninkl drh@ppaPReEd %tﬁlﬁﬁzﬁi(ﬁ‘lngcrdclﬂ?r(eﬁfﬁg?rtﬁﬁegglei% difficult to control,

conpl ex surface conditions, whic ore
since, [N reclisg! YnGam oLt ed process condifLions duning
since, [df litafice & ShEt; ipfifliice; OGS PECREAT i Rg- Roppay fesull Gir noa-
. silici.de (Cu  material. It turns out that even
pred‘w}chlﬁH?rgorwg’?ea%ag%%erbgﬁ%Pg@éé%et%[dH’&i tions may result in
significant differences of the conposition of the
&8 praspglisslaspesge nticeist 40 mrepscogpeds ad daviage taCudiyNy oid, or
material, 10 thereby even deteriorating the
at least edvlcachecelfsti esomfortinee of gpgroblears iddmeifednbaae. Thus,
al t hough ni trogen-contai ni ng copper suicide (CuSiN) is
a pronising cauhueARY OF EHRAINVENTEOS per f or mance of
copper -based metallization structures, the process is
¢hE ff(i)iﬁ}’blrihg E)Q:S@ﬁ@tarﬁxlngiiﬁé@ %m%@{ (I)I}a ﬁﬂgtiﬁw}w Fion dn %ldelgﬂ(g provide a

i mbal ance” 0f the precursor na nay resu
. - ' erforsmnce characteristics of the .
basic uRFRAGIR BF fhEARREL TR S BIPBTIE pEMFD R gl o prnavsiive
.varéﬁys.nethods and devicgs that nay avoid, or at -
overviepegk fheriBERen- 1 fies diof deierdesk icojlenily kisy er sitiaeelements of the

) _problens_identified above. SUMVARY OF THE | NVENTI ON
invention or to delineate the scope of the invention. Its sole purpose is to present some

concepts in a simplified form as a prelude to the more detailed description that is discussed
later.
Generally, the subject matter of the present disclosure relates to a technique for

forming an efficient dielectric barrier layer on an exposed metal-containing region, such as a

i
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The follow ng presents a sinplified summary of the
~invention in order to provide a basic understanding of
WOgah9depect s of the invention. This sunmary PET/HEL0&KMIIL6
exhaustive 20 overview of the invention. It is not
copperl dUn@MERE nie@all FBIBh! flekRYsefl 11 ] debsi iudd ed 3
pperl el 8 bl Whcrtfseflli ngopg %ﬁé)rt?%gﬁltuﬁu@s rtnlﬁgﬁe used in

i nventi on or to delineate the s ven

ot SARRLS GHEABAE 5l BLESENL ORESSPEERU iMoo

D oMl 5l SeRRE ot g s bonds, s

.disclosure relates to a technique for 25form ng an

adhesiqef magi lehachiewadewbeiedn, biar eangrindtmyewitb mparopeieposetbrials, efficient
nmet al - cont ai ni ng region, such as a WO

diffusi@0 08695 GARGTLS2G081:00 284 6be qopHided, COBicby NpHgniRIyaknabling
region, wherein self-limting deposition techniques

omittingBirthe AsREirichmMedel drit Wéa@@ﬂ@ﬁfi@arﬁ%ﬂﬂ&ﬁg B &k thereof.
filmon the dielectric material and’the nmetal region.

nsedi t | .r r 1I ’ 1 i . s Of a uce
Conssq Pty LA, A0t SODLLOLL ASLE A0 S IRELBNCSM, O e
v R S e FQRELRRL 20t B 2B RELELS e oy

characteristics may al so be provided, thereby
formed 1y} B PRSP 0] 2R AESRIC Ry es FEPRSItiRR (AR hlike poetssgray e an aluminum
~materials or at |east significantly reducing the
and nitige ednasingtimer eghich@oldeqeientd yo asapdnindmunp eitfide hgag ehat will
characteristics nay be obtained in terns of a reduced
providep@opysdrt diffusRmadldcRiRe chiratBgstibl ehRL tidyC alsdY BhveSkagdtior getter
In sone aspects, a dielectric barrier [ayer forned on

capabilfte vaaSIeSpeRt 1 8x FeAMhE rh@YidFe, 48RS LRk Aol ok Iﬁf‘el c}]cgosition

process may be an alum num 10 and ni'tride contain
| ! I id - i f red ttgl as al'r[ﬂ'\ 1ah| u‘m nul redinecod ralativae
P mcessn‘?r%/ ?{Cd%a@l[}a@gtp \é/l "telfalgﬁ%rngltg{‘)hrﬂé’%}"‘ue‘dé ¢ ‘pbp‘e‘r“" i ¥ Guced relative
.. bl.ocking characteristics and may al so have superi or
permittiy iy, 3y fg%{’&gﬂ‘(? ﬁtfﬁiésowlf’ﬁkfﬁ%§b@é¥tewc@>{9@feﬁwmr€ contribute to a
. .. hoisture. Hence, superior control of the deposition
significapthye gaangad rrbatiliy ef sretallieatinn) strucyris i gdvensiedi yoecdnductor
~conbination with a reduced relative permttivity and
devicesy especti ve di ffusion bl ocking characteristics may
therefore contribute to a 15significantly enhanced
Aetérabigl tbtoneaflusmetak lenzadimime st hegiddr &mpiRca AR nitrogen-
sem conduct or devi ces. According to one _
containinlg! 5T A 8x RITR@ LR of AnilRl ROLoL ‘P&H{(fdsiﬁst* Ef%[e'&r@la?er of a
ni'trogen-containing |layer on an exposed surface of a
. i,on r ' ielectric. layer of a .
mwxostHEhﬁ!: cHRk Tr19 nen (c):ae ?ur?lﬁeq CoIpEses feﬁP?%&* d&eoﬁg}qggg—gontammg

mcrostructure e e

exposi,ng the nitrogen-contaipin )
layer to ar amble%t estabﬂshed gn e 83313 op an galummum containing gas to form an
aluminum and nitrogen containing first barrier layer on the metal region.

According to another illustrative embodiment, a method comprises providing a

substrate having formed thereabove an exposed copper-containing metal region formed in a

dielectric layer of a microstructure device. The method further comprises forming a dielec-
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20l ayer to an anbi ent established on the basis of an
al um num containing gas to forman al um num and

WOPY Wde@A containing first barrier |ayer on tRheT/wet@b/ 01316
regi on. According to another illustrative

tric baﬁf@?@@e%ﬁtﬂae & PREDNOGh L QAR £ REQY Rg idlaf ﬁfé%élE&h@ layer by

aV|ng fornmed 't her eabove an exposed copper-contal ni
tric |ayer ,of

i.on..forne a

using o Rl on P 0 GG el Pl oMb farTham iy i ses
form a dielec- WO 20081094669PCT/ US2008/ 001316
tf’r‘?cewgfgﬁs 1 ¥ angher gprative cesbpdisertLcoisparoishintoaidayiag comprises
nmetal region and the dielectric layer by using a

a coppgebentpinmgt faggpry éxrotedom mebitlestiis naper ot medilimiraim nitride layer
gaseous anbi ent. According to yet another

formedi bh ubd cappev-eoctabinkd MEHIdn aBd SEAAGDEDHE t1QYer dEFGRmore, a low-k
conprises a copper-containing region fornmed in a

dielectflé RIVBE LsIfband@MRNv e AR a8 MiAl Y mtBH@lagr'eF hhdg rﬂe@zﬂ%a R formed in the
formed on the copper- contalnlng reégi on and

low-k Lﬁ(lggélfiﬁﬁzg), f[hla?é{ rig I.F% l'{% ngfreamﬁmglggﬁ i dl el eCt ric

um num

?%’ll de | ayer and a
&jc | ayer that

or me ove
metal via *b

connects t : f £
SCE TIC]\IC]:THEDRA The di scl osure
Eﬁﬁ%ﬁﬁﬂfm& B%HHWS‘P@; E%fer@n%tq the f?lmlawdﬁ@crlptwn faken in
descrjption taken in 10conjunction with the
conjuniamotih Higi aneP rap e tigdrawingswini velrich like rafefeapemeacrals identify like
nunerals identify |ike elenents, and in which:
elements, and in which:

Figures la-le schematically illustrate a microstructure device during various manu-
facturing stages in forming a dielectric barrier layer on a metal-contain_ing region on the
basis of a self-limiting process using an aluminum-containing precursor gas according to
illustrative embodiments;

Figure [f schematically illustrates the microstructure device having formed thereon a
dielectric barrier layer with a specified thickness controlled by the number of deposition
cycles of the ALD-like deposition process according to illustrative embodiments;

Figure lg schematically illustrates the microstructure device according to still
further illustrative embodiments;

Figure 1h schematically illustrates the microstructure device comprising a plurality
of individual dielectric barrier layers according to still further illustrative embodiments;

Figures 2a-2b schematically illustrate cross-sectional views of the microstructure

device during various manufacturing stages in forming a copper-containing region and
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Figures la-l1e schematically illustrate a
m crostructure device during various manufacturing
WOSPHW46Pn forming a dielectric barrier |ayer POTUSZ008/001316
nmet al - cont ai ning region on the basis of a
prepari®@l firel kd¥hEdNG BIDLETS HELAY %} L, rﬁ*gF?xEx&@hQﬂnngnnde layer

precursor gas according to 15i| Iustr ive

aCCOI‘ngI qyr ﬁmekﬁhﬁ&gg mg%l h% l |ustrates the mcrostructure

Vi ¢e havi'n &Peon a dielectric barrier
| ayer with a speC|f|ed t hi ckness controlled by the
nuber of deposition cycles of the ALD-|ike deposition

process according to illustrative enbodi nents; Figure
IFigwe hismaehesadticglly |illusiratest escrossesentiorabsticwcofutte dewosteucture
according to still 20further illustrative enbodi nents;
device Riugimgea Itheasobenfdri paividing lad sisistaatiady tuhefor CE@DEF WRIder Quface
device conprising a plurality of individual dielectric
accordipghs iR ch@esmbRGERAEI Ng to still further ill ust rative
enbodi nent s; Fi gures 2a-2b schematically

ST SR O MBS o
1 0on

ively % S FoS B PR LB g% 21 B utalveon fls luabun apd nide

dielectric material for receiving an alum numnitride
containfng barrigfday derRyding tormaheriilusystivaembediswnsdiment s;

Figure 2c schematically illustrates a cross-secti onal

Vigaweso flatthesaiiegntsaliu clustretes deys-setiduali ngwa off eateriadnductor

for providing a substantially uniform copper oxide _
device sunipaisig a metallization layer based on a dielectric barrier layer formed in
accordance with a self-limiting process according to further illustrative embodiments.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the .
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Various illustrative embodiments of the invention are described below. In the
terest of clarity, not all features of an actual implementation are described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the

developers’ specific goals, such as compliance with system-related and business-related
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according to illustrative enbodi nents; Fi gures

