TI TLE | NTERCONNECT W TH COWPCOSI TE BARRI ER LAYERS AND METHOD FOR

FABRI CATI NG THE SAME BACKGROUND COF THE | NVENTION Fi el d of the Invention The
present invention relates to sem conductor fabrication, and in particul ar
to copper interconnects wth inproved diffusion barrier and adhesion

bet ween conductors and dielectrics, and nethods for fabricating the sane.
Description of the Related Art Al um Hhand al um num al | oys were the nost

wi dely wused interconnection netallirgres for integrated circuits.

However, it has becone nore and nore inportant that netal conductors that
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is preferred for its |ow respzdapddprnasae!dangs for resistance to
el ectrom gration (EM and STress vordinmgproperties for very and ultra

| arge scale integrated (VLSI and ULSI) circuits Conventional |y, copper
i nterconnects are fornmedeag&EROURDSOF CRlik etvaResgene” or "dual - danascene”
fabrication process instead of conventional alum num interconnects.
Briefly, a damascene netallization process forns conductive interconnects
by deposiField off wlomdickénveidmetal s, i.e. copper or copper alloy, in via
hol es or trenches fornmed in a sem conductor wafer 1

The present invention relates to semiconductor

o

fabrication, and in particular to copper interconnects
with improved diffusion barrier and adhesion between
conductors and dielectrics,'and methods for fabricating
the same.

Description of the Related Art

Aluminum and aluminum alloys were the most widely
used interconnection metallurgies for integrated
circuits. However; it has become more and more important
that metal conductors that form the interconnections
between devices as well as between circuits in a
semiconductor have low résistivity for faster signal
propagation. Copper is preferred for its low resistivity
as well as for resistance to electromigration. (EM) and
stress voiding properties for very and ultra large scale
integrated (VLSI and ULSI) circuits.

Conventionally, copper interconnects are formed
using a soc-called "damascene" or "dual-damascene”
fabrication process instead of conventional aluminum
interconnects. Briefly, a damascene metallization
process forms conductive interconnects by deposition of
conductive metals, i.e. copper or copper alloy, in via

holes or trenches formed in a semiconductor wafer



surface. However, copper inplenentation suffers from high diffusivity in
common insulating materials such as silicon oxide, and oxygen-contai ni ng
pol ymers, which causes corrosion of the copper with the attendant serious
probl ens of | oss of adhesion, delam nation, voids, and consequently
electric failure of circuitry. A copper diffusion barrier is therefore
requi r ed shworfzompper Hbweeeepnnespser Cunipdninantasdircogddcees devobges (e. g.,
transistors) or conductive elenents formed in a sem conductor substrate
are typi celgly @ébfErsbviky hibnswmudmginsel & ing smaserhiads oxniatesasSel ect ed
regions of, the oxide _.layer are renoved and therefore create openings in
the seniTBdidiaR oro%iiut r AR s PFEIER - 2OBR FLERT | apePYRETS | or WBHCHI i ni ng

t he bott%%réd sci dewalls of_the o enipglgs f@; dtiéffusion bl ocki ng and as an
adhesi on ST &6 TR T b ritfucts SR |4y, the g2t EoRPRNt s 88 PYSer, i s
then forsmdyupgn bhe BAI | 6F |ANIs:clle S890nlAYELCRT OYidleg, a oggnductive
foundati on for a subsequently for med bul k copper “i'nt érconnect Fayer

typi cal | yodrfeR@Briy elebeghr ophaliRg. A t el rEhecbyl k C@ppesppé§ been
deposited excess copper is renoved using, for exanple, chem carf-

mechani calififolsighi ngbafibesur L ace therkliemec! asnpd witl Seal edopbth a
passivation layer or the like. Simlar processes will be repeated to
const r uctiRfindarin@dls .

Currently, semiconductor devices (e.g., transistors)
or conductive . elements formed in a semiconductor
substrate are typically covered with ‘insulating
materials, such as oxides. Selected regions of the oxide
layer are removed and therefore create openings in the
semiconductor substrate surface. A Dbarrier layer isg
formed, lining the bottom and sidewalls of the openings
for diffusion blocking and as an adhesion interface. A
conductive seed layer, e.g. copper seed layer, is then
formed upon the barrier layer. Tﬁe seed layer provides a
cénductive foundation for a subsequently formed buik'
copper interconnect layer typically formed by
electroplating. After the bulk copper has been deposited
excess copper is removed using, for example, chemical-
mechanical polishing. The surface is then cleaned and
sealed with a passivation iayer' or the like. Similar
processes will be repeated to construct multi-level
interconnects.

Currently, barrier materials, e.g. tantalum nitride,
are deposited over an etched substrate using physical
vapor deposition (PVD) or chemical vapor deposition (CVD)

techniques. Barrier layer deposition by PVD has the



I nterconnects. Currently, barrier materials, e.g. tantalumnitride,

deposited over an etched substrate using physical

or chem
PVD has
uni form

are

vapor deposition (PVD)

cal vapor deposition (CVD) techniques. Barrier |ayer deposition by
the 2 advantage of creating barrier layer filnms of high purity and

chem cal conposition. The drawback of PVD techniques is the
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Sl | OXaNaY ®o HaeCFRE WREEN BR8SRl) deposited and baked
oxi de"structure. Qther porous silica

a relatively porous silico

structures sudm asrdeteregetsriiave haeroeevel epeds petablvahveTexas

Instruments Inc. and incorporated into dual damascene processes to obtain
di el ect ridi dlgmnsian t heatisgleedt ri c(laoikst antsatsrliole as RaBe Thbeehs to be
conpared with a dielectric constant of about 4 for conventional silicon

oxi de. OGP AR;sflasinke gatibe mdigiedtrisuchlagerpol yof | seedeiroxanes
quorinaLeq‘siIic%iglass (FSG) and

integrated “circuits Tto provide a lower capacitance than
conventional silicon oxide and consequently, an increase
in cireuit speed. Common low-k dielectric materials
include SOGs (spin-on-glasses) that are formed from
alcohol soluble siloxanes or silicates which are spin-
deposited and baked to form a relatively porous silicon
oxide structure. Other porous silica structures such as
xerogels have been developed, notably by Texas
Instruments Inc. and incorporated into dual damascene
processes  to obtain dielectric layers with dielectric
constants as low as 1.3. This is to be compared with a
dielectric constant of about 4 for conventional silicon
oxide.

Organic and quasi-organic materials such as
polysilsesquioxanes, fluorinated - silica glass (FSG) and
fluorinated polyarylene ethers have been utilized as low-
k and ultra low-k aielectric materials. Totally organic,
non-gilicaceous, materials such as the flucrinated
polyarylene ethers, are used increasingly in
semiconductor processing technology due to their

favorable dielectric characteristics and ease of

application. Organogilicate glass (0SGs), for example



fluorinated pol yaryl ene ethers have been utilized as low k and ultra | owk
dielectric materials. Totally organic, non-silicaceous, materials such as
the fluorinated polyarylene ethers, are used increasingly in

sem conduct or processing technol ogy due to their favorable dielectric
characteristics and ease of application. O ganosilicate glass (0OSGs), for
exanpl e BBrdekDbrmandd. THM fincomMypliicet M&iterials Corporatiom of Santa
Clara Caljf., has dielectric constants as lowas 2.6-2.8. It is also found
that TaN 383 eFlprPnCaiddosi t Bas diedeanrienternetantis Rewdowli abectric
materials2 él%g articular, fluorinated lowk materials such as FSGs and
OSGs such™ as tk Di anond, exhibit poor '-adhesion. This results in
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or during subsequent —processing. ani’na _ i gh
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| ow-k-dielectric layers. In addition to the requirements of tHe barrier
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di ffusion, good coverage, good adhesion, barrier filnms nust al so be
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SUMVARY COF THE | NVENTI ON One object of the present invention is to provide
a barri erSF T Wit Klelsminat igmeat ohheo Heowilendi maeexiak, kaybes.

immediately after deposition or during subsequent
processing. Delaminatidn occurs due to by high tensile
stresses as well as weak bonding between TaN barrier
layers and low-k dielectric layers.

