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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 of the Invention

_,The'present invention relates to'the'manufacture of -

ultra large scale integrated  (ULSTI) circuit'.chips_-in

general, and in particﬁlar, to the use of and a method of

using PECVD boron carbide as an etch-stop and barrier layer |

fo:'cbpper'dual-damaécéne,metallization.

(2)'Description'of-the_Related Art
'Copper- dual damascene process is a well-known
tedhnique ‘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 Thigher - electrical

" “'resistances, which in turn degrade circuit performance. As

-

will be~ described more fully later, damascene process




‘o

' provides a more exact dimensional <control over - small

geometries, while copper, as the metallization material,

ES

provides better . electrical characteristics. - It 1is

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.

. Lmprove the performance of integrated_cirouit (IC)_device;

The term ‘damascene’ is derived.from a form of inlaid

metal jewelry flrst seen in the c1ty of Damascus. In.the-'

context of lntegrated c1rcu1ts it lmplles a patterned layer

imbedded on and 1n-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 1nsu1atlng material by etchlng,

which are then fllled w1th 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 in the previous damascene

structure.
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Thus, in a . single damascene semiconductor -
manufacturing process,-incisions, or grooves, are formed in

an lnsulatlng layer and~ fllled “‘With'métdl to form conductlve_

lines. .Dual damascene takes the process one step further in



that, in addition to forming the grooves of a single
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

metal lines and the holes formed therebetween.

in one appfdach for a dual damé;cene_praceés shown in
'Fig; la, two insﬁlating 1aye£s-(120} and f130) are'formed 0n
*é_éubsérate'(ioof'with an intéfvéﬁiﬁg.etch-stop layer (125).
 A desired tienqh or grbéﬁe pattern (150) is first etched

into the upper insulating material (130) using conventional

photolithééraphic methods ‘and photoresist’ (1405. The -

etching stops on étch—stop_ layer (125).\ 'Next, a second .

~

photéfesiét-ié?er;(IGO) is formed over the substrate, thus

filling the groove opening (150), and patterned with hole

6§ening-(170), as shown in Fig. lb._Théfhole pattern is then

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

"Fig. lc 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) is first etched, or patterned, with hole (170), as

.required to form the multi-level interconnections between -



shown in Fig. 1d. - The héle pattern.is~also formed into
. etch-stop laYer (125).'Then,.thé upper iayer is etched to
"ferm grobve (150) wﬁile at the same time_ the etching
.tranéfers.the hole'patte;n in the.etch—stop layer into lower
.insulation.layé: (120), as shown in Fig. le. 'It.will be

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

groove into the lower_'insulation- Tayer. After the =
completidn'of_the'thusly formed dual damascene structure,

both the holé'opening and grOOVe opéning are filled with

=

‘metal (180),ﬁand-any'excess“mAteriai'on the surface_of'the'

_ substrate is removed by chemical mechanical polishing, as

seen in Fig. 1f.

The ~ metal that is commonly  used ‘as ‘the ‘damascene

interconnect'is aluminum because of its refined properties
for etchabilit?,-as“will.be khoWn éd those skilled in the
art. However; since copper has _be£ter 'eleétromiéiation
proéerty-and lower resistivity ﬁhan.alUminum, it iSla mére
preferred_material for wiring thaﬁ aluminum..By the_same

“token, copper unfortunately suffers from high diffusivity in

‘common T insuldting “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



the polyimide. The corrosion may result in loss of
adhesion, delamination, voids, and ultimately a catastrophic

failure of the.compoﬁeht. A copper diffusioﬁ bérrier is

thereforée 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’ihvention that

.bordn-carbide_is'preferfed as aﬁ-etch-stop'iayer for its

lower dielectric constant. 'Conventibnally;'Silicon nitride

(SiN) is used” as a" etch-stop layer.- However, PECVD siliéon '

' nitride tends to be nonstoichiometric, while LPCVD nitride

exhibits high tepsile stresses,” causing cracks for films’

greater that about 2000 A. ‘Silicor nitride also exhibits

-

'"outgassing which result in voids and, therefore, reliability

problems. Furthermore, etch rates for silicon nitride are

relatively: fast so that for rélatively low selectivity of

silicon nitride to oxides in general, nitride layers must be

‘thick. This results in cracks. More importantly, silicon

nitride has  a ‘diélectfic’ constant. of about 7. 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 dielectric =~



constant of the total composite_Structure, which affects. the

eleetrical_characteristics of the device.

