BEOL INTERCONNECT STRUCTURES WITH IMPROVED RESISTANCE TO STRESS
BACKGROUND OF THE INVENTION [0001]The present invention relates to semiconductor devices,
and more particularly, to back-end-of-line (BEOL) interconnect structures. [0002]Integrated circuits
typically include a plurality of semiconductor devices and interconnect wiring. Networks of metal _
interconnect wiring typically 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 ﬁ%r%ﬁ%@%%@ﬁa% BAEdSRESHIVE Tigs run perpendicular to the

substrate, the conductive vias interconnecting the different levels of metal wiring lines. [0003]Two
developments contribute to inc\’@&%@%@%ﬂ%%EWCE TO STRESS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to semiconductor devices, and more

particularly, to back-end-of-line (BEOL) interconnect structures.

[0002] Integrated circuits typically include a plurality of semiconductor
devices and interconnect wiring. Networks of metal interconnect wiring typically
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.



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. Another development is the use of a low dielectric constant ("low-K") dielectric material in
interlevel dielectric ("ILD") layers of the structure. [0004]When copper is used as the metal in the
interconnect wiring layers, a dielectric barrier layer or "cap” is typically required between copper
features and the ILD layer to prevent copper from diffusing into certain types of ILD dielectric material
to prevent per frqm spoiling the ILD djelectric material. [0005]Under certain circumstances,
chirr))s may Ede% § jected ef %Wésgﬁgc,féﬁﬁw dieY AR ARHSAURE D MIHRRAgHREf the chips,

' ' ' [ tem for use. Occasionally,
or when th% %"’}gﬁa relzg BQ%)IS are mounted gy installed ln an electronic system fo y

such stresses can-Cause UHEckiNGaRt JERmm HBITE ISR HRivRER SRR s SSifficulties lie

in finding &, iat rials and manufacturing processes which permit copper metal lines to be
utilized in c%ﬁgiﬂqt%pﬁé?;}% WK I eﬁneaﬂgr(i"glgf)?)ﬁ igmaﬁﬁ‘/\m% iff gﬁggg‘c ﬁoﬂi el present

tter UV pragrssing SHMYARY QE-Tik YRTION LBYRIASTeIs anss i e gsgect o the

invention, a chip Is provi

[0005] Under certain circumstances, chips may be subjected to external
stresses, either during the manufacture or packaging of the chips, or when the
packaged chips are mounted or installed in an electronic system for use.
Occasionally, such stresses can cause cracking and delamination of dielectric
and metal films therein. Difficulties lie in finding appropriate materials and
manufacturing processes which permit copper metal lines to be utilized in certain
types of low-K ILD materials, particularly when high stress conditions are present

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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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 withstanding UV radiation sufficient to cure the dielectric material of the ILD

layers, maliHjHirgire (U redirdoeeeficipablie otueoitia gdirirsitititoatatal totHeenkiRind/or
mechanical stress. BRIEF DESCRIPTION OF THE DRAWINGS [0007]FIG. .1 is a sectional view
illustrating RYSE® IMAKRSIRTBEQustieturehatiehrsmaig efraveidngdelarmatios|dis. 2 is a

sectional view illustrating a modified BEOL interconnect structure used for modeling effects of stress.
thermal and/or mechanical stress.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a sectional view illustrating a BEOL interconnect structure

used for modeling effects of stress.

[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.



[0009]FIG. 3A is a sectional view of a BEOL interconnect structure in accordance with a first
embodiment of the invention. [0010]FIG. 33 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.

DETAILED DESCRIPTION

[0014] Certain low dielectric constant ("low-K") low-K ILD materials, e.g.,
SiCOH, are best cured using UV radiation, or require ultraviolet ("UV") to cure.
Exposure to UV radiation can cause the properties of materials utilized in a
BEOL interconnect structure to change. Sometimes, such changes can lead to
defects in the BEOL interconnect structure which might appear later after the

chip has undergone stresses attendant with long-term use.