3a-3b schematically illustrate a cross-sectional view
wO408/8046p vi ew, respectively, when form ng aRCT/US2008/001316

addi tional barrier or etch stop |ayer on the al um num

constraf':lﬁg, Whidh G GaRt abhi B k?ﬁglfeirr%talti%ﬁgtﬁ dzﬁl%g%rrg' 09 rdo er, 4% will be

urther illustrative enbodi nents; ures 4a
. i Ly,il]lustrate. cross-sectional views of a .
apprecRHIETR LG8 wad EloURI® ol PR IR RR R dhictRe R opdymipe. but
base n dielectric barrier layer fornmed in _
would &E‘é?fﬁﬁgq%% Be qiroiing wskrtak g fen tﬁase‘\(ﬁfde,réwsaé@u rihegrt Baving the

further illustrative enbodi nents. Wil e the
benefitsyfishis disclpgvteer di scl osed herein is susceptible to

various nodifications and alternative forns, specific

éffzoplier@ntsabjebiemant:s haN evcbedn dbawedbyitMayfcedncexanht arached

inthe . 15 drawings and are herein described in

figuresde¥ @idus strticteReWyehehR dﬁﬁ%‘/ﬁk?%’scﬂ%%%ﬂ? éﬁ:{?i?erc]lg? ®he drawings

description herein of specific enbodi nen

' L. ' ti h ti-cyl . :
or OSSR Tty 4P TR SRS BBR Db s
t | 1 di ficat. , j val ent s, d _
e s QPSR S BBk HEAL RS e Ll RS e grvines s
) the jnvention as defined by the appended cl ai ns.
includeslcpyete3gribErsOBEPIRIPHISAERE SRAEPaSVENTS prasent disclosyegr: | Phgswords

illustrative enbodi nents of the invention are
and phrjeecuicd ddraie blowld be untiesiond ene siterpfeted ar have,a mesniag bonsistent
features of an actual inplenentation are described in

with thehinderspading iof alidseworts ad bhraeds BPHoSE sHEcARPIRGERVAH art. No
that in the devel opnent of any such actual enbodi nent,

il TR S50 08, SR8 R LA, LTy By v
oo S8R RSN RUSLASLAL BRI bt e o
consistent usage of the term or phrase herein. To the extent that a term or phrase is intended
to have a special meaning, ie., a meaning other than that understood by skilled artisans,
such a special definition will be expressly set forth in the specification in a definitional
manner that directly and unequivocally provides the special definition for the term or
phrase.

Generally, the subject matter of the present disclosure is directed to methods and
semiconductor devices in wﬁich the reliability of metallization structures may be increased,
for instance, by providing superior electromigration behavior while nevertheless providing
overall low permittivity of the respective dielectric layer stack of the metallization layer. To
this end, sophisticated deposition techniques may be used on the basis of appropriate dielec-

tric materials so as to obtain enhanced controllability of the deposition process in combina-

tion with superior adhesion characteristics, while the type of material used may exhibit

9
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constraints, which wll vary fromone inplenentation

to another. Moreover, it wll be appreciated that such
WOguEdvesdpment effort night be conplex and  PCT/US2008/001316

ti me-consum ng, but woul d neverthel ess be a routine

reduced!fégmltakikn &r fahy thAsR Pro@RE I RAMGLRKRI Korl RALBRgaRE amount of
havi ng the benefit of this disclosure. 5The present

Ubiee: i | rj -\ I ce t. :
convrYIASTHITBLL Yo ) L AR, SOBRTRR ML B ABLRR gl o
n.devices are schenptically depi.ct .in the.draw n for.
reiabls G T e Pr SRR At (i Riig e St b G by fuBLay ghin e
, the present disclosure with details that are well ) _
dielectpq dirert sfaghhosd ki Pyedsing ¢ heelheenuraliabler apgsition tedhaique, in
~attached drawings are included to describe and explain
combinatiby stithani apgragx ampinesriof coniys iivas entl-ddfised msufaee cldrecteristics
words 10 and phrases used herein should be understood
may bargdtablitiesdpretiiell therehay ecantiRadi th9sipRAsH RRbmiMhflod MRhavior,
under st andi ng of those words and phrases by those
Furtherdttrd,| iRGoht® 4sBEctt e \SaItink; b L 1hd Q00
Hre a tlerlm gr phSPacse, I.e. ,I aElg%fdi ?S?ﬁp(gﬁb%ﬁgsg%?pg% faﬁgz}ng{ﬁeously
IR i A rdinary. . customary meani n s under st 0o :
combing{ L UG EPhRER oI AE B REBL R R BRI R RL pocric
nsi stent usage of . the term qr. phrase herein.

by co : ). To
layer of feihoRPBrEYENgE SaioPek igFCtpRradieriils therelphaepribysng g reduced

have a special neaning, i.e., a nmeaning other than
processt pnplgnider whido dlisy pakidinga: highi degrec of Ubhitaligpicpetivating the
definition will be expressly set forth in the

correspepdiog fselfdinmiang i processlefTinik tis, omell-csrabsiished chahicdl vegirl deposition
and unequi vocal Iy provides the special definition for

(CVD) phvet Ll Omapbeased, iramgeRhbyropfite prabiL&kistRt d8En R ambients
the present disclosure is directed to nethods and 20

may besc%'EQb@i]QH&P&)_t i VARV IHE e B M G L RE: LR 1 BDIL T Y By cases, any
metal I'i zati on structures” may bei ncreased, for
I nstance, .by. provi di ng superior. el ectromgrati .
other applRadhlE feitie e Mo BEE s iR auerish pt iy sadiation, x-
permttivity of the respective dielectric |ayer stack
ray radigpiog pad et 19, magt Beopseraydiso. etestionibeammssisted i Rtlikeateapsition
deposi tion techni ques may be used on the basis of
processgpep Pe ivatde ki Bl asprrtse pit alusnigemastride Inlet ajay be formed on
enhanced controllability of the deposition process in -
exposed crydpenaent2iingosurfricehwhapar therregadbesd cnracteristics of the aluminum
characteristics, while the type of material used may
nitride @Al sucM‘Qszi@Q%ﬁ%?Hiﬁ?%gﬁiWQQ% &3 18 "BO8GEd may provide
permttivity or may af | east "provi de the potenti al ¥(§)r
thancddCdHGt Nonffini i opal.;diel i cs_having. .
crtanc MGG S AT BERIRRS SRS L) ST PhGTHRY P
for reliably confipin er-based. or, other nmaterials
may g Dot (PRI SREr RURCIE FIPR DL (it elaE (W Aty relax
stack., Thus, by usig% a well-controll abl e deposition
respectiy@ EpRIIGReNts forany further dielectric barrier layer or which may even allow

omitting a further additional barrier material, which typically may exhibit an increased
relative permittivity.  Furthermore, based on the ALD-like deposition process, the
corresponding aluminum nitride layer may also be formed on appropriately prepared

dielectric surfaces, thereby providing eshanced adhesion of the aluminum nitride layer,
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5 conbination with an appropriate materi al
conposition, well-defined interface characteristics
WOrRHYS/9d66@st abl i shed, which therefore contri buPETHS2008/001316
superior electrom gration behavior. Furthernore, in
which SQIVEhR3RGE r8guld nlem?' 8hilankedThdcchide @%Mt&'c&ﬂ tRE mﬁﬁzm level

be advantageous y conbined with the deposition of

under crbolﬁ'sltdgﬁlfloﬁ iff gﬁﬁ cEda? vﬂﬁhqé\!&rq{l cflelegtﬁggr}a?erl 0 ar%qg | onal

oWwK~ di'el ectric

ter| her.eb contrlbutl educed 10 process ,
e bt g2 JEPIRARIEE B e BrwgT 31&5 Sed bt ade Giebly efvaniageous in
erX|b|I|ty in activating the correspondlng
the congesytof pilyanegchali porwssge drnges. sach apeidvanest akrateddtircuits, requir-
chem cal vapor deposition (CVD) process tools may be
ing coppedasddnmahilchtiappropuiat €hqtiasadeas sbskadtegaseous the copper-
anbi ents may be established to activate the

Cdutair\('sh@f:‘{I e&Rondhng dapasdihl AlelREReesaterihN nfyN &quae S@Hhan@RY surface
er appr Oprl ate activation regl nes, or | nst ance

h &ﬁ radi gt one S r t

charac ldtlﬂgtl on \g%}d ?hf #&QS %rl#a%é bgghggel 9&&0%% I}% i%n such — as

electmms%a“gff SR PR AU SBEROR BF RET by

er may be fornmed on exposed copéer cont ai ni ng

also prgwpf%fég bifeHah por hghgledeyicgtsopinge hepweyer fhet Flecioss teehaiques
alumnumnitride material, such as its absorbing

may alsababipplied) td eny oyegamoeastsrfor Serurieg mmaspspuavicddevices in which
enhanced integrity of the copper-containing surface,

efficienthed etlinblhBaraiet yatsninnixpbicdecoppéredsed s@@adBynBV@Nrequired in a
provide a copper diffusion blocking capability that

highly B®Mro3laBRI chdieRNT THud, @hRXs 5;%%9%‘513* 168111&%%{&'&@ 'ﬂ:?enstp%ufﬁ@ﬁtlon or the
any further d|eIectr|c barrier 1ayer or may even

appEﬂd\%i %ﬁ‘f\ﬁ]t?,;‘ihé tsmpga%seeg %déi'?w Qeakqubﬁfma nﬂgbs b8lidered as

y may exhi Bi't “an i ncreaséd rela

. rmttivit Furt hernore, based on the ALD-|ike

bmngr%ﬁ%%%#%VBWaEVGE@s§““¥WES8%$?B§ﬂ HECRESEF i num nitri de
|ayer may al so be fornmed on approprlately prepar ed
Eeﬂﬁf%ﬂéé?h%it@dbf HRisates pSFAByCHInl Yewg fehmanesticture device
adhesion of the alumnumnitride [ayer, WO

100 coppo8ingox 68I9RaR USO8/ 081 3tdewnt chy rrpprapietcetorier material for
result in an enhanced nechani cal stability of the

formingrehakb zat thereih evekroyindeie domated ereqlirmg, higlhlypa;bhdlﬁiﬂﬂv@rmetdi
when | owk dielectric materials are used.

regionsSHQHd cBFpe@-QBEﬁﬁhﬁé Bt didatort iBGIOMR Sl o%ebaﬁﬁeddmc!eetd@ may

are highly advantageous in the context of advanced

1Bpl‘eSCl[ITE "Fge%tcdddﬁhlo(‘ ﬁe\qgé/ qu fied a§8&$m§%u§s%ﬁ%nf§ld tvda 1(% HoSh a%hurﬁ represent

ased

res mh rein Ieast sone | nterfaces of
a C'lf“eedp%s?a oI fﬂ“ﬁl@d Bt G P PLale GG e A ey forming

material may require enhanced surface characteristics

therein FespeGUEiRy CHICUR ehearaiy, SHelt 8t rARSKOmS r eApapibTs apthdhrokiknaThe device
such as electromgration, in order to enhance the

100 mayelrichilel i tdieloftric heyered @2,| wbahi oy ster vatnprissd themebappropriate
al so providing the potential for further device

materiaBCal dre gypiddomewed fot e fdbselesed hreRiueuRSddQees"br instance,
al so be applied to any other processes for formng

the dxeléﬂtﬁé PBJef ll*@i B g c‘d%‘b‘rﬁ@%tlfo@ﬂ WYxEdE, §1b1fcb§gﬁﬂhe afebohely nﬁmb& and

barrier l'ayers in expose copper ased surfaces

r |red hn..a. hi contr b nner,..Thus, unles
the like  SHELCH il Pyl ARipbaBEON, Whd RBleE 00 i pnitsE 2 Tow
appended claims, the subject matter of the present
di scl osure shoul d not be considered as bei ng
restricted to netallization structures of
sem conduct or devi ces. I
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15Figure | a schematically illustrates a

cross-sectional view of a mcrostructure device 100
WOgHHEPi®Png a substrate 101 that may repr esenPCHEH§2008/001316

appropriate carrier material for form ng thereon or

dielectFib @:Rérhl RO i kGAHLE EadvRAddl iBR o F RALEFIUNG alt @dkMered. A low-k
conductive netal regions, such as copper-contai ni ng

dielectTEldi&ial FOlo b \GHRRGSd :fsghemm&iﬁpﬁﬂi}ﬂég ?‘&gti‘ﬁeevrxg‘ﬁttié'&? £3.0 and

may represent a sem conductor devic of red above 1 he
bst.rate 101 | ch t hus represent 20 arrier .

