BECOL | NTERCONNECT STRUCTURES W TH | MPROVED RESI STANCE
TO STRESS BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to sen conductor devices,

and nore particularly, to back-end-of-line (BEQL)

i nterconnect structures. [0002] Integrated circuits
typically include a plurality of sem conductor

devi ces and interconnect wiring. Networks of netal
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sen conduct or devi ces from above the sem conduct or

portion of t I L ple l.s of netal
i nt er connect %Pﬂ@ﬁsgwé%mbc%tgﬁsgr portion
of the substrate are connected together to forma
back-end-of -line ("BECL") interconnect structure.

Wthin such structure, netal lines run parallel to

the substrate and conductive vies run perpendicular to

t he substrat eBAGKGROUINRIER THEWNYENTHOS connect i ng

the different levels of netal wiring |lines. [0003] Two

devel opnents contribute to increased perfornmance of
[00@HNt enpdiharpresentdgvention relatesita sem@uadattor lemices, afrk more

use of copper as the interconnect netal in BEOL
pariiculanty; ombhack-esd-otHine (BEOL Y intertonridut strugtuess.

conductivity of copper than other traditional netals

such as al um num Another developnent is the use of a

[0002}w di ellrtegrated aialtartypicalyowdiide & @l@alityi 6f RBHfREdrlctor
in interlevel dielectric (" ILD') layers of the

deviges WHdlinrcdnrdP Wdng M RBHWERE BF nhetaliBScaitndd «ifR] Bpically
in the interconnect wiring |ayers,

connect the semiconductor devices from above the semiconductor portion of the

substrate. Multiple levels of metal interconnect wiring above the semiconductor

portion of the substrate are connected together to form a back-end-of-line

("BEOL") interconnect structure. Within such structure, metal lines run parallel to

the substrate and conductive vias run perpendicular to the substrate, the

conductive vias interconnecting the different levels of metal wiring lines.

[0003] Two developments contribute to increased performance of
contemporary integrated circuits. One of them is the use of copper as the
interconnect metal in BEOL interconnect structures, due to the higher
conductivity of copper than other traditional metals such as aluminum. Anocther
development is the use of a low dielectric constant ("low-K") dielectric material in

interlevel dielectric ("ILD") layers of the structure.



a dielectric barrier layer or "cap" is typically

requi red between copper features and the ILD |ayer to
prevent copper fromdiffusing into certain types of
ILD dielectric material to prevent the copper from
spoiling the ILD dielectric material. [0005] Under
certain circunstances, chips my be subjected to
external stresses, either during the nanufacture or
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conditions are present after UV processi Eg SUMVARY
THE | NVENTI ON [ 0006] | n accordance with an aspect
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back-end-of-line ("BECL") interconnect structure. The
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interlevel dielectric ("ILD") layers which include a
pacaged athipsc arat moualedc or dbstalley iol an asieckr@tic ($y¥em for use.
radiation, A plurality of netal interconnect wring
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| ayers bei ng adapted to reduce diffusion materi a
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after UV processing.
SUMMARY OF THE INVENTION

[0006] In accordance with an aspect of the invention, a chip is provided
which includes a back-end-of-line ("BEOL") interconnect structure. The BEOL
interconnect structure includes a plurality of interlevel dielectric ("ILD") layers
which include a dielectric material curable by ultraviolet ("UV") radiation. A
plurality of metal interconnect wiring layers are embedded in the plurality of ILD
layers. Dielectric barrier layers cover the plurality of metal interconnect wiring
layers, the dielectric barrier layers being adapted to reduce diffusion of materials
between the metal interconnect wiring layers and the ILD layers. One of more of

the dielectric barrier layers is adapted to retain compressive stress while
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2 withstanding UV radiation sufficient to cure the
dielectric material of the ILD |ayers, neking the
BEOL structure better capable of avoiding deformation
due to thermal and/or nechanical stress. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0007] FIG 1 is a
sectional viewillustrating a BEOL interconnect
structure wused for nodeling effects of stress. [0008]

: 2 i Lonad sview i|lu | , A
wittgiaaify, By da3Rbh S oHcH SUA B Ao oduGaMRieLBf doe duo
of stres [A0Q9] . FI G s a sectjonal. vi of a
iyl ek ffiahe Hrtde srlein Bave sdbatis ebraried dRaragon due to
first enbodi ment of the invention. [0010] FIG 313 is
thermatadarinaechanigavsiiessy sectional view of the BEOL
i nterconnect structure illustrated in FIG 3A [0011]
FIG 4 is a magnified fragnentary sectional view of
the BECL i BRUrEDRSERIPIIONCOEITEE PRAWIYGS i on of the
enbodi nrent shown in FIGS. 3A-3B. [0012] FIG 5 is a
sectional view of a BEOL interconnect structure in
[008&cor darfde. hiis B sectional viewrbstrating adiE@hénterspenetiostructure
[0013] FIG 6 is a magnified sectional view of the
useBHE@ miodekng effests of stséssuct ure in a variati on of the
enbodi nent illustrated in FIGS. 3A-3B. 3 DETAILED
DESCRI PTI ON
[0008] FIG. 2 is a sectional view illustrating a modified BEOL interconnect

structure used for modeling effects of stress.

