1. METHOD OF A NON- METAL BARRI ER COPPER DAMASCENE | NTEGRATI ON  BACKGROUND
[ 0001] The present disclosure relates generally to the field of

sem conductor processing, and nore specifically to a new nethod of
interconnect metallization for devices with relatively small feature

si zes. Sem conductor device geonetries continue to dramatically decrease in
size since such devices were first irftroduced several decades ago. Since
then, integrated circuits have generally followed the two year/hal f-size
rule (often called More' s Law), which neans that the nunber of devices on
a chip doubles every two years. Today's fabrication plants are routinely
produci ng devi ces having geonetries of 0.1 p.mand even 90 nm feature sizes
and snaller. As device geonetries shrink, the interconnect

resi stance-capacitance (RC) tinme constant can increase unless design,
process, and material changes are inplenented to reduce the interconnect

RC tinme constant delay. Solving the problens associated wth new process

i npl enentations and equi pment technol ogy as well as device requirenents
have becone increasingly challenging. [0002] Metallization of integrated
circuits can enploy a process known as damascene, in which a substrate is
inlaid with netal. Damascene and a rel ated process known as dual damascene
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integrated circuit manu %g?‘ netries o .1 micron
or less. Generally, the a%ggtg %$8 @A d reating interconnect

schenes by cutting trenches into a dielectric, and then filling those
trenches with netal. Any excess netal is then polished away. Danascene

met hods _of U opper as the bulk filling interconnect netal because of
its Iomﬂi%é§£¥gi§5§-A 2 copper interconnect is frequently covered with a

nmetal barrier. Beyond 0.1 micron, however, the |ow resistance advantage of
copper i[0a0d} cormegisentsligioviRirsliedsdiraliheo the Gold F3bmicanhiRolBlobssindadal er
around-the_copger interconnect. The netal barrier can cause a significant
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degr ade fealrt 6984, Sehficdnhdlod R2CicBBLRhetries continue to dramatically decrease in size since
~ such devices were first introduced several decades ago. Since then, integrated circuits have
generally followed the two year/half-size rule (often called Moore's Law), which means that the

number of devices on a chip doubles every two years. Today's fabrication plants are routinely

producing devices having geometries of 0.1 pm and even 90 nm feature sizes and smaller. As
d¢vice geometries shrink, the interconnect resistance-capacitance (RC) time constant can
increase unless design, process, and material changes are implemented to reduce thcA interconnect
RC time constant delay. Solving the problems associated with hew process implementations and

equipment technology as well as device requirements have become increasingly challenging,

[0002] Metallization of integrated circuits can employ a process known as damascene, in
which a substrate is inlaid with metal. Damascene and a related process known as dual
damascene (both referred to henceforth as “damascene™) have become widely used in integrated
circuit manufacturing for devices with geometries of 0.1 micron or less. Generally, the
damascene process involves creating interconnect schemes by cutting trenches into a dielectric,
and then filling those trenches with metal. Any excess metal is then polished away. Damascene

methods often use copper as the bulk filling interconnect metal because of its low resistance. A



barrier can result inreliability concerns, such as line-to-line |eakage,
ti me dependent dielectric breakdown (TDDB) |ifetine, and bias-tenperature
stress (BTS). [0003] As the netal barrier thickness decreases to 90 urn or
| ess, the nmethods for depositing the netal barrier on the substrate al so
becone | ess effective. Barrier layers are typically deposited by physical
vapor deposition (PVD), however as t he? t hi ckness decreases to 10 nm
potential step coverage and void formation can occur. Chem cal vapor
deposition (CVD) or atomc |ayer deposition (ALD) can provide inproved
step coverage over PVD, but often cannot provide high filmpurity or netal
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to reduce the film’s resistance. The metal oxide CVD (MOCVD) precursors contain significant
amounts of carbon that become part of the film as the deposition reaction occurs within the
vicinity of the substrate. Post treatment of the excess carbon can be an insitu plasma

densification in which the barrier film may be formed into a dense stack of plasma densified

metal layers.

[0004] Another problem associated with metal interconnects is poor reliability under a
stressed environment. Reliability can degrade due to electromigration, in which a hydrostatic
stress is placed on the interconnects, such as an applied current that induces atomic diffusion as
momentum is transferred from flowing electrons to interconnect atoms. Electromigration can

lead to shorts and cracks in and between interconnects, vias and trenches.

SUMMARY

[0005] A technical advance is achieved by a new and improved method, integrated circuit,
and interconnect structure utilizing non-metal barrier copper damascene integration. In one
embodiment, a method is provided for fabricating an interconnect for connecting to one or more

front end of line (FEOL) devices. The method includes forming a layer of doped oxide on the



barrier layer conprising such material as silicon oxycarbide (S OC) or
silicon carbonitride (SiCN). The nmethod further includes formng a
plurality of refractory metal plugs in the first barrier |ayer and the
doped oxide | ayer, formng a |low dielectric constant filmover the first
barrier layer and the plurality of refractory nmetal plugs, and perform ng a
first etch to create trenches througﬁ” the low dielectric constant film In
sonme enbodi ments, the plurality of refractory netal plugs and the first
barrier layer performas an etch-stop. [0006] In sone enbodi nents, the

met hod further includes depositing a second barrier film over the trenches
and the low dielectric constant filmand depositing copper into the
trenches. The copper can be deposited, for exanple, by using a damascene
process. S pynqﬁ@t [ s rrier
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_ circuit includes one or more FEOL devices and a layer of doped oxide overlying the devices. A
plurality of refractory metal plugs are provided in the doped oxide layer and a first barrier layer
of silicon oxycarbide (SiOC) overlies the layer of doped oxide and the plurality of refractory
metal plugs. The SiOC layer can have a thickness of approximately 400-600 A. A low dielectric
constant film overlies the first barrier layer and the low dielectric constant film and the first

barrier layer include a plurality of trenches etched there-through.

