~ TITLE | NTERCONNECTS W TH HARMONI ZED STRESS AND METHODS
FOR FABRI CATI NG THE SAME BACKGROUND The present
invention relates to sem conductor features, and in
particular to an interconnect for integrated
circuits. Reduction of igﬁgg#ated circuit feature size
has resulted in levels ectrically conductive
i nterconnects being placed closer together
vertically, as well as reduction of the horizontal
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capaci tance has increased between such conductive

portions, resul tFABRICATRNG I'MEE SAMECe X conduct ance)

delay time and crosstalk effect. One proposed

approach to this problemis to replace the

conventional silicon oxide (Si02) dielectric

mat eri al, having a di 8A&EERWAINoNnst ant (k) of about

4.0, with other insulation material having a | ower

dielectric constant, to thereby | ower capacitance.

Unfortunateky | oy k dkelectrlc naterl%ls have, vari ous
he present invention semiconductor

features, and in particular to an .interconnect for
integrated circuits.

Reduction of integrated circuit feature size has
resulted in levels of electrically 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,
capacitance has increased betwe;n such conductive portions,.
‘resulting in RC.(resisténce x conductance) delay time and
crosstalk éffect; One proposed approach to this prbblem is
to replace the conventional silicon oxide ({8i0,) dielectric
material, having a dielectric constant (k) of about 4.0,

with other insulation material having a lower dielectric

constant, to thereby lower capacitance.




probl ens that make integration into existing
integrated <circuit structures and processes
difficult. Conpared to conventional dielectric
materials used in sem conductor fabrication, nost
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such as high tensile stress. Such high tensile

' stresses accunul ating in a sem conductor structure
propammpeathato bwkiengloredetbioat i oMo ceadbitngyg peetégrpted
or formation of voids of a filmtherein, mhich can

' ge or destro n _i nterconnect |ncI es th
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circuit. SUMVARY Therefore, there is a need for an
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stress harnoni zati on. Interconnects with harnoni zed

stress and nmethods for fabricating the sanme are
fabpioztied. Amesdgnpl dpy-&nbodktemntalef asyphteltgnnestesent
conprises a substrate having a conductive nenber. A
osite lowk dielectric layer jinterposed with at
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the substrate. A conductive feature fornmed in the

tenEPIPOSkEEsSes accumﬁlating in a semiconductor structure
can lead to bowing or deformation, cfacking, peeling, or
formation of volds of a film.theréin, which can damage or
destroy an intercqnnect that includes the f£ilm, affecting

reliability of a resulting integrated circuit.
SUMMARY

_Therefére, 'there is a need for an interconnect for
integrated circuits with improved stress harmonization.
Interconnects with harmonized stress and methods for
fabricating the same are provided. An-exémplary embodiment
of an interconnect compfises a substrate having a conductive
membef. A composite low-k dielectric layer interposed with
at least one stresé—harmonizing layer therein overlies the

substrate. A conductive feature formed in the composite




| ow-k dielectric |ayer passes through the at |east one
stress-harnonizing layer to electrically connect the
conductive nmenber. An exenpl ary enbodi nent of a dual -
damascene structure conprises a substrate having a
. lowe@ndycd i ver ppabatiyeA  £95POST g d MK dhel esd rixcasayesne
' interposed with at | east one stress-harnoni zing | ayer
_ overlies the substrate. A conductive feature formed
striegstharvonpoiinte |lewek diedecediectrikayéy pasgessct the
through the at | east one stress-harnonizing |ayer to
' Ie%tricall connect the conductive nenber, wherein
CONFHECLBRIUTT YR f eat ure conprises an underlying
conductive via and an overlying conductive |line
st agked hBELEYN enfdEXERR! Y £ BB SfeRe MBLPAG ure
for fabricating an 1 nterconnect wth harnoni zed
stress conprises providing a substrate with a
compohdast | ¥e swvberatdereonngd @onposiduetikew kember. A
dielectric |ayer interposed with at | east one stress-
harnmoni zing |l ayer. therein is forned to overlie the

