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 i
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



. 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 sezliager provides fonordUctive f%ﬁ%ienmr&s%qaee@ﬁ@mﬂ% K Sopper

interconnect I%yg typically formed by electroplating. After the bulk copper has be eposited excess
copper is ref5v&d G8lfig, #dr ex&fifle Thermiztahevhanitalpolishing Fhe swidaersis thanicleaned
and sealed with &-passivafign layer or the like. Similar processes will be repeated to construct
multi-level interconnects. C rregf‘;xtl??,C %zarrﬁ%r rr%tg’iléfé‘?e.é’.ﬁan%’ﬁrﬂ%ﬁiﬁé; are flepoSi&EBver an

etched substiatefusirigphysicat:vaper dapositioRRYR),L chemiggh yappr deposition (CVD)
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



. 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
good step coverage). In order to further improve circuit performance, low dielectric constant (low-k)

materials have B&eH: #sorgdratedeantoithe diglesttic iayﬁgg,«@fxmqqemlsin@grqﬁq@gir%&s@wrovide a
lower capacit%éqée tQﬁ‘n conventional silicon oxide and consequently, an increase in circuit speed.
Common lowsk dieleetr i hite FRAE hERYe SOE&hin-on-glasseskthatarefarkedffonpiacohol

soluble siloxanesiei isicates which.gre spin- osited and baked to form a relatively porous silicon
oxide structure. Other porous silica structtﬁ%gdgﬁg -%Sy xerdgel R IBEREde S5 d, Hetably by

Texas InstruffefRsaus andaincmmmeddhmcdualéiﬁéﬂqyer@op@cgssg%go ogmg&eﬁ
t

_ gt’éic layers
with dielectric, oggtl;mts as low as 1.3. This is to be compared with a dielectric constant of about 4 for
conventional silicon - oxide 16rgihic ah@ guazsieorganit matpiatssuehaase polysilsesquioxanes,

(oK cilectic matoqmls Tty SrOBMEL eh SHAAEEbe THARHAL e ACTenGandtt

low-k dielectric materials. Totally organic, non-sili
polyarylene elhgrbeateriised incegasinghtin - (1ow-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

oxi .o :
de structure. Other porous silica structures such as

Xerogels have been developed, notabply by Texas
Instruments Inc. and 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 characteristicg and cage of

application. Organosilicate glass (0SGs), for example



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 dielectric materials, in particular, fluorinated low-k
materials such as FSGs and OSGs such as Black Diamond, exhibit poor adhesion. This results in

delamination ozfaL%kaarrﬁi%zm@t@riamejthemmm@cﬁqtﬁé)ﬁam%emsit@m@w@wm&%ﬁswent
processing. Delamination occurs due to by high tensile stresses as well as weak bonding between
TaN barrier layéfstandlon R diléétiic layEts. If ‘Eitiion tothetEgliferhents<of the bafrier 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 INVENT}ONJN tneraspelct theregns ipsovided amethoddfern dabrieating an
interconnect structure, comprising: prowdln% a semiconductor substrate with a first conductor

thereon; formlﬁd%@cﬁél&trﬁf‘lé%f:m% & sEnficoheiGlor Sub8eaer féthiing &R opening in the
dielectric layer-exposing the first copdugtor forming.a .compasitediffysion-hardeplayer by atomic layer

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,



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
titanium nitride or tantalum nitride in hydrogen ambient; forming a second layer of titanium nitride or
tantalum nitride on the treated first layer, In another aspect, there is provided a method for fabricating
an interconnéct SuEtiré -compriding - browiding & demicondictor sutistratd! Yormiihg a fifst low- k
dielectric layer-eyeslying-the semisorcuctar-substrate, yith a first sepper orcopperallay; canductor
embedded therein; forming a second low-k dielectric layer overlying the first low-k dielectric layer;
forming an opehitlg ihIHE Sebdnd foWik Hitetrit Fayeh expodiAl the Firstedpper®r copper alloy

conductor; fopming.a, -qorapasitediffusion barrierjayer by.gtomiq layer,depositionelining the opening;
and forming a second conductor embedded in the opening and electrically connecting the first copper

or copper all®zédiidietor: idneithe shirfder Of HieSecorlIBIWIK dietedtie thyer &° than the
surface of the second.conductor; wherein . the.second copdycior is;qgomposed.ofigppper or copper