[0009]  In some embodiments, the integrated circuit also includes a second barrier film over
the trenches and the low dielectric constant film. Copper is filled into the trenches, such as
through a damascene process. In some embodiments, the second barrier film is one of either SiC,

SiOC, or SiCN, and can have a thickness between approximately 100 and 300 Angstroms.

(0010} In another embodiment, an improved interconnect is provided. The improved
interconnect is for electrically connecting one or more front end of line devices to other
structures of an integrated circuit. The interconnect includes a layer of doped oxide overlying at
least one of the one or more front end of line devices, a refractory metal plug in the doped oxide

layer, and a first barrier layer overlying the layer of doped oxide and the refractory metal plug.



4 The first barrier layer includes silicon and carbon, and has a thickness
greater than 400 A. The interconnect further includes a low dielectric
constant filmoverlying the first barrier layer. The |low dielectric
constant filmand the first barrier layer include a via, which can be
filled wth copper. BRI EF DESCRI PTI ON OF THE DRAW NGS [00111 Figs. 1 a - 1
g are cross-sectional views of a copper damascene netallization nethod
usi ng one enbodi nent of the present invention. [0012] Figs. 2a - 2g are
cross-sectional views of a copper danmascene netallization nethod using a
second enbodi nent of the present invention. [0013] Fig. 3 is a chart
showi ng relative interconnect RC delays for TaN and silicon carbide based
barriers along copper lines. [0014] Fig. 4 is a chart showi ng distributions

of trench resjstance for the. copper dual e interconnect.s with TaN
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DETAI LE ECRI PTI ON [0017] The present invention provides a method for

i mprovi ng device performance for various processing technol ogi es such as

0.1 m cBRIEFIMSCER 3 RAMWINGSYi conductor (CMOS) technol ogy, on a

sem conduct or substrate In one exanple, a new nethod of formng a copper
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using a second embodiment of the present invention.

[0013]  Fig. 3 is a chart showing relative interconnect RC delays for TaN and silicon carbide

based barriers along copper lines.

[0014] ~ Fig. 4 is a chart showing distributions of trench resistance for the copper dual

damascene interconnects with TaN and silicon carbide barriers.

[0015]  Fig. 5 is a chart showing line-to-line leakage current versus electric field measured at

200° C for copper dual damascene interconnects with TaN or silicon carbide barriers.

[0016] Fig. 6 is a chart of TDDB versus bias-temperature stress (BTS) fields at 200° C for

copper dual damascene interconnects with TaN and silicon carbide barriers.

DETAILED DESCRIPTION

[0017]  The present invention provides a method for improving device performance for -
various processing technologies such as 0.1 micron complementary metal oxide semiconductor
(CMOS) technology, on a semiconductor substrate. In one example, a new method of forming a
copper diffusion barrier and dielectric layer uses metal barrier free (MBF) copper damascene and
dual damascene interconnect metallization schemes. It is understood, however, thet this specific
example is only provided to teach the broader inventive concept, and one of ordinary skill in the

art can easily apply the teachings of the present disclosure to other semiconductor devices and



structures. Also, it is understood that the nmethod di scussed in the present
di scl osure includes and/or utilizes many conventional processes and
structures in a new and uni que manner. [00181 Referring nowto Fig. 1 a,
in one enbodi ment, a fabrication nmethod to create MBF copper danmascene

i nterconnects can begin with a one or érmre front end of line (FEOL) devices
102, which can include basic MOSFETs and/or other integrated circuits.
These devices 102 are covered with a phosphosilicate glass (PSG |ayer
104. The PSG 104 | ayer may al so be another type of doped oxide, such as
bor ophosphosilicate glass (BPSG that can reduce sodi um or other

contam nates from penetrating down to the FEOL devices 102 and can provide
gl obal planarization over the FECOL devices. The PSG or BPSG | ayer 104 can
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metal such as Ti, TiN, Ta, TaN, or other appropriate barriers.

[0020] Referring now to Fig. 1c, the trenches 105 can be filled with a refractory metal film

forming refractory metal plugs 106, such as tungsten plugs.

