; qr st uve3e%®% F6TD5@ REPLACEMENT OF Sl LI CON NI TRI DE COPPER BARRI ER W TH A
SELF ALI GNI NG METAL BARRI ER BACKGROUND OF THE | NVENTION (1) FIELD OF THE
I NVENTION This invention relates to a nethod of fabrication used for
sem conductor integrated circuit devices, and nore specifically for
fabricating self-aligned netal barriers by atom c | ayer deposition, ALD,
- capabl e of producing extrenely thin, uniform and conformal netal barrier
filnms, selectively depositing on copper, not on silicon dioxide interlevel
dielectric, in nulti-layer dual danascene trench/via processing. (2) -
- DESCRI PTI ON OF RELATED ART In this section a description of related Prior
Art backgr ouREEHACEMENT { OF | SHICQ JITIREDE [(OPPER2 PARBIER BHITH tA t $RIF -
"Sem conduct or Devi ce Having Metal 1nterconnection Conprising Metal
Silicide And Four Conductive L2NETINi AftTed: RAFRIER 2001 to M kagi
~describes a tantalum barrier |layer for a copper dual damascene
i nterconnect. A sem conductor device has a netal interconnection that
i ncludes an insul ating fil meppeaeRAGHDOOr arEE MHeRAGESPr Substrate. An
interlayer contact hole is fornmed in the insulating film A netal silicide
layer is -1 provided at thenbetkom of tie hmfmyer contact hole. A
first conductive filmconprises a single or a plurality of netal filns
provi ded on the Thisubavenyibhl| nehatles heo i ntrertdldyEe ofC #abattaiobe . udegecond
conductive filmis provided in the interlayer contact hole. A third
conduct i ve §91 mepigopagetasdivhegheted rair ourid detviivesf,i hadamdréhe second
conductive film '.Aﬁ'ﬁ' urth conductive filmis provided on the third
conduct i ve R9GhE PRy gYs ERTF cHARELERFLIRR X 1Rl ek setaldbrabpiers\owi t h
respect to trom gration. .U. S P No. 6,287,965 Bl entitled "Method O
For mi ng I\/la\ta?t%o acygrgb%gi ﬁapﬁ?ﬁgﬁ‘%nLé?é?’ @ﬁ?&gﬁ% &F Rﬁ&ggﬁf'rf‘goﬁﬁﬁ’é?‘ﬁlﬁevi ce
Havi ng The I As rLd I er, .Uppert Lower El ectrode
'OF Capaci t(;dr}{'t'=1 tngr grl'l"té gg%épéﬁ‘%léé%%%@ét% Kang _ebta%fllgpcdgéclz% begggeﬁ'gl%cfﬁ\lb
atonmi c | aydlepdepesngedn! aygpeds RolBimlsbalddreilaYae. iAraRibpgd; of forming
. a netal |ayer having excellent thermal and oxidation resistant..
~char act er i stiedectsiing atomultiayeyeriapos tdmascener evbded/vIhe netal |ayer
includes a reactive netal (A), an elenent (B) for the anorphous conbination
bet ween t h®@rcegserpg-netal (A) and nitrogen (N), and nitrogen (N). The
reactive netal (A) may be titanlum (Ta.), tantalum (Ta), tungsten (W,
zirconium (Zr), hafnium (H ), nolybdenum (Md) or niobium (Nb). The

anor phous conbi nation el e t 8:3 | umi num (Al silicon (Si) or
boron (B). The netal |ayer |sl$gg)rcr@$ %a%FeFﬁQPEF “l‘%?ecti ng pul sed source

gases for the e&ﬁ”%ﬂk§ section a description of related Prior Art

ey

background patents follows.

U.8. Pat. No. 6,274,932 Bl entitled “éemiconductor
Device Having Metal Interconnection Comprising Métal Silicide
And Four Conductive Layer” granted Aug. 14, 2001 to Mikagi
describes a tantalum barrier layer for a copper dual
daméscene interconnect. A semiconductor device has a metal
interconnection that includes an insulating film provided on
a semiconductor substrate. An interlayer contact hole is

‘formed in the insulatihg film. A metal silicide layer is

. -1_



(A, Band N) into a chanber according to atomic |ayer deposition to thereby
alternately stack atom c |ayers. Accordingly, the conposition ratio of a

ni trogen conmpound (AB -N) of the netal |ayer can be desirably adjusted just
by appropriately determ ning the nunber of injection pulses of each source
gas. According to the conposition ratio, a desirable electrical
conductivity and resistance of the netal |ayer can be accurately obtained.
The atomic l'ayers are individually deposited, thereby realizing excellent
step coverage even in a conplex and conpact region. A netal |ayer forned by
atom c | ayer deposition _can be enployed as a barrier nmetal |ayer, a |ower
el ect rode” FRTAIRHAt dibectroddem pfatbeninberlayer chatiast hgle. Rat. No.

6, 284, 646 B . entit l‘fﬁ VB h(%d O Form ng Snoot h Conductive Layers For

| nt egr at ed TFeui TR IS d‘ﬁﬁh?@ﬂpﬁéﬁ‘? 42 SHALT P emlFeediityesfa Ta
barrier |aygly SeRasit atomc Layer_deposition.. The hod for formng
a netal |ayer ng(;r an S? p%ﬁ'gteedc’%i Itgél %T’ﬁ%v?‘%én néc}r][fbéasn. ng a first
conduct i ve ia¥éF1 BfeRdnt=ed 8bed Chl Uibnd l?éﬂ%@é%vewi'ﬁ fQr ?E&Q%?QS .
first conductive layer, a reflection index of the first conductive [ayer is
noni t or ed, amdthideidiemiRlican cohthbe hblsel £OoPEHIE] i dhduiM8Rd Filigr Fnat ed
When the reflection index of the first conductive | ayer reaches a

pr edet er m rexbwidask onihhe Farsitcubadhytitvdefilin sind aitdicisicond ayer can be

an al um num | ayer having a thickness -3 in the range of approximately 500
Angst rons tFPABTRF AR s 2 GosrthaeondlactBve i 1384 sBiprevtidededn” Eheh St op

L F al P " ted Sep. 18, 2001 to S kh et al.
forer i bes SR B A e F LR . aTHAS S SRR Geodse TR FEPROUed
provi des a &aLhon it ?ﬂtﬂt ggt%%{gp_aﬁ%u%f as a di arrﬁo_nd | i ke anmor phous car bon,

having a | ow di el éctric cons eached D HEL 18 of forning a dual
damascene structure. The low k etch stop is preferably deposited between
two dielectric layers and patterned to define the underlying interlevel
contacts/vias. The.seaendNer 6ppen, dss| BLidd @i d1aue "Methbal BRIFE¥REnLhe etch
stop and patterned to define the intralevel interconnects. The entife dual
damascene NMetgl Jeyeirs Usheg Btondd Layer ey =i tSiRire Ginidv @egliebnazaesss Wi ch
first etches the patterned interconnects, then etches the contact/vias past
t he patter ReViQ Fanieg. ThgeMeteh Baver s BedwienMetedt Lageronst Upper
relative tg _a _conventional SiN etch stop, Wich mnimzes the capacitiva

coupl i ng beTndESTd EAESHTEOARt OF cOARREI EPF hegmantipd SR d3nn2B8hetatructure
is then fil /.th.a suitable conductiv terial, such as al um_num or
copper and I%T%\aé:ﬁ r%‘d éselsﬁﬁl%ﬁ%n‘lac i ?r%clﬁénrﬂﬂ‘tc’é'f“pdﬁyﬁ’ﬁ fgposited fayepy;
No. 6,281, 1/ BlhefAhi bhediasehfoPassi val i R q%r.ﬁ Far A Copper
Damascene Structure" graan'g'tead Aulé. 28, 'g%%g&f OJ%%EDG S w% geﬁ):g?rlg%qfe%ap over
a copper dualvidyeseelehi! €hEORAE Cind R5LLESSEH ¥siGHaaEI N @ boron

cont ai ni ng copper region, in a top portion of a copper damascene structure,
are di scl osddrafteristdnscoaiagna bomioiefer i tisad ikOpphoi6d . exposed
regions of the copper damascene structure, fromreactants used for
subsequent Theo@Fessilndapescédatedes carrdretioraeebaila (AR Anpeiaheht o(B)Of

boron ions,_ placed in exposed regions of the copper damascene structure,
after conpl®&th SReormeKPPREE GPledva bicn drfmeenTiibe: sppetivanmetahe(a)

structure i_s fhen_prote d by.the boron ntai ni ng copper region, during
subsequent aﬁé)@é‘ézé:?’ﬁﬁnp?%gédﬁ\{%s{‘lgﬁ%‘*f?%s(c 1 i r%ﬁﬁtbf’ﬁc’@ﬁfi?%, {(&hpl oyed

to insure tes I u rials, as well.as durin '
subsequent b le%r %érgﬁﬂ?*é@, (‘t%} hm, té’%‘grsé%%é‘t éhfs ZHPEE. No.
6,258, 713 REkxgnt nhlradumMeirhpd rE@Iyﬂ:&E:{ﬂn{'g(dea'orDﬁ%ﬁﬁﬁﬂe(ﬁf ucgpre” granted

