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USE OF BORON CARBIDE AS AN ETCH-STOP AND BARRIER LAYER FOR 

COPPER DUAL DAMASCENE METALLIZATION 

BACKGROUND OF THE INVENTION 

.. -
(1) Field o( the Inv~ntion 

. The· present invention relates to the manufacture of 

ultra large scale integrated {ULSI) circuit chips ih 

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 damascenemetallization. 

(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 · ele~trical 

··re!s .. ist-arices, which in turn degrade circuit performance. As 

will be- described more fulry later, darnascene process 
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provides a more exact dimensional control over small 

geometries, while copper, as the metallization material, 

provides better electrical characteristics. r ..... 
-1.. is 

disclosed in the present ~nvention 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 term 'damascene' is derived from a form of inlaid 

metal jewelry first se_en in the city of Damascus. In the 

context of integrated circuits it implies a patterned layer 

irnbedded on and in another layer such that the. top surfaces 

of the two layers are coplanar. Thus, in semiconductor 

manufacturing,~ groqves and ho.les 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 whi~e the metal in the 

underlying' holes form the vertical connections to the layers. 

of metal interconnects formed in the previous damascene 

structure. 
--·-=·-· :-~···· - ..... ··-··· ,. . ·-·--. -·--··-"····-··--- - . ······- ·-· ···-·-···---· 

Thus, in a single damascene semiconductor 

manufacturing pr~cess, · incisions, or· grooves, are formed in· 

lines~ Dual-damascene ·takes the process one step further in 
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that, in addition to forming the grooves of a single 

damascene, hole openings are also formed at appropriate 

places in the groove further into tne 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 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 1-a.yer (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 e·tch-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. lb. The· hole pattern is then 

etched into the lower insulating layer ( 120) as· shown in ·· 

Fig. le and photoresist removed, ••thus forming the dual 
-- damascerie structure-· showii 'fn Fig~. tf~ --

Or, the or.der in which the groove and the hole are 

formed- ·can be·· reversed~··- Thus, the upper -·insulating layer 

-(.130) is first etched, or patterned., with hole (170) ,· as 
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shown in Fig. ld. · The hole pattern is also formed into 

etch-stop layer (125). Then, the upper layer is etched to 

·ferm 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 

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

groove into the lower insulation Iayer. After the 

completion of the thusly formed dual damascene structure, 

both the hole opening and groove .opening are filled with 
~ 

metal (180), arid any excess material on the surface of.the 
-'!Ii;·· 

substrate is removed by chemical mechanical · polishing, as 

seen in Fig. lf. 

The - metal that is commonly used as the damascene 

interconnect is aluminum because of its ref°ined 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 frc;>m high diffusivity in 

common· .. irfsuiatirig ... iiiater"ials .... stich· .·a.5 ·.siiicoii" ·-- oxide arid 

oxygen-containing polymers. For instance, copper tends to 

diffuse into polyimide ~uring high· temperature processing of 

the polyimide·~ ····-This··· causes· severe coz•rosion of - the·- copper 

ana the.polyimide due to the copper combining with-oxygen in 
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the polyimide. The corrosion may result in loss of 

adhesion, delamination, voids, and ultimately a catastrophic 

failure of the componeht. A copper diffusion barrier is 

therefore often required. It is disclosed later in the 

embodiments of the -present 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 teµ.sile stresses,- caus~ng c_racks 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 1·. It is 

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 aie1ectr.:Lc··· 
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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 ·:Semiconductor devices are 

described. In us Patent 5,817,572, Chiang, et al., a first 

patterned dielectric layer is. 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 

lea.st a portion. of the conductive material The first 

patterned dielectric layer serves as an etch-stop in 

patterning t.he other patterned dielectric layer. Also, a 

dielectric etch-stop layer is formed over the first 

patterned ·dielectric layer and over the conductive mat.erial . . 

. . .. 
·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 qie dielectric etch-stop layer. 