In prior art, a method for forming interconnections

for semiconductor-fabrication'and semiceonductor devices are

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

patterned dlelectrlc layer lS formed over a sem*conductor

substrate and has a flrst openlng fllled iﬂlth. conductlve

: materlal Another patterned dlelectrlc layer is formed over

the first dlelectrlc layer and has a second opening over at

least a portlon_ of the conductive - materlal The flrst'
patterned dielectric layer _serveS' as an -etcn-stop in .

patterning the other patterned'dielectrie-layer. Also, a

dielectric etch-stop layer is formed over the first

patterned ‘dielectric layer and over the conductive material

'Eéfbrefthehether'patterned dielectrie'layer has been'formed.'
'Thls dielectric etch—stop layer serves as an etch—stop 1n_-

patternlng the, other patterned dlelectrlc layer. ‘The second'

opening exposes a portion of die dlelectrlc etch—stop layer.

‘The exposed portlon of the d;electrlc etch~stop layer is

-removed. ~Thé ““second” ‘opening " is’ “£i1Ted” with ~condictive

material.



In another US Patent 5,658,834, Dowben describes
active semicoﬁductor;déviceé iﬁcluding.heterojunction diodeé
and thin film 'tiénsistors; which afe-._ formed by PECVD .
depdsitioh. of .a .borbn ‘carbide thin film .onl an N—type
substrata. The borbn to .carbqn ratio of the dépqsited_
_‘mate-rial is. controlie_d éo that the f£ilm bas a'.suita'.ble band.
gap energy: The.stdichiometry of'the film caﬁ bé=selected by.
varying the paftial éressure oflprécursor gasés, 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—dielectriCrconstaﬁt material_e;ectrodes. An embodiment . - -

of this'invention cdmpriéeé*an oxidizable iayer {e.g._TiN),
a conductive exotic-nitride barriér laYer (e.g. Ti-Al-N)
overlying the bxidizab}e.layef, an O§y§éﬁds€ébié'léyerj(eigi
platinum)-o#erlying the e#otic—nitride layér,'and.é high—:
dieléctric-constant- materiél :layer (e.qg. .barium. strontium
titanate) overlying the oxygen stable layer. The exotic-

‘nitride barrier layer substantially inhibits diffusion of

oxygen to "the oxidizable layer,; thus minimizing deleterious

oxidation of the oxidizable layer.

- --In still another UsmPétent,*Gnade,'et'ai;)“diécldsé;a""

different method of- forming electrical éonnections to high



" dielectric cohstant ‘materials. An embodiﬁent of this
invention cqmpriSés an oxidizable layer (e.g. tantalum), an
oxygen gettering layer (e.g."platinum/tantalum mixturé;
overlaying the oxidizablé layer,_a qoble'mefal layer (e.q.
plaﬁinum).dverlaying the'oxygen-gétteringflayer,_and.a hidhf
dielectric~constant matérial iayer {(e.qg. -bariﬁmﬁ strontium'

" titanate) overlaying £he noble—meéal léYér.'The struétures
presented'providé electrical connection.téﬂhigh—dieiectﬁic4-'
conétant.:_The 'qugeh_ getteriﬁg .léye;. cbhtrols 'd£ygeﬁ

diffusion, fminiﬁizing ‘the formation uof- a resisﬁive- layer

either | iﬁvf the  ;oQéf_'.élect;édé£ .or_ at 'the_ 'loﬁer
electrode/Substfate ihtéffacé. The oxygen 'gettering layer
acts as a gettering site for. oxygen, where.'the  oxygen
oxidizes the_reactivé metal portidﬁ”df'thé'laYer, leaving
the noble metal portiOn'of.the layer intaéf. The.ihvention
providés:éﬁstable aﬁd_électtiéali&.conductivé electrode for
high-dielectfic-constanf materials..whilé .using .staﬁdard

: iﬁtegrated=circuit'matérials to-facilitate'and-economize the

manufacturing process.

