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| NCREASI NG RELI ABI LI TY OF COPPER- BASED METALLI ZATI ON
STRUCTURES | N A M CROSTRUCTURE DEVI CE BY USI NG

wWaARMRINGIA NIl TRI DE BACKGROUND OF THE | NVENTI ON RCT/BEbt808001316
OF THE | NVENTI ON Ceneral ly, the subject nmatter of the
present disclosure relates to the formati on of

St@m %ﬁ%ﬁ% %g? i!?. u%% @?ﬂ i

dielectric material incl barrier material for
enhanci ng el ectrom gration performance of the netal. 2
. DESCRI PTI ON OF THE RELATED ART In nodern integrated
circuits, m nBACKGROUND OF/EHE ENKENd4OMNe channel

l ength of field effect transistors, have reached the

1. JEELDOFTHEINVENGION her eby steadi |y increasing
performance of these circuits in terns of speed and/or

p%@ra@l‘?nm}ﬂl}% mﬁ&:rtciflq%lé Tt F{/ dis& sdrggkl\é{eﬁl{@lt e formation of

circurt-e S IS sIgn reauce erey

i . fLor exanpl tch ee

integro iR RS anf o e o). 16 454 ekl pF g E e g@&% Jfvers including
i nt erconnect |ines electrlcallg connectjn

highly GendpcHliametals.civich a8|<oRBFF: §TbE %ﬂdslat%@aeé%@a material including a
Consequent |y, the dinensions of these interconnect

barrier mra¢sriah freenhandieg eleduemigrationgeniosmenadesofithe metal.educed
anount of avail able floor space and for an increased

2. NDESCRIPTIONQF THEREDATED ARTled per unit area. In
integrated circuits having m ni nrum di nensi ons of

aﬂﬁ’ node R gfatld 3ncHR, 3NEith@s Featdrel diflst §9 dsahé Charfiel length of
devi ce performance is the signal propagatlon del ay

field %‘?éé&% ﬁg{xgytokg ﬁ?ﬁ V\fetaglha'n e %Fg? g}bﬁxfmcgr&? F]M§g nt?x;: |S§eta8ﬂy increasing

el enen S, has. now reached 50 d | ess, the si gnal )
performance o ese ¢ < 1n termes O cnpp an war consumntion. As the gize of
A gatton SYeray ™ $¥hHo © onger FiPPEG” P

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 pm and
less, a limiting factor of device performance is the signal propagation delay caused by the
switching speed of the transistor elements. 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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by the field effect transistors, but is Iimted, ow ng
to the increased circuit density, by the interconnect

wo 2os®94669 nce the |ine-to-1ine capacitance (C)PCHUS2008/001316
i ncreased, and the resistance (Ryof the lines is also

of mérﬂﬁéseﬁsﬁgo n@%%%a d‘h@% [h&if Paieda %f(%§ %e(ﬁﬁ)%f 224! TeSfhrasitic RC

ar asi cons ant erefore, requi
i ntr.odycti on of new type o rial,.for fo ng .
time {qtSaly Ierstte, PoimTe 46 Mtoghiion S IRy o<t fterigOfof gfining the
Iayers i.e., the wiring layers including netal |ines

metalligatiap la¥ers or providing the el ectrical connection of
the circuit elenents according to a specified circuit
| araditipnalye nicpaliveatidmylagerdj £é.edier woringalagerssnelofing metal lines and
including, for exanple, silicon dioxide and/or silicon

vias fok prdvidinpithdcla¢tkitalneoinaction st thy Rireait elERicats acdbfli®: to a specified
al um num suffers fromsignificant electromgration at

circuif? 'lﬁjaﬁf afIrfiBl bg'ef&l'eﬁ'c&r% it sté&ylnpﬁdﬁ ??Bﬁglen silicon dioxide

I nt egrate CIrC Its having extrene ture

and/of gzhc o \ﬁlﬂlh Lsnél?lgpg% heptgﬁtqae n}%%eré)lgf gf't algléII‘n suffers from

eS|stance and a hi gher reS|st|V|ty agai nst -
signi ag&p‘esﬁ?rg}gé@qqgnat (v ermugqqu, grbs&pﬁsst{lgtcrgﬂé € necessary in mtegrated
applications, in addition to using copper and/or
circui ing gxtmy@y s¢dled {ranire sizeabilumineeh sritingefeplaced b, for instance,
dielectric materials silicon dioxide (k 4.2) and
coppes] Whivhrhasiat sigrdficdrkly>lo®kr pleytrival resjdtancedndy highet at¢dieivity against
lowk dielectric materials having a relative

electrBBYighatibn. v EbY highl peupheicaRel %F)iéhé’atfénéi ne ddgffon BAREEopper and/or

t he tranS|t|on fromthe wel known and

coppé’f’eéli i Weﬁrﬁ%&bﬂgm D]k SR n dd@éétﬂ@ Fterlals. silicon dioxide
zat1 on 1 on

ayer to a co per-base et a

0ssi.bl onbi nat i h a | ctric
(k = sificon %"éfé&c? gi 8}?“3& rﬁ“é‘"" é?“‘%'?\golf’“"% g‘t?e"s”% materials
be dealt wi th. For exanple, cop may not be
havingeprstative permitiwtyaof epproximaidly 3 ami fesp.n Howea e, itlhd ramsition from
manner by wel | -established deposition nethods, such as
the wadtlekiozal aaddvglhysatdzhed apanindapsticén divxidd neaabization layer to a
copper may not be efficiently patterned by

coppéﬁﬁia‘secﬁﬁfeﬁﬂlhiaﬁﬁﬁ fayRf| SREbOPICcAhbinaisP GRRSERw-k dielectric material,
Therefore, the so-call ed 'danmascene or inlaid technique

is assb&a{eﬁg«qglgd']@h}’ah f QURd b Be fioniPhalg, metal Ii zation layers

oppe I nes and Vi as.

For 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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Typically, in the damascene technique, the dielectric
| ayer is deposited and then patterned for receiving
wo cesobssy and vi a openi ngs that are subsequent PgT/US2008001316
with copper or alloys thereof by plating nmethods, such
: i .08 | ati . . _
coppeg?ea%lilgca'ifrf&lég o bgﬁrglﬁt&ﬁf??etl&%& Sudh ef§ uslrllgl:l%lntd)\//g)ggg\éﬁ(ﬁ in many low

ncecopper rea uses rna p

. dielectrics, such. as.silicon dioxide and_.in many | owk .
k dielgpEiebethf tfSacilicct iR BBTIeh et o ERGHABa L e Peighboring
~layer at interfaces with the neighboring dielectric )
dielectrig Batesial may bserequiied. r Mprequsr cbo cliffusipr of mgisgreopndopxygen into
noi sture and oxygen into the copper-based netal has to
the cippesbppdemsat has tedppappressell by coppart®adity freacts to form oxidized
oxi di zed portions, thereby possibly deteriorating the

portiogkathdfeb§ rjoséibBs déttridagn€ AR et arhas@dici®If ahe lcopgerabél metal line
respect to adhesion, conductivity and the resistance

with bDRladfbEGH, 'BRIRy ARd e TeSsdhte {idiPE1ebRS M Sfation.
Reiy ey g e G Elety

r uce the over uctivity o e netal region,

conducgtive barrier materials are . typically us faor .
ety 6 iar bl Bce, o, S HBERUHY UG i Hretal region,
diiel ectric barrier materials are typically used as ca
conductiye parrigy majesialscdre Lypiepyrysed forpupang iee Hdaypll areas of frenches,
_act as an efficient etch stop material in an etch .
while glieleestie bamier faterialnetiengpigaltyonsedars cap layees orediglecirisdiaoner layers,
by a via extending froma netal region of a next
whichhing eslsonsit ak |anzefficient beliatop hrateriah$d an@ech piokcessofior fabricating a
nitride is known as an effective copper diffusion .
contadl@do’ R mRtl r8Bn ey WSO, eftMdihd HAMGE medd Rginebe et hd:xG higher
barrier layer. In other cases, when the noderately
. R L] ol e .  dor o
el NELT T LB ARRADL ISR, 2 of SISLIE! e o
. (Si iis fr ently used as a C er diffysiqgn
barvie S Py 56 TP E SR T 5 RGP efiR GBET GPScorighen the
silicon nitride barrier layers and silicon carbide ]
modergiedy fighpermitvitygbsilicon nitrdg is soptidered mappropriateppitrogen-enriched
copper's resistance agai nst electric current induced
silicomearbided FiGN¥)ain $rpguent(yetsed s o wpppetdiffusiorobardehebespite the diffusion
stress-induced material transport effects strongly

hindedgpeffes ofnthd Kiticehaitadd Barrist 1ag8rsaindailidont cAFiia€ badedtbaggdt layers,
: t he copper-based netal and the adjacent dielectric

it turRabhd, Howed¥e rthat_-r&%;ﬁf’@ l@sistaficeS anhhét d16aLi8 LurfRhE HicEd material
circuits featuring high current densities, It iIs

transpt%ﬁn ?Jl@étlo\fm'g%glggf B otnlr %?r%ésgﬁ]ld{l&% h&&&faﬁ at‘f‘%lsB&It\A@f?&ts “strongly

e copper

depends on the characteristics of an interface between the copper-based metal and the
adjacent dielectric barrier layer. Therefore, in sophisticated integrated circuits featuring
high current densities, it is generally important 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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netal and the dielectric barrier |ayer such that a
desired hi gh adhesi on and, thus, high performance with
WO eays@aic6s 0 el ectrom gration or stress-inducedpOBgs2008/001316
transport is achieved. Hence, a plurality of
combf3R5 %Ble%dr% %&“d%v cgsfpe% Qﬁ‘é’e tRaqu{g b\ poQ/%Fa(iil g&%ittivity of the
prac |ced e ar i'nor to obtain superi or
reI abi | superi or rom atlon ehayi or,.
dwle‘ﬁ“ﬁ%{iﬁfﬁ“ﬁ!ﬁ ?;cshe el AR e heT e, ragw Biaifaiatse Sughipg SiN, SiC,
is, lowoverall permttivity of the dielectric
SiCNpad ¢he likes ang alspe/apiepneombiagiiens af shese marerealsfmaybe nepdyas dielec-
materials, such as SiN, SiC, SIiCN and the |ike, and
tric batisomuerial Udowevdj inairhoost thit it sesey diffierli @l meetibath tequirements,
used as dielec tric barrier material. However, it

i.e., stipéios elebtrorhpbtidnt bdhavioe hivd Fivi- f(|p§(‘>ﬂehlés°sﬂg@fnaﬁ9ﬁfélectrlc materials

requirements, i.e., superior el'ectrom gration behavi or
provﬂlﬂg ti‘l@‘ﬁ-eglr 83 s‘dneﬁl cgfn chla%'@f Esekﬁ&xt fésﬁeéfat{)eédpiké oxygen,
Vi d|ng esire fu3|on ocki

cha erlstlcs h res to co e
moistfs LRhE iR vERaly maef £t HEBE" \éﬂl%di”ﬁﬁﬁ%wrﬁi 1gf copper
k val ye. Furtherpore, the copper surface may be highly
surfageoipay bg ehlglplyer,eag;yﬁo%fgﬁrecxgﬁwrg and| qsyal,l)é ERAUITES respective treatments
respective treatnents prior to the deposition of the
prior ¢ dleedepopitiohanfrthe rdigtedtsr ibatrigrnmatedel int ordee b vemeappenper oxide
oxi de residues, which may provide diffusion paths for
residugBt whichl may gratided difflisionnpathp €srainaefiabRtigiatibe Rufiy opefaion and
reduce adhesion of the barrier material. The

which’ ﬁﬁpeﬂid Y&IuRE &dHERES I IR HafrfR3! BRI he HOYR¥E Ve F@H@posmon
a significant influence on the copper surface, there

treatng:ﬂptxﬁng ul{;]dvy'eg/ ?RM ' ng grélg{saﬁrr)]tp ﬁ{fl‘ugﬁ g)eth%f C(g;{}%r s?xpfggé, thereby
eration.qof .t he device. S$ I es |

contriping fa#t ItFriQreD ﬂagfgwam‘—%so@gocﬂpﬁ%r SRS BubroProehipe andror
damage of the copper-based nmaterial . In this respect,

during s peragionaf dbe devieg-t Thige dess GBEEPAY A mepshayebepnaroposed in
(CuSiN) has been identified as an efficient all oy,

order whavdid vague damhge ofithe dopptrthased ataterial.nie tis cespedtheoppby silicide
endowi ng the corresponding netal region with increased

or nitf@@hSoandin@rdppdiusiliciae i(E0BIN)Y Haswbédn 1deffied aé Qn efficient alloy,
el ectrom grati on and ot her stress-induced nass