less. TP PP Faoiero Wb Fedotme SBE Bt dpgroprarat 405 Whid in one

) sem conductor |ayer for form ng therein respective

illustrafiy gappdiglea e PRISSCnE ALIPPRE!- QUM ing BRtstial dupEiof kpnst eag@xposed
the |ike. The device 100 may include a dielectric

surface KA, 1202, suwhie thaeyaybet benpresédyohe digjecappmopriabdfthe layer
materials as are typically used for the fabrication of

102. Imshotl@isterdpptadic@e ki, d8fend i@ on s Hadte@ingphtet RIBGHT Ihe exposed
| ayer 102 may conprise silicon dioxide, silicon

surfaceMBEI ESy oth 1@1&%0&?&%‘@1&15&&%?%@%5%‘3Iﬁtgﬁall drlﬁ%er%ﬁaﬁ{i%&s which

inillustrative enbodi nents, t ectric layer
i I Kk 21108/ 094669PCT/ US2008/ 001316
may hoffP G0 M Ruflns Bicintin Sl IR SO AR orn © Otveen

fluori intgqﬁa_id circuits are ﬁonsidered. A lowk dielectric,
uorNG ARG ARG  PHY \Wite Fet!Bidad acoPReEagily itfweyiipg Blurality of
_ relative permttivity of 3.0 and | ess. The dielectric

dielectiigyaaterigd tvab dsoviieen dinxidd, and atee ah o phirdity 1G3low-k dielectric

~which, in one illustrative enbodi ment, represents a
materiatoppent Geitadly mespgetiat @midattifaatidn@ierttrlcdasiicrdngere x@pseting on
5 surface 1035, i.e., a surface that may not be '

the proc@¥ et ghy maheectiRbfety fz BBARY icBhfifhg thE chFee it the metal
It should be appreciated that, depending on'the

region POHBCELE RYRHRCES $heSENBL E%n EH}%&XLPQ&?@@M&I@% 2t QAR barrier

may conprise a certain anount oxi de fatertal or"

. ot.her, nt.am nant i.ch.may .have .been_formed during . .
materaf 105h FRNBPOUT PVENRERY o B 5 B aeding it nicice,
itaniund XY den, fLugrin@ ang the like. As previously . ‘
“tam“r%x&yﬁ‘l B Arids Apeths ke oyorer tuserinanths Gppsain thy region 103.
... 10 dielectric materials, such as silicon dioxide, and
Similarly, gl paarier plaigrial farycosfining\ihk ntad iregivn i1683 metydravalts abo provide
that typically respective conductive and dielectric

diffusiopablockeng | dywersrisdependi regpan tbheapivecesspsichal egh, adT@yygen,
be necessary for reliably confining the copper within

fluorind i@l ORtide, MAGEIOMadQkist FRMBYBRMRhSuntd Withhie RNAedL RN Lyer 102.
shown, a correspondi ng conductii, e barrier materi al

il [ N o] (TN Ce il ; f .
Similar) b FRosBE DI HAL pd e BSh BTG pichlly LBFl PR gppropriate
. nitride and the, like in,order to confine.the. co r

barrier MMl SRER b st pRaE oy, Braabs i itkat af (8 Torgp of 2
[of0) anip the netal region 103 may have to al so )

Subst&ﬂmlgx/i"&é ”gi“gf ignmgiegiak ih gréaiadpacanéing she guetgd tonthe region 103

respect to reactive conponents, such as oxygen,

during fhleug\rtihnrepmq:dsstr‘rgeamd R0 mhvidh avesrtaexidsgrek ofnatetusdectivity when
amounts within the dielectric layer 102. Simlarly,

formingt feepeexipo sentastitd aeemtOB Segray 1Dave wil be deypibe@lddr on in more
covered by an appropriate 20 barrier material which

detail. %:\@ orédissty @iﬁi!ﬁe@,%@rﬁ Eﬁﬂb&hﬁﬁa@bﬁn%b%‘éd 5B af !&?Felf:cﬁive[y

ormof a substantially insulating barrier materia

' -] he region 103 durin o
cover U Effosk P sEARLS D4 85, IRh SRy shRSet SHHE b5 bkt e, siticon
degree of etch selectivity when form ng respective
contacts to the netal region 103, as will be described

later on in nore detail. As previously explained, many
appr oaches have been propbsed so as to selectively
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25cover the exposed surface 103S by appropriate
speci es, such as silicon carbide, silicon WO
WO200PH94669PC171182008/ 001316 nitride or eveRCT/US2008/001316
conductive barrier materials, wherein, however,
nitride icafe@em anclmrcGOfSSE)Srr@@ﬁﬁJt@dzalt WVIQ@E&JQI Ral&RR Wférrbrr;ﬁ'gété'é@@ontroi in
nmechani cal stability may occur. Accor di ng to the

combﬂaﬁ%ﬁ N 8&iudh B %e@ﬁﬁgcﬂeé'tﬁibﬁiiyr RB[OPAL ?Egrrgrgl ¢ jo the techniques

substantially insulating materi a

oo A S PSP O58 " BTy b provide o
controll ahl osition process, as will be described

the exfogabFurgge 1035 et '@#ﬁ"ed%ﬁ%ﬁ&gweﬁc%q}r@l Hewasis of Gohighivserapiqliable
in Figure la may be forned on the basis of any

depositigs] proeess.ais Wil hedieperdwddstet echni ques, wherein, for
i nstance, the dielectric layer 102 nay be formed on
tThe rhiagissuafireadeyic@pifoprshade idEpesd td @Ay Pedeass &nthe basis of
may subsequently be patterned on the basis of

any wellldsR®UsRAMN ocSY ERhARUB Rk4ih ht‘%g LARRYe, thd df%@éf?('i@ Pa?.blo {02 may

with appro- 10 priate etch tech nlques I n order

be forrfl&f %Qh %ﬁﬂg%tf'a\ﬁg :ﬁ%%éﬂ th? \g?’%(fﬂ (:Pn ro%gsg %n%?gs(eslgﬁ%ucntly be

I ons nsi ons 0]

S. I, i nst r ctive trench may
Pa“em‘fASP?rB}fsﬁ s P ARt i psBroTepersplyi H’g“ﬁ“’%‘lﬂ‘t"?ﬂ with appro-
100 nmand less, while a |length of the respective
priate el EFhniips hiEn jordarh femye gFpedivereeningnihéchofin sophisticated
m cronmeters when, for instance, respective netal |ines
applicatpnsa meot keiveilatatal @!ri]mbaa{y@rs of 160 smninddegucFar indevicen @sgective
15 consi dered. Thereafter, the barrier material 103A
trench @Y b €ortlRdas iicedielct®@ic lhﬁh&tiﬁl ¢@vin@R Wikth SrREICSuAfand less, while a
wel | - establ i shed deposition techni ques, such as CVD,

length @t"‘ﬁﬁ% I &Rbcih@Rncd SRAShe 'irpfhe(rl?ﬁ/@ rv-F e%lnqnl g.lrlﬁ.@t,qugh,ef[p}&a:ls when,

deposi tion technlques and t he wher ei n t'he

r n s t ns of. the .bar
For ins(iit ﬁessﬁ?&q%é%‘mﬁ e e%f{twn W & o0 s e oo
consiolcsz:}%{fl ﬁ:xglgfe %n(infoa@arﬁ%}re nglq?etr{aﬁspﬁ 43’}'6 dé%f g% Bg@orgatiégr %oarl mgtzmcteh ((e)n the

enbodlnents the copper-containing netal, my be

basis ofws\irastdlisticdr dapesitiancdechnomnes heuchaasi € VEY physieal whsmidsapsition
deposition techni que, wherein typically a

(PVD), s\IH3 tedentioah dryicnloteppbisnatecioigfieced thp ke, agteyeimaye beresponding
created which may need to be planarized in a

materiab tIARGURINE oP (HRARSSerSheRrialFE3 Al MY BOE@ectE@MhGadpect to adhesion
nmechani cal polishing (CVWP) may frequently be used in

and barfkd @ﬁar&&eﬁs%@pv@Je@c‘f‘yth@)ﬁﬁﬁ@ﬁair@t (RE Inddh I%Egﬂg]slbar ];z %g'ﬂ MR rative

previously perfornmed processes, suc
embod:mﬁt%é%?lrcgg%%ﬁ%p%@rﬁggn tmaétarll rrx]ngy (45 provu?el?id fgrr}gstaxllckee on tl[xe Bais of a
wet chemical deposition technique, wherein typically a substantially non-planar surface
topography may be created which may need to be planarized in a subsequent process step.
For instance, chemical mechanical polishing (CMP) may frequently be used in order to

remove any excess material stemming from the previously performed processes, such as

barrier material, copper-containing metal and the like. During the corresponding

13
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WO 2008/ 094669PCT/ US2008/ 001316 pl anari zati on process,
t he exposed surface 103S may be forned, wherein

WORHH et 0 reacti ve conponents may result i nPGUESAORO0I316
cont am nat i ons. I n advanced sem conduct or

planarid@WCRScest NBe BRERLd 60FARN 0393 fPYe NANRI ! PhACHABAREAL S cactive
for extrenely high current density during operation,

compoh&u? .&aﬁhhﬁgu&%ﬁ&ﬁkﬁﬁﬁﬂﬂknﬁyress 5 caused by the
eat I'ch may

Ssi pati on, give rise to a
regi on 103.

tress-induced S transport within e
2h affPihy SR EPuRES deb s R bretth iy b g o hoSommodate
stress-induced material transport phenonmena in netal

for extrgmyly highy Supaniydens iy tysiag seperdiwnpilgy cambarition vaitho theringl stress
a nmetal -containing region, wherein the mgration of

caused plygherkead disaipenen, ivdridams pdiveyische avoesnndumeti mass fremsport within
from conducting el ectrons. In a copper-based netal

the regiegilon, tm@neﬂnegitaﬁ@m 8¢ @nk Oftnpottant Qs e if adifeb @lddMced material
driven by interface and surface diffusion.

transpoHOIRAGMEN [Vmetal 114, &fn U Gl TDH 5&“9%&&1‘5&8{1 Sf"latg%é%a metal-

enhanced surface characteristics at the“surface

- ich further .mat.eri al, has to be forned, durin
containfifk WG oheldlh SOETUBRSH o SpE R o p bR, B e Fhomenturm
I pterface characteristics may significantly determne
transfer, HOM FORFGs Figeleriohe #%Picaamrrlia;se%mctah gegiest, dhe plegiraspigration is
103. Typically, during the precedi ng manufacturing
substangplhy ety by uidierfase tind surbaceVBiffisivees Sorspgieattpostets of high
surface 103S nmay cone into contact with reactive
importapoeponeatide cabhaivedsurfots thiractensticgen, thé Isudhden €0EN bt BBich a
i ke, which may finally result in the formation of

further GONDEAT Q%1 GELE CHNRA DATHS RN AlBRr Pebde8Gfe, 1OBRein the respective
Therefore, copper oxide 1s well known as providing

interfack €SREE etV EsAh | YR RAY Iﬁﬁtaﬁgﬂmt t.gg%&rfgz%inug R Q'L“it“i”@'n’of the

i ncreased el ectrom grationinduced degradatton of the’
ort

metal pG%h 305 Euie e e At P55 8RBTSRty Aaserogs Such as the
respective barrier material thereon. In many