- compapitealerkn BRfGig i fuftediPReTRRS ONYOSPt &1 ohERSt

di el ectric and passes through the stress-harnoni zi ng
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Thé openi n

conductive feature_formea in the composite low-k dielectric.
layer passes through the at least one stress-harmonizing
layer 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 methed for'fabrieating an
interconnect with harmonized stress comprises providing a
rsubstrate with a conductive member thereon. A composite
'low-k dielectric layer 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 layer

to expose a portion of the conductive member. The opening:




is filled wwth conductive material to forma
conductive feature electrically connecting the
conductive nmenber. A detailed description is given in
the followng enbodinents with reference to the

is AECOTRANYIiRG dEeWINGS:ve BREEE rPESCRIPTIENLOR THEnduetive
DRAW NGS The invention can be nore fully understood by
readi ng- the subsequent detail ed description and
feagnappkéscikihallef commeet ngletio ddrelmgcoparybry -
draw ngs, wherein: Figs. 1-4 are cross sections of a
portiqgn, of_.a. substrate during fabrication of a ,
i nfer E6RALLEY wi ER°CHHR M zelf stP e &@boFEﬁng?Pélﬁﬂlng

exenpl ary enbodi nent of the invention; and Figs. 5-6
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i nterconnects wth harnoni zed stress, according to
vari ous exenpl ary enbodi nents of the invention.

DESCR P! Ol e boaRRsehsoll b gk Hghgel [ eos, and

met hods for abricati ne are now descri bed
here in greater detail. Sone enbodi nents of the.
i nventi-on, ..such as the exenplary enbodi nments

deggéi BRveRBNoROLEAL Rl IN6JY OML B, understood by reading

the subsequent detailed description and examples with
reference made to the accompanying drawings, wherein:

Figs. 1-4 are cross sectiqns of a portion of a

substrate during fabrication of an intercohnect with

 harmonized stress, according to an exemplary embodiment of

the invention; and
Figs. 5-6 are schematic diagrams showing cross sections
pf' interconnects with harmonized stress, accordiﬁg to

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
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interconnects with dielectric layers with harnonized
stress. |In sonme enbodinents, this can be acconplished
by interposing at |east one stress-harnonizing |ayer
bet ween dielectric |ayers of an interconnect, wherein

intbhBoshEEES - har KON Z1 1 r 1 AYIRSySU LWAURIE220bACEAY stress.
conductive features of an interconnect and preferably

: doesn't contact with a bottomor top surface of the
In adiacenbodiomeiuct vidfeatarr és alavcipild sbpdchyi tatéoposing
expressions such as "overlying the substrate", "above

the layer", or "on the filnl sinply. _denote a_, )
at IR | BRBosT (T GTAIRARCRTmSh boVAE h DFEdREE: Fhelekric

surface of the base |ayer, regardless of the existence
lay®fsi nirerdpdiaterbaygist , A0l the t BESES §X1P£§I§§ﬁ%g

may indicate not only the direct contact of |ayers,
but al so, a non-contact state of one or nore
layéanm ratrecdunalger sadBycarse abntlsettieem "featudiced ecbrfi ¢ an
constant” or "lowk" herein, is mneant a dielectric
. constant (k value) less than the dielectric constant
intgFoopresiv étd GiFs %ﬁqqldbﬁ°8ﬁpdé.COPF@FEr%b?%,at¢Q¢tom or
di el ectric constant of the lowk is |ess than about

top 451.9rf.aﬁ£egsof it aclrd% adeR¥S c%%&hk:eg%eo%eg‘t\?f)éé' on of a

In this épecification, 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 layér, regardliess 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 1ayers; By use
of the te;m-"low dielectric constant“ or "low-k" herein, is
meant a dielectric constant (k wvalue) 1less than the
dielectric constant of a- conventional silicon oxide.
Preferably, the dielectric constant Qf the 1low-k is less

than about 4.0.




substrate during fabrication of an interconnect with
‘har noni zed stress according to an exenpl ary

enbodi nent. In Fig. 1, a sem conductor substrate 100,
for exanple a silicon substrate, with sem conduct or

depiges of-Othefe exisdd NGeNdUGti ¥e | knegothesRONGES 5
first provided. The substrate 100 is illustrated as a

