METHOD OF FABRI CATI NG SELF- ALI GNED METAL BARRI ERS BY ATOM C LAYER
DEPGCSI TI ON ON THE COPPER LAYER 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 nmetal barriers by atomc |layer deposition, ALD,
capabl e of producing extrenely thin, uniform and conformal netal barrier
films, selectively depositing on copper, not on silicon dioxide interlevel

di el ectric, "Lnubt b BYEL: PN EATNE0E EBIGRAKE GmaRh PEES B Gl

DESCRI PTI ON s sectron a description of related Prior
Art background patent sk Beodi o ¥y THR. cOpBE4, BRZERL entitl ed

"Sem conductor Device Having Metal Interconnection Conprising Metal
Silicide And Four Conductive Layer"™ granted Aug. 14, 2001 to M kagi
describes a tantalumbarrier layer for a copper dual danmascene

i nterconnect. A seni conduct BACHERPENDhAE BHEePENTI®er connecti on t hat
includes an insulating filmprovided on a sem conductor substrate. An
interlayer contact hole is {br FEBLP nOF hEHE ndOENTIW film A metal silicide
| ayer is -1

This invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically 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.

(2) DESCRIPTICN COF RELATED ART
In this section a description of related Prior Art

background patents follows.

U.8. Pat. No. 6,274,932 Bl entitled “Semiconductor
Device Having Metal Interconnection Comprising Metal Silicide
And Four Conductive Layer” granted Aug. 14, 2001 to Mikagi
describes a tantalum barrier layer for a copper dual
damascene 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 insulating film. A metal silicide layer is




provi ded at the bottomof the interlayer contact hole. A first conductive
filmconprises a single or a plurality of netal filns provided on the
insulating filmand the interlayer contact hole. A second conductive film
is provided in the interlayer contact hole. A third conductive filmis
provi ded on the first conductive filmand the second conductive film A
fourth conductive filmis provided on the third conductive film This

sem conductor device has inproved durability with respect to
electromgration. U S. Pat. No. 6,287,965 Bl entitled "Method OF Form ng

Met al Layet, \Ush R 4ARe Mt e LBYLEPEDOSIHd O AR 278 £BREHELORo1EeVA Ce Having
The Metal Layer As Barrier Metal Layer O Upper O Lower Electrode OF

Capaci t or" sgramt edndaptitd, £200 lodfpriang Lisiakledegchi praraliey osf No
atom c | ayer deposited |ayer as a netal barrier layer. A nethod of form ng
a metal |ayeitalh&iilng pxoeldedton hererainsric tixigd&tilonandsthe ant
characteristics using atom c |ayer deposition is provided. The netal |ayer
i ncl udes aingsetlayerneenta¢h)ho é&eﬁ%ﬁﬁxkBPndPGFlvﬁefaﬁ%rﬁﬁdﬂ%°V1d9d

conbi nati on between the reactive netal (A). .and ni tr % nd, ni trogen
(N). The ré&ctthfe ptealayay cﬂ%§aTﬁa39%%m1@hﬁ?€?ﬁ)°°9 FEF fn £ ib 1% ungst en

Hf bd b Nb Th
g\rﬁ\)orpfli)lrjgog’lfw )8ﬁ gﬁ%n%ﬁfs‘%éfg%@mbe a%&%mn%mwg% Xﬁ? 88 +f321051 ()SI) o(ra
boron (B). égy%u%%ﬁgg E@Xﬁf Asféﬁgﬁﬁxtéﬁﬂuctlve film is provided on the

third conductive film. This semiconductor device has improved

durability with respect to electromigration.

U.5. Pat. No. 6,287,965 Bl entitled “Method Of Forming
Metal Layer Using Atomic Layer Deposition And Semiconductor
Device Having The Metal Layer As Barrier Metal Layer Or Upper
Or Lower Electrode OF Capacitor’” granted Sep. 11, 2001 to
Kang et al. describes a Ta or Nb atomic layer deposited layer
as a metal barrier layer. A method of forming a metal layer
having excellent thermal and oxidation resgistant
characteristics using atomic layer deposition is provided.
The metal layer includes a reactive metal (A), an element (B)
for the amorphous combination between the reactive metal (A)
and nitrogen (N), and nitrogen (N). The reactive metal (A)
may be titanium (Ti), tantalum (Ta), tungsten (W), zirconium
{Zr) , hafnium (Hf), molybdenum (Mo) or niobium (Nb}. The
amorphous combination element (B) may be aluminum (Al},
silicon (Si) or boron (B). The metal layer is formed by

alternately injecting pulsed source gases for the elements




alternately injecting pul sed source gases for the elenents -2 (A, B and N)
into a chanber according to atomc |ayer deposition to thereby alternately
stack atom c layers. Accordingly, the conposition ratio of a nitrogen
conmpound (A B--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 electrica
conductivity and resistance of the nmetal |ayer can be accurately obtained.
The atomic layers are individually deposited, thereby realizing excellent

step cover@gge g\l i 2ne8MR! SXfailh COPRAA i dL HLRLoMi BRI 8L et-ayer  forned
by atom c | ayer deposition can be enployed as a barrier netal |ayer, a

| ower el ectdepdssidioan teppRErebeCil Béltnatdln Stk admitolagerisce. U. S. Pat.
No. 6,284,646 Bl entitled "Methods O Formng Snooth Conductive Layers For
| nt egr at ed Xdagandingdgvi ¢bs" cogpast etlorlSeprtiy FOEL nidregem despeuhas (- Ta
barrier layer deposited by atom c |ayer deposition. The method for form ng
a netal | ayerorfathenmegpat taver redr tbelcrteaiyl adaystedr aval BAYfirst
conductive layer on an integrated circuit _substrate. Wiile form ng_the
first cond @SR TAFEY deEFEPIREET ofP? HITRPTt FThePRFSE BoRBLERP vEF | ayer
s moni tored, , and, the Lor MaLLon ol ths fid orgIdugthy gakayerai s
term nated
desirable electrical conductivity and resistance of the metal
layer can be accurately cbtained. The atomic layers are
individually deposited, thereby realizing excellent step
coverage even in a complex and compact region. A metal layer
formed by atomic layer deposition can be employed as a

barrier metal layer, a lower electrode or an upper electrode

in a semiconductor device.