CMP praserse e ‘BHPSFEda%ﬁ‘E%S%éH& MAhEOTR BYR FPRAE Wwith Teactive components,
wel | - approved dielectric barrier materials, such as

such as gnoipteesn onygan; Heorisg aridctba likar whidh naaydfinaly rbsulien thajorimetion of
preceded by a respective plasnma-based cl eani ng process

copper gxidasoftamiemven deppeihcox0ie Thasfdbeoppsf @t 0231 khdwn as
is believed, however, that a correspondi ng

rovidif ASHENE 6L EANE N PSSR T inFRpet AR Incleds@UIEAL igration-
g g%nn%??ications gﬁd t hus may aanage thergur%ace 10331,gmh0n

nducod TR s o OB sbnbTe 30 R Moves ey s ipagant v

clean Lhé::] ]seqrfa%% EI%ES [%rgqgﬁfgg{g)%nhlhgeaqlcseplegg\tfg 'bgmk(?:?rxrgaltg{al t {E,rggx{.alln many

conventional approaches, the deposition of well-approved dielectric barrier materials, such
as silicon nitride, silicon carbide and the like, may be preceded by a respective plasma-based
cleaning process so as to remove copper oxide from the surface 103S. It is believed,
however, that a corresponding plasma-based cleaning process may result in surface

modifications and thus may damage the surface 103S, which may finally result in a less

14



10

15

20

Thus, according to one illustrative enbodi nent, a

treatnment 104 nay be perforned in the absence of a
WORPEEWEPn order to renove or at | east nodifyPEHES2008/001316

surface 103S so as to 5 significantly reduce any

stable GRAPRE Botvden AL asfAde @ and MhORRIddhUDhARE | MSerial still w be
enbodi nent, the treatnent 104 may be perforned on the

formed®@Si S of a nitrogen-containing gas in conbination with

an appropriate carrier gas, such as helium to renove

pper oxide in the surface 103S. For inst e,
RSB e eSS IO WE hACPEFRL DR et by Rgtformed

. to initiate a chenm cal reaction with the copper oxide

in the ahsargeedf 3 plMERih OFICE &9 FEBPENY Hdeastimedifyithe pefgser W3S as to
may 10range fromroomtenperature up to approxi mtely

significgOOCrediive angraopppooxidagraliehircal. leact iibustrmaye leenbodiment, the
descri bed by the foll owi ng equation: CuxOy + NH3-

treatme@t NOHmaly B2 Perforbizd on theGRIBeFUERtbYsn-EQRARINgOHsAR dBbination
be efficiently converted into copper nitride including

with arf PRk’ EarDiE} GHsOURS-as BUBuhOtol BP0 ?ogifdc% A Bice 103S.
that ‘i's, the process 104 15 may be nsi dered as a
. |1y .demen. . tion, r ective,surface .d e .
For st g S HE b P BEL 0 RGN SR G SR chemical
. avoi dgd. Furt her nore, tge surface of the dielectric
reaction Wity thg GOPREL XI5t SPEEICY SRt QriesPoRdinEctudi gy terRRerature may
treatnment 104, thereby maintaining superior surface
range fedrariaometcngicratgreoip theppuyenatdl@25dode. t ke subsgquéin chemical
process steps. Figure I b schematically illustrates the

reactioffin@l 08 tdesteibel @y devitRwlfdeqfatign: the treatment 20 104.
Thus, the surface 103S may have fornmed therein copper

nitride wherein ecihve, be present at
e sarrane cho SHPARER PO Lo

the surface thereof, r ovi spective
Lg@laponds duri.ng the subsequent self-Limtin .
ég‘%%l% TER preces B SEDEY a8 NRERH 1P ridgRple nitride
. b may be bjected_to an appropriate purge step 114,
including[eSperivs AR S5oLESheDBAL @eﬁ%Sﬁé?Fiqﬁm Playmyrthgigis, e prodess 104
establishing a respective deposition atnosphere. WO
may bezgpgAe9d 869 PTTMal? doiSLO0XBEGN, respective surface damage in the exposed

surface 1035 may be substantially avoided. Furthermore, the surface of the dielectric layer
102 may not be substantially affected by the treatment 104, thereby maintaining superior
surface characteristics of the layer 102 for the subsequent process steps.

Figure 1b schematicaliy illustrates the microstructure device 100 after the treatment
104. Thus, the surface 1035 may have formed therein copper nitride wherein respective NH
groups may be present at the surface thereof, which may provide respective chemical bonds
during the subsequent self-limiting deposition process. The device 100 as shown in Figure
1b may be subjected to an appropriate purge step 114, for instance on the basis of helium,

prior to establishing a respective deposition atmosphere.
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Figure I c schematically illustrate the mcrostructure
devi ce 100 when exposed to a gaseous anbient 105

WORKISEHI6P N i | | ustrative enbodi ments, conpri seBCEHS2008/601316
al um num contai ni ng gas. For exanple, Al (CH3)3 may be

lﬁg&&' R JchemBASAQURL AR %t kP thRuRE 46¥icd 20 Whkh %S(Eos%d to a

chem cal reactioh wth the NH groups that are preseht
8aseoui j&g$ﬁ§uf65a%x&93 dHSstﬁ W]%ctgin ree:/nltougq{%@%%t%nz?n aluminum-

e correspdn
l ondi ac tion nmechanis
contifl el SO TRVBR O & 1P aHH PE4ESbIA Bhégrpi ERgent 105 in oder to
at nrosphere 105 or by any ot her rrechanl sns, such as
initiate; Hefieatipdeationcwith HeddHgreuns bt atel presenbin the amfiasdiBSdliue to
activation and the Iike. Consequently, the
the preyiansi ieamenntCdi niThe coonymndnty chynicdaehctivnt May be iNdated by a
groups, wherein the correspondi ng reacti on mechani sm

correspbding &eivheidd Mdchitdsm! RAT BIMANEE QUi B aNpABhY established in the
control |l abl e and reprodu0|ble process conditions. As

dtmosp'hlelleuis(ﬁ at %g' ax?h&(ﬂélr ﬁ?e@f?{]ﬁérﬂg &%R%&gé%t&ﬁqi?%dc%a G eﬁ&%}gosition,

f or med e expose surface

cctrohb'&ﬁf(% ted g(égv gn e Sjone 'ygu&énf%ﬂg@%ﬁgﬁ L’éﬁ”Pk}m -containing

il1ust rat es the m crostructure device 100 according to

COMPORGH ppst repY) idh gt NUlegtenpo dvhessn ghe porrgsmprding Fraction mechanism
material of the dielectric |layer 102, at |least at a 15

is self-Hmitings sharefypeprov idne bighl yregntioliebledendarpapgipeibler pratess conditions.
species so as to also enable a chemcal reaction with

As illusthed laumirespondant Aomiogufias lafed inHXanfo@ed bhehe exposed surface
dielectric material of the |ayer 102 may be conpri sed

1038, whicRid®E llisthtedRehMBicoShlh&H0R cMMLen o2 Nhg(gg(gqsm species.

t hereby providing respective 'OH groups at a surface

é lcfl'géﬁma]\geﬁhﬁlllﬂq& Hﬁq @grnruﬁ,wgnm ngﬂﬂqjﬂgrf‘gupgcr\g? to further

| Um’ num contai ni ng pr ecur sor

weysw%%@e%%hzé 55, 3% R AL BB e 46
reaction with the dielectric layer 102 is

surfacedayqr. theigpt, iy, InpHEE eitnaPPaRRIIAY SPeFEeSCIeri Watlsharabie aghemical
the bonds with the underlying materials, the

reaction wiipaled #luminum-anteinizgy gas. ﬁﬁycemhphlﬁmahMe@mﬁdmgwmbommwlawx
adhesion, irrespective of whether the layer is forned

102 monbt h@)ntmtsadi afeginenedd) 3inoludidpe sitliceh,e64 yded dnay?(h deh, thereby
Thereafter, the correspondi ng anbi ent of the device

provzdxﬁ@@e%1@90%%ﬁg§gt afs‘ﬁ[fab@$$ﬁFQ@29nvvt}19x%lrp%' &r&gpondﬁ OH

heli um wherern a correspondi'ng pl asna may al so

groups %19:818/ &gﬁ CaIPHE %ri ?rﬁ%%gﬁé{%q%% :1};:11 sm avmt%naigo Qo:%i?zﬁl e?tomm

used for ini ctlon

s B M St e et

gure | e schematically illustrates the
the dlelﬁ?télﬁdéwd@ﬁuﬁ sclfdinidiag1obeigin idvg ta thecheraical nature of the bonds

with the underlying materials, the respective surface layer may exhibit a high degree of
adhesion, irrespective of whether the layer is formed on the metal region 103 or the
dielectric layer 102. Thereafter, the corresponding ambient of the device 100 may be

purged, for instance on the basis of helium, wherein a corresponding plasma may also be
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5 treatnent 124 performed to replace the respective

CH3 groups by NH groups, thereby also creating a
WOrdeii¥deoPve al umi num nitride surface | ayer abpgeUushims/oisie

metal region 103 and the dielectric |layer 102. For

shut ofX ¥/KBh @, plasiRM AsdMyorb@ithBRE (N F8hiPa1 G IrE S RP B RS ases, the
activation energy may be supplied, for instance by

. i atd o he |ike. .Thus, a highl .
correspiAR f By R S8l RERy S e Forei R il il puraing
hydr ogen bonds nmay be 10 established, which may now

PIOCeSYe ysed as a basis for growing an al um numnitride
| ayer on the basis _of further ALD cycles, thereby
PEBVE dicntFhamatiel vddlyseeten thec minrpsirucabe (devige Wi0Phduring a further
respect to layer thickness. That is, the device as

treatmegh d@h perfofEnglircerepeenshe epexipo$dl grougsiey Nhpspber@ereby also
105 (Figure Ic), thereby formng a further atomc

creating ay@Epatkiet lumAuiCARAdd bieaca! [yl HEYE Y BHeli] NM8siSRE®3eshd the
I's bonded to the nitrogen-hydrogen bonds, thereby

dielecti€Rh AL M. 1Pod E?azﬂ?lg,r QAR AL Ry b§u9§;ﬁq%ﬁgxtelh¥ 'a Borresponding
f or amonr a,

urt’her cycle, nstance on t’he basis o

.y follow i,n order . to convert, the,.correspondi n )

activac sl Ay e SlbBE Ly Br ARSI PSR Gofl PSR G e Tike
| e. Figyre |If schematically illustrates the