which! FRPSENL inh hEgHI stdbRN ffferfdcl, SR YCORVRM Oé f3orresponding metal
appr oaches, the Ccopper surface is expose to a

re glor{ %ﬁt‘l")t in%él%a%s re@gpangg and %H&Jq re"ilisabﬁlty lv@i%sgg‘c% '8 te?gctx%%% gration and

other stress-induced mass transport effects. Hence, in some conventional approaches, the
copper surface is exposed to a reactive gas ambient, such as a plasma-assisted gas ambient,
which may contain silane (SiHy) as a silicon-containing precursor and a nitrogen-containing
gas, thereby creating the copper silicide with a specific fraction of nitrogen. Usually, the
process for forming the nitrogen-containing copper silicide (CuSiN) material at the exposed
copper interface is performed immediately prior to the plasma enhanced chemical vapor

deposition (PECVD) of the barrier material, such as silicon nitride, nitrogen-enriched silicon
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whi ch may contain silane (SiH4) as a
silicon-containing precursor and a nitrogen-containing
wWQa®g/ob4669 eby creating the copper suicide w thpar/us2008/001316

specific fraction of nitrogen. Usually, the process

carbldzeojrscﬁ;’nmngﬁer 0 epéao:f r ; glqeéx;f( g%gégrUen glegrﬁﬂg ﬁﬁ #Ee%l qgch as plasma

fornmed i t el |or to l,.asma_enhance

enhangFFL RTQCE3sey AP @]ﬁoﬁa{q){o q,]p%r m rderl0 HEPHE épe copper surface
material, such as silicon nitride, nitrogen-enriched

for thg jsubseqrestirfbimaatiasy ol Belimeganorantainiagcoppersilipide (CuSIN) alloy and
respective cleaning processes, such as plasma enhanced

the deposides o€ theadieletthie barrkez mareryal b &hpe 4 pluraddly bhcamnplex ptaresses may
prepare the copper surface for the subsequent

be inV@VEBRIhANMAY ihtRFachiWiftD ARN cosHRE AufabY aA@ARErefoTE i redulein complex
(CuSiN) alloy and the deposition of the dielectric

surfacga&fdd?ﬁorﬁat\&%{iélﬁknayT{Hé%\t/' el% %thr@ lpaéé{se‘?% OREPI&K tphocte%seconditions

rocesses nmmy be rnvo y I nteract

r_surfa an therefore result urface

auing SRR SE R oa Foupeing Sret i Fige] Eﬁbe@w{eﬂaf It tuns
control | ed process conditions during the fornatlon of

out thateyepmingigerariabprsPfragess spprliionsymay srsult ay sigrgficant dlfferences of
material. It turns out that even mnute variations of

the cpmpessen odndiet ieswlsingmyitrogguéantainingi goppfer csalmtide (CuSiN) material,
di fferences of the conposition of the resulting

therebyi dvien @eteriofutingithé tigaradexistics 0 thel @ppéiCasar e swefaes.i Thus, although
t hereby even deteriorating the characteristics of the

mtrog@ﬁ%@ﬁtrauﬁﬁgarco{)ﬁb‘? ShitibageusiNR, a PréMAUEN candidate for enhancing the
ni trogen-con alnlng copper suicide (CUSIN) is a

perfor%a?l@: S'of gé%nl% ? etfil? at?(m1 tlrfr%st Hx% &r%%ésg rlgacﬁf\ff‘tuﬁf to control,

per-b |za ion 3 ructures FOCess
df%f' cul t to tro span((:‘ i onrrp.llrlqsntraﬂqgﬁ.mn slight b o o o
since, g oingpee: o‘i‘ pnalapceo Pt Hhe Pt aperiaty ey Fesult in non-

nonpredlctable perfornance characteristics of the
predigighle performance glarpgterdstios ofitheanesabiing. i s directed to
vari ous nethods and devi ces that may avoid, or at
| s tpresentudisslodulne isadifegteidgo ofariomemethods ped dévitfhehat may avoid, or
probl ens identified above. SUVMARY OF THE | NVENTI ON

at leasthé&duce) theeffegs pf escot Mo ofith@pioblenth idextirRsdyabole.t he
invention in order to provide a basic understandi ng of

sone aspects ofgNAVIARAEDF PAE MOIVENTHOR'Y IS not an

exhaustive
The following presents a simplified summary of the invention in order to provide a
basic understanding of some aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key or critical elemeﬁts of the
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
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overview of the invention. It is not intended to
identify key or critical elenents of the invention or

wo ooodebioneat e t he scope of the invention. |ts BO/&S2008/001316
purpose is to present sone concepts in a sinplified

coppe%?é{?@aﬁ?n%{lggaﬁgé%gn ltvlgl%erp % gf;hrnalfl% %'ebﬁité g?ééfu'u {)és rlﬁal be used in
i BB LB ) P B L Bt e

exposed netal -contai ni ng region, such as

-Due ta@@plpjehlycc@ntrallahlﬁ grovethanechagiswron thedasis of skemnical bands nigereased

deposition techni ques may be used in order to produce
adhes@nconay i teuaaseviedt wheraln, fin | combindtion itk apptopriaterataseriadd, efficient
and the netal region. -Due to the highly controll able

diffusﬂfrﬂ\Mcftkﬂ%C RR&Ya&tei Qitst BRybaIS6 Sbedfpré18et, Ciberdd9NPstentially enabling
i ncreased adhesi on may be achi eved wherein, “in

omlttfgng;fphﬂ&t dlagf e trHat@HQE Ut bt ifitAdl redF&Bg GhéMickness thereof.

usi on kKing characteristics

ded, there otentiall enabllng .
Cons @yBYhE Serigt P PFRBe S ey wb&a%‘ﬁalg?%m g f ayreduced
reducing the thickness thereaf. Consequently, erior
parasitig CppACiaReeotthe Aiglectiis aypE sackay InsOmspaspEstach dis] chﬁn%amer layer
of a reduced parasitic capacitance of the dielectric
formedappethe basis kf an atoswindayes depositiona(Adild) Bke piocessanay be an aluminum
| ayer fornmed on the basis of an atomic |ayer
and nilg@osintaining (1484eb) whickeviflleaefesreday abgn aldnfhwiinfwide &@r, that will
nitride containing |ayer, which will be referred to as

prov1d’en cBppeF Bits It 'bldi:ﬁlﬂgaﬁéﬁﬁrac&ﬂ%cs%xlld rﬁi)o\ﬂléilﬁ hafP ps‘%l'berlor getter
di ffusi on bl ocki ng characteristics and 'may al so have

capabﬁH%@ rVJ/lBlr {egl?é& ?c}'_le%%ﬁbind r}ldngt%rém f-{Q ?lﬂ)%?ltOf %gnt%(lyoq%ﬂe deposition

superi or COI’]

@gﬁ;t'on B geess on th he_Basis of the SEL b e etacve
proceyseih fiegRast AT (GFARANE PeERRRRATTE Bt pieduced relati

permttivity and respective diffusion blocklng
permigtatyandglieprective diffiysiqmblogkisg ehaggteristinst may ghegefore contribute to a
significantly enhanced reliability of nmetallization

signifgiantly tenhawed rrebabitityc ofl e allizatinhu stresturge vincadvanced semiconductor
According to one illustrative enbodi nent, a nethod
devic&onpri ses form ng a nitrogencontaining | ayer on an
exposed surface of a netal region formed in a
disgl6difd © drtYiflhst4tive embodiment, a method comprises forming a nitrogen-
containing layer on an exposed surface of a metal region formed in a dielectric layer of a
microstructure device. The method further comprises exposing the 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 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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m crostructure device. The nethod further conprises
exposing the nitrogen-containing |ayer to an anbi ent

wesdsbished on the basis of an al um num cont aP@T/DG2008601316
to forman al um num and nitrogen containing first

: rrier er .on t | .r.eqi on, dj Oy: .
wic bfEE S PPl orBEh St B el R s ilecuric layer by
. providing a substrate havi fornmed thereahove an
using éﬁﬁé@atlg% FErioR Brsehaniym @elﬁ%&r%qd INGFASTPUESFIRD n a
dielectric layer of a mcrostructure device. The .
méchording fotyee anatherp Hiseasive embiodignent.di semtieendustos deyice gomprises
| ayer on the exposed copper-containing nmetal region
a coppérdcdnitginitigetegivinr farmledyiar a hijieleqtiodagersald ahialumimgn nitride layer
reacti on nmechani smperforned in a gaseous anbient.
forme@CSPEIH BEpPef cyMbin®iPtd}eon lahdl UBS ldddléctAc eedI Fiiermdre, a low-k
sem conduct or devi ce conprises a copper-contai ni ng
dielec{r?cgfa?% ifs ?51%3& %%v ngé ﬁhﬁlgrgwlfdl ?mhaé( ?a[ye?gﬁjd Q?néﬂl% & med in the
nitrrde l'ayer Tormed on e coppéer-contalning region
1d the dielectric |ayer. Furthernore, a | owk
low-k ielpeip YT 1 iinee's A s RBE P A MEE SRR i ni ¢ 11 de
| ayer and a netal via is fornmed in the | owk
di el ect ri c BRIEF DESGRIPHO T; DRAWINGS

copper-contai ning regi on. BRI EF DESCRI PTI ON OF THE
ORRw

Nclosqieaneyy Be padaisteodrhy referangel tr te dodowipgrdssaintipadaken in
to the follow ng description taken in conjunction with
conjudi®naritto theaacyompargiregminagsngsi m wihich hikk iréferened sumeds identify like
nunerals identify like elenments, and in which: Figures
elemeh®; 4Rl mokigemt i cal |y illustrate a microstructure device
uring various manu facturing stages in formng a

d
SE & [d-Fe p&feﬁiaﬁﬁall}ﬁ%{ﬁlgtrﬁe Om IS RhichRO Ui B8rifi S 9438hs manu-

he basis of a séelf-limting process using an

al um num cont ai ni recursor ;gas accor di;n Q . .
. - s he
facturfie ol B B, AR IBHTE Bk AR oS ekl yesion on he

_ ihlush;ates the m crostructure device having forned
basis ph aseplmitie JIraeass Using41 plumipuRycENIHRIRE FrUESOr &g gocording to
) t hi ckness control l ed by the nunber of deposition
illustratyvq eagbesfiments; ALD-1i ke deposition process according to
illustrative enbodi nents;
Figure 1f 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 1g 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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Figure Ig schematically illustrates the mcrostructure
devi ce according to still further illustrative

wendmeadssent s; Figure | h schematically ill ustraPerusives/no13ie
m crostructure device conprising a plurality of

.ndi vid el ectri Lar .l ayers.accor dj s
prepalifif e WSbocEh; Fplecife, BRGNS ] FhOVEERIRS SR UhiABob8, nide tayer
%ghena iC@#J& iIIua%%ﬁte cross-sectional views of the
accorging o, ey K AIVESMRAIREN S g vari ous manuf acturing
stages in form ng a copper-containing region
andpreparing the respective dielectric material for
receiving an alum numnitride |ayer according to other
i IFigusé r2at schenawibaltly ridudtsfesFa guross-secticaheviewi ofalthey microstructure
illustrates a cross-sectional view of the
devic#dubiagt 4 Urdatthént Oy | g@vﬂmﬁg rag sebstan@iall rRmMifolAr cdppey | sxidid surface
a substantially uniform copper oxide surface according

accor&iﬂﬁité [148t5 e'e\ﬁ?? afisment s;  Figures 3a-3b
s y illus

chemat ca trate a cross-sectional view and a

t Vi ey, ,respec tivel when form n.addi ti onal .
T a7 SRRy eGP e A ohit NN Ahdia Pk ¥iedte respec-
i contai ning barrier layer according to further ) .
tively; mhggtfqnaxppg@neqqiggwnﬁgg@g%er SR ELoh; %QR tayey go Ake aluminum and nitride
schematically illustrate cross-sectional views of a
contaw@ng wonehleyaracdadinggodurtipriibustptize pwbadilments: and | ayer
based on a dielectric barrier layer fornmed in
aFparelangabwsdhematissly -illustiatd oepspieaRasl axO@ of ng sémiconductor
further illustrative enbodi nents. While the subject
devic@%hﬁ)&isgl'g_sﬁlxﬂéﬁﬂizlﬂﬁ&@ |1BydrShaUe CiPhl BleRchrR Ba@TiePUdyer formed in
nodi fi cations and alternative forms, specific
i. . 0 . of |
sccor R A ST AR Yo DAY B R RPN R .
shoul d . be under st ood, . however, .that t. description .
Pl e BBEonRIE Einlosa M s e xeatiof b argeu’ pisdhications and
limt the invention to the particular forns disclosed, .
alternpfifte foRms.Iipeeifis embodimens theggaf haye beansshoyndyy way gf gxample in the
nodi fications, equivalents, and alternatives falling
drawings i atehkersini déscriberd] irs dotad. oft shheldi ey enddrstnodishowever, that the
defined by the appended cl ai s.
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
interest 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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Vari ous
illustrative enbodi nents of the invention are