[0015] To test the long-term reliability of a BEOL interconnect structure
having a UV-cured low-K dielectric, the inventors modeled the effects of thermal
cycling stress upon a BEOL interconnect structure 10 similar to that shown in
FIG. 1. As shown in FIG. 1, the model BEOL interconnect structure 10 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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[0013]FIG. 6 is a magnified sectional view of the BEOL interconnect structure in a variation of _the
embodiment illustrated in FIGS, 3A-3B. DETAILED DESCRIPTION [0014]Certain low dielectric
constant ("low-K") low-K ILD materials, e.g., SICOH, are best cured using UV radiation, or rgquirg
ultraviolet ("UV") to cure. Exposure to UV radiation can cause the properties of materials utilized in a
BEOL interconnect structure to change. Sometimes, such changes can lead to defects in the BEOL
interconnect structure which might appear later after the chip has undergone stresses attendant with
long-term use. [0015]To test the long-term reliability of a BEOL interconnect structure having a
UV-cured ISHCR tergwatieyatingndeeach ifodensiope ketuaentitiacernt featlines striest epcm a BEOL
interconnect structure 10 similar to that shown in FIG. I. As shown in FIG. 1, the model BEOL
interconnefPetRlclifing olavalddRen serrks extendiog hrematdhiel lnpeEeasteldd ifayeding a dielectric
material such as porous SiCOH, for example. Embedded within each ILD layer 12 is a metal wiring
interconnedA%WYaTd. tovilsh lenernost @gsostdhe LD favrisohR-it tner esteelGhiptbasikgstress.
When subjected to thermal cyclirkq stress, tensile stress in such low-K dielectric material can damage
the BEOL iﬁ'fé‘l'lﬁfnqgé?lért?gclﬁ%. ILD layers were subjected to similar stresses, one can

predict from the results of modeling the BEOL interconnect structure shown in

FIG. 1 that the actual chip would also exhibit cracks in the ILD layers.

[0017] FIG. 2 illustrates a model BEOL interconnect structure 20 similar to
that shown in FIG. 1, but in which a dielectric barrier layer 22 overlies each of the
metal features 24 embedded in respective ones of the ILD layers. FIG. 2
illustrates the result of further modeling by the inventors that when the dielectric
barrier layer 22 has an internal tensile stress or becomes tensile-stressed during
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



[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 such thermal cycling, a crack
16 develops between adjacent features 14 of each metal wiring layer, the crack extending from the
uppermost ILD layer 12 downward to the lowermost one of the ILD layers 12. If an actual chip having

similar Uv-3uieiniconguntes siestralereatisp e andicndustessdypisalyc Rroyideritrém the results
of modelinl%egsé BEOL interconnect structure shown in FIG. 1 that the actual chip would also exhibit
cracks in theHPh 1BiREFONTRAFfives D ReParRNtheRER R rRaneftrt R P8 20%imilar to that

shown in FgG. 1, but in which a dielectric barrier I%éer 22 overlies each of the metal features 24

embedded PPrESIUCRAIAARE SHRSY AP #9%rs TerSE LR aRE Qhe IRLEIAPBRRGIRUTHER g by the

inventors that.when the dielectric barrier layer 22 has an.internal tensile stress or becomes
tensile-stre%%t%cf Hé]rﬁﬁﬁ %(Eﬁ; ' 491"??8 ﬁ‘['ﬁcthai\é%%& '%%&%Yf ARG VRGLHAANS 3859 @Wosion crack
28 extends through both the ILD layers 26 and, dielectric barrier layers 22 of the styucture 20. The
presence Z?‘%ngecﬁggg ne %ngtg%tégy ?f%f%?nqg',e & a0 r%taﬁrlri@ I%%Wé"?fbﬂ@d@ 48 does not

avoid the c§ 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 deggulgfl. FIG. PhellupitilemRbrteSISIRAMMRCISHHERE €308 5201 ILD layers

312. Each of the ILD layers preferably includes of a low-K UV-curable dielectric
material. Preferably, the dielectric material consists essentially of one or more of
porous SiICOH. The dielectric constant of the ILD material preferably lies within a
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



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 a semiconductor substrate portion 306 and
conductors typically provided in an FEOL interconnect layer 308 between the BEOL interconnect
structure 300 and the semiconductor substrate 306. Together, the BEOL interconnect structure 300
and the FEOL interconnect layer 308 provide interconnect wiring among and between semiconductor
devices of the chip and external connection pads of the chip. [0019]The BEOL interconnect structure
includes a series of ILD layers 312. Each of the ILD layers preferably includes of a low-K UV-curable
dielectric n{AfAAPRSIFLSYINAR BidlecrrMpARSSR SHGRse G sleleskiiy batirr dayesrd@d porous
SiCOH. The dielectric constant of the ILD material preferably lies within a range of 1.8 to 2.6, with 2.4
being an eXERPFAYEliae! IR SIRRIGHRESAN dncte srRRRIIMBtRININgdires gifitite layers,
typically a ascene processed lines inlaid within trenches in the ILD layers. Vertically oriented
conductiveA %ir/i’d:z&}f%oﬂ%dem‘}"él%Jﬂf?ﬁgtweyhetr@%ﬁﬁéﬂmiﬁﬁ?ﬁ@;ﬁ Typhdalatrervias are also