U.S5. Pat. No. 6,284,646 Bl entitlied “Methods Of Forming
Smooth Conductive Layers For Integrated Circuit Devices”
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 layer on an integrated circuit
substrate. While forming the first conductive layer, a
reflection index of the first conductive layer is monitored,
and the formation of the first conductive 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




when the reflection index of the first conductive |ayer reaches a
predeterm ned val ue. More particularly, the first conductive |ayer can be
an alum num | ayer having a thickness -3 in the range of approxi mately 500
Angstronms to 1500 Angstronms. U.S. Pat. No. 6,291,334 Bl entitled "Etch
Stop Layer For Dual Damascene Process" granted Sep. 18, 2001 to Sonekh et
al. describes a Ta barrier layer in a dual damascene process. The nethod
provi des a carbon based etch stop, such as a dianond |ike anorphous
carbon, having a low dielectric constant and teaches a nmethod of formng a

dual damascgapneSthabglelbg: apBeokoMake B CHOG LRy d i driseiar aBby deposi ted
between two dielectric |layers and patterned to define the underlying

interlevel opEwes/.vias. The second or upper dielectric layer is forned
over the etch stop and patterned to define the intral evel interconnects.

The entire dual U.dam®stendost fudfily 234 sB1 hanrtigtleved Eiticha S¢opgLlaysel Beti ve
etch process which first etches the patterned interconnects, then etches
t he cont actDuslaPapasicense PEareefficarabted stel. Thhe 2081chosEopehiliseh | ow

dielectric constant relative to a, conventional SiN etch stop, which
mi ni mi zes the CHFEEHRRFe? CBUBRFAYShet TR “a’ﬂjaaéBWer RTBFEERACREFFRABs. The

dual  damasgene ShIMELYES kst RORathL) O A4 NP Wl D! GunducLi ve
diamond like amorphous carbon, having a low dielectric
constant and teaches a method of forming 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 second or upper
dielectric 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 patterned 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 stop, which minimizes the capacitive
coupling between adjacent interconnect lines. The dual
damascene structure is then filled with a suitable conductive
material such as aluminum or copper and planarized using

chemical mechanical pelishing.




material such as al um num or copper and planarized using chem cal
mechani cal polishing. -4 U S. Pat. No. 6,281,127 Bl entitled

"Sel f-Passivation Procedure For A Copper Damascene Structure" granted Aug.
28, 2001 to Shue shows a barrier cap over a copper dual danmascene

I nterconnect. Processes for creating a boron containing copper region, in
a top portion of a copper damascene structure, are disclosed. The boron
cont ai ni ng copper region, used to protect exposed regions of the copper
damascene structure, fromreactants used for subsequent processing

procedures, can {pe f eed g 2 6,281 TPk aBi abh oDt D P DIE-IFARS i vaRlidged in
exposed regions of the copper damascene structure, after conpl etion of an

initial CVPppsesdchl eorl e CoppRer Daflagashenstshdtintall eyran telde Auar. okect ed by
t he boron containing copper region, during subsequent processing

procedur es, 280t hto Bhuwe fdshrais EVRaproerdoae, ovep| dyerbrear idvslr dagespksee
renoval of unwanted nmaterials, as well as during subsequent CVD

procedur es, 1nEePEPINIE: tan P roices segs fpEagranting (2 g‘?om CqFaigipgg 713 Bl
entitled "Method For Formi ng Dual Damascene Structure! granted Jul. 10,
2001 to Yu EPPRET TeHRRy élbéstErPPﬁFlPﬁy%E JDVETPREY: SfT8 danmmscene

DLerOmNeCh e bbbt EL A kel B! oL BRIty AL 3o
used to protect exposed regions of the copper damascene
structure, from reactants used for subseguent processing
procedures, can be formed via ion implantation of boron ions,
placed in exposed regions of the copper damascene structure,
after completion of an initial CMP procedure. The copper
damascene structure is then protected by the boron containing
copper region, during subsequent processing procedures, such
as a final CMP procedure, employed to insure complete removal

of unwanted materials, ags well as during subsegquent CVD

procedures, using NH; and SiH;, as reactants.

U.S. Pat. No. 6,258,713 Bl entitled “Method For Forming
Dual Damascene Structure” granted Jul. 10, 2001 to Yu et al.
shows a cap barrier layer over a copper dual damascene
interconnect. A first dielectric layer is formed over a
substrate, and then the first dielectric layer is planarized.
The first dielectric layer is etched to form a dual damascene
opening that includes a via opening and a trench. The via
opening exposes a conductive layer in the substrate. A

metallic is formed in the wvia openings and the trenches so




The first dielectric layer is etched to forma dual damascene opening that
includes a via opening and a trench. The via opening exposes a conductive
| ayer in the substrate. A netallic is forned in the via openings and the
trenches so -5 that a netallic interconnect and a via are fornmed at the
sane tine. A cap layer is forned on the netallic layer. An additional
etching stop layer may formon the cap |layer and the substrate. A second
dielectric layer is forned over the substrate. The second dielectric |ayer
is etched to forma via opening that exposes a portion of the cap |ayer.

SUMVARY OF (IR |NYEREL ONeAln b BREONRE- AL DOW RI0GEES sheheliabti 68 | Sfine
sel f - allgned nmetal barriers by atom c | ayer deposition, ALD, capable of

produci ng epsideemdl YabhilByeuni & OF 81méd o tHed MEalIRIcallaybar rarr fil s,

sel ectively depositing on copper, not on silicon dioxide interlevel

di el ectri c,addi tnuinall- k&ybinduakop dbapsc emy ticgme lohy itheprepedayeay. a@i| i con
nitride is presently wused as a insulating copper barrier. However, silicon
nitride kuﬁb%aaﬂﬁséﬁﬁ¢élyAhFgﬁoﬁﬁeﬂé%¥¢¢¥Fkﬂn%ﬁﬁ%ﬁ S, fﬂﬁ@@ﬁ oUet ckhor at es
ICs with increased RC de Cqopper.netal  barriers ni_obi um and tantal um

have been d8fsdinads® b?heaFSHPEdIQ§%}efﬁﬁﬁﬁ;%ﬁ¥ﬁ¥'dﬁ 8 &, TV £/ hi Jn

depOSItlon.via opening that exposes a portion of the

cap layer.