- flat substrate here for sinplicity. As shown in Fig.
subgtrabhe sdurtnadudebrisabsbnat ef 160 | simtsoceprmdidediith
with a conductive nmenber 102 electrically connecting
of .the underlyi ng sem conductor . devices  or

narpghiifed | YT her NP SRofRFIPRRXY eFBgaknent.

dielectric layers 104 and 108 of a first type stress
-angh apslress A“%fém@oﬁd“&t'o%yg,hb%%a‘eé ?0@60989 ckdffie a

stress are then alternativel y formed over
substrate 100. and the conductive nenber 102.
silNoosmual duhstdeed,i r stithypesenstpasdacobrt hdevbwek or other
dielectric | ayers shows tensile stress and the second
pe stress of the stress-harnoni zing | ayer 106 shows

typ
ex15t iR FEBEPGELEE el SSontPaFSPR 0 ithel $79 &t PrpFdded. The
stress. The lowk dielectric |layers 104 and 108 may

sub éSfbgl Eeggru%tqgkgﬁlém§ §ufﬂa@fe§% ?tho%%%e for

siTicon diox matérials, fluorina I cat e glass
(FSG, organic
simplicity. As shown in Fig. 1, the semiconductor substrate

100 - 1is -also provided with a condﬁctive member 102
electrically connecting one of the underlying semiconducto:
devices.or conductivé lines (both not shown).

Next, low-k dielectric layers 104 anq 168 of a first
type stress and a stress-harmonizing layer 106 of a second
type stress are then alternatively formed over the substrate
7100 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. fhe low-k dielectric layers 104 and 108 may
' comprise dielectric materials such as carbon;doped silicon

dioxide materials, fluorinated silicate glass (FSG), organic
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silicate glass (OSG, fluorine doped silicon oxide,
spin-on - gl asses, silsesqui oxane, benzocycl obutene
(BCB) - based polyner dielectrics and any silicon
containing lowk dielectric. Lowk dielectric |layers

s11504tan@ 1168 AR dhor Méordhed dopleekRegscoh aReHE, spin-on
100- 3000 A. and 100-5000 A, respectively.

: Stress-harnoni zing layer 106 is formed at a thickness
glagBegbout 2A0GEIBC oxanee t hdrealrpaycdebdeene confBEBsshased
stress of about 50-550 MPa to thereby harnonize
tensile stre ses provi ded by the overlyin

POlXW&érlﬁJﬁgleq oWk di¥t%ectTh |ﬁ§;%+%°1(rei€8’???+f@;“?% tow-k
llow-k dielectric |ayers 104 and 108). Therefore,

dleﬁ%@k?gcor @%&Q&”@Hbqgcgrlctmﬁ £PuPoGht gnfii 198140 formed
[lustrated in Fig. 1 is thus prevented and cracking,

peellng, or formation of voids in the conposite film
‘at 120 thhcahsesbeofedaiomdt TIED-SI0ESSA, harmmdni 2Dag50a9erd,
106 may conprise dielectric materials such as oxide,
oxynitride, silicon carbide, nitride, silicon carbine
reSESHFéVﬁFHg oi?ﬁ@ﬁSC@@£@B€E¥1ngoﬁa§FFlé@ﬁ d&r tigged at a
containing nitrogen (Si.CyN. ), wherein a, b, C X Yr

thlékgé§ fB%WEgngBabEHB _Pofol £ O §olg %153? &rﬁvfdez a

respectively. Pre er
st ress- har noni zi ng
compressive stress of about 50-550 MPa to thereby harmonize

tensile stresses provided by the' overlying and underliying
low-k dielectric layers (referring to low-k dielectric
layers 104 and 108). Therefore, 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 stress-
harmonizing layer 106 may comprise dielectric materials such
as oxide, oxynitride, silicon carbide, nitride, silicon
carbine containing oxygen (Si.Cp0O.), or silicon carbine
containing nitrogen (SiCyN;), wherein a, b, ¢, x, y, 2z are
formed at about 0.8~1.2 , 0.8-1.2 , 06-0.8, 0.8-1.2, 0.8~1.2,
and 0-0.6, respectively. —Ereférabiy, the stress—harmonizing

