TITLE INTERCONNECTS WITH HARMONIZED STRESS AND
METHODS FOR FABRICATING THE SAME BACKGROUND The
Present invention relates to semiconductor features, and in particular to
an interconnect for integrated circuits. Reduction of integrated circuit
feature size has resulted in levejs-@t glectrically conductive interconnects
being placed closer together vertically, as well as reduction of the
horizontal spacing between the electrically conductive interconnects,

such as metal lines. As a result caamtance has mcreased between such

tlme and crosstalk effect One proposed approach to thls problem is to
replace the conventionalsiiconpade (G0 23 alatectric material, having a
dielectric constant (k) of about 4.0, with other insulation material having a
lower dielectric constant, to thereby lower capacitance. 1 Unfortunately,
low-k dielectric materials have_various

BACKGRO

The present invention relates to semiconductor
features, and in particular to an interconnect for
integrated circuits.

Reduction of integrated c¢ircuit feature size Thas
resulted in levels of electrically conductive interconnects
being placed cleoser together vertically, as well as
reduction of the horizontal spacing between the electrically
conductive interconnects, such as metal lLines. As a result,
capacitance has increased between such conductive portions,
resulting in RC (resistance =z conductance) delay time and
crosstalk effect. One propesed approach to this problem is
to replace the conventional silicon oxide (810;) dielectric
material, having a dielectric constant (k) of about 4.0,
with other insulation material having a lower dielectric

constant, to thereby lower capacitance.



problems that make integration into existing integrated circuit structures

and processes difficult. Compared to conventional dielectric materials

used in semiconductor fabrication, most low-k materials typically present
.characteristics such as high tensile stress. Such high tensile stresses
accumulating in a semiconductor structure can lead to bowing or
deformation, cracking, peeling, or formation of voids of a film therein,
whichtarrdanags by  detibyarfmtergonmedt tha ifdddesStneaif, various
affecting reliability of a resulting integrated circuit. SMMARY According to

pravfirstmspeehdhergiisyerovidecg raethed fordemingsansinteigsonngegrareag
comprising: providing a substrate with a conductive member thereon;
forming a composite low-k dielectric layer interposed with at least one

CIgifaEsthafibRizmy Sayef Herdit SUEAVIAG the subsikte: wher&iffthared to
stress- harmonizing layer comprises silicon carbine containing oxygen

 copiaEhQorensiliconrcarbine eontaitieg DilegemSi«) Nz 2 whereBrais - or
0.8-1.2,bis 0.8-1.2,cis 0-0.8, xis 0.8-1.2,y is 0.8-1.2, and z is 0-0.6;

forming an opening in the composite
fabrTca icm,p xrgost iowgg

materials typically present
characteristics such as high tensile stress. Such high
tensile stresses accumﬁlating in & semiconductor structure
can lsad to bowing or deformation, cfacking, peeling, or
fomat_ion of voids of a film therein, which can damage or

destroy an interconnect that includes the film, affecting

reliability of & resulting integrated circuit.

SUMMARY

According te a first aspect, IThere is provided a method
for forming an interconnect, comprising: providing a substrate
with & conductive member therson; Iorming a composiite low-k
dielectric layer interpo;ed with at least one stress-harmonizing
layer therein overlying the subkstrate, wherein the stress-

harmonizing layer comprises silicon carbine containing oxygen

{81,CuCe) or silicon carbine containing nitrogen (Si,C.N,),



low-k dielectric, passing through the stress-harmonizing layer and

exposing a portion of the conductive member; and filing the opening with
conductive material to form a conductive feature, electrically connecting

the conductive member. According to a second aspect, there is provided

an comprising: a substrate having a conductive interconnect, member; a
composite low-k dielectric layer interposed with at least one

stress-harmonizing layer therein overlying the substrate, wherein the
stré884drménizinglayer comptised Silicon carbine'Gontathifig gkygeén®-&-1-2/ ¥
(Si,ChOc) or silicon carbine containing nitrogen (Si,CYN,), wherein a is
0.81.2 1515 08- B2¢cis 0:0.87% i$ 0.§4:21Wds @8-12rand zis 0t0:6; composite
and a conductive feature in the composite low-k dielectric layer, passing
throughithe ai least-one stress-harmenizingtayerand-electricallnonizing 1aver
connecting the conductive member. According to a third aspect, there is

provided.a dual, damasceng structyre, comprising; a gubstrate having @ - 5,

conductive member; a composite low-k dielectric layer interposed with at

2a least one stress-ha,rmonizing layer overlying the substrate, ,
the opening with conductive material to form a conductive

feature, electrically connecting the conductive member.