[0021}) Referring now to Fig. 1d, a non-metal barrier layer 108 comprising a barrier material
such as Si0C, SiC or SiCN can be deposited upon the PSG layer 104 and the refractory metal
plugs 106. The non-metal barrier layer 108 may be formed by.CVD, ALD, PECVD, or any
other method that is known to those skilled in the art. SiOC, SiC and SiCN belong to a family of
materials which have been found to be good non-metal barriers and inter-layer dielectrics due to
their low dielectric constant and ability to prevent metal diffusion. Additionally, some metal and
oxygen containing compounds may have suitable barrier properties, and may be used as the non-
metal barrier layer 108. The non-metal barrier layer 108 deposition process may be implemented
in a variety of process equipment reactors. The processing equipment can be performed in a
cluster tool provided by equipment manufacturers such as Applied Materials, Inc. or Novellus
Systems, Inc. Where, for example, the non-metal barrier layer 108 is chosen to be SiOC, the

layer may be deposited in an ambient environment of 1 to 3 torr at a temperature of 350° C to



Systens, Inc. Were, for exanple, the non-netal barrier |layer 108 is chosen
to be SIOC, the |ayer nay be deposited in an anbient environnent of 1 to 3
torr at a tenperature of 350 Cto 6 .400 C. Reactant gases and liquid
precursor vapor nmay be injected into the process reactor to enable Si CC
filmgrowh and formation. The reactant gases may consist of He and/or CQO2,
and the precursor can be an organosiltane precursor vapor. The organosil ane
precursor vapor can be injected into the process reactor by many nethods
of injection such as liquid mass flow control, direct liquid injection,
bubbling, or any other nethod that is known by one who is skilled in the
art. The typical thickness of SiOC as the non-netal barrier |layer 108 may
be about 400 Angstroms. [0022] Still referring to Fig. 1 d, a | ow
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non- net af\N&FEPMF-er | ayer 108 and the LK film 110. The etch can further
proceed through the non-netal barrier layer 108 to the refractory netal
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preparation for the etching required to form interconnects for a forthcoming damascene

metallization process.

[0023]  Referring now to Fig. le, the LK film 110 is then etched down through to the
interface of the non-metal barrier layer 108 and the LK film 110. The etch can further proceed
through the non-metal barrier layer 108 to the refractory metal plugs 106, creating trenches 111.
The etch process can utilize a dry or plasma etch where reactant ions are accelerated towards the
substrate with anisotropic velocity distributions to form vertical profiles through the LK film 110

and the non-metal barrier layer 108,

[0024] Referring now to Fig. 1f, the surface of the trenches 111 and the LK film 110 can
receive a deposition of a non-metal film 112. The non-metal film 112 can be, for example,
S10C, SiC or SiCN. Additionally, some metal and oxygen containing compounds may have
suitable barrier properties, and may be used as the non-metal film 112. Where SiC is chosen as
the non-metal film 112, the SiC can be deposited by CVD, ALD, PECVD, PVD, or any other
method that is known by one who is skilled in the art. The SiC film can be formed by using an
injection of a carbon and silicon rich, organosilane precursor. The stoichiometry and structure of

the SiC film can be controlled by the choice of organosilane precursors and processing



suitable barrier properties, and may be used as the non-netal film 112.
Wiere SiCis chosen as the non-netal film 112, the Si C can be deposited by
CvD, ALD, PECVD, PVD, or any other nethod that is known by one who is
skilled in the art. The SiC filmcan be forned by using an injection of a
carbon and silicon rich, organosilane precursor. The stoichionetry and
structure of the SIiC filmcan be cont’rolled by the choice of organosil ane
precursors and processing 7 conditions. SiCfilnms are preferably deposited
by PECVD, in which organosilane ions help to formthe SiC filmfor
geonetries approaching 0.1 mcron or less. The inert gas ions available in
t he PECVD processing of SiC also can help to create a denser SiC film by
sputtering some carbon material out of the SiC during the deposition
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then a |aey8"r3’8?“céfn“é€ttbr“§‘5$‘h‘{"e§‘% e ap{f}?lpélg }1n sone enbodinents,
after the copper |ayer 114 has been forned, an upper portion of the copper
| ayer 1f@826be et cdppek lagsr Ipdkirsthedbe d?@oﬁithdlwivéreﬂe efpdSsd K Rah @10 amioviepiet O

Fi gs. 2%1:622181165 ?1 lS 1en% u%?ngf O%lg; meyal;[olnorrrlletge t{lrrgloqutﬂ?at glra)e/ ?érganll\ﬁ':the trre)rE)ch 111. Prior to
the copper layer 114, a thin Ta layer can be deposited. The copper layer 114 can be formed by
electroplating, CVD, PECVD, PVD, ALD, or any other method that is known by one who is
skilled in the art. The copper layer 114 can also be formed by a combination of these processes,
and therefore the final copper layer 114 may be formed from a copper seed deposited by CVD,
ALD, PECVD or PVD and then a layer of electroplated copper, for example. In some
embodiments, after the copper layer 114 has been formed, an upper portion of the copper layer

may be etched or polished, as required.

[0027]  Referring now to Figs. 2a-2g, a second fabrication method to create MBF copper
damascene interconnects is disclosed. Referring first to Fig. 2a, the fabrication process can
begin with one or more FEOL devices 102, which can include basic MOSFETs and/or other
integrated circuits. These devices 102 are covered with a phosphosilicate glass (PSG) layer 104.
The PSG 104 layer may also be another type of doped oxide, such as borophosphosilicate glass
(BPSQ) that can inhibit the penetration of sodium or other contaminates down to the FEOL
devices 102 and can provide global planarization over the FEOL devices. The PSG or BPSG

layer 104 can be formed CVD, PECVD, or any other method that is known by one who is skilled
in the art.