Jul. 10, 2001 to Yu et al. shows ‘a cap barrier |ayer over. a copper dual
damascene iamoephonsectmbinbtich alidhart Iis) mayebe s1batABe eney a
substrate, and then the first dielectric layer is planarized. The first

di el ect ri c sidyeprni $5&) chedbonor ofB) a Theamedmndegee apefbaged ey i ncl udes a
via opening_and a trench., The via opening exposes a conductive |ayer in the
substrat e. SAYREPALPLE {RIeekiad R a9d sdurceponisegs fandthheelenemtes so

D



-5 that a netallic interconnect and a via are fornmed at the sanme tine. A
cap layer is formed on the netallic |ayer. An additional etching stop |ayer
‘'may formon the cap |ayer and the substrate. A second dielectric |ayer is
formed over the substrate. The second dielectric layer is etched to forma
vi a openi ng that exposes a portion of the cap |layer. SUWARY CE THE

| NVENTI ON An i nproved and new process for fabricating self-aligned netal
barriers by atom c |ayer deposition, ALD, capable of producing extrenely
thin, uniform and conformal netal barrier filmnms, selectively depositing on
copper, not on silicon dioxide interlevel dielectric, in nulti-Ilayer dual
damascene t fendh/and Nir dedosianghag@ber cancordingletd .atoqriesdaley used as a

i nsul ati ng copper. barrier. However, silicon nitride has a relatively high
di el ectric {HRIFHM tatPerehy: 8L reFarely Gtagk mtomicedea¢rRC del ay.
Copper rretalL cpoax[ ier.s of .niobium agd t ant a] um have been deposited by atom c

| ayer deposition onrflgdpﬁg‘re. CRPPRSAFYR™ dEDLLT t?%rf" AT CPTPPHBIDART | er
e o oo By afenasl el naNah SO0DEY cafifhe O SLLLARN HR0E SHLLCD,

el i mnates the need an tnsulatin arrier of sifticonnt

brief sumedpprdgit iy eichbsm@hihferRé ep@ited MY N 1UE+AG %ﬁﬁsa o ef

atom c layer deposition, ALD, for selective depositi'on of NbO or Ta, as a

barrier | aysuch nsdiatasegast. Wackayaifgoto CERP fonBi<l tiWn ird@dol Nad

mul ti-layer dual damascene trench/via process. The ALD techni que produces

extrenely t¢gsirahlid elect<ig8)] endduobiwimlard G sfhianee. olfn taddinetan, ALD

of metal thin filnms has proven to be highly selective for deposition on

copper, and-3RT Sr%siNE AcRugRsRLUecPEakRedt i The |ahpts LRvesseRERi nates t he

.Conventi'onajﬁdiF";.icﬁ_{atlﬁlrt nmet hog gf eeding to deposit an_insulating barrier
M4 E°BIE! “BBppERETRK STHH TG GicRELeRki Ek=Ras

| ayer of siTi¢o

del eteriou ohle j rier lavers, No or T r oduced
by the ALDs_arréla%%f(;d';1 eg%v%%eg%rgzgﬁ ?%%e%{:l?o‘% e hig fn(foﬁ‘dﬂ’?t%ﬁeilﬁgﬁl,
With |over shedd 185 iatomi! YalBANAERBYLHE d:0 lelidgsbarriers, RC
delay i.s further I‘I‘F’?z(‘iduced. I ni’addi %lﬂon, bot hrk:‘linrl1 % ﬁunmpg'rcj&{égntggl %m can be
deposit ed usimg drahied@lplaguisoasSlowenséBddtibd JYGES ubperNa1batsbgss, or
TaCs for Ta barriers. For niobium there is another alternate nethod by
usi ng an aduecussemdtcsinducgeni depiegur sor, Peroxo-Citrat o- Ni obi um conpl ex,
[ NbO(O2) (C6H90~)] 3. These barriers have the advantage of being
sel f-aligned, copper netal barriers. This invention has been summari zed
above and descril{)gd gl%h refer%l%g o the preferred enbodi ments. Sone
processi ng det ail'$ ‘h&¢& -bB8n Bnf Pttt a R MAEIHES SHsshosy PhoEe™=iRry| ed
7

—— Smooth Conductive Layers For Integrated Circuit Devices”

In a

granted Sep. 4, 2001 to Leem describes a Ta barrier layer
deposited by atomic layer deposition. The method for forming
a metal layer for an integrated circuit device includes
forming a first conductive layér on an integrated circuit
substrate. While'fo:ming the first'conductive'layer, a
reflection index of the first conductive layer is monitored,
and the formation of the first condﬁctive layer is terminated
when the reflection index of the first conductive layer

. reaches a predetermined value.'More particularly, the first

conductive layer can be an aluminum layer having a thickness
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in. the 'art.' Mor e details of this invention are stated in the "DESCRI PTI ON

OF THE PREFERRED EMBODI MENTS' section. BRI EF DESCRI PTI ON OF THE DRAW NGS
The obj ect and ot her advantages of this invention are best described in the
preferred enbodi nents Wth reference to the attached draw ngs that include:
Fig. 1, Wiich in cross-sectional representation illustrate the convention,
Pri or Art nmet hod of using a conventional dielectric, SI3N4, and TaN barrier

"~ layers. Figs. 2A - 2D, which in cross-sectional representation illustrate

the nethod of the present invention. DESCRIPTI ON OF THE PREFERRED An

i nproved and new process for fabricating self-aligned netal barriers by

at omi c | aye¥n ddpostariaen ofAebproapabtelyfSQP dihws tagprex theemBI0Y t hi n, uni form
and confaormal metal barrier films, selectively depositing on copper, not on
silicon di AAGETer | evel dielectric, in nmulti-layer dual damascene

trench/via proc co Lirl i resently used as a

i nsul ati ng copp?séoa%rai \%egéi‘ gggll?io%‘?ﬁt(]ﬁdd % g’tPBI LBEVEE| FoRi gh
dielectric il gr h reas d de| ay.
Copper netal bar ra?ders S%hﬁlgg ?q'g%n a %‘?{a%? %upm \#ass/e Ogé'necde% oF %y atom c
layer depositi QfesitiGRENE! Ta%&grhéﬂhlgf@f’siﬁ'aor&usa@ aliall te)‘;ev&gg bagrier
metal is only deposited over copper on silicon dioxi I ch

el i mi nat es The magboObravidesubhatbffoddsed fctsidtdgon shich kdea Referring
~to Fig. |, Which in cross-sectional representation illustrates the

convent i on,d:Rmdird AlikeMemBeghehs UshABoR, qoa[Wﬁn} ipnake digheckkie, Si3N4, and
TaN barrier layers. The substrate 1, in Fig. 1, is a sem conduct or

substrate Viddstagit WaalewheRetNEr £iPhddth P! AY, a&b%% ! h{afnggcéﬂé_u' at or
Su rate I nc

| ayer 2 thereon. Mreover, the seni conductor

- seni conduct ot ey, ee %@uggwgseégﬁh g%ercg)&lfegarbg_ e Eaggl%ogr ce/drain

regions and nul ti pI e |leve net al nection intermet al

dielectric n Iator OSIt dove the first
i nsul at or Iﬂayer eil otc%gri%gfd'g %%To%s?rf darﬁﬁ%t Pn&d 698rt{“ﬁ
i ntermnet al ct. r| C. e e second nsul at | ayer 3. Again Referring
to Fig. 1, "Fh IT?L B‘%é ﬁ‘égeg FALLETT Wasand‘"%ter SFCR™S PXEr FBRFE| s

depi ct ed. 'I;il ST .
. lelectric layer is formed over the etch stop and patterned

to define the intralevel interconnects. The entire dual
damascene structure is then etched in a single selective etch
process which first etches the pdtterned interconnects, then
etches the contact/vias past the patterned etch stop. The
~etch stop has a low dielectric constant relative to a
conventional SiN etch sﬁop, ﬁhich minimizes the capacitive
coupling between édjaéent interconnect lines. The dual
damascene structure is then filled with a suitable conductive
material such as aluminum or copper'and planarized using

chemical mechanical polishing.