In the present invéntion,.a method of forming a boron

g Earbidémia§éfiféfwuée'és'awbgrrié}_éhd:éﬁrétéh¥éfégula§éf in

a copper dual'damascene strﬁcture, and the structure itself

are discloged.



SUMMARY OF THE INVENTION

It is therefore an object of this invention to
provide a method of fbrming. a copper dual damascene
structure having a boron carbide etch-stop layer with a low

_'dielectric_constantﬁ

It is another object of thls 1nventlon to prov1de a
method of formlng a copper dual damascene structure hav1ng a

boron carbide layer as a barrler to copper diffusion.

It 1s Stlll another object of the present 1ﬁveﬁtlon
to provide a copper dual damascene structure having boron
carbide layers with effect1ve;low~d1electr1c constant, good'
copperﬁ?diffusion bariier; good .insﬁlatihg ﬁproperties and

high. etching selectivity-with.respéct to insulating layers.

It is an over-all objéct of the present invention to
provida_a,damascenemstructureuWhereinmonemor7more~of“the7“"
-paSsivétion, etdh—stop, and Cap layer, orx combination

barrier and passivation layer are formed of boron carbide.



These-' objects are 'accomplishéd _by providing a
seﬁicondqctor substrate having' a first conductive iayer}
fOrmimg.a boron carbide-KBC) passi%atibﬁ layer over:said
cgnductive _layér; forming"é first dielectric layer over .

. said BC passivation_layer; formihg.a BCTétch—stop layer over
said - first dielectriél layer} ;fo;ming a second dielectric

- layer over said BC etcﬂ-stop layer; forming.a BC cap laye;
dver said. second @ieieétric layeri: forming a first
photoresist layer over said cap_la&er and_pétterning said .

' photoresist léyef;with'a mésk_cdmpri$ing.a:via hole pattern; -
etchiﬁg{thfoﬁgh.said:vié‘paftern iﬁ.séid'firsfgphdtoreéistf

layer to form said via hble in said BC cap.layer and said
second dielectric:layer untii said BC étéh—sﬁop'layer is
reached; etching through saia via.hqle péttern to fbrm said
vi; héle in séid:BC etch}stop layér;'etchiﬁé fﬁrther said

o via ﬂoiémﬁéﬁtéfﬁ into said fifsf-dielectric layer until BC;
paésivation layer is reachea; remdving said first
photoresist-layef;_fdfming.é second photoreéist layer over
said BC-éap layer includinq said via hole in said second'
"dielectric layer:; patterning said second photoresist layer

'”With‘“é“”ﬁgéki:éﬁmpriéihé' a"iine'"tfénch “péitéfnf. eééﬁihém -
through said line trench p;ttérn in said.second photoresist

) lafer" into said BC. cap - layer and said second dielectric

. layer-- andw~into_—said~-BC'*étchastop:"iaYer7“:etching":fufthéfrm"”mm'

through. said hole pattern in said BC etch=stop layer and -
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extending said hole. pattern into -ss&id BC passivation.layér
thus forming a dual. damasceﬁe. structure comprising a
composite hble'and line treﬁch pattern-in sgid_substrate;
removing.said-SeCOnd photoresis£ layer; forming a barrier
lining on thelinside walls Qf said dual damascene structure;
forming metal  over said barrier }ining in said dual

__damascéne stfucture;tand foiming a combination"barg}gr.and

”'passiVation-layer_ovér said sﬁbstréte incldding'over said
dﬁal damascene_st:uctuféf

These objects are accomplished in a second embodiment
- providing a semiconductor substrate having a substructuré

- comprising devices formed in said substrate and a conductive

layer formed thereon;. a borgn.éarbide (BC) paésivatioﬁ layer
72ver said _conductive léyéra'g.first..dieléctrig layer ovér
said first EC passivétion layer; a BC etch—stop layer over
_said'first dieiectric layer; a second dielectric layer 6ver

said éC etdh-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.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1la-lc show the fqrminé “of a. dﬁél damascene
structure where a linehtrehch.or'gidbve is etched first into
an upper second dielectric layefluﬁtil an étCh—stop_layer is.
reached,_and.then the hoi&wpattern etched into the lower

first dielectric layer, aCcording to prior art.