damascene interconnects is disclosed. Referring first to Fig. 2a, the
fabrication process can begin wth one or nore FEOL devices 102, which can
i ncl ude basi c MOSFETs and/or other integrated circuits. These devices 102
are covered with a phosphosilicate glass (PSG |ayer 104. The PSG 104

| ayer may al so be another type of doped oxi de, such as borophosphosilicate
glass (BPSG that can inhibit the penetration of sodium or other

contam nates down to the FEOL devices 102 and can provi de gl oba

pl anari zation over the FEOL devices. The PSG or BPSG |ayer 104 can be
formed CVvD, PECVD, or any other nethod that is known by one who is skilled
inthe art. 8 [0028] Still referring to Fig. 2a, the PSG | ayer can be
covered with a non-netal barrier |ayer 208 conprising a barrier materi al
such as 8028 orStd] referringfottig. dadbe BHA layehemi bemaverediwith R @on-imetal barrist layer
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l'iquid precursaor vapor may be injected into the process Teactor to enable
Si OC fi IPGIEMsAeR 2 slvster phripyided byreauipnecat mamfagiursessuchoas Anmlisi MatestalsHacand/ or

C02, anGrNaQelRis SFHERSnE AhEE, BPeARPAN AR oANG ALEHY B9Lr 2319 Enosdd 6 be

organosi | ane precursor can_ =
Si0C, the layer may be deposited in an ambient environment of 1 to 3 torr at a temperature of

350° C to 400° C. Reactant gases and liquid precursor vapor may be injected into the process
reactor to enable SiOC film growth and formation. The reactant gases may consist of He and/or
CO02, and the precursor can be an organosilane precursor vapor. The organosilane precursor can
be injected into the process reactor by many methods of injection such as liquid mass flow

control, direct liquid injection, bubbling, or any other method that is known by one who is skilled
in the art. |

[0029] Referring now to Fig. 2b, one or more trenches 2(55 can be formed through the non-
metal barrier layer 208 and the PSG layer 104 by a plasma etch or another fabrication method
known to those skilled in the art. The trenches 205 can be lined with a metal barrier. A metal

barrier can be comprised of a refractory metal such as Ti, TiN, Ta, TaN, or other appropriate

barriers.

[0030] Referring now to Fig. 2c, the trenches 205 can be filled with a refractory metal film

forming refractory metal plugs 206, such as tungsten plugs.



be injected into the process reactor by many nethods of injection such as
liquid mass flow control, direct liquid injection, bubbling, or any other
nmet hod that is known by one who is skilled in the art. [0029] Referring
now to Fig. 2b, one or nore trenches 205 can be fornmed through the non-
metal barrier layer 208 and the PSG | gyer 104 by a plasma etch or another
fabrication method known to those skil1led in the art. The trenches 205 can
be lined with a netal barrier. A nmetal barrier can be conprised of a
refractory nmetal such as Ti, TiN, Ta, TaN, or other appropriate barriers.

[ 0030] Referring nowto Fig. 2c, the trenches 205 can be filled with a
refractory netal film formng refractory netal plugs 206, such as tungsten
plugs. 9 [0031£_Referring nowto Fig. 2d, an LK film 210 can be deposited
over t hel0§dH- neReferringrmaveto Fig.dean 120 §lma B0 tdncberdeposited over thaioalmgthlibgaic2 06.
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t renchesmgtallizatipheprocsés. act ory metal plugs 206 and the non-metal barrier
| ayer 208 <create an etch stop which ensures that an adequate thickness of

non- et afooPA’ ' RLselr i b ' Incontact with the refractory netal
pl ugs 206. ﬁ1aLhi s T eeng%éﬁ{oég% 152 E’@ésgﬁg‘gm " gﬁfsﬁg?rh?tmeggf’?‘vf’é]?rwm 908 can
thwart tintsridéefdfitled o fibi 210 vath the mm-hétel Hairidr @et 208neldete REdcths hdid pRige | ayer
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etch whefe’ Yéactant ¢ L ar e HELYY St tyst SWeandshe pen-Bigkis breerdayer 2
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remains in contact with the refractory metal plugs 206. This remaining thickness of non-metal

barrier layer 208 can thwart the diffusion of metal from the filled trenches 211 to the PSG layer

104 and the FEOL devices 102. The etch process can utilize a dry or plasma etch where reactant

ions are accelerated towards the substrate with anisotropic velocity distributions to form vertical

profiles through the LK film.

[0033]  Referring now to Fig. 2f, the surface of the trenches 211 and the LK film 210 can
receive a deposition of a non-metal film 212. The non-metal film 212 can be, for example,
Si0C, SiC or SiCN. Additionally, some metal and oxygen containing compounds may have
suitable barrier properties, and may be used as the non-metal film 212. Where SiC is chosen as
the non-metal film 212, the SiC can be deposited by CVﬁ, ALD, PECVD, PVD, or any other
method that is known by one who is skilled in the art. The SiC film can be formed by using an
injection of a carbon and silicon rich, organosilane precursor. The stoichiometry and structure of
the SiC film can be controlled by the choice of organosilane precursors and processing
conditions. SiC films are preferably deposited by PECVD, in which organosilane ions help to
form the SiC film for geometries approaching 0.1 micron or less. The inert gas ions available in
the PECVD processing of SiC also can help to create a denser SiC film by sputtering somé

carbon material out of the SiC during the deposition process. After the deposition, the SiC film

can have a thickness of approximately 100 - 300 Angstroms.