[0009] FIG. 3A is a sectional view of a BEOL interconnect structure in

accordance with a first embodiment of the invention.

[0010] FIG. 3B is a magnified fragmentary sectional view of the BEOL

interconnect structure illustrated in FIG. 3A.

[0011] FIG. 4 is a magnified fragmentary sectional view of the BEOL

interconnect structure in a variation of the embodiment shown in FIGS. 3A-3B.

[0012] FIG. 5 is a sectional view of a BEOL interconnect structure in

accordance with a third embodiment of the invention.

[0013] FIG. 6 is a magnified sectional view of the BEOL interconnect

structure in a variation of the embodiment illustrated in FIGS. 3A-3B.



[0014] Certain low dielectric constant ("lowK"') |owK
ILD materials, e.g., SIiCOH are best cured using W
radi ation, or require ultraviolet ("UV') to cure.
Exposure to UV radi ati on can cause the properties of
materials utilized in a BECL interconnect structure
to change. Sonetines, such changes can lead to

defects in the BECL interconnect structure which m ght

appear | ater aftebémLEB'b@S&ﬁPﬁlgﬁ?rgone stresses

attendant with | ong-termuse To test the
long-termreliability of a BECOL |nterconnect structure
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i nterconnect structure 10 includes a series of |owK
Expasurerde &9V dladjatipar cam sauss dhe i riepertien famatesiale ufllized in a
mat eri al such as porous SiCOH, for exanple. Enbedded
BEGiLtintaficenneiet Blractuesy tor chandes Sometirles, wich aganges can lead to

i nterconnect |ayer 14. When SiCOH is exposed to W
defeetdi iat thenBEDL intardsnriext sawgture evhiemsnigat appesslatathafiter the
subjected to thermal cycling stress, tensile stress in

chip e uhdergéndistlessés hteritRine Withl los@terAeuRge the BECL
I nterconnect structure. [0016] Specifically, stress

corrosion cracks arise over tine in the lowK |ILD

[oonB] er i alTovst thE Gomgtisn E’eﬁ@bnit)ﬂb@rapBErmciintéﬁchﬁéétrﬁrJéﬁJre

is cycled between | ow and hi tenperature extrenes
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erconnect | ayer are a gned w t er In
ol 1B Y e AN TS
FIG‘;%?L;C&S%HQBS% ﬁék@o&e?rfggagﬁgﬂ_ ira1l e%oor{ne gtrrll?c ure JIO includes
a series of low-K ILD material layers 12, each including a dielectric material such
as porous SiCOH, for example. Embedded within each ILD layer 12 is a metal
wiring interconnect layer 14. When SiCOH is exposed to UV radiation, it tends to

acquire tensile stress. When subjected to thermal cycling stress, tensile stress in

such low-K dielectric material can damage the BEOL interconnect structure.

[0016] Specifically, stress corrosion cracks arise over time in the low-K ILD
material when the model BEOL interconnect structure 10 is cycled between low
and high temperature extremes. As shown in FIG. 1, features 14 of the metal
wiring interconnect layer are aligned with each other in the BEOL test structure
10, a factor which can heighten the effects of long-term stress such as due to

cyclical application of thermal and/or mechanical stress thereto. As a result of
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4 such thermal cycling, a crack 16 devel ops between
adj acent features 14 of each netal wiring |ayer, the
crack extending fromthe uppernost |ILD |ayer 12
downward to the | owernost one of the ILD |ayers 12. |f
an actual chip having simlar UV-cured |owK ILD

| ayers were subjected to simlar stresses, one can
predict fromthe results of nodeling the BECL