SUMMARY OF THE INVENTION

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
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 deposgition
selectivity, the barrier metal is only deposited over copper,
not on silicon dioxide, which eliminates the need of an

insulating barrier of silicon nitride.




selectivity, the barrier netal is only deposited over copper, not on
silicon dioxide, which elimnates the need of an insulating barrier of
silicon nitride. -6 In a brief summary, the key points of the present rE

i nvention are the use of atom c |ayer deposition, AID, for selective
deposition of Nb or Ta, as a barrier layer in between tw |ayers of copper
nmetal wiring, in a nmulti-layer dual danascene trench/via process. The AID
techni que produces extremely thin, uniform (< 3% and conformal (100%
films. In addition, AID of netal thin filnms has proven to be highly

sel ective for deposi bi98rOBumRRPE!  trdGdiPloRRtS bieCeRe gloxige, insul ating
| ayers. This elimnates the conventional, Prior Art nmethod of needing to

deposit an jink@tabnngrbathé cise | &Y eitdiifisilayean dapbei@deony eALnppher and
silicon dioxide, which has deleterious RC delay problens. Since the
barrier | apdestiMe depdaitpondetdlh by te AlsDanbalodeof Laper pimsent

I nvention are highly conductive netal, with | ower sheet resistivity than
convent i on¥letmesen twet Laderpar¥ | eprpeRMmetdd| A riagf uirher mREBHTRYY ST n

addi tion, both niobiumor tantalumcan be deposited usjng halide

pr ecur sor s CUEgn SPERSRENeoFTRBEP SV B PIRFIR T 1 | ?LBrt?Séﬂgq?%rpﬁ%FTﬁﬁﬁiers.

For  niobi um, tNehG R:8MOLNCE.AL 0L NAh° IR NRH RS M908Y) £ilms. In
addition, ALD of metal thin films has proven to be highly
selective for deposition on copper, and not on silicen
dioxide, insulating layers. This eliminates 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 problems. Since the barrier
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 NbCls; for Nb barriers, or TaCls for Ta barriers. For
niobium, there is another alternate method by using an
aqueous metal-organic precursor, Peroxo-Citrato-Niobium
complex, {NbO(Og)(C&hO7)]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




aqueous netal -organi c precursor, Peroxo-Ci trato-N obium conplex,

[ NbQ(02) (C6H40O7)] 3. These barriers have the advantage of being
self-aligned, copper netal barriers. This invention has been summari zed
above and described wth reference to the preferred enbodi nents. Sone
processing details have been omtted and are understood by those skilled
inthe art. Mire details of this invention are stated in the "DESCRI PTI ON
OF THE PREFERRED EMBCODI MENTS" section. BRI EF DESCRI PTI ON OF THE DRAW NGS
The object and ot her advantages of this invention are best described in

the preferred @ubadiimeptse Wb Bal £f €5£NG8: 4 Gnddiidht achedrdiawi pgschdat
include: Fig. 1, which in cross-sectional representation illustrate the

convent i on,wHRrdoNT pATONTeFhOHE OPRUSERRED EMBODRMENTGMakeditebact ri c, Si 3N4,

and TaN barrier layers. Figs. 2A - 2D, which in cross-sectional
representation illustrate the method of the present invention. DESCRIPTI ON
OF THE PREFERRED EMBODI MENTS An i nproved and new process for fabricating
self-aligned netal barriers by atom c |ayer deposition, ALD, capable of
produci ng extrenely thin, uniform and conformal netal barrier filns,

sel ectively depositing on copper, not on silicon dioxide interlevel
dielectric, in nulti-layer dual danmascene trench/via processing. Silicon
nitride is presently

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

Fig. 1, which in cross-sectional representation
iliustrate the convention, Prior Art method of using a

conventional dielectric, 8i:N,;, and TaN barrier layers.

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-iayer dual

damascene trench/via processing. Silicon nitride is presently




-8 used as a insulating copper barrier. However, silicon nitride has a
relatively high dielectric constraint, which deteriorates I1Cs with

i ncreased RC del ay. Copper netal barriers of niobium and tantal um have
been deposited by atom c |ayer deposition on copper. Wth high deposition
selectivity, the barrier netal is only deposited over copper, not on
silicon dioxide, which elimnates the need of an insulating barrier of
silicon nitride. Referring to Fig. 1, which in cross-sectional
representation illustrates the convention, Prior Art nethod of using a

conventi onals<l L linsuidit3Ng, c8pfed aDLPAI L EMHoWeANE S sili@onURSLEREE 1,
in Fig. 1, Is a sem conductor  substrate with active devi ce therein and

provi ded WiKdk aa ddlatividlguhathr di ayeet?is heseorraivir,eathdch t he

sem conductor substrate includes sem conductor device structures such as
gat e el ect rasheseianch teeuriCs/ didhninegeansd di@ dailay plCepperemetadf net al

i nterconnections. An internetal dielectric layer, |MD, second insulator

| ayer 3 is kpoisinedhndobig ppfstantakegn have hgmy deproppded P¥sist is
deposited and patterned _ over, the internetal dij Iggtric | ayer, the second

i nsul ator &S FAVREIFPREFE-PRNGt BORPEE - 172 iy MEPPGA 6P via 4

(300 200, S ol S5 SEPPEFEE 1T SrUSUIR SY o
not on silicon dioxide, which eliminates the need of an
insulating barrier of silicon nitride.

Referring to Fig. 1, which in cross-secticnal
representation illustrates the convention, Prior Art method
of using a conventional dielectric, SiiN;, 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. 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 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 photoresist masking steps, one

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

-9.




dielectric layer, the second insulator |layer 3 in exposed photoresist

regi ons, using two photoresist masking steps, one for via and one for
trench. The formation of copper netal 6 -9 interconnection |ines, wring,
and contact via is sketched in Fig. 1. Firstly, a metal diffusion barrier
| ayer is deposited over the internetal dielectric |ayer, the second

I nsulator layer 3. This barrier layer is very thin and difficult to
illustrate. Next, a thin copper seed |ayer is deposited over the barrier

| ayer. These two aforenentioned conducting |ayers, barrier and seed |ayer,

termed " 61", @h& N384 1%&&' C\Uilt.‘:l.!tl? I dddstdrtRe Neut i saskBtekegopper
| ayer is electrochemcally pl ated on the copper seed form ng an excess of

copper on tgwgy surf aaesefiyt ha hdBal Thi SE@xXCASs Dofieer layerr eBDUedosibadt he
surface of the IMD, as well as, the seed and barrier materials, by

pl anari zat i@retigiheg ictermeshl Mdtbdactalc buteshithy s€wPndBgngsilagotrhi s CWP
process, the formation of a first set of copper metal 6 interconnection
lines, wirikager gnd Thast herripr 1aver cbhipreshathimgach diféterttngot o Flg

1, another internetal dielectric la t.he third |nsulg r | ayer
i s deposi tEd w2 Ehe Ne&Eond FH%HI%%EPQFES&ﬁdﬁéaxfﬁI% Sn9PRGEF 88 ° % .

oty e ik M dab 030 38! S adurdrienfts AN EBHLARRRLAN 8
layers, barrier and seed layer, termed “61”, 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 chemical mechanical
polishing, CMP. By using this CMP process, the formation of a
first set of copper metal 6 interconnection lines, wiring,

and contact wvia is accomplished.