profiles through the LK film [0033] Referring nowto Fig. 2f, the surface
of the trenches 211 and the LK film 210 can receive a deposition of a
non-netal film212. The non-netal film 212 can be, for exanple, SiCC, SiC
or SiCN. Additionally, sone nmetal and oxygen containing conpounds nmay have
suitable barrier properties, and may ?ﬁ used as the non-netal film 212.
Wiere SiCis chosen as the non-netal 'film 212, the Si C can be deposited by
CvD, ALD, PECVD, PVD, or any other nethod that is known by one who is
skilled in the art. The SiC filmcan be forned by using an injection of a
carbon and silicon rich, organosilane precursor. The stoichionetry and
structure of the SiCfilmcan be controlled by the choice of organosil ane
precursors and processing conditions. SiCfilns are preferably deposited
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and t her e fi er. layer 214 may be formed from a copper seed
deposi t e@ég{; B&Eﬁ or 'PQ’?J and then alayer% electroplatec%/ copper, g)r example. In some PP

embodiments, after the copper layer 114 has been formed, an upper portion of the copper layer

may be etched or polished, as required.

[0036] In this embodiment, a thickness of non-metal barrier layer 208 surrounds the
refractory metal plug 206 preventing the diffusion of the copper layer 214 into the PSG layer
104. Because the non-metal barrier layer 208 is fabricated to surround the refractory metal plugs
206, rather than covering them as non-metal barrier layer 108 covers refractory metal plugs 106
in Fig. 1d, the chance of copper diffusion is reduced. Additionally, the thickness of non-metal
barrier layer 208 is at least 100 Angstroms greater than the thickness of non-metal barrier layer
108. Even if the non-metal film 212 is etched back such that it becomes insufficient to block
copper diffusion, the non-metal barrier layer 208 can inhibit the diffusion of the copper layer 214
into the PSG layer 104 and even the FEQL devices 102.

[0037] Referring to Fig. 3, a chart 300 shows an RC delay simulation for copper dual
damascene interconnects with TaN or SiC barriers. As the chart 300 indicates, SiC containing
barriers and interlayer dielectrics can provide superior reliability and performance compared to
refractory metal barriers. Although the interconnect RC delay rises with the increasing thickness

of either metal or the silicon carbide based dielectrics, the rate of RC increase is more rapid for



PECVD, ALD or PVD and then a | ayer of electroplated copper, for exanple. In
sone enbodi nents, after the copper |layer 114 has been fornmed, an upper
portion of the copper layer nay be etched or polished, as required. [00361
In this enbodi ment, a thickness of non-netal barrier |ayer 208 surrounds
the refractory nmetal plug 206 preven?hng the diffusion of the copper |ayer
214 into the PSG | ayer 104. Because e non-netal barrier layer 208 is
fabricated to surround the refractory nmetal plugs 206, rather than
covering themas non-netal barrier |layer 108 covers refractory netal plugs
106 in Fig. Id, the chance of copper diffusion is reduced. Additionally,
the thickness of non-netal barrier layer-208 is at |east 100 Angstrons
greater than the thickness of non-netal barrier layer 108. Even if the
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[0040] Referring now to Fig. 6, another advantage of using silicon carbide based dielectrics .
over a metal such as TaN is an improvement in copper TDDB lifetime. Chart 600 shows that the
TDDB lifetimes for TaN are approximately three orders of magnitude smaller than the silicon
carbide based dielectrics at 200 C. Both Fig. 5 and 6 demonstrate that silicon carbine containing

barrier are much more resistant to Cu leakage than metal based barriers.

[0041]  The present invention has been described relative to a preferred embodiment.
Improvements or modifications that become apparent to persons of ordinary skill in the art only
after reading this disclosure are deemed within the spirit and scope of the application. The

present invention may be applied and implemented on a variety of surfaces that may be efany

shape planar, curved, spherical, or three-dimensional. It is understood that several modifications,
changes and substitutions are intended in the foregoing disclosure and in some instances some
features of the invention will be employed without a corresponding use of other features.

Accordingly, it is appropriate that the appended claims be construed broadly and in a manner

consistent with the scope of the invention.



over a metal such as TaN is an inprovenent in line to |line | eakage. As
chart 500 shows, the line to line | eakage of the silicon carbide copper
dual damascene interconnects can be dramatically .reduced by approximately
three orders of magnitude at a tenperatﬁre of 200 C. [0040] Referring now
to Fig. 6, another advantage of using si¥licon carbide based dielectrics
over a netal such as TaN is an inprovenent in copper TDDB |ifetine. Chart
600 showsidMS:he TDDB |ifetines for TaN are approximately three orders
of magnitude smaller than the silicon carbide based dielectrics at 200 C
Both Fig. 5 and 6 denonstrate that silicon carbine containing barrier are
much norejresi af @Btholl @ombﬁ@ﬂﬁggﬁ lﬁteﬁems@a fdr cBARGHn 8hd blel'hﬁr éﬁd of e
present invention has been desCribed relative to a pref erre o di ment .
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skill in the art onI af t is disclo re deemed within the
spirit and scog%ng‘? e&Bﬁ‘iP@ng%ﬁ%nfﬂ%OH%?féE%fﬁ?ﬂCﬁ‘vaﬁ‘flff‘é‘n may be applied
and i npl ement egorftiinga Yarrief layePdn GiNdyes 86 déprdloxitRy, be of ally shape planar,