Thus, ighlyssonypliihls shevipe® miiderlayase ifowyeecivolyReen bonds may be
~deposition process in order to forman al um num and

establishid, rvozjelh megmos e wgdlaapdasig 08, gro@gwinertenmuan biwidkhgason the
thereof, indicated as 106T, may be control |l ed based on

basis of fuetherb®Y cyfless Yekes, pevidargerighieate ¥t danesl |ability ikl respect
previously descri bed sequence. Thus, the thickness

to layed QGiTkABY, DPhAdsUBkegkvidk %@%W@ﬁ@i%ﬁ&hled%\sé?g% exposed to the

requi renments with high precision and good

atmosp%%% elrogg(%éé%c e Laugy f&xgnﬁn% zll ifu?rTh AL R W respective

SRS vrAi\.rn
terned dieléctric’ mater a ‘cor respondi ng

£

1 LSRN T AL -

t hi ckness of the correspondi ng copper oxide
the hydgegenaomat Sehicqrentbhe rooes) dousearCTrUEROLSI00M 3ngI0ia,
surface | ayer 103S (Figure la), a portion of the
may foléaw fiaowlel byemve03s; caowpeidinGHe gppes imbtrespdetivarbiy groups, as
still be present and nmay provide superior surface
shown ielfag@aetieri stic due to the diffusion bl ocking
characteristics of the nitrogen material. In other
FlguHs T f e ' ' bi 2 S §
o S e B Dl SRBE R D e B ABRE LD
- i e t. rl i I r 106. ,Al.so, in this
ike derfRRENGoBlss i bR G BRIt Ing i Eempripdhite taver 106
. achi.eved, wherein, the signjficant copper diffusion
whereing i UERGordicretl s U8K. Ay DeagpBiroihbaseg on the number of
i nstance when provi ded as an alum numnitride |ayer,
cycles peefQrippdivy ageordprcequish thecpreiprsyn dersribedsequircec dierthe thickness
material within the region 103, which may be assi sted
106T mby be edjpetet iv ecaoofmpes withtdeivite reptienicals woith high psevifiagand good
portion 103S. 10 Furthernore, as alum numnitride has

step coderG@pabiid tayeof 0ahs Qbbb Gor@¥ORN. PiRESHT GeRBEict RRterial, if a
like, the integrity of the surface 103S renuins

correspc{Hg@?g' @&@t%tﬁﬂ??ﬂg%lgﬁgﬁ bl mh ﬁﬁtelﬂ?/aga@ Qe GRIY | %{&{h@gnore,

a superior ity of the netal regron 10

depending on the initial thickness of the corresponding copper oxide contaminations in the
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In sone illustrative enbodi ments, the further
processi ng may be continued by depositing an
wozppYprbate dielectric material directly on POBUS2008/001316
barrier layer 106, for instance by 15 any appropriate
surfac€l@PRE1IDBONFRIOE A8S: a WORIA! 5f HlCsidtREQGidr B38BLE6MbALing copper
may represent a lowk dielectric nmaterial for a
itrideS egye et.al i ' el.. Conseauent.| conpar ed
niideg SRICHERE B ahd B R SR SHFEC ke SRR o the
e chayacteristics between copper and an insulatin _ ,
ditfusifi BB R A o BH RN GLd 1o T HES s SeBA. a 1R ghllgr illustrative
control |l able | ayer thickness, thereby providing the
embodigeniht thg niregensinghe fsusiaes [ayer 4038 imay bheubstrmtntly dbndglyto the
cadditional dielectric barrier material, 20 which may
atomicc gppeeast poriak | gvesiygnd flapant 0§, covlts,i butteist caseheupstturalideerface
permttivity of the resulting |layer stack. During a

characetibssquent ber agaseed owhdatdt erdl sﬂ%r_xiﬁc&rﬁr EQFRONGERGion blocking
dielectric material that may be directly fornmed on the

charactl@ﬁﬁtquQﬁ th@Yzﬁ)’cr 108, f&PESt%%{l%la {or\]f?c[eg fscﬁﬁﬁﬁgﬁgﬁrﬁg layer,

an etch stop material or at an e
St ance on rel ease .of t

rialy,...for | e al um.nu L
may pIGRAE hEesil e o A o B ST G R Pp BB b3, which
nay be r%Iiany controlled on 25the basis of the ]
may b pssistad PYyBFPOEES FOpPSE Hurideagwseriah dfotheesiybangi pertion 103S.
etch process may be WO 2008/ 094669PCT/ US2008/ 001316
Furthergrsnie.r 5 dleatinm nhadbdes 8 w@pability ek powtrieg okygdne moisture and the
material of the region 103, if the barrier |ayer 106
like, thesinppgoty dechewirfnca 1088uesdinshinc8nessy 1Q01E Gkr MBYE, MRreby also
provide efficient etch control capabilities. Figure 1

contribtisCenRiptEa! deatilibyustth@hReal thBoRM 63, 0st ruct ure device

100 according to a 5 further illustrative enbodi nent.
R shiHeS iI5RTRiveA ABRRTI O MMPI ARESS HJOBNMY 06 ve contnued by
per’ ofnégétor%ﬁ8€§§g§%£¢%rPgéfﬁggeFé%f??gyﬁﬁVeFTéfn“nm” e

107, whi ch. . have respective barrier chara ristics
deposicliin AP ERR R eSO 4 RPE Aot Te 87 e St GTENS 61 7 beance vy
further processing of the device 100. For instance,
any apRIgprigig deposien pERFCTse pwsantha dipdicic gl ghgdepresent a low-k
_ barrier/etch stop material, such as silicon nitride,
diclectrsg pletinl foar shtkequernittrasgnatenms et e Cosbdquentty, campiude toronven-
any appropriate mxture 10 of these materials, in
tional sontdgies,tibe friuerldve rchenb@netcstteewedit @@pbt ahdafn ihi@aG@RBErial may
material in the region 103 and/or provide superior
be enhdiced ol @P HagRal 4 high®p cHibdNBId NEef WHENRSS, Rﬁ&@@)ﬁ@l‘d@ding the
However, contrary to conventional strategies, t
: bkl I T, for, n i.n. terms of .
potentizﬁquﬁgﬁlh'chﬂl u{ga_dftégg%rﬂz%’%ng erqfan aélﬁgi%%x?le(ﬁ?iie tél’C bﬁ;gg/er aterial,

respecti ve

. | t .wth [t h st ific . . .
RTE Lt R R e L —

di f fusi on bl ocking charac- 15 teristics and etch stop

layer stackn Jpyning é%bseqwg Progess 1og maeradngoe gpreesportding dicldsiid myterial
in selecting respective materials may be achi eved.

that magge dheethofoemed ve thobarhier pyav] G4, dre ohtetinethbaof iy beayeat as an
106, a thickness of the material 107 nmay be adj usted

etch stopomatesihlgod i Rat Ay elchvRdickdl Wen&RIPaIralsth@e upon release of the
conventional strategies, thereby significantly

aluminun® SEiROsd MGt @&ﬁ%ﬁ%ﬁdi% Hﬁ&%[@éc&g d@%&gé@dy cBh¥hied on

permttivity, w may gontrl e toa’re
the basi@\ rtﬁ!ﬁ lbaxq%rrqg)'zetr' {06. I other cases, a corresponding etch process may be
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20 capacitance of the resulting |ayer stack. For

i nstance, if enhanced etch stop capabilities nay be
wogesited? the |ayer 107 may be forned by any PCT/US2008/001316

appropriate material, wherein even silicon dioxide nay

controlRQ 3158€ bt G thSeARINE of trBnhRWa COPRE redbl 10 1iPMhe barrier layer
since the barrier 'l ayer 106 may provide the required

: L ffusj [ racteristics. |-
106 s BRRAEEA Birh RGBT GRS i sEid8 e conto
.4y be performed in situ with the process 25sequence
Capab‘létéégpr eviously described with reference to Figures
|l a-1f, thereby significantly WO _
duBr Olgs shopaticals 00 81erl 316 micwduueing Peverd80 according to a
conpl exity and enhancing tool utilization and overal
further plitseesse thbodigleput In thiv dabé, s depsgiaot proaassi M8shaybe performed to
process is to be considered as a sequence of

providdRfkiae iltddc RIRGRII03, Which A BaReklRci®dbhmiet BRaracteristics
same process chanber of a process tool w thout any

. . o Ctoactiviti : .

andlor L A RS SUSP Tl P Ml fer B GHETPUR oI 100, For

.. appropr.i CVD. chanmber ich.. al so, enabl e the

instncEABE IR 07 b eRRER A el enPRuTit AR isteh Vag el such a

. supgly.the carrespondi ng activation energies during

silicon ppadesilifog rarbifep nirpgenrascaed $ibponseajhids @ any appropgpte mixture
illustrative enbodi nents, the layers 106 and 107 may

of thesp enftenialsdni mdsieipafuather deltincathsdinwitpsd thoobsper material in the
10Furthernore, any further dielectric material, such

region 483 anklawpeodidel smpéridrcetamtsesy ahpabilltied dusinRs@eURRher processing.
nmetallization |level, may be deposited on the basis of

Howev@ ¥oRPRY ePEbdlehrib R RLENRs, thY COmpSsiGHPor RE 189 3z
t echni q?Jes and tlhe Iike,gl \S/\,her el n?ésiln t%e ca%sée%of ’af%&%%[ance

in ter Lot - 13l s ] 'pf m;hfp.o.:. .r\ ..:h...___ o i
teImggifx §;5c¥c'ul9g §/Lébtr ﬂ?gngxgﬁ%?sﬂh%ig YEDie, W HOLNAG }.aﬁma?cct to eich

rier a correspondi g depositi

stop Sp%ﬂhﬁf kggﬁa?tﬁg%)t}ecggrétggr %arrgartca{lilri%lg bot sx%l)esri%r t(’l?ff s%rr 8[02Eicrjlgac arac-

tertstics and etch stop capabilities. Thus, an increased degree of flexibility in selecting
respective materials may be achieved. Furthermore, due to the provision of the barrier layer
106, a thickness of the material 107 may be adjusted to a significantly lower value compared
to conventional strategies, thereby significantly reducing the presence of materials of
moderately high permittivity, which may contribute to a reduced overall parasitic
capacitance of the resulting layer stack. For instance, if enhanced etch stop capabilities may
be desired, the layer 107 may be formed by any appropriate material, wherein even silicon
dioxide may be used which is known to allow copper diffusion, since the barrier layer 106
may provide the required copper diffusion blocking characteristics. In some illustrative
embodiments, the deposition process 108 may be performed insitu with the process

sequence as previously described with reference to Figures la-lf, thereby significantly
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15sequence. Figure | h schematically illustrates
the mcrostructure device 100 in accordance with
WO200%(14¢462i | | ustrati ve enbodi nents. As shown, ptipUsRvE/@a316
100 may be subjected to a deposition process 109,
reducifd] ' t i i € i
O A Qe o SEPIRASER AR p0RS boughpur
b Ler la 0. formof several sub- 0 .
in i RS oy S hEecsh, it 06 R Pl et of Manufacuuring
i nstance, the layer 106 nay be conprised of respective
Pfoces%eab‘i’?ir@é?espbf med 101, SaterioGFs rBRrmbenel »ProchBgeol without any
) sub-l ayers may be provided in the formof an al um num
intermegligle| HanspaseACtivatits ackur esaropiet Hee bleppsitiol prheespr tifessay be
sequence as descri bed above. For exanple, the |ayer
perforri@b @ mayappeoriaoy &0 dhandbbe KRicm @by afsoabddBith® creation of an
nitride layer. Thereafter, the process 109 may be

appropBigfel SIRgR ainBicRt ek Geayasubpfsf ﬁ{eeébtnefg}?ﬁﬂ?frinﬁ% halvation energies during

conposition on the basis of a sel I ng proces

v S ALEDEE 0 BT S PRIELTLE ALY 1 B i, e s

haracteristics. of the barrier |ayer 106. For exanpl e,
106 anff 38 By s dorpetineepirls Se36alsd prasédsionlict ed to form
respective bonds with the correspondi ng NH groups of
the | ayer 106C, thereby specifically designing the
properties of the |layer 106. For exanple, respective
ffuntetiromal angrioupg dislegriecuatsol, gabes artay-lbdicdesicgnadrial for a
in accordance with device 5 requirenents, for
subseqiens ngetal BzAnoni leve0r DRy B BEHsited PRCh ¥&iSHRGIyaPpropdalt Bhnique,
silicon, nitrogen and the like, in order to