[ >t st re, shown ,i FIG, 1 that the
suct Bl LEAYa, 3 piseh S SR tehuptp ddiacan{ Fatyrem1 4 of eacn
ers. [0017], FIG 2 illustrates a nodel BEQOL
melef GiiBanuer e (el edenclidnion 15 UPRAIMEROM faver 12
FIG 1, but in which a dielectric barrier layer 22
dovymgarditadhe dewersnostinne ofethal ILPdayenset?. 241f @ntratiert chim having
respective ones of the ILD layers. FIG 2 illustrates
Simi'ﬁ'éBNe@M!rBd lowv-K UlD Hayersoderei supjésted he similandtarsses hate can
when the dielectric barrier |ayer 22 has an internal
predieh friolve trst ressitts af rhedeimgstheeBEOLeintdre@sRt stUEtURY shown in
curing of the ILD dielectric material with W

FIG. acthat themctual Shipes6ule ASOSIHMIL SratkKindBe ||925'1£fé¢% _
through both the ILD I ayers 26 and dielectri'c barrier

| ayers 22 of the structure 20. The presence of the

[00¢TEl ect FIG. PAlUstated 2YRIdel BEDLOMEarcdhifitt %Hﬁauréo% %i@gar to

| ayer has tensile stress, does not avold the crack

thalf SRTNFEE @) 29030 wREABAAAELRD o 18/kr B SIcRad &oh of the

ayers 26 and dielectric barrier
the tensile die
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curing of the ILD dielectric material with UV radiation, a stress corrosion crack 28
extends through both the ILD layers 26 and dielectric barrier layers 22 of the
structure 20. The presence of the dielectric barrier layer 22 alone, when such
barrier layer has tensile stress, does not avoid the crack 28 from emerging and
propagating through several ILD layers 26 and dielectric barrier layers 22 of the

structure 20. In fact, the tensile dielectric barrier layer may even contribute to the

severity of the resulting crack.

[0018] Referring now to FIG. 3A, a first embodiment of the invention will
now be described. FIG. 3A illustrates a BEOL interconnect structure 300 of a
chip 305. The BEOL interconnect structure is formed atop a front-end-of-line

("FEOL") portion 310 of the chip that includes a FEOL semiconductor devices in



chip 305. The BEOL interconnect structure is forned
atop a front-end-of-line ("FECL") portion 310 of the
chip that includes a FEOL sem conductor devices in 5
a sem conductor substrate portion 306 and conductors
typically provided in an FEOL interconnect |ayer 308
bet ween the BEOL interconnect structure 300 and the
sem conduct or substrate 306. Together, the BEOL
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provi erconne
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K W-curable dielectric materi aI Preferably, the

30%@!&1 téw@tFrEQL iRieEsonaEcdaren 3q&preyisleriniessanpest wising @nong and

nore of porous SICOH The dielectric constant of the
between samiganduictor eeeicablof the elipvandhéxtemal cangectioh gad8 dfdhe

2.6, with 2.4 being an exenplary val ue. Copper wring
chip.i nes 314 are enbedded within the series of ILD

| ayers, typically as damascene processed lines inlaid

within trenches in the ILD layers. Vertically oriented
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copper wiring lines. Typically, the vias are also
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may be fornmed at the sane ti me as t he conducti ve

maﬂehQPSPr‘éfferEBI&Etr%adTEIek:ﬁ\é%af Vﬁ?% esgé"rq%%%'%?etowrlrgore of

process ver the con nes can

pOI’é’Ly F&dﬂﬁr Tie %?ﬁ&?‘% crs?glggg??#ﬁ qg@%aten pre eratgly?es within a

ractlve pa

range of 1.8 to 2.6, with 2.4 being an exemplary value. Copper wiring lines 314
are embedded within the series of ILD layers, typically as damascene processed
lines inlaid within trenches in the ILD layers. Vertically oriented conductive vias
provided conductive paths between the copper wiring lines. Typically, the vias
are also formed by a damascene process, and vias of one level may be formed
at the same time as the conductive lines of that same level in a "dual
damascene" type process. However, the conductive lines can be formed by
other processes such as blanket deposition and subtractive patterning, such a by

reactive ion etching.