According tc a second aspect, there iz provided an
interconnect, comprising: a substrate having a conductive
member; a compesite low-k dielectric laver interpcsed with at
ieast one stress-harmonizing layer therein overlying the
substrate, wherelin  the stress-harmonizing layer comprises
silicon carbine containing oxygen (81.0.0.) or silicen carbine
containing nitrogen (Si1,CN.), wherein a is 0.8-1.2, b is 0.8~
1.2, ¢ is 0-0.8, x is 0.8-1.2, v 1s 0.8-1.2, and 2z 1is 0-0.6; and
a cenductive feature in the compesite low-k dielectric laver,

passing through the at least one stress-harmonizing layer and

electrically connecting the conductive member.

According to a third aspect, there iz provided a dual
damascene structure, comprising: & substrate having a conductive

member; a composite low-k dielectric layer interposed with at



wherein the stress-harmonizing layer comprises silicon carbine containing
oxygen (Si_C,OC) or silicon carbine containing nitrogen (Si,.C"N;),
wherein ais 0.8-1.2, b is 0.8-1.2, cis 0- 0.8, x is 0.8-1.2, y is 0.8-1.2, and
z is 0-0.6; and a conductive feature in the composite low-k dielectric
layer, passing through the at least one stress-harmonizing layer and
electrically connecting the conductive member, wherein the conductive
feature comprises an underlying conductive via and an overlying
L 2BDREUCHTE lirfe-SeatketRiieredR  Tereforé 'thete s avnédd fofan substrate,
interconnect for integrated circuits with improved stress harmonization.
wiateré¢annects with<rarmoenizedistiess dnd methedstorsfabricating:the carbine
same are provided. An exemplary embodiment of an interconnect

c&?ﬁ%&@ﬁ%a SHQ%@EG hq\éipg;g)gpndlégtives memier. Acgg@pggite 1ok s s g
dielectric layer interposed with at least one stress-harmonizing layer
therein ov Q;Eej; e suh|§trate. A conductive feature, for.me?i the .

n%bﬁ)ﬁgﬁte‘% “TéF\J;J\f-k’dig ectric layer ﬁ%scgés?e th‘rgt%’ghrfhé At e'a?st ong ¢ s 0o
stress-harmonizing layer to electrically connect the conductive member.

0.8, == 1s 0.8-1.2, vy 1s 0.8-1.2, and z 1is 0-0.¢; and a

conductive feature 4in the composite low-kx dielectric layer,
passing through the at least one stress-harmonizing laver and
electrically connecting the conductive member, wherein the
conductive feature comprises an underlying conductive via and an

overlying conductive line stacksd thereon.

Therefére, there is a need Ior an 4interconnect for
integrated circuits with improved stress harmonization.

Interconnects with harmonizedl stress and methods for
fabricating the same are provided. An exemplary embodiment
of an interconnect compﬁises & substrate having & conductive
member. A compesite ldw-k dielectric layer interposed with
at least one stresé~§a:monizing layer therein overlies the

substrate. Z conductive feature formed in the composite

Zb
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An exemplary embodiment of a dual damascene structure comprises a
substrate having a conductive member. A composite low-k dielectric layer
interposed with at least one stress-harmonizing layer overlies the
substrate. A C conductive feature formed in the composite low-k dielectric,
Lowtdyeridskes thicugh fieat |caBE6RE streBsdiagmonizing Byerleast one
electrically connect the conductive member, wherein the conductive

strdeallre comprises @n undedying gondugtive yia andran overyind. . cpo

conductive line stacked thereon. An exemplary embodiment of a method

for fabricating an interconnect with harmonized stress comprises
congiGvdingy FtRtrate with a conductive member thereon. A composite

low-k dielectric layer interposed with at least one stress- harmonizing layer

theseindsdagmed{o ayerbe thersubsirate. An.apeningissiormed it thes+ yre
composite low-k dielectric and passes through the stress-harmonizing
layer to expose a portion of the conductive member. The opening 3 is
com V'r%féa‘?/ﬁth EondRVETRARriaP R TR a BondiRtidE febltre MERHRAlly 2
connecting the conductive member. A detailed description is given in the
comdolawiag low-k dielectric laver interposed with at least

one stress—harmonizing layer overlies the substrate. &
conductive feature formed in the composite low-k dielectric
layer passes through the at least one stress-harmonizing
iayer to electrically connect the conductive member, wherein
the conductive feature comprises an underlying conductive
via and an overlying conductive line stacked thereon.

An exemplary embodiment of a method for fabricating an
interconnect with harmonized stress comprises providing a
substrate with & conductive member thereson. A composite
low-k dielectric laver interposed with at least one stress-
harmonizing layer therein is formed +to overlie the
substrate. An opening is formed in the composite low-k
dielectric and passes through the stress-harmonizing laver

to expose a portion of the conductive member. The opening



embodiments with reference to the accompanying drawings. BRIEF
DESCRIPTION OF THE D GS The invention can be more fully
understood by reading the subsequent detailed description and examples
with reference made to the accompanying drawings, wherein: Figs. 1-4
L8 Afeldrdds sectionscereipeitibneof Badubsirate duringtfabricationrofamnctive
interconnect with harmonized stress, according to an exemplary
feat@rRROdIMENt,Of thejigvention: and:figs. 16 ate sghematic diagrams
showing cross sections of interconnects with harmonized stress,
according to _various exemplary embodiments of the invention.
DESCHPHIORE IntBRSRheBisiRith hafmoRiz&&3tress antimethbed Yo ing
fabricating the same are now described here in greater detail. Some
embRinkedinents of the savention, such as ﬂ&@:@iﬁﬁ%@lﬁ%‘am@?gm%§ .
describe, can potentially provide 4 interconnects with dielectric layers with
harmonized stress. In some embodiments, this can be accomplished by
interposing areas arESITCSBY TN 0N | Mgnn Rl ivesn dielectric