In addition to the requirements of the barrier
mentioned above regarding . the effectiveness against
copper out diffusion, good coverage, good adhesion,
barrier films must also be conformal, continucus, and as

thin as possible to lower resistivity.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
barrier layer with better adhesion to low-k dielectric
layers.

Another object of the present invention is to
provide a barrier layer with good step coverage, thereby
reducing electromigration (EM).

Still another object of the present invention is to
provide a conformal, continucus, thin and low resistivity
conductive layer as the interface between the copper seed
layer and the low-k dielectric layer for adhesion and

diffusion barrier.



Anot her obj ect of the present invention is to provide a barrier layer with
good step coverage, thereby reducing electromgration (EM. Still another
obj ect of the present invention is to provide a conformal, continuous,
thin and low resistivity conductive |layer as the interface between the
copper seed layer and the lowk dielectric |layer for adhesion and

di f fusi on bar Mcerachiche adie eywethwugire vhontsi one® ndhPeets pbygeisus vari ous
conposite diffusion barriers are inplenented in interconnect structures
accor di nFapasidepr estirifusiprent imarriers hi saspeci fnphenented he Expr essi on
"conposi te" denotes a | am nated | ayer and each sub-layer of the | am nated
| ayer catMEIFONIRE s amS T RS enBCCRESERPal . teeneFBRI y PREFARES connect
structurq5$£¥ﬁ€$ es: a enlctnductor su strgte with_a contact region

t her eon; iel’ectric Fayer ri §PRGCAHED éﬁFcondﬂﬁ?pre§85§??é B with an
openi N9 eXRARGA e SABaE! L e9hfinaelll IBYRLOLPAULLET hBY Ly apd/ or -an
e sideWa ¢to

adhesion layer lining t \ s of the~opening; and a con tor
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barrier is a conposite conductive |ayers formed by atomc |ayer deposition
(ALD) |i matgrtilkd .damascene openings in the dielectric, serving as a
diffusion barrier and/or adhesion interface. The preferred conposite
di f f usi on bar Geseriadyar s iar e intarteemisctduast tuctamraim hnctudest ayars or
dual tantalym ‘
semiconductor substrate with a contact region thereon; a
 dielectric layer overlying the semiconductor substrate
with an opening exposing the contact region; a diffusion
barrier layer and/or -an adhesion layer lining the
sidewalls of the opening; and a conductor substantially
filling the opening. In a preferred embodiment,
diffusion barrier is a composite conductive layers formed
by atomic layer deposition (ALD) iining the damascene
openings in the dielectric, serving as a diffﬁsion
barrier and/or adhesion interface.

The preferred composite diffusion barrier layers are
laminarly dual titanium nitride layers or dual tantalum
nitride layers, triply laminar of tantalum, tantalum
nitride and tantalum-rich nitride, or tantalum, tantalﬁm
nitride and tantalum, formed sequentially on the
dielectric layer by ALD. The preferred thickness of the
composite diffusion barrier layer is from 30 to 300A.

In a more preferred embodiment, a low-resistivity
metal layer, such as titanium or tantalum, is deposited,

lining the damascene openings before the formation of the

composite diffusion barrier layer.



nitride layers, triply lamnar of tantalum tantalum nitride and
tantalumrich nitride, or tantalum tantalum nitride and tantalum forned
sequentially on the dielectric |ayer by ALD. The preferred thickness of
the conposite diffusion barrier layer is from30 to 300A. In a nore
preferred enbodinment, a lowresistivity netal |ayer, such as titanium or
tantal um is dBSosideantagesief ARE. ddmescHEC Bhenfhigs HeaF RECEHRES f or nat i on

f th [ di f f usi b i, , 5 The ad t ALD, i.e.
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i nventi orcextleinti,t gaad cFH@S| elpesiop anvEfageitand ls@wWp cestraghgepsi stivity
bet ween dielectrics and conductors. A detailed description is given in the
f ol | owi ng@ndenpedy ndnrtvs piihhhotéerdacel tied.he daboompampengednposngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS_The present invention can be nore fully

under st o84 Lfmpicaadraigrieme saverguérrmgst 1Y cdlBeseciopdiog drel tBRanpl es

with references made to the acco nyi n drawi ngs, wherein:. FIGs. 1 to 7
are crossl-né"&lf’t%il@r‘?s SFRLALE ntgé’ioéorqg%é%/m br FEEP o P UEEDP I r‘?dl‘:{:o%fs’}‘fe first

enbOdineQ&m&%th%esQEEEQQEQ %%%Q%%%nﬁielectrics and conductors.

A detailed description is given in the following

embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present inventionvcan be more fully understood:
by reading the subsequent Jetailed description and
exémples with references made to the accompanying
drawings, wherein:

FIGs. 1 to 7 are cross-sections of an interconnect
fabrication according to the first embodiment of the
present invention;

FIGs. 22 to 2C are cross-sections further
iliustrating the composite diffusion barrier layers
according to the present invention; and

FIG. 8 is a crogs-section showing a two-level
interconnect structure according to the second embodiment

of the present invention.

<

DETAILED DESCRIPTION OF THE INVENTION

The following embodiments illustrate application of

the present invention to an interconnect structure with a



FIGs. 2A to 2C are cross-sections further illustrating the conposite
diffusion barrier layers according to the present invention; and FIG 8 is
a cross-section showing a two-level interconnect structure according to

t he second enbodi nent of the present invention. DETAILED DESCRI PTI ON OF
THE | NVENTI ON The follow ng enbodiments illustrate application of the
present idAnARdGLTE t pranesat eitconheCiseaticoniduke o t dulss Briteenieens . pr ocess
at the sem conductor substrate |level. For conveni ence, nost of the

f ol | owi nfFbEANKERLSNEEe MIStusPLattdte bfodlowigbe efdrpdienetsr azess, but -
are not .rel_[stri cted thereto. Indeed, as will be appreciated by persons
skilled it THRFERGed 2PHUA BhRELReaMRSEERes PEOCRPE0 P ea¥@dD8ECOr di ng

to the i L [ Epbodi nent, FLG 1 sho sem condyct o ubstrate
100 such@é%gafloésﬁeﬁ:céﬁégﬁ %’frapgn%‘?e [ iarf”on‘ﬂ”()%\f i %?ul%‘?%?e%h%'é‘? agéf (Sa).
A cont actsdey | Sq f e .sem_Go ' Su 0, such
as a convpenl'te'iﬁ()%gl é%lé%ogﬁgﬁeoh%g’r c%nﬁ?&ﬁs%%%%n%gg%’é%?cégcan be
copper, &ldanpgriferdtdBiiddBrdiay aldiBhd ungadfiorn all oy thereof, or a
conmpound thereof. As shown in FIG 1, a dielectric layer 120 preferably
havi ng a BilmataEmprekimesuty f ace i s deposited overlying the substrate 100 and
the contact region 110. The dielectric layer 120 is preferably conposed of
one or nore dil&-eck rshovepyseenbrendficsdt | sehstoatai hbAgsach as a

silicon substrate or silicon-on-insulator substrate
(801) . A contact region 110 is formed on the
semiconductor ‘substrate 100, such as a conventional MOS
contact, interconnects and the like, which can be copper,
aluminum, titanium, tantalum, tungsten, an alloy thereof,
oxr a compound thereof..

