19 January 2005 USE OF BORON CARBIDE AS AN ETCH-STOP AND BARRIER LAYER FOR
COPPER DUAL DAMASCENE METALLIZATION BACKGROUND OF THE INVENTION (1) Field of the
Invention The present invention relates to the manufacture of ultra large S(é‘% vgue rated EE{ED circuit
chips in general, and in particular, to the use of and a method of using P boror carbide as an
etch-stop and barrier layer for copper dual damascene metallization. (2) Description of the Related Art
Copper dual dasAasgeneqirote SR Wellkponm tBThinigad dor dDNMIiMAIRKEIEGNASCTIORS iivBemiconductor
devices. It is especially well suited for Ultra Large Scale Integrated (ULSI) circuit technology where more
and more devices are being paEkEtRintd tHe sar{é o Ball¥FE dfddslinZal 5ethiconductor substrate. As the
feature sizes get smaller, the smaller geometries result in higher electrical resistances, which in turn
degrade circuit performance. As will be described more fully later, damascene process 1 19 January
2005 provides a more exact dimensional control over small geometries, while copper, as the

metallization material,
BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to the manufacture of
ultra large scale integrated (ULSI) circuit chips in
general, and in particular, to the use of and a method of
using PECVD boron carbide as an etch-stop and barrier layer

for copper dual damascene metallization.
(2) Description of the Related Art

Copper dual damascene process is a well-known
technique for forming interconnections in semiconductor
devices. It is especially well suited for Ultra Large Scale
Integrated (ULSI) circuit technology where more and more
devices are being packed into the same or smaller areas in a
semiconductor substrate. As the feature sizes get smaller,
the smaller geometries result in higher electrical
resistances, which in turn degrade circuit performance. As

will be described more fully later, damascene process



provides better electrical characteristics. It is disclosed in the present invention the use of, and a method
of using, PECVD boron carbide as an etch-stop and barrier layer in a copper dual damascene structure
in order to improve the performance of integrated circuit (IC) device. The {egrnb'damascegs' ig derived
o . . . . anuary. 0 L
from a form of inlaid metal jewelry first seen in the city of Damascus. In the context ofllntegrated circuits

it implies a pattetnet:layers imbedded erkand in anatbeslayer such-that thel topsustacesnef the two layers
are coplanar. Thus, in semiconductor manufacturing, grooves and holes in appropriate locations in the
grooves are ferometkiniarsinsuldtingematerialday, etching .t indhichate therzfilledowithrmaétal iMétal in grooves
form the horizontal metal line interconnects while the metal in the underlying holes form the vertical
connections¥6 #e Byers BEretdl interc6rRetts foried iflthe prévisUissdamascene stfuctdré. Thus, in a
single damascene semiconductor manufacturing process, incisions, or grooves, are formed in an

insulating layerSnPRRY with metal R Forft EondtictiVe Hitest Btialddmadeertakés e protess one
step further in.2 19 January 2003, that, In additign.to forming the grogues ofa single, o,
layer 1in a copper dual damascene structure in order to

improve the performance of integrated circuit (IC) device.

The term ‘damascene’ is derived from a form of inlaid
metal jewelry first seen in the city of Damascus. In the
context of integrated circuits it implies a patterned layer
imbedded on and in another layer such that the top surfaces
of the two layers are coplanar. Thus, in semiconductor
manufacturing, grooves and holes in appropriate locations in
the grooves are formed in an insulating material by etching,
which are then filled with metal. Metal in grooves form the
horizontal metal line interconnects while the metal in the
underlying holes form the vertical connections to the layers
of metal interconnects formed 1in the previous damascene

structure.

Thus, in a single damascene semiconductor
manufacturing process, incisions, or grooves, are formed in
an insulating layer and filled with metal to form conductive

lines. Dual damascene takes the process one step further in



damascene, hole openings are also formed at appropriate places in the groove further into the insulating
layer. The resulting composite structure of grooves and holes are filled with metal. The process is
repeated as many times as required to form the multi-level interconnecti0{1§ bﬁévr\{ger% m Baiﬂgnes and the

a
holes formed therebetween. In one approach for a dual damascene process shown myFlg. a, two

insulating layers{]20)iand §130)w@areformed onoarsuhstraten 00) Mathvarns intervening etchastep layer
(125). A desired trench or groove pattern (150) is first etched into the upper insulating material (130)
using convenittoned qaitatelithogiaphicprethods ardrphotoresist d)ethe aétchimg stops iontetch-stop
layer (125). Next, a second photoresist layer (160) is formed over the substrate, thus filling the groove
opening (150) afd patterrdtewith Pk opeRite(l 70, ts shswn e Riba 1ot Thellvolé pattef B then
etched into the lower insulating layer (120) as shown in Fig. Ic and photoresist removed, thus forming the
dual damast&résfrabtdre SREWATH Fiy. HrOYthedidePin whichAHE Yro8¥él andthé Poléafe formed
can be reversed., Thus, {h upper isulafing layer (130) s first stched, or patterned, with ol (170), as 3

anuary

required to form the multi-level interconnections between

metal lines and the holes formed therebetween.

In one approach for a dual damascene process shown in
Fig. la, two insulating layers (120) and (130) are formed on
a substrate (100) with an intervening etch-stop layer (125).
A desired trench or groove pattern (150) is first etched
into the upper insulating material (130) using conventional
photolithographic methods and photoresist (140) . The
etching stops on etch-stop layer (125). Next, a second
photoresist layer (160) is formed over the substrate, thus
filling the groove opening (150), and patterned with hole
opening (170), as shown in Fig. 1lb. The hole pattern is then
etched into the lower insulating layer (120) as shown in
Fig. 1lc and photoresist removed, thus forming the dual

damascene structure shown in Fig. 1f.

Or, the order in which the groove and the hole are
formed can be reversed. Thus, the upper insulating layer

(130) dis first etched, or patterned, with hole (170), as



shown in Fig. 1d. The hole pattern is also formed into etch-stop layer (125) . Then, the upper layer is
etched to form groove (150) while at the same time the etching transfers the hole pattern in the etch-stop
layer into lower insulation layer (120), as shown in Fig. le. It will be notedltgastheu%tch-s%%% gayer stops
the etching of the groove into the lower insulation layer. After the completion of the thus y formed dual
damascene stiueibre; oothithe hole .openimg anctbgrwoye epering are filed witl ongtal (180},cand any
excess material on the surface of the substrate is removed by chemical mechanical polishing, as seen in
Fig. 1f . The enetal-thadis coavmonly U8éd as tHeedamascenepintercarnget is atunsnumesecause of its
refined properties for etchability, as will be known to those skilled in the art. However, since copper has
better electrémigraticir roperty Apdloweh idsistivity thah @lurBiien, i€ s mdre epred&réd Peaterial for
wiring than aluminum. By the same token, copper unfortunate:%/gsuffers from high diffusivity in common

insulating m&tefiaRi&ich d<d6iliEGh- 6xiad Eret Bxyger-E6ntaliflg pbRAneréYESr inetance C¥6gper tends to
diffuse into p{)}}gr@%?c%rrl}ngl%%g gtenhqe%rﬁ u,re Qrsoc%%sol%% in ;tlhe.Fpic()%Iy.lm@ee: Thl%gau&af Seyere corrosion
of the copper “and the polyimi ue to copper combining with 6Xygen in

noted that the etch-stop layer stops the etching of the

groove into the lower insulation layer. After the

completion of the thusly formed dual damascene structure,

both the hole opening and groove opening are filled with

metal (180), and any excess material on the surface of the

substrate 1s removed by chemical mechanical polishing, as

seen in Fig. 1f.