woeasnbdsed bel ow. In the interest of clarity, POI/US2008/001316
features of an actual inplenentation are described in

consutaﬁ'ltf @Hx%ﬁxiullc% Of[i]omI (BI%eMrlquleIQlfent%BH 36 %ﬂggﬁpp:rlggicﬁﬁkéﬁtit’ will be

devel opnen suc

tatlon eC|f|c deC|S|ons st be .
apprefiif 0o sl BBV RBSEL DR SeFPIEk o he Shppyming. bu
as conpliance with systemrel ated and busi ness-rel at ed
would peygithelgssibesa reing pndpmtaking for thesgrefdinaripskdlim thet arphaving the
to another. Moreover, it will be appreciated that such
benefa oflduelivgomnt. ef fort m ght be conpl ex and
ti me-consum ng, but woul d neverthel ess be a routine

umiergradenn gubjedt nBe&Ewdl newdbd Aeycried! With Fefebéhcarth the attached
having the benefit of this disclosure. The present

figureS URIa#olis g‘iﬁl&%@r? WL R oW REVIES S s@ﬁ(gnmctahy rd@ ﬁfe%rlﬁ €he &’rawmgs

t he at ta res Varl ous structur ES tens and

ane che tlc e he

for puigeS L e Bo BERL DR 5iPyob bl e miGreh ? Yy3eEe, 8 detaits
t he present dlsclosure mnth detajls that are well

that agg, 35l knowm s thoskiskilled inrfhe et aPNeverlaless the| attaghed dgawings are
attached drawi ngs are included to describe and expl ain

included|to dlescatbeaad explapl Bluswitiverexampéssenftthel pesensglisadosuiheThe words
wor ds and phrases used herein should be understood and

and phrtearysee herdid shdudd be and&@stobd gnd dmsipsétedito Maveha ineening consistent
under st andi ng of those words and phrases by those

with th¥ 'uhh&gtahdl‘inghﬁ th3eSVEHAS aRd bhrabs BPafosakkified imide @Rvaht art. No

a termor rase, i.e., a definition that is different
specu{% 398%%@{2 ogE:i’% F}P{Bjr gtﬁQ{éhgy a% t‘&@ﬂlﬁlglol lé‘& d1%t§en‘r' Ex%ﬁ{ &%%S’@Eaary
by consi.st ent sa % “_ngmln'_ hraseihegpln ed by
custompyly THLIURE 2 HA ef ‘é th 8PSt ase!l §%i% dhibP s ‘ha’\‘/e‘“ﬁ’ ed
speci al neaning, i a meani ng ot her than that
consisigi aisage dhipraigr |p|héa<§e Bereins ohQ thesgxégnt gha gderypr phrase is intended
definition will be expressly set forth in the

to hawpaspédidantanng,.ea aefdaning ather thanthgrundestoadi by ekillpd artisans,
and unequi vocal Iy provides the special definition for

such & Rpediglr deftitigahmald e 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
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Generally, the subject matter of the present
di sclosure is directed to nethods and sen conduct or
walewsoesed n which the reliability of netallizaP€DDS2008/001316
structures may be increased, for instance, by
i i r [ .or hgrat i havi b
reduc%cfe @é#r?l}%t&qtgé gp 8{15 at %agf: E&Uﬂifg lt.ﬁe% gg{érr)lhgl ' fbfdu}é‘()ﬁ}g lf)etz}]rrelount of

vidin ver a wpermttivity-o

respective dielectric |ayer stack of.th tallization.
convepﬁg%‘j_chq-lsctpﬁ? aymyg a g&ﬁ?@qu?gé}@ d)eargﬁtdgllgf i may %e required for
__techniques may be used on the basis of appropriate .
reliablyj eordining iceppeatbapgdaps ogsr gnateraly of Aigh é‘h‘%‘a‘-‘ﬂ%@d formed within the
controllability of the deposition process in
dielecaiotayeat stack.wi Thus,upgr uong aal heeli-oontodibkec tdepostiort gechnique, in
while the type of material used may exhi bitreduced

comb@fidh With\antappfipridBymaterihlehipddition] Gellidetingdintéitdcalchh@tteristics
reduci ng the anount of conventional dielectrics having

may Be 'Ea&spgﬂe%' Yo HIES n O EdFE t ddn¥iitute L2 {upRY: Q?e&r%?rﬂa%faﬁgn behavior.

r reliably confining copper-based or other erials

of high diffusivity forned within.the dielectric l.aver
Furthgimges, In-sRine’ a5ty e 52 TV dSRRVORT BEICESSdap bF adSiiageously
technique, in conbination with an appropriate nater.i al .
combipgth v theodeposition - ditheadiclseisicr HakTiakiapudt & %ﬁﬁi@&mal barrier
may be established, which therefore contribute to
layer oumteh stopelagert po@i kpvak i ielegiein amptgrial, Fherebye copiriduting to reduced
sonme aspects, the self-limting deposition process nay
procefsec@atlpleritpagenile | alsoc prdviidiag avhigh degee eifodexibibity dd activating the
further dielectric materials, such as an additi onal

correspBhdihg selfAUBRing protsh. STIMR if, a¥Ell-cRhblishk@Whkmilagvapér Héposition
material, thereby contributing to reduced process

(CVD? ﬁ’g%eggu(h}o& m:ﬁ,g blggfs?{i/,a i\ﬁ%@%{ ﬁgblgbgprgtg plggo nhc]éjl %%ﬁs?&i gziseous ambients
self-limtin rocess. That js, ,well:-established

may peattisfed i BoeRiaBo R sorebapindty R EEPRte Thaghpecases. any
used, in which appropriate plasnma-assisted gaseous o

other appyPBEHALe agHYAtion regimgs) forHaYancs using fpgiatioppgich as UV radiation, x-
correspondi ng deposition process. In other cases, any

ray radiahien angpholké, amay be tsedat Also, ¢legianelsgant-assisteds AbheBke deposition
using radi ation, such as UV radiation, xray radiation

proce&B¢infaR el usk®, Imitlyistpatives8plectsNag @lurein@st sieride layer may be formed on
beam assi sted ALD-|i ke deposition processes nay be :

expost® €8ppek Rohtalrigd 5@FdcLe vASRES tfo redPechilve ThildBeRbddsi $F&he aluminum
| ayer’ may be formed on exposed copper-containing
nitridez1 %afrtrlgrﬁaz,fnsmegse (e a%pc?rb[nisga%%“lﬂ}e f&h g;(ﬁg%ﬁ'xegﬂds Ho%?ur%f n&argleprovide
enhanced integrity of the copper-containing surface, wherein the aluminum nitride material
may even provide a copper diffusion blocking capability that may significantly relax
respective requirements for any 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 enhanced adhesion of the aluminum nitride layer,
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nitride material, such as its absorbing capability for
oxygen and noi sture, may provi de enhanced integrity of

W0 b@soe@per - cont ai ni ng surface, wherein the al pOT/OEINS/001316
nitride material may even provide a copper diffusion

whlchbllngggf():e{}gfo?eape%mt 1ht2§ﬁ ér?x%}l?e{)gﬁ%g&a%géai ts%ﬁﬁft %f rtﬁtj: ?ﬁlt%llization level

Ive requirenen ielec

barrier .| ayer or whi naIIowomttln

under ROt hiort i prOrur BEe oYk A Bt A L9 2o 1
may exhi bit an increased relatlve pern1tt|V|t¥
FlirshReldnisy appresaased tha tachaiqnediselRecddesseisiare bighpr ab@stageous in
the corresponding alum numnitride |ayer nay al so be

the cohtextrefladvanapipnapostakcelry deviegased adiadvaned itegatedadresits, requir-
t hereby provi di ng enhanced adhesi on of the al um num

ing cdppef-bakRd! mxtanizuibs Brri@rek RAticRéiar £ 1686 Wbiel ifitefaces of the copper-
enhanced nechani cal stability of the netallization

contalhﬁlée Lneﬁﬂ d\gfth CP 'gﬁfrg‘ﬁﬂ }'%Qﬁeleétg pli'ﬂtﬁlteglﬁ lnfhf t@?ﬁﬁel éﬁi‘f’aﬁced surface

ectric materi e use

rem at ed.t hat te hni i scl osed herein ar

charadlBRLES' Th0 i vag @by e PHESeD Ty * GinsbRa isdofiena, such as
m crostructure devices, such as advanced | ntegrated

electrmigrqtiqng in Pe‘&altia.qaaar&@ptb@ relppbality qfgthe mpgtal H?ﬁ“éﬂﬁl structure, thereby
structures wherein at | east sone interfaces of the

also proyigimgdbe paientialgformfurtherwdevitescaling: oHaviewer, dieediedpseadctechniques
mat eri al may require enhanced surface characteristics

may dl$o Bé @ppldd &1 aep dilien Puc@PseREDS formang prictosphant@édces in which

- such as electromgration, in order to enhance the

eff1c1crn@ lah@Réikabieybstiet ﬁ@/eﬂeﬁ‘laéx b&?e%t dopPerShdstd kitSoes ) BYYequired in a
al so providing thé potential for further devicé

h1ghly°' &ﬁ'{tﬂoﬂgble HONGLET ’t‘l“ﬁﬁsh %nfé:'s? § e%?ff‘cq g?gpx@é%{ﬁsln Wsp@:ﬁ&at&?&) or the

to any pProcesses

H](f f)struture dewcesgtjtrgivm ich ffllc:len reliable .,
appenget £ § ShyestmalF Yd ed’é‘iﬁﬁ%? HESE "ssu‘r‘ acefs ”rray’"ﬁfé“ ca as
required in a highly controllable nanner Thus, unl ess

being seniiigted waneipllization sauases phsenneondyestor devises- on or t he
appended cl ai ms, the subject matter of the present
dFigtirodusehesitighllly ibistres eomesstchecterhah giepedhg microstructure device
restricted to netallization structures of

100 compricdgdaGhisstrate 10T ahat agukepreber® #yh&ppropride Iclirrier material for
illustrates a cross-sectional view of a mcrostructure

formn‘i’@vthé‘r%oﬂ-0&l BRAGH | Rid28stRicBHOSThRIEQ il&;ihlﬁrlgatm%my conductive metal
represent any appropriate carrier eria
regions, such as copper-containing metals. For instance, the microstructure device 100 may
represent a semiconductor device formed above the substrate 101, which may thus represent
a carrier material having formed thereon an appropriate semiconductor layer for forming
therein respective circuit elements, such as transistors, capacitors and the like. The device
100 may include a dielectric layer 102, which may be comprised of any appropriate
materials as are typically used for the fabrication of microstructure devices. For instance,

the dielectric layer 102 may comprise silicon dioxide, silicon nitride, silicon oxynitride and

the like, wherein, in illustrative embodiments, the dielectric layer 102 may comprise a low-k
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‘may hayg bpery

form ng thereon or therein mcrostructure features
requi ring highly conductive netal regions, such as
W@ ompen466oNt ai ni ng netals. For instance, the PCT/US2008/001316
m crostructure device 100 may represent a
dielec\?ﬁ %gp%gﬁ Q?Yds?a%cé Qard%eﬁqgt\é ra'i&iem i&ﬁlsgdgl]ed A low-k
may t us repr esent carri8r materi m
rmed t ere rlate S n1condu tor
diclectf maﬁf@lﬂT P e e BB PR MV S P PR of 3.0 and
transjstors, capaC|tors and the |ike. The device 100
less. Rbe ididdecteie layeti H0% bes ifermedd, gheraipoa mgialc Fegiery 168, which, in one
conprised of any appropriate naterials as are
illustratipe erabddimese deffresentshrecdpabir cayaaining rodtenaldragingral deast @ne exposed
devi ces. For instance, the dielectric |layer 102 may

surfadOI03S, $€., 8isutfagnthat ma‘zdm b8icbi€red by thé idilecusé hiatefal of the layer
oxynitride and the Ii wherein, in illustrative

102. ﬁmﬁelgl'drﬁ%rbiygre&alf@i dhe h@ﬁ‘etnﬁ dr?tlﬁ? grécgam o&@?ﬁfdt@gﬁ'é gle exposed

| ow- kdi el eCtric matérial i nstance, adv
rated circuits, are co
surfalcen][to%gI M4y comiptisg d. cert 1L amou e d)f o%uc% r1?lI %lrl eérvcoH?amman(is which
relativ ern1tt|V|t of . 3.0 and | ess. The dlelectrlc
ined SuriBs RS FSAPEF I FEACVE GPBROAERS, such as oxygen,
which, in one illustrative enbodi nent, represents a
fluorige ppé rthe dikeai As peevaetishr paplainadi eappar readilyt diffuseseinpo pliality of
surface 103S, i.e., a surface that may not be covered
dielednyc tnieeritle| @echrascsitiadre diadidgf anidhalso dyex ph@alityl of &dwoitl dielectric
be appreciated that, depending on the preceding

materRPEE Gt s}pi@mquspet:hee Eotfanseet s drfRurikOSeriBMyers, depending on
conprise ‘a certain ampunt of oxide material or ot her

the pl%ggﬁt’ﬁ : egé% R @LB eCHe B \)2 rSeRgS Jogflﬂﬁlg tﬂg rch rc\gﬁﬁxﬁ%e metal

reactl conpon nts
e and the | vi ousl y expl ai ed er .
region} 8 IB3% sRApplsodn e o TirEnl ShNE deEBeppige (SR v
materials, such as silicon d|0X|de and also in
materil (JO3A mpy Jre prowidedgfes| isiense 1pghe fomm of dantalvm. tantalum nitride,
typically respective conductive and dielectric barrier
titaniyrayy Bagiung epteideliand the likkeimppulsede confing gy coppgy ib¢he region 103.
necessary for reliably confining the copper within the
Similangy, ahe bagieo mailddidl férotoninargphe métal rfepwneltBadayrkiie to also provide
shown, a correspondi ng conductive barrier materi al

diffusiSiB BldtRM gD aRsRtistiesl wittD FespB&t RNFeRctive) cbiBohisN Bkh as oxygen,
tmﬂalum tantalumnitride, titanium titaniumnitride

ﬂuorlf’rilg grll% ??elg%&ewhlkﬂ rﬁ)ef}ﬂg)[xst al rﬁ%fté QI%OEH(@ withR%he 'd[bléclar?c layer 102.