[0020] The inventors have discovered a way to increase the ability of the
BEOL interconnect structure 300 to withstand thermal and/or mechanical stress

by providing compressive stressed dielectric barrier layers 360 overlying each of



reactive ion etching. [0020] The inventors have

di scovered a way to increase the ability of the BEQOL

i nterconnect structure 300 to withstand thermal and/or
mechani cal stress by providing conpressive stressed
dielectric barrier |layers 360 overlying each of 6 the
copper wiring lines 314. Conpressive stressed .
dielectric barrier layers 360 help counteract tens;le

the ?ﬁ?ﬁé@@aﬂ fes™14.n dow?pr‘ég%wg %Frggée?r gﬂ'\é\\ﬂoe_rc&nrl]cﬁ g:ls\r'rlré? Yaydrs 360

L structure asinrtialty
el SRR P A e BRSO oo sBepet e g of the

rycture 300 due to therpml and nechani cal stresses
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dielectric barrier |ayers 360 are also required to not
layeya dé0ycannavoichsevarnalefermationaf tae BIESY! intercopment structufre 300

the BEOL interconnect structure. In addition, the
duedpdherenal iapdiraechamical alresses3B@r thestisalifetime dfitisé ahig.

processing used to formthe ILD |l ayers, e.g., W

radi ation used to cure ILD |layers when such |ayers
[002thsi st Hosweet,ithkldielettria bavieKlayerd 860 rare algt Riquired to not

e.g., porous SiCOH [0022] Referring to FIG 3B, one

undsiyl idreaselitae oafesidebicldistric NaRRERHE Sofl $hd BEOL OMt&lRoRhect
dielectric barrier layer 360 which includes a series

struefuré WO IPTaddRiof, 9 CheReINtebYrrdPRapesed60 must alsg ﬁ/ithstand
conpressi ve-stressed subl ayers, e.g. sublayers 322a,

| K
ool et (B e LR LY V19 8l Bl v
whﬂ%éc}.hé?a%tsagc%s?sq é‘:’stsreH&éIPyr gf e I(t'JvK]/-II{1 d|% eccrt]rit(:]I Imealtgﬁél,r Ief:g., porous

SiCOH.

[0022] Referring to FIG. 3B, one solution discovered by the inventors is to
provide a dielectric barrier layer 360 which includes a series of two or more
successively deposited compressive-stressed sublayers, e.g. sublayers 322a,
322b, 322c, etc., each sublayer having an low-K dielectric material composition
such as SiCNH. The multi-sublayered structure within each dielectric barrier
layer 360 retains compressive stress better than one individual dielectric barrier
layer 360 would standing alone. Preferably, the effective value of the stress for
the whole dielectric barrier layer 360 is between about - 0.1 GPa and about -0.5

GPa, after the ILD layers have been cured by UV radiation.

[0023] One reason why the dielectric barrier 360 retains sufficient stress

may be because each sublayer 322a, 322b, etc. of the barrier 360 absorbs stress

7



| ayer 360 retains conpressive stress better than one

i ndi vidual dielectric barrier |ayer 360 would
standi ng al one. Preferably, the effective value of the
stress for the whole dielectric barrier layer 360 is
bet ween about - 0.1 GPa and about -0.5 GPa, after the
I LD | ayers have been cured by UV radi ation. [0023] One
reason why the dielectric barrier 360 retains

o TSRS BPRFRS WU R RESRYRE, SECLaBH hEHE, e
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e 28 A R i e 3 e d 5% ar

wiring line 314 and becones | ess conpressive as a
becpmgg) less ppmdlessivesat B reawit.ayioweyepasuchaublayes 322a transfers
substantially less than all of the stress it absorbs
substamtinllh ess dippre all wf tHenstréssnie aBdetbs tont e capgeradiiag 6né 314
subl ayer 322b. In turn, the next adjacent subl ayer

to tB@Zext tadfenshesabiaybs Bagb.i anl wrh.e® dd@ndddern®fsubler 322b
stress that it absorbs from sublayer 322b to the next

traniRfeb eJubstivtiaMelesd2han ANEf %ﬂegéz’%ﬂki)él ié{&?s@r%gbﬂr&ﬁt sfftayer

of two or nore sublayers 322a,
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prefera a conpressive Siress

b - d t. 0.5 ,GPa to th LD | ayer .
mor thaicts szeey 372 See el R T Buon 70 apidhided which
oGSl oroh e 3o Pt AT Bl lR BB S B e about
05{30RG e I1h Byrests ormesietainauiacaatenhodis ariee batier yer.

barrier layers 360 (FIGS. 3A-3B). In this

[0024] In a variation of the above-described embodiment, FIG. 4 illustrates
the structure of a compressive stressed dielectric barrier layer 460 utilized in
place of the above-described dielectric barrier layers 360 (FIGS. 3A-3B).  In this
case, each dielectric barrier layer 460 is formed by depositing a layer including a
first low-K dielectric material, e.g., SICNH, and then applying a post-deposition
treatment with hydrogen thereto. The resulting dielectric barrier layer 460 has a
lower hydrogen concentration region at the surface 419 of the copper metal line
418 and a higher hydrogen concentration region near its top surfacefarther from
the copper metal line 418. Preferably, but not strictly required, the gradient of the
hydrogen concentration within the dielectric barrier layer 460 monotonically
increases with distance from the top surface 419 of the copper metal line 418 to

the top surface 422 of the barrier layer 460. Such barrier layer structure 460 is