The metal that 1is commonly used as the damascene
interconnect is aluminum because of its refined properties
for etchability, as will be known to those skilled in the
art. However, since copper has better electromigration
property and lower resistivity than aluminum, it is a more
preferred material for wiring than aluminum. By the same
token, copper unfortunately suffers from high diffusivity in
common insulating materials such as silicon oxide and
oxygen—-containing polymers. For instance, copper tends to
diffuse into polyimide during high temperature processing of
the polyimide. This causes severe corrosion of the copper

and the polyimide due to the copper combining with oxygen in



4 19 January 2005 the polyimide. The corrosion may result in loss of adhesion, delamination, voids, and
ultimately a catastrophic failure of the component. A copper diffusion barrier is therefore often required.
It is disclosed later in the embodiments of the present invention that PEC 5) g%rgga%arbﬁqﬁbgr tantalum
nitride is a preferred diffusion barrier layer. It is also disclosed in the present invention' that boron carbide
is preferred asan eteli-gtopilayer for itsnlewes gielecttic constant. Genventionally, silisep nitside (SiN) is
used as a etch-stop layer. However, PECVD silicon nitride tends to be nonstoichiometric, while LPCVD
nitride exhibitshugh tensiléstresses, tcausingveradks fartditims 1greaterdhat abaut 20002 Bilicon nitride
also exhibits outgassing which result in voids and, therefore, reliability problems. Furthermore, etch rates
for silicon nitfidle e Srelafively fastcsuntbar for trelatively fipBelectivity ot ssicon pitiidé 26 oxides in
general, nitride layers must be thick. This results in cracks. More importantly, silicon nitride has a

dielectric corStanrEdrdout™ 168 dESTRIIE 36 userhaterials WithIbW2T dieleétrid'constants&s etch-stop

layers, because they become a composite part of . .
y eﬂ%oé?%ents of éﬁe ﬂ}esent invention that PECVD boron

carbide or tantalum nitride is a preferred diffusion barrier

layer.

It is also disclosed in the present invention that
boron carbide is preferred as an etch-stop layer for its
lower dielectric constant. Conventionally, silicon nitride
(SiN) is used as a etch-stop layer. However, PECVD silicon
nitride tends to be nonstoichiometric, while LPCVD nitride
exhibits high tensile stresses, causing cracks for films
greater that about 2000 A. Silicon nitride also exhibits
outgassing which result in voids and, therefore, reliability
problems. Furthermore, etch rates for silicon nitride are
relatively fast so that for relatively low selectivity of
silicon nitride to oxides in general, nitride layers must be
thick. This results in cracks. More importantly, silicon
nitride has a dielectric constant of about 7. It 1is
desirable to use materials with lower dielectric constants
as etch-stop layers, because they become a composite part of

the interconnect, and hence affect the effective dielectric



the interconnect, and hence affect the effective dielectric 5 19 January 2005 constant of the total
composite structure, which affects the electrical characteristics of the device. In prior art, a method for
forming interconnections for semiconductor fabrication and semiconduct%geygcggaarre Q% ibed. In US
Patent 5,817,572, Chiang, et al., a first patterned dielectric layer is formed over a seniconductor
substrate anddiasta first pening filledvith-candictive materiad.Argthenpatieraedstielectricdayer is
formed over the first dielectric layer and has a second opening over at least a portion of the conductive
material Thedfirstpaftemiedothielettricclayet serves astdreetdhsstop in  patterning the other patterned
dielectric layer. Also, a dielectric etch-stop layer is formed over the first patterned dielectric layer and
over the conductive material before the other patterned dielectric layer has been formed. This dielectric
etch-stop layer serves as an etch-stop in patterning the other patterned dielectric layer. The second

opening exposes a poftlonFdtdié ditfectricCet@iRstoplayet” Thedkpoded poitibnBItRE bictectric

etch-stop layer is removed. The second opening is filled with conductjve  material.
p yteor sem?conducecor Pa%r%catQOn ancYV semiconductor devices are

described. In US Patent 5,817,572, Chiang, et al., a first
patterned dielectric layer 1s formed over a semiconductor
substrate and has a first opening filled with conductive
material. Another patterned dielectric layer is formed over
the first dielectric layer and has a second opening over at
least a portion of the conductive material The first
patterned dielectric layer serves as an etch-stop in
patterning the other patterned dielectric layer. Also, a
dielectric etch-stop layer 1is formed over the first
patterned dielectric layer and over the conductive material
before the other patterned dielectric layer has been formed.
This dielectric etch-stop layer serves as an etch-stop in
patterning the other patterned dielectric layer. The second
opening exposes a portion of die dielectric etch-stop layer.
The exposed portion of the dielectric etch-stop layer 1is
removed. The second opening 1is filled with conductive

material.



6 19 January 2005 In another US Patent 5,658,834, Dowben describes active semiconductor devices
including heterojunction diodes and thin film transistors, which are formed by PECVD deposition of a
boron carbide thin film on an N-type substrata. The boron to carbon ratio % trbe d%%ositegloa“%aterial is
controlled so that the film has a suitable band gap energy. The stoichiometry of the filth ¢an be selected
by varying the partial pressure ©of precursor gases ssuch,ass fjdmspentaberanienand amethape.sSummerfelt,
in US Patent 5,851,896, on the other hand, shows a conductive exotic-nitride barrier layer for
high-dielectrice¢anstatemateriatielectrodes vArr embodimenti ofthis irveotion comprisés aneoxidizable
layer (e.g. TiN), a conductive exotic-nitride barrier layer (e.g. Ti-Al-N) overlying the oxidizable layer, an
oxygen stabrNgyef{elg. platiiumy seerirg ticsexotitiaftlide tafer, an8H Righ- dislecieCcBnstant
material layer (e.g. barium strontium titanate) overlying the oxygen stable layer. The exotic- nitride barrier

layer substaRfaRShhibRE diffdsion of R36/g8n t63RE bR fdizdble Tayer ithlis Mmimizing Yelet&fous

oxidation of the oxidizable laygr. In still another US Palent Gnade, et al. disglose & sited
material is controlled so that the film has a suitable band
gap energy. The stoichiometry of the film can be selected by
varying the partial pressure of precursor gases, such as

nido pentaborane and methane.