layer 106 comprises .silicon carbine containing oxygen




| ayer 106 conprises silicon carbine containing oxygen
(Si,CbhA) , silicon carbine containing nitrogen
(Si.CyN.) , and nitride. The stress-harnonizing | ayer
106 can be forned by, for exanple, plasnma enhanced
~(sicbgmi) galsivapeh dapbshti ebntbPECVD) nandogam beijoNs) ! uand
- formed during formation of .one or both of the lowk
- dielectric layers 104 and 108 or ex-situ formed by
nitzddeti oRbf abpossthamonieimg layerad0peannge 119rmedrby,
exanpl e a dual damascene opening having a | ower via

portion.112a and an upper trench_ .portign 112b, iS_...
fori nafeFBHfied PhiSligh THE 16t k hoBrSees | (Payer SoGattHon
108, and the stress-harnonizing | ayer 106 using known

(PEGUBh dARBSERNSe PIOCeSs: Horgldd@artingneBrhbht $énfof B or
or via first fornmed. The |ower via portion 112a of the

opening 112 exposes a portion of the underlying
botbordudthiey el owmdniskire LEGZ r iThd ayeensi i@ 41 e aid Seof oexegitu
by sequential photolithography and etching steps,

rorfRRT By aSHEEAEY PPl oo, 2, 1] 12 Tode et

reduce the use of an etch stop |layer (ESL)

copyepibonal |y, disposed 1aet ween Lhenp@aPesilsl damascene
opening having a lower via portion 11Za 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 eithe; trench first 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 112 «can be formed by sequential
photolithogfaphy.and-etching steps, wherein the etching step
may be a time mode etching utilizing adegquate etching
cheﬁistries to-thereby reduce the use of an etch stop layer
(ESL) conventionally  disposed | between the compésite

dielectric layer 110 and the substrate 100, and in the low-k

dielectric layer.108 of the composite dielectric layer 110.
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dielectric layer 110 and the substrate 100, and in the
lowk dielectric |ayer.108 of the conposite
dielectric layer 110. Therefore, elevation of the
overall dielectric constant of the conposite |ayer

Thekb@oean Racphevent e die FbGerdi1 aqdiféysi 00 bahEL gkt of
| ayer 114 is conformably fornmed in the opening 112

and over the lowk dielectric |ayer 108. The
thedickfiposdhebdayeerll@yern el prevarcmer.i se conducti ve
naterlal such as titanium (Ti), tantalum (Ta),

un1n trld tantal um.nitri (TaN), ar
Cortth BB ofis'  HEHE0te Lo AT AR LR S dsionCha PrERbLY
Iayer 114 is formed at a thickness of about 20-200 A
forllR¥l i@ tRENANSHIVE | pyer 31‘111:16 G R %ﬂ@d%&yﬁ @EQEE@!\:J_C :

such as copper or copper alloy Is then formed In th
opening 110 and over the lowk dielectric |ayer 108.

lay&he Id@hducThee didifarsibt6 baanidxe fepaediby kmoyncomprise
el ectrochem cal plating (ECP) when - utilizing copper

or copper allogy_as conductive material therein. In
congngtiye mREegdpd Gdr hetdtpnduRord THarr itedntalmyndTa) ,
t he conductive layer 116 over the opening 112 are then

titanium nitride (TiN),  tantalum nitride {TaN), or
combinations thereof. WNormally, the diffusion barrier layer
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 is then formed in the opening 110 and over
the low-k dielectric layer 108. The conductive layer 116
‘can be formed by known electrochemical plating (ECP} when
utilizing dopper or copper alloy as conductive material
therein.