Figs. ldfle show the. fOrming of a _duai damascené:
) structuré'wheré_a hdlé'patterﬁ is etched first into an upper
.sécond di;lectric'layer until ah étéhést§p'léQef_is.féachéd;
and then the line pattern etched into the top layer while.aﬁ
thé same time théﬂhgie patteiniis'transfeﬁred intc the'lower

~

first dielectric layer, according to prior art.
Fig. 1f shows .a dual damascene structure formed by.
._either one of the methods shown ih Figs. la-lc or Figé. ld-

le, according to prior art.

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

"sub3£féﬁémméﬁbwing the fdfﬁiﬁéﬂlbfﬁ'é first and é-"ééc;;d
dielectric layer separated f;bm each other by aﬁ intervening
second  etch-stop layer whiie being séparate@ from the -
'sibstrate by a” fir"sﬁ"".e'tc'h—"sto_pT layer, according to the

present - invention. o -
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Fig. 2b is a partial cross-séctional 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'"pa;tial;.cross—Sébtional_ view of- a 
‘substrate showing the_etching of'ﬁhe holeipattern of-fig.'Zb
_inﬁo'the second and first_dieiéctric laYe;s, according.toft

: thé’preéenﬁiinveﬁtioﬁ;' o

Fié. 2d. is a ipartial Cross—sectiénal. view' of a:
sﬁbstrate'showiﬂg the pattéfhin§_of.a:phqporesiét layef with-
a line pattern over the subStrate_of Fig. 2c;-éccording to-

the present invention.

Fig. 2e 1is a partial cross-sectional #iéw of a
substraté 'showing the etching.of-the liné paftern in the
second dielectric layer iﬂto the second_etch—stop-layer of
‘Fig. 2d, while at the same time etching the hole pattern in
‘the £irst dielectric lijer intés the first otéhistop layer,

according to the present invention.

.- = - Fig.--2f —is- a '~ partial “"cross-Sectional ‘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

Refefring nbw.the'dréwings,.in particular to Figs. 2a-

- 2f, there is shown a coppeﬁ dual’damasééne process utilizing:

._boron'Carbide.as'an_etch-stdp layer.

Speéifically, Fig.'2a shows a semiconducto? substrate

' (200)' having -a conductive - layer (210)_ theréover.

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 'is known in  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 (2101:¢§n qqmpri§q_one_dr_mprew,wf

conductors from a group coating copper, tungsten, aluminum,

titanium, titanium _nitride, tantalum, tantalum nitride.
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Typicaliy, the conductive léyer is an-intérconnect pattern
or line.  In thé present invention, the conductor is
preferred tdfcomprise copper and barrier metal.and ﬁay bé in-
the form of a dual or single. damaSCene' structure or a
.blanket £ilm. | Boron' carbide (Bﬁ)- is grown over the -
-conductof layer or substrate usiﬁg the technique of:plésma
enhaﬁced' chémical vapor.~depdsition or .pﬁysicai_ vapor.
depcsition (PVD);" This BC.ié afmgin'featﬁre.and_key‘aséegt
"of the present inventioﬁ_becéuse, unlike'the conveﬁtionai
etchrstop layers‘such as ﬁECVb éiliéoﬁ;nitride, fqr exémpléf
it has a low dieléctfié' ¢6ﬁ§tant; ‘is a" good bérfier to
coppef diffusion, hés good insulating properties, and'hiéh
etch-seiectivity with :espeét td dielectric_materials_ﬁhich
are used as insuléting layers. .Furthermore, through carefﬁl
conﬁrol of the growth conditidns, amorphous BC can be grohh
'“havihg'ébééifiémﬁecﬁégiéai and'électrical.pfopefties“suited..

for specific applications.