The invention can be more fully understood by reading
the subseguent detailed description and examples with
reference made to the accompanying drawings, wherein:

Figs. 1-4 are cross sectiqns of & portion of a
substrate during fabrication of an interconnect with
harmonized stress, according to an exemplary embodiment of
the invention; and

Figs. -6 are schematic diagrams showing cross sections

Qf' interconnects with harmonized stress, according o

various exemplary embodiments of the invention.

DESCRIPTION

Interconnects with harmonized stress and methods for
fabricating the same are now described here in greater
detail. Some embodiments  of the  invention, such as the

exemplary embodiments describe, can potentially provide

4
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layers of an interconnect, wherein the stress-harmonizing layer surrounds

adjacent conductive features of an interconnect and preferably doesn't

contact with a bottom or top surface of the adjacent conductive features.

in this specification, expressions such as "overlying the substrate”,
integboverthelayer! tor "Dhethediim! simplyedenoté whrdlativeopasitonalt ress .

relationship with respect to the surface of the base layer, regardless of

Xi of mediate layers. Accaordingly,.these expressions ma
ot Sl the-dect bantan of Byars Bt s Soran conaAat
of one or more laminated layers. By use of the term "low dielectric
at copaEdnt” orelovikr hefeihaismateaht addieletido cohstant g vatiie) less ric
than the dielectric constant of a conventional silicon oxide. Preferably,
1aydhe diglectde constantofthe low-k g less sthan ghout 4,0, o Figs, 1-4 qre; ng
cross sections of a portion of a substrate during fabrication of an
interconnect with harmonized stress according to an exemplary
lay@mboditfartWrdsg. 128 1Rrebndueii $ubshiRe 1005RFexampled  an

ng

interconnect and preferably doesn’t contact with & bottom or
top surface of the adjacent conductive features.

In this specification, expressions such as "overlying
the substrate™, "above the layer”, or "on the film" simply
denote a relative positional relationship with respect to
the surface of the base layer, regardless of the existence
of intermediate layers. Accordingly, these expressions may
indicate not only the direct contact of layers, but also, =a
non-contact state of one or more laminated layers. By use
of the term "low dielectric constant” or "low-k" herein, is
meant & dielectric constant (k value) less than the

=

dielectric constant of a conventional silicon oxide.
Preferably, the dielectric constant of the low-k is less

than about 4.0.
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silicon substrate, with semiconductor devices or other existing conductive
lines thereon is first provided. The substrate 100 is illustrated as a flat
substrate here for simplicity. As shown in Fig. 1, the semiconductor
substrate 100 is also provided with a conductive member 102 electrically
coRREeEting 6né of #ieeunderdying seamdonustorodeviees preonductivef  a
lines (both not shown). Next, low-k dielectric layers 104 and 108 of a first

sub DS siLessand g streggrparmanizing layer 106 0f a §§E%'}%ot}{R%§U ©SSritn

are then alternatively formed over the substrate 100 and the conductive

member 102. Normally, the first type stress of the low-k dielectric layers
harepRwiensile SHFesS FPRIBESECHRJATPE SRBES 6 theembod iment .

stress-harmonizing layer 106 shows a compressive stress contrary to the

firsttype cstress. Thedewdodieleatic layers 104, apd 108 may .Compisg » »
dielectric materials such as carbon-doped silicon dioxide materials,
.. fluorinated silicate glass (FSG), organic 6 silicate glass (OSG), fluorine
S1LopRd SO GRGE rspili-orf gl AR CalsdeGGivkané SRty clobutétder
(BCB)-based polymer dielectrics and any silicon containing low-k
existing conductive lines thereon is first provided. The

substrate 100 is illustrated as a flat substrate here for
simplicity. As shoﬁn in Fig. 1, the semiconductor substrate
106 is also provided with a conductive member 102
electrically connecting one of the underlying semiconductor
devices or conductive lines {(both not shown!.