In Fig. 4, the portion of the diffusion barrier 114 and
the conductive 'layér 116 over the opening 112 are then
removed by, for example, chemicalr mechanical polishing
 (CMP), such that an interconnect with a planar surface
_remains. Next, an additional conductive cap 118 is

selectively formed over the conductive layer 116, providing
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renoved by, for exanple, chemical nechanical polishing
(.CWP), such that an interconnect wth a planar - :
surface renmains. Next, an additional conductive cap
_ 118 is selectively formed over the conductive |ayer
encapbulpt ovhdtngrencapsuhathontbper eohef coRBLBEiIOPcaghels
- conductive cap 118 can be selectively forned by, for
exanpl e, electroless plating and may conpri se

cancohgluctg IS vdtedni alforaech B¥, cobai t examgstencteoWyoless
cobal t phosphorus (CoP), or cobalt tungsten

osphorus The co CtIV
p1aP IR0 e f Dot dl RN S5 ToR A SRBpofs, sopalt
conductlve feature Sis forned and undesired

tunfBtEen | ayew) | oaoﬂat£U§he§ﬁh&9uéh@ceﬂjaceﬁtcbewak tungsten
dielectric Iayers fromthe conductive material, for

exanpl e copper or copper alloy, of the conduct i ve
phosphvve Sl be tThss adridvatdtved cap plévenrthebde fanmed at
interconnect wi th harnoni zed stress is thus forned.

a dielectric | 2Q such_as | ow Kk ,
@ Qﬂ%ﬁ F % SHt |§g¥oé%éd overTPﬁeeEBEPk di efeRerFEive
| ayer 108 and the conductive feature S. Sequentia

reaPifcesses GRe THd hetae Pardor e oy g e diel &Effthgion

| ayer 120 to thereby conplete the intedgrated circu

fabrication.
to the adjacent low-k dielectric layers from the conductive

material, for example copper or copper .alloy, cf the
conductive feature S can be thus eliminated or prevented.
An interconnect with harmonized stress is thus formed.

Next, a dielectric layer 120 such as a low-k dielectric
layer is formed over the low-k dielectric layer.108 and the
conductive feature S. Sequential processes can be further
performed on the dielectric layer 120 to thereby complete
the integrated circuit fabrication.

in an .exemplary embodiment, the interconnect 1is
illustrated as 'a dual damascene etructqre with a conductive
feature S having a cdnduétive‘plug and a conductive line.
The stress~harmenizing layer--106 formed in the dual

damascene structure can harmonize the tensile. stresses
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In an exenpl ary enbodi nent, the interconnect is
irllustrated as a dual danmascene structure with a
conductive feature S having a conductive plug and a
conductive line. The stress-harnonizing |ayer 106

withof neghén i hee dt@hne Samascaney st %}ﬂ@‘&i’cﬂ&j Cay hagmoni zey-x
the tensile stresses 10 within the interconnect mainly

. provided by the lowk dielectric |ayers. Moreover,
dleﬁ%%%@#% ikt ocati ons of the stress- harnonizing | ayer
106 may vary. For exanple, the stress- harnonizing

| ayer 106 may_be | ocated .el sewhere than _illuystrated
| MEEVeE THEEY T RS s RRFmOM STY Ty er ©106 ©B5n  BeFess-
formed in the lowk dielectric |ayer 108 surroundi ng

harhd¥ei z RPelaféeNehoPakll Aarll2a, rFas Thewpieh R Srrdds-
addition, Tnore than one stress-harnoni zing | ayer
~(referring to the stress-harnonizing |ayer 106a-c)
harmean dend or hegerat V@6 i omsy pbositilowstien! t hel sgoiposd t echan
| ayer 110, surrounding the conductive feature S, as

. ... Shown i ,Figh 6. Since there is_no need for_additiona
- lll%%w*‘s%‘%plﬂ s 4-f of PEhELFREEFRBANRRE Z1RGelaver 106 can

stress-harnoni zing |layer 106 is
be formed in the low-k dielectric layer 108 surrounding the

upper trench portion 112a, as shown in Fig. 5. 1In addition,
more than one stress-harmonizing layer ({(referring to the
stress-harmonizing layer 106a-c) can be formed at wvarious
~positions in  the composite layer 110, surrounding the
éénductive feature S, as shown in Fig. 6.

