TITLE INTERCONNECT WITH COMPOSITE BARRIER LAYERS AND METHOD FOR

" FABRICATING THE SAME BACKGROUND OF THE INVENTION Field of the Invention The present
invention relates to semiconductor 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 circuit§ Zfi&%ever, it has become more and more important
that metal conductors that form the mterconnectlons between devices as well as between circuits in a
semlconductommmml opagation i
resistivity as well as forresis avrgkf i?ﬁ M F il 581iESor very and
ultra large scale integrated (VLSI and m&mnmm@mngmw, copper mterconnects are formed
using a so-called "damascene” or "dual-damascene™ fabrication process instead of conventional
aluminum interconnects. Briefly, a damascene metallization process forms conductive interconnects
by deposition of conductive metal$4 & EBREEPoPE ek allYENLIDMnoles or trenches formed in a

semiconductor wafer
Field of the Invention

The present invention relates to semiconductor
fabrication, and in particular to copper interconnects
with iwproved diffusion barrier and adhesion between

conductors and dielectrics,' and methods for fabricating

the sgame.
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 ilmportant
that metal conductors that form the interconnections
between devices as well as between circuits in a
semiconductor have low resistivity for faster signal
propagation. Copper is preferred for its low resistivity
as well as for resistance to electromigration (EM) and
stress voiding properties for Qery and ultra large scale
integrated (VLSI and ULSi) circuits.

Conventionally, cop?er interconnects are formed
using a so-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



. I surface. However, copper implementation suffers from high diffusivity in common insulating materials
such as silicon oxide, and oxygen-containing polymers, which causes corrosion of the copper with
the attendant serious problems of loss of adhesion, delamination, voids, and consequently electric
failure of circuitry. A copper diffusion barrier is therefore required for copper interconnects. Currently,

semiconductBrgévices (e.qg. Hransisters) engprductiveslementsfermed inasgmicongductor
substrate arehi%l ically, covered with insulating materials, such as oxides. Selected regions of the oxide

layer are removed and théetoré eatd opeingsin thes whatidormluctar eubstiate sufacead barrier

layer is formegh lining the,hqttam and sidewalls of the openings for diffusion blocking and as an
adhesion interface. A conductivé se§§ ﬁyeﬁx&a%}(ﬁﬁﬁeg%‘gémﬁ%r, B GEined UpdsEhe barrier

layer. The sestliager provides Bogorductive f@aﬁ%i@n&qr@}s%qggg@ﬁ@ﬂgd&%l& Sopper
interconnect I%)ég typically formed by electroplating. After the bulk copper has been deposited excess

copper is ref5v&d G8lfig, #dr exfile themiztsrhechanitel polishing Fhe swdace:is thapicleaned

and sealed with &-passivafign layer or the like. Similar processes will be repeated to construct
multi-level interconfects. C rrenXtIe,C %zarrﬁ%r rr%tg’iléfé‘?e.é’.ﬁan%’ﬁrﬂ%ﬁiﬁé; A copper

diffusion barrier is therefore required for copper
interconnects.

Currently, semiconductor devicés {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 barrier layer is
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
férmed‘upon the barrier layer. The seed layer provides a
conductive foundation for a subsequently formed bulk
copper interconnect layer typically formed by
electroplating. After the bulk copper has been deposited
exXcess copper is removed using, for example, chemical-
mechanical polishing. The surface is then cleaned and
sealed with a passivation iayer or the 1like. 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



. are deposited over an etched substrate using physical vapor deposition (PVD) or chemical vapor
deposition (CVD) techniques. Barrier layer deposition by PVD has the 2 advantage of creating barrier
layer films of high purity and uniform chemical composition. The drawback of PVD techniques is the
difficulty in obtaining good step coverage (a layer which evenly covers the underlying substrate is

said to have G6bSfepsoverage).dn otder tisrihenimpeaye,cirgyi perfasmanes,Jow, diglectric
constant (Iow-lQ dj‘nate%%s have been incorporated into the dielectric layers of modern integrated
e

circuits to provide a lower tApathaRds than CsivestdishairsiliconTixide dndidonskquenthypan increase

in circuit speegs ERMmandow;k diglectric rials .include SOGs (spin-on-glasses) that are formed
from alcohol soluble siloxanes or siIicate%ﬁcﬁ%%ﬁin-laépogﬁgc?éﬁﬁﬁ‘éke@?c? ¥ &9Blatively

porous silicor Gea@steuctime. Dthesporats silicasiiugiures sUGh as xqugels‘ﬂ@/&li%eln %eveloped,
notably by Tesxggs nstruments Inc. and incorporated into dual damascene processes t obtain

dielectric layérs viith diefectic Tohstah®s Aeiow 6998 shepistobecampared with adielectric
constant of about 4 {gf copyenti oxide. Organic and quasi-organic materials such as

| silic
polysilsesquioxanes, fluorinated si icgléfa%&e(fsﬂ?pdﬁ V¥ Rubrinated poly S feiemstHer haa¥been

utilized as lo@ielectric constant (low-k) materials have  been
incorporated into the dielectric layers of modern
integrated circuits to provide a lower capacitance than
conventional silicon oxide and consequently, an increase
in cirecuit speed. Common low-k dielectric materials
include S0Gs (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, notabply by Texas
Instruments Inc. andg incorporated: into dual damascene
processes  to obtain dielectric layers with dielectric
constants as low as 1.3. This ig 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 dielectric materials. Totally organic,
non-silicaceous, materials such as the fluorinated
polyarylene ethersg, are used increasingly in
semiconductor processing technology due to their
favorable dielectric characteristics and case of