Again, referring to Fig. 1, another intermetal
dielectric layer, IMD, the third insulator layer 7, 1is
deposited over the second insulator layer 3, a thin layer of
8isN;. 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 91, very thin, conductive and difficult to
i1llustrate are formed. Copper is again formed by electrode

plating and planarized by chemical mechanical polishing to

-10-




trench 92 and via 93 are forned, by repeating the processes outlined
above, using a fourth insulator layer 9. Barrier and copper seed |ayer 91,
very thin, conductive and difficult to illustrate are formed. Copper is
again formed by electrode plating and planarized by chem cal nechani cal
polishing to 10 forma second set of copper netal 94 interconnection |ines,
wring, and contact via. In sunmary of Fig. 1, Prior Art, the Kkey points
are that by using a conventional dielectric, Si3N4, as an insulating
copper barrier, along with conventional TaN barrier |ayer, increased RC

time constaf, el aLscReCYbti Bt BEppdf Mt SRNtin tEHicenndkengnM { Rt hese
additional, extra processing steps, are the prinme disadvantages of Prior

Art et hodgiriRef eankdngoh@abit06ia2An Alkmait JF iFigtr assPee6ki ARG| the
representation illustrate the nethod of the present invention, which is an
i mproved netdydiortsf alvei tatibnhysesing ad i gprecenteicalalbgdielecsrby, aStiH.c

| ayer deposition, ALD. The ALD nethod is capable of producing extrenely

t hi n, unif GrIman dMFUEEHLOENEPPREE P2 BeEeT erafanhyi e (COBVPRELYREEPERNt i Ng
on copper, in a mylti-layer dual danascene trench/vi% rocess. Referring
to Fig. 2APIHISHE 1RYEFesdPSERAPEHaRC THIF LB RS Iagﬁsf’fsﬁ’t‘ﬁs"?h'éh?i rst

EgrmF c 8];] dtlgt ClE)'rse siaei:rgsenltr]v ?t‘pxtils? n 'allQS v%:}.J Br? t é}?‘ésee ZaJadil trlolxleag.', %étr:l‘:l S a

processing steps, are the prime disadvantages of Prior Art

methods.

Referring to Figs. 2A - 2D, which in cross-sectional
representation illustrate the method of the present
invention, which is an improved method for fabricating self-
aligned metal barriers by atomic layer deposition, ALD. The
AILD method is capable of producing extremely thin, uniform,
and conformal metal barrier films, selectively depositing on

copper, in a multi-layer dual damascene trench/via process.

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

IMD, second insulator layer 23, $i0;, is deposited over the

11-




substrate with active device therein and provided with a first insulator

| ayer 22 thereon. Moreover, the sem conductor substrate includes

sem conduct or device structures such as gate el ectrodes and source/drain
regions and nmultiple levels of nmetal interconnections. An internetal
dielectric layer, |[|IM, second insulator |ayer 23, Si 02, is deposited over
the -11 first insulator layer 22. Photo resist is deposited and patterned
over the internetal dielectric |ayer, the second insulator |ayer 23. Again
referring to Fig. 2A, the formation of a first set of via 24 (arrow) and

trench 25 (@&fQWinst1a88R1 €h6dr TP SPhStAGLYY Shedep¥sarbaohnapi cal |y
etching the internetal dielectric |ayer, the second Insulator layer 23 in

exposed ph@f{uRsindd LOGkOBRe UStEHméEYEL phicdiycasiisd lagelki, Nheskepsndone for
via and one for trench. The formation of copper nmetal 26 interconnection

| i nes, wiriinggulagrcdayect 23vi Agatn skefehwichg tdriFg.g.2RA, Fithet Fgrmatihen al
diffusion barrier layer is deposited over the internetal dielectric

| ayer, the afecorfdristsgest 6f VvageR426armoi)s i tixencha@dr (R¥royeriSthin and
difficult to illustrate and consis%s of . conductive Ta. _Nex copper

seed | ayer IPIFSSsi 18F° 6FeP EABPLETRTL LY ARHSCCHREBIE %FS&%%%%?#%ned

COMANCL! 10, Sl OB RE PO TR EL o d BI85 0
exposed photoresist regions, using two photoresist masking
steps, one for via and one for trench. The formation of
copper metal 26 interconnection lines, wiring, and contact
via is sketched in Fig. 2A. Firstly, a metal diffusion
barrier layer is deposited 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 “261”, 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 chemical mechanical
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~




el ectrochem cally plated on the copper seed form ng an excess of copper on
the surface of the IMD. This excess copper is renoved fromthe surface of
the IMD, as well as, the seed and barrier nmaterials, by planarization
usi ng chem cal nmechanical polishing, CMP. By using this CWP process, the
formation of a first set of copper nmetal 26 interconnection |lines, wring,
and contact via is acconplished. -12 Note, that the above nentioned
processes forma first set of copper netal interconnection |ines, wring,
and contact vias is conprised of: a tantalum Ta, barrier layer, a copper

seed |ayer of CyotdNdtfak! 8h80a50PPEhen BikSHed RRLRARsesBebbmt Reslasbarrier
| ayer and copper seed |ayer are deposited by physical vapor deposition,

PVD, and thateEpebpberphatel ifyercomivmetiidronaneel eatiraagenmanal plating
technique, with respective thickness being: Ta barrier layer from50 to
300 Angst remtactoppes s$eedohpyiesedppf 0xd netrdlaluib0@ainhsrroes, Layerd, pl at ed
copper |ayer approximtely 10000 Angstrons. A subsequent second set of
copper net & doppercesrdclppar| ¢heSu, Ind imPlahed CORPEEt 1aVas Beeredn ned,
described in Fig, 2 that are simlar to the fi rsﬁ_é‘set descr. i bed, above.