Since there is no need for additional etch stop layers
foi the interconﬁect, thg stress-harmonizing layer 106 is
preferably formed at a distance from the  topmost or
bottommost surface of the conductive feature S for ease of
fabrication.

In addition, if the etch stop layer 1is desired, the.
st_re'ss——harmonizing layer 106 may be formed at a distance .

from the juncticon of the wvia portion 112a and the trench
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preferably formed at a distance fromthe topnost or
bott oomost surface of the conductive feature S for

ease of fabrication. In addition, if the etch stop
| ayer is desired, the stress-harnonizing |ayer 106

porfBY¥nbe1fereed it Hdiisipnee, fhereb ephseegam@ Pbciheons
via portion 112a and the trench portion 112b t he

E openi ng 112, thereby providing |ocations for
forfﬁpn%@tiﬁﬂcﬁfSﬂEﬂleﬂEﬂl§ﬁ@@ layer.-. In the above
exenplary enbodi nents, the interconnects are

ated as a dual. damas structure. |t wll be
iy Eh B0 G5, Rt RS et ey M Fconnects
invention can be also applied to a single damascene

areSEfLHJGEHE&é‘@'gg‘ !asdua@otda%'a%@éﬁée%t'i%(:%uﬁr@r It will be
sinplicity. As shown : 4 "an enbodi ment “of an

i nterconnect wth harnnnlzed stress is illustrated.
unddhetood ebgonhest skidlledesira shbstrat ¢hbavithg ainvention
conductive nenber. A conposite lowk dielectric |ayer

interposed with at |east _one stress-harnonizing |ayer,

can thx 230 ARRIEES teng sibgtpafianasaerendEtvere ettisite s
formed in the conposite lowk dielectric |ayer passes

- not LA QUL I 3 'f%?sglﬁB?Ll%EE?SS'

As shown In Fig. 4, an embodiment of an interconnect

with harmonized stress is illustrated. The interconnect

. includes a substrate having a conductive ‘member. A
composite low-k die;ectric layer interposed with at leaét
one stress-harmonizing layer therein overlies the substrate.
A conductive feature formed in the composite low-k
dielectric l'ayer passes through the at leést one stress-

. harmonizing layer to electrically connect the conductive
member.

In the.above eXemplary embodiments, tensi‘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 those occurring in a damascene structure when

12




harnoni zi ng | ayer to electrically connect the
conductive nenber. In the above exenpl ary

enbodi ments, tensile stresses provided by the | owk
dielectric layers. of an interconnect are harnonized

utibyz{0§ Mabior oficatckeas] ome 1St riegsroaIgTORd i A8 1ayeror
W th conpress stress, preventing problens such as
those occurring in a damascene structure when 12
theyint¢peonpaddve- k dielectric, while inproving
reliability of the interconnect. Mreover, the top

surface of the conductive feature S in the
o anthe  HEARSE! Ated 5, SOEBRIIYE VistFe S
| ayer to reduce need for uses of etch stop |ayers,
in ¥hEhinfastHSeStiChaRSp &l £6Ld0s M LA 9P 4 EMnductive cap
performance of the interconnect thus ensured. The
i nt erconnect wi thout etch stop |ayer is thus obtained
layert hosimgiude edeédbrfiocatuses and dtmhk cesdp Waivleerst hevith
i nventi on has been described by way of exanple and in

terns of preferred enbodinent, it _is to he
factors such as electro-migration (EM) performance of the