Similarly, the exposed surface 103S may have to be typically covered by an appropriate
barrier material whicﬁ in illustrative embodiments may be provided in the form of a
substantially insulating barrier material in order to confine the metal in the region 103
during the further processing and also provide a certain degree of etch selectivity when
forming respeetive contacts to the metal region 103, as will be described later on in more
detail. As previously explained, many approaches have been proposed so as to selectively

cover the exposed surface 103S by appropriate species, such as silicon carbide, silicon

12
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Simlarly, the barrier material for confining the

nmetal region 103 may have to al so provide diffusion
whbashkd4sgo char acteri stics with respect to reacPCTeES2008/001316

conmponents, such as oxygen, fluorine and the Iike,

mtrxdééwaf QtﬂexfT@(}ﬁdﬁ fivd barfie r?alf"m’f@élﬁ ﬁﬁ\%\}e? {n?%lor lPrr?cess control in

eIectrl ayer 102. SIm e expose

covered b
combipgion, S, R8Eed PregFarkisl FR, RRYReRT. P ReBBing 1o the rechniques
enbodi nents may be provided.in the formof a
disclogeghlgreif AhpRRFOPTIALE p'alfﬁtwaﬁamuatmmﬁr anateripl gpayhe prgvided on
confine the netal in the region 103 during the further
the exposasessiang 1839 and she dieteeirdelagerc H¥x en thedeagiseef higbtyctontrollable
selectivity when form ng respective contacts to the
deposit®ingdrocesglia® vill B3, desGibatllldteben.descri bed | ater on in
nore detail. As previously explained, many approaches

hg¥g nheRBriARARILeSV08] showh &h Bdur 84 ha§ %é%rrﬁ&?on the basis of
exposed surface 103S by appropriate speC|es such as

any w%il es&gpsh%atpré)ge%f tech V\;f%legg] %ﬁe'}%gefoi? instahzl e Igilelfecttrlc éfer 102 may

F AR eF 1C0T
rol ination with reduced nechani ca
be fogpeghpp .%% 'Egcwr PPECRIAIEIIARBOSIHPT RPCFSSCHM Jlpyssubsequently be
di scl osed hereln an appropriate substanti al

patternerson thei bagisioflithagraphat, su¢haas phejoliskogsapiu. dregomhinatien with appro-
exposed surface 103S and the dielectric |ayer 102 on

priatet éteh adinsques, & lurddrl 1o damt raokdspldteedepmEmsng ivdriclpr mc egphisticated
as wll be described |later on. The mcrostructure

applicdBYhs; n vaSaeR) WimeRsibhOof €00 am"@d R6s.f PormadiMde,t heespective
basis of any well-established process techniques,

trenc V\ftﬁg%gé @omfear 'tl%?&@ﬁ%& c 152& 1@2%& ?rd &1&&?8?[06‘% e{'ﬂaylegewhlle a

on the basis o propri ate dep03|t on

ess a ubsequen atter on he basj s
lengﬂg?to etrﬁsgﬁ&év’:ﬁq§gnc§d8ﬁy glrthCyraFP% _O_gervg Q?Pnf ftmlcrnm LIS ‘V‘v’hen
conmbi nation with appropriate etch techn| ues in ordg .
for ingtgngey reppgctivespe@l 11pes aha ety ligpticml aY‘FrnOfs‘b semisopdugterjdevice are

appl i cations, nmay have | ateral dinmensions of 100 nm
considenefl. | Fbereafitery thenbarsier material d¥pécmay betdepnsitedidgr instance, on the
formed in the dielectric layer 102 having a w dth of
basis b Gvellreseablisherls deposhtidneteahhiqogt Budf ad VD eplpwidal wapor deposition
trench may be in the range of several tenths of

(PVD§n AT OMAE&RFTh¥RRA] dépsitionTtdmidics hES BRAKeY ®héRirPthe lcbR€ponding
a netallization |ayer of a sem conduct or device are
material compositions of the barrier material 103A may be selected with respect to adhesion
and barrier characteristics. Next, the material of the metal region 103, i.e., in illustrative
embodiments, the copper-containing metal, may be provided, for instance, on the basis 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
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consi dered. Thereafter, the barrier material 103A may
be deposited, for instance, on the basis of
wowrdisHesbabl i shed deposition techniques, such PST/C¥1008/001316
physi cal vapor deposition (PVD), ALD, electrocheni cal
t
planalg%a?frﬁzl Sptrg s, tffcc E_k;t%o%'@ rﬁﬂ:g lbgglr{lei)};lﬁesfoo g{l ﬁ\gﬂeggilrﬁfcogtact to reactive
?r|al ﬁ be selected with respect to adhesion
Comp%‘?ﬁﬁl YRAY TSI élflﬁaé‘f’éf’?@m"&aslonﬂlext the material of the
metal region 103, i.e., in |IIustrat|ve enbodlnents
t ma@mﬁsc} seapisendusiargeisesithe mgtal Keion KA may haygio accommodate
i nstance, on the basis of a wet chem cal dep05|t|on
for exteapiaty qn@l cuirentedansity gluciag| gpesat®nb s @nmbaldtipn with thermal stress
non-pl anar surface topography may be created which may
caused 8§ thd lfeab gispipatiat, witch By aivetRees H8ittsshin@e@dSnass @@nsport within
For instance, chenical nechanical polishing (CVP) nay

the r@{%&ﬂ Li@@t | Y1 8rops 1bﬁ‘ Q¢ ARk Jrﬁﬁp\é &E‘yofeﬁgéﬁ?nduced material

terial stemmn ron1the pr evi ousl perforne
transp% eerslcs)r%gn% flllur%‘ztaﬁ?ne%é%q ﬁer uxi%és%ooc? as thé 1Ereartlo%%rf] a%ms 1% metal-

correspondln ari zation process t he ex
contaiing %éoniﬁsgfﬁayﬂwlgr@ﬁlﬁw U Skl AIBH %€ ussg?)y the momentum
reactive conponents may result in surface
transferfrommondustingseleqtrpnad a a seppererised metal regioniethe elestromfgsation is
nmetal region 103 may have to acconmpdate for extrenely
substdnitighy cdriveanby diaresfacy ahdr sdacepdiffitsionn, Consequdmtlgatit a of high
W th thermal stress caused by the heat dissipation,

importdhce Ro 'PRYvide W@hAhce8 duPfade ThiRsRribtdUsiedie "Rsfacsd 108SP6H twhich a
within the region 103. Electromgration, as one

furthe'r 'H?&Eﬁﬁ”ﬁasat%oﬁg o cfs hﬁﬁﬁgc‘ the ‘filgﬂ?eg Ee%glh V\Ih%l%'ﬂﬁ R trespectlve

enonena I n neta |nes can ersto as t
guation el ators. Lo &, et el cont Alntng Legi Oy papaity of the

interfi ‘ihé‘f‘\‘f cEisHes g At HEGRE PR sty of the

nnnentun1transfer fron1conduct|n% el ectrons. In a

metalcrsslﬁerloéaswplﬁ@lbm durigg; ths Preqsding) BapyaeIgng (drefesses. such as the
substantially driven by interface and surface

CMP girdcesss itlmexpOserd eurfrent103S ay temefinthicghtachyithtreantive tcomponents,
provi de enhanced surface characteristics at the

such suhbianee, LASEen, dluovihée ahd ehefliket Waichnmaefinally feaslt irothedormation of
formed during the further processing, wherein the

coppek @R RRGoht4ghihatt bh M siGhRE 08 ST 'ﬁkfc‘fére”?dbp‘éf GﬂidE i€ def hown as
determine the performance and reliability of the
providing respective diffusion paths and thus, during operation, increased electromigration-
induced degradation of the region 103 may be observed. Hence, it may be important to
clean the surface 103S prior to forming a respective barrier material thereon. In 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
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metal region 103. Typically, during the preceding
manuf acturi ng processes, such as the CMP process, the
wezpesedesur f ace 103S nay cone into contact w POT/US2008/001316
reacti ve conponents, such as nvoisture, oxygen,
stabIe]c fn%?fac@%eﬁg% t[h% gdrka%e i(’jﬁ“}'sc tath?l)/e ]Zile'i'e%ltljié’ bﬁﬁﬁ: lﬁrat%l;]alt 1 to be
ron o per oxide contam nants on the surface
03S. Therefore copper oxide is well known as
érovrdrng respective diffusion paths and thus, during
eration, |ncreased el ectrom grati oni nduced
d hradeeordingde anedllugiatys epapdigntoa tisperany d@4 mashbe performed
it my be inportant to clean the surface 103S prior to
in thefabsericagfa plespeat bxder baremeve oredtdedsamadifgrtbosurfice HBSyso as to
conventional approaches, the deposition of

signifitehtly ssRceuay dpprestite ardda théresn. Mah &k allGstrativie Rndodiment, the
silicon nitride, silicon carbide and the |ike, may be

treatnRh€ €64 GthyDe FerfGRRAUM He LRSI Hiﬁ%ﬁéb-%xﬁ% dgg AR/ Cobination

so as to re ve copper oxl de fromthe sur 038 I't
orrespandi n

with apyapBioer Gl S i o ?sé%eswnrﬁgrorggmef %ﬁ*dsdms srface 1038,
nodi fi cations _and thus n% ge the surface 103S

For ingjanes, amanorig (Pipymaxbe,prediip Cg metion yithehgliyppioriggiste a chemical
bet ween the surface 103S and the dielectric barrier

reactiorawvthithe cepper loxidg species rwhagein Phepstesparsingisubgtrate tomperature may
illustrative enbodi nent, a treatnent 104 may be

range [fedrth GoomdtehipeidiGrealys € ?ptb&irﬁat@ﬂyaﬁ()mci. NThE @Rfre§pgonding chemical
renove or at |east nodity the surface 103S so as to

reactiﬁ]&gkfgggﬁﬁib\éd‘o %ﬁ)lﬂw%g%ﬁﬁfmox' de areas thereon.

tra ive enbo the treatnent 104 may

be perforned on as ntai ni ng gas
i n conbi nati on vm H¥ A §%B 6$P2h2+3§$£+ gas, such
as_heliu to renove copper oxide in the surface 103S.
FEPNISYER G eSOPRRRTNIIES ('RH"B) erréff“b"\é““{!s SANYSAtEE o P neBPgh nitride
with heliumto |mt|ate a chemical reaction with the
includgegp prspeative dH grewpse sDuevite thei absenasoofraeplasmei thgt is, the process 104
substrate tenperature may range fromroomtenperature
may beéohsidapp aodithaimlly dhef reathioncespees pondfaeg damapge dathe exposed
reacti on may be described by the follow ng equation:

surface U8 ntay\bBsubdtintihllyh atéa@dt Mérthermore, the surface of the dielectric layer

forme

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 schematically illustrates the microstructure device 100 after the treatment
104. Thus, the surface 103S 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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Consequent |y, copper oxide may be efficiently

converted into copper nitride including respective NH
w@raspsicedue to the absence of a plasma, that PST/US1088/001316

process 104 may be considered as a thernmally driven

ﬁ@arg CGi@ fﬁggﬁﬂ?c% 1g‘éﬁ%&u%5{ @%ﬁp&ﬁ%@&u&@ 8&5&3 S50 9 exposed to a
T T AL T AT