application. Organosilicate glass (0SGs), for example



k and ultra low-k dielectric materials. Totally organic, non-silicaceous, materials such as the
fluorinated polyarylene ethers, are used increasingly in semiconductor processing technology due to
their favorable dielectric characteristics and ease of application. Organosilicate glass (OSGs), for
example 3 Black Diamond. TM, from Applied Materials Corporation of Santa Clara Calif., has
dielectric constants as low as 2.6-2.8. It is also found that TaN barrier films deposited directly onto

certain low-k diglectric matesials, inparticiar, fluoninatgdigw=k materials syeh asik3Gsand OSGs
such as Black Diamond, exhibit poor adhesion. This results in delamination of the barrier material,
either immedigelfaftér depositiohior-duritigisubseqaent- pfocessiige Detfarhmatiol oteurs 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, gaod soverage Fgeodiadhesior,: barsier filras must:adsake cenfosmal, continuous,
and as thin as possible to lower resistivity. SUMMARY OF THE INVENTION In one aspect, there is
provided a methddfor LabHEAfing &f iiteFcohnBetstriGueC Edhfprigig® fprdvitling - semiconductor

SUbSUau3MMh§E@§Ecular, fluorinated low-k materials such as FSGs and
G8Gs such as Black Diamond, exhibit poor adhesion. This
results in delamination of the barrier material, either
immediately after deposition or during subseqguent
processing. Delamination occurs due to by high tensile
stresses as well as weak bonding between TalN 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, continuous, and as

thin as possible to lower resistivity.

SUMMARY OF THE INVENTION

In one aspect, there is provided a method for
fabricating an interconnect structure, comprising:
providing a semiconductor substrate with a first
conductor thereon; forming a dielectric layer overlying
the semiconductor substrate; forming an opening in the
dielectric layer exposing the first conductor; forming a
composite diffusion barrier layer by atomic layer
deposition, lining the opening; and filling the opening

with a conductive material as a second conductor,



conductor thereon; forming a dielectric layer overlying the semiconductor substrate; forming an
opening in the dielectric layer exposing the first conductor; forming a composite diffusion barrier layer
by atomic layer deposition, lining the opening; and filling the opening with a conductive material as a
second conductor, 4 electrically connecting the first conductor, wherein the composite diffusion barrier
'layer is formed by: forming a first layer of titanium nitride or tantalum nitride; plasma-treating the first
layer of titaniGriitrice 6 tantafi Aitide ih Rydfoder ambiemt farmity a ¥8€drid- Tayer of titanium
nitride or tantaduip ditride onithekeateddisstiayer. ingrathesaspesctthers,is provided @ method for
fabricating an interconnect structure, comprising: providing a semiconductor substrate; forming a first

low- k dielectfié T&jer GV8RYiInG thé seffidolbutidrstBerate With @ frstc8pperstcopper alloy

conductor empedded_therein; forming a second low-k diglectricdayer, gvertying the first low-k
dielectric layer; forming an opening in the second low-k dielectric layer exposing the first copper or
copper alloy Eefdirctorfarnfisig A& compb it aiffesiorrBarAdrtayériyratsmie 147F 8position, lining

the opening; and forming a;second..candyctor.embedded inythe gpeping.and,glecrically connecting
the first copper or copper alloy conductor, and the surface of the second low-k dielectric layer is
treated first layer.

In another aspect, there lis provided a methed for
fabricating an interconnect structure, comprising:
providing a semiconductor substrate; forming a first low-
k dielectric layer overlying the semiconductor substrate
with a first copper or copper alloy conductor embedded
therein; forming a second low-k dielectric layer
overiying the first low-k dielectric layer; 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 cpening; and forming a second
conductor embedded in the opening and electrically
connecting the first copper or copper alloy conductor,
and the surface of the second low-k dielectric layer is
lower than the surface of the second conductor; wherein
the second conductor is composed of copper Or copper
alloy.

One aim of the embodiments disclosed herein is to
provide a barrier layer with better adhesion to low-k
dielectric layers.

Another aim of the embodiments disclosed herein 1is
to provide a barrier layer with good step coverage,

thereby reducing electromigration (EM).

da



lower than the surface of the second conductor; wherein the second conductor is composed of copper
or copper alloy. One aim of the embodiments disclosed herein is to provide a barrier layer with better
adhesion to low-k dielectric layers. Another aim of the embodiments disclosed herein is to provide a
barrier layer with good step coverage, thereby reducing electromigration (EM). 4a Still another aim of
the embodiments disclosed herein is to provide a conformal, continuous, thin and low resistivity

conductive layer as the ihterface betieen thedoppe? seBY Riyer ant theliov-kHiétéctric layer for
adhesion and, diffusion.hartier. 4b-Tg aehigve the-preyiously mentioned.aims, yarioys composite
diffusion barriers implemented in interconnect structures according to the invention. In this
specification 1the expcssion” compositdudenstes b kavinatediager aid saels subdyer ot the
laminated layat .can. e, of the-same or differen material, Ganerally inntereonnect struglyre includes:
a semiconductor substrate with a contact region thereon; a dielectric layer overlying the
semiconductersubsstrate awith ail bpeningrexXposingsthe contact region; a diffusion barrier layer and/or
an adhesion layer lining the sidewalls of the opening; and a conductor substantially