The exposed portion of the dielectric etch:..stop layer is 
. . 

material. 
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In another US Patent 5,658,834, Dowben describes 

active semiconductor devices including heterojunction diodes 

and thin film transistors, which are- formed by PECVD 

depo·sition of a boron ·carbide thin film on an N-type 

substrata. The boron to carbon ratio of the deposited 

material is controlled so that the film has a suitable band 

gap energy. The stoichiome.try of the film can be. selected by 

varying the partial pressure of precurs.or gases, such as 

nido pentaborane and methane .. · 

Summerfelt, in US Patent 5,.851, 896, on the other 

hand, shows a conductive exbtic-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 o~ygen 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 barrier layer substantially inhibits diffusion of 

oxygen-· to -·the·· oxidizable la·yer; thus infiiimlid.n<i deieter-:Cous 

oxidation of the oxidizable layer. 

·In still anothe-r cr-s ··Patent,··· Gnade, ·et a·1. ·, -disclose:_a .. --

different method of-forming electrical connections to high 
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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 metal layer (e.g. 

platinum) overlaying the oxygen gettering layer, and a high-

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" fo:i:>use . as· a" barrie"r -·and. -~~; etch-.stop layer -in 

a copper dual damascene structure, and the ~tructure itself 

are disclosed. 
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SUMMARY OF THE INVENTION 

It is therefore an object of this invention to 

provide a method of fo~ing- a copper dual damascene 

structure having a boron carbide etch-stop layer with a lo~ 

dielectric constant. 

It is ~nother object of this invention to provide a· 

method of -forming a copper dual damascerie structure ha~ing a 

boron carbide layer as a barrier to copper diffusion. 

It is s_!:ill anothe-r object of the prese1!_t invention 

to provide a copper dual damascene structure having boron 

carbide layers with effe--ctive iow··dielectric constant, good 

copper_,.., diffusion barrier, good insulating properties and 

high. etching selectivity with respect to insulatiD:g layers. 

It is an over-all object of the present invention to 

provide __ . a .. datnascene -- structure- -wherein -one·---or ·more · o-f· ·.the · -· · ··-

passivation, etch-stop, and cap layer, or combination 

barrier and passivation layer are formed of boron carbide .. 

_,,..., 
·-' 
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These objects are accomplished by providing a 

semiconductor substrate having a first conductive layer; 

forming a boron carbide (BC) passivation layer over said 

cGnductive 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 safd BC etch-stop laye-r: forming a BC cap layer 

over said second dielectric layer; forming a first 

photoresist layer over said cap layer and . patte.rning said .. 

photoresist layer' with a mask comprising a via hole P?-ttern; 
. . .;.f 

etching through said via pattern in said first photoresist 

layer to form said via hole in said BC cap layer and said 

second dielectric la¥er until said BC etch-stop layer is 

reached; etching through said via hole pattern to :Corm said 

via hole in said BC etch~stop layer; etching further said 

via hole pattern into sc:id 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 -·e:-oinprisirig a line trench pattern; etching 

through said line trench pattern in said second photoresist 

layer· into said BC cap layer and said second dielectric 

- layer·· - and-·---·into- -said·· BC· ·etch·'-stop· ··layer·; · etchin<:f ···further- ··----···- ·· 

through_ said hole pattern in said BC etcn=stop layer and -
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extending said hole pattern into .-..±d BC passivation layer 

thus forming a dual damascene structure comprising a 

composite hole and line tre:r::i.ch pattern in said substrate; 

removing said· second photo resist layer; forming a barrier 

lining on the inside walls pf said dual damascene structure; 

forming metal over said ba.rrier lining 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 
-:.VI"' 

over said ~c::onductive layer;. a f.irst dielectric layer over 

said first £C passivation layer; 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 

portio? . _ ~~<l.. -i?~_id.e walls .... :E:ormed within. first and .. second 

dielectric layers; said dual damascene structure having a 

barrier layer lining ·said inside walls; and said dual 

d.amascene structure having a combinat.ion barrier ·and etch . . - .. ···---·· ... . . -- . ··--·-- ··--· ·- . ... .. -

stop layer over said top portion. 
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BRIEF DESCRIPTION OF THE_ DRAWINGS 