8



case, each dielectric barrier layer 460 is formed by
depositing a layer including a first lowK dielectric
material, e.g., SICNH and then applying a
post-deposition treatnent with hydrogen thereto. The
resulting dielectric barrier |layer 460 has a | ower
hydr ogen concentration region at the surface 419 of
the copper netal |ine 418 and a hi gher hydrogen
: e, t f f
rete{?r‘igéﬁc%ﬂ%gr('cf}f?}p?%%ﬁ\%ﬁ R Ywbf B 20157 @pSI AHd 5% EP8ter
st.rict i red nt of the r N, o .
oxoBafiscit Pad FRVETS b it 1Y Gl feg B s 1 BRI dipfgetric
nonot o i ncreases with distance fromthe top
ma@g@k%{égei@ %‘Ierst-he copper metal line 418 to the top
surface 422 of the barrier |layer 460. Such barrier
| ayer structure 460 is 8 retains a stress
[0023npr e £y )i @f Pastiahiastionploview-¢f. a BESY- Hiiercopnectgtaicture
after exposure of the ILD |ayers to the UV radiation
500uire dceasdanse: wWitheargitigyHeibetisaenti of theaingentidn. ofSimiar td_that
| ayers. [0025] FIG 5 is a partial sectional view of a
shoRBEGind dé¢smribed mbove,sthe BEOL intefdOnéct shachurd ®00ds Vorhfed atop
anot her enbodi nent of the invention. Simlar to that
an BEBOWsaRfiateseiorossHiem B4 6, oft1ehiBHEE intéreBhfeUtliBACST devices of

structure 500 is formed atop an FECOL (sem conduct or)

the R’:ﬂfﬁ ' thth%l@EGT_ |ﬁteF(an'ﬁeEt°§trucR&|%r 5008RGWH 0 FAE. 9EYhE g?‘ more

the chip. In the BEOL interconnect structure 5

dlelﬁéﬁl\éﬁbérggﬂz la&e 52@{\1?1 hiH 1185 uct‘?x'r]efl r?cl‘fﬁd(;és c@rﬂh_pérsgélsei sfressed

ayers % structure 1 nel udes o
sicHh &R o palsof e BecbbieBin &t Rl o1 B 47 o€ gt
barp%rylggg’ mlogkglé ergggrtmesc S rﬁtctlljjrreess hg\%\rqlgqgwllé)YKDKlayLe[r)s because
its own dielectric constant, at about 7 or above, is higher than the target range for
dielectric constants. Accordingly, silicon nitride is usually avoided for use as the
dielectric barrier layer overlying copper metal lines in BEOL interconnect

structures.

[0026] Silicon nitride is very capable of retaining compressive stress
despite exposure to doses of UV radiation required for curing SiCOH dielectric
layers. Moreover, the thickness of the silicon nitride barrier layer utilized in the
BEOL interconnect structure helps maintain the rigidity of the structure against
tensile stresses which would ordinarily cause the ILD layers 512 below the silicon

nitride barrier layer 520 and the ILD layers 514 above the barrier layer to deform.



its own dielectric constant, at about 7 or above, is
hi gher than the target range for dielectric
constants. Accordingly, silicon nitride is usually
avoi ded for use as the dielectric barrier |ayer
overlying copper netal lines in BEOL interconnect
structures, [0026] Silicon nitride is very capabl e of
retaining conpressive stress despite exposure to

[oogppes OKCWrc{ith\ﬁjg,?iéi.tﬂ Eﬂﬁgt'iiﬁt@%oh@é&:ﬁ#ﬁi(c@e%ogog{lﬁgn nitride

di'el ectric reover, t ckness of

. Ity rrj.er. | r utili,zed in th B .
s e Sl &S5, LN E b dbvh ApUTRS ibrbyiGee isﬁé’ge@rcanv

the structure against tensile stresses which would |
only,AEPREPI 7 JerHionRavhers i AipercsnsarsVise s mars beneficwithout

nitride _barrier |ayer 520 and the |ILD | ayers 514 above
causing tha effeetiva diglactricocanstant ier obthedd2L imetonapetgtiuctune to

the BEOL interconnect structure 500, silicon nitride
excped aniallpweblesyslué.ngly as a dielectric barrier |ayer,