such aSPRAH f PE@VbY_sﬁgﬂ—é&fﬁecBHﬁquﬁé bAd s NKD) \Qﬁéﬂeﬁg in the casg of a CVD

characteristics, e etch stop capabilities and t
if}do qu h& PLOGesS seguence. 199 may then ..
depOS“Ldé‘* g‘%‘*n#’?”ﬁ%%d%é‘%g%ﬁef JaoPoerde et B detirs sy gRending
. .in order to formthe |ayer 106A. Consequently, based
depositign ‘P‘{]g’es'é’l“ﬁ-‘IcﬁﬂF‘f‘f‘ﬁgmifF%@e%’é'Y 7%, by peslPragd, appn in situ process
respective barrier materials may be created, 10
sequenggher ei n t he correspondi ng characteristics may be
specifically adjusted by providing a plurality of
Suhud Ay ettematinaloitesirdtbustermicroseruenioondé vient ®), inpict@taia@ with
perform ng the process 109 or the self-limting
further firloaesise seqpRNGen@s WseViaus! thedested hed Mmhj e subjected to a
reference to Figures la-1f, a spatially selective
depositPhOBRREssTAY9 D& HREY fer P HeTA O IRE OMhE&: is of
P Iaygr 110 above the gﬂ?%gégnldgsﬁt&Eg?éi%bgﬁéq%ggﬂe basis of
:, : e.c rised.,of .a dielectri teriral
appropty¥ Slaceelt MEMBE L EBIRIORE voiryd ki BB e Mofnd b Shssgat su-
trategy. For exanple, respective netal alloys may be
layers, RSO AN SEVISE FrPRIEBH. (G SUTCace 10155 | OMGY dibrPormpsised of
corresponding materials may exhi bit enhanced interface
respectiyp gplydayversi K166 SL06% L PEC miheradnone 9 diesic sgb-dtyets wappe provided
capabilities and copper-confining characteristics may
in the forat oban sluffinum antidé tiyeadanaedrad @t tsthasie o e Keydss esquence
In this case, the layer 106 nmay be forned, for

as desctiP&d aB&. aFoPleRNhPlS e ZRENAVBCOMmal rbecﬁﬁbid'é@tih%e Whif of an
the process 109, to provide the overall desired

aluminuF B AGE BYéiS Heeafter, the process 109 may be performed to provide a different

material composition on the basis of a self-limiting process sequence in order to specifically
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i.e., a high degree of interface integrity in
conbination with a | ow overall permttivity. As
wozigds@guence, by using at |east an ALD-|i kePCT/US2008/001316

deposition sequence for formng a substantially

designitReSoh @] hraRdBticdbr a2 t?h?n@r’iﬁ’ﬁa? 8o, SPBIf A&, ¢ ggﬁtngét precursor

regi on, enhanced flexibility 1 n sel ecting appr

I es ontrolla |I| na .
sases (1) G sBeRedid Toul RS, AR 7 ngrrs%wﬁ NHE Gy of e
bil.it crostructure devices, my
layer B e PGS OREDD e e DB o b dayef 06, For example,
articular if copper-containing netallization
respectiyer {ypetinnak gmups dbpiicaspedases magdwelepighed try atcowdance with device
enbodi nents, additional barrier layers, for instance
requirefrrgntsh é)rflmtmc@fbw\mlcd)mesattagIre@hadver@taees abish sygitic@s nitrogen and
silicon nitride, silicon carbide, nitrogen-enriched

the likgiihiog®s 16 3p&didlealBNaljhiftant 'dmslmoaﬁngréhﬁﬁa@[guﬁ% fhe etch stop
correspondlng |l ow-k dielectric material may be

capabllﬁierseaﬁﬁltbfe iQL Mgl &;guwﬁgég;? %Qg%éqgﬂﬁél I(Esrﬂggéﬂocs ¢ continued on

barrier rraterla rov
of er-.cont ai

n the case g
the bass NI R gy RSP BT Sir OTBER M Bl T EbisEnsmuygbased
gg enhanced adhesi on may bhe achi eved by the chem ca
on the selfidinHigpePrackss B&Fra éi‘flq%)‘i’éFCW%tWet%flﬁn@é?erlyiSn@dy be created,
materials, wherein, for instance, an alum numnitride
whereig d%ﬂomobélnﬁse@rﬂﬂemﬁwbl may |b@mpMIEMal¢pmﬂﬂmtednUy groviding a

plurality of lowk 10 dielectric materi als.
pluralitfFuf tshizdayerse, In sorhdelcanties pabeditgnBl Bridr @apdFRAiAD he process
preparing the copper-containing surface for the

109 or SDREYUBHIng SRbEesh k8 UehPYadpRORUEIY Qi@sd?fb%@ &¥ith reéergn%c to Figures

significant damage of the surface nay be avol

la-1f, zp afug{lgnsagct@/e ?fo'é@s%ﬂgqg'hﬁg\e%%fgﬁ§1 J),ngt heﬁ'ﬁgfsﬁng(éap EaYe'r 110

asma anbi ent ur thérnoré,” as previ

corf[es di n uence for f ng
above tgaw fase ?ﬁ%i%/e‘?hcfﬁlg th%ﬁ%@bf?l R REHEC P Narof A e materia
sequence, . 15 wherein, in sone illustrative aspects,
ora CO'%%U&%%%@WI SPeirding gn tlig preetss wattegy-aFer cxune. assfeatindcnetal
dielectric materials, additional barrier materials and
alloys mag be keovided salesovle perthorswedead 0BR, silteripr e essasponding
Wth reference to Figures 2a-2c, further illustrative
materiaBnbadextebit enddckd howthe: daserdeac, whildhhe borrr@?l@ﬁ@ﬁ}g\é@:h stop
pre-treatnents nmay be performed prior to the formation

capabili®ies SindOB&ser Rbnfi@yer ci%l?aéta‘?@nl@@srh% Qfor 2% AbBY élétﬁef’or advanced

deposition sequence. Fi gure 2a schemati cal
2
o ETIERLE SUEIRUR TR Bty

shown i Egp) %wﬁ%gth%&ﬁ@%s"@%%a%ﬁgad; v e R acterisics,

reference to the substrate 101. Furthernore, the
Le.,a hlah\?lr«%rée obimisriare duApRiySE camBingfiee withe Ipwyasveraloermiibivi i

may represent the
As a consequence, by using at least an ALD-like deposition sequence for forming a

substantially insulating material on an exposed surface of a metal region, enhanced
flexibility in selecting appropriate materials with increased process controtlability may be

achieved, while at the same time performance and reliability of microstructure devices may
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25di el ectric material of a netallization |ayer or any
ot her device level, in which a netal region, WO
WOR008)'884669PCT/ US2008/ 001316 such as a PCT/USZ008/001316
copper-containing region, is to be forned. In the
be incesabad iimpaiticulal Wstdppbetonthinggdin@laBfalibg s r@éﬁ@fes 249:2% ¥ered. In
ave

represent a lowk dielectric materi al

some @f&Xtr?c%rQ%dcﬁﬁlgmgaﬁﬁﬁﬁlal %&g&?géycrg nfo{ or d e - ogrp of well-

devi ce reqU|renents nple
ﬁr Ja be fornmed of. .materi al mhlch may . not
ol Sl 4 1R8N BITHEE s HHFOR OEHF ABHEESETibcd silicon
ired for the subsequent self-limting deposition
Cafbld%fm‘g“@dlﬂ?q S1Yrhst WRitigH angt@reorigspandéng lovhls dielgasric poRrishyay be
_ be conprised of porous silicon, porous silica and the
directly |fnen£§? omriye sttsemtikdyiksudhtiigeletrriec matd@ah peaguddt by an tAleD-like
devi ce 200 may be exposed to a treatnent 210 to
deposipoovédtigiqac C dnras pakdbgorpef f:@ﬁl@m'xr@’ fetd Q@ﬁoﬁf IsBrfor %@}mlcal
conprising an appropriate chem cal conposition in

mecha@cACthir@odfidRY de RRsed Uzﬁi'%sx@ﬁ nﬂh{/‘ %e ]agh&:\(?eda by the chemical

correspondlng speC|es such as an unlnunla

e t ecj e For inst gnce
bondinfy o ORE B T, VRBRER iR S oG for instance, an
fate mat rlal such as a silicon, xg gen and
aiummHgﬁ Q‘%h AY eIy edﬁe%r@ @pp@matlpgrwx\%pgpper and a plurality of low-k
wel | - establi shed conpositions are available in the
dielectge tmatqridls,  Futhermerst e rthe 200esmopding pertotmed @s @e@vidg the
process for formng the surface |ayer 2028 with the
copperrooquimed stifack freshe slbsequararsetfasmiingt BgpositiontreadkBiignificant
210 may conprise the dep05|t|on of a nitrogen and

damaghydr g enrfae n@iynb GviRLe 't {)eﬁérn@iﬁg 4 R6lEGRnain process m the
correspondi ng pl asnma- base reatment for | ncor%or at

I N Eeehbe suntass.ponution of the
absem@l}éggggtp ﬁsgﬁl %@@%202" fo o%m 't e SUrt- ag > f‘é’l “é “‘2t)‘.é‘&ts‘”p"“‘“’lg

sequence h%reié(‘)r}menr EE}%{/ a&g‘;#@é%@? él? 31%8%1'711 %sggxlf ?{zsz%uocs)equence
d| eI ectr C I ayer 202 on the basis of wel I -establ i shed

wherein, Jpisg@g | Qﬁ%ﬂmﬂﬁ%wectszélel Jeppygpaphrey Cadieningpuesipls, puch as low-k
some illustrative enbodinents, the dielectric |ayer

dielectrip mapgiyalh erdgionel hadicf imkaserian @inm;gxe Bies utryerjsre bt | pprformed as
treated during the process 210 in order to forma

in situ prospeest i ve surface | ayer 2028 at any exposed surface.
Figure 2b schematically illustrates the device 200 in

aviknntRemncadyapearts BNYE apliel NALSLALE Mﬁ%ﬁh@ntﬁ will now be
copper-containing region 203 is formed w't

describ & @ﬁtoﬁ'r@sﬂe@tx 1%%?6% e MO BLS s) %aéé}?or ' o%r gggwnﬁ{manon of a

conprise a con tlve arri e

establilsl?

barrier Elygr on t%e basis of an ALD-like deposition sequence.