Summerfelt, in US Patent 5,851,896, on the other
hand, shows a conductive exotic-nitride barrier layer for
high-dielectric-constant material electrodes. An embodiment
of this invention comprises an oxidizable layer (e.g. TiN),
a conductive exotic-nitride barrier layer (e.g. Ti—Al-N)
overlying the oxidizable layer, an oxygen stable layer (e.g.
platinum) overlying the exotic-nitride layer, and a high-
dielectric-constant material layer (e.g. barium strontium
titanate) overlying the oxygen stable layer. The exotic-
nitride Dbarrier layer substantially inhibits diffusion of
oxygen to the oxidizable layer, thus minimizing deleterious

oxidation of the oxidizable layer.

In still another US Patent, Gnade, et al., disclose a

different method of forming electrical connections to high



different method of forming electrical connections to high 7 19 January 2005 dielectric constant materials.
An embodiment of this invention comprises an oxidizable layer (e.g. tantalum), an oxygen gettering layer
(e.g. platinum/tantalum mixture) overlaying the oxidizable layer, a noble rrf%ta !%;(Sr ](:e.g (%%tinum)

overlaying the oxygen gettering layer, and a high- dielectric-constant material ayer?e.{;. %arlum strontium

titanate) ovedayingdhe neblecmetal dayer. hhe strugtuses presentedfsovide elactricat connegtion to
high-dielectric- constant. The oxygen gettering layer controls oxygen diffusion, minimizing the formation
of a resistiveilayenteither indhe towerselectradei oriattheé dowery electrede/substrate linteffacerilThe oxygen
gettering layer acts as a gettering site for oxygen, where the oxygen oxidizes the reactive metal portion
of the layer, fe8XAIR)? the/AbbRIMEAI pbitithrof the 1ayer ifthet Mhatintention Wrovidds Astable and
electrically conductive electrode for hégl}i:l-dielectric-constant materials while using standard integrated

circuit materR¥S o' faéititste BhE eB3HOMZEhe maKGfactufing prdcesBSihdhe praseht ikveftion, a

method of forping a beyon, caride Jayer for use, as a barer and an efcfstop layerin 1,

dielectric-constant material layer (e.g. barium strontium
titanate) overlaying the noble metal layer. The structures
presented provide electrical connection to high-dielectric-
constant. The oxygen gettering layer —controls oxygen
diffusion, minimizing the formation of a resistive layer
either in the lower electrode or at the lower
electrode/substrate interface. The oxygen gettering layer
acts as a gettering site for oxygen, where the oxygen
oxidizes the reactive metal portion of the layer, leaving
the noble metal portion of the layer intact. The invention
provides a stable and electrically conductive electrode for
high-dielectric-constant materials while using standard
integrated circuit materials to facilitate and economize the
manufacturing process.

In the present invention, a method of forming a boron
carbide layer for use as a barrier and an etch-stop layer in
a copper dual damascene structure, and the structure itself

are disclosed.



a copper dual damascene structure, and the structure itself are disclosed. 8 19 January 2005 SUMMARY
OF THE INVENTION It is therefore an object of this invention to provide a method of forming a copper
dual damascene structure having a boron carbide etch-stop layer with a | W Slgerll%catq_jc constant. Itis
another object of this invention to provide a method of forming a copper dual damascéné structure
having a boron carbide layer as a barrier to copper diffusion. It is still another object of the present
invention to provide a copper dual damascene structure having boron carbide layers with effective low
dielectric constant, good copper diffusion barrier, good insulating properties and high etching selectivity
with respect to insulating layers. It is anyverall @bjertof the/preseatinvention to provide a damascene
structure wherein one or more of the passivation, etch-stop, and cap layer, or combination barrier and
passivation layer are formed of boron carbide. 9 19 January 2005 These objects are accomplished by
providing a
It 1is therefore an object of this invention to
provide a method of forming a copper dual damascene
structure having a boron carbide etch-stop layer with a low

dielectric constant.

It is another object of this invention to provide a
method of forming a copper dual damascene structure having a

boron carbide layer as a barrier to copper diffusion.

It is still another object of the present invention
to provide a copper dual damascene structure having boron
carbide layers with effective low dielectric constant, good
copper diffusion Dbarrier, good insulating properties and

high etching selectivity with respect to insulating layers.

It is an over—-all object of the present invention to
provide a damascene structure wherein one or more of the
passivation, etch-stop, and cap layer, or combination

barrier and passivation layer are formed of boron carbide.



semiconductor substrate having a first conductive layer; forming a boron carbide (BC) passivation layer
over said conductive layer; forming a first dielectric layer over said BC passivation layer; forming a BC
etch-stop layer over said first dielectric layer; forming a second dielectric I@y%raovl?g]?aidz%%etch-stop
layer; forming a BC cap layer over said second dielectric layer; forming a]ﬁrst pﬂotoré/sist layer over said
cap layer and patterniag said qhptenesist layer with ecmask cenwisinga viagets,patiern; etehing
through said via pattern in said first photoresist layer to form said via hole in said BC cap layer and said
second dielestnicilayeduntil said Bdetchastop layeriisgreached;sichingcthdoughisaid Via hele; pattern to
form said via hole in said BC etch-stop layer; etching further said via hole pattern into said first dielectric
layer until BE opassiation 1Ryerds reaehbd demobing saidshist phbtotesist Yayer; $6Hinga Sécond
photoresist layer over said BC cap layer including said via hole in said second dielectric layer; patterning
said second phototesist Ryer®With a ntasKedifpriding Rk treftH P& terh Etchifg SthrotyfRsaid line
trench pattern inga]é%second.%hqctoresi t layer in#]) said BC cap layer %n_d %%id second dielectric layer

and into said’BC et -s?oapslsaﬁ/eﬁ ejtc%llng forther %%ﬁ%a% hole pafternsm ai %\@]étc%\-]set]ép layer and

said first dielectric layer; forming a second dielectric
layer over said BC etch-stop layer; forming a BC cap layer
over said second dielectric layer; forming a first
photoresist layer over said cap layer and patterning said
photoresist layer with a mask comprising a via hole pattern;
etching through said via pattern in said first photoresist
layer to form said via hole in said BC cap layer and said
second dielectric layer until said BC etch-stop layer 1is
reached; etching through said via hole pattern to form said
via hole in said BC etch-stop layer; etching further said
via hole pattern into said first dielectric layer until BC
passivation layer is reached; removing said first
photoresist layer; forming a second photoresist layer over
said BC cap layer including said wvia hole in said second
dielectric layer; patterning said second photoresist layer
with a mask comprising a 1line trench pattern; etching
through said line trench pattern in said second photoresist
layer 1into said BC cap layer and said second dielectric
layer and into said BC etch-stop layer; etching further