acconpl i shed by anisotropically etching the internetal dielectric |ayer,
the second insulator |ayer 3 in exposed photoresist regions, using two
phot or esi st maski ng steps, one for via and one for trench. The formati on of
copper nmetal 6 -9 Fig. 1. Firstly, a metal diffusion barrier layer is
deposited over the internetal dielectric |ayer, the second insulator |ayer
3. This barrier layer is very thin and difficult to illustrate. Next, a
thin copper seed | ayer is deposited over the barrier |layer. These two
af orenenti oned conducting |ayers, barrier and seed | ayer, ternmed "61", are
thin and difficult to illustrate. Next, a thick copper layer is
“el ectrocheni cal 1Y Sl dHadd & -t 0e28dppel Breentitind J swlfPassivekionpper on
"the surface_of the IPA. This excess copper is renoved fromthe surface of
the | MD, astX®FTIure Fote AsSeBPshdDBEAFFRRe B BIG IR I9Frapiteda’iigat 28n usi ng
chem cal ITE?&Wi calsst]_PoI i %hi ng, gl\/P _B¥ using this CVP praocess, the
formation of & f1F SF e 5P8FSc BpPRFTHET af2B TRt SfRReT Ghafli AsRasgereng,
and cont act;yia.l ' I.n ferring to Fig. 1, another
i nt er net al ﬁ%%e%%’%c%qﬁg?gf EQ?%BSA?% ?ﬁlégﬁl?%s%%a o Icf%f/lé:l@b‘?,m?s deposi t ed
over the segsppbs NSY:iIOr ihA%Ckod pBriibf bAYLodpes FmsbapEed W thin the
third insulator layer 7, is a conventional TaN 8 Conductive barrier |ayer.
A second sestmictuenclar®? disdlvsadI3ThE ebd LS REbn i dieRe dippart BegpPeRcEsSes
outlined above, using a fourth insulator |layer 9. Barrier and copper seed
| ayer 91, vessd tiv prodecduerpeeedndedidhs cuf ttheo adppest damasaeaef or med.
. Copper is again formed by electrode plating and pl anari zed by chem cal
nmechani cal POTIEHIRy £Fom repsianhsseeehdfertsBisamandr processdng
i nterconnection |ines, w r'éng, and contact via. In summary of Fig. 1, Prior
Art, the ke@lr‘b%efci’ﬁzsesar EFnRE B9THERnG A tohERIEAt @R rEcbPEED BPRRA, as
an insul ati rrier ' Lth conventional TaN barrier |ayer,
i ncr eased I%%‘%%&g{)ns gﬁfadgﬁgg'gﬂgcé\%r%% cf?%ﬁrcc{;amﬁrsgggﬁt .‘St’fﬁfz%‘frﬁf ong .
Wth these aadit iQndie r aePEAC ' Sthep e [ i sadvant ages
~of Prior Art nmethods. I%g'])‘égr raifnéﬁt %ﬁ%igﬁgl 2A -SPerDrg,e%ve%dh&?llrelmé?ggé?sectional
represent atdannadddneststanetiue Bt BREN Obrd HEHEE RN ttHANBRRbOBon YR £indS an
i mproved nethod for fabricating selfaligned netal barriers by atom c Tayer
- deposi tion,cofider HegisnD derlhod ssbsegadde mfoqusading pgoextinesas| yshsh n,
~uniform and conformal netal barrier filnms, selectively depositing on
copper, in 3 rulfinalafMP axareduntscerrleyedciy VinsuyneocompleRef vendval t 0
“Fig. 2A, whigch in ross-sectignal representation illustrates the first part
of the pres t“q"?ﬁ?é:ﬁtdi BREeThElSubdt ¥Rt A Furimgy subA=apenk: S¥Ri conduct or
substrate w jve device therejn.and provide ith a first insulator
| ayer 22 t egr%c‘)an. Sr’e%\‘?/’t:é'?lf‘:}r Fh% as%&mrbcy‘fducfo’rre%ﬁg%ﬁsate i ncl udes
sem conduct or device structures such as gate el ectrodes and source/drain
regions and nultiple levels of netal interconnections. An internetal
dielectric |ayer.s.MPatsesondei nsa| 21 9rel ausri 34 SiRnolS FIEPPSLhELy Over
~the -11 patterned over the internetal dielectric |layer, the second
insul at or  |Dpdr D3BaskgakensStehetuiray goadtiedl BAA . tlee RoOoAEbOPuoétaafir st
set of via 24 (arrow) and trench 25 (arrow) is depicted. This is
" acconpl i shedrayF anicspt bPapréar| JareThPYRE tthecdnresr duiad] ddinekeenei ¢ | ayer,
t he second jnsul ator |ayer 23 in_exposed photoresist regions, using two
" phot or esi st ARG eSEepd, FoRett Frelretain l¥eT d £remer. ©YRE 2or mati on of
copper metal..2Q _interconnectiopn |ipes {rin and_contact via is sketched
PR g, oAttty SR ERRh e BESse atile 0 aR00: 08 Bl iR SREr 1 he
jntermetal e\ aclt! G:bauBEriENPapSE O JOMUALY JBNCL Aar TS DAL
-“layer is very thin and difficult To ilTustrate and ConsisStS o conducti ve
Ta. Next, agdiimoCepRer ineedabayL vis Sshnsid athdue-bhgnbasrles il ayer.
These two af orenenti oned conducting |ayers, barrier and seed | ayer, terned
"261", are dgeininaneéx@bkbscal tohduitivstYaier iNowhe aubBiekteopmer |ayer is
el ectrochemically plated on the copper seed form ng an excess of copper on
t he surfaceedfaliie kbl foTned tncelss Coppmeningse amvedher brehbkes usd ace of
the LK as well as, the seed and barrier materials, by planarization using
chem cal nechani cal polishing; CVWP. By using this CMP process, the
formation of ‘a : '_5




first set of copper netal 26 interconnection |lines, wiring, and contact via

~is acconplished. -12 Note, that the above nentioned processes forma
first set of copper netal interconnection lines, Wring, and contact vias
is conprised of: a tantalum Ta, barrier |layer, a copper seed |ayer of Cu,
and a plated copper |ayer thereon. Both the Ta barrier |ayer and copper
seed | ayer are deposited by physical vapor deposition, PVD, and the copper
is plated by a conventional electrochem cal plating technique, with
respective thickness being: Ta barrier -layer from50 to 300 Angstrons,
copper seed | ayer approxi mately 1500 Angstrons, and pl ated copper |ayer
appr oxi mat ethatl GO @@ taidstr dnmterdosnbstgamdta Sei0 retkes dlortiedc app eheneiuad
interconnection lines, Wring, and contact vial are formed, described in
Fig. 2D, thedmer & S8 layero ishEofmedt onctheduehd PYad: disaea.- Referring to
Fig. 2B, %#h in cross- ectional representation illustrates the keg
enbodlnent ing, ShCPoR2 ?%|?$¥|§P¥ﬂ1qqnﬁh§v€GPh&PNSH £B

e Lol o Bt o] N e o

Ther ef or e, Aext € Procéss, an ex

-nmetal barrighditdR26%nd %&%L,acaag%xtgfg%a%&d {y ee?:[cg{?gc thd¥8lm a

deposition, ALD, on copper netal , Ina ml amascene

trench/ vi a PidHRSsninhanzeNeepdBbsBt BbrDodd | & gnéln 262 consists of Nb or
Ta metal Note, the self-aligned, copper netal barrier (262) on the first

set (26) ofcawpleyemetal interconnection lines, Wring, and contact vias is
" nmetal, selected fromthe group -13 deposited on the first set (26) of
copper netal interconnection lines, wiring, and contact vias, by atomc
| ayer chem cal vapor epitaxy deposition, in a thickness range between 250
. to 300 Angstrons. The ALD depSSHMARY) QDEHR |IBWVENDNION t enper at ure bet ween
250 to 400 C, and pressure between 0.5 to 1.5 Torr. Referring to Fig. 2C,
whi ch in cross- fttigprsved and new process for fabricating self-aligned
metal barriers by atomic layer deposition, ALD, capable of
producing extremely thin, uniform, and conformal metal
barrier films, selectively depositing on copper, ndt on
silicon dioxide interlevel dielectric, in multi-layer dual
:damascene trench/via processing. Silicon nitride is presently
used as a insulating copper barrier. However, silicon nitride
has a relatively high dielectric constraint, which
deteriorates ICs with increased RC delay. Copper metal
barriers of niobium and tantalum have been deposited by
atomic layer deposition on copper. With high deposition
selectivity, the barrier metal is only deposited over copper,

not on silicon dioxide, which eliminates the need of an

insulating barrier of silicon nitride.