4b



filling the opening; and a preferred embodiment, diffusion barrier is a composite conductive layers
formed by atomic layer deposition (ALD) lining the damascene openings in the dielectric, serving as a
diffusion 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 tantaIuT-ricép rp;itlried\§é or %}antallerv ;t%gglummrgg@leoaﬁed dtan&%%m, t%&“fg sequentially on the
dielectric layer by ED The prefer”reg thickness 6thI\4e composite diffusioh barrier layer is from 30 to
300A. In a more preferred effhodiment; adoieresistivity. anetal kayer, such asditaninarar tantalum, is
deposited, lining the damascene openings before the formation of the composite diffusion barrier

layer. 5 Thé hEVEAGES of AED: Pe"ALEVD-Bfe I BroceSE temperature and ultra thin film

deposition with exeellent ;thicknesg cantrels he AL-D-formed dually-oidriply=laminar diffusion barrier
layers have low impurity content, and offer superior uniformity, step coverage, and very low pin-hole

densities. THis ! thetcompasiter diffudicribarriar laybis/formed by AL D aieésrdirmgitolfhies vention
exhibit good adhgsion,-step @coggzrﬁ eo%ndd[pjy_\% &9%cht Jesistivity petween dielectrics and conductors.
e fo C €

A detailed description is given in t owing embodiments with reference to the accompanying

drawings. Generally in interconnect structure includes: a

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; and a preferred embodiment,
diffusion barrier is a composite conductive lavers formed
by atomic laver deposition (ALD) l1lining the damascene
copenings in the dielectric, serving as a diffusion

barrier and/or adhesion interface.

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



. BRIEF DESCRIPTION OF THE DRAWINGS The present invention can be more fully understood by
reading the subsequent detailed description and examples 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. 2A to 2C are cross-sections further
illustrating the compbsitecdiffgsiciabarierayédsD according i themresent inventioprand §4G. 8 is a
cross-sectiop é‘taﬁgirréqfa two-level interconnect structure according to the second embodiment of the

present invention, DETAILES D T IORIBF FHE NAERFIONCFh e b lidwiRg eptdcdinents
illustrate applisatiameldhe gregant inventionto anﬂg@xmg&stra%%iwi_tgg 6t%%ei§p_ene process
' ollo odiment

at the semiconductor substrate level. For convenience, most of the ng emb s are
illustrated byt&%iite dadasdareignceds: bui are nataresiristeckieteto. Indeed; apuwiilt be
appreciated géé)gersgns skilled in the art, a dual damascene process is also preferred according to
the invention. First EriboditientHIESY sHORE L S¥micRHb OB hbstraftteID sdef a5adsilicon

substrate orsigonyennsulaior SuRSIRLY dSQUA SoNIAGt re0igR, 410 s fyrmed.onshe .
diffusion barrier lavers formed by ALD according to the
invention exhibit good adhesion, step coverage and low
contact resistivity between dielectrics and conductors.

A detailed description is given in the following

embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention-can be more fully understood
by reading the subsequent detailed description and
examples 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. 27 to 2C are cross-gections further
illustrating the composite diffusion barrier layers
according‘to the present invention; and

FIG. 8 is a cross-gection showing a two-level

interconnect structure according to the second embodiment

of the present invention.

DETATILED DESCRIPTION OF THE INVENTION

The following embodiments illustrate application of

the present invention to an interconnect structure with a



~ semiconductor substrate 100, such as a conventional MOS contact, interconnects and the like, which

can be copper, aluminum, titanium, tantalum, tungsten, an alloy thereof, or a compound thereof. As
shown in FIG. 1, a dielectric layer 120 preferably having a planar upper surface is deposited overlying
the substrate 100 and the contact region 110. The dielectric layer 120 is preferably composed of one
or more dlelﬁm@@epnsm@s;@feglmq@@or@igmg@&icggﬁ[%%gd g\%%rﬁj%%%rgf%%g ,the
dielectric layer 120 has a low dielectric constant (k) , such as silicon oxide-containing material with a
dielectric corstant RN EXEREfINg BSS orefprefbrablfcl8 o ibejovenTheiprefarred dielectric
material is, bggq%gggt@%éo, rganosilicate, glass, fluorinated silica glass (FSG), organic spin-on
glass, inorganic CVD die ectrkl%sp(,J O a COMBIN tié%ﬂ?e?gﬁf?@p%ﬁwﬁsﬁn eteMistopyayer@ot shown)
can be formegshithesadachehsubstrate kixbefore diglecitis ;depgsition. The etch stop layer is
preferably a silicon 7 oxynitride or silicon-rich oxynitride Tayer t%rmeBde byaﬁﬁgr%%}ea%ﬁaanc d chemical
vapor deposkioh {PRECV} bding Arastoasrieagas. Acaniadt operingdafds thesdafined and etched
in the dielecyicJay 129 using conventipnal lithography technology and etching methods to expose
the contact region %10 onxfﬁggu%&?% DOIWhR &R hiHgRBE ion.