--· ··-··-·- ------·· -·- .. -

Figs. la-le show the forming of a dual damascene 
. -. 

structure where a line trench or groove is etched first into 

an upper second dielectric layer untll an etch-stop layer is 

reached, and then the hole.... pattern etched into t.he lower 

first dielectric layer, according to prior art . 
. :'•· 

Figs. ld'."'" le show the forming of _a dual damascene 

structure where a hole pa_ttern 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 t_he _hole pattern. is transferred into the lower 

- first dielectric layer, according to prior art. 

Fig. lf · shows a dual damascene: structure formed by. 

either one of the methods shown in Figs. la-le or Figs. ld-

le, according to prior art. 

Fig. 2a is 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. 
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Fig. 2b is a partial cross-sectional view of a 

substrate showing·the·patterning of a photoresist layer with 

a hcle pattern over the substrate of Fig. 2a, according to 

the present invention. 

. .... 

Fig. 2c is a ·partial cross-se.ctional · Yiew of a 

substrate showing the etching of the hole pattern of Fig. 2b 

into the second and first . dielectric layers I according to 

the present invention. 

Fig. 2d is a partial cross-sectional view of a 

substrate showing the patte-rning of a pho:toresist layer with 

a line _pattern over the substrate of Fig. 2c, according to 

the present invention. 

Fig. 2e is ~ partial cross-sectional view of a 

substrate ·showing the et.ching of· the line 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" fi"d;"t"" "diefectric- iayer -intb . the· first etch:.·stop" layer, 

according to the present invention. 

··· Fig.· - 2f ---is-- a · partial --- cross-sectionai .- ·view of a 

substrate showing the forming of a .barrier lining in the 
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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 process utilizing 

boron carbide. as an etch-stop 1-ayer. 

Specifically, Fig. 2a shows a semiconductor substrate 

(200) having a conductive layer (210) thereover. 

Semiconductor substrate should be understood to include a 

_____ sll:bstrate or wafer composed of a semico"nguctor materia·1-such· ·· 

s silicon, or silicon-on-sapphire (SOS) or silicon-on-

insulator . (SOI) as is known in the art. Semiconductor 

substrate should be understood to possibly further include 

one or more layers of insulating material and/or conductive 

. __ ..... mater~a-~ -~~ op.e ___ o:;-_mo:r.::e ac.tive.~ndlor passive devic:es .and/or.--·-··---·-:···--"--·· 

multilayer interconnection structure over the active and/or 

passive devices, formed in or over the substr~te or the 

like. The conductive lay.er (210) can comprise one or more 
. .... -- -····- -- . -- .. .. -- ... • ··-·- .. . . - - - -·- -. . - .. - .. . 

conductors from a group coating copper, tungsten, aluminum, 

titanium, titanium nitride, tantalum, tantalum nitride. 

14 
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Typically, the conductive layer is an interconnect pattern 

or line. In the present invention, the conductor is 

pref e~red 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 

enhanced chemical vapor -deposition or phy_sical 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, is a good barrier to 

copper diffusion, has good insulating properties, and high 

etch selectivity with respect to dielectric mate:r:ials_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 su:tted 

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~·-a:nd carbon··source gas in a CVD chamber at a 

. . . 

deposition temperature between about 100 to 450°C yielding a 

diel-ectric constant between about 3 to 6. Preferably, the 

·-- source.--- gases-. for boron- and . carbon···- includes but ·--hot -

restricted to The 
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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 additi.on to the boron source gas 

and the c,rbon source 9as. The pressure for the deposition 

is between 10 mTorr and 10 'l'.orr. In the case ··that RF is 

applied (that is, in a PECVD chainber), the frequency used is 

·about 13.56 MHz and the RF power that· is capacitively 

coupled to the· plasma · is between about 110 to ... 250 watts. 