through said hole pattern in said BC etch-stop layer and

10



10 19 January 2005 extending said hole pattern into said BC passivation layer thus forming a dual
damascene structure comprising a composite hole and line trench pattern in said substrate; removing
said second photoresist layer; forming a barrier lining on the inside walls ?gs%igrggglrda@@égene
structure; forming metal over said barrier lining in said dual damascene structure; and forming a
combinationdariersand; passivationilayesoves said substrateiacluding everisaid idual damascene
structure. These objects are accomplished in a second embodiment providing a semiconductor substrate
having a substrasturé ccomprising:devices formedds saitesubstratecand @ conduptivies 1ayer fermed
thereon; a boron carbide (BC) passivation layer over said conductive layer; a first dielectric layer over
said first BC pagBivation laher: a BT @tchsiép [ayenever ksuid first diefecwizldyepid sé&aricdielectric
layer over said BC etch-stop layer; a BC \(;%% layer over said second dielectric layer; a dual damascene

structure haviRg @topIporfiorarFneiie wals formRad fithin Hrstand S8EBRA Hiclechit ayErs: said dual

damascene syuclure having & barrel layerining,said Insidg was; and said dual Jamasgene structure
having a combinatich Barrier and ete

forming metal over said Dbarrier 1lining in said dual
damascene structure; and forming a combination barrier and
passivation layer over said substrate including over said

dual damascene structure.

These objects are accomplished in a second embodiment
providing a semiconductor substrate having a substructure
comprising devices formed in said substrate and a conductive
layer formed thereon; a boron carbide (BC) passivation layer
over said conductive layer; a first dielectric layer over
said first BC passivation 1layer; a BC etch-stop layer over
said first dielectric layer; a second dielectric layer over
said BC etch-stop layer; a BC cap layer over said second
dielectric layer; a dual damascene structure having a top
portion and inside walls formed within first and second
dielectric layers; said dual damascene structure having a
barrier layer 1lining said inside walls; and said dual
damascene structure having a combination barrier and etch

stop layer over said top portion.

11



stop layer over said top portion. 11 19 January 2005 BRIEF DESCRIPTION OF THE DRAWINGS Figs.
la-1c show the forming of a dual damascene structure where a line trench or groove is etched first into
an upper second dielectric layer until an etch-stop layer is reached, and t? n ﬂenﬂolg%)@ﬁ@ etched into
the lower first dielectric layer, according to prior art. Figs. 1d-le show the forming of a dual damascene
structure where a hole pattern isratehed fisst intoarowprer seconskdiviactric layer until an etch-stop layer
is reached, and then the line pattern etched into the top layer while at the same time the hole pattern is
transferred into the lower first dielectric layer, according to prior art. Fig. if shows a dual damascene
structure formed by either one of the methods shown in Figs. la-1c or Figs. 1d- le, according to prior art.
Fig. 2a is a partial arassssectienal viewloba stibsiraté showing thefformingoé a firstandaseeond
dielectric layer separated from each other by an intervening second etch-stop layer while being
separated frefrthe tulsstrate by aefirst etehtstep ddyevracoording to the Yresentfinverttionnt o

an upper second dielectric layer until an etch-stop layer is
reached, and then the hole pattern etched into the lower

first dielectric layer, according to prior art.

Figs. 1d-le show the forming of a dual damascene
structure where a hole pattern is etched first into an upper
second dielectric layer until an etch-stop layer is reached,
and then the line pattern etched into the top layer while at
the same time the hole pattern is transferred into the lower

first dielectric layer, according to prior art.

Fig. 1f shows a dual damascene structure formed Dby
either one of the methods shown in Figs. la-1lc or Figs. 1d-

le, according to prior art.

Fig. 2a 1s a partial cross-sectional view of a
substrate showing the forming of a first and a second
dielectric layer separated from each other by an intervening
second etch-stop layer while being separated from the
substrate by a first etch-stop layer, according to the

present invention.

12



12 19 January 2005 Fig. 2b is a partial cross-sectional view of a substrate showing the patterning of a
photoresist layer with a hole pattern over the substrate of Fig. 2a, according to the present invention.
Fig. 2c is a partial cross-sectional view of a substrate showing the etching_ gf ?gnholg pa&tgg}iof Fig. 2b
into the second and first dielectric layers, according to the present invention. Fig. 2di€a partial
cross-sectional view of a substrate showing the patterning of a photoresist layer with a line pattern over
the substrate of Fig. 2c, according to the present invention. Fig. 2e is a partial cross-sectional view of a
substrate showing thicetchifg of the line pattern irthe secord-dietection layer intethe second etch-stop
layer of Fig. 2d, while at the same time etching the hole pattern in the first dielectric layer into the first
etch-stop lay@tl akeafangtorthiesresast invéritfor Figl 29 is a palitedl eressLséctibnabvieWidia substrate

showing the forming of a barrier lining in the 13 19 January 2005 .
a hole pattern over the substrate of Fig. 2a, according to

the present invention.

Fig. 2c 1s a partial cross-sectional view of a
substrate showing the etching of the hole pattern of Fig. 2b
into the second and first dielectric layers, according to

the present invention.

Fig. 2d 1s a partial cross-sectional view of a
substrate showing the patterning of a photoresist layer with
a line pattern over the substrate of Fig. 2c, according to

the present invention.

Fig. 2e 1s a partial cross-sectional view of a
substrate showing the etching of the 1line pattern in the
second dielectric layer into the second etch-stop layer of
Fig. 2d, while at the same time etching the hole pattern in
the first dielectric layer into the first etch-stop layer,

according to the present invention.

Fig. 2f 1s a partial cross-sectional view of a

substrate showing the forming of a barrier lining in the

13



composite line and hole structure of Fig. 2e, and the completion of the dual damascene structure of this
invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS Referring now the drawings, in
particular to Figs. 2a- 2f, there is shown a copper dual damascene proces(fg;Jt@alngabor%%blde as an

etch-stop layer. Specifically, Fig. 2a shows a semiconductor substrate (2 havrilng a‘conductive layer

(210) thereovempSemiconducter subsirate sheuldshbe updarstood to include apsybstiate orwafer
composed of a semiconductor material such s silicon, or silicon-on-sapphire (SOS) or silicon-on-
insulator (SQIYas isknown inthe atthSemidonaductalasalssteate sheuld betunderstodd totpossibly further
include one or more layers of insulating material and/or conductive material an one or more active
and/or passit@devicesand/or multilayer interconnection structure over the active and/or passive
devices, formed in or over the substrate or the like. The conductive layer (210) can comprise one or more
conductors from a group coating copper, tungsten, aluminum, titanium, titanium nitride, tantalum,
tantalum nitride. 14 19 January 2005 Typically, the conductive layer is an interconnect pattern

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now the drawings, in particular to Figs. 2a-
2f, there is shown a copper dual damascene process utilizing

boron carbide as an etch-stop layer.