First Embodiment

FIG. 1 shows a gemiconductor substrate 100 such as a
silicon substrate or silicon-on-insulator substrate
(801) . A contact region 110 is formed on the
semiconductor substrate 100, such ag a conventional MOS
contact, interconnects and the like, which can be copper,
aluminum, titanium, tantalum, tungsten, an alloy thereof,
oY a compound thereof.l

As shown in FIG. 1, a dielectric layer 120
preferably having a planar uppex: surface is deposited
overlying the substrate 100 and the contact region 110.
The dielectric layer 120 is preferably composed of one or
more dielectric depositions 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 glasg, 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



contact hole 130, the etch-stop layer prevents damage to the underlying contact region 110. The
~ opening 130 can be a via opening or a dual damascene opening, i.e. a combination of a via opening
and a 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 nfaferial L& t8p&eite Edddietive Mireh is formedtinittie opening13@ damaifiusion blocking

and adhesion, Aceqrding tq the, invention, the diffusion ,barrier layer is formed by atomic layer
deposition (A?IJ_D). Prefer<'31§f;&/(,:%1§psk(f(g'lv(\a/rnl1 i ﬁ%. IRPG USSP B et 38 cdr%%é?éégbf diat & ers. The

dual layers cam besseteated etheggame 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 embodifiefOH@ataloRsRIA 2360 142’ ahetheafeedndustive:maltesinl but formed

separately. F&tlgxad’g%geléo,acof IaN 142 s first deposited, linin the bottom and sidewalls of
opening 130 using ALCVD (atomicTayer cHéficalaper depsetishy aha Lthdri&kssseansambient air.

or oxygen. Incargiherl egbodimentethersybstraie. 100 yith 150A &f{g SN.142 gan bg 8 tsgct:)'kected to
i

hydrogen ambient for plasma treatment. A second TaN layer 142" is subsequently é)enposned on the
first TaN laydiS#i#tPa thitkfessof 150A. Insaistherembadiment, dwaldiN layers argformed similarly
as the contact hole 130, the etch-stop layer prevents damage to
the underlying contact region 110. The opening 130 can
be a wvia opening or a dual damascene opening, 1i.e. a
combination of a via opening and a trench, depending on
the layout of the interconnects. The preferred width of
the bottom of the opening 130 is from 100 to B800A.
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 blockiﬁg
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, amoxrphous
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, 150h of TaN 142 is first
. deposited, lining the bottom and sidewalls of opening i30
uéing 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



composite diffusion barrier. In another embodiment, a low-resistivity conductive layer is further formed
" before the formation of composite diffusion barrier. As shown in FIG. 2B, a low- resistivity conductive

layer 142, such as tantalum metal (Ta) or titanium (Ti), is deposited by ALD with a thickness from 10

to 100A, lining the opening 130. A composite diffusion barrier layer 144 is then formed by ALD, lining
on the low-reSiSNifdotiudtive Tagdragen Simitartyn the foomppsite eiffusion berierdayer 144 can be
dual or triple @8&%%‘3'3{75%9 the same or differently from titanium, tantalum, tungsten, titanium nitride,
tantalum nitride, amorphous taftafim rifride of amBHiRRR ERRIOM AkRees $5eMngeby Wi of ALD. In

another prefefiesembpgimentibe compgsite diffysi rrier layer_is Jaminarly composed of triple
layers. As shown in FIG. 2C, low-resistivity tantalum Er%nglleét)gs(Ta Bis Eggé‘s’lted T}En%{ngafﬁle %%%ﬁing 130,

serving as atFAFURIIHharder by arit2) Taataduna pirideo£Tal) is than dengsitad ok the tantalum
usion barrier layer 144. The preferred third diffusion barrier layer 146

metal layer 1é§mgjsoa $ _co?ﬁl ;g:g i

is Ta-rich nitride Or tantaluf-metd >R oP et diffusion layers 142-146 are formed by way of ALD.
The preferred thicknegs gf,{@@hggpleéﬁ%%ﬁé%giﬁusio barrier layer is from 30 to 300A. 9 One
advantage of utilizing a tantalum or titanium RISWITERYSEIVIEY “Conductive

layer is further formed before the formation of composite
diffusion barrier. As shown in FIQG. 2B, a low-
resistivity conductive layer 142, such as tantalum metal
(Ta) or titanium (7i), is deposited by ALD with a
thickness from 10 to 1004, lining the opening 130. &
composite 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,

Ktantalum nitride, amorphous tantalum nitride or amorphous

titanium nitride, forming by way of ALD.

In another preferred embodinment, the composite
diffusion barrier layer is laminarly composed of triple
layers. As shown in FIG. 2c, low-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 nityride 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

3004,



metal layer as the first layer lining the opening 130 is to improve the adhesion between the dielectric
"layer 120, especially for low-k dielectrics, and subsequent copper or copper alloy conductors.
Another advantage is the low resistivity of tantalum metal reducing the contact resistivity between
conductors. After a composite diffusion barrier layer 140 being formed according to the above
methods shown in é&s Y82 FEM&thl sebd ldyei1s0 eantsensptiomallydepositesh ionithe

diffusion barsierlayeri140. linigg the apening 130, as shown in FIG. 3. The preferred metal seed layer
is copper, copper alloy or the combination %%et:re?ﬁyfel:po%iféﬁlWW%?%f EBfvedtnaPPVBECVYD or