104, thereby mai nt ai ni ng superi or surface

contagyng gast dror skampleoAl( ()] mppbe 1ozl inghe gareoys Babipne KPS in order to
process steps. Figure Ib schematically illustrates the

initiatei acchegtical ataction deith te NHQzrafipsethat dre preseat irethe siifdce 103S due to
Thus, the surface 103S nmay have fornmed therein copper

the pfévidus decanh&iteioa. r q*ﬁ@%hley@nhliﬂggmﬁnéarrmctm Pa g HRNinitddted by a
the surface thereof, which may provide respectlve

correééﬁ aActrQQﬂ?cﬂrc‘ n@éﬁéxﬂ%ﬁt Iﬁﬁew Ce@%&g&h 5&ld gksl a éﬁ[h%lished in the

epos tl on process as sho I gure

atmoslpg?re ﬁ%‘? 8ﬁ§§b Ct d Lo ﬁn 1%5?,#3{) F\I at reasfzﬁltllgge gltlcee% &'e]é%mposition,

establishing a respectrve deposi tion atnosphere. Figure
electrpp bserﬁlewétlr@a petivatipn ped, the diken e Gonsgaysntly; qu]g raéuwwrre:eontammg
100 when exposed to a gaseous anbient 105 which, in
comppi¢ny snayareastew dirithedNbe grioups, ovmpeinghe camesponding reaction mechanism
al um nuntont ai ni ng gas. For exanple, AL(CH )3 may be
is selfsHmiting) tidiebyypetding aighl e odntidlablenaml @produciblepidcadsecomditions.
chem cal reaction with the NH groups that are present

As illu§trdt & aSddide8sshdiiBRoMHE surPack NSyl M B Forirle@ ¥nTRE Exﬂ&éd surface

The correspondrng chem cal redction may be initiated

1038 tWhr@la ﬁp{h% ?ﬁl?ﬁ?ﬁ@dr&aﬁlﬂébﬁ\ﬁ%Wn {'ﬁg {iﬂﬂb%{@ﬁo N- Ri%ggl‘:% species.

asma es I she ere

an uch as radi ation duce .
d e%ﬁ%&ﬁ ¢ eafrrﬂceﬁ%ﬂ LRlsRen B apichrggs a%':rr?ra*t Gt to further
) the |ike. Consequently, the alum num . contai ning
illustriai g, GABALIMERS, rl@avzélrlcwtb% materialppfythg (Helectijg daygrnl @2, aat least at a
correspondi ng reaction nechanismis self-limting,
surfacehleyathersobvinaly imglideginl gprropttiate|speditses@nsl to also caaklield ehemical
process conditions. As illustrated, a correspondi ng
reactigii ithahé blubrieem! cadyining@ gad eFdraxamgle) thet dieleeixio @satérial of the layer

surface 103S, which in the illustrated exanple shown
102 MBY teecdpivel S&¥da GharAalNirdhidiy 3NRoAPBRYES and hydrogen, thereby
providing respective OH groups at a surface layer 102S, wherein the corresponding OH
groups may react with the aluminum-containing precursor gas to also form an atomic
surface layer on the dielectric layer 102. Thus, also in this case, the chemical reaction with
the dielectric layer 102 is self-limiting, wherein, due to the chemical 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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Figure Id schematically illustrates the mcrostructure
devi ce 100 according to further illustrative
wendmeadssent s, in which the material of the di eP€rUB2008/001316
| ayer 102, at least at a surface layer thereof, may
shut dfﬂcxlvh'gle qﬂas%paofsolﬁ’sreﬂaftoﬁ 1&&?&%%@&%05]%&&% eﬂf"g{h%r Rases, the
em cal T eacti on wit un1nun}conta|n|ng gas.
ielectri of. t
Comsﬁﬁ?zd‘B% S'@E‘H«}SPF QFQB’a pPn §nSHRY é‘F\y ¢ S?‘FP@FG&PHﬁg qqoé%ﬁ?onjdmg purging
oxygen and hydrogen, thereby providing respective OH
Proc€yr oups at a surface layer 102S, wherein the
corresponding OH groups nmay react with the
aFigureiumschernaticallygllpsteates ther mgaestiugtua sieviceri0aduring a further
atom c surface layer on the dielectric |ayer 102.

treatmbiti$24 peFOrndd folveplacadR, rebpeeti®d ©OH;Citbupselye NIED Brodpt Nthereby also
the dielectric layer 102 is self-limting, wherein,

creatu?#% refhelclife GRAMhERA! nifddeubGrRE 1hite eﬁbgogsthé’\ﬁﬁe'fhltrggon 103 and the

derlying naterlals the respective surface
blt of adheS|on |rre pe .
dictecfiLINeF {7 (e PG ormBt T TR o reb RS 26e —
t he dlelectrlc | ay 102.. Thereafte
activalign @&z nan P eampﬁﬁé fgr ipHILY . %&9 G plasir gad the like.
for instance on the basis of helium wherein a
Thus, @driglly sontphiaple phsriaumenjtridedayaseeitutespédtive iydrpggn bonds may be
plasma is used for initiating the chem cal reaction.
establishedytwidch angesw hdwsed as adage fieh growiigpl gluminume hitsidé lagyer on the
energy may be stopped during the correspondi ng purgi ng

basis 6f REBEEALD SW1&, thePebSCHBURINLRhIgh dé}g}éésdfrc%hﬁﬁlliﬁlﬁty with respect
m crostructure device 100 during a further treatnent

to lay%ﬁﬂhleﬂé‘sgr 4@, ﬁl%p{iéb‘fc?‘e LOSnEGR Flﬁclflgl‘ﬁ% Q"%lagf 8{! %ﬁp@%d to the

groups, ereb SO creating a respectiv num

atmosplse 5 @iél{r?@e t@éﬁh%@f‘-’* Pern Bl lmanhéﬂ ‘a"%ﬁg"“/”%g* cive

used wherein a _correspondi ng activati on energ

. alumigypopiagning specigisis pepdedyip Medigpganhydsagan b%déswgrf'&a{deplacmg

the like. Thus, a highly controllable alum numnitride
the hyldaggen aipmb. @bm@ﬁmﬂoe aningthey eyrld dot snstamge Ioo the basis of ammonia,

establi shed, which may now be used as a basis for
may fgl®wWimgrden tateiiviertulie tork¢spdedih@ 3, grougshiatdespextioé NH groups, as

further ALD cycles, thereby providing a high degree of
showiPHiE@lel 1@bi 11ty Wi th respect

Figure 1f schematically illustrates the microstructure device after the above ALD-

like deposition process in order to form an aluminum and nitrogen containing layer 106,
wherein a thickness thereof, indicated as 106T, may be controlled based on the number of
cycles performed in accordance with the previously described sequence. Thus, the thickness
106T may be adjusted in accordance with device requirements with high precision and good
step coverage if the layer 106 is to be formed in a patterned dielectric material, if a

corresponding substantially insulating barrier material may be required. Furthermore,

depending on the initial thickness of the corresponding copper oxide contaminations in the
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to layer thickness. That is, the device as shown in
Figure | e may be exposed to the atnosphere 105

W@ Boogoossed c), thereby formng a further atonm cp¢BYS2008/001316
wherein a respective al um num containing species is

surfad®Of} ?’gld 1685 t(E% {;@ gﬁpgaeﬁon%qr&g&%u%%gé ’larl?{ Felr(ﬁgy fcomphising copper

repfacing t r'égeh at ons seque

nitrldg,omaésﬁtlifll :pgezs%nnggq:mpfeov? Ss@p&%fpégﬂ (aa aba:eﬁ_énstlc due to the
groups into respective NH groups, as shomn in Figure, .

diffusign l;ﬂp@lgpg Fharactemsiesi ©4| F}V inifrogen, gpaeriglhe In other illustrative
m crostructure device after the above ALD i ke

embodimangs, ttho mitpogso assthe sudacke tayeo 1038 manba subrstantiallprbdnded to the
ni trogen containing |layer 106, wherein a thickness

atomichegeeins, of nHe Caleglyigs 140 T106rBY Also,cantthil tad, hapedorointerface
t he nunber of cycles perfornmed in accordance with the

chara@t@ﬁé’tic@uﬁ{a& U8 S aHiDRA, SKALRRE She Tﬁ%ﬁﬁc&rﬁe& lef K##/Rion blocking
T may be adjusted in accordance with device
elfeR hj reci sion _and, good st.e o
charaEtgxaéeﬁcé i é?z%}}r%'lé 1 gyiéorq &g cE whell Brov*dgrgme | zhlugunum nitride layer,
atter ric mat rlal |f a correspondi
may BQKGEIRE gs&l{ SREAPEETG! 15rG0PRST MACHR yrfﬁﬁ'asbeasglon 103, which
reqU|red Furthernore, depending on the initia
may R eseisteds by respectiver eepnsoriiititly swipial ofx thte surface portion 103S.
contami nations in thesurface |ayer 103S (Figure la), a
Furthgrordre,cas dfimirthen sitriladas laagapabiliBB36f absonting wixggers apgsture and the
nitride, may still be present and may provi de superior

like, fherihRgity BRIRCHATACE 103S0ketali mbBerdiely YabRNoW QﬁKé ,NHereby also
characteristics of the nitrogen material. In other

contr'bll e 103§\4ﬁ01el'3999i'11 O the nid? rgé%ﬁ(l’g?n in the surface

stantla I onded to the atomc
eC|es aép he overl Jayer 106, Al so. in this

Pcdin Aretiemead Lo
gorie, Hlystrafive spibofiunichts, e -res grocgising, Juge b8 continued by

chleved wherein the si nlflcant copper. di ffusi
depostingcan AR sdeleringpglerighdifactly OB s Dartier layesy 106, for instance by
i nstance when provided as an alum numnitride |ayer,

any apprpppatevdegesitibe paesshy, evheseinfthe aigdertrio fmatdrial gapprepresent a low-k
material within the region 103, which nmay be assisted
dieledmyc maspiat foruasubsypent metallizdeonkevelr i @dnseduentie, cmigadedkto conven-
portion 103S. Furthermore, as alumnumnitride has a
tionalGaRfBies| thY itbrfalS@abichaisayy B WeelBoppet bl &0 thshiRfing material may
be enhanced on the basis of a highly controllable layer thickness, thereby providing the
potential for significantly reducing the amount of any additional dielectric barrier material,
which may conventionally significantly contribute to the overall permittivity of the resulting
layer stack. During a subsequent process for patterning a corresponding dielectric material
that may be directly formed on the barrier layer 106, the material thereof may be used as an
etch stop material or at least an etch indicator material, for instance upon release of the

aluminum species, so that a corresponding patterning process may be reliably controlled on

the basis of the barrier layer 106. In other cases, a corresponding etch process may be
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like, the integrity of the surface 103S remains
noderately stable over tine, thereby also contributing

WO 0008/0346per i or reliability of the netal regi onp@dDBS2008/001316
some illustrative enbodi nents, the further processing

con 8 EE R B bR A AR JPREIBR s e e
oo B TG BRSO S50 AL RO 5 e cone

dielectric material for a subsequent netallization
capabjlgigs| . Consequently, conpared to conven tiona
strategies, the interface characteristics between
céipee lansthamaticaly dtustrgtesrethe migtosmagtuize denibed@dacoarding to a
the basis of a highly controllable |ayer thickness,
furthek li@Wse@pvEbodiinRgr. t ethpdaed)ta @pobifibn pratesd 108a#mbY Ye performed to
reduci ng the anount of any additional dielectric

provid®4 ﬂlr?{er 'Zﬁél h@lmat 1907 "RYichany$ HEvepf@f)éche barrjer characteristics

S|gn| I cant ycont ute to the overa permtt|V|ty

resu tack a subse
andiofigh g’ igficlstfes ﬁ? 5B Gs el RGeS BRI evice 100. For
) mat erial that may be direc formed on the barrier
mstanp%rytgrz laysg 10 A PRS2 Wﬁﬁreé Bplished hnarierelen stop Anatesialpsuch as
 stop material or at |least an etch indicator material,
silicof pitrideystilsgenecarpdn niwogeasenrished bidican gatbidenersiny APPECPrGEe mixture
that a correspondi ng patterni ng process may be
of theselmadtigls,ciandrded toeflirther ehleanieashes imégrityeofbthe rdopper! myeetial in the
106. I n other cases, a corresponding etch process may
regior? €09 Ndndfr ,]gdviae stuBSrl&aﬁﬂcﬁ bp BFaLINRAS irghOthet fiRther é)rocessmg

mat eri al the region 103, if the barrier layer 10

Howe'vér Q[ngtﬂrgﬁg C%Jegtlgnil%ﬁuféggsttﬂ %%H’l 5%111?)9 %}-&%r laga'yl(ﬁ'o%qr instance