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



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
interface between the copper seed layer and the low-k dielectric layer for adhesion and diffusion
barrier. 4b To achieve the previously mentioned aims, various composite diffusion barriers
implemented in intercohheet 3fbEHIFEs accorilingtB theMvertsir Ththidl spedficition, the
expression "gompasite} depgtes;a Jaminated.layer, and each.syb-ayey, of the laminated layer can be
of the same or different material. Generally in interconnect structure includes: a semiconductor
substrate with @cortactT64ioh tereondaclicleetdclager averlyirty thesemieordiasraistrate with
an obening expasing ihe contactreain: & diffysion barier lpyed andior an achesion layet lining the
sidewalls of the opening; and a conductor substantially filling the opening; and a preferred
embodiment zdiffusiorrbarridr idia compositéeanductive 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

4b



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 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 t e dgmrascene_gggnw&g\%mforeihe f%rrqjtatlon OC{ tgel Lomposite diffusion barrier

I S 1 1O . .
layer. 5 The advan agesCoTlEIYIS, ie AL , are low pr)aroceslso?eemperatu(e and ulfra thin film

deposition withyexeehent dthitkness contselr The ALD:formedrdually-or triply«laminaediffusion barrier
layers have low impurity content, and offer superior uniformity, step coverage, and very low pin-hole

densities. Thus the ¢Smpsite® aitftafbn-Barriaf layRrEformal by ALD ttording to the invention

exhibit good.adhesion, step coverage-and lovs contact resistivity between dielecirics and conductors.
A detailed description is given in the following embodiments with reference to the accompanying

drawings. BRIERDESCRIFAONOE FAEIDRAWINGS The brédent iivehtioh ¢anbeymbre fully
understood cQX 'r%%digg tg%guk%sen%g&':dé@%g gggg_rip&ogeaﬁda J<_e.2<amples with references made to

the accompanying drawings, wherein s. 1to 7 are cross-sections of an interconnect fabrication
aca"dmgtotheﬁQﬂﬁ%@?Q@ﬂ%”Eﬁfﬁ%%erconnect 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.



. present invention; FIGs. 2A to 2C are cross-sections further illustrating the composite diffusion barrier
layers according to the present invention; and FIG. 8 is a cross-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 intefdshnéctstiticagrewithfa Bldamascene process atde samicomdusterssubstrate
level. For c%\ﬁg'&nac& most of the following embodiments are illustrated by a single damascene
process, but are not restrictéd therts Ihdb dlad hifb&lgprediaicby Yehsorsdiketin the art, a

dual damasaese-piaeess is-aisodeferred rdingo inventign._kirst Embodi 1G. 1 shows
a semiconductor substrate 100 such as a s?i?é%)n gjﬁg[s}trg?e%g{ré éﬁico%qgr}-ﬁéu atorcé‘yl%ié]rial{:e (SOI. A
contact regidTi0eforiéd Bnahersenticontuetor sibgtsate 10Raskch dsa conveptienahMOS
contact, inteéc(g)rrgtngﬁg and the like, which can be copper, aluminum, titanium, tantalum, tungsten, an
alloy thereof. of & corhpotind theteot “AsLHAwI ATFIGNE fpdmidettic 16/6PR 200 BHEERMMY having a

planar uppeesarfae js,depasited ;ovarlying the. ubstratg 100 apd the cofact region 110. The
dielectric layer 120 is preferably composed of one or
diffusion barrier layers 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



~ 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 glass, inorganic
CvD dlelectlfﬁ(%?maemwnmmaitﬂédberggf. @g@ng%i%%@nﬁwlag%rb(gﬁg shown) g@gl%e formed
on the surfacg of substrate 110 before dielectric deposition. The etch stop layer Is preferably a silicon
7 oxynitride or 3ficGPHERBXGRffde 18yt forméd Iynolasoihienhansced:shemicakyaror deposition