Specifically, Fig. 2a shows a semiconductor substrate
(200) having a conductive layer (210) thereover.
Semiconductor substrate should be understood to include a
substrate or wafer composed of a semiconductor material such
s silicon, or silicon-on-sapphire (SOS) or silicon-on-
insulator (SOI) as 1is known 1in the art. Semiconductor
substrate should be understood to possibly further include
one or more layers of insulating material and/or conductive
material an one or more active and/or passive devices and/or
multilayer interconnection structure over the active and/or
passive devices, formed in or over the substrate or the
like. The conductive layer (210) can comprise one or more
conductors from a group coating copper, tungsten, aluminum,

titanium, titanium nitride, tantalum, tantalum nitride.
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or line. In the present invention, the conductor is preferred to comprise copper and barrier metal and may
be in the form of a dual or single damascene structure or a blanket film. Boron carbide (BC) is grown
over the conductor layer or substrate using the technique of plasma enha}@cﬁa%r&%r?ica%z?%or
deposition or physical vapor deposition (PVD). This BC is a main feature and key asp%ct of the present
invention becayse; anlike therconventionat ieteh-stopdayers sueh asPECM siiedn pidrides for example,
it has a low dielectric constant, is a good barrier to copper diffusion, has good insulating properties, and
high etch setectivityrwith respect ta-tdielegtrie aratérialsrwhich iare usedhas insofatingtdayersi Burthermore,
through careful control of the growth conditions, amorphous BC can be grown having specific
mechanical &%¢ EREHRA| properiies sgifed s cifitdapslicatiens Fius] agsbsivatioRtayer of BC, in
Fig. 2a, is formed over the underlying conductive layer (210) by introducing boron source gas and
carbon sourdd'§as i A VD chamisErat a Wepdsitish-empératie Brtwethabout 180 187456C yielding a
dielectric constant between about 3 to 6. Preferably, the soyrce gases for boron and carbon includes but
not restricte}aatgréﬁ%i, gﬁﬂl@ and CH4, €He, r%as%’g(l:t(igveely.%ﬁ% 1575 grown over Bhe

conductor layer or substrate using the technique of plasma
enhanced chemical vapor deposition or ©physical vapor
deposition (PVD). This BC is a main feature and key aspect
of the present invention because, unlike the conventional
etch-stop layers such as PECVD silicon nitride, for example,
it has a low dielectric constant, 1is a good barrier to
copper diffusion, has good insulating properties, and high
etch selectivity with respect to dielectric materials which
are used as insulating layers. Furthermore, through careful
control of the growth conditions, amorphous BC can be grown
having specific mechanical and electrical properties suited

for specific applications.

Thus, a passivation layer of BC, in Fig. 2a, is formed
over the underlying conductive layer (210) by introducing
boron source gas and carbon source gas in a CVD chamber at a
deposition temperature between about 100 to 450°C yielding a
dielectric constant between about 3 to 6. Preferably, the
source gases for boron and carbon includes but not

restricted to B,Hs, BsH¢ and CH,, CyHg, respectively. The
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19 January 2005 ratio of the flow rates of the boron source gas to the carbon source gas is between
1:1000 and 1000:1. One or more carrier gases from a group containing nitrogen, argon and helium can
also be used in addition to the boron source gas and the carbon source . Q%lparl%ssu%%é r the
deposition is between 10 mTorr and 10 Torr. In the case that RF is applied (that Is, ina VD
chamber), thefraqueney used ist abaut 23:56sMkdz anchtbe BErpewes that is capagitivaly eaupled to the
plasma is between about 110 to 250 watts. And the preferred thickness of the BC is between about 50 to
5000 A. Alterratively, bororcearbide dan be depesitéd by Oghysical vapor:deposition omr anmagnetron
sputtering equipment using a graphite target and a boron source gas (including but not restricted to
B2H6, B5SH6SB5HR L Maif Sputferiity paraiieters arenpewer betweel aboanl karamd 114V, magnetic
field between about 50 Gauss to 300 Gauss, temperature between about 20 C to 500 C, pressure

between abB6it'6.4"mTaft t6 1860 AFTotF Wext irstdidlettrit 5Fer (P20 R ormEa OuEFtHESC

passivation Iaxgr. @ﬁ, IS We]!ﬁlbkgowsnoin ]_;rC]e artéllglank%thgielecetrsicS Iaygrsfrggy tbktlaefogge((:g grggnl [jnaterials
including buf ot limited T un&opecflanc?dgped silicon oxidé fiaterials, organic poﬁlmers and porous and

nm%meUS%@H@%Q&ggh 10 mTorr and 10 Torr. In the case that RF 1is

applied (that is, in a PECVD chamber), the frequency used is
about 13.56 MHz and the RF power that 1is capacitively
coupled to the plasma 1is between about 110 to 250 watts.
And the preferred thickness of the BC is between about 50 to
5000 A. Alternatively, boron carbide can be deposited by
physical vapor deposition on a magnetron sputtering
equipment using a graphite target and a boron source gas
(including but not restricted to ByHgs, BsHg, BsHg). Main
sputtering parameters are: power between about 1 kW and 10
kW, magnetic field Dbetween about 50 Gauss to 300 Gauss,
temperature between about 20 °C to 500 °C, pressure between

about 0.1 mTorr to 1000 mTorr.

Next, first dielectric layer (220) is formed over the
BC passivation layer. As 1is well known in the art, Dblanket
dielectric layers may be formed from materials including but
not limited to undoped and doped silicon oxide materials,
organic polymers and porous and non-porous entities of the

aforementioned materials formed within integrated circuits
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aforementioned materials formed within integrated circuits 16 19 January 2005 through methods
including but not limited to CVD, PVD sputtering, and spincoating methods. For the preferred
embodiment of the present invention, the blanket first dielectric layer has ftgthbckrrll%% be%%eon about
2000 to 10000 A. A second boron carbide layer is next formed over the first dleaIectrlcYayer as an

etch-stop layetras:ghowndr Hbe same Fig: 2an Brefenably nsecond BEdayer (225) dsydormegnising the
method described above to a thickness between about 50 to 5000 A, and it is important that it has the
same dielectsicwonstaint @s therfitst BCilayer Theonextdayercsf dieledine, (2303, showm érErgld 2a is a
second dielectric layer that is formed above layer (225). The second dielectric layer preferably has a
thickness bedeer aBeai-200d to 10600 AL apElis préfevally ithe samiéas the dindtfieleEtriciayer (220)
Finally, a ca .IaierC%BE)) comprising typically of silicon nitride is deposited over the second dielectric

layer to a thi EtedPd6Gut B0 o SODFARTRE chp Talet tansd be *ddmpfised 8 Boron

carbide, Whi%h has the same dielectric constant as the first BC layer. The cap layer functions as

A second boron carbide layer is next formed over the
first dielectric layer as an etch-stop layer, as shown in
the same Fig. 2a. Preferably, second BC layer (225) is
formed wusing the method described above to a thickness
between about 50 to 5000 A, and it is important that it has

the same dielectric constant as the first BC layer.