Thus, a passivation layer of BC, in Fig. 2a, is formed

" "over the underlyiﬁg conductive layer (210) by introducing

- - boron ‘source gas and carbon 'source gas in a CVD chambér 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 “hot’

restricted to BzHs, BsHs and CHy, CyHgr respectively. The
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ratio of the flow rates of the boron source gés to the
carbon source gas is_betweeq 1:1000 and 1000:1...One or more
carrier 'gase.s fi:crﬁ a group .conta'i-ning hitrogen, argoh and
'heliu'm can also be u-sed in additi-,on to the boron source gas
and the'_ca_rbon séﬁrce gas. Tﬁe pressuxl:e. for the depositioh '
‘is beﬁwee_n 10 mTofr .and.-lO Torr. In the cése_" that RF is
appiied (that is, in a'PEC\I/'D'chémbeJl:'), the frequenéy used is.
about 13.56 MHz and fhe RE. ;Sower that :Ls ca'pacit.ively'
coupled to-t§e plasma'i$ beﬁweeﬁ_abéut llO.tdeSO_Qatts.
And the preferrel;i 1.:_hic.kl1;1e's.s of_. the BC is betw_eén ab.ou.t‘_d_SO to
5000 A | .-Al-t'ernatiwiely', ' boréri ‘carbitle can be deposiﬁed by
physicai' vépo-r_l' 'dei:.»osition: 'on_ a fnaénetron sputtering
equipment using -a graphite_ .ta_rget' a_n'd.a_' borpn ‘scurce gas
(inc.luding but hot restri“ctéd to . B'sz, _BsHs,. BsHg) . Main.
sputterin#c; pa;axﬁeteré é.}.'e: power betwé'en about 1 kW and 10
_kW, magnetic ‘field betwee'r'm' about '56 ”Ga.us_é to. 300 Gaﬁss',
t_en_xperéture 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 is well known in the art, blanket
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 eftitiés &f Fhe 0

aforementioned materials_ formed within integrated circuits ’
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through methods including but ‘not limited: to CVD, - PVD
sputtering, and spincoating' nethods. For ythe preferred
- embodiment .of the ‘present invention, the .blanket first
dielectric layer has.a.thickness between about 2000 to lbOOO
~ _ _

| A second boron carblde layer is next formed over the
first dielectric layer as an etch -stop layer, as shown-ln :
the same Fig. 2a. _Preferably,_second BC layer.(zéS) is
formed nsing the method described above to a thickness

between about 50 to 5000 A, and it ls 1mportant that lt has

the same dlelectrlc constant as the flrst BC layer

' The next layer of dielectric; (230), shown.in Eig;_Za
is a second -dielectric layer that is formed above' layer
(225). 'The second' dielectric ' layer preferably hasa.a
thickness between abcut ZOOO-to'lBOOO'A,'andLis preferably
the same as the flrst dlelectrlc layer (220) . Flnally, aﬂ
-cap layer +(235) comprising typlcally of 51llcon nitride is

dep051ted over the second dielectric layer to a thickness

"between about 500 to 5000 A“ The cap layer can also be

“comprised“af“bdrcn‘carbide,'whlch has ‘the same dlelectrlc

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. - - - Ll e e e
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Using conventiohal techniéues, first photoresist-layef
{240) 1is next formed.over.the secoad dielestric layer-and
then pattérned'with-the'image of a via or a-contact hole.
Using photoresist layer (240),&5 a mask, hsle pattera (250)
is tﬁen etched into. the 'cap second and £first dielectric
layers, in that order, inéiuding'the intervening BC layar_
{225) as shown in Fig 2c. The etchlng of the dlelectrlc':
layers is accompllshed u51ng plasma-a551sted dry etchlng
whereln.etchlng.chemlstry comprlses one or more gas from a

group containing fluorocarbon(s), fluorlne—substltuted'w

shydtocafbbn(s),' fluorosulfur,_ hydrocarbcn(s),' fluorlne,

Chlorine,. chlorlne—substltuted hydrocarbon(s), nitrogen,
hydrogen[ fofmiﬁg gas, argon, carbon msﬁoxide aﬁd'oxygen,
while the etching of“the”BC cap layer and etch sfoo iayer-
is accompllshed using plasma a551sted dry etchlng whereln"
etchlng chemistry comprlses oﬁs or.moré gases from a group

contalnlng_ nitrogen, hydrogen;, 'formlng gas, fluorlne,

chlorine, oxygen and argon.