formed by a damasgene process, and vias of one level may be formed at the same time as the
conductive%%%rssc?acﬂé:[agg?ﬁ( IRIEVRG d&?f%ﬂ%?ﬁ&s%@“@'%ﬁ%%@@é%@ﬂ%é?fé‘ﬁ%@ eBRAductive lines
can be forrHSd E:Ytﬁther roc sse%sucrllajs blanket depgsition and subtractive patterning, such a by
reactive ion exching. | DA REGEIRS AN N 4354y MR rid8e BePability of the BEOL

interconnect structure 300 to withstand thermal and/or mechanical stress
[0021] However, the dielectric barrier layers 360 are also required to not

unduly increase the effective dielectric constant of the BEOL interconnect
structure. In addition, the dielectric barrier layers 360 must also withstand
processing used to form the ILD layers, e.g., UV radiation used to cure ILD layers

when such layers consist essentially of a low-K dielectric material, e.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
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by providing compressive stressed dielectric barrier layers 360 overlying each of the copper wiring
lines 314. Compressive stressed dielectric barrier layers 360 help counteract tensile stresses present
in the copper metal wiring lines of the BEOL structure as initially formed. The compressive stresses in
the barrier layers 360 can avoid severe deformation of the BEOL interconnect structure 300 due to
thermal and mechanical stresses over the use lifetime of the chip. [0021]However, the dielectric barrier
layers 360 are also required to not unduly increase the effective dielectric constant of the BEOL
interconnect structure. In addition, the dielectric barrier layers 360 must also withstand processing

used to forBYth&Rifeetiyety, Bansies rdbmipsageeriostiaesILD I18gehs Nighesuaublayers itonsist
essentially of a low-K dielectric material, e.g., porous SiCOH. [0022]Referring to FIG. 33, one solution
discovered®H§$RESINVENESs fagpsyblaves ditectimesiate!agdiagsotimitheisepers wikagies of two or
more successiv %ﬁie osigﬁ/ compressive-stressed_sublayers,_e.(% sublayers 322a, 322b, 322c, etc.,
each subla@fé? GRFPIAR-R darienichienipeslapsthvh udhavsioglingnd hudndublayered
structure within eachI dielectric barrier layer 360 retains compressive stress better than one individual
dielectric bAFTEMISTeP 58 F ABRIE SRR AAEREI! P IHRWENRS, (BRCBHRIG¥ TR 22 BHEABSRESS for the
whole diel%%t{)icsztbr%ri r I%yer %60 [ qut eerh_abou - 0.13%P§ and about -0.5 GPa, after the 1LD layers
have beentined ByAK/ FRgid %%.%b@ B REGE3 LLARRAP T EUTL a8 FORREFNARR Be i Wsufficient
stress to the next adjacent sublayer 322b. In turn, the next adjacent sublayer 322b
transfers substantially less than all of the stress that it absorbs from sublayer
322b to the next higher sublayer 322c, and so on. With the combination of two or
more sublayers 322a, 322b, etc., a dielectric barrier layer 360 is provided which
preferably exhibits a compressive stress of between about -0.1 GPa and about

-0.5 GPa to the ILD layer 312 immediately adjacent to the dielectric barrier layer.

[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



may be because each sublayer 322a, 322D, etc. of the barrier 360 absorbs stress 7 but ineffectively
transfers the absorbed stress to each higher sublayer in succession. Thus, the sublayer 322a
immediately adjacent to the copper wiring line 318 absorbs a portion of the tensile stress in the wiring
line 314 and becomes less compressive as a result. However, such sublayer 322a transfers
substantially less than all of the stress it absorbs from the copper wiring line 314 to the next adjacent
sublayer 322b. In turn, the next adjacent sublayer 322b transfers substantially less than all of the

stress that it absorbs from sublayer 322b to the next higher sublayer 322c, and so on. With the
combinatiofeRR Rostresre(samajrssiwal bedyear: abodietfeliSBaraariafet SHaaPRsvided which
preferably exhibits a compressive stress of between about -0.1 GPa and about -0.5 GPa to the ILD

layer 312 iffReaHR R dapalldhidyarctaithec miintionwseqdoig theasikiih dielastric
above-described embodiment, FIG. 4 illustrates the structure of a compressive stressed dielectric
barrier laydPAE5 AL NEiH-HREG} 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