The next layer of dielectric, (230), shown in Fig. 2a
is a second dielectric layer that 1is formed above layer
(225) . The second dielectric layer ©preferably has a
thickness between about 2000 to 10000 A, and is preferably
the same as the first dielectric layer (220). Finally, a
cap layer (235) comprising typically of silicon nitride is
deposited over the second dielectric layer to a thickness
between about 500 to 5000 A. The cap layer can also be
comprised of boron carbide, which has the same dielectric
constant as the first BC layer. The cap layer functions as
an effective stop layer for CMP, and has a thickness between

about 50 to 5000 A.
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an effective stop layer for CMP, and has a thickness between about 50 to 5000 A. 17 19 January 2005
Using conventional techniques, first photoresist layer (240) is next formed over the second dielectric layer
and then patterned with the image of a via or a contact hole. Using photolrgsij,glrzfllyerr 24%3@55 a mask,
hole pattern (250) is then etched into the cap second and first dielectric layers, In fhat of er, including
the intervening BC {ayen225has shown 4N Fige 2BnThe etchingiefdbe dielectrie dayers is aegomplished
using plasma-assisted dry etching wherein etching chemistry comprises one or more gas from a group
containing flu@récarbon(shdkioride-substituted rhydnecadsarn{s)] flacresakurn; hydroearbon@hdluorine,
chlorine, chlorine-substituted hydrocarbon(s), nitrogen, hydrogen, forming gas, argon, carbon monoxide
and oxygen,twhile thetétehingbf tHeBCcap ldyer emd @fchestop Ryl isfaceemplistied@sifig
plasma-assisted dry etching wherein etching chemistry comprises one or more gases from a group

containing nitrfotef, FdtbgER Srming gas fluéitie, EMofiné dx§geaha argdm Nékt, ‘the dirst

photoresist layer Is femoyed, preferably by yet stipping or oxyaen plasma ashing. 1 ectric
layers, 1in that order, including the intervening BC layer
(225) as shown in Fig. 2c. The etching of the dielectric
layers 1is accomplished using plasma-assisted dry etching

wherein etching chemistry comprises one or more gas from a

group containing fluorocarbon(s), fluorine-substituted
hydrocarbon(s), fluorosulfur, hydrocarbon(s), fluorine,
chlorine, chlorine-substituted hydrocarbon(s), nitrogen,

hydrogen, forming gas, argon, carbon monoxide and oxygen,
while the etching of the BC cap layer and etch stop layer
is accomplished using plasma-assisted dry etching wherein
etching chemistry comprises one or more gases from a group
containing nitrogen, hydrogen, forming gas, fluorine,

chlorine, oxygen and argon.

Next, the first photoresist layer is removed,
preferably by wet stripping or oxygen plasma ashing,
although the first photoresist layer may also be removed
during the etching if oxygen is used as one of the etching

gases. A second photoresist layer (260) formed over the
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although the first photoresist layer may also be removed during the etching if oxygen is used as one of
the etching gases. A second photoresist layer (260) formed over the 18 19 January 2005 substrate,
including the opening formed in the previous step, and patterned with theliglaége of a Iin%ggr%ch to form
. . . . anuar .
groove (270) as shown in Fig. 2d. The line pattern is next transferred from the secondyphotoresst layer

into the secena diclectdc layerdiyudsing plasma-assisied gry eichiag whereinreichingchemistry
comprises one or more gases from a group containing fluorocarbon(s), fluorine-substituted
hydrocarbonés)e fluorasdlfura hydnocarbon{$)h nittogenmdnydrogena formirg gas;rargon,acafloammonoxide
and oxygen, first stopping on etch-stop layer (225) as shown by phantom lines (275). After removal of
the second pHoterésist fayer, the halepattern i e firstdielBe&iclayer i® afdrstérredsintoethie passivation
layer (215), as shown in Fig. 2e. This is accomplished with plasma-assisted dry etching wherein etching

chemistry comprisesoe6r mof€Gastf6m & GrotpicoRtaiing Aftroen, hydfdgent Foingtas, fluorine,
chlorine, 02 and Ar&agiineqlhiglg ]?{Chirl‘% sele%ti%/itx with resE)ect to exgosegg Sopger or %ig%onn. éﬁ\s another
. er 1

important stesr?ﬁlotrﬁe presenet inven |on,¥he SiNg plasma=assis tY €

wherein etching chemistry comprises one or more gases from a
group containing fluorocarbon(s), fluorine-substituted
hydrocarbon(s), fluorosulfur, hydrocarbon(s), nitrogen,
hydrogen, forming gas, argon, carbon monoxide and oxygen,
first stopping on etch-stop layer (225) as shown by phantom
lines (275). After removal of the second photoresist layer,
the hole pattern in the first dielectric layer is
transferred into the passivation layer (215), as shown in
Fig. 2e. This 1is accomplished with plasma-assisted dry
etching wherein etching chemistry comprises one or more gas
from a group containing nitrogen, hydrogen, forming gas,

fluorine, chlorine, O, and Ar having high etching

selectivity with respect to exposed copper or silicon.

As another important step in the present invention, the
composite line/hole structure shown in Fig. 2e is lined with
a material which forms a good barrier to copper diffusion.
It 1is preferred that barrier 1lining (280) comprises

tantalum or tantalum nitride formed by PVD or CVD, and
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composite line/hole structure shown in Fig. 2e is lined with a material which forms a good barrier to
copper diffusion. It is preferred that barrier lining (280) comprises tantalum or tantalum nitride formed by
PVD or CVD, and 19 19 January 2005 having a thickness between aboutl%o Ban%%q: A. EI(%% the
composite structure is filled, preferably, with copper (290) or other conductor sdch as alyminum
deposited torashigkness beiweenabout400684a 10000 A andl the excess netal isdemoved oy chemical
mechanical polishing, which is commonly used for planarizing surfaces. Finally, the copper damascene
structure of thenpwvernition isssconualetedeby fermingl stdbanother fayer$300) of beridrhcarbige having a
thickness between about 50 to 5000 A over the substrate to serve as a top barrier lid or passivation layer
for the coppéf itercoineet e as aReicH-5top ladjerior e mekMeveldf ArRaIFZdtRh aS3hawn in Fig.
2f. It will be apparent to those skilled in the art that, the passivatjon layer, the etch-stop layer, and the cap
layer, namely #& GRS BB E Fafere betome At gred Iid° tHe diRkeiosed c%ﬁﬁ&s&amﬁg e

interconnect,iand Peng% %Pntlgbute Ct% grgiocvae -all n%%%l!% iec‘r;faeftive g&eiesﬁgrll% cons‘tﬂa}lnlt élinlan \{vguld
otherwise be: Tn addition o hav?ﬁg a P s

commonly used for planarizing surfaces. Finally, the copper
damascene structure of the invention is completed by forming
still another layer (300) of boron carbide having a
thickness between about 50 to 5000 A over the substrate to
serve as a top barrier 1id or passivation layer for the
copper interconnect, or as an etch-stop layer for the next

level of metallization as shown in Fig. 2f.