D,
Referring RO gPe282 RRAFERST nlR¥ BB 2RI SSPEpragenit aFPof*PrFtsid ates
the key e"gfy?:? y%téi.lc()fl (N8R §SSOL; 1 SV EUHPN o LN L3308, ! HRY QY ed, gret hod

for fabric

by a conventional electrochemical plating technique, with
respective thickness being: Ta barrier layer from 50 to 300
Angstroms, copper seed layer approximately 1500 Angstroms,
and plated copper layer approximately 10000 Angstroms. A
subsequent second set of copper metal interconnection lines,
wiring, and contact vias are formed, described in Fig. 2D,
that are similar to the first set described above.

Referring to Fig. 2B, which in cross-sectional
representation illustrates the key embodiment of the present
invention, which is an improved method for fabricating self-
aligned metal barriers by atomic layer deposition, ALD.
Therefore, next in the process, an extremely thin, uniform,
and conformal metal barrier film 262, is selectively
deposited by atomic layer deposition, ALD, on copper metal
26, in a multi-layer dual damascene trench/via process. The

conformal metal barrier £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.




aligned netal barriers by atom c |ayer deposition, ALD. Therefore, next in
the process, an extrenely thin, uniform and conformal netal barrier film
262, is selectively deposited by atom c |ayer deposition, ALD, on copper
nmetal 26, in a multi-layer dual danmascene trench/via process. The
conformal netal barrier film 262 consists of Nb or Ta netal Note, the

sel f-aligned, copper netal barrier (262) on the first set (26) of copper
nmetal interconnection |ines, wring, and contact vias is netal, selected
fromthe group -13 { conprised of niobium Nb, and tantalum Ta,

sel ecti vel y. fenasilled oA bBSwh e, Sela (ZfleLhanCORREr sBBEBLively
I nterconnecti Oon |lines, wring, and contact vi as, by atomc |ayer chem cal

vapor epltaﬁgmﬂﬁﬂgalbhOBheiﬂiﬁsfrﬂﬁkneaﬂ RﬂﬂgﬂmnkﬁHM@ealZ50 to 300
Angstrons. The Al D deposition conditions are: tenperature between 250 to
400 C, and ipriesswneckhétinpehifes . ®itind, mrifbraontRetevinag by &tgmi@C, which
I n cross-sectional representation illustrates the another key enbodi nent
of the prédsaer Fhﬁ@ﬁ?ﬁénvamh¥cﬁp+§ﬁ%wl¢?ﬁﬂﬁ%ﬁ&@nneﬂﬁoé Fb%chéﬁ%§|¥?¢ﬁﬁ yet
anot her intermetal dielectric the third insulator 263,
Sl s Geeiacen 20eto, RBORRGHT Mty e PPaePoss CLARACAPALEL T over

t he confornal ”E%ehperatura between 250 to 400 °C, and pressure between

0.5 to 1.5 Torr.

Referring to Fig. 2C, which in cross-sectional
representation 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,, Si0Q,, 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 an
insulating barrier of silicon nitride, as is the case for

Prior Art methods.

Note, that the second and third insulator layers,
intermetal dielectric layers, are comprised of low dielectric
constant material or materials selected from the group
comprised of: silicon nitride, 8isN;, silicon oxide, S5iO,
spin-on glass, SOG, silicon dioxide, 8$i0;, PE plasma enhanced

TEOS, tetraethoxysilane deposition, halogenated 8iO,
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barrier film262. Note, with high deposition selectivity, the barrier
nmetal 262 is only deposited over copper 26, not on silicon dioxide, and
thus, elimnates the need of an insulating barrier of silicon nitride, as
is the case for Prior Art nethods. Note, that the second and third
insulator layers, internetal dielectric |ayers, are conprised of |ow
dielectric constant material or materials selected fromthe group
conprised of: silicon nitride, Si3N4, silicon oxide, SiO spin-on glass,
SOG, silicon dioxide, Si2, PE plasma enhanced TECS, tetraethoxysilane
deposi ti On:fﬂﬁlﬁwgiﬁﬁ%telélééﬂfrfﬁ@I agh-sddgernta19kase, gk8ss, un- doped
silicate glass, USG boro phosphosilicate glass, BPSG These |ayers are
deposi ted ivs@ WHirekptssphastitadta §UHE: | BHODOAhAgStlagees aThe

insul ating |ayers are deposited by various nmethods which are selected from
the group obsprdisedl din aplthirknenhansrge Themwmi 20 epdi008€pasTBitERMS| OW
pressure chem cal vapor deposition, and spin coating. Referring to Fig.
2D, whi ch iThe rigerladdridofarerFeprasemmati ol inY Jaierss mehBoflEndhighrt of

t he present i ti ' L ti-] dual t [ Vi
b ocose A Xt I SUC L EXPPOBR 95358 5 BN L3t Th i PUF S PROATCAT e

formed, by éﬁéﬁ?ﬁéf“%&ﬂy% %%88§§%§§n?“£$&38§£ssure chemical vapor

deposition, and spin coating.

Referring to Fig. 2D, which in cross-sectional
representation illustrates the final part of the present
invention, in a multi-layer dual damascene trench/via
process. A second set of trench 293 (arrow) and via 292
{arrow) are formed, by repeating the processes ocutlined
above, using the third insulator layer 263. Again, conductive
barrier, TaN, and copper seed layer 294, very thin,
conductive and difficult to illustrate are formed. Copper is
again formed by electrode plating and planarized by chemical
mechanical polishing to form a second set of copper metal 295
interconnection lines, wiring, and contact wvia, Note, multi-
layer copper wiring, can be processed in dual damascene

processing by repeating the above described processing steps.