ALCVD, or et giathp -Gonduetiveimadarial 16045:than deposiied inte, ppening,30;3s,a conductor,

electrically cgnnecting tlie underlying contact region 110 as shown in FIG. 4. Conductive material 160
can be matefisRifdidding biChotimitda t6 kel metaiscompodndsy retaialioys, coppad-polysilicon,

polycides, although,copper.and.gopper .alloy are particularly preferred. Copper or copper alloy
conductors can be formed %y OV%I’fI Ilngdtlﬁ%q%)plé%ing %ﬁ?eﬁ@ﬂﬁw@%‘é%oﬁ%u&ﬁ?‘i‘e rhaterial

outside of theeedrtadtholerby eﬂthingabagglq@heﬁ@@émeclg@ag@i%gliShj{}ge(Cl\@PO)négngwn in
FIG. S. The depagsition of co%per or copper alloy can be accomplished by chemical vapor deposition
(CVD), phystcaF vailor tkpéstish{P¥D) con@tastechemical deposition (ECD). An annealing

After a composite diffusion barrier layer 140 being
formed according to the above methods shown in FIGs. 24
to 2(;, a metal seed layer 150 can be optionally deposited
on the 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 prefgrred. 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 wechanical
polishing (CMP), as shown in FIG. 5. The deposition of
CoOpper or copper alloy can be accomplished by chemical
vapor deposition (CVD), physical wvapor deposition (PVD),

or electrochemical deposition (ECD). An annealing

10



10 process at 150-400C can be further performed to reduce the resistivity of the copper or copper
alloy conductors. As FIG. 6 shows, in a preferred embodiment, the surface of the dielectric layer 120
is further etched back 100 to 500A to expose a portion of the sidewalls of the diffusion barrier layer
140. In FIG. 7, a passivation layer 170 and an etch-stop layer 180 are sequentially deposited on the
surface of thB SUBStrSte ?L%O,l(%}éﬂ%]%"lﬁe afelediic |4yerti2grandethieccometiictos 16@dthe:preferred

passivation layes 1/056Qmprjses,siligon.carbide with carbon content greater than 20%. The preferred
etch-stop layer 180 is a carbone-@oiygerrll: ggntg%?ﬁgeﬁln? withi FRknéss RYnFSEERES66GX and more

preferably, 500 to 18G0A Fihcanotber ehhasjmeny, a gondugtive passivatian layer (not shown) can be

formed only OSVEH ing the second conductor as a capping layer. Preferably, the conductive
passivation I&er tafi'be RIrm&d by stiredirrierisrocesge Second embodimenhBiG. Stilkistetes

another embedigeni ghthe jinkgntion, in which a two-level interconnect is formed by performing
similar processes as in the first embodimentt AeesHoWRh I, aﬁoﬁlkedi&éé@fﬁé}&yﬁﬁ 199, e.g. k<_

2.8, is deposhéd overyfing Acemieandustonsupstraig 400 with a first conductor 160 embedded
therein. Preferably, a composite diffusion barrier layer 140 is interlaid between the conductor 160 and
the first low-k dielectit FIG. 7, a passivation layer 170 and an etch-stop

layer 180 are sequentially deposited on the surface of
the substrate 100, overlying the dielectric layer 120 and
the conductor 160. The preferred passivation layer 170
ctomprises 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 2000A
and more preferably, 500 to 1000A.

Inl another embodiment, a conductive pasgivation
layer (not 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 fifst 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 160 embedded therein. Preferably,
a composite diffusion barriéf layer 140 1is 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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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 second low-k dielectric layer 190, e.g.
k< 2.8, are deposited sequentially overlying the first dielectric layer 120. A second conductor 220 is
embedded in the second low-k dielectric layer 190, connecting the underlying first conductor 160.
The preferredwidth of th8"setond oheittmok 220l from 20010 10904, Preferably a matal seed

layer 210 andiasemipasite diffusionharrier layer 200 are formed by atomic layer deposition (ALD),
sequentially covering the bottor&n atnotlg?L § eﬁ\n\/’allsogfetﬁ%%ﬁlégnd EBRdudtdr 850. Mérd prereremly, the

surface of thel 8¢€shd 36W-k diefectrie dayex 190 isalRwerthagpihie surface of the §ec392[}d gggductor 220
by approximately 100 to_500A. A passivation layer 230 and an etch-stop layer 240 are Sequentially
b

deposited on'the “Stitface D¥ e suB&faRctoot overldygthe seoond lowdnehieleatyig layend 90 and the

second conduelgs 2204 As spown.in EIG. 8, the preferred passivation layer 230 comprises silicon
carbide with carbon conteént greater t %ﬁd%ﬁ)bﬁ'ﬁe bbéferredi&ten-bepisyererBov o o8

carbon-oxygém€ontainingifiim witbraithickness Hom 500 5to 2000A and mpre preferghly, 500 to 1000A.
Ina preferre(g?em odiment, the first conductor 160 is a tungsten plug connecting a Source/drain

region, a gate TegfOrory metdl saleirlof HRIBS trangistor. The firshdielestriclayer:2Q is
phosphorus-derad; SticoN parrser layer 200 are formed by atomic layer

deposition (ALD), sequentially covering the bottom and

sidewalls of the second conductor 220. More preferably,
the surface of the second low-k dielectric layer 150 is
lower than the surface of the second conductor 220 by
approximately 100 to 500A. & 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 conductor 220. As