dilectric gfei o 9 SIEN N 15 ABRNING. PSS SeRARIAN EsmeRH I diagen thereto

The resulti ectric barrier layer as a'lower hydrogen concentration région € surface 419

of the COPRSS RIS anAh MEBBICSREA, RRNESAURICN BRI dopsifgoetariner

from the copper metal li eraﬁ{y, but not strlctfy requwed,%ﬂe gradie rogen

concenuatigh, i dislBEIISALIoH ¥R B9 RABGHARSALI BEIRASES Wi it rom the op

surface 419 of the copper metal line 418 to the top surface 422 o ayer uch barrier

layer StrUCEHR8) 5 ErHABRABIRT AT bE SRS HIERRABOH: Bb BRI 4(GPa after

exposure of the ILD layers to the UV radiation used to cure the SICNH dielectric material of the ILD
layers. the chip. In the BEOL interconnect structure 500 shown in FIG. 5, one or more

dielectric barrier layers 520 within the structure includes compressive stressed
silicon nitride.  Silicon nitride typically is disfavored for use as the dielectric
barrier layer in BEOL interconnect structures having low-K ILD layers, 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.



[0025]FIG. 5 is a partial sectional view of a BEOL interconnect structure 500 in accordance with
another embodiment of the invention. Similar to that shown and described above, the BEOL
interconnect structure 500 is formed atop an FEOL (semiconductor) portion 310 of a chip for
interconnection of devices of the chip. In the BEOL interconnect structure 500 shown in FIG. 5, one or
more dielectric barrier layers 520 within the structure includes compressive stressed silicon nitride.
Silicon nitride typically is disfavored for use as the dielectric barrier layer in BEOL interconnect
structures having low-K ILD layers, because its own dielectric constant, at about 7 or above, is higher

than the takJ8¢fAnge for HERANE ko s thRBEk dRiRiERNNSRt Siruatwe RO0ssiispaviaea for use as

the dielectric ch{rrier Iaa/e[ oigrr#/ing c,f(%rper, metal lines in BEOL interconnect structures. [0026]Silicon
nitride is veTy-CURER BRGNS FedripRUdCIDaERE Y BEsPe tiusoispeoridessataegivafidiation

required for curing SICOH dielectric. layers. Moreover, the thickness of the silicon nitride barrier layer
utilized in tﬂ@%é&n%%r%?ﬁj&cﬁm@éVéhﬁé?pgsrﬁéﬁlt‘éﬂ? PrRoYigrItyM benefifrwitheitist tensile

stresses which would ordinarily cause the ILD, layers 512 be he silicon nitride barrier layer 520 and
the ILD Iay%‘%’ %TSL{ah)eo‘?ﬁG{ﬁévga(?}‘?i?%)',%P%'%@fﬁ%ﬁ ﬂ%%] 937&%@99%@% HREEURdGconnect
structure 58%%5;%?1 Qifg\?v% ti)f‘ utililzeed sparingly as a dielectric barrier layer, and thus is provided

strategically on ORE OF Mote focations where its use can provide the most benefit without causing

the effective dielectric constant Keff of the BEOL interconnect structure to exceed an allowable value.

[0028]The gitesgive dielaEcHRAsFadidEHEIRERIRS: W, C O UERIMned by considering
the contribution of each dielectric material towards the total capacitance between
conductive lines of adjacent wiring levels according to the formula C=KsA/d. To
keep the effective dielectric constant of the structure 500 from exceeding an
allowable value, dielectric barrier layers at other locations of the BEOL
interconnect structure 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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the contribution of each dielectric material towards the total capacitance between conductive lines of
adjacent wiring levels according to the formula C=KeriA/d. To keep the effective dielectric constant of
the structure 500 from exceeding an allowable value, dielectric barrier layers at other locations of the
BEOL interconnect structure 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 oﬂ%ﬁ%\ﬁﬂ@%ﬂ%@li@oﬁ‘ﬁfﬁﬂﬂ EH%?%@&B&@{@D@]@I@@QMSU&& siesanclicture of a

dielectric bfrrier I%Tr(gGO for utilﬁﬁ% as the dielectric barrier layer, e.g., layer 360, in a BEOL
interconneF L TE TR L sHRIRF I s o aleEinwhisbo e sith raTBTRIGSSINS FRESSBA-3B. In

this embodiment, each dielectric, barrier layer 660 includes a lower layer 620 contacting the copper
metal line g O EXROSHEE Igyfég @d@gﬁ{ﬁn@ HY fadisticRer 520 PRACWHaARRISDancludes a