Icrent etc ntro It es.

ch ally illustr rostr ctur evjce

i terg F roResPlF AUp1AYCHE PUARE By A0 P LR a8 SsSiet Whgeopst o etch
this case, a deposition process 108 may be perforned

stop Spsclﬁrs ShRstesisueH aHsE thanerequiTingch qfhtsmréﬂr C!Llﬁgswwhl‘aqkmg Charac-
may have respective barrier characteristics and/or

teristies ehd stabpstop anpahiltigsst Tbes, far ingssised degree rof tfhaxilfilivyt meselecting
processi ng of the device 100. For instance, the |ayer

respectiVé mayridle plagdenichizved | Furdsdrmbte, dhe therproesion of fheShadier layer
material, such as silicon nitride, silicon carbide,

106, dr}]hf(dtkggsgrb‘fﬁwmﬁt@figl 7 h&Pbe adulted o 25ighMEaRNPIoWY valu® 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 in situ with the process

sequence as previously described with reference to Figures la-1f, thereby significantly
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of these materials, in order to further enhance the
integrity of the copper material in the region 103
wa@pahsoo46py ovi de superior etch stop capabiliti eBCDUS2008/001316
the further processing. However, contrary to
. . _ it ¢
reducf Bt QBRI A Shincil BoP BIFATIh H8 Fph ot Hroughput
materials and. the |ike be selected with respect .
In this Yepech @1 pShBRPGePL % HA DECLUSIEIEL &5 AntqqPndengf, manufacturing
requiring both superior diffusion blocking )
procegsga wuehe areqrerfosmegd dn gheciame prgcess shpmben pfess propgssstoohwithout any
i ncreased degree of flexibility in selecting
intermeslsqie ctransporradativitadss nliy bramplhj elve dlepbsitiomepmooess, 1@81emay be
to the provision of the barrier layer 106, a thickness

perfoiied R affBdpprdpriatel TV reghahi®ef divhish 6day Qlsd EnaBN ket afthlivn of an
| ower val ue conpared to conventional strategies,

RS SRYsnd Sfbieht bk Iny ﬁﬁ#& | B d rﬁﬁﬁ%fﬁé‘t' ki ies duri

approf‘)na\t eﬁ?asl S %? noder at ezlly; 'g)h perdr?rlll%tsltg’(l5 vity, \llxvﬁ%lgﬁ er?grfles wnng

the PRy iadite diehg ES SRS T pu iR ahte SARPOIMAS The tayers
enhanced etch stop capabjljties my be desired, the

106 av%@? may pe fermaseinssp3ralg dsficatsd PARSPOIPIsat e mat eri al

wherein even silicon dioxide may be used which is

known to all ow copper diffusion, since the barrier

| ayer 106 may provide the required copper diffusion

blFoetkemgpre hayefattrer ditlectsic rhatesanmeuchldsaslbwalk diegectric material for a

enbodi nents, the deposition process 108 nay be

subscB@dnt MR AzdtdnIbvdl, May BeldeBodie@ ©AShRe BRGY NS Apropriate technique,
previously described with reference to Figures la-If,

such LOERADYPECYD, Tdhhif !té’crhﬁ?cg;%& '&Eccl] Rﬁ@?&ésfvﬁ&@ﬂl %! thy 3of a CVD

enhancing todl “utilization and overall proéess
throyghput. In this respect njn.situ process is to
deposgibr JHE B s by s IR Bt eF 1 Biot sotty
whi ch are performed in the same process chanber of a
deposifiqac gk she; layy-kydiglssiiic materinhmaynalse beeparfosmed pstan in situ process
activities. For exanple, the deposition process 108
sequenesy be perforned in an appropriate CVD chanber, which
may al so enable the creation of an appropriate plasm
aFgeatlh tsbisdmarizyll ¢ ilpsiites hige ivrogaearedidagcatod uahdécdrdance with
energies during the previous ALD-li ke deposition

furthe? SHUSRSARe EMbOdIRRAL. | | AStshévhY eneeRPIEE RN $hay!t BE subjected to a
| ayers 106 and 107 may be forned in separate dedlca{ed

depos'ﬂfo%c %§(§cegé) Ci|0§,' which may represent an ALD-like process on the basis of

onding

appropriate materials in order to provide the barrier layer 106 in the form of several sub-
layers, depending on device requirements. For instance, the layer 106 may be comprised of
respective sub-layers 106A, 106B, 106C wherein one of these sub-layers may be provided
in the form of an aluminum nitride layer manufactured on the basis of the process sequence
as described above. For example, the layer 106C may be provided in the form of an
aluminum nitride layer. Thereafter, 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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Furthernore, any further dielectric material, such as

a lowk dielectric material for a subsequent
woredoalobi6gat i on | evel , may be deposited on the beBEUS2008/001316

any appropriate techni que, such as CvD, PECVD, spin-on

demgﬁ %We&lﬂe&la% risf16s b HE balie ep’l?(’_(i) PF% ﬁﬁ)?@ g%)e@tl\%v&ecursor

de osition, e process sequence
a 06 and a c spondi osSi
gases t’ﬂ%‘/ 1’%&%1%0%45 ky B FPeriive Honfs ﬁa tnf Lo rE R ek Eroups of the
in situ process sequence, Figure Ih schenatlcally
layer |lpﬁ<asmeeﬁb§sspﬁﬁéwhhbc deigningtthe @rca@weée)fltbe lpyer 106. For example,
accordance with further illustrative enbodi nents. As

respectivevinnctionel gleups i fiGOunserygdses sualyjbeatesigned irmacheptmmict moth device
process 109, which may represent an ALD-li ke process

requiremeht’d £fdp aﬁdtz&lc@fby&ﬁ&irP@fahﬁg eedpotivel spesies, Rubl d€Eilikén, nitrogen and
provide the barrier [ayer 106 in the formof severa

the 1iI8 B dYE S0 sﬁ@o‘?ﬁ lgnzgiiﬁ’ﬂ Lg@\difﬁﬁlcfneﬂl%]{lﬁggﬂglﬁcteﬁ%cs the etch stop

i nst ance, 06 nmay be conpris respective

I $.:106 106B 06C whe

capabiffts @ﬁ?sh‘%my sty A ook HBh PasBfostmak Wit peptinued on
njtrid ayer nanufacture on the basis of t he process

the baé@q% Qjel&gt BESHISPH &R 1&5253@ topgrm diealaperel 06 eCpasrgpently, based
106C may be provided in the formof an al um num

on the,pelf-lignting peacessTHE, eatariaty of mesppetinsebastigOMategiplshmay be created,
performed to provide a different material conposition

whereamn thédreolraspoadinfy ehasadtéridtice hay depspectirall g ejiengic by nproviding a
order to specificallydesign the overal

plural ) JF 36Gb-Bdyiesd. | fiSséthe HINBURAATE hﬁboihﬂ%éﬁfs $H6r td ?érf&l&ﬂﬂ@ ki process
respecti ve precursor gases my be se ected to form

109 of E&%@g{lﬁer%{ﬁxfgg%gées%%%ﬁhgggsgg& ons %}%Se:ﬁgﬁlﬁlﬁ] géfgﬁengé to Figures

p 0 yer vo.. or Xa e respgct | Ve or 110
ta-16.4 GBSl fBer fs%émrsc}'ﬁ gafiesf’?f’ay D8 B 548 laver 110

i n accordance wth device requirenents, for instance
aboveyihe ﬁl}f@&?d@?%wwe\négﬁéﬁi Jayer % Avbe carprisedof 4 digleefpic material
nitrogen and the like, in order to specifically adjust
or a conuctive matdriah deperding gn diaprocessrsirategy s For hramplehrespespive metal
capabilities and the like. If required, the process
alloyss anyebe epratidledreseldctiesi yben cthat surfaeel 103St hehdreini sheocoresponding
di fferent precursor gas in order to formthe | ayer
materih6ay SRRIBR @HBAMde intFa&Tcharacteristics, while the corresponding etch stop
capabilities and copper-confining characteristics may not be sufficient for advanced
microstructure devices. In this case, the layer 106 may be formed, for instance as previously
shown or in combination with the process 109, to provide the overall desired characteristics,
i.e., a high degree of interface integrity in combination with a low overall permittivity.
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 controllability may be

achieved, while at the same time performance and reliability of microstructure devices may
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on the self-limting process 109, a variety of
respective barrier materials may be created, wherein

wo b@soetssespondi ng characteristics may be specpéT/vatodogoo13ie
adj usted by providing a plurality of sub-layers. In

be inct8i¥ed! i qﬁg&ﬂﬁf ﬁ%oﬁgw&ﬁ%ﬂﬁgl  mBaiDhtidP s ehl rﬂencgorlsnfmed In

I‘OCGSS or the process sequence a

usI scri be efe nce t.o Figures |a
somepfl eﬁp §gpeé8§ z\%gvymnslc églgle %yebse fgrep,s&nﬁee i Flﬁ: tlorm of well-
er to provide a cap | ayer 110 above the surface
establwsé mgjeEplsi schnas é&tfopayléli*d@.r_l%} ipR1y cAide njirpseyersichgd silicon
dielectric material or a conductive material,
carbidtepeindie ddeomay the qmiticé sad stooatesgpndirigolovek dl'rqbd:@t;ic material may be
respective netal alloys may be provided selectively on

directlyh €orfiedf @t ehel ibStanuibiey eisuldiing WefiéremRENEl PEVIdideh %hSALD like
may exhibit enhanced interface characteristics,

depositiéh &RAAIGRLONH IRE cdeChr é&é{fﬁr CoRaRIdY el rﬁ%g s]pPenor chemical,

copper o nflnlng char act stics y no suf C|en
v tructu evi ces.
mech?rélgzlaelr 8136 erlbth e%adlceti zi,d%eﬂg? aIH%\é aglﬂlgverda ?fgl 9xe Chemical
0 or in conblnatlon with the process 109, . to

bondlﬁs oQV}n the bargiep\layet| Vithelier Bedechying, matenials,j wherejn, for igstance, an
hi gh degree of interface integrity in conbination with

alumigumowitrideelagi¢rn mpg bei used \i cpmbjinatign voitls copren @ad apgluraditn gf low-k
at least an ALD-li ke deposition sequence for formng a

dielecstid shaetiilal | urthesmbzt iingheraboerespinding pre-weqmsmdfor preparing the
surface of a netal region, enhanced flexibility in

COpp&%ﬁ@tmﬂg sBIRIEORT | tBe QubBqaEhtadc3f-Minlthhe A§IRARACPBERSESignificant
controllability nmay be achieved, whil'e at the 'sanme

damakd B¢ RE rsﬁx%g@%;aﬁfc?gdavggiehal? g&%n&‘h m cbroﬁégﬂolﬁﬁhlér srocess in the

evi ces may ease art1cur
copper -cont ai ni n al.lization structures are -
absenf BE Bl BT 1M SGe. TRIRESEPL: 20 & SO0 HemFecs. the corresponding
addi tional barrjer yers, for instance in the form of
sequefied frstosmings Hedd aﬁa%}qyar 406 yepy ke implqreestiechps ap e si sequence,
silicon carbide, nitrogen-enriched silicon carbide and
wheretime'nlsbm,illm;;ati}ye appricts; e dapdsition of aey farlakir mgatemals ksuch as low-k
dielectric material may be directly fornmed on the
dielecstido saagridlg| ddditionalibaitrien gnftarisls eindneat dikedlmayr ado dedpdiformed as
an ALD-1ike deposition technique. In the case of
in sinff@B&kescont ai ning metal regions, superior chem cal,
nechani cal characteristics and enhanced adhesi on nay

b%ﬁff rPeFeY&ert)é F&%r&hgm2€,alfunher illustrative embodiments will now be

described in which respective pre-treatments may be performed prior to the formation of a
barrier layer on the 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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bondi ng of the barrier |layer with the underlying
materi als, wherein, for instance, an alum numnitride

wo agosn4eey be used in conbination with copper POTDUS2008/001316
plurality of lowk dielectric materials. Furthernore,

such lasnatc%?p éorn?iﬁl?l?lg dr'eggnf cet P% ?61'?;2 Exbﬁhepérggﬁdlh{égt tilhﬁtrated, the

contain sequen

osition cess, .Si n|f|c amage
et Thask Tt T SRt 5 B Bl S TR v amy
correspondi ng process in the absence of any plasna
approprife apaterigh gpmpesiHen én acpordanes Witligleyicgaequiremneats. t Far example, the
correspondi ng sequence for formng the barrier |ayer
dielecth®t lapsr @62 i nal ebe nfoemhed sofiranyn neitdrial seyjichno®y not provide the
wherein, in sonme illustrative aspects, the deposition