(PE-CVD) usingr M ascugengas. A contact opening 130 is then defined and etched in the dielectric
layer 120 using conventional ﬁ%ﬁog?apﬁ?nt%clc no‘fgadﬂza%@%hiﬁﬁ MEtRGds thekposeehaiesntact

region 110 omr¢sd substeate $6@. 4hen etchi 5 contact 130, the etch-stop layer prevents
damage to the underlying contact region 1?@%’%6@%%9 \!132 %:ag;lg%e Rha 88%%%8)% g%ual
damascene &eritda.eS&lddipBinationtdia iaropeningianda Henchclepending sasthe jayout of the
interconnectg,jLhe B@é%r%g: width of the bottom of the opening 130 is from 100 to 800A. Before
forming a seed layer and filling thecocp%jﬁ 935 Wit Corideicave witerial, a composite conductive

liner is formeliindite BEBBHONLIO-for diffusion blocking

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



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 eRibdirhént! the Yual Sihyérorea-dnd: 142 areithe Same tegeuctiveomatedial byt formed
separately. F p A.of TaN 142 is first deposited, lining the bottom and sidewalls of
opening 130191}5%3%33&@ gt%%iga}g)a/gr}“ gﬁ\zlmigﬁR% oF GEsBSitorTand Bheh BRposesiBBmbient air.
or oxygen. Infanaibercemiiedimgsas the substrate 100 with 150A of TaN 142 can be 8 subjected to
hydrogen ambient for plasma treatment. A second TaN layer 142" is subsequently deposited on the
first TaN layer with & tHié#Hexatof aBeni heaictieri embbdimett fdust d iNtay erstarrdarnied similarly
as the comppgite q;{q%aiggbblarrier In another embodiment, a low-resistivity conductive layer is further

formed before the formation o}%or%[%'ﬁf’e diffdsiGIFBaTFiers AR ERWRF G 138 hrewr rBYistivity

conductive layechA21sush agdantabupmetal  (fak antitgnium (T, is deposited by ALD with a
thickness from 10 to 100A, lining the open?l?g 130. A composite d?ﬁg?sgn ba{:rﬁ%r Iacflcélr1 iittls then
formed by AEBFHRMg dithe fow-rédistivisydomdustive layeo 142. Simdarly stheicompositaediffusion

barrier layer 133 a0, po1e 130,

the underlying contact region 110. The opening 130 can

the etch-stop layer prevents damage to

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



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, low-resistivity tantalum metal (Ta) is deposited lining the opening

130, serving st fStEiffusion barfieotyer @ Tantalute pitriste: §FaN) ds thamdepositedzon the
second diffusion barrier layer 144. The preferred third diffusion barrier

tantalum metggé %rd14§ %sq[ J

layer 146 is Ta—rlgéh nitride or tARtafun-hetal. W of tHespss amtkion dayeps 1ued 46maré fsrmed by

way of ALD. The-preferead thigkagss of the giplgf@%os'tg dgfysi%g (lj?rrier I?%Ier is from 30 to 300A.
[ |

9 One advantq{gg of utilizing a tantalum or titanium metal Tayer as the Tirst layéer in%%atﬁ eo:Toening 130
is to improvefRecgiHesivh bedmvedn therticlegtde tayar-£20f aspetiady farjawik diglgctigs, and
or gopggg?slloy‘conductors. Another advantage is the low resistivity of tantalum

subsequent gopper or co '
metal reducing t con{ract ‘t’i@ﬂ?ﬁeﬁ@é@ﬁ@dﬁductors. After a composite diffusion barrier layer

140 being formed aggordingdadhe ahgye, 1 ds shown in FIGs. 2A to 2C, a metal seed layer 150
can be optionally deposited on the diffusion gﬁ%ér Igyg;ﬁiﬁlo,q?n?ﬁgWg&ﬁé’nirﬁboﬂgb?ﬁégﬁown in
FIG. 3. The préfésred hwetdlsedtblayébrmed 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, fungsten, 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
a8 & 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,