representation illustrates the another key enbodi nent of the present
invention, which is an inproved nmethod for depositing yet another
intermetal dielectric layer, 111, the third insulator |ayer 263 " Si02, is
deposited over the second insulator |ayer 23, and directly over the
conformal netal barrier film262. Note, with high deposition selectivity,
the barrier nmetal 262 is only deposited over copper 26, not on silicon

di oxi de, and thus, elimnates the need of an insulating barrier of silicon
nitride, as is the case for Prior Art nmethods. Note, that the second and
third insulator layers, internetal dielectric |ayers, are conprised of |ow
di el ectric constizne briefi ahmparymtehre diey goiadsc @t tm PEES§RBup conpri sed
of: silicon nitride, Si3N4, silicon oxide,  SiO spin-on glass, S silicon
di oxi de, SiiFeIBEOR ATRntBANARR RF THEELIG JAvah HERPSLEARE - (BFBsiT9%n,

hal ogenated Si O, .-14 fluorina silicate gla E n-doped silicate
gl ass, UsG,® (?rd(%-‘lﬁ'ﬁog‘ﬁﬁng‘ f‘%%t#}g%sos‘? %:’Ség e%égrﬁgge%gyggegﬁeposi ted in
a thickness,J.ange, f tQel Ol r LasWl ahhpg- s are
deposi ted E:S/é var ?101}:%’%%%%%83 %i‘gﬁgg?ﬁqgée%elc@éu}?gmlﬁhg gf‘%ﬁg f'é%‘;!yrr%?i sed

of : pl asma @nphanked sckes ¢abn¥APEia JepNSddd OMThd AMDPeshthguehpsbaates apor
deposition, and spin coating. Referring to Fig. 2D, Wiich in

~ Cross-sect i axiatenteqiyr ¢hént, atthdfioth| (St3%) esnd herffioxmalpdlO08) £hémpr ebent
invention, in a nulti-layer dual damascene trench/via process. A second set
of "trench 288litiomowpIBnefvingtad2thiae rHimarhas puaven e Pepbashhy t he
processes outlined above, usingﬁthe third insul ator |ayer 263. Again,

conduct i ve $RHFIGtEVe o) ARRGSLEHPRS OR eTWPREE e H 1ot gy SERRRCconduct i ve
and difficult to,ill.ustrate are_forne Copper ..s .agai.n for ctrode
?ﬁﬁﬁﬁﬁ f@ﬁuﬁﬁiéﬁg E%%?r%éc his iminat t%e ogggnQXOELf

plating an ni ani cal” pol'Tshing to Torma secbnd

set of coppgf; (Ptgle addnl tSECRQQ%Iz%O@olﬁéFésiéMaH N%sudR¢i agNback: ¥k a.

Note, multilayer copper ring, can De processed in dual danmascene
processi ng Dyyd:paatding doRe ndkey8e 0866 | E8b ¥ QGRS Fillg cBhePESoxliBesummary;

.the key points of the present invention are the use of atomc | ayer
deposi ti on,whidh Hay dedlegeiivesdRpodelawrnpdbMm=0r Shiamceasheabrireiekayer
(262) in Fig. 2D. ALD produces extrenely thin, uniform (< 3% and conformal
-15 layers, Nb or Ta, produced by the ALD method of the present
invention are highly conductive metal, with lower sheet
resistivity than conventional metal nitride barriers, RC
delay is further reduced. In addition, both niobium ox
tantalum can be deposited using halide precursors, consisting
of NbCl; for Nb barriers, or TaCls for Ta barriers. For
niocbium, there is another alternate method by using an
aqueous metal-organic precursor, Peroxo-Citrato-Niobium

complex, [NbO(Og)(Cﬁho7)]3. These barriers have the advantage

of being self-aligned, copper metal barriers.

This invention has been summarized above and described
with reference to the preferred embodiments. Some processing

.details have been omitted and are understood by those skilled




(100% filnms. In addition, ALD.of nmetal thin films has proven to be hi ghly

sel ective for deposition on copper, and not on silicon dioxide, insulating
| ayers. This elimnates the conventional, Prior Art method of needing to
deposit an insulating barrier layer of silicon nitride over copper and
silicon dioxide, Which has deleterious RC delay problens. Since the barrier
| ayers, Nb or Ta, produced by the ALD nethod of the present invention are
hi ghly conductive netal, with | ower sheet resistivity than conventi onal
metal nitride barriers, RC delay is further reduced. In addition, both
~niobiumor tantalum can be deposited using halide precursors, conprised of:
NbCl s for No bdre isgrts, MoreTdEksilsrof atlvhs rireventilegr agieolbitatmedt her the s

-~ another alternate nethod by using an aqueous netal -organic precursor,

Per oxo- G t r RENGEIRTHAN: S p FER, P (RPRIMBNTS " Peefdobarri ers have the
~advant age of being self-aligned, copper netal barriers. Wile the invention
has been particularly shown and described Wth reference to the preferred

enbodi ments thereof, it will be understood by those skilled in the art that
various changes in formand details nmay be nade w thout departing fromthe
spirit and scope of the invention. What is claimed is: 1. A nmethod for

fabricating self-aligned, copper netal barriers, in a dual damascene

mul ti-layer copper Wring process, the nmethod conprising the follow ng
steps: (a) providing a sem conductor substrate having a first insulator

| ayer thereon; (b) form ng a second insulator |ayer, an internetal
dielectric layer, over said first insulator layer; (c) formng a first set
of trench and vi a openi nGRIEY PHSFRIEBESAYN PHSTHRAIRRAFINAS ; (d) forming a
first set of copper netal interconnection |ines, mﬁnin%@eand contact vias

filling said first® SGABA 8FBSTi 2 6PRMFRS °F SHPiSe FRVERFEPY 8EBosi t ed
by atom ¢ '}?é@i cgeesoc%%.ib%aidlognatﬁgl LzakLoneg. Oé’cPie:{%rE%t z%‘\rlit?lal:trgi‘fgg: QN sgLd
nmet a

> enc o. )
first set o copper I nterconnecti on I nes, rrng, an contact Vi as;

- (F) form nouge tAdbrdes Wrah@hgha¥Rhe 2RQiAEL. internetal dielectric layer,
over said second insulator |ayer; (g) formng a second set of trench and
via openings in said third insulator layer; (h) formng a second set of
copper netal interconnection lines, wiring, and contact vias filling said
second set trendiand,vivhicheinnngsesthssctomEetrapreskatatisnng dual
damascene, the nulti-|ayer copper Wring process.

illustrate the convention, Prior Art method of using a

conventional dielectric, 8isN,, and TaN barrier layvyers.