Next, low-k dielectric lavers 104 and 158 cf a first
type stress and a stress-harmonizing layer 106 of a second
type stress are the; alternatively formed over the substrate
100 and the conductive member 102. Normally; the first type
stress of the low-k dielectric layers shows tensile stress
and the second type stress of the stress~harmonizing layer
106 shows a compressive stress contrary to the first type
stress. The low-k dielectric layers 104 and 108 may
comprise dielectric materials su¢h as carbon-doped silicon

dioxide materials, fluorinated silicate glass (FSG), organic

6



dielectric. Low-k dielectric layers 104 and 108 are formed at a thickness

of about 100-3000 A. and 100-5000 A, respectively. Stress-harmonizing

layer 106 is formed at a thickness of about 200-1000 A. to thereby

provide a compressive stress of about 50-550 MPa to thereby harmonize
siltensile stresses provitied byithedveslyigrant uriderlying dovidedielestric-on

layers (referring to low-k dielectric layers 104 and 108) Therefore, bowing

r deformatiaon of the composite film 110 illustrated in Fig. 1 is
gLa o oo SeapnealeRe, ® | ThenddUCRGIHD, © B US) cpased

film 110 can also be reduced. The stress- harmonizing layer 106 may
polgompriseldielectlic hrateriag suchamas oxisle] oxymitridepsitiedm caidel ow-k
nitride, silicon carbine containing oxygen (SiaCbOc), or silicon carbine

die§QUAININg Nitlogen (SIKGYN ) wherein 8.B.C. %y ¥ 2 A€ 1gEMed at 3oyt 4
0.8-1.2,0.8-1.2,0-0.8, 0.8-1.2, 0.8-1.2; and 0-0.6, respectively.
Preferably, the stress-harmonizing layer 106 comprises silicon carbine

at céntalfingonggen PSiaebod), siléirédbihe ontaiity nkfogep0C0 A,
(SiXCYNZ), and nitride. The stress-harmonizing layer 106 can be formed

resgﬁctively. Stress—harmonizing layer 106 is formed at a
thickness of about 200~1000 A. +to thereby provide a
compressive stress of about 50-550 MPa to thereby harmonize
tensile stresses provided by the-overlying and underlying
low-k dielectric lavers (referring to low-k dielectric
layers 104 and 108). Therefcre, bowing or deformation of
the composite film 110 illustrated in Fig. 1 1is thus
prevented and cracking, peeling, or formation of voids in
the composite film 110 can also be reduced. The stresg-
harmonizing layer 106 may comprise dielectric materials such
as oxide, oxynitride, silicon carbide, nitride, =silicon
carbine «containing oxygen (S$1.Cx0c), or silicon carbine
containing nitrogen (Si,CyN;}, wherein a, b, ¢, %, v, z.are
formed at about O.8~1.2 , 0.8-1.2 , G~-0.8, 0.8-1.2, 0.8~1.2,

and 0-0.6, respectively. Preferably, the stregs-~harmonizing

layer 106 comprises silicon carbine containing oxygen



for example, plasma enhanced chemical vapor deposition (PECVD) and

can be in-situ formed during formation of one or both of the low-k

dielectric layers 104 and 108 or ex-situ formed by additional deposition. In

Fig. 2, an opening 112, for example a dual damascene K opening having
(S 1lgliGwer vialgorgen 152a ahdarcapperitfenth pafiohIEIRb| Klittedl formedd

through the low-k dielectric layers 104, 108, and the stress-harmonizing

nit 1oYgL 106y5ing (a-kaawn dual damascens process ol either enghfiest 1y,

formed or via first formed. The lower via portion 112a of the opening 112

exposes a portion of the underlying conductive member 102. The opening
£or 119%AFIE fornetP5Féeq GEitiH SSoto P8y arftPRchingépsition
wherein the etching step may be a time mode etching utilizing adequate

(pEeighing chemistries tothereby reduge dheitise of ansieh stophlayer dESLY -
conventionally disposed between the composite dielectric layer 110 and
the substrate 100, and in the low-k dielectric layer 108 of the composite

botBigtectidfayeP YT, §37%3e?§f%¥é,ce|%\?é{ﬁﬁﬁofjd¥é’* of&RI Hidlecific 8¥~situ
constant of -

formed by additional deposition.

In Fig. 2, an opening 112, for e#ample a dual damascens
cepening having a lower via portion 1lZ2a and an upper trench
portion 112b, is then formed through the low-k dielectric
layers 104, 108, and the stress-harmonizing layer 106 using
a known dual damascene process of either trench first formed
or via first formed. The lower via portion 112a of the
opening 112 exposes a pertion of the underlying conductive
member 102.

The  opening 112 can be formed by seguential
photelithography and etching steps, wherein the etching step
may be a time mode etching utilizing adeguate etching
cheﬁistries to.thereby reduce the use of an etch stop layer
(ESL) conventionally disposed between the composite
dielectric layer 110 and the substrate 100, and in the iow~k

dielectric layer 108 of the compecsite dielectric layer 110.