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 in%uding but_not limited to metal, metal compounds, metal alloys, doped polysilicon,
polycides, although Coppet Ahdtotper afioy'sré barticutarly prefertet] Gopper ot toppenaiioy

conductors qratae; forrped by Querfilling th ening 130.and remaving the conductive material
outside of the contact hole by etching bac (S())E c%g ical r%%%ﬁ&%cﬁhﬁolgﬁﬁ{&(@wéi%s%own in

FIG. S. The Bepdsitvrrofecapper oticoppenalinysanche asconplished by;chemical, vapor deposition
(CVD), physical vapor deposition (PVD), or electrochemical deposition (ECD). An annealing 10

process at 15520 befaithetPerformdeieredutesthe rsibtivitbefiecopperapmapper alloy

conductors. A Fig6 shows,in.a preferred embodiment, the surface of the dielectric layer 120 is
further etched back 100 to 5004 to eg?p%%%dtg bortion S A Sitie HEANSBE 3HE diffusioroakAEr layer 140.

In FIG. 7, a passivattidmiayer 13@ and anweichsgtopylayg 18%Wnti%l%depgg%%%§@ the

surface of the substrate 100, overlying the dielectric layer 120 and theé conductor 16 e preferred
passivation fﬁ?gﬁfﬂ‘ébﬁﬁbré%%ﬁ%ﬁn%ﬂﬁidé&ﬂﬂﬁcarbon content greater

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
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_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. In another embodiment, a conductive passivation
layer (not shown) can be formed only overlying the second conductor as a capping layer. Preferably,

the conductive Bgsesiv_ation Iagler can be formed by self-aligned process. Second embodiment FIG. 8
illustrates andthar embodimentftha CirGerition, irawhich & hee-lavekiftervednectis ferined: by

performing sigilar peacesses, as in the first embodiment. As shown in FIG.8, a low-k dielectric layer
120, e.g. k<_ 2.8, is deposited ogerlyin%ﬁae semiconduttor STR&Fte AbbCWith APRLEESHSUCtor 160

embedded therein. Prefefldly, acorspesite, diffusion bagier dayerl40 is.inteklaid, hetweep the
conductor 160 an€ the first low-k dielectric layer 120, and the surface of the low-k diélectric layer 120

is below the SUHaceSt thefirst Bsndtéet a6brappréximeately 100 tai500AuAntiaieh-siepiayer 180 and

a second lowg dieleclyie layerl90; eq. ks 2.8, are deposited sequentially overlying the first
dielectric layer 120. A second i(gﬁzaué’%r 538 % EmBeddddinRe cSH@Icﬁ\%ﬂ%’T@é%tﬁc flyer 190,

connecting tHeheindeédying ficst condugter 160+ Ehe preferred width of the second conductor 220 is
from 200 to 1000A. Preferably, a metal seed layer 210 and a composite diffusion barrier layer 200

are formed by atomitayetCdepbsitisn RAEBD), wegientialyscoverinpthaibotiam and-sidewals of the
second condygtor 220 %or%%efeé%l%{l

antially deposited on the surface of

the substrate 100, overlying the dielectric layer 120 and

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 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 first embodiment.
As shown in FIG.8,
2.8,

a low-k dielectric layer 120, e.g. k<
is deposited overlying a semiconductor substrate 100
with a first conductor 16¢ embedded therein. Preferably,
a composite diffusion barriéf 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

11



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 sggond(é:onductor 220. As shown in FIG. 8, the preferred passivation layer 230
comprises silicon Carbideitt cafbenl GsHientgrebtarethan 200, The. prefested efchstop layer 180 or

240 is a carbgsapeemencontaining film with a thickness from 500 to 2000A and more preferably, 500
to 1000A. In a preferred embogment, tﬂei?r’st c%‘ﬁ%ﬁ]it%ﬂ%o IS5 turlgstst plugicbreElRG a

source/drain PRI, algate region @ ecngtakesigideofa MOS trapsisior, The first dielectric layer
120 is phospl&orus-d{:ﬁped silicon glass (PSG) un-doped silicon glass (US§), silicon-rich™ oxide, silicon

oxynitride, Si|IC%tI;]c-)Ei1C ox§7ﬁ|“t’ﬁ&%, éﬁ?@%ﬁ%ﬁﬁ?iﬁé?silidommh nittidte,, or aceamkRinatieny theggef. The