sh i
ownn 1n FIG. 8, the preferred passivation layer 230

co i 117 i i
wprises silicon carbide with carbon content greater

than 20%. The breferred etch-stop 1éyer 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 region or a metal salicide of a MOS transistor. The
first dielectric layer 120 is phosphorus-doped silicon
glass (PS@) un-doped silicon glass (USG), silicon-rich
oxXide, gilicon oxynitride, silicon-rich oxynitride,
silicon 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
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_glass (PSG) un-doped silicon glass (USG), silicon-rich oxide, silicon oxynitride, silicon-rich oxynitride,
silicon 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 damascene conductor, and the low -k

second dielectrigndayescan besilican gxygen-containing material having a dielectric constant (k) less
than 2.8, organosilicate glass, fluorinated siﬁgé?gle%lse(F Gy’ o%&ni@@ﬁfﬁ‘-’&n Giasd sRbgehic CVD

diele_ctrics, or %ad@rﬁbiﬁaﬁbrbm%adfiﬁbg d@@@@@_cgggt@ggﬁ%p%thﬁasgegpggllo%&é\rgl_glecgiq Iay_er
190 is preferatgi%/ ?Wer than that of the first low-k dielectric layer 120. The first an seco%d diffusion

barrier layers 140 and 160 ar& Pfifcy ALD willeadantitmarstructre asshews il FiGa2A to 2C. In

another embagligiest, thefifstand secon nductors 160 and 220 in FIG. 8 are copper or copper
alloy, and both the first and second %ielegstﬁc fayer %hd 186%te loRIGRRISTialEPi®10R 2.8. More

preferably, th8 iglgctric tonstgatk of thewscong digleetriclayer 190 is lgwer than that of the first
dielectric laygr,120, thereby improving the stress resistivity of the interconnect structure. While the

invention has baendascrib BBy WA icoxdmplecamt arternts of e praferegcenbodigients, itis to

be understoogd {h i i0n.is not limited to the disclosed embodiments. To the contrary, it is
itended + ﬁ%@gf@W”E£9é§ QLpIteS pre%e;ably lower than that of the

first 1ow—k.die1ectric layer 120. The first and second
diffusion barrier layers 140 and 160 are formed by ALD
with a laminar structure as shown in FIG. 24 to 2C.

In another embodiment, the first and second
conductors 160 and 220 in FIG. B are copper or copper
alloy, and both the first and second dielectric layer 120
and 1920 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 embodiments, 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 skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation so as to encompass

all such wodifications and similar arrangements.
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to cover various modifications and similar arrangements (as would be apparent to those skilled 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. 13 CLAIMS 1. A method for
fabricating an interconnect structure, comprisiwﬁgiding a semiconductor substrate with a first
conductor thereon; forming a dielectric layer overtymgthe semiconductor substrate; forming an
opening in the dielectric layer exposing the first conductor; forming a composite diffusion barrier layer

by atomic  layer deposition, lining the onening; and.filling,the, opeping with,a condyctive material as a

second conductor, electrically connecting the first conductor, wherein the composite diffusion barrier
layer is fofrA&¢ IHyE ¥rEiing a first layer of titanium nitride or tantalum nitride; plasma-treating the first

layer of titanium pitride g {antalur nitride in, hydrogen-ambient forming a second layer of titanium
nitride or tantalum nitride on the treated first layer.
conductor thereon;
forming a dielectric layer overlying the semiconductor
substrate;
forming an opening in the dielectric layer exposing the
first conductor;
forming a composite diffusion barrier layer by atomic
layer deposition, lining the opening; and
filling the opening with a conductive material as a
second conductor, electrically connecting the first
conductor,
wherein the composite diffusion barrier layer is formed
by:
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 laver.

2. The method as claimed in claim 1, 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.
3. The method as claimed in claim 1, wherein the

dielectric layer comprises silicon coxide-containing

material.
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2. The method as claimed in claim 1, 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. 3. The method as claimed in claim 1, wherein the
dielectric layer comprises silicon oxide-containing material. 14 4. The method as claimed in claim 1,

wherein the dielegtric constant (k) of ltg%gé%egtgc layer is @ss&p@} 2-8. 5, The method as claimed in

claim 1, wherein the width of the opening is from 100 to 800'A. 6. The method as claimed in claim 1,
wherein thie thickniess Cofthe scomigosite diffdsion dariier layeris fronn 36 to 3601As?. Themethod as
claimed in,claim 1, wherein the composite diffusion barrier layer is composed of dual titanium nitride
layers or dual tantalum nitride layers. 8. The method as claimed in claim 1, wherein the composite
diffusion barrier layer is composed of materials selected from the group consisting of amorphous

titanium niride and .amorphous tantaluym-nitide, 9-The method as claimedin claig 1, wherein the
composite diffusion barrier layer comprises tantalum-rich nitride. 10. The method as claimed in claim

9, whereirt fHfe CoHRposite W@Wbéﬂ%r%e@%rtﬁer comprises a tantalum layer

6. The method as claimed in claim 1, wherein the thickness
of the composite diffusion barrier layer is from 30 to 300

A.

7. The method as claimed in claim 1, wherein the composite
diffusion barrier layer is composed of dual titanium nitride

layers or dual tantalum nitride layers.