And the preferred thickness of the BC is between about .50 to 

sooo A. Alternatively, boron carbHie can be deposited by 

physical vapo-r deposition on a magnetron sputtering 

equipment using a graphite target and a boron source gas 

(including but not restricted to B2H6r BsH6, BsH9 ) • Main 

sputtering parameters are: power between about 1 kW and 10 

kW, magnetic field between. 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 
. -·--·-··-·- ---· ... --·· ··-- ..... --· __ ...... 

ac· passivation· layer. As i·s· well -known .. i~ the art, blanket 

dielectric layers may be formed from materials including· but 

not limited to undoped and doped silic.~n oxide rttaterials, 

organic polymers and porous and non-porous entities"·- of" ·-t]ie _______ _ 

aforementioned materials- formed within integrated circuits · 

16 
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through methods including but not limited· to CVD, PVD 

sputtering, and spincoating methods. For the pref erred 

ernbo_ctiment of the ·present invention, the blanket first 

dielectric layer has a thickness between about 2000 to 10000 

A. 

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 using the method described above to a thickness 

between about 50 t~ SOOO 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 -dielectri.c layer that is formed above layer 

(225}. · The second dielectric layer preferably has a 

thickness between about iooo -to 1~0000 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·-·e:;f· ·bofon·-·carbicie;· "which .. has :the·· same dielect~ic 

constant as the first BC layer. The cap layer function~ as 

an effective stop layer for CMP, and has a thickness between 

. -·about --SQ---to--5-00-0· A. 
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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 photoresist layer (240) .as a mask, hole pattern (250) 

is then etched into the cap second and first dielectric 

layers, in that order, in6luding "the intervening BC layer. 

-(225) as shown ih Fig. 2c. The etching of the dielectric 

layers · is accomplished using plasma-assisted dry etching 

wherein etching . chemistry comprises one or more gas f ram a 
.·. 'd. 

group containing fluorocarbon{s), fluorine~substituted 

hydrocarbon(s), f1Uorosulfur, hydrocarbon(s), fluorine, 

chlorine, chlorine-substituted hydrocarbon(s), nitrogen, 

hydrogen, forming gas, . argon, carbon monoxide and oxygen, 

while the etching of-the BC ~ap 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 - ·photo resist··· · · 1ayer-- i-s ··· ·- ""i·emovea~ · 

preferably by wet stripping or oxygen plasma ashing, 

al though . 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 ( 2 60) formed over the 
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substrate, including the opening formed in the previous 

step, and patterned with the image of a line trench to form 

groove (270) as shown in Fig. 2d. The line pattern is next 

transferred from the secorid photoresist layer into the 

second dielectric layer.by using plas~a-assisted dry etching 

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 is accomplished with -plasma-assisted dry 

etching wherein etching chemistry comprises one or more gas 

from a group contain~ng nitrogen, hydrogen, fortn.ing gas, 

fluorine, chlorine, 02 and Ar having high etching 

.selectivity with respect to exposed copper or silicon. 

.. .. - ·- ·-··· 

· ·--As· another linportant ·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. 

I.t --1s ... preferred ·· t.hat· barrier lining {280) comprises· 

tantalum or tantalum nitride formed by PVD or CVD, and 
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having a thickness between about 50 to 2000 A. 

composite structure is filled, preferably, 

Next, the 

with copper 

(290) or other conductor such as aluminum· Gl.eposited ·to a 

thickness between about· 4000 to 10000 A and the excess metal 

is removed by chemical mechanical· polishing, which is 

commonly used fo.r planarizing surfaces. Fina_lly, 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 lid. or passivation lay~r 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. interconnect, · and hence 

contribute to an over-all ·smaller effective dielectric 

-constant than would otherwise be. In addition to having a 
·- ... - ..... 

··· lowe·r ··dierectric·· constant-· than, ···fo·r ... exam.pie·,. the commorUy 

used silicon nitride, boron carbide also has good qualities 

as a barrier to copper diffusion. Thus, BC can also be used 
. 