As shQWn in FIG. 1, a dielectric layer 120
preferably having a planar upper: surface 1is deposited
overlying the substrate 100 and the contact region 110.
The dielectric layer 120 is preferably composed of one or
more dielectric depositiong of silicon-containing or
organic-based materials. Preferably, the dielectric
layer 120 has a low dielectric constant (k), such as
silicon oxide-containing material with a dielectric

constant (k) not exceeding 3.5, more preferably 2.8 or

below, . The preferred dielectric material is, but not
limited. to, organosilicate glass, fluorinated silica
glass (FSG), organic spin-on glass, inorganic CVD

dielectrics, or a combination thereof.
Optionally, an etch-stop layer (not shown) can be
formed on the surface of substrate 110 before dielectric

deposition. The etch stop layer is preferably a silicon



organi c-based materials. Preferably, the dielectric Ilayer 120 has a | ow
dielectric constant (k), such as silicon oxide-containing material with a

dielectric constant (k) not exceeding 3.5, nore preferably 2.8 or bel ow,.

The preferred dielectric material is, but not limted. to, organosilicate
glass, fluorinated silica,.qglass (FSG , organj¢ spin-on glass,. iporganic
CVD di eléélzg}’r%@g%g%r A céﬁﬁgﬁaPrB%C heroott ’&Fﬁ‘? oﬁzfm‘%r’f %ﬁ’r@'te@h-g@'op | ayer
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oXyni tri dgy Ofs Skht£0dr gL, oxynitride layer fornmed by plasma-enhanced
chem cal vapor deposition (PE-CVD) using Ar as carrier gas. A contact

openi ng 130 i sAthentdeti opensnd eBohed ithen ke fdirgl®ecdnd celapes 120 using
conventional |ithography. technology and etching nethods to -expose the
contact Flgi dielegtyict Heysubslzat @sigg. Wrerentidnaly thehogmapagt hol e
130, the etch-stop |ayer prevents damage to the underlying contact region
110. The bpemiPgPdBo &xh esehing anebepdng v £xRege d cepategeni ng, i .
e. a conpination of a_via, openi and a trench, depending on the |ayout
of the ig?%g%%%ng%% . the BFefﬁPﬂgﬁ
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130 with conductive materfal, ive med in

the openitige 188akelydh§f eheack! adding AN, adhesl Qe HOEPT 4559 L@y t he
i nvention, the diffusion
be a via opening or a dual damascene opening, i.e. a
combination of a via opening and é trench, depending'on
the layout of the interconnects. The preferred width of
the bottom of the opening 130 is from 100 to 800A.
Before forming a seed layer and filling the opening
130 with conductive material, a composite conductive
liner is formed in the opening 130 for diffusion blocking
and adhesion. According to the invention, the diffusion
barrier layer is formed by atomic layer deposition (ALD).
Preferably, as shown in Fig. 2a, diffusion barrier is
- composed of dual layers. The dual layers can be selected
the same or differently from titanium, tantalum,
tungsten, titanium nitride, tantalum nitride, amorphous
tantalum nitride or amorphous titanium nitride, forming
by way of ALD. In a preferred embodiment, the dual
layers 142 and 142‘ are the same conductive material but
formed separately. For example, 150A of TaN 142 ig first
_ deposited, lining the bottom and sidewalls of opening 130
using ALCVD (atomic layer chemical vapor deposition) and
then exposed to ambient air. or oxygen. In another

embodiment, the substrate 100 with 150A of TaN 142 can be

TR Yt h&R53R t GO O%he EdFeni ng 130



.barrier layer is formed by atom c | ayer deposition (ALD). Preferably, as
shown in Fig. 2A diffusion barrier is conposed of dual |ayers. The dual

| ayers can be selected the same or differently, fromtitanium tantalum
tungsten, titaniumnitride, tantalumnitride, anorphous tantalumnitride
or armrphous titaniumnitride, formng by way of ALD. In a preferred
embodi nerftibiastefiabo hypaiogen sambieny 2 forr @]taf@%aﬁﬁeébﬁﬁ@m tivehmateri al

but fornmed sepa For_exanpl e, OAo 42 is first eposited,
l'i ni ng ttFeect?d’t ﬁ?gn&aye&emﬁa‘ﬁés of é?HBSAEEQ/D%t%FﬁE‘)C | ayer .

hem cal s d t .
anot her ‘enbod ‘i‘néﬁf’sfab’ﬁ%“)su%@?rgr“&%%ﬁ fto& Tanhomndheg g "
subj ect eribdiiagenadabl eal NAlyeRlAR. | FEFhERNL1rd12385000, Toht ayer

142" is subsequently deposited on the first TaN | ayer vvlth kness of
150A. | n congidieirte elrmidiRi badudlerli N | ayers are fornmed simlarly as the
conposite diffusion barrier. In another enbodinent, a lowresistivity
conductive | dyeransthert kewotidmerd, bef ckevihes fsrimitiwncohduotpuesite

di ffusi on barrier. As shown in FIG 2B, a low resistivity conductive |ayer
142, such-a¥e% ok of wrt et aformq@)b%fowtfalm ufeymryionsofeposppedtey ALD
wtha t ness from 10 to 100A, I|i the opening 130. A c¢onposite
diffusior?{llof;ér< Y5390 | KHTEH i s t A8 £ P d By ELI@ Il%ﬁ?"ng Bn gﬂ@“
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barrier layer e dua or e I’ayers se
different{na) or titanium (Ti), is deposited by ALD with a

thickness from 10 to 100A, lining the opening 130. A
compogite diffusion barrier layer 144 is then formed by
ALD, lining on the low-resistivity conductive layer 142.
Similarly, the composite diffusion barrier layer 144 can
be dual or triple layers selected the same or differently
from titanium, tantalum, tungsten, titanium nitride,
tantalum nitride, amorphous tantalum nitride or amorphous
‘titanium nitride, forming by way of ALD.

In another preferred embodiment, the composite
diffusion barrier layer is laminarly composed of triple
layers. As shown in FIG. 2C, Jlow-resistivity tantalum
metal (Ta) is deposited lining the opening 130, serving
as a first diffusion barrier layer 142. Tantalum nitride
(TaN) is then deposited on the tantalum metal layer 142
as a second diffusion barrier layer 144. The preferred
third diffusion barrier layer 146 is Ta-rich nitride or
tantalum metal. All of the tree diffusion layers 142-146
are formed by way of ALD. The preferred thickness of the

triple-composite diffusion barrier layer is from 30 to

300A.



fromtitanium tantalum tungsten, titaniumnitride, tantalumnitride,
anor phous tantalumnitride or anorphous titaniumnitride, form ng by way
of ALD. In another preferred enbodi nent, the conposite diffusion barrier
layer is lamnarly conposed of triple layers. As shown in FIG 2C,

| owresisti t ant al um s deposjted ni ng the openi ng 130,
se\rN\-/i ngI alsvia ©r st ‘6‘7“%‘] %%‘?oﬁ’ a'ﬁt?f])ejréjr%@e éﬁqtq' ‘Ir‘ff‘iaf:‘%m’hjr‘f?‘g’dﬂ‘l‘ ?TaN) i s
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142-146 are formed by way of ALD. The preferred thi ckness of the'

triple-cespesibdlgi ffosi 0BwWbRr rdisl dadteiled S &h@MHb de@uedOPeofpéne
advantage of utilizing a tantalumor titanium netal |ayer as the first
| ayer |i Pithgopperopdding d8@uctonn | fprantert hehadhesion detheehov he
dielectric layer 120, especially for lowk dielectrics, and subsequent
copper 6ﬁsé§6&€ﬂﬁwI(ﬁﬁco%@%%%%ﬁﬁ nabeher TadUSANSge the t heonpact
reS|st|V|t .of .tantalum netal r d cing the contact resistivity between

conductof ﬁfﬁgFtX'%%ﬁﬂﬁgptg &8F8n barri er | ayer 140 being forned
according to the g @bgyedgﬁ% ?gdsggﬁg?%goglﬁgrrg A, gg?géé f%@eﬂggﬂieed | ayer