Figs. 2A - 2D, which in cross-—-sectional representation

illustrate the method of the preSent invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
An improved and new process for fabricating self-aligned
. metal barriers by atomic layer deposition, ALD, capable of
producing extremely thin, uniform, and conformal metal
barrier films, selectively depositing on copper, not on
silicon dioxide interlevel dielectric, in multi-layer dual

damascene trench/via processing. Silicon nitride is presently



2. The method of -claim 1, Wierein said senm conductor substrate includes
sem conduct or device structures such as gate el ectrodes and source/drain
regions. 3. The method of claim1, Werein said sem conductor substrate

i ncl udes sem conductor device structures such as gate el ectrodes,
source/drain regions and nultiple levels of netal interconnections. 4. The
met hod of claim 1, Werein said second and third insul ator |ayers,
intermetal dielectric layers, are a low dielectric constant material or
materials selected fromthe group conprised of: silicon nitride, Si 3N,
silicon oxide, SiO spin-on glass, SOG silicon dioxide, Si02, PE plasna
enhanced TEGHA4 tast rasnisolpdingnecppposharuier hHogemat,e¢i3iiGonf hybridat ed
silicate glass, FSG un-doped silicate glass, USG boro phosph03| licate
gl ass, BPSGasg P FlHtaReds hF-&Hg@F?—%ﬁFQ%O“?WWIAH@éF ns, deposited

by a nethod, sel ected fr mthe ou IS d | asma enh ed chem cal
vgpor deposTTFUH-CTTH %&’TSUF‘E ﬁﬁ%ﬁﬁf a%% glcﬁpé’r‘? ga pi n coati ng.

-18 5. The, meihod oF ;Glgl Eﬁ:\/\?n}ﬁh%éﬁ il dd e ANML32GQ0G Egt of copper

met al . i nt erconnecti on Ilnes contact vias rs conp ed of

tantal um Tagokat NiRferd Ak fi68PBRT éﬁﬁéx' ayetn Highla @ aiBhated copper
| ayer thereon? V\/neret()ay bo?ﬁstlhé Ta barri'er | ayer anc?qéogggr J's<Ja'ed | ayer are

deposi ted byepdwsiwiady ,vaper bdeptskt ne@Bal PV, otlifl ddiesGd@cbves pbpped, by an
el ectrochem cal plating technique, with respective thickness of: Ta barrier
| ayer fromist ter Fi0iAeys tdiomddec ophéch sebinizyers dier oveiedaoél wnl500
Angstronms, and pl ated copper |ayer approximtely 10000 Angstrons. 6. The
met hod of ci%$ E&Ltl%é?aérﬁ-eﬁfhé’fséF-F-lﬁPPg%’EFl%-pper rret al barrier on the
first set of copper netal .inter conneﬂ%ﬁ | i nes, contact vias

d
is metal, select F9m e §it8upieo e?:F‘o‘Frcfﬁ%'tﬁ “Nﬁ‘q and tantal um
.Ta’ and is g}%ﬁ&%éﬁ’@é&l#{? Bﬂﬁ.luts%gaggst Qﬁef&gé&er?@:{onm E‘.;r%%pce qe}nglthod

I nt erconnecti I hes
of using a convent10nal dielectric, SisN;, and TaN barrier

layers. The substrate 1, in Fig. 1, is a semiconductor
substrate with active device therein and provided with a
first insulator layer 2 thereon. beeover, the semiconductor
substrate includes semiconductor device structures such as
gate electrodes and source/drain regions and multiple levels
§f metal interconnections. An intermetal dielectric layer,
IMD, second insulator layer 3 is deposited over the first

- insulator layer 2. Photo resist is deposited and patterned
over the intermetal dielectric layer, the second insulator
"layer 3. Again Referring to Fig. 1, the formation of a via 4
(arrow) and trench 5 (arrow) is depicted. This is

. accomplished by anisotropically'etching the intermetal
dielectric layer, the second insulator layer 3 in exposed
photoresist regions, using two photéresist masking steps, one

for via and one for trench. The formation of copper metal 6



and contact vias, by atomic |ayer chemnical vapor epitaxy deposition, in a
t hi ckness range. bet ween 250 to 300 Angstronms, with deposition conditions:
tenperature between 250 to 400 C, pressure between 0.5 to |.5 Torr. -19

7. The nmethod of claim11, wherein said copper netal barrier on said first
set of copper netal interconnection |lines, wiring, and contact vias is
selfaligned and sel ectively deposited by atom c | ayer deposition using
precursors selected fromthe group conprised of: halide precursors, NoC s
for Nb barriers, TaCs for Ta barriers, and for niobi um aqueous

met al organi ¢ precursor, Peroxo-Ci trato-N obium conplex, [Nb0 (QZ) (C6H40-~)
] 3. 8. Theineedwhnsictdloni AinesWhwivingsaded féostacindrisedsndkeerhefl topper
metal interconnection |ines, wring, and contact vias are formed by plating

copper on a&tbppler EhetF iy &r memlcﬂlféu%ora harries lagpar igndeppat ted
copper is Ianar ed C chani c ol ighin 9.. The rret hod of
cl g:om 1I V@%‘feeﬁ I Zal q%lﬁ.’ﬂmte%gl]l gé?gg‘dgﬁé"? %¥$’ﬁ’gl I %"(?(Pé’sé'gﬁullﬁ 8% dual
d b hod f

amescene pi@,gﬁs% wfs%%&e&grsas S ( %am L4 4%1 gﬁcu HELhed for

fabricatin al i'gned, copper taI in a dual

- damascene Midé@éﬁ{e CoRpa, W rhif BEPEESSsedd O SRINGE i $eRJot-Ee
foll ow ng steps: (a) providing a sem conductor substrate having a first

i nsul at or | giyerbdheicanlayeh). Thesbngwa s£6H&tkn tisdiarl Gonldayeingan
internetal dielectric layer, over said first insulator layer; (c) formng a
first set olayemsmclpamrdier andperrdgdayer saterest Oril’i nswleattdinl apdr; (d)
formng a first set of copper netal interconnection lines, wring, and

contact vi a&i§51943{y té’alld-lﬁsﬁﬁ%et Nexbnch Hheck | IPRRRENILAgST (L6)
TeLal barr SISO A Sy TaaeR BBOBER SERRAE RS CSNCR o PEABSS.
Fhi 1o neul 3 o Tager ™ She: AerEreioefotl BHE] s d Boflask cokbly 4y ©
second i nsut&hdfed BRm the surface of the IMD, as well as, the seed and
| barrier materials, by planarization using chemical mechanical
polishing, CMP. By using this CMP process, the formation of a

first set of copper metal 6 interconnection lines, wiring,

and contact via is accomplished.

Again, referring to Fig. 1, another intermetal
dielectric layer, IMD, the third insulator layer 7, is
deposited over_the second insulator layer 3, a thin layer of
SiszNs. Formed within the third insulator layer 7, is a
conventional TaN 8 conductive barrier layer. A second set of
trench 92 and via 93 are formed, by repeating the processes
outlined above, using a fourth insulator layer 9._Barrier and
copper seed layer %1, very thin, conductive and difficult to
iliustrate are formed. Copper is.again formed by electrode

plating and planérized by chemical mechanical polishing to

-10-



(g) formng a second set of trench and via openings in said third insul ator
| ayer; (h) formng a second set of copper netal interconnection |ines,

- Wring, and contact vias filling said second set trench and via openi ngs,
t hus conpl eting usi ng dual damascene, the multi-Ilayer copper Wring
process. 11. The nethod of claim 10, wherein said sem conductor substrate
i ncl udes seni conduct or device -21 structures such as gate el ectrodes and
source/drain regions. 12. The method of claim 10, wherein said

sem conduct or substrate includes sem conductor device structures such as
gate el ectrodes, source/drain regions and multiple |l evels of netal

i nt er connecfemmsa sEorifheeteliiodopber| meball 84 \Ardregiarnsmictisec dmdeand t hird
insulator layers, internmetal dielectric layers, are a |low dielectric

const ant ne¥¥EFing, GRhwoRtEsts viel eEP cFUFRRFN tHe Bfroup c EFpPEsBYtof the
~silicon nitride, Si.3N9, silicop oxide, SiQ _spin-on_glass, SOG silicon