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

ALD produces extremely thin, uniform (< 3%) and conformal
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above, using the third insulator |ayer 263. Again, conductive barrier,
TaN, and copper seed |ayer 294, very thin, conductive and difficult to
illustrate are forned. Copper is again formed by el ectrode plating and

pl anari zed by chem cal mechanical polishing to forma second set of copper
metal 295 interconnection lines, wring, and contact via. Note, nmulti-

| ayer copper wiring, can be processed in dual danascene processing by
repeati ng the above described processing steps. in summary, the key points
of the present invention are the use of atom c | ayer deposition, ALD, for

sel ective @ 51 16l @R Of 02881 €8on ASATIAIIE GedaAY ¥hih282)mkMhEL Gprddn ALD
produces extrenely thin, uniform (< 3% and conformal -15 (100% filnms. In

addi ti on, AP nighak thilactilessbasdqyaniaiod erbedppghl yasal getiae for
deposition on copper, and not on silicon dioxide, insulating |ayers. This
el i mi nat es dilldccporientidenains®iavindrlaystshodhdfs mddniingtes theosit an
insulating barrier layer of silicon nitride over copper and silicon

di oxi de, wwmiverddcgellet BriousARE wethgd mbpieading SpneepPeRétbakri er

| ayers, Nb or Ta, produced by the AID nethod of, the present inventiogn are

hi ghl'y conddttHASimgt BRETIGFL h1P¥GEr 5 et GBS FStify VRENEBRTENE T Onal
MR e e LR LR Ry e LR A
Since the barrier lavers, 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 or tantalum can be deposited using halide precursors,
comprised of: NbCls; for Nb barriers, or TaCl; for Ta
barriers. For niobium, there is another alternate method by
using an aqueous metal-organic precursor, Peroxo-Citrato-

Niobium complex, [NbO(Og)(CJhO7)33. 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 those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.
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conprised of: NbCl5 for Nb barriers, or TaC5 for Ta barriers. For

ni obium there is another alternate nethod by wusing an aqueous

nmet al - organi ¢ precursor, Peroxo-Citrato- N obium conpl ex,

[ NboQ(02) (C6H4O7)] 3. These barriers have the advantage of being
self-aligned, copper netal barriers. Wile the invention has been
particularly shown and described with reference to the preferred

enbodi ments thereof, it will be understood by those skilled in the art

t hat various changes in formand details nmay be nmade w thout departing
fromthe spirit and scope of theynaverRti eaiddaWat is clained is: 1. A
met hod for fabricating self-aligned, copper netal barriers, in a dual
darmascene nulti-layer copper wring process, the nmethod conprising the
following steps: (a) providing a sem conductor substrate having a first

i nsul ator |ayer theré&on;A(bethodnfony falvcicmtdnionselldt-elibagdr , cepper
intermetal dielectric layer, over said first insulator |ayer; (c) formng
a first set of mesadhbaryglera, opent il ManagcensefoAdirhautat ePrPPeyer; (d)
formng a first set of copper netal interconnection &in%s W ring, and
contact vias fi MiFH§IsBFESEFFst tRgmethod 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
vias;

(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

-17-




trench and via openings; (e) selectively deposited by atom c | ayer
deposition a self-aligned, copper netal barrier on said first set of
copper netal interconnection lines, wiring, and contact vias; (f) formng
athird insulator |ayer, another internmetal dielectric |ayer, over said
second insulator layer; (g) formng a second set of trench and via openings
in said third insulator layer; (h) formng a second set of copper netal

i nterconnection lines, wiring, and contact vias filling said second set
trench and via openings, thus conpleting -17 using dual damascene, the
mul ti-layer copper wirin process. 2. The nethod of claim1, wherein said
seni conduct or s@@é@ﬁaﬁéagnéﬁﬂﬁﬁge%%ni%kﬁuﬂkﬁﬁi’ﬁﬁ@@FcSOPEFFUB%E%%% such as
gate el ectrodes and source/drain regions. 3. The nethod of claim1,
wherein said s&HEERGuct or substrate includes seniconductor device
structures such as gate el ectrodes, source/drain regions and multiple

| evel s of nmetal interconnections. 4. The method of claim1l, wherein said

second and 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
semiconductor substrate includes semiconductor device
gstructures 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
selected from the group comprised of: silicon nitride,
SisN,;, silicon oxide, 8i0O, spin-on glass, SOG, silicon
dioxide, $i0,, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated SiO,
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.
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third insulator layers, internetal dielectric |layers, are a low dielectric
constant material or materials selected fromthe group conprised of:
silicon nitride, Si3N4, silicon oxide, SiO spin-on glass, SOG silicon

di oxi de, Si @2, PE plasma enhanced TEGCS, tetraethoxysilane deposition,

hal ogenated SiO, fluorinated silicate glass, FSG un-doped silicate

gl ass, USG boro phosphosilicate glass, BPSG in a thickness range from
2000 to 10000 Angstrons, deposited by a nmethod selected fromthe group
conprised of: plasm enhanced chem cal vapor deposition, |ow pressure

chem cal vapor deposition, and spin coating. -18 5. The nethod of claim1,
wherein said first and second set of copper netal interconnection |ines,
wiring, and contact vias is conprised of: a tantalum Ta, barrier layer, a
copper seed |ayer of Cu, and a plated copper |ayer thereon, whereby both
the Ta barrier layer and copper seed |ayer are deposited by physical

vapor deposition, PVD, and the copper is plated by an el ectrochem cal

plati ng techni que, Wwgth RESPESELYE of NELKNESS Qfherkdnbakhiker |ayer from 50
to 300 Angstroms, copper seed |ayer approxinately 1500 Angstrons, and
pl at ed copper | a48s+aRRHOXELABAE! ¥e 4 090 0cdpiiist Ml 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 sead 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

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 interconnectien 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 atomic layer chemical wvapor epitaxy
deposition, in a thickness range between 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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6. The nethod of claim1l1l, wherein the self- aligned, copper netal barrier
on the first set of copper netal interconnection lines, wiring, and
contact vias is netal, selected fromthe group conprised of niobium Nb,
and tantalum Ta, and is selectively deposited on the first set of copper
metal interconnection |lines, wiring, and contact vias, by atomc |ayer
chem cal vapor epitaxy deposition, in a thickness range between 250 to 300
Angstronms, with deposition conditions: tenperature between 250 to 400 C,
pressure between 0.5 to 1.5 Torr. -19 7. The method of claim 1, wherein
said copper netal barrier on said first set of copper netal

i nterconnection lines, wiring, and contact vias is self- aligned and
selectively deposited by atom c | ayer depositiogn usingﬁgrecursors sel ected

fromthe group conpri-sedn8f MeREPE GRF A} Sor SheysePs Spaft REPBS&Fri ers,
TaC s for Ta barriers, and _for_niobium agueous tal- or LC precursor,
Perpxo-Citrato;ﬁFﬁﬁfu§F§5ﬁ$Fe§? TRb f%ﬁﬁk(%%ﬁﬁﬁgf%?Pﬁf %gg?%e net hod of
claim1, wher e 32l ohhbstsBR01 2REONA LA £RPRGNCAREAL1LE! EECOBNECT T ON
lines, wiring, and contact vias are formed by plating
aligned and selectively deposited by atomic layer
deposition using precursors selected from the group
comprised of: halide precursors, NbCls; for Nb barriers,
TaCls for Ta barriers, and for niobium agueous metal-