150 can be optlonally usion rier-Tayer l'ining

the openifeégmedStcdse tbntﬁbeaﬁ%vé”ﬁé$ﬁéﬁ§rEﬁgwﬂeHﬂ SRed layer is
copper, copper alloy or the conbination thereof

to 2C, a metal seed layer 150 can be optlonally deposited
onzghe diffusion barrier layer 140, lining the opening
130, as shown in FIG. 3. The preferred metal seed layer
is copper, copper alloy or the . combination thereof,
deposited by way of conventional PVD, CVD or ALCVD, or
wet plating. |

Conductive material 160 is then deposited in the-
opening 130 as a conductor, electrically connecting the
underlying contact region 110 as shown in FIG. 4.
Conductive material 160 can be materials including but
not limited to metal, metal compounds, metal alloys,
doped polysilicon, polycides, although copper and copper
alloy are particularly preferred. Copper or copper alloy
conductors can be formed by overfilling the opening 130
and removing the conductive material outside of the
contact hole. by etching back or chemical mechanical
polishing (CMP), as shown in FIG. 5. The deposition of
copper or copper alloy can be accomplished by chemical
vapor deposition (CVD), physical vapor deposition (PVD),

or electrochemical deposition (ECD). An annealing

10




deposited by way of conventional PVD, CVD or ALCVD, or wet plating.
Conductive materi'al 160 is then deposited in the -opening 130 as a
conductor, electrically connecting the wunderlying contact region 110 as
shown in FIG 4. Conductive material 160 can be materials including but

t limted to netal tI nd tal all doped i con,
pol yei ded P Houth L3BRAP 0RRd BBpr  FUFFOGT aPSHRAENC IR | JORERerrod.
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The deposition of copper or copper e acconpl i shed by chenica

vapor depastfidcn ©EV)he BARIkeedlrivappdystepasioti 08 (fFMPdher Oktched

el ectrochemi cal deposition (BCD). An annealing 10 process at 150-400C can
be furthéragierI®l ned 500Aetucexpbbe rmegictiian yobfthéesidppeller ofopper
all oy conductors. As FIG 6 shows, in a preferred enbodi nent, the surface
of the ditdredifiiugigrebannan ayathddlet ched back 100 to 500A to expose a
portion of the S|demalls of the diffusion barrier yer 140, In FIG 7, a
passivation | ayer¥i90 And2aR3SEdNasiop lexrdr 44 %?& %EqﬁéﬁpiéFPP

dep05|tegj§Qﬁ;h?ﬁ6urE§§e %%u8§gbaf bStrat%brr%' qurI |n§u£9$ gl%&ectrlc

| ayer e condut “ed paSS|vat|on ayer 170

conpri se I | W t r n %, ~jhe
P Tt 90 £ (60 M She 2y 0 £a0! §9L19EERLEM 1a4B3N 13Q%anl

the conductor 160. The preferred passivation layer 170
comprises silicon carbide with carbon content greater
than 20%. The preferred etch-stop layer 180 is a carbon-
oxygen containing film with a thickness from 500 to 20004
and more preferably, 500 to 1000A.

In another embodiment, a conductive passivation
layer (ﬁot shown) can be formed only overlying the second
conductor as a capping layer. Preferably, the conductive
passivation layer can be formed by self-aligned process.

Second embodiment

FIG. 8 illustrates another embodiment of the
invention, in which a two-level interconnect is formed by
performing similar processes as in the first embodiment.
As shown in FIG.8, a low-k dielectric layer 120, e.g. k<
2.8, is deposited overlying a semiconductor substrate 100
with a first conductor 16C embedded therein. Preferably,
a composite diffusion barrié£ layer 140 'is interlaid
between the conductor 160 and the first low-k dielectric
layer 120, and the surface of the low-k dielectric layer
120 is below the surface of the first conductor 160

approximately 100 to 500A. An etch-stop layer 180 and a
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oxygen containing filmwth a thickness from500 to 2000A and nore
preferably, 500 to I000A. In another enbodi nent, a conductive passivation
| ayer not shown) can be fornmed only overlying the second conductor as a
cappi ng | ayer. Preferably, t he conductive passivation |ayer can be forned

by self-aligne roc econd enpodinent FIG 8 illustrates another
enbodi nent® '%‘? c? ﬁltl?iﬁ‘:tirﬁcvm ¥en thtl4 el i nkSr cénfect 2F€ for ned

by perf aidpsgh Sddn lsaer r&lﬁ stl gek'iyg.ﬁg fhﬁgt SE?QQ' nﬁgglegél?léhown in

FIG S8, alowk diel ectt depositéd overlying

a sem corrhyder 190bst rﬁt %eﬂe%d V&éﬁa@cﬂ‘df sz@OQCBJCE%eééQdeniq?déﬁQ therein.

Preferably, a conposite diffusion barrier layer 140 is interlard between
the condustornd 601landkt halifdleritdiew Kialjet ectiboe  |dayaiedithg anghehe
surface of the lowk dielectric layer 120 is below the surface of the
first cortifenkyisD fipstoxnduekbgrld@o.o 5T0A. pAlef@trmwstmmttlayef 180 and

a 11 secorlF |l ow-k dielectrjc layer 190, e.g. k-< 2.8, are deposited
sequent i att§ oFEFPYANg th}%iufqt(ogt R P ectFi c flf‘%[?erzﬂﬁo %0 sedB8A8Aconduct or

220 th I K | ect 190, t th
cnder yi g 11 PSP Ronae« 3 Crdo. SPRS prever ed i ﬁﬁofa L
conductordj_Z@@Jé ﬁrBHk%gQrtci I}Y%IQ_,OA?OO Pé%feer Yag & r&fgd F\ ggr 210 and

a comnposl te USI on barrie ayer orne om Cc
deposi ti ade dﬁ-li‘g)on SqAuent i akd e@:@d/fetllrgg EB%eQ%bO”tﬁéld bo?dtdﬁﬁ\/abha of the

second conductor 220. Nbre preferably,-

sidewalls of the second condu_ctor 220. More preferably,
the surface of the second low-k dielectric layer 190 is
lower than the surface of the second conductor 220 by
approximately 100 to 500A. A passivation layer 230 and
an etch-stop layer 240 are sequentially deposited on the
surface of the substrate 100, overlying the second low-k
dielectric layer 190 and the second conduc_tor 220. As
shown in FIG. 8, the preferred passivation layer 230
comprises silicon carbide with carbon content greater
than 20%. The preferred etch-stop layer 180 or 240 is a
carbon-oxygen containing film with a thickness from 500
to 2000A and more preferably, 500 to 1000A.

In a preferred embodiment, the first conductor 160
is a tungsten plug connecting a source/drain region, a
gate regibn or a metal salicide of a MOS transistor. The
first dielectric layer 120 is phosphorus-doped silicon
glass (PSG) un-doped silicon glass (USG), silicon-rich
oxide, silicon oxynitride, siligon-rich oxynitride,
gilicon nitride, silicon-rich nitride, or a combination
thereof. The second conductor 220 is a copper, copper

alloy, aluminum, or aluminum alloy plug or a dual

12



the surface of the second lowk dielectric layer 190 is |ower than the
surface of the second conductor 220 by approximately 100 to SOCOA. A
passivation |layer 230 and an etch-stop |ayer 240 are sequentially
deposited on the surface of the substrate 100, overlying the second | ow k

dielectri 9 he second condyctor 220. As . sho in. FIG 8, the
pr ef erred&%rlz‘g%%%%i %r?%%g‘lfté"r(ﬁzwan or%f‘? sgg’wsi T]i:cﬁ’iecé’g‘rdoi gé%?ﬁrégr bon
content g r h ; I ch- 1 240 is a
car bon- oxy%g%lﬁcgﬁ%a?%i %%ﬁcp%evﬁ e;i{ tcﬁﬁlc‘%llggﬁ ?@an% %%[l t%g‘ég%%Aéand nor e