Gl oxt o, SITRY BEARNAES SRREBY SRERE <t T AR R egBRte, ¢ o

hal ogenat ed_ Si f ri.nate ilic SS SG,...Un- e i.Licat | ass,
USG boro p%os%hoj’sr%#ﬁ'&#tl g‘gg?:g ??EB%%‘%%’ anf{ﬂl Ig'nlle%s%%%ﬁ%gif' P S%nilz 6% to
10000 Angsty0ns: edeRRRt ed nk¥ea sBB REAL SRL 66480k S0 M1RE 0 bR rCoAPERL S €d
of : plasma enhanced chem cal vapor deposition, |ow pressure chem cal wvapor
deposi ti on, r@ng pidernatihig., idongheiort BskofaddaiivnkQ, Wherai n said
first and second set of -copper netal interconnection lines, Wring, and
contact vi gerecesony isdegsof are that primg disadeantsged afePriarxcBpper seed
layer of Cu, and a 22 pl at ed copper |ayer thereon, whereby both the Ta
barrier | ay®ethefs copper seed | ayer are deposited by physical vapor

deposi tion, PAD, and the copper is plated by an el ectrochem cal plating
techni que, Wth respective thickness of: Ta barrier layer from50 to 300
Angstrons, copp | ayer roxipmately 1500 Angstrons, and plated
copper | ayer apgéeo%erﬁra ngai(}:olggg%'Agést r(E;IIJrWIs:‘“]ﬂiJS‘:.ql 'IJhIg crfectsﬁsoéegftl(? glim 10,
Wierein the goldalioned 1GARR-aFR! fhe DALERSE OO {1 drdsshtset of copper
metal interconnection lines, wiring, and contact vias'is netal, selected
fromthe grospesigd,) SRAH ik QR WRbrdbed afdticdt fdtBablkd caditgl Self-
selectively deposited on the first set of copper netal interconnection

i nes, Wrialjgeel nertladtarviiass by atomic layer ddpersiddlonyapdb.ehéeaxy
deposition, in a thickness range between 250 to 300 Angstrons, wth

deposi ti on &Ehdrethnts i aspabdeuré predeehn sExtrenpdky ¢his,espdforbet ween
0.5 to 1.5 Torr. 16. The nethod of claim 10, wherein said copper netal
barrier on 2FFIHTETe et ppeiehet 2™ nt 3¢ HHSGE Yo FPPFEEINgi PRNg,
and cont actcgi aésri sinseal fm%llitquﬁd %nd aeiegti vseé nede,tproeslictrl%gd by atom c | ayer
deposi tion us?%g precur sors sef‘gcfeg frofttie group Co rised 8FT5Ral i de
precursors, NoC5 for Nbo barriers, .

Referring to Fig. 2A, which in cross-sectional
representation illustrates the first part of the present
invention. The substrate 21, in Fig. 2A, is a semiconductor

' substrate with active device the:ein apd provided with a
first.insulator layer 22 thereon. Moreover, the semiconductor
substrate includes semiconductor device structures such as
gate electrodes and source/drain regions and multiple levels
of metal interconnections. An intermetal dielectric layerxr,

iMD, second insulator_iayer 23, 810, is deposited over the

-11- ¢



TaCls for Ta barriers, and for ni-obium aqueous netal organi c precursor,
Per oxo- G trat o- Ni obi um conpl ex, [NbO(O2) (C6H407) 13 17. The met hod of
claim 10, wherein said first and second set of copper netal interconnection
I'ines, wiring, and contact vias are fornmed by plating copper on a copper
seed layer, which is on a barrier |ayer and plated copper is planarized by
chem cal nechani cal polishing. 18. The nethod of claim 10, wherein said
multilayer copper wiring, is processed in a dual damascene process by
repeating steps (b) through (h). 19. A nethod for fabricating self-aligned,
copper nmetal barriers of Nb or Ta, in a dual damascene nultilayer copper

W ring procEssst tinsuilstivod leyepr R8i. nBhohe fadiomiing diepstedhngrovi ding a
sem conductor substrate having a first insulator layer thereon; (b) formng
a second i rRyttaned fyar the Antermetal dielectric Javew, thecsesand first

i nsul at or IQ%er'_ééé forni%% a_first set of trench and via_openings in said
second i nsulBTHI2 YR PYS 45 - PEFIPOFRFRTELRY i Y tFikt 2B dBgpéPrRatarn

i nterconnectio j e L ._a ontact vias fill.i said first set
trench and {)/# aglo%iefrhq%gss?\;% e q’g'gll ggt i?%f?/w;de%%%i?;éed"%&r% JREEF Ay &F

depositi on gepfdfed ingnad :isCQEEgﬁLpﬁgﬁédb@fréﬁs&}o}ﬂ!&lflg e cffhgOtngoPPEr
netal interconnection lines, wring, and contact vias consisting 3f -a | ayer
of Nb or Taintiintgdl etisetsiselagbed thondimddrolmIcars 3hiag o8 halide
precursors, and aqueous netal -organic precursors; (f) formng a third

i nsul at or |eyersedmiidteresisér megabnd| cheiig i twd Plertor@sdistSahdksagond

i nsul ator |ayer; (g) formng a second set of trench and via openings in
said third ¥ atBe EayFevia ppdf onfi fior atxeneind Vet fokrmedpper ofiet al

i nterconnection |lin s,\g ring, and contact vias filling said second set
trench and ?ﬁ%%rpé‘fﬁ%ﬁd's i h&gtEBHﬁPﬁ??W%s}Wﬁuﬁu‘dﬂ%sé‘@ﬁe?"?ﬁéct

mul ti-Iayer ner_\W,r i ocess. ,20. . The thod aof .claim 19, Werein said
seni cohdu'ct‘{)fgglu sstk\r%'jtég%%ngﬁu ég's%%n' conaueter H&A &F?EFEIPES such as
gate e'eCtrEKE%&éE“i&?@%rQQ/géﬁbgited_over the intermetal dielectric

layer, the second insulator layer 23. This barrier layer is
very thin and difficult to illustrate and consists of
conductive Ta. Next, a.thin'copper seed layer is deposited
over the barrier layer. These two aforementioned conducting
layers, barrier and seed layer, termed “2617”, are thin and
difficult to illustrate. Next, a thick copper layer is
electrochemically plated on the copper seed forming an excess
of copper on the surface of the IMD. This excess copper is
removed from the surface.of the IMD, as well as,'the seed and
barrier materials, by planarization using ghemical mechaniéal
polishing, CMP. By using this CMP process, the formation of a
first set of copper metal 26 interconnection lines, wiring,

and contact via is accomplished.

-12-



regi ons. 21. The met hod of claim 19, V\herel n said sem conductor substrate
i ncl udes sem conductor device -25  structures such as gate el ectrodes,
source/drain regions and nultiple | evels of metal interconnections. 22. The
met hod of claim 19, wherein said second and third insul ator |ayers,
internetal dielectric layers, are a low dielectric constant material or
materials selected fromthe group conprised of: silicon nitride, Si 3N9,
silicon oxide, SiO spin-on glass, SOG silicon dioxide, Si02, PE plasm
enhanced TEGS, tetraethoxysilane deposition, hal ogenated Si O, fluorinated
-silicate glass, FSG un-doped silicate glass, USG boro phosphosilicate
gl ass, BPSG in Netehi &h?és@raaﬁge‘fﬁrw%%e@cpxlmeméﬁmo#sflaepoa t ed

by a nethod selected fromth grou r| sed of: plasnma enhanced chem cal
vapor.. depos‘T’?‘i"o "'1‘°6Wep"r é‘?&?ﬁ 8ﬁ§ 8%1‘ 9513%‘? i 43" 9andEpi n coati ng.

23, The ot etk ol. iAo coisieln 38 Cal LLsl, AD, 960090 S6L,00 Jggpper

net al |nterconnect| on g, and™ cONt act Vi as i conmpriSedof: a
tantalum Tg, opper e copper
| ayer ther e%n?éi\?;\%éeﬂr g%)%dgg% etrﬁg%TgHba‘-Fur'itleeé?‘~J %%gérd génoa:gégp%e%r egeghg%gggf are
deposi ted BothySicala rapaicdepageti aid EdfpernsbddafseBP kel epbat edaby an
el ectrochem cal plating technique, wth respective -26 t hi ckness of: Ta
barrier |ayey phypmmdsl tvapsd0dapgstitons, BUppeindedt: |mmpperagpsr otatadel y
1500 Angstroms, and pl at ed copper | ayer approxi mately 10000 Angstrons. 24.