and thus is provided strategically only at one or

nore | ocations where its use can provide the nost
[002&Inef i t Tivet éftadtive chielscing ¢dmstaett flagtis \detativéhat by iconsidering

constant Keff of the BEOL interconnect structure to

the ernteibdtiom ohbactnaial extricinatsrial @WsHs Thetaalf Rplhativghce between
di el ectric constant Keff is determ ned by considering

contibétiveaiesi &@djé&én@%irﬂ@ﬁi&véﬂse&&ﬁdﬁg‘ t&ﬂk%iﬁhlat%%. To
the total capacitance between conductive lines o
ihaC Ngm Y, c i I ;
eoB Ot Vb BRI EbARCH e drbiGuldSb7E M Bxceeding an
h u .500_ f. eedin n Il | owabl
allofaple vafle, - Bleicti® Barlib TagSC AL Aol peiarBedy; fies BFOL
intetrcrg)%nggtos'tructure have a dielectric constant much lower than that of silicon
nitride. While it is beneficial for such lower dielectric constant material to be
compressive stressed and be able to withstand degradation due to the curing
dose of UV radiation, it is not essential. Therefore, in this structure, NBLOK is

utilized as the dielectric barrier layer 522 at locations of the BEOL interconnect

structure other than the one silicon nitride barrier layer 520.

[0029] FIG. 6 illustrates the structure of a dielectric barrier layer 660 for
utilization as the dielectric barrier layer, e.g., layer 360, in a BEOL interconnect
structure such as the structure 300 described above with reference to FIGS. 3A-
3B. In this embodiment, each dielectric barrier layer 660 includes a lower layer
620 contacting the copper metal line 618 and a second layer 622 overlying the

lower layer 620. The lower layer 620 includes a low-K dielectric material,
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i nterconnect structure have a dielectric constant rmuch
| ower than that of silicon nitride. While it is
beneficial for such |lower dielectric constant materi a
to be conpressive stressed and be able to w thstand
degradation due to the curing dose of UV radiation,

it is not essential. Therefore, in this structure,
NBLOK is wutilized as the dielectric barrier |ayer 522
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H reference to FI.GS. 3A- In this enbodi nent,
330859 aygrdncludes a %%Eﬁflalesﬁuqfh%sm@% nitride @andor ssilloonenxide or a
| ayer 620 contacting the copper netal line 618 and a
comigalinn phifertwo22 Iothis| geiseg thehw-Kodietectray eiates20 of THelower

| oner | ayer 620 includes a lowK dielectric materi al,

layer0 60 ehelpabkeepi tivd usffentiva disleetricalconstaht as. SHCtthe %tt@b‘ﬁﬁre
or Si COH The second Ilayer includes a |l owK

relativellyelotv; isindeatiey hinetmK cielBagican @S S Mifcodt h&s® and/or
follow ng exposure of the ILD layers to UV radi ation.

silicoR cxidendiel spdcall et é%ac%%‘gf %@yc%F)Pepﬁ/‘rfﬁgqﬁ\gam&

mat eri al such as silicon nitride and/or sitircon

oy KN B0y ¥ e 5 HEAABLS

the effective dielectric constant Keff of the
10031 *Cct Vil b Fhvefioh ethadh, B riol iR with certan
prefek PR SR ey (RO A Ehd SHRandSments cam be
made thereto without departing from the true scope and spirit of the invention,

which is limited only by the claims appended below.
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Preferably, Keff of the overall BECL interconnect
structure is less than 3.0. [0030] Wile the invention
has been described in accordance with certain
preferred enbodi nents thereof, many nodifications and
enhancenments can be nmade thereto w thout departing
fromthe true scope and spirit of the invention,
which is limted only by the clainms appended bel ow. 99
CLAIMS: Wiat is clainmed is: 1. A chip including a
cLAask-end-of -line ("BECQL") interconnect structure
conprising: a plurality of interlevel dielectric
C'ILD ) layers, said plurality of ILD Iayers
d|n a dielectric material curable by ultraviol et
Wh?ﬂ%\ga}mregd T'ation; a plurality of nmetal interconnect
W ring |ayers, each enbedded in one of said plurality
of ILD layers; and a plurality of dielectric barrier
| ayers, each covering one of said plurality of netal
interconnect wiring |layers, said plurality of
dielectric barrier |ayers adapted to reduce diffusion
of 1matechial isclodingearbauk-ehdablirad (‘B)ECOL'? tefdonnect structure,
interconnect wiring layers and said plurality of ILD
compmigitigs, at | east sonme of said plurality of dielectric
barrier |ayers being adapted to retain conpressive
stress while wthstandi ng U radiation sufficient to