pref er ablgie DAL £ 10Q0A At a (R ef eesgd wbodiZ®nt | okB&nbkhi sk caeaduct or
160 is a tungsten plug connecting a source/drain region, a gate region or

a netal splassde fdfucariMaBeky anslstar gl fFeet, dietentid c shayebnl20 is
phosphorus-doped silicon glass (PSG un-doped silicon glass (USG),

si | i con- r938S oxi #Borgpnieon C¥Ry nididldstsids ,corer i ch oxpmicinagdéon silicon
nitride, sili cog-ri ch nitride, or a conbination _thereof. The_second
conduct ortiﬁ’ﬁe‘? - a tBppeicleshper carebyntalkii Afinthser sgrarndeWak oy pl ug
or a dual mascene con tor, and the low -k second dielectric |ayer
can be siclzljrl%%e?\g%%/ e §¥%‘§3n£§ n?ﬁgpﬁﬁgﬁf?g?‘yh%mﬁ EgaBi Eg‘égt P%c tbt‘?nstant W
ess thane 2rdy @6UaROYNCRS i 0! Adfr F10TT nated a1l 0o, ghass 65O .
organi ¢ spin-on glass, 1 norganic dielectrics, or a conbination

thereof . Jhefk ebecbhireieenstafird kl46f odie s&F0Rde! G¥mediBlealy ¢ | ayer

190 is preferably lower than that of the first lowk dielectric |ayer 120.
The firstwitthd sebamithar structure as shown in FIG. 2A to 2C.

In another embodiment,r the first and second
conductors 160 and 220 in FIG. 8 are copper Or copper
alloy, and both the first and second dielectric layer 120
and 190 are low-k materials, i.e. k < 2.8, More
preferably, the dielectric constant k of the second
dielectric layer 190 is lower than that of the first
dielectric layer 120, thereby improving the stress
resistivity of the interconnect structure.

While the invention has been described by way of
example and in terms of the preferred emboéiments, it is
to be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended
to cover various modifications and similar arrangements
(as would be apparent to those skilied in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation so as to encompass

all such modifications and similar arrangements.
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di ffusion barrier layers 140 and 160 are formed by ALD wth a |am nar
structure as shown in FIG 2A to 2C. |In another enbodinment, the first and
second conductors 160 and 220 in FIG 8 are copper or copper alloy, and
both the first and second dielectric layer 120 and 190 are | owk

materials, i.e. l~ 2. 8 More preferably, the dielectric constant k of
t he seco glls értc yer 190 is lower than that of the first
dielectric ayer %by improving the stress resistivity of the

i nt erconnect structure. V%ile t he invention has been descri bed by way of

exanple and inyter o} ,ﬁﬂ?g%gﬂg&ﬁgz |.S. to be understood
that the inven%fonn$% %ﬁ%éﬁﬁéﬁééégto t he i'sclo ed’e di ments. To the
contrary, it is isdmeiERBudidcovabs¥abiausyipdi f cations apdasicioar
arrangenments (as woul d be apparent to those skilled in the art)
Therefore, the scopehefrebBae appended cl ai ns should be accorded the
broadest interpretation so as to enconpass all such nodifications and
simlar arrangeneféselergriat liayesl aionsklwindg. #hei ntserdoondeictsr uct ur e,
conprising: a sem conductor substrate with a first conductor thereon; a
dielectric |ayer ovéngl ﬁ”@t?heh%\ém%oﬁdhc?B?n%abs‘%lP%ﬁ%uha\ﬁx@@S&@gopen| ng
t herei n exposi ng th% f%rst condg E ~a conposite diffusion barrier |ayer
formed by atom c Iay r AEBBSlPP Pﬁfng the sidewalls of the

a composite diffusion barrier layer formed by atomic

layer deposition lining the sidewalls of the
6pening; and

a second conductor filling the opening and
electrically connecting the underlying first

conductor.

2. The interconnect structure as claimed in claim
1, wherein the first conductor is composed of a material
selected from group consisting of copper, copper alloy,
aluminum, aluminum alloy, titanium, tantalum, tungsten,

metal silicide, metal alloy and metal compound.

3. The interconnect structure as claimed in claim
1, wherein the dielectric layer comprises a silicon

oxide-containing material.

4, The interconnect structure as claimed in claim

1, wherein the dielectric constant (k) of the dielectric

layer is less than 2.8.

5. The interconnect structure as claimed in claim

1, wherein the width of the opening is from 100 to 800A.
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openi ng; and a second conductor filling the opening and electrically
connecting the underlying first conductor. 2. The interconnect structure
as claimed in claim 1, wherein the first conductor is conposed of a
material selected fromgroup consisting of copper, copper all oy,

alum num alum numalloy, titanium tantalum tungsten, netal silicide,

netal alloy a met C A in onnecty struecture .claimed in
claim 1, mhe?gin t gﬁd?g?%%?g?%e?gy§§r88%§%§3g§;ﬁ%ﬁ}?%%ngn otk :

oxi de- conf ai nj ergiad . ; int o] tc%h@kﬁﬁ e hged in
claim 1¢Mg%é?gﬁe 11clli?éel eié%lrc;ﬂc}?ecéoé;s%fﬁt IE?%C of tThe gieel g%tfﬁfilu%lgﬁayer IS

| ess thambarBied. 1dheri ¢ efeannesteStyogure as clainmed in claim1, wherein
the width of the opening is from 100 to 800A. 14 6. The i nterconnect
structure as clainmed in claim 1, wherein the thickness of the conposite

di ffusion bar?ier Thgeintertoone@d E¢r80¢0Are7.asTheliimedconned@ist ruct ure
as clained in claim 1, wherein the conposite diffusion barrier |ayer is
conposed bf dtRETeIR anflien e ey ki Brs il Ragrti@umlavey i d€ | ayers.

8. The int t tur | ai. mred i | ai 1, wh in.t it
i 11081 o BRATER PhyaPaTsEiBaaTng B CEAABI JRERPAF CHRORAR G b of 1l 5

sel ected nIEPT&éhfaﬁéPEP consisting of titanium tantalum

8. . The interconnect structure as claimed in claim
1, wherein the composite diffusion barrier layer is
dually or triply laminar composed of ﬁaterials selected
from the group <consisting of titanium, tantalum,

tungsten, titanium nitride and tantalum nitride.

9. The interconnect structure as claimed in claim
1, wherein the composite diffusion barrier layer is
composed of materials selected from the group consisting
of amorphous titanium nitride and amorphous tantalum

nitride.

10. The interconnect structure as claimed in claim
1, wherein the composite diffusion barrier layer

comprises tantalum-rich nitride.

11. The interconnect structure as claimed in claim
1, wherein the composite diffusion barrier layer is

triply laminar of tantalum, tantalum nitride and

tantalum-rich nitride.

12, The interconnect structure as claimed in claim

1, wherein the composite diffusion barrier layer is

15



tungsten, titaniumnitride and tantalumnitride. 9. The interconnect
structure as clained in claim 1, wherein the conposite diffusion barrier
| ayer is conposed of naterials selected fromthe group consisting of
anor phous titaniumnitride and anorphous tantalum nitride. 10. The

i nterconnect _structure as ch%u med in claim 1, wherein {he orrp05|te

di f f usi ongﬁép Yer taiar ri SN untAPERLAMY (i HEETHde TROA

i nterconng %}1 eSiMcture as claimed in claim 1, wherein the conposite
di ffusion barrier layer is triply lamnar of tantalum tantalumnitride
and tantalumrich nitride. 12. The interconnect structure as clainmed in

claiml, whereis. thengonpeskbenfebtusiandiar &fs | 8y8inte 18 Wiy | am nar
of tantalum tantalumnitride and tantal um . The interconnect structure

as cl ai med,i whelreim the waebatn cbhﬂu&@@@ndsC@bd@@'fs@’d loF conRasad Qf
a.material selected fromthe group consisting of copper, copper alloy,
al um num &edegkadi nfmowml Itdye BouPhecpnséstongecodt stcampar ¢ avpgpea med in
claim 1, further_conprising a lowresistivity netal |ayer having a

t hi cknessati6i 181 P@lmemAangnah@mm@mb@H@Yn and the sidewalls of the
opening. 15. The interconnect structure as clained in claim 14, wherein

the | ow resiotiyi ty,etal, Laver s cumesed, ol @ MRLSHLE! sselqelgd from

1, further comprising a low-resistivity metal layer
having a thickness from 10 to 100A lining the bottom and

the sidewalls of the opening.