8



the composite layer 110 can be prevented. In Fig. 3, a diffusion barrier

layer 114 is conformably formed in the opening 112 and over the low-k

dielectric layer 108. The diffusion barrier layer 114 may comprise

conductive material such as titanium (Ti), tantalum (Ta), titanium nitride
TheHRNtantatimmtrider(TaN), orecomtimations dherkef:iNGrmallyntheant of

diffusion barrier layer 114 is formed at a thickness of about 20-200 A.

the Nc%%ng?o&ﬁ@@“%"ﬁ?e@yﬂél@a% gconducve material such as copper or

copper alloy is then formed in the opening 110 and over the low-k

dielectric layer 108. The conductive layer 116 can be formed by known
eleEroERemical pratihig (EGRPwhea ratilizing-eofsper of €opperaldypasgably
conductive material therein. In Fig. 4, the portion of the diffusion barrier

£ormdd and, thenconductive,layer k16 ovar the-opening. 112 greythell o1 e crric
removed by, for example, chemical mechanical polishing (.CMP), such
that an interconnect with a planar surface remains. Next, an additional

Laygsndtittive cap 1894 iSetdctRrelyI8rimed bvet IWE Eontiuttiveddy s L i se
providing 9

conductive material such as titaniuvwm {(Ti), tantalum (Ta),
titanium nitride {TiN), tantalum nitride {TaN), or
combinations thereof. Normally, the diffusion barrier laver
114 is formed at a thickness of about 20-200 A. Next, a
conductive layer 116 of a conductive material such as copper
or copper alloy 1s then formed in the opening 110 and over
the low~k dielectric layer 108. The conductive lavyer 116
can be formed by known electrochemical plating (ECP) when
utilizing copper or copper alloy as conductive material
therein.

In Fig. 4, the portion of the diffusion barrier 114 and
the conductive layer 116 over the opening 112 are then
removed by, for example, chemical mechanical polishing
{CMP), such that an interconnect with a2 planar surface

remains. Next, an additional conductive cap 118 is

selectively formed over the conductive layer 116, providing

9



encapsulation thereof from the top. The conductive cap 118 can be
selectively formed by, for example, electroless plating and may comprise
conductive materials such as cobalt tungsten (CoW), cobalt phosphorus
(CoP), or cobalt tungsten phosphorus (CoWP). The conductive cap 118
encgasbedormed bharthidknessof abeuti2:200 AhFherefores aicondustivel 18
feature S is formed and undesired interlayer ion diffusion to the adjacent

can!Ok digleeliclavers rom e.eonduilve paterlal,[pf examele Coppen gl o
copper alloy, of the conductive feature S can be thus eliminated or
prevented. An interconnect with harmonized stress is thus formed. Next,

plapihsleanié [@yer TROBHES asTORAUCHETECtAG taydras forpneth over thebalt

low-k dielectric layer 108 and the conductive feature S. Sequential

tunBEACEsSeT6an bedunher nsHoupad snthe distectric layerd29:o thereby .

complete the integrated circuit fabrication. In an exemplary embodiment,
the interconnect is illustrated as a dual damascene structure with a

Phogghdiidtive (Feitfire S haWity SLBABGEHVERDIGGRNEE coRduiRedrBnsThat

stress-harmonizing layer 106 formed in the dual damascene structure can
a harmenizesthe tengile gresses200 A, Therefore, a conductive

feature S 1s formed and undesired interlayer ion diffusion
to the adjacent low-k dielectric layers from the conductive
material, for example copper or copper alloy, of the
conductive feature S can be thus eliminated or prevented.
An interconnect with harmonized strgss is thus formed.

Next, a dielectric layer 120 such as & low-k dislectric
layer is formed over the low-k dielectric layer 108 and the
conductive feature 8. Seguential processes can be further
performed on the dielectric layer 120 to thereby complete
the integrated ci;cuit fabrication.

in  an exemplary embodiment, the interconnect is
iliustrated as a dual damascene structqre with a conductive
feature S having a conductive .plug and a conductive line.
The stress-harmonizing layer 106 formed in the dual

damascene structure can harmonize the tensile stresses

1e



10 within the interconnect mainly provided by the low-k dielectric layers.
Moreover, numbers and locations of the stress- harmonizing layer 106
may vary. For example, the stress- harmonizing layer 106 may be located
elsewhere than illustrated in Fig. 4. The stress-harmonizing layer 106 can
witiperforred in thetlonsk dielectric feyien 198 surrounding the vupperdrentbw-k
portion 112a, as shown in Fig. 5. In addition, more than one
die fgggglh@rﬁg)%pgligg layer (referring to the stress-harmonizing layer
106a-c) can be formed at various positions in the composite layer 110,
surrounding the conductive feature S, as shown in Fig. 6. Since there is
nofeEP it mdditiorabeten stopridyers doethedntercopfiect,the  stress-
stress-harmonizing layer 106 is preferably formed at a distance from the
harf@RShar boyemmost syifaceof he Con%fiﬂvgi%ﬂ&&yi%,s feheasgQle s s-
fabrication. In addition, if the etch stop layer is desired, the
stress-harmonizing layer 106 may be formed at a distance from the
harmeRAoFG thé %EportioN 1 1288Rd thRStrenepcated  elsewhere  than

illustrated in Fig. 4. The stress-harmonizing layer 106 can
be formed in the low-k dielectric layer 108 surrounding the
upper trench portion 1lZa, as shown in Fig. 5. In addition,
more than one stress-harmonizing layer (referring to the
stress-harmonizing layer 106a-c) can be formed at various
pesitions in the composite layer 110, surrounding the

conductive feature S, as shown in Fig. 6.