It will be apparent to those skilled in the art that,
the passivation layer, the etch-stop layer, and the cap
layer, namely the disclosed BC layers become integrated into
the disclosed copper damascene 1interconnect, and hence
contribute to an over-all smaller effective dielectric
constant than would otherwise be. In addition to having a
lower dielectric constant than, for example, the commonly
used silicon nitride, boron carbide also has good qualities
as a barrier to copper diffusion. Thus, BC can also be used
as barrier layer (280) for the copper damascene interconnect

shown in Fig. 2f. Though numerous details of the disclosed
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lower dielectric constant than, for example, the commonly used silicon nitride, boron carbide also has
good qualities as a barrier to copper diffusion. Thus, BC can also be used as barrier layer (280) for the
copper damascene interconnect shown in Fig. 2f. Though numerous detaﬂlg ojggl%gg:sclo?gggo 19
January 2005 method are set forth here, such as these processes and process parariﬁeters, to provide
an understanding 6f the rpreseat invention, iwilde obvieds, hewevies 4o these cskilledsin thejart that
these specific details need not be employed to practice the present invention. At the same time, it will be
evident that thecsame methodsenaybe employedanioiker similanpiecessasteps:that@re tobenany to

cite, such as the forming of passivation layer, etch-stop and cap layer as well as barrier layers comprising
the disclosedlBEearnd alsFstheferming of motlonlycguaPbiv Feulti-dafrisesRe struchires; bt o single
damascene structures as well. Furthermore, the dual damascene structure which is constructed in the

present inveftion 1ing'the PitendfirstipprddtiiréanSass b ionsSfidted SushiG theP Vfa-fist" approach

or other known approaches, ag, It wil be understood by those sidled in the art, Whilg the fnyention has
been particu arﬁl shown and

time, it will be evident that the same methods may be
employed in other similar process steps that are too many to
cite, such as the forming of passivation layer, etch-stop
and cap layer as well as barrier layers comprising the

disclosed BC, and also, the forming of not only dual or

multi-damascene structures, but to single damascene
structures as well. Furthermore, the dual damascene
structure which 1is constructed in the present invention

using the “trench-first” approach can also be constructed
using the “via-first” approach or other known approaches, as

it will be understood by those skilled in the art.

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

departing from the spirit and scope of the invention.

What is claimed is:
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described with reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the spirit and scope
of the invention. What is claimed is: 21 19 January 2005 1. A method of fti:r iﬁ]g boron cg%’%e as an

. . . . nvar . e
etch-stop and barrier layer for copper dual damascene metallization comprising the s¥eps of: providing a

semiconductpr spbstate bavirg a fitst Geaductive iayer: forpiing a heroncabide,(BEppassivation layer
over said conductive layer; forming a first dielectric layer over said BC passivation layer; forming a BC
etch-stop layexovée said Tiustedielectoic laysspioemingdaisécontkdielectricelayercaer sahBCoetch-stop
layer; forming a BC cap layer over said second dielectric layer; forming a first photoresist layer over said
cap layer andopattaraineSsait phatoresistiayer with a mask comprising a via hole pattern;

providing a semiconductor substrate having a first

conductive layer;

forming a boron carbide (BC) passivation layer over said

conductive layer;

forming a first dielectric layer over said BC passivation

layer;

forming a BC etch-stop layer over said first dielectric

layer;

forming a second dielectric layer over said BC etch-stop

layer;
forming a BC cap layer over said second dielectric layer;
forming a first photoresist layer over said cap layer and

patterning said photoresist layer with a mask comprising a

via hole pattern;
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22 19 January 2005 etching through said via pattern in said first photoresist layer to form said via hole in
said BC cap layer and said second dielectric layer until said BC etch-stop layer is reached; etching
through said via hole pattern to form said via hole in said BC etch-stop Iayf§; %tggilrllgrfurt%%%aid via hole
pattern into said first dielectric layer until BC passivation layer is reached; removing sdidFirst photoresist
layer; formingta-sgeondgphotergsisklayar ever sgigBCcap layes dneluding saiddtia hele-inisaid second
dielectric layer; patterning said second photoresist layer with a mask comprising a line trench pattern;
etching througtysaid tine tremch patiern i saitd séeonich phetoresist layep inte gaid BQ dap lay@r and said
second dielectric layer and into said BC etch-stop layer; etching further through said hole pattern in said
BC etch stoppRyerandéxeérding said ol patterit ifto SaidBCEE3 FEIanury 2005 Yrissiviation layer

thus forming a du%I %amascene structure comprising a composite hole and line trench pattern in said
reacneaq,

etching through said via hole pattern to form said wvia hole

in said BC etch-stop layer;

etching further said wvia hole pattern into said first

dielectric layer until BC passivation layer is reached;
removing said first photoresist layer;

forming a second photoresist layer over said BC cap layer

including said via hole in said second dielectric layer;

patterning said second photoresist layer with a mask

comprising a line trench pattern;
etching through said 1line trench pattern in said second
photoresist layer into said BC cap layer and said second

dielectric layer and into said BC etch-stop layer;

etching further through said hole pattern in said BC etch-

stop layer and extending said hole pattern into said BC
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substrate; removing said second photoresist layer; forming a barrier lining on the inside walls of said dual
damascene structure; forming metal over said barrier lining in said dual damascene structure; and
forming a combination barrier and passivation layer over said substrate inglde]aqn%\éerr saégjggal
damascene structure. 2. The method of claim 1, wherein said BC etch-stop layer, said B passivation
layer, said BEscap layet, saidl eg@binations bartemand; passivatan layersaredaemestima tG¥ld chamber
by introducing boron source gas and carbon source gas at a deposition temperature between about 100
to 450C. 3. Thepmethod ©f glaimi, wdereintsaidbenon sburce gasscamnppsesB2H6,1B5H8 amd carbon
source gas comprises CH4, C2H6. 24 19 January 2005 4. The method of claim 1, wherein said BC
passivation lay&s twhérein said BC etch-stop layer, said BC cap layer, or said combination barrier and
passivation layer are formed using physical vapor deposition (PVD) with a graphite target and boron
source gas.

removing said second photoresist layer;

forming a barrier lining on the inside walls of said dual

damascene structure;

forming metal over said Dbarrier 1lining in said dual

damascene structure; and

forming a combination barrier and passivation layer over

said substrate including over said dual damascene structure.