curved, spherical, or three-dinensional. It is understood that several
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di scl osurgxgﬁql%;ep sone instances sone features of the invention will be
enpl oyed W t"’a correspondi ng use of other features. Accordingly, it is

appropri ate th&rmiifiea &ppaittedicdonstant Hien 6wRshe b@ﬂexﬂh}a@%ﬁ tl@ﬂﬂuﬂaﬁtyaofmin ner
consistent wwth the scope of the invention. 12 CLAIMS: 1. A nethod for

fabri cati Fitastory metal eBwse®d for connecting one or nore front end of line

(FEQL) devices I.S1 801 f i de on
t he one or gagggiﬁggg?@g@?&%ﬁ%?HQQEhépfgk@gggtp§§g§ﬂ%10§ gg@ér of
doped oxi dﬁnstant film) wherainfthelplikality obfefiraeforyamictal pluge tmd thelbagterilayet tep barri er

| ayer and_t he doped oxide layer; formng a |low dielectric constant film
over the i | ayer and the plurality of refractory netal plugs; and

2. The method according to claim 1, wherein performing the etch to create the
plurality of trenches comprises etching through the low dielectric constant film such that
a portion of the barrier layer remains in contact with each of the plurality of refractory
metal plugs and the portion of the remaining barrier layer is of sufficient thickness to
impede the metal in said plurality of trenches from diffusing into the layer of doped
oxide and/or FEOL devices.

3. The method according to claim 1, wherein performing the etch to create the
plurality of trenches comprises etching through both the low dielectric constant film and

barrier layer.

4. The method of fabricating an interconnect of claim 2 or 3, further comprising:
depositing a barrier film over the trench, the barrier layer and the low dielectric
constant film before
depositing the metal into the plurality of trenches to contact with the refractory

metal plugs.

5. The method according to any one of claims 1-4, wherein forming the barrier layer

includes;




performng an etch to create a plurality of trenches through the | ow
dielectric constant film wherein the plurality of refractory netal plugs
and the barrier layer stop the etch. 2. The nethod according to claiml,
wherein performng the etch to create t?e plurality of trenches conprises
etching through the low dielectric cong'ant filmsuch that a portion of
the barrier layer remains in contact wwth each of the plurality of
refractory neseléctingugbarderdmatedalpbickness godater ilanr409ed.ni ng barrier |ayer is
of sufficient thickness to inpede the netal in said plurality of trenches
fromdiffusing into the |ayer of doped oxide and/or FECL devices. 3. The

net hod aceor di Me hixtiiddedcdbriing¥aqig iofle BEERRAI BIwhéi8indhe Barkier maRALE t he
plurality of trenches conprises etching through both the Iow dielectric

const ant  Fompsises $iOGandihes a thigkness af appreximeteliotP0e60G Abr i cati ng an
i nterconnect of claim2 or 3, further conprising: depositing a barrier
filmover the trench, the barrier layer and the low dielectric constant

filmbefore depasmethd dcoerdify @lank dhe of Elginkd 115aWhér¥inGhe bairgiBEMBRrikO cont act
with the refractaqr metal plugs. 5. The nethod according to any one of

cl ai ns 1-ﬂ9mﬂﬁﬁ¥é$éNforning the barrier layer includes: 13 selecting a
barrier material thickness greater than 400 A. 6. The nethod according to
any one of clainms 1-5, wherein the barrier material conprises SiOC and has
a thickne8s of Tapprethdderteldingdo@nd0ad of dlaindb 7/ whdiomh the batidt mgtctial iany one
of claims _1-5, wherein the barrier, material conprises SiCN. 8. The nethod
accor di ngf@rBed pying chemical yapopdenositiongher i n the barrier material is formed

usi ng chem cal vapor deposition.

9. The method according to any one of claims 1-7, wherein the barrier material is

formed using plasma enhanced chemical vapor deposition.

10.  The method according to any one of claims 1-7, wherein the barrier material is

formed using physical vapour deposition.

11.  The method according to claim 6, wherein forming the SiOC barrier layer

includes:

selecting a barrier material processing pressure of 1 to 3 torr.

12.  The method according to claim 6 or 11, wherein forming the SiOC barrier layer

includes:

selecting a barrier material processing temperature of 350°C to 400° C.

13.  The method according to claim 6, 11 or 12, wherein forming SiOC barrier layer
includes:

selecting a reactant gas including He or CO,.

14.  The method according to claim 6 or any one of claims 11-13, wherein forming
SiOC barrier layer includes:

selecting an organosilane liquid precursor.