correspbndify sﬁtfﬁée’@fard@érﬁhb@h§req§#€d1 fthé OWbskqebne k@ eliifing deposition
materials, additional barrier materials and the |ike,

of a 1e1a|m$a&r{%? ol iRLaRG %(’2'1{5’3?'2‘09 ﬂﬁ?%%séﬁﬁpns%t& porous silicon,

erence to |gures 2a urthe iTTustrative
! whi ch ti.
port Eﬁwe ”E?‘rm‘i:w“@ i b SR e irs i &ow%cfwenéyeftﬁs e iéG 300 may
a barrier er on the basis of an ALD

be exH‘éﬁﬁééPﬁ ‘é‘??t%"é'a‘u © pwwr%C%eSgev@natswéwq lfyer 2025 (Figure 2B)
illustrates a mcrostructure device 200 at a

comprising faa cipprapmigteschegecal rcompiosition e ogderite @lle@0the supseaquer bonding
a substrate 201, which may have fornmed therein any

to a cirfeSporidigy peidsS suds as inpaleminmins layd ax@dbgenneshtaming species. For
reference to the substrate 101. Furthernore, the

instan@€h€ GreARRNIMY0 HRFROIFRIsE il &lpR&iich %flaaxéspro%%e MieRR1, such as

may represent the dielectric rmateri al

a sﬂﬁhal J”géme ¢ 4 dI ﬁ (ﬁ{) oL & axg}ngermgg?{élcefclre\(ﬁllch' Well-established

copper - cont a

i b g T
comppitorarira ageiloigd EF sreﬁhﬁsc”‘ a0 2 TR, e peatogped gs a CVD

|l ow-k dielectric material mhlch may have any

procesgfor dpming henpirtace dayee dRPD ith B rr«qw%@édbw&a@ﬁée Ipjother cases, the

devi ce requirenents. For exanple, the dielectric |ayer
treatn2@P 2 hthynalyecofrgprise theode pamipiomantf er nirbgasharshh yrhigganecontaining material
provi de the correspondi ng surface characteristics as
or mipqhiluds of ebrréspendinpspigsiantbased trehtndent ifog if@RpPsiatin®oxygen or

of a barrier material. For instance, the |layer 202 nay

nitroglf it MR dus e POriidAP e Gibleb&RNayer 202 to form the surface layer 202S.

Thereafter, the further processing of the device 200 may be continued by appropri-
ately patterning the dielectric layer 202 on the basis 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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porous silica and the |ike or any other |owk
dielectrics. Consequently, the device 200 may be
wezpesedes 0 a treatnment 210 to provide a corr eBEDOS2008/001316
surface | ayer 202S (Figure 2B) conprising an
surfac@PRI3R0 b %&&i&ﬂ?‘hgﬁhbg@ WRES LR b t%%qfe(/icteol@[ ! '?ltht, tP@‘Spective
Ssu t bondi ng g uch’as

seque to a corresponding species, s

n al um num and ni trogen coptajni,ng s ieg. For .
manofifu i RS PRRATORE U5 ra)e C8RE P00 it . after forming the
deposition of an appropriate material, such as a __
coppesicon@HHNg EpgjietD3athe exposeshunface 2035 maygomprise psignifieant amount
whi ch wel | - establ i shed conpositions are available in
of coppee cxide, whilesthe tshifater lagem208S 2By hamy abeorppspdmlimge dorftguaation to
CVD process for formng the surface |ayer 202S with

allow thesubsérlichestiebiof o @ pSecutsdr @h1@ previdasly dedigibkd eHle®d)the device
210 may conprise the deposition of a nitrogen and

200 a@ysﬂf)@gelﬁ'lﬁgﬁxteaﬂF G%E%E&Ed o ﬂ@ﬁrdc?é:sl WdGerte as described with
correspondirng pl asma-based treatnmeht tfor i1'ncorporating
oxygen. or nitrogen.into.the surface.portion of the .

referefite oFigtites 1ealfon 89 toforB e g PRist 1435y 8p trgagis of a self-

. ..Thereafter, the further processing of the device 200 .

llmltl%groggsscwﬁgqeﬁhté\e ng%ﬂgfﬂcp 2028 pyovp@qstaeqqqpﬂ@oqs@posmon above
dielectric layer 202 on the basis of well-established

the regioni208 sind thk giklsroid layer02pwhishtreghpirge@st b¢ aprgopmate for the self-
illustrative enbodi nents, the dielectric |layer 202 nay

limitibe dgrisitnreguenicé.st and nmay be subsequently treated
during the process 210 in order to forma respective

Sy RE O sBlhatRARy ilistARY (RX BOWEH 260/ at @k &ing ftb AULAKEDLillustrative
schematically illustrates the device 200 in a further

embo@lg:\é&?,cﬁdwﬁ?ﬂ%gcdeb%%i 3 ﬁ%g%ﬁl é%?éc?é&t Wt{%ltrﬁer%th%ll designed to

per-contal ni ng regl on orne

dielectric |ayer erein the region 203 . ..

Prepafeip A REed SWARRATLT T [ik PR R, P ST SRS Tt forming a barric
exposedsurface 203S, as previoqusly described wth

layer thereanepcpreyigusiyleserihede Ingome thysrative spbedimeats, the treatment 211
manuf act uri ng sequences may al so be used for the

may apeyircse apGxidafleatprosess,dbt @rstange perfgrnpdieon the basis of a wet chemical
copper-contai ni ng regi on 203, the exposed surface 203S

proceff)a plabihiassted Piruess,i £ aidrmanouidatioh pee@pEand®xhéldike, to form a
while the surface |ayer 202S may have a correspondi ng

substdr@iafly PBhAIIRS bfpet! b:que idier sHRAE QH@&Ed afdhes OB P! 1R this case, a
precursor gas as previously described. Hence, the
substa%?i%il? Continuous and well-defined copper oxide layer may be formed, which may
also act as a passivation layer during the further handling 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 1a, 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 exhibit an increased integrity due to the passivating

characteristics during the further substrate handling activities. Consequently, the surface
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200 as shown in Figure 2b may be subjected to the
process sequence as described with reference to
woogsnesed a-le in order to forma respective bPCT/USL008/001316
| ayer on the basis of a selflimting process, wherein
. . \ a .
2038 E‘j;g)g M%E&‘%BP Hfs{a?gce 131936%129 '%ﬁggﬁhcf ﬁ%@é@&&g@t&}\ﬁ process, with

osit1on ’above the region

vieh AGHEF R i USFRER sl s B By bl 0 any
schematically illustrates the device 200 according to

surfacg iprggylpratiesiduie e thepassisatingoenppaionide Jayenwithnsurfase agx“ﬁce
200 may be subjected to a treatnent 211 designed to
piepaher illustratiyeo smbodimenes; eh2 OB&thent 2 hie saybsedudenthe selective
process sequence for formng a barrier |ayer thereon,

incorpbRatiine¥f @itfdgén A6 Gt BREMichN ré&edes dil tHéSb4s bF @ppropriate precursor
enbodi nents, the treatnment 211 nay conprise an

mater% Qﬁﬁl'af?'?n i?Efs%stheftfératﬂl&ﬁtl@a? WE&BEWF rd bz?, .l.Bec‘omitted

a wet chemcal process, a plasna-assi st process,

a thernal,. oxi dati on ocess and the like,..to forma

and oo o BT b8 SR B0 1t sty une pieee e Bauence may
exposed surface 203S. hi this case, a_substantially _.

be Staesﬁ":by FRIEIECIRg A A MINY Y CHERNB 38 as g% frdngtanrs shpwy iy Eigure 1c.
fornmed, which nay al so act as a passivation | ayer
dYY it geferance ot FigurdsadatBbn duidiert tlastsatlyst embedia@dtspmiilbrnow be
to the actual deposition of a barrier material in

described or whiche bartidy hire, sehfas thebdriisglagaoiosn aaydeSormdkih combina-
before. Consequently, in this case, the treatnent as

tion Ve Ghi i@ siobtia &e{vﬁfcﬁnﬁﬁ%/ R Pt dAsighifRantly R&uce the overall
treatment 104 for converting copper oxide into copper

permigla\lls't{yisoqg?é%%:l]#g%%epyt pogen, may be performed on the

m°surtace conditions, wherein the
correspondi,ng surface 203S may exhibit an increased . .
| RIS | ) SIS TSR, & 1RGrshas dev it 4@ comprising
during the further substrate handlin? activities. )
substraignid g adliflesiric {ayer 302 fermesoberepnya Bstal gegien 303 gmbedded into the

i nstance, inmediately after the correspondi ng CWVP
dielecpto st 302viandh ahiigsnlamng bamiet Yyayenl3Dbe Withsespeento the components
process activities may not significantly contribute to
describey s6Uliaf,athe dafiiecgtitetin i dppbs aslyretioudiNlepaitridvaith n@ference to the
copper oxide |layer at the surface 203S. In other

devicds! 10054 20DV $1cABE ARE BRBES1ayb$06 MERtPREen? - if%tY¥nce, an aluminum
i nclude the sel ective
nitride layer formed on the basis of the self-limiting process sequence, as previously
described. Furthermore, the device 300 may comprise an etch stop layer 307, comprised of
a material that exhibits a desired high etch selectivity during a subsequent etch process for
patterning a dielectric material to be formed in a later manufacturing 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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i ncorporation of nitrogen by wet chem cal recipes on
the basis of appropriate precursor materials so that,
WO poosldsecase, the treatnent 104, as il ustratedI/iug2008/001316

Figure la, nmay be onmitted and the correspondi ng

areas [iff WREA %ﬂ:hogto% Q%p?(ﬁfi{i%seﬁlabl%rbé' 1% firef ld(lrdl'n% e 'F)her processing,
process sequence nmay be starte 9 I nt roduti ng an
al um num cont ai ni n as, as i.s.for instance own in.

therety bRty ot er e BRosshs Rgdios oMo trRaverdl] PPty of the
illustrative enbodi nents will now be described in

layer \gtackp whilsapevesthelesy grovidingna Jslishle paeming seqieage ipesubsequent
may be formed in conmbina tion with an etch stop | ayer

processigs.c Thegyodess 343 neaynlesi performiegrasfd wanthemicaldeicle ptdvess, a dry etch
overal|l permttivity of the resulting |ayer stack.

proce$y g1dr tBe BiRte sah@amhatis af by apprlopfihte @ttischamiiitey, tierdif ithd barier layer
devi ce 300 conprising a substrate 301, a dielectric

306 mhaVRF adetfptigpd thereon, a netal region 303 enbedded
[ to_%he ééepggtric | ayer 302 and an insulating
SRSl SRRy A BR0RSles Pt 455 UBSVERL B i process

reviously described with reference to the devices 100

313 alid dhostsovhb AL e Rt ATk P bt s ﬁb%a%ﬁyem‘a?ﬁlg@ehttbe etch stop
for instance, an alumnumnitride |ayer fornmed on the

layer 384 imayplsprhe wandved;fsomi pagtipnsoshnys the quetakeegiens 303, and may be
previously described. Furthernore, the device 300 may

maintaingg onBeatan peitioh $ tvdfch ayerresibadinpoviprildeéhdidatal by dashed lines,
material that exhibits a desired high etch selectivity

may QdVd NG BeSHRHRAUGNL 2 efibBeqiieRC aasnufRtuifd tR4dH Rehed patterning a
dielectric material to be fornmed in a later