2. The method of claim 1, wherein said BC etch-stop layer,
said BC passivation layer, said BC cap layer, said
combination barrier and passivation layer are formed in a
CVD chamber by introducing boron source gas and carbon
source gas at a deposition temperature between about 100 to

450°cC.
3. The method of c¢laim 2, wherein said boron source gas
comprises ByHg, BsHg and carbon source gas comprises CHy,

CyHg.
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5. The method of claim 1, wherein said boron source gas comprises B2H6 and B5H9. 6. The method of
claim 1, wherein said first dielectric layer comprises undoped silicon dioxide, doped silicon dioxide,
organic polymers and porous combination thereof. 7. The method of clai % \ﬁzh%rueinrsaiglg'ggt dielectric
layer has a thickness between about 2000 to 10000 A. 8. The method of claim f herein said BC
etch-stop layer has a thickness between about 50 to 5000 A. 9. The method of claim 1, wherein said cap
layer has a thickness between about 50 to 5000 A. 10.The method of claim 1, wherein said second
dielectric layér haaa thickhess bétweeniabduyt 2000116 I1O0OIAL 2519 JanuarytZ005 1hFhe method of
claim 1, wherein said combination barrier and passivation layer has a thickness between about 50 to
5000 A. 12.THeemethodseficlainB®, wherein saiel dteliimy toJerml sBid viPhdle i saidsecoaddielectric
layer is accomplished using plasma-assisted dry etching wherein etching chemistry comprises one or
more gas froragrBap %Bﬂtagﬁ'rﬁ fRforgtarborts)S HUGHHEBubsttiREd RYGroabBREs) “Aiddrdsulfur,

hydrocarbon(s), fluorine, chlorine, chlorine-. , ,
y S@ysgcgl vapor depOSQthD (PVD) with a graphite target and

boron source gas.

5. The method of claim 1, wherein said boron source gas

comprises ByHg and BsHg.

6. The method of claim 1, wherein said first dielectric
layer comprises undoped silicon dioxide, doped silicon

dioxide, organic polymers and porous combination thereof.

7. The method of c¢laim 1, wherein said first dielectric

o

layer has a thickness between about 2000 to 10000 A.

8. The method of claim 1, wherein said BC etch-stop layer

has a thickness between about 50 to 5000 A.

9. The method of c¢laim 1, wherein said cap layer has a

thickness between about 50 to 5000 A.

10.The method of claim 1, wherein said second dielectric

o

layer has a thickness between about 2000 to 10000 A.
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substituted hydrocarbon(s), nitrogen, hydrogen, forming gas, argon, carbon monoxide and oxygen.
13.The method of claim 1, wherein said etching to form said via hole in said BC etch-stop layer is
accomplished using plasma-assisted dry etching wherein etching chemlsiré 5om8r|ses Qne or more
gases from a group containing nitrogen, hydrogen, forming gas, fluorine, ¢ Iorlne 0X gen and argon.
14.The method of claim 1, wherein said etching further said via hole pattern into said first dielectric layer
is accomplished using plasma-assisted dry etching wherein etching chemistry comprises one or more
gas from a gtaur26 18<anudry200561edntaihingWfluerecarbery$)] flaorite-sabstiutedalhydroearbon(s),
fluorosulfur, hydrocarbon(s), fluorine, chlorine, chlorine-substituted hydrocarbon(s), nitrogen, hydrogen,
forming gas,sdrdorp aagiormmonoxide vad okgger 15 Thelnethod b tlaimrl, wherdin S4id efching said
line trench pattern |nto said second dielectric layer and into said second BC etch-stop layer is
accomphshe%an@plasma— assisted dry etching wherein etching chemistry comprises one or more gas
from a group containing fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur,

12.The method of claim 1, wherein said etching to form said
via hole 1in said second dielectric layer 1is accomplished
using plasma—-assisted dry etching wherein etching chemistry
comprises one or more gas from a group <containing
fluorocarbon(s), fluorine—-substituted hydrocarbon (s),
fluorosulfur, hydrocarbon(s), fluorine, chlorine, chlorine-
substituted hydrocarbon(s), nitrogen, hydrogen, forming

gas, argon, carbon monoxide and oxygen.

13.The method of claim 1, wherein said etching to form said
via hole in said BC etch-stop layer 1s accomplished using
plasma—-assisted dry etching wherein etching chemistry
comprises one or more gases from a group containing
nitrogen, hydrogen, forming gas, fluorine, chlorine, oxygen

and argon.

14.The method of claim 1, wherein said etching further said
via hole pattern into said first dielectric layer 1is
accomplished wusing plasma—-assisted dry etching wherein

etching chemistry comprises one or more gas from a group

26



hydrocarbon(s), fluorine, chlorine, chlorine-substituted hydrocarbon(s), nitrogen, hydrogen, forming gas,
argon, carbon monoxide and oxygen. 16. The method of claim 1, wherein said etching further through

said hole pattern in said first dielectric layer into said BC passivation Iayei'bs %ccomaQ_Jishgg nging plasma-

assisted dry etching wherein etching chemistry comprises one or more gases from a roup containing
nitrogen, hydregen.i fiaming gas, flyarine; €blorinen @xygen and argonad#i hBe snethodaf ekaim 1,
wherein said barrier lining comprises tantalum nitride or tantalum. 27 19 January 2005 18. The method of
claim 1 wheteinisaidddraer(lining hasla:dhicknéssibetwedry dibout50bton2G00 A. 181 The imethod of claim
1, wherein said metal is copper having a thickness between about 4000 to 10000 A. 20. The method of
claim 1, whe#éinTaid €embifdtionirarie i amdidtehatop layerEonaidesbcion carbidedefned in a CVD

chamber by introducing boron source gas and carbon source gas at a deposition temperature between
abouthOtd@ﬁ%ﬁ@gﬁy, forming gas, argon, carbon monoxide and oxygen.

15.The method of claim 1, wherein said etching said 1line
trench pattern into said second dielectric layer and into
said second BC etch-stop layer is accomplished using plasma-
assisted dry etching wherein etching chemistry comprises one
or more gas from a group containing fluorocarbon(s),
fluorine—-substituted hydrocarbon (s), fluorosulfur,
hydrocarbon (s), fluorine, chlorine, chlorine—-substituted
hydrocarbon(s), nitrogen, hydrogen, forming gas, argon,

carbon monoxide and oxygen.

16. The method of claim 1, wherein said etching further
through said hole pattern in said first dielectric layer
into said BC passivation layer is accomplished using plasma-
assisted dry etching wherein etching chemistry comprises one
or more gases from a group containing nitrogen, hydrogen,

forming gas, fluorine, chlorine, oxygen and argon.

17. The method of claim 1, wherein said barrier lining

comprises tantalum nitride or tantalum.
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19 January 2005

18. The method of claim 1 wherein said barrier lining has a

thickness between about 50 to 2000 A.

19. The method of c¢laim 1, wherein said metal is copper

having a thickness between about 4000 to 10000 A.

20. The method of claim 1, wherein said combination barrier
and etch-stop layer comprises boron carbide formed in a CVD
chamber by introducing boron source gas and carbon source

gas at a deposition temperature between about 100 to 450°C.
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