organic precursor, Peroxo-Citrato-Nicbium complex,

[NbO (0,) (CsHyO7) 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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copper on a copper seed layer, which is on a barrier |ayer and plated
copper is planarized by chem cal nechanical polishing. 9. The method of
claim1l1, wherein said multi-layer copper wiring, is processed in a dual
damascene process by repeating steps (b) through (h). 10. A nethod for
fabricating self-aligned, copper netal barriers of Nb or Ta, in a dual
damascene nulti- |ayer copper wiring process, the nethod conprising the
foll owing steps: -20 (a) providing a sem conductor substrate having a

first insulator layer thereon; (b) formng a second insulator |ayer, an
intermetal dielectric layer, over said first insulator layer; (c) formng
a first set of ﬂ@éncﬁraﬁddvﬁa ppafrirRRdyrtam sibedeate PAYERELBr | ayer: (d)

formng a first set of cog netal interconnection lines, wiring, and
contact vias fi[f45%F§ 4874 PFPgtléﬁ?r TRERI ‘and via openi ngs; (e)

sel ectively dep galg F%%a%oggge ay, 1ns&¥§% %(¥; r sgkf ggégﬁgga}popper

nmetal barrier copper ft’efcofn I nes,
wiring, and CO“Eﬁ%hec%Eé% §298L-St PG Ofafa | AWt UM a@br TRayer;

{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
vias consisting of a layer of Nb or Ta;

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

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

process.

11. The method of claim 10, wherein said

semiconductor substrate includes semiconductor device
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(f) formng a third insulator |ayer, another internetal dielectric |ayer,
over said second insulator layer; (g) formng a second set of trench and
via openings in said third insulator layer; (h) form ng a second set of
copper metal interconnection lines, wiring, and contact vias filling said
second set trench and via openings, thus conpleting using dual damascene,
the multi-layer copper wiring process. 11. The nethod of claim 10, wherein
said sem conductor substrate includes sem conductor device -21 structures
such as gate el ectrodes and source/drain regions. 12. The nethod of claim
10, wherein said sem conductor substrate includes sem conductor device
structures suchsigsughtees| seeh otlesgate plasthosies padi snsrcamdraintipl e

| evel s of metal interconnections. 13. The nethod of claim 10, wherein said
second and thi F&9*R8Glator | ayers, internmetal dielectric layers, are a

|l ow dielectric constant material or materials selected fromthe group
conprised of: silicon nitride, Si3N4, silicon oxide, SiO spin-on glass,

SCG,  silicon dioxidgy Sifge RERLESIR SMNANGR] TERein said

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

and multiple levels of metal interconnections.

13. The method of claim 10, 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, SisN,, silicon oxide, Si0O, spin-on glass, SOG,
silicon dioxide, Si0., PE plasma enhanced TECS,
tetraethoxysilane deposition, halogenated S5iO,
fluorinated silicate glass, FS$G, 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 layer of Cu, and a
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t etraet hoxysil ane deposition, halogenated SiO, fluorinated silicate glass,
FSG un-doped silicate glass, USG boro phosphosilicate glass, BPSG in a
t hi ckness range from 2000 to 10000 Angstrons, deposited by a nethod
selected fromthe group conprised of: plasnma enhanced chem cal vapor
deposition, |ow pressure chem cal vapor deposition, and spin coating. 14.
The nmet hod of claim 10, wherein said first and second set of copper netal
i nterconnection lines, wring, and contact vias is conprised of: a
tantalum Ta, barrier layer, a copper seed |layer of Cu, and a 22 plated
copper |ayer thereon, whereby both the Ta barrier |ayer and copper seed
| ayer are deposiplegedy cprpst chrvey aprreipodiberely Pybh 5he TALTOPIT s
pl ated by an el ectrochem cal plating technique, wth &eégective t hi ckness
S

of : Ta barrier FEY&F PPEnFSEPEH 3%RA 5 GRe depesper dPhgsEral
i t el 1500 A t | | i
et o, 18 FReAaBRbaoR of by Y R Weprkt) b BERERL MR Sy 10000

Angst romns. efein the s€ rgned,  copper

metal barrier on,the,bi-hshiSel H1 ef le | Hi@RCRRBEELEOR: | i NES,

wiring, and con?h%t §iaséﬁé né?a?,£§£|é%?gﬁk€$8ﬂlthe grogp conpri sed of

ni obium Nb, angil-aRkakupy: Toa BALrisr SBlRG! ifteky sdeReSBbOdARGs thdhs,
copper seed layer approximately 1500 Angstroms, and

plated 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 lines, wiring, and contact vias is
metal, selected f£rom 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 atomic layer chemical wvapor epitaxy
deposition, in a thickness 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 lines, wiring, and contact vias is self-
aligned and selectively deposited by atomic layer
deposition using precursors selected from the group

comprised of: halide precursors, NbCl; for Nb barriers,
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first set of copper netal interconnection lines, wring, and contact vias,
by atom c | ayer chem cal vapor epitaxy deposition, in a thickness range
bet ween 250 to 300 Angstrons, with deposition conditions: tenperature

bet ween 250 to 400 C, pressure between 0.5 to 1.5 Torr. 16. The nethod of
claim 10, wherein said copper netal barrier on said first set of copper
netal interconnection lines, wiring, and contact vias is self- aligned and
sel ectively deposited by atom c | ayer deposition using precursors sel ected
fromthe group conprised of: halide precursors, NbCl5 for Nb barriers, -23
TaCl 5 for Ta barriers, and for niobium aqueous netal - organic precursor,

Per oxo- Ci t r at 0- MagHisufiex ofip | kae rigpOErd) foosdghiunaaygougHee i hod of
claim 10, wherein said first and second set of copper netal

i nt er connect i on ®A%REE, PRPFPRFOT anBeEIR det P XA s ol P8y REEPHG*pl at i ng

copper on a cop see ro.ahich is on a barrier layer and plated
copper is planari 03%38(%%%§?)h' mechani cal polishing. 18. The nethod of

claim10, wherein sai§ Mibhi- L2458 SOPPELiMTd NIndr2iRr @Ge8sed in a dual
damascene ) ’

first and second set of copper metal interconnection
lines, wiring, and contact wvias 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.