8. The method as claimed in claim 1, wherein the composite
diffusion barrier lavyer is composed of materials selected
from the group consisting of amorphous titanium nitride and

amorphous tantalum nitride.

9. The method as claimed in claim 1, wherein the composite

diffusion barrier laver comprises tantalum-rich nitride.

10. The method as claimed in claim 9, wherein the composite
diffusion barrier laver further comprises a tantalum layer
formed on the second layer of tantalum nitride to form a
triply laminar of tantalum, tantalum nitride and tantalum-

rich nitride.

1i. The method as claimed in claim 1, wherein the second
conductor is formed of & material selected from the group
consisting of copper, copper alloy, aluminum and aluminum

alloy.
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formed on the second layer of tantalum nitride to form a triply laminar of tantalum, tantalum nitride and
tantalum- rich nitride. 11. The method as claimed in claim 1, wherein the second conductor is formed
of a material selected from the group consisting of copper, copper alloy, aluminum and aluminum
alloy. 15 12 Thelhethodtas:clamsed Ireclaim 1; furthier comprisingr the: stepoofdorminga low-resistivity
metal layer,having a thickpess fr 0 t0 100 Alining.the.bottom and ide 5 of the opening. 13.
The methec% %s%]%r%eﬁn Jb%a“l?ﬁgfgq v%\_/heir%‘f\ﬁut (éAéliév%} %i%tk?it%?%n{gtﬂal £L% ggsﬁ%ﬁﬁé bh§1/ self ionized
plasma (SIP)sputtering beionized metdl plasma (IMP)-$putteringom 4 Thetmeéthod as claimed in

claim 12, wherein the, loy- rgﬁigtigi%g@@ layer is formed by atomic layer deposition. 15. The method
as claimed in claim 12, wherein the low- resistivity metal layer is composed of a material selected

from the group consisting of titanium and tantalum. 16. A method for fabricating an interconnect
structure, 1cpmprgiRgRreiding.a semicanductor supstrate; fjorming adirst lomsk diglectric layer

overlying the semiconductor substrate with a first copper or copper alloy conductor embedded
therein; fofifihigSa& 8GR0 Tow-R didiBEiE layer’cvenyimgtie sell lonized plasma

(SIP) sputtering or lonized metal plasma {IMP) sputtering.

14. The method as claimed in c¢laim 12, wherein the low-
resistivity metal lavyer is formed by ateomic laver

deposition.

15, The methed as claimed in c¢laim 12, wherein the low-
resistivity metal layer is composed of a material selected

from the group consisting of titanium and tantalum.

1. A method for fabricating an interconnect structure,
comprising:

providing a semiconductor substrate;

forming a first low-k dielectric layer overiying the
semiconductor substrate with a first copper or copper alloy
conductor embadded therein;

forming a second low-k dielectric layer overlying the
first low-k dielectric layer; forming an opening in the
second low-k dielectric layer exposing the first copper or
copper alloy conductoer;

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 first copper or copper allcoy
conductor, and the surface of the second low-k dielectric
layer is lower than the surface c¢f the second conductor;
wherein the second coeonductor is composed of copper or copper

alloy.
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first low-k dielectric layer; 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 first copper or copper alloy conductor, and the surface of the second low-k
dielectric layer is lower than, Qeﬁsur&aﬁge.oft e}sgcgn% condyctor; wherein the second conductor is
composed of copper of copper alloy. 16 17. The method as caimed in claim 16, farther comprising a
step of formirg ajpassivationdayerovedyingthe secand Howsledielectric fayer andsedond conductor.

18. The me glkasd Ig'ﬂg%q ﬁga;{gggrwg%eigéla%r;@s%/gg%é%\ée_r comprises silicon carbide. 19.
' ur '

The method claimed In claim 12, further comprising the step of forming an etch-stop layer overlying
the passivation layer. 20. The method as claimed in claim 16, further comprising a step of forming a

conductive passivation layer.averlying the, second cenductar: glwf[ggé@%thgg@s claimed in claim 16,

wherein the first low-k dielectric layer comprises silicon oxygen-containing material. 22. The method
as claimedincélaini 16 OWhereis the digleetric constant (k) ofale fitst fow-k dielectric layer

1%. The method claimed in claim 12, further comprising the
step of ferming an etch-step layer overliying the passivation

lavyer.

20. The method as claimed in c<laim 16, further comprising a
step of forming a conductive passivation layer overlying the

second conductor.

21. The method as claimed in claim 16, wherein the first
low~k dielectric layer comprises gilicon oxygen-containing

material.

22. The method as claimed in c¢laim 16, wherein the
dielectric constant (k) of the first low-k dielectric layer

less than 2.8.

23. The method as claimed in claim 16, wherein the second
low-k dielectric layer comprises silicon oxygen-containing

material,

24. The method as claimed in claim 16, wherein the
dielectric constant (k) ©of tThe second low-k dislectric layer

iess than 2.8.