Since there is no need for additional etch stop layers

14
Uy

for the interconnect, the stress-harmonizing layer 106
preferably formed at & distance from the topmest or
bottommost surface of the conductive feature S for ease of
fabrication.

Iin addition, 1if the etch stop layer 1s desired, the
stress~-harmonizing laver 106 may be formed at a distance

from the Jjunction of the wvia portion 112z and the trench

11
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11 portion 112b of the opening 112, thereby providing locations for
formation of such etch stop layer. In the above exemplary embodiments,
the interconnects are illustrated as a dual damascene structure. It will be
understood by those skilled in the art that the invention can be also
portdppliedtéla siigletdamascena stiucturetwhichlis notdiscirssed here forons
simplicity. = As shown In Fig. 4, an embodiment of an interconnect with

for %Ma%qlst&sssiééuu%@gdszggin}_%r Qnnect includes a substrate
i ) )

aving a conductive member. A composite low-k dielectric layer
interposed with at least one stress-harmonizing layer therein overlies the
substrafes febenductveisdiary foanbe i rrndompaosite [cvirkedietedtact s
layer passes through the at least one stress- harmonizing layer to

are elagliicalbeanpectthg candyctive, member. Intheabove exemplary: ) pe

embodiments, tensile stresses provided by the low-k dielectric layers of
an interconnect are harmonized by formation of at least one stress-

UndeEHHRSiZIRY lafEowRh Edmpiess stiess: Mfevihting pidbléme invention

can be also applied tec a single damascene structure which is
not discussed here for simplicity.

As shown In Fig. 4, an embodiment of an interconnect
with harmonized stress is 1llustrated, The interconnect
includes & substrate having a conductive member. B
composite low-k dielectric layer interposed with at least
one stress~harmonizing laver therein owverlies the substrate.
& conductive feature formed in the composite low-k
dieliectric layer passes through the at least one stress-
harmonizing layer to electrically connect the conductive
member,

In the above exemplary embodiments, tens;le stresses
provided by the low-k dielectric layers of an interconnect
are harmonized by formation of at least one stress-
harmonizing layer with compress stress, preventing problems

such as these occurring in za damascene structure when

12



such as those occurring in a damascene structure when 12 utilizing low-k
dielectric, while improving reliability of the interconnect. Moreover, the top
surface of the conductive feature S in the interconnect can be
encapsulated by a conductive cap layer to reduce need for uses of etch
utilktep tayersywith fAttorssuthas efdctieemigrationv(EM) parforantetaf o©f
the interconnect thus ensured. The interconnect without etch stop layer
i fhus, oltained, with simplified fabrication and low cost. While the
invention has been described by way of example and in terms of
preferred embodiment, it is to be understood that the invention is not
linfeseepiersto. Taahé eBntPay i 5€intehdea o 6ot Wationgs feature S
modifications and similar arrangements (as would be apparent to those
in Skiled,in the-arth Jherefore the sgepe efitherappepded claiamshauld beap
accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements. 13 )
layer to reduce need for uses of etch stop layers, with

the

factors such as electro-migration (EM} performance of the
interconnect thus ensured. The interconnect without etch
stop layer i1s thus obtained with simplified fabrication and
low cost.

While the invention has been described by way of
example and in terms of preferred embodiment, 1t 1s to be
understood that the invention is not limited thereto. Tc
the contﬁary, it is intended to cover various modifications
and similar arrangemenﬁs {as would be apparent to those
skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as
to enCOMpPASS all such modifications and similar

arrangsments.

i3



What is claimed is: _. A method for forming an interconnect, comprising:
providing a substrate with a conductive member thereon; forming a
composite low-k dielectric layer interposed with at least one
stress-harmonizing layer therein th 4ii ii overlying the substrate, wilereln
the stress harmonizing layer comprises silicon carbine containing oxygen
(SIES60E) Sr$ili61 cafbine containing nitrogen (Si O Nz) , wherein a is
0.8-1.2,bis0.8-1.2,cis 0- 0.8, xis 0.8-1.2, y is 0.8-1.2, and z is 0-0.6;
forming an opening in the composite -low-k dielectric, passing through the
stress-harmanizing Jayer-and exposing a.portion, of the conductive, .
member; and filing the opening with conductive material to form a
conductiye deaturagelectrically-cennecting the; copslustive srpemper2.The
method of claim 1, wherein formation of the composite low-k dielectric
layerirgerposed with at

forming &  composite low-k ielectric layer
interposed with at least one stress-harmonizing layer