Figure 2a schematically illustrates a microstructure device 200 at a manufacturing
stage in which the device 200 comprises a substrate 201, which may have formed therein
any circuit elements, as is previously explained with reference to the substrate 101,
Furthermore, the device 200 may comprise a dielectric layer 202, which may represent the

dielectric material of a metallization layer or any other device level, in which a metal region,
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WO 2008/ 094669PCT/ US2008/ 001316 surface 203S, as
previously described with reference to the device 100.
WOPRHI94¢68spect i ve nmanuf act uri ng sequences nayPar&620089001316

used for the device 200. That is, after formng the

such a6 QPEHpetOsHidh MG E]cﬁgllgrt‘o 203orhdie g-}( RS @ﬂb&ﬂﬂeﬂ? ‘?ih%@x%éd the

rray conprise a SI cant anount copper oOxi

- [ t S fa | aye 2028 have a .c

ditect] o 250 ARy TEBres TR SRR T o Balfr S CenEer ofﬂayo?'%ae any

) grecurso gas as. previ ously descri bed. Hence, the

APPrOPHAY; RYCBHFOTPOSKGHRAN RRCOEIYISE & Disloiiy reeuismnECtidd oxample, the
t he process sequence as described with reference to

dielectyiy g’@iV@Fs 203- mayi heofweedt of faymnztered pebichy endyamol egrovide the
| ayer on the basis of a self-limting process, wherein

correspohdingoditheechasamndérivties 20 25uped YirdRs swbseQint BelDUsiting deposition
deposi ti on above the region 203 and the dielectric

of a barB¥ematél. WChisiaBYe RBE (SRrOD BEy BRPERRNIRY eoff ﬁHrOlEéq@llicon

sel f- 10linmiting deposition sequence. Figure 2
porous SARSTRAN ALY of L HGEARSRL hg?ecﬂ?atél CorbOfhe S A uld! g%o may

sub ed to a treatnent 211 desi
be expfipg i “?ﬁ@%&%@ﬁ@@upwﬂ Seeo50u8 s Seuccabdeis fisure 28)
process sequence for formng a barrier |ayer thereon,
°0mpf1§é§g BREPPERSIIE ehsaripaliampopiiog amerdar o ilpwtthe subsequent bonding
enbodi nents, the treatnment 211 15 may conprise an
to a cagseisplatding Slpﬁcdﬁ@essqh fiprani aismanure aped mitoogeedcanimining dpasies.  For
of a wet chem cal process, a plasnma-assisted process,
instance, thé eemelenoR | @l atay R nirRE eifsdpackibof kih KpropAatk Ahdbdal, such as
substantially conti nuous copper oxide |ayer on the

a silicBiPaS8Ges UnhACRy#B3eh - c&rﬁmﬁmgs e AS%al, ulg;}lt]&pt ‘tv@ill e%tabhshcd

conti ndous and wel F-defined Copper oxide layer

t,.as.a.phassiyation IaLyer
C"mp"%ﬁé‘.&ﬁge %‘}V%m‘a?%r 'ﬁg? h %lgﬁgggra‘f hé§‘§U &y é’t"é"’E‘O’Or—”ﬁY R
t he . 2Q act on of a barrjer material in
Pfocessa@aﬁi?faaﬂ%gﬂw °¢ haeveggﬁ? i Fgflusred Heinkaestie 4t phse gases, the
bef ore. Consequently, in this case, the treatnent as
treatmegipd Hp MREGORIPEIRE Hhef dapepisientod apiigeaes and hyidregen-cohkining material
treatnment 104 for converting copper oxide into copper
or mayhiinalidie 2i perasgdontinpyplrogehasedaycdmeype ffoimechanitgh@xygen or
basi s of uniform surface conditions, wherein the

nitrogei€ e efpordeangosivi bade: ARSI eeXtl @J foridhd AGFRASAMr 202S.
integrity due to the passivating 25characteristics

FHECRGe! BR [ﬁJHﬁ&hﬁﬂbc&%Hﬁt $ahe d@ﬁ@g bb & haFhd ¥dnkinGSd by appropri-

Consequent |y, the surface

ately pd%[%gﬁég BitoR2 P&T(c%?%eqoﬁf?,ocgr}%]e%ams of well-established recipes and photo-

lithographic techniques. In some illustrative embodiments, the dielectric layer 202 may be
patterned first and may be subsequently treated during the process 210 in order to form a
respective surface layer 2025 at any exposed surface.

Figure 2b schematically illustrates the device 200 in a further advanced manufac-
turing stage wherein a copper-containing region 203 is formed within the dielectric layer

202, wherein the region 203 may comprise a conductive barrier layer 203A and an exposed
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203S may be fornmed, for instance, inmmedi ately after

the correspondi ng CMP process, with high uniformty,
WOy ®+&@dbsequent process activities may not PCT/US2008/001316

significantly contribute to any surface irregularities

surfac@ @34, Oast 18viBAS S ik iRE »919{39&’51‘39& e e e@f{ceaf(}ot MBhys, respective
surface 203S. 1n other illustrative enbodi nents, the

eSS TS0 LUEBAER A s s o
conver Seheek Son RIS a0t Mt erl ale s thal

Figure 1 a, may be omtted and the correspondi ng

of coppeyr preies. orhilss th?héf foed Fiver 202 arayi inva asedrfesponding pepliguration to
process sequence may be started by introducing an

allow tht subsaquanc aditeaioniofig pgasysoagas ss previousistdanedesdhBoficd, the device
Figure lc. Wth reference to Figures 3a-3b, further

200 asi dHoustt naFighe: eihedi FRBESeMbd o MIWpRRess1&q Q@&%rdsb@éécﬂlﬁbd with
whi ch a barrler | ayer, such as the barrler | ayer 106,

referen\%ﬁ)(o E%rra&r E}‘:pe IGO0 d[‘a%' 2ofds # Uc a0 E‘f ﬂ'}e?hfg ghét %% of a self-

patterned to si I can

over al ermitivity ultin er stack. ..
hmmn&.@@%ﬁ% Sl bt rtaeF aDES Bretdd 4 bRbudh oo above
evice 300 conprising a substrate 301, a dielectric
the fegr%y@ﬁ a9 3hg dielrstic AETEHR, Whicharal PYeginehbIamprentse fsdhe self-
into the 15 dielectric |layer 302 and an insul ating
limiting depdsétionl sageanc@06. Wth respect to the conponents
described so far, the sane criteria apply as
(i gkt czusbyemkesﬁny bidghtiaiek hhe aéaEEDOR atdvrding deviigRs ili08rative
and 200. Hence, the barrier layer 306 nay represent,

embodfn®nt] BSHARGShe ARy RE WHONMAY et &LLGRdRYLY tfe‘ﬂfrﬂ&g 2‘:1'] ddifned to

basi's of the self-limti Nng process sequence,

Dreparé’ﬁl‘é\é&8&%h¥u§§ct5e%;d’%gequ' o RIS Sacd0S; %ddggibgg,l @dmég Y barcier

1S€e an e ayer *307," conp
rial that, e its.a desired high h selectivit
layer g o ety e ibeds thsGha dbEkaf? craﬁ?fftgwmsn@eareatmeym 211

dielectric material to be formed in a later
may CORYHiFe éagtq},{cj“qql@n PERRGSS: Jfior I eneg AeFfernfagrathide basis of a wet chemical
metal lization | evel of the device 300. Hence, any
processappplopni-asestehperdesd, 2 fuahalasxgaliore procest phdleheatikle t doeform a
li ke, may be used, irrespective of the relative

substanpi@l fricbhdintichy cblb'{&freﬁﬁde RiyBiCen the ckayed se@dceMBBSbeln this case, a
patterned by a corresponding etch process 313 on the

substanlﬁaﬁj/ otinBud A6 We@ﬁcﬁ’&ﬂféﬁ%gé@xsbﬁﬁe g@ér L be, fded! $hich may

he material of the layer 7 may ved at ahy

also actV\Q 299&%’1»91%? ?agﬁﬁlurlmél %?eogl%lgp %%’%ﬁing of the substrate 200 prior to the

actual deposition of a barrier material in accordance with the self-limiting sequence
described before. Consequently, in this case, the treatment as described with reference to
Figure la, i.e., the treatment 104 for converting copper oxide into copper nitride including
hydrogen, may be performed on the basis of uniform surface conditions, wherein the
corresponding surface 203S may exhibii an increased integrity due to the passivating

characteristics during the further substrate handling activities. Consequently, the surface
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areas in which etch stop capabilities nay not be
requi red during the further processing, thereby
wogp@givdaseant | y reduci ng the respective i nfl uemcBusIIOS/NE316

overall permttivity of the layer stack, while

203S MBVES IRREESSr R{sBcd] 1%%1%_{%18) AR @nef@ﬁ%%@&ld’% g@ﬂ“ﬁlrb%@ss with

In subsequent processes process

high ux@ﬁfr n%érgglgxlng% d&t ﬁ@tqt %Ec?crgssc %ét{vettéeciﬂré | %0% &fgné%cagggrc(%?fbg{e to any
chem wherein the barrier |ayer 306 may_ act

sur fﬂcedgf’cawmé&lf'érfﬁ@t% e passivating eqppsT 9% ket thcuiiape 2035,
illustrates the device 300 in a top view after the
én ihggr Blueisatial smbndiradngs, r povetmoft 2 hle masimiudeatic selective
312. In this illustrative enbodi nent, the etch stop

incorpdratyer oB@ragay Bl set bRemanbyeadpd rcﬁmﬂ@olﬁztslsoﬂis agrepeatt Mecursor
netal region 303, and nay be 10 nmintained only at a

materid®P§d haf) i@thiyBiseni@ t?&frﬁ&%pl@ﬂdhﬁgluy&ﬁe@ﬁfﬂﬂ LR £ @t ﬁdoechmltted
dashed lines, may have to be fornmed in a ubseque

and thcgf?ﬂ]lég;ﬂﬁl'ﬂ 'lﬁgmﬁt'id’arg f %'arrpe?tl}x | nggetlﬁhﬁitgnrgf% ggsgsn%?nce may

ectr nHter or Conn gl on
, the corres Ondln et ch process nmay
be startSR By Gt ki Lffawufrmrﬁwmgt 5 TR 8 MO D h P Figure Ic.

Iayer 306 may provide the deS|red nmechani cal stren%
Ahig tfﬁ%fedlr??ftes \BHres| deRPnduigheariustetive tgrelodimansveilt mew be
metal region 303. Wth reference to Figures
describadinmghich edputtrilygerserhas tituttroer ldgarilO6smay &c desexdi ihedmbina-
in which the self-limting barrier material may be
tion witsed dteh stopEh@d:l WERh @Ay Ibay@iitestedcl. sifiligbhi®lydeduce the overall
schematically illustrates a cross-sectional view of a

permltt%?]df@f&*éﬁlﬁﬁg de¥i 681400 conprising a substrate 401
above which may "be forned a d| eI ectric |ayer 402

a Ao ngondugti.ve £2gi on
g%é.wgaor Q(I%% %Cﬁ‘?q”“}?{igel “eCt i % “Tayer “407; j’nﬁ comprising a
C in t|on t|ve regi on 403
S“bstra?ﬁgﬁeégfﬂe% S5 PUS SRTON hse oo b et ecbided into the
while, in other cases, the conductive region 403 may
dmlccm@e‘ﬁb’@sm anthyn devi b Baraar byem3Qd.r it respestetntthe gompdnents
in and above the substrate 401. In one illustrative

describahbodineht samhecrgonduppliy es pegiion!y408cribyd oditpréfeenae to the
copper-containing region, for instance in the form of

devicesd 0frahARO).| Hencdl\heﬂﬁlrﬂcﬂa?mrrﬂ@p@[iﬁébm foiilst®ice | AYRiminum
406 may provide the required integrity of the copper

nitride T@Eﬁrfbﬁllxed Y t%@qusggéﬁqgg G %%99%8999&%9‘@6 el nast IPJ?cwously

regi on 403 The barrier nmateri al rray r presen
descrlbﬁngsFedrl ’he%'fﬁ&ea{h'eva%v%g%g rH%nmE%rﬁ}g“ﬁ an regab EWF’E\ ﬁf r1:6r11pr1'~:e<1 of

an al'umn
' | ayer fa S a self-limting process
o macergf 3L GUBPTER Bt Gt o5 el st uriva et iin@rocess for

devi ce 400 conprises a dlelectrlc mat eri al 422 which
patterningyy dhelegripyiaiedal atbg based part lawr Imjanufasturing stage for forming a

further metallization level of the device 300. Hence, any appropriate material, such as
silicon nitride and the like, may be used, irrespective of the relative permittivity thereof,
since the layer 307 may be patterned by a corresponding etch process 313 on the basis of a

corresponding resist mask 312. That is, the material of the layer 307 may be removed at any
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5 alowk dielectric material in which may be enbedded

a netal line 423, for instance a copper-conprising
WOIDH9484t is connected to the metal region 40GI/H§088/001316

correspondi ng via 423A. Furthernore, a corresponding

areas iha\ﬁ/hicﬁfetélﬁyt%g GBbilTHYs GRYeiotiRercqBiréd dubifg e Jurther processing,
wherein the barrier |ayer 426 may be provided in the