25. The method as claimed in claim 16, wherein the
dielectric constant k of the second low-k dielectric layer

1s lower than that of the first low-k dielectric layer.
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less than 2.8. 23. The method as claimed in claim 16, wherein the second low-k dielectric layer
comprises silicon oxygen-containing material. 24. The method as claimed in claim 16, wherein the
dielectric constant (k) of the second low-k dielectric layer less than 2.8. 25. The method as claimed in
claim 16, wherein the dielectric constant k of the second low-k dielectric layer is lower than that of the

first Iow-kfli6elect%ip layer. %l?é 6. The {ne,tho as claire,d in_claim 16, wherein the width of the second

conductor‘is substartiaiiy oM 500 fo Tod5A. 7. TheMiethdd 48 Gainted in Gaif 16" fufther

comprising hthesstep oft farmingatlow-resistivity metali layerdining rthe @peningiwith afthickness from
10 to 100 A by atomic layer deposition before the formation of the composite diffusion barrier layer.
28. The method as claimed in claim 16, wherein the low- resistivity meta]. layer is composed of a

material sélécted fronmthsgroupconsistingdf titarmitmiand tantaiumt 28 r Thempethed as claimed in

claim 16, wherein the thickness of the composite diffusion parrier layer.is from .30 to 300 A. 30. The
method as glgairég(% n SI}%al"m %S'V,L%\?v%%?eiﬁ tr%%corrr%pséssi‘é%gi%fll?%/iornﬂ%%?ﬁqr%%eﬁs L(:%)rrlnlpno%ed of dual
titanium nittide tayersiogdwaltantalum hitkide $ayefs 0811 Thé methéd asitlaigiedtinclaim 30, wherein

the dual ilayer deposition before the formation of the composite

diffusion barrier layer.

28. The method as claimed in claim 16, wherein the low-
resistivity metal layer is composed of a material selected

from the grcup consisting of titanium and tantalum.

29. The method as claimed in claim 16, wherein the
thickness of the compcsite diffusion barrier layer is from

30 to 300 A.

30, The method as claimed in claim 16, wherein the
composite diffusion barrier layver is composed of dual

titanium nitride layers or dual tantalum nitride layers.

31, The method as claimed in claim 30, wherelin 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 seccnd layer of titanium nitride or tantalum

nitride on the treated first layer.

32. The method as claimed in claim 16, wherein the
composite diffusion barrier layer is dually or triply
laminar composed of materials selected from the group
consisting of titanium, tantalum, tungsten, titanium nitride

and tantalum nitride.
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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. 32. The method as claimed in claim 16, wherein the composite diffusion barrier layer is dually or
triply laminar composed of materials selected from the group consisting of titanium, tantalum,
tungsten, titanium nitride and tantalum nitride. 18 33. The method as claimed in claim 16, wherein the
composite diffusion barrier layer is composed of materials selected from the group consisting of
amorphous titanium nitride and amorphous tantalum nitride. 34. The method as claimed in claim 16,
~wherein the3 confjiositeiffusior: barrier layet comprisesttaftalurmiriche pitridé1<35. The method as

claimed in Giain 6. wharein e Gompnsite cifusion payierJayass formed as inly Jaminar of
tantalum, tantalum nitride and tantalum-rich nitride. 36. The method as claimed in claim 16, wherein
the compdsite diffediohrisarrieh ayer Biprmed ssstFiplye |aminaref @htalémt tamaluwi nitride and

tantalum. 37, The methad as claimeddn claim 16, futher.gomprising the step of etching the surface of

the second low-k

34, The method as claimed in c¢laim 16, wherein the
composite diffusicn barrier lavyer comprises tantalum~rich

nitride.

35, The method as claimed in c¢laim 16, wherein the
composite diffusion barrier laver is formed as triply
lamirar of tantalum, tantalum nitride and tantalum-rich

nitride.

36, The method as claimed in claim 16, whereln the
compesite diffusion barrier layer is formed as triply

laminar of tantalum, tantalum nitride and tantalum.

37. The method as claimed in claim 16, further comprising
the step of etching the surface ¢f the second low-k
dielectric laver until below the surface of the second

conductor from 100 to 500 A.
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dielectric layer until below the surface of the second conductor from 100 to 500 A. 19 ABSTRACT OF
THE DISCLOSURE INTERCONNECT WITH COMPOSITE BARRIER LAYERS AND METHODS FOR
FABRICATING THE SAME Composite ALD-formed diffusion barrier layers. In a preferred
embodiment, a composite conductive layer is composed of a diffusion barrier layer and/or a

low-resistivity metal layer formed by g{ggﬂf gggebgdelpr%sig%%@b@&@ing a damascene opening in
dielectrics, serving_as diffusion blocking and/or adhesion improvement. Thgﬁreferred composite
[

diffusion barrier | SPM%?HWMHW&I%MI H@i Eﬂﬁy laminar of

tantalum, tantalum nitride and tantalum- FeBRIGAETOE tapEgRMEantalum nitride and tantalum,

formed sequentially on the opening by way of ALD. (FIG.1)
Composite ALD-formed diffusion barrier layers. 1In a
preferred embcecdiment, a composite conductive layer
is composed of a diffusion barrier layer and/or a
low-resistivity metal layer formed by atomic layer
deposition (ALD) lining a damascene opening in
dielectrics, serving as diffusion blocking and/or
adhesion improvement. The preferred composite
diffusion barrier lavers are dual titanium nitride
layers or dual tantalum nitride layers, triply
laminar of tantalum, tantalum nitride and tantalum-
rich nitride, or tantalum, tantalum nitride and
tantalum, formed seguentially on the opening by way

of ALD.

(FIG.1)
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