15. The interconnect structure as claimed in claim
14, wherein the low-resistivity metal layer is composed
of a material selected from the group consisting of

titanium and tantalum.

16. An interconnect structure, comprising:

a semiconductor substrate;

a first low-k dielectric layer overlying the
semiconductor substrate with a first copper or
copper alloy conductor embedded therein;

a second low-k dielectric layer overlying the first
low-k dielectric layer; |

a second conductor embedded in the second low-k
dielectric layer and electrically connecting
the first copper or copper alloy conductor, and
the surface of the second 1low-k dielectric
layer ig lower than the surface of the second
conductor; wherein the second conductor is

composed of copper or copper alloy; and

is



titaniumand tantalum 16. An interconnect structure, conprising: a
sem conduct or substrate; a first lowk dielectric |ayer overlying the
sem conductor substrate with a first copper or copper alloy conductor
enbedded therein; a second |owk dielectric |ayer overlying the first
lowk dielectric |ayer., a second conductor emnbedde in(i e second | owk
dielectric | ayr® %ﬁ%ﬁnéﬁ F4PTE g 2xHe ¥9T$% Qbﬁp@Foﬁ?ccopper

ooy conductor, anda e HUERIEoR! WIS ST0RY Attt e Chekgn Ve 1S

| ower than the surfac e “second ond

conductor is compoggdaQkt&PPPEROT t‘ﬁ%Ppesrﬁd?Jdcpy;dlcﬂPQ; 1642-¢08PPSEL ©
d eposi

di ffusion barrier |layer forne y atomc ayer tion, interlaid

bet ween the second 1ggaguctor and the second |owk dielectric Ilayer. 17.
The interconnect structure as clainmed in claim 16, further conprising a
passivation | ayer overlying the second |lowk dielectric |ayer and second
conductor. 18.1The Thr eilubanecunstt ustunetase chai mBaGimed| Bmnelaim wherein

t he passivation |ayer conprises silicon carbide. 19. The_interconnect
structuret@s EVEFRRE CRMPEAPANILR FassivatiesnpanheEearbYERdstEg | ayer

verlyin h iwvatjan | r.
overly gsetzcc?nd pf‘osm?-k aéjl.glecta]_yiec layer and second conductor.

18. The interconnect structure as claimed in claim
17, wherein the passivation layer comprises silicon

carpbide.

19. The interconnect structure as claimed in claim
17, further comprising an etch-stop léyer overlying the

passivation layer.

20. The interconnect structure as claimed in claim
16, further comprising a conductive passivation laver

overlying the second conductor.

21. The interconnect structure as claimed in claim
16, wherein the first low-k dielectric layer comprises

silicon oxygen-containing material.

22. The interconnect structure as claimed in claim
16, wherein the dielectric constant (k) of the first low-

k dielectric layer is less than 2.8.

23. The interconnect structure as claimed in claim
16, wherein the second low-k dielectric layer comprises

gilicon oxygen-containing material.
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20. The interconnect structure as clainmed in claim 16, further conprising
a conductive passivation |ayer overlying the second conductor. 21. The

i nterconnect structure as clainmed in claim 16, wherein the first [owk
dielectric |layer conprises silicon oxygen-containing material. 22. The

i nterconnect structure as clainmed in claim 16, wherein the dielectric

tant (k the first, | k dielectric_| i.S .| i h 2.8. 23. Th
nior connect AHuctTie LREEPAPRRRT noEPUPRAT S0 SAu AT i SBLONE | ow k

i el eCt 166 | AYRLLBIIPT {85 q:0IdGN *UGol 00t A NeMRLey [ gloodd 24 The

i nterconnéct structure as alned in claim rein e dréelectric

constant {ky-10faideesesondh 4% ki dirlactuds lawer is less than 2.8. 25. The
i nterconnect structure as clainmed in claim 16, wherein the dielectric

constant k of the second lowk dielectric layer is lower than that of the
first lowk, ZFelethei éntayeonn26t Eheuchtieec@nectaigigdicinr elasmel ai ned
inclaim 16, wherein the width of the second conductor is substantially
from 200 1%, 1@0ereir7thdhdieheetronnecnstantickupE 4beckeaicand ilpwekai m 16,
further conprises a [owresjistivity tantalumnetal layer with a thickness
from 10 tSLabRAETint dAVEFd bt WeWRr tHencdipsi PE diter uS1®At baPKIrEr | ayer
and the second | ow f dielectric layer. 28. The interconnect structure as
ol i med TR EISFRAIC Tayer. /

26. The interconnect structure és claimed in claim
16, wherein the width of the second conductor is

substantially from 200 to 1000A.

27. The interconnect structure as claimed in claim
16, further comprises a low-regsistivity tantalum metal
layer with a thickness from 10 to-looi, interlaid between
the composite diffusion barrier layer and the second low-

k dielectric layer.

28. The interconnect sgtructure as claimed in claim
16, wherein the low-resistivity metal layer is composed
of a material selected from the group consisting of

titanium and tantalum.

29. The interconnect structure as claimed in claim
16, wherein the thickness of the composite diffusion

barrier layer is from 30 to 300A.

30. The interconnect gtructure as claimed in claim
16, wherein the composite diffusion barrier 1layer is
composed of dual titanium nitride layers or dual tantalum

nitride layers.
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16, wherein the lowresistivity netal |layer is conposed of a material
sel ected fromthe group consisting of titaniumand tantalum 29. The

i nterconnect structure as clainmed in claim 16, wherein the thickness of
the conposite diffusion barrier layer is from30 to 300A. 30. The

i nterconnect structure as clainmed in claim 16, wherein the conposite

di ffusi on bar r:J;ler I,ﬁ¥er. al titani.umnitride ers or

i conposed pf d ] a
dual tantalum™hitride f%@%?gérﬁ%cﬁlsgfﬁgg}lﬁ?el’agoncf%e?tmescirh%t ﬁrl’tg %s cl ai ned
[noclaimidt, whslah the cOBRASLS Lol A AL AL dAY ket dyally or
triply lamnar conposed of nmaterrals selecte fromtlhe group consi sting of
titani umadamal gm triplgst Bamikd+ aBbMPLBES! idFe naeet st al wanRickeiqde. 32.
The interconnect structure as clained Tn claim 16, wherein the conposite
di f fusi orftamri €hel aygroup cwmmasadmef nafer italtsarsalect edahtahuihe group
consisting of anorphous titaniumnitride and anorphous tantalum nitride.
33. The itigsiminectitaniegn it wide laidddritalymimtnigle wherein the
conmposite diffusion barrier layer conprises tantalumrich nitride. 34. The
i nterconnect structure as clained in claim 16, wherejn q&he conpasite

di f fusion barri%®er I'Hfer PEXEPIRPGY| ShFHGFUSE Géntat Mt anbalum tri de
and  tantgd UMifleGlL il e c3RpodliBe’ ACEFOONSS! BLIHELHT 8 ARefl gigmed TN

claim
composed of materials selected from the group consisting

of amorphous titanium nitride and amorphous tantalum

nitride.

32. The interconnect structure as claimed in claim
16, wherein the composite diffusion barrier layer

comprises tantalum-rich nitride.