low-K dielegiri rial,. preferably including a material such as SiCH, SICNH or SiCOH. The second
layer includgeésé %ﬁ%?/fvskeaile%efgtr%srﬁ;é[% %@L%ﬁ%ﬁf@'&%@%‘i\%@%@& $iraRiRsideRIsare of the ILD

layers to U iation,. | ticular,example, the second Jayer includes a material such as silicon
nitride and/é([)or% i'?grﬁ%&i%fqup?agmg%mbliﬁg IS G ’3%09 %i&%&%ﬂ%’é‘%@\?@ QiclBeiRWeRterial of the

e oy 0 e N Y BT s iy v, e e

higher K dielectric materi con nitride and/orsicon o

of i copneaing i S1AcE et R(BERsAY R BEAL Ieicoect et o lese thar

3.0. [0030]While the invention has been descr In accordance with™cer mbodiments

thoreoh i sielliga iR pae R s TSNS AnAeSBHe M RIE B laPY iSRRI fipm the true

scope and spirit of the invention, which is limited only by aims appende W,
Preferably, Kef of the overall BEOL interconnect structure is less than 3.0.

[0030] While the invention has been described in accordance with certain
preferred embodiments thereof, many modifications and enhancements can 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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CLAIMS: What is claimed is: 1. A chip including a back-end-of-line ("BEOL") interconnect structure,
comprising: a plurality of interlevel dielectric ("ILD") layers, said plurality of ILD layers including a
dielectric material 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, eggh\fgiering 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 addbR 18 PRI OIipressive 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 3.0.13. AT BRiphicARdHRIResh ek Eam - e [eBEerch iat srid MirleeyiplRauier layers includes a
plurality of sublayers.
comprising:

a plurality of interlevel dielectric ("ILD") layers, said plurality of ILD layers

including a dielectric material 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.

3. The chip as claimed in claim 1, wherein each of said dielectric barrier layers

includes a plurality of sublayers.

4. The chip as claimed in claim 1, wherein at least one of said plurality of
dielectric barrier layers includes a post-deposition treated layer including a low-K

silicon-containing material.
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4. The chip as claimed in claim 1, wherein at least one of said plurality of dielectric barrier layers
includes a post-deposition treated layer including a low-K silicon-containing material. S. The chip as
claimed in claim 4, wherein said at least one dielectric barrier layer includes SICNH, said at least one
dielectric barrier layer having a top surface and a hydrogen concentration gradient in a direction
normal to said top surface. 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 Seqinddhipkness greaien itlamsaiddinsiriickaas st wimyeshsadiahstrlicybat delesyés barrier
layers includes at least one layer including silicon nitride having a compressive stress, said at least
one layeimdidediSgoNEG sithalcleastjarnmdisiestsicdaad riestl aven d awee anbpaid rdacermn diging layer,
and, otherwise, said plurality of dielectric barrier layers including %secciad dielectric material, said

second dMEEREE eRskAHERHR BHRARR B ESHIBRAOHAA 4 ARALIRPIHIBES of silicon nitride.

7. The chip as claimed in claim 6, wherein said second dielectric material includes SICNH. 8. The chip
as claimed in claim 1, wherein at least one of said plurality of dielectric barrier layers includes a first

layer inclgdimg &Ry Ksielaeeg Mateiidl adiareréle ene Pf@@dﬁtmsﬁm%mewm@g layers and
a second layer including at least one of silicon nitride or silicon dioxide overlying said first layer. 9. The
chip as clainieg layelsim8ludediesh warthgr aye handluglesf ik tehst lomes e B ilCHdd o SdOWiringr SiCH.

10. The chip as claimed in claim 1, wherein at least one of said plurality of ILD layers includes SiCOH
and at lelRX 8V NERHBEANG bhiFknassigieaifs thgaaid 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.

8. The chip as claimed in claim 1, wherein at least one of said plurality of
dielectric barrier layers includes a first layer including a low-K dielectric material
adjacent to one of said metal interconnect wiring layers and a second layer

including at least one of silicon nitride or silicon dioxide overlying said first layer.

9. The chip as claimed in claim 8, wherein said first layer includes at least one of

SiCNH, SiCOH, or SiCH.

10. The chip as claimed in claim 1, wherein at least one of said plurality of ILD

layers includes SiCOH and at least one of said plurality of dielectric barrier layers
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13 includes porous SiICOH. 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.  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.
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