second conduetgs 220 1$,8 C@RRES,. copper alloy, aluminum, or aluminum alloy plug or a dual 12
damascene conduct09r, ar?d the low -Igpé%rlég&]%%{jéle&‘ﬁig‘ layef ¢&n BE&fiRsretygerdédntaifing

material havii§@ diekectivconsiant (k) dess than 2.8, grganagilicate glg&s, flggrina#eﬂdogi ica glass
(FSG), organjc s%in-on flass, inorganic CVD dielectrics, or a combination thereof. The di€lectric
constant (k) 6fthe TeeoRd lowk diéfdctrc layerd 90 Is praferablylowen dhar that efghss first low-k

dielectric Iaygijf%(;)ls'lir@]firg&r&diséergorld

ayer 200 are formed by atomic layer
deposition (ALD), sequentially covering the bottom and
sidewalls of the second condﬁctor 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. 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 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

12



_ diffusion barrier layers 140 and 160 are formed by ALD with a laminar structure as shown in FIG. 2A
to 2C. In another embodiment, 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 prefermisdhe dielgatic constant k of the secand dielectric layer 190 is lower than that of
the first dielectric layer 120, thereby imp'roviarila%th(;L S ?Eesg TEsistivity U 8 fhterbohheet &tGcture.

While the inverftittrhasareenalesdribertby way 96 exanmpls And-n terms.gf the pﬁegggﬁgb .
embodimentsdili to be, understood that the invention is not limited to the disclosed enitbodiments. To
it

the contrary, it is Intended to SBVELHEHous Mbdiflcationstamarsinlas arrangements (asavauld be

apparent to thesgsskilled: in,thearb). Tcperet re, the scope of the appended claims should be accorded
the broadest interpretation so as to gncorﬁ%%slg %I S08F ﬁwoo‘iﬁ@é;t?ons and3iifar &rafg&ments. 13

CLAIMS 1._A9Hq@_ﬁﬁ)d fot fatrigatiig-an oberconneCct strupture,  congprising: pfr:%vni%i:rﬂgaats%rlqiconductor
substrate wni;:%é‘lrst onductor thereon; forming a dielectric layer overlying the Semiconductor
substrate; forming an openiigtin Hedmeniclagenexposing e dirst cadudtesnd 1ow-k

dielectric layer 190 ig preferably 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.

13



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 figst Jauer of titanium nitride or tantalum nitride in
hydrogen ambient; forming a second layer of titarmomrnitride or tantalum nitride on the treated first
layer. 2. The method as claimed in claim 1, wherein the first conductor is composed of materials from

group consisting 0f .conpey, Gopper Alloy.aluminum,,aluminym gligy -fitapium,. tantalum, tungsten,

metal silicide, metal alloy and a metal compound. 3. The method as claimed in claim 1, wherein the
dielectric layBP&amprises silicon oxide-containing material. 14 4. The method as claimed in claim 1,

wherein the dielectric constant (I9.0f the dielegtric layerds lessdhan +4,8,5.rfhe 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 tHefhickness Sftheomniposite diffusion barrier layer is from 30 to 300

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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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 layer 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, w@greinfﬂ% cgg@gg_ge acéiffggigrﬂrpg&rigrgagﬁragg{n&rjs%ntg%ail%mgg@ nitride. 10. The method

as claimed in claim 9, wherein the composite diffusion barrier layer further comprises a tantalum layer
formed orfthelseebnddayerraftantalun hitfide to forfiia Lgipllaminarisftantalum stantdlém nitride and
tantalum- fich 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. The method as claimed in claim 1, further comprising the step of forming a low-resistivity

metal layey having,a thickngss from-19 1q,400 Alining.the bottop, and the sidewallsof the-opening. 13.
The method as claimed in claim 12, wherein the low- resistivity metal ‘Layer is formed by self ionized
plasma (8iPj SPRBBFARG of fonized" mEtdl ptasmAa {IMP) sputtering. 14. The method as claimed in

claim 12, wherein the low- resistivity metal layer is formed by atomic 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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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, comprising: providing a semiconductor substrate; forming a first
low-k dieléctric |ayer overlying the semiconductor substraté withue first copperaricopper alloy