9. The nmethod according to any one of clains 1-7, wherein the barrier
material is fornmed using plasma enhanced chem cal vapor deposition. 10.
The net hod according to any one of clains 1-7, wherein the barrier nmateri al
is formed using physical vapour deposition. 11. The nethod according to
claim®6, wherein formng the Si OC barr il8r | ayer includes: selecting a
barrier material processing pressure of 1 to 3 torr. 12. The nethod

accor di nglf.o cThe methodracddrdingteraay oné of cthings I-i fEtKIE comprisiag: | ayer

i ncl udes: sel egti ng. a barrier naterial procgessing terrperaturte1 of 350C to
400 C. 13. TheYROSHIBE a3 anbrgileriive soging oxes thedqwlielaosric ganstapt Hlmor ni ng Si OC
barrier layer includes: selecting a reactant gas including He or CQ2. 14.
The net hod according to claim6 or any one of clains 11-13, wherein formng
Si OC barri@er | Aemethod agdardingselasy phegf eaintr4hfodickain ¢he metal © copmour sor. 14

15. The nethod accor dj t.o any one of clainms 1-14, further conprising:
deposi t i ngi% 1gﬁ?go_s11%4 %gﬁfimgsc\éﬂ%ﬁoﬁ@ssover the | ow di el ectric constant

film 16. The method according to any one of clainms 4-15, wherein the netal
is copper, which is deposited by a damascene process. 17. The net hod

accor di nglt.o ahle pthodraceqrdinggo any ene ofelaigis-1havhiszgin therbarii¢nfilimsis Si OC.  18.
The methogifﬂ@cordi ng to any one of clains 4-16, wherein the barrier filmis
Si CN. 19. € nmet hod according to any one of clainms 4-18, wherein a
thickness for the barrier filmis between approxi mately 100 and 300

Angstrons, ) . . . .
18.  The method according to any one of claims 4-16, wherein the barrier film is

SiCN.

19.  The method according to any one of claims 4-18, wherein a thickness for the

barrier film is between approximately 100 and 300 Angstroms.

20.  The method according to any one of claims 4-19, wherein the barrier film is

deposited using plasma enhanced chemical vapor deposition.

21.  The method according to any one of claims 4-19, wherein the barrier film is

deposited using atomic layer deposition.

22.  An integrated circuit comprising:

one or more front end of line (FEOL) devices;

a layer of doped oxide overlying the one or more front end of line devices;

a plurality of refractory metal plugs formed in the doped oxide layer;

a barrier layer overlying the layer of doped oxide and the plurality of refractory
metal plugs; and

a low dielectric constant film formed over the barrier layer;

wherein the low dielectric constant film and the barrier layer include a plurality
of trenches etched there-through, each trench is filled with a metal contacting each

refractory metal plug.




20. The nethod according to any one of clainms 4-19, wherein the barrier
filmis deposited using plasnma enhanced chem cal vapor deposition. 21. The
nmet hod according to any one of clains 4-19, wherein the barrier filmis
deposited using atom c | ayer depositi oq 22. An integrated circuit
conprising: one or nore front end of Iiﬁe (FEOQOL) devices; a |ayer of doped
oxi de overlying the one or nore front end of line devices; a plurality of
ref ract or §3.met An iptegated§ circuitdomprising: doped oxi de | ayer; a barrier |ayer

overlying the |ayer of doped.oxj.de d.the plurality of refractory netal
plugs; and a IBR’/%‘BH‘BP@C[?‘? t@“@BEQ’E“a@b@I VIS ned over the barrier |ayer;

wherel n the | OMLEbER O RANTLADhe Hd MARTnbREARE Gl Mefood ! Ue o

plurality of trénches etched there-throu each trench 1I's ’ed with a
met al cont act i abamwe layer foirmad pothe laperaif dopehoxid® 23. An integrated circuit

conprising: one_pr re front end.of line (FE devi ces; a |l ayer .of doped

oxirrge over | yi n%pﬁﬁﬁlﬁgﬁgr‘?}{a‘%&' glﬁ%l@h{gséﬂxaneglfm%%@p&é\%g%&yer an%gf}rFlF’ér | ayer

formed onlayle | ayer of doped oxide; a plurality of refractory netal plugs

formed in the doped oxide |ayer and barrier layer; a |low dielectric

constant fil m &&vwditlesiréy cansianbalm farmel gyerrthe harrieh laypt andzhe plaradity of

refract oryeﬁ%{oﬁnﬁ{aggfu'gSMerei n the low dielectric constant filmand the
‘nclua

barrier layer ;pl urality of trenches, which are filled with a

nmetal to cont aghefehethpllow dldlécyri©éonstiht Alkh @hd theater 18let SRl GlplirbRly 2
portion of the barrier layer remains in contact wwth the plurality of

ref r act or §f tignches, prhigisarg fidled mathpometabie contachihe plyralitiiof sefipgtory metalayer i s of

suffici enf}lugs such that a portion of the barrier layer remains in contact with the plurality of
refractory metal plugs and the portion of the remaining barrier layer is of sufficient
thickness to impede the metal in said plurality of trenches from diffusing into the layer of

doped oxide and/or the one or more FEOL devices.

24.  The integrated circuit of claim 22 or 23, further comprising:
a barrier film formed between each refractory metal plug and the low dielectric
constant film and between the same refractory metal plug and the barrier layer in each

metal-filled trench.

25.  The integrated circuit according to any one of claims 22-24, wherein the barrier

layer has a thickness greater than 400 A.

26.  The integrated circuit according to any one of claims 22-24, wherein the barrier

layer has a thickness of approximately 400-600 A.

27.  The integrated circuit according to any one of claims 22-26, wherein the barrier

layer comprises silicon oxycarbide (SiOC) or silicon carbo-nitride (SiCN).