34. The interconnect structure as claimed in claim
16, wherein the composite diffusion barrier layer is
triply laminar of tantalum, tantalum nitride and

tantalum-rich nitride.

35. The interconnect structure as claimed in claim
16, wherein the composite diffusion barrier layer is
triply laminar of tantalum, tantalum nitride and

tantalum.

36 The interconnect structure. as claimed in claim
16, wherein the surface of the second low-k dielectric

layer is below the surface of the second conductor from

100 to 500A.
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16, wherein the conposite diffusion barrier layer is triply |amnar of
tantalum tantalumnitride and tantalum 36 The interconnect structure. as
claimed in claim 16, wherein the surface of the second |owk dielectric

| ayer is below the surface of the second conductor from 100 to 500A. 19
37. A nethod for fabricating an interconnect structure, conprising:

providing a seg@coq&uc%g%h%%bstfg%e %%ﬁ%i%a%§%§gnd%§?gﬁglE%E%gﬁkggn

forming a dielectri'c | ayer overTVing Se form ng

an Openingtf@cgﬁﬁegi@5@5%{éfné@yer exposing the first conductor; formng a
conposite diffusion barrier layer by atomc |ayer deposition, lining the

openi ng; and prétviding he opemidgnduthod ceuBdethve Maieri & asrat second
conductor, electrically connecting the first conductor. 38. The nethod as
clainmed in claim37conkdaeceom therebnist conductor is conposed of materials
fromgroup consisting of copper, copper alloy, alum num alum num alloy,
titani um tantEPEHNFungst en, dhetedtsici ci dayemet abverlvingnd &heet al
conpound. 39. The nmethod as clained in claim37, wherein the dielectric

| ayer conprises sil PEBHCERAHELEENEHPRERGES

forming an opening in the dielectric layer exposing
the first conductor;

forming a composite diffusion barrier layer by
~atomic layer deposition, 1lining the opening;
and

filling the opening with a conductive material as a
second conductor, electrically connecting the

first conductor.

38. The method ag claimed in claim 37, wherein the
first conductor is composed of materials from group
consisting of copper, copper alloy, aluminum, aluminum

'alloy, titanium, tantalum, tungsten, metal silicide,

metal alloy and a metal compound.

39. The method as claimed in claim 37, wherein the
dielectric layer comprises siliéon oxide-containing

‘material.

40. The method as claimed in claim 37, wherein the
dielectric constant (k) of the dielectric layer is less

than 2.8.

41. The method ag claimed in claim 37, wherein the

width of the opening is from 100 to 800A.
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material. 40. The nethod as clained in claim37, wherein the dielectric
constant (k) of the dielectric layer is less than 2.8. 41. The nethod as
claimed in claim37, wherein the wdth of the opening is from 100 to 800A.
20 42. The method as clained in claim37, wherein the thickness of the
conposite diffusion barrier layer is from30 to 300A. 43. The nethod as
claimed in claim 37, wherejn_the conposite diffusion barrier layer is

conposed of duf- tThanms Att REdELRATEAs igy ™t 3 At aFBRFRED C8€ | ayers.
44. The cl ai in_claima43, wherei.n_th dual tjtaniumonitride
ayer o or EhbgEnge O MEfe! Londlel. JRELENB BastiEk AR I Tk ny o

first laygpoQfzbita@myganitride or tantalumnitride; plasma-treating the

first layer of titaniumnitride or tantalumnitride in hydrogen anbient;
formng a second |ayer of titaniumnitride or tantalumnitride on the

treated first dayerThdSmetibe get RQdiasdcliai nErhim shai Whafeinhesr n the
conposite diffusion barrier layer is dually or triply |am nar conposed of
mat eri al scewpesied fdidifiusiergr baprievnsiasgemgicf totnpnBed) ¢fintdlaim
tungsten, titanium nitride and tantalumnitride. 46. The nethod as cl ai med
in clai mB¥tapherenitipde é@ﬁﬁ@ﬁiﬂ?cﬁ##hs?%ﬁtﬁh@miéﬁtﬁéﬁérh%yQﬁmmosed of
44. The method as claimed in claim 43, wherein the
dual titanium nitride layers or tantalum nitride layers
are formed by the steps of: -
forming a first layer of titanium nitride or
tantalum nitride;
plasma-treating the first layer of titanium nitride
or tantalum nitride in hydrogen ambient;

forming a second layer of titanium nitride or

tantalum nitride on the treated first layer.

45. The method as claimed in claim 37, wherein the
composite diffusion barrier layer is dually or triply
laminar composed of wmaterials selected £from the group
consisting of titanium, tantalum, tungsten, titanium

nitride and tantalum nitride.

46. The method as claimed in claim 37, wherein the
composite diffusion barrier layer is composed of
materials selected from the group consisting of amoxrphous

titanium nitride and amorphous tantalum nitride.

47. The method as claimed in claim 37, wherein the

composite diffusion barrier layer comprises tantalum-rich

nitride.
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materials selected fromthe group consisting of anorphous titaniumnitride
and anor phous tantalumnitride. 47. The method as clainmed in claim 37,
wherein the conposite diffusion barrier |ayer conprises tantalumrich
nitride. 21 . 48. The nethod as clainmed in claim37, wherein the conposite
diffusion barrier layer is fornmed as triply lamnar of tantalum tantalum

nitride and t oy al U 0l 5 OB afeaThe LA P Chdfeeh | Bnel al m 37,

wherein the conposite usion barrier layer Is formed as triply |am nar
of tant alegipdaital dDfEukliicte BReriant dladr 59s Thermed hed agrepaiyned in
claim 37, wherein the second conductor is forned of a material selected
from thelaguingr cofisitstitrg i, coappexlucopperidel gnd atantalom-ahdhal um num
alloy. 51. The method as clained in claim37, further conprising the step
of form dytteridsivresistivity metal layer having a thickness fromi10 to
100A lining the bottomand the sidewalls of the opening. 52. The nethod as
clainmed in clajm5 wherej n.t he owresi.stivity netal is, formed by

sel f ionized Pfasnt{ SPRYIRPubPeritAg™sr iioniPéd et & B{‘%ﬁ%n(mﬁ)
sputteri érl.'[g?ﬂ\l}?’:t?SiJQe %q.o%s Bl?ghr.'gg Il%éeltral amsSlfo%gcﬁe'ans t P?IJ.B%Y 54 The

| owr esi Vity netal lTayer is forned by om'C |ayer ~depos
met hod as) fhahdRh# e L@ el c M /IN 418 ide and tantalum.

50. The method as claimed in claim 37, wherein the
second conductor is formed of a material selected from
_the group consisting of copper, copper alloy, aluminum

and aluminum alloy.

51. The method as claimed in claim 37, further
comprising the step of forming a low-resistivity metal
layer having a thickness from 10 to 100A 1lining the

bottom and the gidewalls of the opening.

52. The method as claimed in claim 51, wherein the
low-resistivity metal layer is formed by self ionized
plasma (SIP) sputtering or ionized metal plasma {(IMP)

sputtering.

£3. The method as claimed in claim 51, wherein the
low-resistivity metal layer is formed by atomic layer

deposition.