The net hod BY %I%ﬁ#ﬁ%w\m&r Lrctrechenical i n%dmwémll@ﬁal whihrier on
the first set of COL“"F i pterconnection lines, wirin and cont act
vias is metEFSPRRRe sr”’hBe@PgupTﬁohi’J’F’F’s%’ﬂ IvsT (?di°&'m5°N5° afa
tantalum T, n ivel gsited ont e fir copper met al
i nter connec%%&’ldcl’ré\sz’s nﬁ',g‘e}i gggont as %]37 oM ?nfggﬁe heni cal

vapor ep'ta&%(dcl?.@:%é laagypewla Ehi Qisaféﬁ m\xé%f& 8308
errpera ure bet

Angstrons, with deposition con |t| ons: en 258 to 400 C

pressure befwwodqibift tsacbnd ekl o£280pdde m@EA00 e rdindctionienhesn sai d
hopper netal barrier on said first set of copper netal interconnection

i nes, Wriwggimgnd ssshicanttaritasins seéf Abigedd duwbrsidesttiny @iy .depesi ted by
atom c | ayer deposition using precursors selected fromthe group conprised
of : hal i de Prakrzorsimifag $of gheNbibakr set sdesgadbed @bove .barriers, and

for niobi um aqueous netal organi ¢ precursor, . Peroxo-Citrato-N obium corrpl ex,
~Nbo ~~2~  26. FRTETRIAFod o 16 r B/ afBiSR i PERRS eqtaemel wir i ng and

ol i ahi ng. Sy e R &S8R BB AR it oY, e P B i o
formed by pi@&émarawmcwl@hahslaaravganaéa{oa £l %ﬂ&%@ﬁl& ghepical
aligned metal barriers by atomic layer deposition, ALD.
Therefore, next in the process, an extremely thin, uniform,
_and conformal metal barrier f£ilm 262, is selectively
deposited by atomic layer deposition, ALD, on copper metal
26, in a multi-layer dual damascene tfench/via process. The

conformal metal barrier f£ilm 262 consists of Nb or Ta metal
Note, the self-aligned, copper metal barrier {262) on

the first set (26) of copper metal interconnection lines,

wiring, and contact vias is metal, selected from the group

-13-



27. The method of claim 19, wherein said nultilayer copper wiring, is
~processed in a dual danascene process by repeating steps (b) through (h).
28 . ACU. Al . A8. AU. AQ . A8 . A A8 . A8 .A(.A8 .A(.A8.A(.AU .AU A#..A qv
AU AUC. A(y. AU . Alv /. AY .A68v . A . A# y.Av y48:=. 145 C I I (I pp4d
PPON?8p??| <| ?2<???=77?7?<| ?<??| x>| <???| | | >>>?~8| 8p>Xxppx????~| p<>8px8XXppx?| pp
X888<x~p<pp8p~?px@ x80p<8x88pxp8p?px<<8p<8x8?pxp8ppp88<8p8x<pxp8xxpx<88" p<8
X<YyX>XX8| >~| ???<<8p| <888px>x| | x??

@D @@ &I %yj[L $( N+SHED8V6BEEDr EZ@ qVADAGY) QdQE. IBBLDS 9! * PBS1

comprised of niobium, Nb, and tantalum, Ta, selectively
‘deposited on the first set (26) of copper metal
interconnection lines, wiring, and contact vias, by atomic
layer chemical vapor epitaxy deposition, in a thickness range
between 250 to 300 Angstroms. The ALD deposition conditions
are: temperature between 250 to 400 °C, and pressure between

0.5 to 1.5 Torr.

Referring to Fig. 2C, which in cross-sectional
repregsentation illustrates the another key embodiment of the
present invention, which is an improved method for depositing
yet another intermetal dielectric layer, IMD, the third
insulator layer 263,, 8i0;, is deposited over the second
insulator layer 23, and directly over the conformal metal
barrier film 262. Note, with high deposition selectivity, the
barrier metal 262 is only deposited over copper 26, not on
silicon dioxide, and thus, eliminates the need of én.
‘insulating barrier of silicon nitride, as is the case for

Prioxr Art methods.

Note, that the second and third insulator layers,
intermetal dielectrié layeré, are comprised of low dielectric
constant material or materials selected from the group
compriéed of: silicon nitride, SisN,, silicon oxide, 8iO,
spin~on glass, SOG, silicon dioxide, $iO,, PE plasma enhaﬁced

TEQS, tetraethoxysilane deposition, halogenated SiO,

-14-
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interconnection lines, wiring, and contact via. Note, multi-

layer copper wiring, can be processed in dual damascene

Processing by repeating the above described processing steps.

In summary, the key points of the present invention are
the use of atomic layer deposition, ALD, for selective
deposition of Nb or Ta, as barrier layer (262) in ¥ig. 2D.

. ALD produces extremely thin, uniform (< 3%) and conformal
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to be highly selective for deposition on copper, and not on

gilicon dioxide, insulating layers. This eliminates the
conventional, Pricor Art method of needing to depeosit an
'insulating barrier layer of silicon nitride over copper and
.silicon dioxide, which has deleterious RC delay problems.
Since the barrier layers, Nb or Ta, produced by the ALD
method. of the present invention are highly conducfive metal,
with lower sheet resistivity than conventional metal nitride
barriers, RC delay is further reduced. In addition, both
niobium or tantalum can be deposited using halide precursors,
comprised of: NbCl; for Nb barriers, or TaCls for Ta
barriers._For niobium, there is another alternate method by
using an aqueous metal-organic precursor, Peroxo-Citrato-
Nicbhium complex, [Nbo(oz)(C¢h67)]3. These barriers have the

advantage of being self-aligned, copper metal barriers.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by thoée skilled in.the art
that wvarious changes in fqrm and details may be made without

departing from the spirit and scope of the invention.
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What is claimed is:

1. A method for fabricating self-aligned, copper
metal barriers, in a dual damascene multi-layer copper
wiring process, the method comprising the following
steps: |
(a) providing a semiconductor substrate having a
first insulator layer thereon;

(b) forming a second insulator layer, an intermetal
dielectric layer, over said first insulator layer;

(c) forming a first set of trench and via openings in
said second insulator layer;

(d). forming a first set of copper metal interconnection
lines, wiring, and contact vias filling said first set
trench and via openings;

{e) _selectively deposited by atomic layer deposition a
self-aligned, copper metal barrier on said first set of
copper metal interconnection lines, wiring, and contact
#ias;

(f) forming a third insulator layer, another intermetal
dielectric layer, over sai@_second insulator layer;

(g) forming a second set of trench and via openings in
said third insulator layer}

(h) forming a second set of copper metal
interconnection lines, wiring, and contact vias filling

said second set trench and via openings, thus completing
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using dual damascene, the multi-layer copper wiring

process,

2. The method of claim 1, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source/drain

regions.

3. The method of claim 1, wherein said
semiconducto: substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

4. The method of claim 1, wherein said second and
third insulator layers, intermetal dielectric layers,
are a low dielectric constant material or materials
éelected from the group comprised of: silicon nitride,
8isN,, silicon oxide, S8iO, spin-on glass, S0OG, silicon
dioxide, SiO;, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated SiO,
fluorinated silicaﬁe glass, FSG, un-doped silicate
glass, USG, boro phosphosilicate glass, BPSG, in a
thickness range from 2000 to 10000 Angstroms, deposited
by a method selected from the group comprised of:
plasma enhanced chemical vapor déposition, low pressure

chemical vapor deposition, and spin coating.
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5. The method of claim 1, wherein said
first and second set of copper metal interconnection
lines, wiring, and contact vias is comprised of: a
_ tantalum, Ta, bar;ier layer, a copper seed layer of Cu,
and a plated copper layer thereon, whereby both the Ta
barrier layer and copper seed layer are depésited by
pPhysical vapor deposition, PVD, and the copper is plated
by an electrochemical pléting’technique, with respective
thickness of: Ta barrier layer from 50 to 300 Angstroms,
copper seed layer approximately 1500 Angstroms, and

plated copper layer approximately 10000 Angstroms.

6. The method of claim 1, wherein the self-
aligned, copper metal barrier on the first set of copper
metal interconnection lines, wiring, and contact vias is
metal, selected from the group comprised of nicbium, Wb,
and tantalum, Ta, and is selectively deposited on the
first set of copper metal interconnection lines, wiring,
and contact fias, by atomic layer chemical vapor epitaxy
deposition, in a thickness range betwéen 250 to 300
Angstroms, with deposition conditions: temperature
‘between 250 to 400 °C, pressure between 0.5 to 1.5

Torr.
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7. The method of claim 1, wherein said copper

- metal barrier on said first set of copper metal

_ interconnection lines, wiring, and contact vias is gelf-
aligned and selectively deposited by atomic layer.
deﬁosition using precursoré selected from the group
comprised of: halide precursors, NbCls; for Nb barriers,
TaCls for Ta barriers, and for nicbhbium agqueous metal-
organic precursor, Peroxo-Citrato-Nicbium complex,

[NbO (0,) (CgH,07) 1°.