Cu%eplﬁradhﬂ/ & l‘ﬁ*e?fétvﬁl GielB R {ﬂ.q?ﬁ%%ez 5 e?aﬁ ‘LJHr%IYt ?lj%\lﬁ layprs

The ‘chi as clainmed in cla

incIL‘Pélné LR él@&%?‘neﬁgﬂal curable by ultraviolet ("UV") radiation;

a plurality of metal interconnect wiring layers, each embedded in one of

said plurality of ILD layers; and

a plurality of dielectric barrier layers, each covering one of said plurality of
metal interconnect wiring layers, said plurality of dielectric barrier layers adapted
to reduce diffusion of materials between said plurality of metal interconnect wiring
layers and said plurality of ILD layers, at least some of said plurality of dielectric
barrier layers being adapted to retain compressive stress while withstanding UV

radiation sufficient to cure said dielectric material of said ILD layers.

2. The chip as claimed in claim 1, wherein said plurality of ILD layers and
said plurality of dielectric barrier layers together have an effective dielectric

constant of less than 3.0.
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said plurality of dielectric barrier |ayers together
have an effective dielectric constant of |ess than
3.0. 12 3. The chip as clained in claim1, wherein
each of said dielectric barrier layers includes a
plurality of sublayers. 4. The chip as clainmed in
claiml, wherein at |east one of said plurality of
dielectric barrier layers includes a post-deposition

trest We'cﬁ‘ﬂé? é%_ icLb‘?ngﬁgiiHQ:Ia‘lﬁml Pv\k/ﬂfed'em éétfhogf §%Hto\j\‘%§%tgilgrparrier

mat eri al h Ip as cldined Inclarm

I i ctric barrier layer includes
lay%igeﬂﬁ,%%%?gﬂg?lﬂpgfagltjtﬁ%ﬁeer dielectric barrier layer
having a top surface and a hydrogen concentration

radient in a direction normal to said top surface.
g. ﬁhiﬂe I‘E}‘?P %%g'émaﬁ clain dj wharein ahleastpne easaid plurality of
. plurality of netal interconnect wiring |layers include
dielecirigt bagrieq layersdpeudeshaviostidapssition treatieddaparsinalnding a low-K
second wiring layers having a second thickness greater
siliqomegprdainthgfateriak hi ckness, wherein said plurality of
dielectric barrier layers includes at |east one |ayer
including silicon nitride having a conpressive stress,

saigl dhel emptasosginhay &1 cRehg wHbERPSSH Qtefeg%?%ng dielectric
adj acent ones of said first wiring |ayer and said
ﬁ%@elr' ﬁa}(/ing a

varRGCRA, Ut SICNIST e oSSRt R A
top Su{Ta S8 i B 2eR conS ShPaRFrOREIE! R ASdecTaNdledine o, sai
top%ﬁﬁ’ﬁ&&m of silicon nitride.

6. The chip as claimed in claim 1, wherein said plurality of metal
interconnect wiring layers include first wiring layers having a first thickness and
second wiring layers having a second thickness greater than said first thickness,
wherein said plurality of dielectric barrier layers includes at least one layer
including silicon nitride having a compressive stress, said at least one layer being
disposed between adjacent ones of said first wiring layer and said second wiring
layer, and, otherwise, said plurality of dielectric barrier layers including a second

dielectric material, said second dielectric material having a dielectric constant

lower than a dielectric constant of silicon nitride.

7. The chip as claimed in claim 6, wherein said second dielectric material

includes SiCNH.
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7. The chip as clainmed in claim®6, wherein said second
dielectric material includes SICNH 13 8. The chip as
claimed in claim1, wherein at |east one of said
plurality of dielectric barrier layers includes a
first layer including a lowK dielectric materi al

adj acent to one of said netal interconnect wring

| ayers and a second | ayer including at |east one of

TR Ak AL T
ool ER P PRLoAEE ol PSRE S Bl RS, o

d.cI ai m 1 vthrel({] at |l east one of said plurality of
adjgqent 19,0 of ald, medalsintgiaoBnectaviringalayersnandfa setend layer
. plurality of dielectric barrier |ayers includes
inclyding & legistone of silicorneitrigte @r sikicari dioxide ovarlyihgisaidfirst layer.
wherein said BEOL interconnect structure is free of
stress cracks. 12. The chip as clained in claim1,

whéx eThe altip lasasdimedes clfimss)iwhaterl £4d fifst layeRindRies at least
| ayers are conpressive stressed. 13. The chip as

oneddf@iCRIH, ISICOHabABIGHWherei n at | east ones of said
dielectric barrier layers are conpressive stressed

bet ween about -0.1 GPa and about -0.5 GPa. 14. A

met o Hef cHig s | ' ks of -1in BEOL") ,
i nter conncelil:‘?lgg g@h%@ﬂ} @agﬁqav‘@%?%ﬁ a L%?SFP'&? Rysaid plurality of
ILD layers includes SiCOH and at least one of said plurality of dielectric barrier

layers includes porous SiCOH.