conductor,gmbeddsd therein: forming.a second low k disleeirig Jaysr querlying the fitst low-k dielectric
layer; forming an opening in the sécon low-k dielectric a;}ér exposing the first coppér or copper alloy
conductort forming a compositetiffasion batrierlayer byhatohi¢ Yayersdepdsition, lining the opening;

and forming g secend conductor gg@%q&d 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. 16 173 Theqpethod:as.claimed. inclaing 16, further comprisipng.a Step ohiorming a passivation
layer overlying the second low-k dielectric layer and second conductor. 18. The method as claimed in
claim 16, Whéreir #ie passvation 1ay&t confprisessiitoR taftside. 19 T mMetiGFERImed in claim

12, furthergamprisipd @ ring or ionized 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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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 overlying the second
conductor. 21. The method as claimed in claim 16, wherein the first low-k dielectric layer comprises
silicon oxygen-containing material 22. The method as claimed in claim 16, wherein the dielectric

constant (If) of the flrst Io |electr|clla%/er Cless thaf %% que thc%_d as ﬂ(F:Ialmed in claim 16,

wherein the secong low= k d|e ectrlc?ayer comprises silicon oxygen con?ammg material 24, The
method a§¢lawn@df mﬁdarm 18, wherein thve: tdielectricconstant {K)ofrtbe 'seeond toveK dielectric layer

less than 2. §w2 éta(}q s&@gg f tﬂ |asl@?]©§1 i\%e(g |&1th§ glelectrlc constant k of the second

low-k dielectric ayer |s owert an that of the first ectric Iayer 17 26. The method as claimed
in claim 16, wherein the width of the second conductor is substantially from 200 to 1000 A. 27. The

method asl%lalm%qlgl claim 16, furthey comprising yl%ggploé forming a lowsresistivity metal layer

lining the opening with a thickness from 10 to 100 A by atomic layer deposition before the formation
of the conipogite Vditfasion bayrer a8 28s The fidth6e ascldimedtin claim 16, wherein the low-

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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resistivity meta). layer is composed of a material selected from the group consisting of titanium and
tantalum. 29. The method as claimed in claim 16, wherein the thickness of the composite diffusion
barrier layer is from 30 to 300 A. 30. The method as claimed in claim 16, wherein the composite
diffusion barrier layer is composed of dual titanium nitride layers or dual tantalum nitride layers. 31.
The meth3d6bas cITaimed in claim 30, \ghe,rein the duaEI ti,tani%r%\ nitr}ilde Iaxers or tantalum nitride layers
are formed by the Steps bf-¥orriing a first fayer of titanitin ritridé S antald fitfide" Bla8ma-treating
the first layer: of: titamium aitride ©r 4antatuns nitride in hydrogen ambient) formingoa sécond 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 fébm thé'groupe tbnsistizg ofl itanam itantalammtuh§stehy titdarsumaitnicke ismichtantalum

nitride. 18,33, The melfipd as daimed in dlaim 16, whetein {he composite diffusion bayrier layer is
composed 0 materials selecte from the group consisting o}/amorphocus fitanium  nitride and
amorphoushtantahem hittide 134, Fhe misthod as claimed I8 claim 160 whereindherdéomposite diffusion

barrier layer, Gompgisgs tantalum-fich Jitride, 35-The mathad a5 dlajmed in.claim. 16, wherein the

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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composite diffusion barrier layer is formed as triply laminar of tantalum, tantalum nitride and
tantalum-rich nitride. 36. The method as claimed in claim 16, wherein the composite 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 of the second low-k 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
~atomic laye?s -depositiore(ALD) liming-d dansascene®peninglin, diglectdds) sehving as diffusion blocking

and/or achsrionJmproygreent 10e Rieterted.compasite; difusion aries jayers.ats gy titanium

nitride layers or dual tantalum nitride layers, triply laminar of tantalum, tantalum nitride and tantalum-

rich nitrides ok tarvtaiing teitaii ritiiderante tantaluhn fomiedsegadntizily ohtthe lopening by way of
ALD-GqGﬁDtride and amorphous tantalum nitride.

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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