. . e A P JUU T JE W Y |
LOCTSLT OVeILYIiNg e SURsSTIrate, wWlhiersln The STLIress—

[ ®]

harmonizing layer comprises silicon carbine containing
oxygern {51,Cp0.) or silicon carbine containing nitrogen
{81,C)N,), wherein a is 0.8-1.2, b 1s (.8-1.2, ¢ is 0-
0.8, = is 0.8-1.2, v is 0.8-1.2, and z is 0-0.6;

forming an opening in  the composite low-k
dielectric, passing through the stress-harmonizing
layer and exposing a porticn of the conductive member;
and

filing the opening with conductive material to
ferm a conductive feature, electrically connecting the
conductive member.
Z. The method of claim 1, wherein formation of the

composite low=-k dielectric laver interpossd with at

least one stress-harmonizing lavyer therein comprises:
g Yy ¥
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least one stress-harmonizing layer therein comprises: 14 (a) forming a first
layer of low-k dielectric over the substrate; (b) forming a
stress-harmonizing layer over the first layer of low-k dielectric; and (c)
forming a second layer of low-k dielectric over I'f;rst s
ob.a.trcesas-harmoniz layer. ~....,..~.~4 iiaiuviil ~.ing y3. The method of
claim ) furtienicempsisifig reepeating thecstepgsofa) ¥ c)doe atleast eneerto-
form a composite low-k dielectric layer interposed with a plurality of
s.tress-har@g%niéi&gé@i~ r§e§. The method of claim 2, wherein first and the
second low-k dielectric layers comprise tensile stress and the first
stress-harmonizing layer comprises compressive stress. 5. The method

of claim 2, igherémcsteps (A)(EY sartesparformedig-sitlayer over the

plasma-enhanced chemical vapor deposition. is 6. The method of claim 1,
Whe“”nt@%ﬁg@a§59ﬁ% of low-k dielectric; and

(c} forming a second layer of low-k dielectric over

3. The method of claim 2, Zfurther comprising
repeating the steps (a)~(c) for at least once to form a
composite  low-k dielectric layer interposed with a

plurality of stress-harmonizing layers.

4. The method of claim 2, wherein first and the
second low-k dielectric layers comprise tensile stress
and the first stress-—harmonizing laver comprises

compressive stress.

- b, The methed of claim 2, wherein steps {A)m(C)
are performed in-situ by plasma-enhanced chemical vapor

deposition.
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stress-harmonizing layer comprises oxide, oxynitride, silicon carbide,
nitride, silicon carbine containing oxygen (SiaCbOC), or silicon carbine
containing nitrogen (SixCvNz) 7. The method of claim 1, wherein the at
least one stress-harmonizing layer is formed at a thickness of about
200-1000 A. 8. The method of claim 1, wherein the at least one
stress-harmonizing layer comprises a compressive stress of about
50850 MPAS . RRETAEGhGE of thaif 11 wHERGIR $h& atfeasBénd 2ast one
stress-harmonizing layer does not contact the substrate or the top surface
strebthercompasite loy-k diejectric daygs-1@-An inkgrcganectcQmprisingza
substrate having a conductive member; 16 a composite low-k dielectric
laver inter&gse%with at least one stress-harmonizing laver therein

SLEGERinG e si5etratd WRERTH the’ StreSSRarnTGizingJayer CompnseRd
silicon
oxygen (Si.CpCc), or silicon carbine containing nitrogen
{SinyNz} a
7. The method of claim 1, wherein the at least one

stress-harmonizing layer is formed at a thickness of

about 200-1000 A.

g. The method of claim 31, wherein the at least one
stress-harmonizing layer comprises a compressive stress

of about 50-350 MPa.

S. The method of claim 1, wherein the at least onse
stress-harmonizing layer does not contact the substrate
or the top surface of the composite low-k dielectric

layer.

10. An interconnect, comprising:

& substrate having a conductive member;

ie



carbine containing oxygen (SiSCbOC) or silicon carbine containing
nitrogen (Si~C,,Nz), wherein a is 0.8-1.2, b is 0.8-1.2, c is 0-0.8, x is 0.8-
on-oandnni.cry'isv8.-~.. ~ aiiu zisv-v. G, and a conductive
feature in the composite low-k dielectric layer, passing through the at
least one stress-harmonizing layer and electrically connecting the
conductive mréfibeT 1. TheatercOnRé8FGFelaimiFY Shheréirthacsed
composite. low-k dielectric layer comprises a gl&ﬁgﬂ% of low-k dielectric

. 2 Th L av teas’s one T Onzzin z.
portions of tensile “stress interleaved with at Ieast one sress? harﬁ?&’rﬁmng

layer of conapiessive,stress-; 12. The interconnect of clai, 10, further,
comprising a conductive car selectively formed on the top surface of the