-jNext;““"fﬁe“'“first‘ photoresist ™ layer is ~removed,

preferably by wet stripping or oxygen plasma ashing,

~although the first photoresist layer may also be removed

.du;ingathe.etching-if-oxygen-is used-as"one“of"the“etching“

gases. A _second photoresist . layer (260) formed over the
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‘transferred from the second photoresist léyer into the

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

second dielectric layer by using,plasma—assisted dry étchiné

wherein etching chemistry comprises one or more gases from a -

.grOup' containing fluorocarbOn(s),. fluorine—substitutéd

hydrocarbon (s), 'fluorosulfur,. hydrocarboo(s), nitrogen,
hydrogeﬁ, forminq-gas; argoo,'cérbon monoxidé'and oxygen[_
flrst stopplng on etch-stop layer (225) as shown by phantom1 '
llnes (275) After removal of the second photore31st layer,

the hole pattern in the flrst dlelectrlc layer is

transferred intolthe passivation layer (215), as shown in .

Fig. 2e. This is accomplished with--plasma—assisted- dry
etchlng wherein etchlng chemlstry comprlses one or more gas

from. a group contalnlng nltrogen, hydrogen, formlng gas,'

fluorine, chlorlne, 02 andr Ar having high etching

- selectivity with respect to exposed copper or silicon.

“As"anothor'importaht”étep.in the'préSéﬁt'iﬁvention:nfhe-
composite line/hole structure shown in Fig. 2e is lined with
a material which forms a good barrier to oopper diffusion.
It. is. .preferred  -that  barrier lining (280) camprisesr

tantalum or tantalum nitride formed by PVD or CVD, and
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having a thickness between about 50 to 2000 A. Next, the
composite structure is_ filled, .preferably, | with copper
- (290)-6r othef conductor such as aluminuﬁ'depositedfto a 
thiékness between about 4000 to 10000 A.and the excess metal
is femovéd by chemical mechanicél' polishing, which is-
comﬁonly used for planariziné surfaces. Finally, the copper
.damaécéne_structure of the invention is cqﬁpleted by fofmin§.
still . another layer (300f 6f boron carbide having- a
thickpess_bétﬁeén about'SO to 5000 A over the substrate to
'serve aé a top:Sarriér.lid ot.paSSivation laYer_ f§r thé
B éopper'interéonnect,:6£ és'ah éﬁch—stop layer fOrIthe next.
level éf metallizatipn as shown in Fig. 2f.

It wiil be apparent.to those skilled in the ért thét,

_the passivation .iéyef, the etcﬁ—sécp léyér, and the cap
layer,-naﬁely the disclosed BC layers become iﬁtegrated into
the. disclosed cdpper damaécene. interconnect, - and hence
contribute to an over-all ’smailer effective dielectric
-constant than would otherwise be. In addition to having a
- lower -dielectric™ constant than, for example, the Eéhﬁbﬁly-.
used silicon nitride, boron carbide also has good qualities
as a barrier to coppé; diffusién. Thus, BC can also be used
_“mu_asnbarriér layer (280) for~the-copper“démascené;ihtérdbﬁnéct‘

-shown in Fig. 2f. Though numerous details bf ‘the disclosed
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method are set forth here, such as these .processes and
process parameters,_ to provide an. understandihg of the
_present_invention, it wlll be-obyious, howeverf to those
skilled in the art that.these specific details need not be
employed to practice the'preseut'invention. " At the same.
time, it. will he .evident that thea same methoos may be

employed in other SLmllar process steps that are too many to'

cite, such as the formlng of passxvatlon ‘layer, etch—stopp_'

and cap layer as well as barrler layers compr1s1ng the

'dlsclosed BC, and also, the formlng of not only dual or -

_multi4damascene structures, 'pbut__ to 's;ngle - damascene
.structures _as-'well. _ Furthermore, the dual damascene
structure.yhich'is constructed “in the present'inventloh
usihg the “trench-first” approach can ‘also . be constructed
using the “v1a first” approach or other known approaches, asl