. . a·s .. barrier layer (280) for·· the copper· damasc·ene· interconn·ect ·-··· · · ·· 

- shown in Fjg. 2f. Though numerous details of ·the disclosed 
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method are set forth here, such as these processes and 

process parameters, to provide an understanding of the 

present invention, it will be obvious, however,- to those 

skilled in the art that these sp~cific details need not be 

employed to practice the present invention. · At the same 

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 o.f passivation iayer, 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. Furthemore, the dual damascene 

structure which is 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 wilt 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 wiil 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 



------- __ ___). ______________________ _ 
·- ··- --- --·-·-···· -·--·-·----·. -·--··-··--··-- ·-----·· ··- ....... ···-----····-·····-······--···. 

- ·•···· .. -···········- ··- -... - ·- ··- .... --·-··- . -·· ..... ··-·. 

1. A method of forming boron carbide as an etch-stop and 

barrier layer for copper dual darnascene metallization 

comprising the steps ·of: 

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; 

...... - -- - . .. .. .. .. -·· -·-·- -····- - -· 

f orrning a first photoresist layer over said cap layer -and 

patterning said photoresist · 1ayer with a mask comprising_ a 

via ho-le pattern; 
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' 

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 layer; 

etching . further said via hole pattern into said first 

dielectric layer unt,il BC passivation layer is reached; 

removing said first photo:resist layer; 

forming a second photoresist layer over said BC cap fayer 

including said via hole in said second dielectric layer; 

. . .,,,;. .. 
patterning said second photoresist layer with a mask 

comprising.a line trench pattern; 

~ ·etching t~rough said line trench pattern in said second 

·photoresist ·-layer·· into · said·· ac·· cap: ia·yer· -and saia ·second · 

dielectric layer and into said BC etch-stop layer; 

- e.:tching .. further through said. hole ·-pattern. in -sa:id sc· etch-. 

stop layer _and extending said hole patt-ern 1nto said BC 

23 
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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 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 including over said dual damas.cene 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 
. 

- .. . -·· ·---·-

3. The method of claim 2, wherein said bo.r;.on source gas 
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4. The method of claim 1, wherein said BC passivation layer, 

wherein 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. 

5. The method of · c·laim 1, wherein said boron source gas 

··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 claim 1, · wherein said first dielectric 
.... 

·· la-yei ·has· a "thickness between about 2000 to 10000 A. 

8. The method o·f claim 1, wherein said BC etch-stop layer 

has a thickness between about SO to 5000 A. 

·g·. · The-:·method of-··· claim. ·t, wher·ein .- said····cap ~ia-yer··· has . a·--····---······· 

thickness between about 50 to 5000 A. 

· 10. The method of ··claim· -1, wherein said ·secorid dielectric 

layer ha.s a thickness between about 2000 to 10000 A. 

25 
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11.The method of claim 1, wherein said combination barrier 

and passivation layer has a thickness between about 50 to 

sooo A.. 

12.The method.of claim 1, wherein said etching to form said 

via hole in said second dielectric 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), · fluo:rine, chlorine, chlorine-

substituted hydrocarbon(s), nitrogen, hydrogen, forming 

gas, argon, carbon monoxide ana 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 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 is 

accompl±shed · u·sirt<~r · ·plasma-assisted· dr·y · · etching 
.. ... .. -··· ··-·· 

wherein 

etching. chemistry comprises one or more <fas from a- group 

26 
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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. 

15. The method of claim 1, wherein said etching said line 

trerich pattern into said second dielectric layer and into 

said second .. Bc· ·etch-stop layer is accomplished using plasma­

assisted dry etching wherein etchfng 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 

hydrogen, ·or more gases from a group containing nitrogen, 

. forming gas,. 'fluorine·; chlorine, oxy(gen and a:rgon. ·-- ··---- ... - ... 