11. The chip as claimed in claim 1, wherein said BEOL interconnect

structure is free of stress cracks.

12. The chip as claimed in claim 1, wherein at least ones of said dielectric

barrier layers are compressive stressed.

13. The chip as claimed in claim 1, wherein at least ones of said dielectric
barrier layers are compressive stressed between about -0.1 GPa and about -0.5

GPa.

14. A method of fabricating a back-end-of-line ("BEOL") interconnect

structure of a chip, comprising:

14



14 formng a netal interconnect wiring |layer, an _
interlevel dielectric ("ILD') |layer and a conpressive
stressed dielectric barrier layer as a diffusion
barrier between the netal interconnect wiring |ayer
and the ILD | ayer; and exposing the ILD |ayer to a
source of ultraviolet ("UV') radiation to cure the

I LD | ayer, wherein the dielectric barrier |ayer

cor Sl mgc8 TR T oBhE ™ firigtBleh 1 [EHey@lflesbdiio (1007
vt 8 COE e S leolic Pagist Toder reifugion barrir

successively  deposifinp lurality of sublayers, 16.
et Tt MSTeIRterSHineek Y Teves asedhe b &vesrnet
structure as clained in claim14, wherein the
dielectric barrier layer is fornmed by depositing a
| ay@posingcihedilLiylayer tavaksatiret ef tultraviotet €1MA) raatiation to cure
applying a treatnent to the lowK dielectric nmateri al

theallDetaydepodiereingthehdieleayrer badrier [Aher rathimedcathpressive stress
fabricating the BECOL interconnect structure as cl ai nmed

whemtte [aDMadér iswuesei n the dielectric barrier layer is
formed by depositing a layer including SiCNH and
el evating a tenperature of said dielectric barrier

| aygy Tﬁ\? M&%@B@%ﬁﬂﬁﬁirﬁitg%%(#@@Erﬂ?%'ohﬂé?tés?ruﬁgg?}{sﬂgﬂmed

the I'LD layer to the so ravi o

. T f ,cating the BEQL . interconnect .
n éltg mc?ﬁr gﬁ] tgg‘ggl g{errgﬁe%#tﬁgc?%{ﬁ% Q%Yer\éﬁefj%m?dt f?¥ successively
' ' [ [ d epositing a
derffbfd HuFalof dfaydyer 'S formed by depositing
16. The method of fabricating the BEOL interconnect structure as claimed
in claim 14, wherein the dielectric barrier layer is formed by depositing a layer

including a low-K dielectric material and applying a treatment to the low-K

dielectric material after depositing the layer.

17. The method of fabricating the BEOL interconnect structure as claimed
in claim 16, wherein the dielectric barrier layer is formed by depositing a layer
including SICNH, and elevating a temperature of said dielectric barrier layer in
the presence of hydrogen prior to exposing the ILD layer to the source of

ultraviolet radiation.

18. The method of fabricating the BEOL interconnect structure as claimed
in claim 16, wherein the dielectric barrier layer is formed by depositing a first

layer including a low-K material adjacent to one of said metal interconnect wiring
15



| ayer including a lowK material adjacent to one of
said netal interconnect wiring 15 |ayers and
depositing a second layer including at |east one of
silicon nitride or silicon dioxide overlying said
first layer. 19. The nethod of fabricating the BECL

i nterconnect structure as clainmed in claiml1l6,
wherein the first layer includes at |east one of SI CNH

h d
oifo ShF 58S SR BT 5L Pl EbnSEie o
he B { t st t I d
s"'.&%%io%?ﬂm%r'%\wﬁ@e@%{s LRYBEID ayer i ncl udes & COH ang
the dielectric barrier layer includes porous Si COH

16
19. The method of fabricating the BEOL interconnect structure as claimed

in claim 16, wherein the first layer includes at least one of SiCNH or SiCOH and

the second layer includes at least one of silicon nitride or silicon oxide.

20. The method of fabricating the BEOL interconnect structure as claimed
in claim 16, wherein the ILD layer includes SiCOH and the dielectric barrier layer

includes porous SiCOH.
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