54. The method as claimed in claim 51, wherein the
low-resistivity metal layer is composed of a material
selected from the group consisting of titanium and

tantalum.
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lowresistivity nmetal |ayer is conposed of a material selected fromthe
group consisting of titaniumand tantalum 22 55. A nethod for fabricating
an interconnect structure, conprising: providing a sem conductor
substrate; formng a first lowk dielectric |ayer overlying the

sem conductor substrate with a first copper or copper alloy conductor

enbedded thereig;, form ec I diel.ectri¢_| ayer, overlyi t he
first lowk die 'ectgi c a&%rd;s fglrj’?ﬁ ng\%ﬁl%p%ﬂin i A7t het S I{eo%qk

dieIectrigtrﬁ@y@fegxagﬁ¢fgsiﬂgtfirst copper or copper alloy conductor;
formng a conposite diffusion barrier layer by atomc |ayer deposition,

l'ining the opeprogidiaddafesnidgndusespnshisonsaics or enbedded in the opening
and electrically connecting the first copper or copper alloy conductor,
and t he surfacgovfinfiea §érshdlbewkk ddiedkettiicc layper dverdlguwerg tdian t he
surface of the second conductor; wherein the second conductor is conposed
of copper copper alSE8ycopdustorThahsiide asitth alnddrsh c@PRBRT f urt her

conprising a step of formng.a passivation.|ayer. overlying the second
| ow-k dielectric Ia§€Pp§ﬁdag&88ﬁE°ndUCt°r embedded therein;

forming a second low-k dielectric layer overlying
the first low-k dielectric 1éyer;

forming an opening in the second low-k dielectric
layer exposing the first copper or copper alloy
conductor; |

forming a composite diffusion barrier layer by
atomic layer deposition, lining the opening;
and

forming a second conductor embedded in the opening
and electrically connecting the fifst copper or
copper alloy conductor, and the surface of the
second low-k dielectric layer is lower than the
surface of the sgecond conductor; - wherein the
second conductor is composed of copper or

copper alloy.

56. The  method as claimed in claim 55, further
comprising a step of forming a passivation layer

overlying the second low-k dielectric layer and second

conductor.

57. The method as claimed in claim 55, wherein the

passivation layer comprises silicon carbide.
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conductor. 57. The nethod as clained in claim55, wherein the passivation

| ayer conprises silicon carbide.

further

conprising the step of formng an etch-stop | ayer overlyi

passivation |layer. 59. The nethod as clainmed in claimb55, further

conprising a step of formng a conductive passivation

23 58. The nethod clained in claimb51,

ng the

| ayer overlying the

second conducteg; 6fhe TheeRRLAOD A% 16ledl Mo, i N GLALM 55, whereipcthe first

| ow-k dielectric |ayer conprises si

I con oxygen- containing material. 61.

The met hagomer D hdgedeh8 CkaER Sof WRIGliIMd Nean di steRLEt6pconaant (k) of
the first lowk dielectric |layer less than 2.8. 62. The nethod as cl ai ned
in clai m&&erinhetei thd heassipeonicon Quykertli el ectric | ayer conprises silicon

oxygen containing material .

the dielectric constant (k) of the second |lowk dielectric |ayer
than 2.8. 64. Fhe rdrhodieidiad apgedciaivedi niB5,clhiiar eis® .t hdurdhelrect ri ¢

const ant

kK of the second lowk dielectric layer is |ower than that

63. The nethod as clained in claimb55, wherein

| ess

of the

first | oERERFEFHE ric SF&Perof 65°rFHEINER h PG G re #3SF 1VBEIL NS5,

wherein t

1000A.

60. The method as claimed in c¢laim 55, wherein the
first low-k dielectric layer comprises silicon oxygen-

containing material.

€1. The method as claimed in claim 55, wherein the
dielectric constant (k) of the first low-k dielectric

layer less than 2.8.

62. The method as claimed in claim 55, wherein the
second low-k dielectric layer comprises silicon oxygen-

containing material.

63. The method as claimed in claim 55, wherein the
dielectric constant (k) of the second low-k dielectric

layer less than 2.8.

64. The method as claimed in claim 55, wherein the
dielectric constant k of the second low-k dielectric
layer is lower than that of the first low-k dielectric

layer.

65. The method as claimed in claim 55, wherein the
width of the second conductor is substantially from 200

to 1000A.
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24 66. The nethod as clained in claim55, further conprising the step of:
formng a lowresistivity netal layer lining the opening with a thickness
from10 to 100A by atom c | ayer deposition before the formation of the
conposite diffusion barrier layer. 67. The nethod as clainmed in claimb55,
wherein the lowresistivity metal layer is conposed of a material

| ted f t fit d . tantal 68. Th
e hodas o aete R bl éﬁ&% abped" 4 Mt "5, hoUetheEe Lo
di f f usi on.Qarrier, BYRL 's%efr ) ?galégoéb £ - J& 5 JTS ﬁg,aaeegi“ med in

cl ai m 55, ereln usi arri er a er composed of
dual  ti tPe[%Pé&EnI‘iﬁ:_[ giecﬂ;@y@gsénﬂﬁ duﬂhténéﬁi%@ééff%ml yees. 1664 The

nmet hod as ainmed in claim®69, ﬁ%ereln the dual titantiumnitride |ayers or
t ant al umby t aktdeikayienser adepbai peenbpetheesteps GormbeiBnngpa thest | ayer
of titaniumnitride or tantalumnitride; plasma-treating the first |ayer
of titanicenpgrsitieledibiusion damminst rliageeri.n hydrogen anbient; forming a
second layer of titaniumnitride or tantalumnitride on the treated first

| ayer. 71. The nmethod as clained in claim55, wherein the conposite

di f fusi on barr§er I%rm?%h‘a@aﬁﬁycélalfﬂﬁﬁpllﬁl '3gHithaf 5 coBBE8anof ifat eri al s

sel ected fé(ﬂ%éé&% lﬁ@' metal layer is composed of a material

selected from the group consisting of titanium and

tantalum.

68. The method as claimed in claim 55, wherein the

thickness of the composite diffusion barrier layer is

from 30 to 300A.

69. The method as claimed in claim 55, wherein the
composite diffusion barrier layer is composed of dual

titanium nitride layers or dual tantalum nitride layers.

70. The method as claimed in claim 69, wherein the
dual titanium nitride layers or tantalum nitride layers
- are formed by the steps of:
forming a first layer of titanium nitride or
tantalum nitride;
plasma—treating the first layer of titanium nitride
or tantalum nitride in hydrogen ambient;
forming a second 1layer of titanium nitride or

tantalum nitride on the treated first layer.

71. The method as claimed in claim 55, wherein the
composite diffusion barrier layer is dually or triply

laminar composed of materials selected from the group
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consisting of titanium tantalum tungsten, titanium nitride and tantalum
nitride. 72. The nmethod as clainmed in claimb55, wherein the conposite
diffusion barrier layer is conposed of materials selected fromthe group
consi sting of anor phous titaniumnitride and anorphous tantalumnitride.

73. Th | 5 di.f f usi

barri e(ra Iaélggg%gjrs'r% i s85 t&b‘ipgﬁbﬁ{"m cﬁanﬁhﬁ"i%ldg E?ﬁgsgﬁgi?ﬂ;ﬂ?ﬁgaméy uis:moged

in clai m§§try\@§r§h@ éé]ﬁ‘xf &di ffusion barrier layer is fornmed as
um tan

triply lamnar of tant aJlumnltrlde and tantalumrich nitride.
75. The nmethod as clainmed in claim55, wherein the conposite diffusion

barrier layer 73.forredmashbai By clladfedarimOfctat assm whapkahumpai tride
and tantalum 76. The nmethod as clained in claim55, further conprising
the step ofmeoshiag tdie€ fugmifcace barthersedaydr | onwsk di@hmesedc lodyer until
bel ow the surface of the second conductor from 100 to 500A. 26

materials selected from the group consisting of amorphous

titanium nitride and amorphous tantalum nitride.

73. The method as claimed in claim 55, wherein the

composite diffusion barrier layer comprises tantalum-rich

nitride.

74. The method as claimed in claim 55, wherein the
composite diffusion barrier layer is formed as triply

laminar of tantalum, tantalum nitride and tantalum-rich

nitride.

75. The method as claimed in claim 55, wherein the
composite diffusion barrier layer is formed as triply

laminar of tantalum, tantalum nitride and tantalum.

76. The method ag claimed in claim 55, further
comprising the step of etching the surface of the second
low-k dielectric layer until below the surface of the

second conductor from 100 to 500A.
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