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

comprises tantalum nitride or tantalum. 
......... 
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18. The method of claim 1 wherein said barrier lining has a 

thickness between about 50 to 2000 A. 

19. The method of claim 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 bo·ron.· source gas and carbon spurce 

gas at a deposition tempe~ature between about 100 to 450°C . 

. . 

21.A dual damascene structure with boron carbide etch-stop 

and barrier layers comprising: 

providing a semiconductor subs.trate 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 

~ayer; 

a BC etch-stop layer over said first dielectric layer; 

28 
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a second dielectric layer over said BC etch-stop layer; 

a BC cap layer·over said second dielectric layer; 

--- ·- -------- ---· .. -·-- - ·-

a dual damascene structure h?-ving a top portion and inside 

walls formed within first and second dielectric layers; 

said dual damascene structure having a barrier layer lining 

said. inside walls; and 

said dual damascene structure having a combination barrier . 

and etch stop layer over said top portion. 

22. The ·dual damascene structure of claim 21, wherein said 

BC passivation layer, said BC cap layer, said BC. etch-stop 

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°C. 

. . .. .. ... .. . ··-· - .. - . ·-- ···- -··· - ··-- -· ..... . 

23 ~ The .. d\fal . damascene· . struct.ure of: claim 22; wherein said 

boron source gas comprises B2H6, BsHg and carbon source gas 

~~~_..._-- .. -·- ....... 

I 11 Ul\11 l~lllJ Ul\\I 
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24. The dual dam.a scene structure of claim 22, wherein said 

BC passivation layer, said BC etch-stop layer and said BC 

cap layer are formed using physical vapor deposition (PVD) 

with a graphite target and a boron source gas. 

25. The dual damascene structure of claim 21, wherein said 

BC passivation layer has a .·thickness between about 50 to 

sooo A. 

26. The dual damascene structure of claim 21, wherein said 

first dielectric layer comprises undoped silicon . dioxide, 

doped silicon dioxide~ · organic polymers and porous· 

combination.thereof. 

27. The dual darnascene structure of claim 21, wherein said 

firs·t ·dielectric layer has a thickness between about 2000 to 

10000 A. 

28. The dual. damascene structure of claim 21, wherein said 

BC etch-stop layer ha.s a thickness between about 50 to 5000 
-. . . ... •-l • ........... , . , .. 

I\. 
- ·----··. 

·29. The dual dam.ascene structure of claim 21, wherein said 

second· dielectric layer has a thickness between about 2000 

to 10000 A. 
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30. The dual damascene structure of claim 21, wherein said 

barrier lini.ng -comprises tantalum nitride or tantalum. 

31. The dual. damascene structure of claim 21, whe:::ein said 

barrier lining has a thickness between about 50 to 2000 A. 

· 32. The dual damascene structure of claim 21, wherein said 

metal is copper having a thickness between about 4000 to 

ioooo A. 

33. The dual damascene structure of claim 21, wherein said· 

combination barr.ier and etch-stop layer comprises boron 

carbide formed in a PECVD chamber by introducing boron 

source gas and carbon source gas at a deposition temperature 

between about 100 to 450°C. 

34.A damascene structure with boron carbide layers 

comprising: 

a. semiconductor ·substrate having. a conductive-· layer- formed 

thereon; 

a passivation layer formed ·over said condu·cti ve· la-yefr·; 
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a dielectric layer formed over said passivation layer; 

an etch-stop layer formed over said first dielectric layer; 

a second die.lectric ·layer formed over said etch-stop layer;. 

a damascene. cavity ·formed within said·~ first and second 

dielectric la·yers, including therethrou·gh iri'!;.ervening said 

etch-stop layer; 

saicl damascene cavity having a top edge portion and inside 

walls; 

a barrier layer lining said inside walls; 

a .combination barrier and passivation layers over said top 

edge portion; and 

wherein one or more of said passivation, etch-stop, ·cap 

~layer or combination barrier and passivation layer is formed 

· of boron carbide·.·· 

1 "'1 IJ llf/ II H II 
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