- interconnect thus ensured. The interconneqt without etch
stop layer is thus obtained 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 limited thereté. To
the contfary, it is intended to cover various modifications
and similar arrangemeﬂts (as would be apparent to those
skilled in the art). Therefore, the scope of the appended
-claims should be accorded the broadest interpretation so as
to encompass all such modifications and Similar

arrangements,
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understood that the invention is not limted thereto.
"To the contrary, it is intended to cover various

nodi fications and simlar arrangements (as would be
apparent to those skilled in the art). Therefore, the
scope of the appended clains should be accorded the
broadest interpretation so as to enconpass all such

whadijfsl cakiipRs agd simlar arrangenments. Wiat is
claimed is: 1. A nethod for formng an interconnect,
conprising: providing a substrate with a conductive
menber thereon; formng a conposite [owk dielectric
| ayér i At er pesaadwi t foat | éasmipnge stnessinterconnect,
harnonizing | ayer therein overlying the substrate;

rmn an opening in the conposite lowk dielectric,

COE§§§Fﬁ 9t hrough the stress- harnonizing |ayer and

exposing a portion of the conductive nenber; and

providing a substrate with a conductive member
thereon;

forming a composité low-k  dielectric layer
intgrposed with at least one stress~
harmonizing layer therein overiying - the
substrate;

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

filling the opening with conductive material tg
form a conductive feature, electrically

connecting the conductive member.

2. The method of c¢laim 1, wherein formation of the
'Composite low-k dielectric layer interposed with at least

one stress-harmonizing layer therein comprises:
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filling the opening with conductive nmaterial to forma
conductive feature, electrically connecting the
conductive nmenber. 2. The method of claim1, wherein
formati on of the conposite lowk dielectric |ayer
interposed with at | east one stress-harnonizing | ayer

t her ei I Ses: a) form I St :
| ow Eég‘ig g@ﬁ?cgogéﬁsgt )ﬁéaygﬁg]sc{kgaj?oe{ j{b(§lAfl?)ér/érencrrnlg;.cf a of
stress-harnoni zing | ayer over the first |ayer of

| ow k di ehecsubtrete (c) form ng a second | ayer of

| ow-k dielectric over the first stress-harnoni zi ng

| ayer. 3. The nmethod of claim2, further conprising
repeftl nd WHESt eps FEHetTIhdgronkzinchslagrEe 26°¥ ortie
a conposite lowk dielectric layer interposed with a

plurality. t - har,noni zi | ayers. 4. . The net hod
of clai myjzg%\;legrﬁeﬁ [ rlsotW a}lcn l%f%‘éecsésré‘génanﬁow k
dielectric |ayers conprise tensile stress and the

firstesti@EeMArAEIHY 188F SONS-S€Tielectric over

the first stress-harmonizing layer.

3. The method of claim 2, further 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 c¢laim 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, wherein steps (A)—(C)
are performed in-situ by plasma-enhanced chemical vapor

deposition.
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conpressive stress. 5. The nmethod of claim?2, wherein
steps (A)-(C) are perforned in-situ by =~ _

pl asma- enhanced chem cal vapor deposition. 15 6. The
met hod of claim 1, wherein the at |east one .
stress-harnoni zing | ayer conprises oxide, oxynitride,
silicon carbide, nitride, silicon carbine containing

oxygen (BlaGR@od Wt sb1d GO canhing CaMHaAidH NEast one
nitrogen (SixCyN,). 7. The met hod of claim1, wherein

- the at least one stress-harnonizing |ayer is formed
sta¢ser-hduinpknesgicof lagbout QOEIGEE A.oxg.defthe amrhidd igle,
claim1, wherein the at | east one stress har nmoni zi ng

er co eSS|ve stress . _about 30
51 LB o SRR e R AT 1L LR Tor T A atC A g
one stress- harnnn|2|ng | ayer does not contact the

oxsggstrggq%OO{ the top S acgrpint heoreaRAshye HidWdgen
di el ectri ayer.

(S1ixCyNz} .
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 50-350 MPa.

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

layer.