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
first insulator layer thereon;

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

(¢) forming a first set of trench and via openings in

said second insulator layer;
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process by repeating steps (b) through (h). 19. A nethod for fabricating
sel f-aligned, copper netal barriers of Nbo or Ta, in a dual damascene
multi- |ayer copper wiring process, the nethod 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 via openings in said second insulator |ayer; -24 (d) form ng
a first set of copper netal interconnection Iines, vvi ring, and contact
vias filling said first set trench and via opening (e) selectively
deposi ted by atdic FEMF-nEeﬁogi-’E?Erﬁ%lt %’%I‘?Q%qrgﬁ‘é&alcbﬁ‘ﬁ@Fcﬁ’é{l%?tb%‘?r| er
on said first set of

{ t |
contact vias cdr<eSyi F@ggf’ga A e?‘l”gif%\fgo‘g‘paesﬁ' efj ﬁéplﬁgg%‘Fg\é\nﬁ%ggs eI ected

fromthe group nsi st ecursors, and aqueous netal -organic
precursors; (f)qﬁtornqlinagg ?& gyl_;‘%gu &Eﬁ or layer, another internetal

di el ectric |ayer.,)0veL:stiivaesoadnd Mol Rty Wl 16¢kxf BERLEItBosegLONd
set of trench an(T via openings in
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
selected from the group consisting of halide precursors,
and aquecus 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 wvias 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 c¢laim 19, wherein said

semiconductor substrate includes semiconductor device
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said third insulator layer; (h) formng a second set of copper netal

I nterconnection lines, wring, and contact vias filling said second set
trench and via openings, thus conpleting using dual damascene, the

mul ti-layer copper wiring process. 20. The nethod of claim 19, wherein
said sem conductor substrate includes sem conductor device structures
such as gate el ectrodes and source/drain regions. 21. The nethod of claim
19, wherein said sem conductor substrate includes sem conductor device
-25 structures such as gate el ectrodes, source/drain regions and multiple
| evel s of nmetal interconnections. 22. The nethod of claim 19, wherein said
second and thi EEEusSHKEEE0FUFRYRF sTatathartingdes clsoverrédrpa)eFegiere a

| ow dielectric constant nmaterial_or _materjals selected . fromthe group
conprised of: siHCCHHLELPLRJEeVRISNAE G ERL P T EEPENSE EP Epi n- on gl ass,
SOG, silicon dioxide, SiQ2, PE plasma enhanced TECS, tetraethoxysilane
deposition, halogenated SiO fluorinated silicate glass, FSG un-doped
silicate glass, USG boro phosphosilicate glass, BPSG in a

22. The method of claim 19, wherein said second
and third insulator layers, intermetal dielectric
layers, are a low dielectric constant material oxr
materials selected from the group comprised of: silicon
nitride, 8i:N;, silicon oxide, Si0, spin-on glass, SO0G,
silicon dioxide, 5iQ;, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated Si0O,
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 wvapor 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 depeosited by physical
vapor deposition, PVD, and the copper is plated by an

electrochemical plating technique, with respective
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t hi ckness range from 2000 to 10000 Angstrons, deposited by a nethod

sel ected fromthe group conprised of: plasma enhanced chem cal vapor
deposition, |ow pressure chem cal vapor deposition, and spin coating. 23.
The nethod of claim 19, wherein said first and second set of copper netal
i nterconnection lines, wring, and contact vias is conprised of: a
tantalum Ta, barrier |ayer, a copper seed |ayer of Cu, and a plated
copper |ayer thereon, whereby both the Ta barrier |ayer and copper seed

| ayer are deposited by physical vapor deposition, PVD, and the copper is
pl ated by an electrochem cal plating technique, with respective -26 is

t hi ckness of: T&hbgkpees Pﬁye?afb%ﬁﬁ%ﬁrtk?!ﬁﬂjﬁﬁﬁgsﬁpoﬁﬁ,386pﬁ%$35%ﬁﬁﬁdayer

approxi mately 1500 Angstraons, and pl ated cqpper Iaxgr aggroxinately 10000
Angstrons. 24. CPRESKefREE LRYRT ARRAYINARSIe 150 ABEFFFo%F 1 oFRY, copper

metal barrier on.the first sef_of_ copper .netal i reonnection_ | i nes,
wiring, and conPaltSdi §8PPE* %%¥%f,a eﬁ?ﬁﬁﬁﬁfeﬂpb@bﬁﬁg é?%ﬁ%r%%ﬁbrised of
ni obium Nb, and tantalum Ta, and is selectively deposited on the first
set of copper netal interconnection |lines, wiring, and contact vias, by

atom c |ayer cheni cabsvap@heCRbiRSY 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 niobium, Nb,
and tantalum, Ta, and 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 thickness range between 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 contact vias is self-
aligned and selectively deposited by atomic layer
deposition using precursors selected from the group
comprised of: halide precursors, NbCl; for Nb barriers,
TaCly; for Ta barriers, and for niocbium aqueous metal-~
organic precursor, Peroxo-Citrato-Niobium complex,

[NbO (02} (CeH407) 1°.
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deposition, in a thickness range between 250 to 300 Angstrons, with
deposition conditions: tenperature between 250 to 400 C, pressure between
0.5to 1.5 Torr. 25. The nmethod of claim 19, wherein said copper netal
barrier on said first set of copper netal interconnection lines, wring,
and contact vias is self- aligned and selectively deposited by atom c | ayer
deposition using precursors selected fromthe group conprised of: halide
precursors, NbCl5 for No barriers, TaCJ5 for Ta barriers, and for niobium
aqueous netal - organic precursor, Peroxo-GCi trato-N obiumconplex, [No(Q02)
(C6H407) 13 27 26. The method of claim 19, wherein said first and second
set of copper netal £fterEemrerthes of i Hedm &% i wheranl €dhfact vias are

formed by plating copper on a_copper_seed |ayer, which is on a barrier
| ayer and pl at ed1Z8Hperdi §eﬁ5‘l’%‘ﬁa§$€éﬂf b%?ﬁﬂ?é'n%@é’r?l MBERARPRAFC LT shi ng.

27. The nmethod of _claim 19, wherein i lL.ti- . la rowmLing, is
processed in a J8F%da 15%%%@ arﬁ)‘rgo%%lgtga%’y%‘gpsegfﬁnéggégggfb?%%r%gh (h).
- 28 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 c¢laim 19, wherein said multi-

layer copper wiring, is processed in a dual damascene

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