28.  The integrated circuit according to any one of claims 22-27, wherein the metal is

copper, which is filled via a damascene process.




t hi ckness to inpede the netal in said plurality of trenches fromdiffusing
into the | ayer of doped oxide and/or the one or nore FECL devices. 24. The
integrated circuit of claim22 or 23, further conprising: a barrier film
formed between each refractory netal plug and the low dielectric constant
filmand between the sane refractory ndbal plug and the barrier layer in
each netal-filled trench. 25. The integrated circuit according to any one

of clai M8 282~ 24pe mgérgfeﬁ fr@ﬁt Q@JOE’&IE% Jlrgfiycﬁ{e &%ﬁmﬁs EE' he kxgﬁegrglln%g B‘érgfr t han

400 A. 267 The integrated ¢l Fcui to any one’ o

wherein tlﬁhnbaonei@frelthélas'lér SIaG, ar SiliNckness of approxi mately 400- 600 A. ' 27.
The integrated circuit according to any one of clains 22-26, wherein the
barrier |ayer conprises silicon oxycarbide (SiCC) or silicon carbo-nitride

(SiCN). 28, Th?hé &Ll et 5&‘6!1‘&1 ?(g%r{ég)gtc&nﬁpﬂ 29 Swhirefl AhBRnds™ 27

wherein the metal I's copper, via a dahmscene process. 16
29. The i farghe barddr Gim ISthetW@ancapptbmatebr Hityandr390ngstraines 24- 28, wherein

the barrier filmis one of either SIC, SiOC, or SiCN 30. The integrated
circuit according to any one of clains 24-29, wherein a thickness for the

barrier fBim i AnliflecyRRReARR QEItABHIR onAQRingRde 39910@1ﬂéﬁtreﬁﬁ%f lind (FE%L)

I nt erconnect for electrlcallg connecting one or nore front end of line
(FEQL)  ddeviessdo othepstmeaturss plian integsatod ciaguii, Hiedgteatopuleat icompiisingt he
|nterconnect c ris OXI overlyin one of
the one or F‘ E)ﬂt 3‘3’&8 ngf Olvﬁgymgé\? Pe&% pne ﬁ?fqnﬁé’f %?Oﬁg FFBPE\?H%& it or med
in the doaeﬂcaglde | ayer; a barrier |ayer overlylng the | ayer of doped

oxi de and the refractory netal the barrier Iayer i ncluding silicon

and carbon, andT¢{EagfaiY H&F@W‘éﬁ(ﬁ’é@ﬁ&@&@@?% oxide laper; A, and
a barrier layer overlying the layer of doped oxide and the reﬁactory metal plug,

the barrier layer including silicon and carbon, and having a thickness greater than 400 A;
and

a low dielectric constant film formed over the barrier layer;

wherein the low dielectric constant film and the first barrier layer include a
metal-filled trench etched there-through with the metal contacting with the refractory
metal plug.

32.  Aninterconnect for electrically connecting one or more front end of line (FEOL)
devices to another structure of an integrated circuit, the interconnect comprising:

a layer of doped oxide overlying at least one of the one or more front end of line
devices;

a barrier layer containing silicon and carbon formed on the layer of doped oxide;

a refractory metal plug formed in the layer of doped oxide and barrier layer; and

a low dielectric constant film formed over the barrier layer and metal plug;

wherein the layer of low dielectric constant film and barrier layer include a
metal-filled trench, which is filed with a metal contacting the refractory metal plug such
that a portion of the barrier layer remains in contact with the refractory metal plug and
the portion of the remaining barrier layer is of sufficient thickness to impede the metal in
said trench from diffusing into the layer of doped oxide and/or the one or more FEOL

devices.




a lowdielectric constant filmforned over the barrier |ayer; wherein the

| ow dielectric constant filmand the first barrier |ayer include a

netal -filled trench etched there-through with the nmetal contacting with the
refractory netal plug. 32. An interconnect for electrically connecting one
or nore front end of |ine (FEQL) devig s to another structure of an
integrated circuit, the interconnect c 2prising: a | ayer of doped oxide
overlying at |east one of the one or nore front end of line devices; a
barrier |3yer dbaintereonmecsa¢dording tonelaiomd bon32, duntled comptisisgl ayer of doped
oxide; a refractor tal ug formed in the | r of. doped.oxi de and
barrier |ayer; a ﬁﬂléﬁf‘?’&@}’ﬁ?‘ie?eg‘éf?% @gé#ﬁascf%fnef@%ﬁf% | oay/gllei(elcﬁ'bc barrier

| ayer andcomstalt fibhwad belvalefithe fehactbByMetaPplub and dicBaetdrhyer aohstnadtal-f i | m and
barrier Ia¥er include a netal-filled trench, which is filed with a netal
cont act i n§lleherendt endt ory metal plug such that a portion of the barrier

| ayer remains ipn.c L WM ory netal plug and the portion of
t he remai ni ng 6§%F¥2$ﬁ§é§§w&gg&%€ﬁg%¥%%%%ént t hi ckness to inpede the neta
in said trench fromdiffusing into the | ayer of doped oxide and/or the one
or nore FECL devices. 17 33. The interconnect according to claim 31 or

32, further conprising: a barrier filmfornmed between the refractory netal
plug and the low dielectric constant filmand between the refractory netal
plug and the barrier layer in the netal- filled trench; and copper filled
into the netal-filled trench.