- conductive featsrec 3ot bedinterconnegt of claipadfr wherein the at lgast
one stress-harmonizing layer comprises oxide, oxynitride, silicon carbide,
nitride, carpine containing oxyvgen (Si,0.0.) or silicon

carbine c¢ontaining nitrogen (S1,CN,), wherein a

is 0.8-1.2, b is 0.8-1.2, ¢ is 0-0.8, x is 0.8~
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conductive feature in the composite low-k

4]

dielectric layer, passing through the at least

one stress-harmonizing layer and electrically

connecting the conductive member,

3

11. The intercennect of ¢l

h

im 10, whersin the
composite low-k dielectric layer comprises a
plurality of low-k dielectric portions of tensile
stress interleaved with at least one stresse-

harmonizing iaver of compressive stress.

1z, The interconnect of claim 10, further
comprising a conductive cap selectively formed on

the top surface of the conductive feature.

13, The interconnect of claim 10, wherein the a®
least one stress-harmonizing layer comprises
oxide, oxvnlitride, silicon carbide, nitride,

silicon carbine

17



silicon carbine 17 containing oxygen (SiaCbCc), or silicon carbine
containing nitrogen (SiXCyNZ) 14. The interconnect of claim 10, wherein
the at least one stress-harmonizing layer is formed at a thickness of
about 200-1000 A. 15. The interconnect of claim 10, wherein the at least
one stress-harmonizing layer comprises a compressive stress of about
50-550 NIP& T #6°FhE intérédnhect of eim 10, Wherein tieTat ekt Gte
stress-harmonizing layer does not, contact the substrate or the top surface
of the cﬁﬁ%ﬁsftg%\%/-ﬁai“erlggﬁ?c I‘asﬁ(;é}f‘f’%fr?A dual damascene structure,
comprising: a substrate having a conductive member; a composite low-k
dielectric layer interposed with at least one stress-harmonizing layer
overlyingithe subsiraie:wheseinsthe stressdyarmanizingelayer, comprises
silicon carbine containing oxygen (SiaChOc) or silicon

least one stress-~harmonizing laver is formed at =

thickness of about 200-1000 A.

&3]
u

he interconnsc of claim 10, wherein the
leazst one stress-harmonizing layer comprises a

compressive stress of about 50-530 MrPa,

ig. The interconnect of claim 10, wherein the at
least one stress-harmonizing laver <does not
centact the subsirate or the top surface of the

compeosite low-k dielectric laver.

=t
B |

A dual damascene structures, comprising:
a subkstrate having a conductive member;
a composite low~k dielectric layer

interpcsed with at least one stress-harmonizing

layer overlvying the substrate, wherein the
stress-harmonizing layer comprises siliceon
carbine <containing ozygen (Si,C.0.) or =silicon

carbine containing nitrogen (Si,C\)N,), wherein a
is 0.8-1.2, b is 0.8-1.2, ¢ is 0~0.8, x is 0.8-

1.2, v is 0.8-1.2, and z is 0-0.€é; and

18



carbine containing nitrogen SixCi,N_), wherein a is 0.8-1.2, b is 0.8-1.2, c
is 0-0.8, xis 0.8- 1.2,y is 0.8-1.2, and z is 0-0.6; and 18 a conductive
feature in the composite low-k dielectric layer, passing through the at
least one stress-harmonizing layer and electrically connecting the
conductive member, wherein the conductive feature comprises an
underlyimpretindustive vid aadwneovertYi=n comeuctiveripes gistackédw-k
thereon. c 18. The dual damascene structure of claim 17, wherein the

conductive eaiue. GOTRPriSes.GoPPELALGoRPer AloY 19- T AUl 1 oo
wa-k lelectric

damascene structure of claim 17, wherein the composite lo
layer comprises a plurality of low-k dielectric portions of tensile stress
interleave@®With &f-E&SE0R& BHeB3-haRtoniA ayast cohpressivally

stress.
connecting the conductive member, wherein the

conductive feature comprises an underlying

[PLP5 N5 S 00 & S S A I

stacked thereon.

18. The .dual damascene structure of claim 17,
wherein the conductive feature comprises copper o©r copper

alloy.

- 19. The dual damascene structure of claim 17,
wherein the composite low-k dieléctric layer comprises a
plurality of low-k dielectric portions of tensile stress
interleaved with at least one stress-harmonizing layér of

compressive stress.

20. The dual damascene structure of claim 17,
wherein the at least one stress-harmonizing layer

comprises oxide, oxynitride, silicon carbide, nitride,
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20. The dual damascene structure of claim 17, wherein the at least one
stress-harmonizing layer comprises oxide, oxynitride, silicon carbide,
nitride, 19 silicon carbine containing oxygen (SiSCbO0), or silicon
carbine containing nitrogen (Si,CN,,) C 20

silicon carbine containing oxygen (Si.CpO.), or silicon

carbine containing nitrogen {(S1igCylN) .
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