8. The method of claim 1, wherein said
first and second set of copper metal interconnection
lines, wiring, and contact vias are formed by plating
copper on a copper seed layer, which is on a barrier
layer and plated copper is planarized by chemical

mechanical polishing.

9. The method of claim 1, wherein said multi-layer
copper wiring, is processed in a dual damascene process

by repeating steps (b) through (h).

10. A method for fabricating self-aligned, copper
metal barriers of Nb or Ta, in a dual damascene multi-
layer copper wiring process, the method comprising the

following steps:
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{(a) providing a semiconductor substrate having a
first insulator lafer thereon;
(b) forming a second-insulator layer, an intermetal
dielectric layer, over said first insulator layer;
{c) forming a first set of trench and via openings in
said second insulator layer;
(d) forming a first set of copper metal interconngction
lines, wirihg, and contact vias filling said first set
- trench and via openings;
(e} selectively deposited by atomic léyer deposition a
self—aligned, copper metal barrier oﬁ gaid first set of
copper metal interconnection lines, wiring, and contact
vias consisting of a layer of Nb or Ta;
(f) forming a third insulator layer, another intermetal
dielectric layer, over said second insulator layer;
(g) forming a second set of trench and via openings in
said third insulator layer;
(h) forming a second set of copper metal
interconnection lines, wiring, and contact vias filling
said second set trench and via openings, thus completing
~using dual damascene, the multi-layer copper wiring

progcess.

11. The method of claim 10, wherein said

semiconductor substrate includes semiconductor device
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structures such as gate electrodes and source/drain

regions.

12. The method of claim 10, wherein said
semiconductor substrate includes semiconductor device
structuies such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

12. The method of claim 10, wherein said second
and third insulator layers, intermetal dielectric
layers, aie a low dielectric constant material or
materials selected from the group comprised of: silicon
nitride, Si3N,;, silicon oxide, Si0, spin-on glass, S0G,
silicon dioxide, Si0O,, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated SioO,
fluorinated silicate glass, FSG, un-doped silicate
glass, USG, boro phosphosilicate glass, BPSG, in a
thickness range from 2000 to 10000 Angstroms, deposited
by a method selected from the group comprised of:
Plasma enhanced chemical vapor deposition, low pressure

chemical vapor deposition, and spin coating.

14. The method of claim 10, wherein said first and
second set of copper metal interconnection lines,
wiring, and contact vias is comprised of: a tantalum,

Ta, barrier_laYer, a copper seed 1ayér of Cu, and a
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. plated copper layer thereon, whereby both the fa barrier
layer and copper seed layer are deposited by physical
vapor deposition, PVD, and the copper is plated by an
electrochemical plating technique, with respective

.thickness of: Ta barrier layer from 50 to 300 Angstroms,
copper seed layer approximately 1500 Angstroms, and

rlated copper layer approximately 10000 Angstroms.

15. The method of claim 10, wherein the self-
aligned, copper metal barrier on the first set of copper
metal interconnection linés, wiring, and contact vias is
metal, selected from the group compriséd of nicbium, Nb,
and tantalum, Ta, énd is selectively deposited on the
first set of copper metal interconnection lines, wiring,
and.contact vias, by atomic layer chemical vapor epitaxy
deposition, in a thickﬁess range between 250 to 300
Angstroms, with deposition conditions: temperature
between 250 to 400 °%c, pressure between 0.5 to 1.5

Torr.

16. The method of claim 10,-wherein said copper
metal barrier on said first set of copper metal
interconnection_lihes, wiring, and contact viaé is self-
aligned and selectively deposited by atomic layer
deposition using precursors selected from the group

comprised of: halide predursors, NbCls for Nb barriers,
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TaCls for Ta barriers, and for niobium agueocus metal-
organic precursor, Peroxo-Citrato-Niobium complex,
[NbO (0z) {CeH,07) 1°

17. The method of claim 10, wherein said
first and second set of copper metal interconnection
lines, wiring, and contact vias are formed by plating
coppér on é copper seed layer, which is on a barrier
layer and plated copper is planarized by chemical

mechanical polishing.

18. The method of claim 10, wherein said multi-
layer copper wiring, is processed in a dual damascene

process by repeating steps (b) through (h).

19. A method for fabricating self-aligned, copper
metal barriers of Nb or Ta, in a dual damascene multi-
‘layer copper wiring process, the method comprising the
following steps:

(a) providing a semiconductor substrate having a
r.first insulator layer thereon;

{b) foﬁming a second insulator layer, an intermetal
"dielectric layer, over said first insulator layex:;

(¢} forming a first éet of trench and via openings in

said second insulator layer;
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{d) forming a first set of copper metal interconnection
'iines, wiring, and contact vias filling said first set
trench and via openings;

(e) selectively deposited by atomic layer deposition a
self—aligned, copper metal barrier on said first set of
copper metal interconnection lines, wiring, and contact
vias consisting of a layer of Nb or Ta, using precursors
_ selectéd from the group consisting of halide precursors,
and aqueous metal-organic precursors;

(f) forming a third insulator layer, another intermetal
dielectric layer, over said second insulator layer;

(g) forming a second set of trench and via openings in
said third insulator layer:;

(h) forming a second set of copper metal
interconnection lines, wiring, and contact vias filling

said second set trench and via openings, thus completing
using dual damascene, the multi-layer copper wiring

process.

20, The method of claim 19, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source/drain

regions.

21. The method of claim 19, wherein said

semiconductor substrate includes semiconducteor device
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‘structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

22. The method of claim 19, wherein said second
and third insulator layers, intermetal dielectric
layers, are a low dielectric constant material or
materials selected from the group comprised of: silicon
nitride, Si3N,, silicon oxide, SiO, spin-on glass, SOG,

silicon dioxide, Si0Q;, PE plasma enhanced TEQS,

. tetraethoxysilane deposition, halogenated S§ioO,
fluorinated silicate glass, FSG, un-doped silicate
glass, USG, boro phosphosilicate glass, BPSG, in a
thickness range from 2000 to 10000 Angstroms, deposited
by a method selected from the group comprised of:

plasma enhanced chemical vapor deposition, low pressure

chemical vapor deposition, and spin coating.

23. . The method of claim 19, wherein said first and
second set of copper metal interconnection lines,
wiring, and contact vias is comprised of: a tantalum,
Ta, barrier layer, a copper seed layer of Cu, and a
plated copper layer thereon, whereby both the Ta barrier
layer and copper seed layer are deposited by physical
vapor deposition, PVD, and the copper is plated by an

electrochemiéal plating technique, with respective:
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thickness of: Ta barrier layer from 50 to 300 Angstroms,
copper seed layer approximately 1500 Angstroms, and

plated copper layer approximately 10000 Angstroms.

24. The method of claim 19, wherein the self-
aligned, copper metal barrier on the first set of copper
metal interconnection lines, wiring, and contact vias is
metal, selected from the group comprised of niocbium, Nb,
and tantalum, Ta, and is selectively deposited on the
first set of copper metal interconnection lines, wiring,
and contact vias, by étomic layer chemical vapor epitaxy
deposition, in a thickness range betweén 250 to 300
Angstroms, with deposition conditions: temperature
between 250 to 400 °C, pressure between 0.5 to 1.5

Torr.

25. The method of claim 19, wherein said copper
metal barrier on said first set of copper metal
interconnection lines, wiring, and contéét vias is self-
éligned and selectively deposited by atomic layer
depoéition using precursors selected from the group
domprised of: halide precursors, NbCl; for Nb barriers,

TaCls; for Ta barriers, and for niocbium aqueous metal-

organic precursor, Peroxo-Citrato-Niobium complex,

[NDO (0z) (CeH,07) 1°
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26. The method of claim 19, wherein said
.first and second set of copper metal interconnection
lines, wiring, and contact vias are formed by plating
copper on a copper seed layer, which is on a barrier
layer and plated copper is planarized by chemical

mechanical polishing.
27. The method of claim 19, wherein said multi-

layer copper wiring, is processed in a dual damascene

process by repeating steps (b) through (h).
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