Ct: i f . r -
come{IRSIRCAUELER FABGRI Y chORLAL 0 ARGEDRD 200 Copeavenay. e
appropriate materi a such silicon.nitride andg the. ,
core FRRERE P o Tt s PR vEh sr ARk VHE he' Sirir laye
permttivity thereof, since the |ayer 307 nay be o
306 mypyRrayide aheoéesareé dnecbanisalgticg e and té? étf@sssoreh%cblﬁgméraﬂerlsncs
basis of a corresponding resist mask 312. That is, the
aboverthe gretadiregion BOd | ayer 307 may be renoved at anyareas
in which etch stop capabilities may not be required
dWithn gefeteacd tor Figarespraotis 38ipegtive seatiedmdustog ievicesaie described in
reduci ng the respective influence on the overall

whichX8E BIEAiiiihy batict RAterAY Bfay Deaskd in¥¥nb@IINAMEH 148l §8&. Figure 4a
providing a reliable patterning sequence in subsequent

schematically illustrates a cross-sectional 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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processes. The process 313 may be perforned as a wet
chem cal etch process, a dry etch process and the
wo 2608/09w09 t he basis of an appropriate etch cheP@BUS3008/001316
wherein the barrier layer 306 nay act as an etch stop.
... Fi C ] -
withil “%Weﬁvﬁﬁ“ve%af b4 ot ekwL?@%es&q%a‘% R TR embodi
he resi.st sk 312. thls illlustrative
ment ITebtiniine] mtrth?glagqrc he- 5%6 umipup agéfllwnéﬁog@lrﬂgg layer formed on
renoved from portions above the netal region 303, and
the baray oba sefrlimuingerroesss yseguengepay Prayipusty Weﬁcehecb Furthermore, the
corresponding via 314, indicated by dashed |ines, my
devich d40@ cOmpﬁEsfaodiﬂkeckriicnnaeﬂalb@éq\uhinh nprhe provided.nay ledsagartially, as
when patterning a corresponding dielectric materia

a lowtRIdigleitAe Ghdteialtia Whieh! gy ®8 etiveddeDRSHEtAE Mink Y423t li6r instance a
correspondi ng etch process may be performed with high

coppe{iﬁ:&h@ggng%‘xe s c%%@ct@&‘%'tﬁé eg%‘l?egﬁg 3y B' Q¥ edfonding via

esi anl strengt u3|on
bl gcki n characterlstlcs above the tal re I
423y, Pl fharErt 260 mennEc gy Ty'er FaBoinly IS B il tine 423,
sen1conduc’or deV|ces are describped in ich the
wheredp the Darpey jaygr §2¢ mayrbepioyided) inas f95an gk agy ajygnigum and nitrogen-
nmetal lization |ayer stack. Figure 4a schematically
containingmatesiabthan may desfogmed ponké¢ badieof afselsliswining prabgst saquence as
devi ce 400 conprising a substrate 401 above whi ch may
previdsly dosomiseda di el ectric [ayer 402 havi ng incorporat ed
therein a conductive region 403. For instance, the

diTgkeehipofient@de!, 42and 0T 1A vRAokABd Bhithe bAEs of well-established
conductive region 403, may répresent a netallization

technié]glgse lfol%wéch% dgvde$§8§g9 te é fbxn tl?é t}&{te&ﬁsﬁs 'chet h%ler 406, as

ductive re r esent any cont act

of .a,cir t rredln aa qve the substr, L_

s o L L e g SRR S o
i on 403 nmay conprise a copper- contalnln gb

the laf/@r4q6r?§siaﬁ®eb¢ prbseguenty paBemgd qpthg basinef w é?té lihgd patterning

correspondi ng barrier |ayer 406 may provide the
regimeg Uhereafterthe dayet §26may the fomple ps prevouslyldesdritied. t he

region 403. The barrier material 406 may represent, in

OfRiguirt |4bs sdtinaviealpnilpditratee nthe davicel 400 fiwimcedrdinddewith a further

| ayer, i.e., an alum num and nitrogen-containing |ayer
illustth@VeTBHb&Mment in which an etch stop layer 407 is provided, at least locally, above
the barrier layer 406 in order to 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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the basis of a self-limting process sequence, as
previously descri bed. Furthernore, the device 400

wa@ompndses a dielectric material 422 whi ch nmayPOEUS2008/001316
provi ded, at l|least partially, as a lowk dielectric

expla?ﬂ@& ChiH is! he WL EAERY ﬁﬁnﬁl:‘gftlg? ﬁgﬁ 1; 306 lclfllcg fhedeposition of the

i nstahce a’copper-co that

: t.he ion 40 rre
d*ele%l%mﬁ%éﬁ? o e i aepol iy 8@3@1&1&?’ o w0 b TSRy or the eten
cover the netal [ine 423, wherein the barrier

stop IPYﬁié‘lo 16y PE\PeHErBed s AR én fifk $99EeNGSy DY ARhanGiRg Hphutilization
and nitrogencontaining material that may be forned on

and ptagesshmiughpft. a sel f-1imiting process sequence as
previously described. The conponents 401, 402 and 403
mays Deeshiny nedubject iatbB8isSlosdd N&bin-6vidbsd b séedtlique for enhancing
techni ques foll owed by a deposition technique for the

perforfn@t it meh1I{A8on a%EEUARS Qﬁaﬁé&vé&ﬁébﬂdu@ﬁfrcdév%g while at the
Thereafter, the dielectric material 422 may be

same 91 | er%}nll}garl]x? ﬁ%ﬁlsl vt%garl%ged-}nqt%vgﬁ%? E)he“igperlaggr (H&XCIPI% material at a lower
II-establlshed £ |ng regi mes. The eafter Jhe )
level.| | e fis POTARSS, HeAT D el doRSireRADGISI oL Bt Bised 1o deposic an
ure 4b schenatlcally illustrates the device 400 in

efﬁmm g’éﬂ!ﬁ meaterjil tim adiighly chetrollable sxanagr; therebyimseyiging the potential of
whi ch an etch stop |ayer 407 is provided, at |east

omitting@al fyrtheabaneer tiuterizd or heleadt aipnifich@8y reduoingahe hmount thereof. In
enhance control of a respective patterning process 427

illustre@Vd embBaintnts hE Nasifun®hitdide Ahyed SPIBGhdIb ¢ taCEelMBfiting process
428 desi gned fo provi de an opening for the via 423A

sequei&@@ﬁe}e ?lghglgthrtﬁﬁrﬁ’ﬁ%dleﬁxgﬁgésggo % g?ﬁlsmeﬁlg%l%?%lcthgtcteenstics and
d thi
also e%%'ﬁ?%zﬁ%%ﬂ%g% i sabth P ieded RO M BERE i nce
correspondi n |nterf?ce characterlstlcs may be

iRAEHFUAF aROdRERTS dtisqlosgd bR arevw(uﬁtr%té\gep@@v @soth&nsyvenuon

process strategy for formng the dielectric |ayer 422,
may hermedipied and prasficeghiat ditferenhbuteaquiy adang prangere AppaENG t© those skilled
provi ded or not, the sanme criteria apply as
in the prtchavangsthy drypdfa iolﬁ dtk teddiangsi Iereih h€osexinepie,ahé prockorswepsget forth
the barrier layer 406 and the deposition of the
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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dielectric material of the |ayer 422, possibly in
conbi nation with the deposition of the etch stop | ayer
wd0ug/opmwy be performed as an in situ sequence, PChEsBI0§001316
enhancing tool utilization and process throughput. As '
a result, the subject matdefissc! osed herein provides
a techni que for enhancin mance of netallization
in advanced sem conductor devices while at
WH@#@WPE mai ntai ning the overall permttivity of
the interlayer dielectric material at a |lower |evel.
For this purpose, an ALD-1li ke deposition process may
be perforned to deposit an efficient barrier materi al
i d. a hiAghlethodoenmpridingsl e manner, thereby providing the
potential of omtting any further barrier material or
afforn€ifg ta nitrefent donediting 14yet vaiafExpbR IR of H ele®Nfregibi formed
illustrative enbodi ments, an alumnumnitride layer is

for med iPY qR1&8lif rdybMahii g process sequence wherein
alum numnitride provides copper diffusion bl ocking

charact eri. st i hipits. suyperior .
APt T bl ePain BE! B AT unbRRLATE R 8w psis of an
particul ar. enbodi nents di s¢cl osed abave are | o

i |1 ust AHTIPEMEANAINIDE 835 L0 fORTLAR ARDIRYY %‘g nitgegen; cogtaining first
and practiced in different but equival ent nmanners

appar e®erries 1aygp g@ saiimgtalgegiont he art having t he

benefit of the teachings herein. For exanple, the

process steps set forth above may be perfornmed in a
different order. Furthernore, no limtations are

i nt endeghet Bethbe dtellgind 3, Whefean ShidUgbiab Regdbn ‘é@ﬁi{pﬁ_@es copper, and
herei n shown, other than as described in the clains

her L ne U SO OB REIEAT cohRhe HETY S MR syfuce 0

and al | such .variations. are considered within.the . .
comvef 5B BER RL Boef S ol MR CPlind Tyt "Fpgoca suace
protectiqn sought herein is as set %@){rith in the clains

compHggssiptabliingsanppmongine(INHpgontaining apdienbd, conpri si ng:
form ng a nitrogen-containing | ayer on an exposed
surface of a nmetal region forned
3. The method of claim 1, wherein said aluminum-containing gas comprises
Al(CHs);.
4. The method of claim 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.

5. The method of claim 1, further comprising forming a low-k dielectric

material on said aluminum and nitrogen-containing first barrier layer.
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in a dielectric |layer; and exposing said
ni trogen-containing |layer to an anbi ent established on

wo b@shagis of an al um num contai ni ng gas to f oPOT/@R2008/001316
al um num and nitrogen-containing first barrier |ayer

Oy, Sai ArjIghahod 68 i:lgpg gll2 whlP%n S5H ARl AR ﬁﬁarg]y%en-containing first

wher ei n salﬁ net a on conprises copper

.wherein fornm ng said nitragen-cont gipi | ayer. . . .
barrief iy B EFUa0n i€ A EARE dRu” s Bl s3fBhising forming said
.. copper oxide into copper nitride, and wherein treating
dielecigi¢ gﬁ)'é&ffﬁﬁsé@ haye Pikgroupnripast at aaurfase thaseafg an
ammoni um (NH3) cont ai ni ng anbient. 3. The nethod of
claim1, wherein said al um num contai ni ng gas
conprises Al (CHs)3. 4. The nethod of claim1, further
conpr i sA RigtHod; Bdmgrisingecond di el ectric barrier |ayer
on said first barrier layer and formng a | owk

gg?b\ﬁﬁﬁl%:acsuﬂ?t}zﬁés hQ\L_Iirhlg?&%?ed%ﬁéx@a@(ﬁ@%%x%%%dﬁt%?k&ﬁcontaining metal

rier“layer. 5. met hod of claim rther
conpri Sr'ﬁg”l nfgé’r'{n”é‘{ﬂga%iélé’c‘:%ikléjy'eﬁ'a%ﬁt!” c material on said
al um nunvand nitrogen-contai’ni’ng first barrier

Iﬁéen.6. .h% nmet hod of claim 1, wherein said al um num )

and g raog@ CHBNPATIAT HyeF OPsYRid) §KRYSE CPRpREreontainIgg Fagfal region

on said dielectric |ayer, and further conprising. .

f or mi ngndabaid ddielegiicr ilayer apyrusing s selé-limitiag Ggagfienugnechanism

at least at a surface thereof. 7. A nethod,

conpr i gerfgrméd mvd ghisagusaarshibstt r at e havi ng f or ned

t her eabove an exposed copper-contai ning netal region

formed in a dielectric layer; and formng a dielectric

barrier layer on said exposed copper-containing netal

regl on.ﬁf&dm%ﬁ"loq g %la%t 7! ‘%ﬂe & salty d?@é&ﬂc %harrier layer comprises
C [ ormed 1n a

self-limting reaction nechani sm per

gaseous .anmbi ent . . 1 . . . .
alumifian and nitrogen, and wherein forming said dielectric barrier layer comprises forming

"

a copper nitride layer on said exposed copper-containing metal region and treating said
copper nitride layer with an aluminum-containing gas, and wherein forming said dielectric
barrier layer further comprises exposing said substrate to an ammonium-containing ambient

after the treatment with said aluminum-containing gas.

9. The method of claim 7, further comprising forming an etch stop layer on said
dielectric barrier layer, forming a second dielectric layer on said etch stop layer and pattern-
ing said second dielectric layer using said etch stop layer, wherein at least said etch stop

layer and said dielectric barrier layer are formed in situ.

10. A semiconductor device, comprising:

a copper-containing region formed in a dielectric layer;
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8. The nmethod of claim7, wherein said dielectric

barrier layer conprises alum num and nitrogen, and
wob@sed4sed or m ng said dielectric barrier |ayerPCT/US2008/001316

conprises formng a copper nitride |layer on said

eXROsRhifARPRItriGe gﬁﬂr nfdilﬂlege&ﬁl sald® ngéﬁr%qtaﬁr{iﬁ?t I.iegﬁ)n and said

Sld copper nitri layer with an a num con

rdd V\ﬂ‘ﬁ |n form ng said dielectric barrier Iayer
furthe IlEARF 196 exposing said substrate to an
amoni um cont ai_ ni ng anbjient after the treatnment with
sd sacwdlﬁwhamcwﬁr%?wwgab@aé saig aluppjpumetifisle layercandi m
7, further conprising formng an etch stop |ayer on
sai mietd] eladformed irbsaid delediagy byer drol ennngetingstecsand] copper-containing
dielectric |ayer on said etch stop | ayer and pattern
i ng sairdgisgcond di el ectric |ayer using said etch stop
| ayer, V\%]erel n at |east said etch stop |l ayer and said
dielectric barrier layer are forned in situ. 10. A
sem conduct or devi ce, conprising: a copper-containing
region forned in a dielectric layer;an al um num
nitride layer formed on said copper-containing region
and said dielectric |layer; a second dielectric |ayer
formed above said alum numnitride |ayer; and a netal
via formed in said dielectric |layer and connecting to
sai d copper-containing region.
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