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

barrier layer for copper: dual damascene metallization

comprising the steps of:

providing a semiconductor substrate having a first

conductive layer;

forming a boron c¢arbide (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 h61e~pattern; e

-
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etching through said via patte:n.in Said first photoresist

llayer.to form said via hole in said BC cap layér and said .
‘second dielectric layef until séid BC-étch;étop-layer iS'

reachéd;

etching through said wvia hole pattérn to form said via hole

in said BC etch-stop layer;

etching - further said via hole pétterﬁ into said first
; _dielectric laYer'until BC'pasSivation layer is reached;

removiﬁg said first photoresist layér;

forming a second photoresiét-layer over said BC cap Iayer

including said via hole in:said second dielectric layer;

P

patterning said second photoresist layer with a mask

comprising\a.line-trench pattern;

3 ’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;

- etChlng further through Said. 'hoie "'pattern' in ‘said BC étch- =~ G nen

stop layer _and extending said hole pattern into 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

.substfate;

. removing said second photoresist layer:;
forming a barrier lining on the inside walls of said dual

- damascene structure;

forming' metal over said bérrie:, lining in said dual 7
' damascene structure; and

_ _ - : _

forming'_a.-cpmbination barrier and passivation layer over
said substrate including'qver said dual damascene structure.
2. The method of claimllj 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°C'.":_ Tt e e e Ce

3. The method of _c"laim 2, wherein said boron source gas

comprises B;Hs, "BsHy ‘and carbon source gas comprises CHg,

CoHe. - - - | : | -
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" 1dyér Has a thickness between about 2000 to 10000 A.

4. Tlhe_ method of claim 1, wherein said BC passivation layer,
wherein said BC etch-stop laﬁz-er., '.said BC. cap lajr-er., .or said
combination barrier -and passivatioﬁ léyer.are for@ed'uSiné

physical &apgr depoéition (PVD)'wi;h a graphite target.and

boron source gas..

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

‘comprises B;H¢ and BsHy. -

‘6. The me‘thod of claim 1, :-whérein'-s"ai_d first dielectric

layer comprises undoped silicon dioxide, doped silicon’
dioxide, organic polymers and porous combination thereof.

-~ -

7; The method. of c¢laim 1, wherein Séid- first' dielectric

8. The me.t_hcd of claim 1, wher'ein.'said BC etch-stop layer

has a thickness between about 50 to 5000 A.

‘9. The~ method of""'claixﬁ_.'l',' wheérein ' said "¢ap layer has a

thickness between about 50 to 5000 A.

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

layer has a thickness between about 2000 to 10000 A.

e e e e e
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11.The method of claim 1, wherein said combination barrier
and passivation layer has a thickness between abcut - 50 to

5000 A.

.12.The method of claim 1,.wherein said etching to form said
via hole in said second dielectric layerﬂis-accomplished;
using plasma—assisted dry etching wherein etching chemistry

comprises one or more gas from a group containing

" fluorocarbon(s), | fluo#ine4éu55titutedr .~ hydrocarbon(s).,

 flﬁorosulfﬁr, hydrocérbgn(s);'fluorine,'chlbrine, chlorine—_

substituted _' hydrocarbon(s), - nitrogen, hydrogen,"forming

gas, argon, carbon monoxide and oxygen.

13.The method of claim 1, wherein séid'etching to form said

”m%iéMESié“iﬁ-géid.Ecnetch¥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, fldorine, chleorine, oxygen

"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 qaé from a~group
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containing fLuorocarbon(s},' fluérine-substituted
-hydrocarbon(s),. fluorosulfur, | hydrocarbon(s), fluorine,
chldrine, chlorinefsubstifdted'; hydrocarbon(s), nitrogen,
hydrogen, forming-gas, argon, éa:boﬁ monoxide and oxygen.
15.The method of claim 1, wheréin S§id etching said line
trench patﬁern into said-seéénd dielectric layer aﬁd into .
_said.seCOnd‘éC'étch-stop'layer is_aécémﬁlished usiﬁ§ plasma-
assistéd dry etéhing whe#éin'etchfhg chemistfy comprises.bne"
for_;mbié _g;st ffom. a. group c§ntainingiIfiuoroéarbon(s);
”fludfiﬁe;substifufed._ 'hyarbcarboh(s),. _ fiuorosulfﬁr,
hydroqarboﬁ(é),l'fluériné, 'chlorine; _chlorine;substituted
hyqrocafﬁgn(s), nitrogen, Jhyd:ogen, 'forming gas, argon, .
carbén monoxide and okYgen.' . -