, . . LT  cant aini o
hereby B A] AT AN AEORACE O BT TRy of e
I ocess. sequence as 10previ ousl,y descri bed. . The
layer U SRR SHABHERaD SranFon Hlpls PG Samenrie batpSauent
of well-established techniques followed by a
Pfocesi?épﬁietl?‘@??sﬁ e Anngule PHOIE aer BEL sherpipal; ¢ieh peggeys, a dry cteh
406, as previously described. Thereafter, the
procesglive] etk comtbiednabialof 42 2ppmyritte ctihr @detisiryd eypesdin @ mrier layer
the | ayer 406 and may be subsequently patterned on the
306 mdyest as of etekeklopest abl i shed patterning 15regi nes.
Thereafter, the layer 426 may be forned, as previously

48GE 3B8Ehematically ilfus@Wee 1S £RSTBL %%ﬂf Yiel deth5 i8S process
40 urt her

t he device in accordance with a

0

Il ' ' ' Leh..an etch stop | r

313 anly b Bl P EOSE IRIAL, MO YRR Lo Fh &P i Ge etch siop

l 3Igyer 4P6 i n_order go enhance control of a respective

ayer 302 TRY AIAPPFTRWEE BHom ROEHIS FRAYS JhE tREAloEegiaq 893, and may be

. correspondi ng etch mask 428 designed to provide an

maintaiggd pnhyat ooftien o trehigh a comewpondingcda t3é, edidatast lypdashed lines,
| ayer 407 may be specifically designed to control the

may hpvoctes de4Rimednyn appubprquatte mahérdt@ingyistdgea when patterning a
significantly reduced thickness conpared to

correspoAdivgnditionaic SlhlcabE gbreSoRYiMe 1&1IBE reSbACH N€onsequently, the
corresponding interface characteristics nay be

correspBh@%k 884 A¥cdNEnRAEE b&EFohANEKitfH BBun reliabiliry ‘v‘v'hi‘heethc%}r%r layer

respéct to any proceSs strategy for formmg t
lelectric layer 422 . [rrespectiv f.mh@tggr the . .
506 e B 5} B 0P g e ST e AR b e Pactersie
b tgriter{a.%g%@% as previously WO
above ¢ B[4 54 / US2008/ 001316 expl ai ned. That is, the
sequence for formng the barrier |ayer 406 and the
éﬂé&bﬁ@f@‘ﬁ@@ f Fighies diaelbe cespr@iviemeari¢anduebor dhectsagrerdescribed in
422, possibly in conbination with the deposition of
which thteclétiohiisg opribayeterid0iay baysdden pendtallinedoraayarsidck. Figure 4a
situ sequence, thereby enhancing tool utilization and
schemaRE£1Be8iastDEOVGBULectional view of a semiconductor device 400 comprising a
substrate 401 above which may be formed a dielectric layer 402 having incorporated therein
a conductive region 403. For instance, the dielectric layer 402, in combination with the
conductive region 403, may represent a metallization level of the device 400, while, in other
cases, the conductive region 403 may represent any contact area of a circuit element formed
in and above the substrate 401. In one illustrative embodiment, the conductive region 403

may comprise a copper-containing region, for instance in the form of a metal line, wherein a

corresponding barrier layer 406 may provide the required integrity of the copper material
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5As a result, the subject matter disclosed herein

provi des a techni que for enhanci ng performance of
WORgsdiP#62at i on structures in advanced seni conBEBts1e08/001316

devices while at the sane tinme naintaining the overal

within RIS Pgtdnl 03 YTIef bdrher hk&ld AB8ma I‘ébx%%nrt' 1‘?1 d’x‘ﬁtlﬂﬁét?ﬂtw@tembodv
a lower level. For this purpose, an ALD

N T A T
e RS BB BEEY SR PSP P s, o

ni ficant reduci ng the anmount thereof. In
device |4P &gwaﬁt‘rswea/lé%%m meisrisl 422nwhichmayn pirvidedient llepsepariigly, as
formed by a self-limting process sequence wherein
a low-hldigteetiien matenidlde whiohi sey teopplexdded faf mejabhinbl4@8kifmginstance a
characteristics and al so exhibits superior getter
copperaapppisioigt li@sthwi tshedreepRatiotiRe MeyAa8gidR 0TS h WoltespMing via
particul ar enbodlnents di scl osed above are

423A. 1 h:hﬁﬁérﬁﬁ)tré VE B8Rk tBﬁ‘rﬁP?fﬁI' 1498 miy JIBY%: Be me%al line 423,
|Ce

fied and pract rent bu eqU|va en

n to those . t .havin
Whm”?%@ Befief PP ?f‘i HE SRR APER™ o EnhiRg, Spgirosen-
proce forth above may be perforned in a
containifg %Féﬁf F eFi@flflﬁ‘éPﬁﬁF%ba%Oﬁ P S§l-HPIGRE PLgeess sequence as
intended to the details of construction or design
previoysbt &gserilsisown, ot her than as described in the clains
below It is therefore evident that the particular
dit @dipentss di 5ol0asad! abovayreyfohre0alliccbaé ¢ well-established
nodi fied and all such variations are considered within

techniguBe f6ERP&1 d3Rda Sd%bbézhoﬁfteElli}ﬂqud“f&ntﬂeoﬂmt(ﬁ&@fodih'égla}yer 406, as
the protection sought herein is as set forth in

Prev:oﬁgﬁlﬂi&ﬁn@&f %emea}mﬁ?t h' SqiCleAtk %‘%ﬂwa%ﬁ%ﬂ,t oe dirccils 5 d de uaiu:u on

rrsin wnng a nltrogen cont al n1 ng

the iay&d 4&? ea@firrﬁ osedv@?éc{%ﬁﬁy tterngg on the bz %xs of we?f:csta%iislqecﬁ patterning

regimes. Thereafter, the layer 426 may be formed, as previously described.

Figure 4b schematically illustrates the device 400 in accordance with a further
illustrative embodiment in which an etch stop layer 407 is provided, at least locally, above
the barrier layer 406 in order 1o enhance control of a respective patterning process 427
performed on the basis of a corresponding etch mask 428 designed to provide an opening
for the via 423A. Since the etch stop layer 407 may be specifically designed to control the
process 427, any appropriate material with a significantly reduced thickness compared to
conventional strategies may be used, since the corresponding interface characteristics may
be provided by the barrier layer 406.

With respect to any process strategy for forming the dielectric layer 422, irrespective

of whether the etch stop layer 407 is provided or not, the same criteria apply as previously
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exposi ng said nitrogen-containing |ayer to an amnbient
establi shed on the basis of an al um num contai ni ng gas

WO2H08ren%an al umi num and ni trogen-cont ai ni ng PLTAIB2008/001316
barrier |layer on said netal region. 2. The

explaifi@t MOgh: , ted Rlqierke ORI &@'b‘arr[@tlé%}er 4Ogi M UEOMIOL BB of the
copper. 3. The nethod of claim 2, wherein

dxelectﬁ 19%@1{91%15@'[98 Hl'g&r 29€ o&%\%% Al gu‘laﬂ&?rw ?’lo rdeégﬁ%% %fethe etch

eatlng sai d xposé sur ace conver cop

: aim3, .. .
stop la\xﬁ Z?O %Qa{) eagqrt?émggiaa ag)érbéigéaeoélﬁ?cfc @) -ag@gg too:f utilization
establ i shing an ammoni um (N143) contai ni ng amnbi ent.
and precessTEo4BPRod of claim 1, wherein said
al um num cont ai ni ng gas conpri ses 6. The net hod
ohs elraduly the fubiacheratieodiprlosidngertior moniges asedmnghic for enhancing
dielectric barrier layer on said first barrier |ayer

perforrametef of mendiiAtibowikc@is! BCidvagcdBi@hicahdirBVEvs@k dvhile at the
second dielectric barrier |ayer. 7. The met hod

same tRhe ShaMtdh@ tlY@“@Je%l[‘pérﬁhgwﬁt rofftthebﬂ a§ér 1@%&'}{(:%01‘?@';19;1 lower
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second dielectric layer fornme an in sit

level. Wo?‘i?i??ﬁmxpose an A%D hgg 4% tl?ogl }grgﬁ%srslrg% %ér' W\M}eﬁﬁpecp to deposit an
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I vation bsence
cfflcmntcbarrier materxa m a :g}?ly controlla%le marmer thereby providing the potential of

omitting any further barrier material or at least significantly reducing the amount thereof. In
illustrative embodiments, an aluminum nitride layer is formed by a self-limiting process
sequence wherein aluminum nitride provides copper diffusion blocking characteristics and
also exhibits superior getter capabilities with respect to oxygen and moisture.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. For example, the process steps set forth
above may be performed in a different order. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than as described in the claims
below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified 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 claims below
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9. The nmethod of claiml, further conprising formng a
lowk dielectric material on said al um num and
nitrogen-containing first barrier |ayer. 10.
The nethod of claim3, further conprising form ng said
copper oxide in an oxidizing anbient as a
substantially continuous copper oxide layer. | |.The
met hod of claim11, wherein said al um num and

Whai schgesd:containing first barrier layer is fornmed on
said dielectric layer. 12. The nethod of claimll,
further conprising formng said dielectric |ayer so as
to have OnhefodUfsnfsingeast at a surface thereof

forming a nitrogen-containing layer on an exposed surface of a metal region

formed in a dielectric layer; and

exposing said nitrogen-containing layer to an ambient established on the basis of
an aluminum-containing gas to form an aluminum and nitrogen-containing first barrier
layer on said metal region.

2. The method of claim 1, wherein said metal region comprises copper.

3. The method of claim 2, wherein forming said nitrogen-containing tayer

comprises treating said exposed surface to convert copper oxide into copper nitride.

4, The method of claim 3, wherein treating said exposed surface comprises

establishing an ammonium (NH;) containing ambient.

5. The method of claim I, wherein said aluminum-containing gas comprises
Al(CH3)s3.
6. The method of ¢laim 1, further comprising forming a second dielectric

barrier layer on said first barrier layer and forming a low-k dielectric material above said

second dielectric barrier layer.

7. The method of claim 6, wherein said first barrier layer and said second

dielectric layet are formed in an in situ process.

8. The method of claim 3, wherein treating said exposed surface comprises

thermal activation in the absence of a plasma.
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9. The method of claim 1, further comprising forming a low-k dielectric

material on said aluminum and nitrogen-containing first batrier tayer.

0. The method of claim 3, further comprising forming said copper oxide in

an oxidizing ambient as a substantially continuous copper oxide layer.

1. The method of claim 1, whetein said aluminum and nitrogen-containing

first barrier layer is formed on said dielectric layer.

[2. The method of claim 1, further comprising forming said dielectric layer

s0 as to have OH groups at lcast at a surface thereof.