10. An interconnect, comprising:

a substrate having a conductive member;

16




10. An interconnect, conprising: a substrate having a
conductive nenber; 16 a conposite lowk dielectric

| ayer interposed with at |east one stress-harnoni zi ng
| ayer therein overlying the substrate; and a
conductive feature in the conposite lowk dielectric

layer ,cagssire thépughdtbgeatri €ashye®nNenterposed with
‘stress-harnoni zing | ayer and electrically connecting
t he conductive nenber. 11. The interconnect of claim
10, wherain lidest conposittresbohekmdinet eeyr ilevieay etherein
conprises a plurality of lowk dielectric portions of
tensile stress.int rleavesgac with at |east one
st ress- haf ib %?%g§?%yﬁﬁ> Tt AP Essi ve stress. 12
The interconnect of claim10, further conprising a

conductdamRnian weel egbhvely fanmedian therberitsur fage i
of the conductive feature. 13. The interconnect of
claim 10, wherein the at |east one stress-harnoni zi ng

| ayer cowjeleesric layer, passing through the at least

one stress-harmonizing layer ‘and electricélly

connecting the conductive member.

11. The interconnect of «c¢laim 10, wherein the
composite low-k dielectric layer comprises a plurality of
low-k dielectric portions of tensile stress interleaved
with  at least one stréss~harmonizing layer of

compressive stress.

12. The interconnect of claim 10, further
comprising a conductive cap selectively formed on the top

surface of the conductive feature.

13. The interconnect of c¢laim 10, wherein the at
least one sStress-harmonizing layer comprises oxide,

oxynitride, silicon carbide, nitride, silicon carbine

17 .




oxi de, oxynitride, silicon carbide, nitride, silicon
carbi ne 17 contai ning oxygen (Si aCbCc), or silicon
carbi ne containing nitrogen (SixCA ). 14. The

i nterconnect of claim 10, wherein the at |[|east one _
stress-harnonizing layer is formed at a thickness of

coﬁbgyﬁigé’o%@&é)n Acsi,olhe éf‘t_@{fﬂﬂﬂ?%af’éiﬁé a:fc?ﬁt"aorning
wherein"the at [eaSt oOne stress-harnonizing | ayer
conprises a conpressive stress of about 50-550 MrPa.
nitbogemt esayngcet of claim 10, wherein the at |east
one stress-harnoni zing | ayer does not contact the
substrate or the top surface of the conposite |owk
dielectric layer. 17. A dual danmscene structure

conbti siThe I1RTELESPREFR IRdvi AR HN cdfducthsre fenbbe; 2%

conposite lowk dielectric |ayer interposed with at .

1e§§gstoage §£%g§§-ﬂgwgmzmgg | pygLoveLl VisRgnetihear

strate; 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 MPa.

16, interconnect of claim 10, wherein the at least
one stress-harmonizing layer does not contact the
substrate or the top surface of the composite low-k

dielectric layer.

17. 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 overlying

the substrate; and
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18 conductive feature in the conposite | owKk
dielectric layer, passing through the at |east one
stress-harnoni zing | ayer and electrically connecting
t he conductive nenber, wherein the conductive feature
conprises an underlying conductive via and an

overl) yi Rauel i ve i stgcke her 8.. The ..

' duaﬁ dd%ggggne §%rugﬁﬁFg§8f o ain?%%, é&ﬁggigiﬁzhefow .
conductive feature conprises copper or copper alloy.
19. The dualedamhiscéngestr patgriegoftidcaign the atheleast
the conposite lowk dielectric |ayer conprises a
plurality of lowk dielectric portions of tensile,
stress PhEerfeRFT MaeEz P gasiappe and electrically
stress-harnoni zing | ayer of conpressive stress. 20.

The dual cgﬁﬁééﬁfﬂgsﬁwcwﬁ&u@éﬁé ALy WARLEHR TS

at | east one stre arnoni zi hg 1ayer cohpri ses
oxi de, oxynitride, silicon carbide, nitride, silicon
carbi ne contiatbing oxXpgenreS aapgd)ise® Sdd i C@Rderlying

conductive via and an overlying conductive line

stacked thereon.

18. The .dual damascene structure of c¢laim 17,
wherein the conductive feature comprises copper or copper

alloy.

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

compressive stress.

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

comprises oxide, oxynitride, silicon carbide, nitride,

19




car bi ne containing nitrogen (Si, Qy

silicon carbine containing oxygen

carbine containing nitrogen (SiyCyN,).

20

N, ). 20

( SiaCbOc) ’

or silicon