" 16. The Mmethoq'.of claim 1, wherein said etchinéj fﬁféhéf
through said holé pattern in.said_first dielectfic layér
'into séid BC.paSsivation léyér ié:accompliéhed using. plasma-
assisted dry etching whéreiﬁ etéhing chemistry comprises one
"or more gases from a group éontaining nitrogen, hydrogen,

-~ - forming gas,inuqrine)'chldrine;'oxygenzand drgon.

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

- -comprises tantalum nitride or tantalum. =~ T e
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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  cIaimf 1, wherein said metal is copper -

". having a thickness between about 4000 to 10000 A.

20. The method of claim 1, whe:éin'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 tempe;atﬁre'bétween about-100 to 450°C.
21.A dual damascene structure with boron carbide  etch-stop

and barrier layers comprising:

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
layer;

a BC etch-stop layer over said first dielectric layer:;
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a second dielectric layer over said BC etchestop layer:;

a BC cap layer -over said second dielectric layer:;
a dual damascene structure having a top portion an d inside

walls formed within first and second dielectric layers;

sald dual damascene structure hav1ng a barrler layer llnlnge

sald 1n51de walls, and

said dual damascene structure having a combination barrier.
and etch stop layer overrsaid'tep portion.

-~

22. The dual damascene structure of claim 21, wherein eaid._
BC passivation laYer, said’ BC cap layer, said éC.etch?stop
layer are formed in a CVD chamber by 1ntroduc1ng boron

source gas. and carbon source gas at a dep031tlon temperature

between about 100 to 450°C.

-boron source gas comprises BoHs, BsHs and carbon source gas

comprises CH,, CzHs.
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24. The dual damascene 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 afthickness_betWeen about 50 to

5000 A.

26 The dual damascene structure of clalm 21 wherein said-
flrst dlelectrlc layer comprlses undoped 5111con . dioxide,

doped silicon dlox1de,'- organ;c' polymers and porous’

combination. thereof.

27. The dual damascene structure of clarm 21, whereln sald

ﬂflrst dlelectrlc layer has a thlckness between about 2000 to

10000 A.

28. The dual damascene structure of claim 21, wherein said
'BC etch-stop layer has a thickness between about 50 to 5000

'29. The dual damascene structiure of claim 21, wherein said

second dielectric layer has a'thickness'between-about.2000

to 10000 A. ' - -
R —
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30. The' dual damascehe_structure of c¢laim 21, wherein said

barrier lining -comprises tantalum nitride or tantalum.

- 31. The dual.damascene structure of claim 21, wherein said

:]jn

barrier lining has a thickness between about 5C to 2000

32 The dual damascene structure ‘of claim 21, whe*ein said

metal 1s copper hav1ng a thlckness between about 4000 to

_10000 A.

33. .The dual-damascene erructure.of claim.21, wherein said’
comblnatlon barrier and etch-stop layer comprlses beoron
carbide formed 1n a PECVD chamber by introducing - boron

© source gas and carbon source gas at a dep051tlon temperature

"petween about 100 to 450°C. T

34.A damascene structure with boron . carbide layers
comprising:"

a semlconductor substrate having a conductlve layer formed

thereon:

a passivation layer formed over said condu¢tive layer; =~ =
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a dielectric layer formed over'Said'passivation layer;
an etch-stop layer formed over séid first dielectric layer;

a second dielectric layer formed over said etch-stop layer:

-

'a damascene cavity -formed within said® first and second

dielectric layers, inéludinq therethrough interGening said

etch—stop'layer;;f

said damascene cavity havingfa top-edée portibn 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."

g
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