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 netallization for devices with relatively small feature

si zes. Sem conductor device geonetries continue to dramatically decrease in
si ze since such devices were first imtroduced 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 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 chall enging. [ 0002] Metallization of integrated
circuits can enploy a process known as damascene, in which a substrate is
inlaid with nmetal. Damascene and a rel ated process known as dual damascene
(both referred to henceforth as danasceneg) have becone wi dely used in
integrated circuit manuYEEHOPQF ANONNMETAL BARRIERonetri es of 0.1 micron
or less. Generally, the COXFESBAMASCENEINTBLRATEONT eati ng i nt er connect

schenes by cutting trenches into a dielectric, and then filling those
trenches with nmetal. Any excess netal is then polished away. Danascene
met hods often use copper as the bulk filling interconnect metal because of

its | owBACKGRANND A copper interconnect is frequently covered with a
nmetal barrier. Beyond 0.1 micron, however, the |ow resistance advantage of
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br eak downcH dekioE) were st iinterducdddeird Sted RABPRILASHICE iieh! Iﬁ&éra@a@):mts 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 the- Interconnect
RC time constant delay. Solving the problems associated with new 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



[0003] As the netal barrier thickness decreases to 90 nmor |ess, the

nmet hods 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 the thickness decreases to 10 run, potenti al
step coverage and void formation can occur. Chem cal vapor deposition (CVD)
or atomc |ayer deposition (ALD) can2provide inproved step coverage over
PVD, but often cannot provide high filmpurity or nmetal precursor
penetration, especially when enployed in conjunction with porous, |ow
dielectric constant (k) materials. CVD or ALD deposited barriers also
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film Ov?d’reaﬁg tﬁe fi lﬁ‘xt’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 electromi gration, 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. Electromi gration 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 and the plurality of refractory nmetal plugs, and perform ng a
first etch to create trenches through the Iow dielectric constant film In
sonme enbodi ments, the plurality of refractory netal plugs and the first
barrier layer performas an etch-stop. [0006] In sonme enbodinents, the

met hod further includes depositing a second barrier film over the trenches
and the low dielectric constant film and depositing copper into the
trenches. The copper can be deposited, for exanple, by using a damascene
process. [0007] In sonme enbodinents, the first barrier |layer has a barrier
material thickness greater than 400 A and is fornmed using plasma enhanced
chem cal vapor deposition. [0008] In another enbodi nent, an inproved
integrated circuit is provided. The integrated circuit includes one or
nore FEOL devices and a |ayer of doped oxide overlying the devices. A
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[0008]  In another embodiment, an improved integrated circuit is provided. The integrated

_ 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] Insome 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,

Si0C, 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.



| ow dielectric constant filmand the first barrier |ayer include a via,
which can be filled with copper. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0011] Figs. 1 a - 1g are cross-sectional views of a copper danmascene

nmetal lizati on nmethod wusing one enbodi nent of the present invention.

[0012] Figs. 2a - 2g are cross-sectional views of a copper damascene

netal lization nmethod wusing a second gnbodi nent 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 showi ng distributions of trench resistance for the copper dual
damascene interconnects with TaN and silicon carbide barriers. [0015] Fig.
5is a chart shomﬁng line-to-1ine Ieakage current versus electric field
nmeasur ed_ at for co dual nmasc rconnects w TaN or
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[0012] Figs. 2a — 2g are cross-sectional views of a copper damascene metallization method

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, thztt 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. [0018] Referring nowto Fig. la, in
one enbodi nent, a fabrication nethod to create MBF copper danascene

i nterconnects can begin with a one or nore 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 FEOL devices. The PSG or BPSG | ayer 104 can
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Applied Materials, Inc. or Novell us ‘
trenches 105 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.

[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 SiOC, 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 batrier 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 | to 3
torr at a tenperature of 350 Cto 400 C. Reactant gases and |iquid
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 organosi kane 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 Angstrons. [0022] Still referring to Fig. 1 d, a | ow
dielectric constant (LK) film 110 can then be. .deposited over the non-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,
SiOC, 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




met hod that is known by one who is skilled in the art. The SiC fil mcan be
formed by using an injection of a carbon and silicon rich, organosil ane
precursor. The stoichionetry and structure of the SIiC filmcan be
controlled by the choice of organosilane precursors and processing
conditions. SiCfilnms are preferably deposited by PECVD, in which
organosilane ions help to formthe SyC filmfor geonetries approaching 0.1
mcron or less. The inert gas ions available in the PECVD processing of
SiC also can help to create a denser SiC filmby sputtering sone carbon
material out of the SiC during the deposition process. After the
deposition, the SiC film can have a thickness of approximately 100 - 300
Angstronms. [0025] Referring nowto Fig. 1g, the non-netal film 112 can be
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copper ljagen efforAl #Po bﬁasli&rémpl:ahxeemﬁggm mﬁa% s@ingtB 8 6By AQLSSES,
and therefore the final copper layer 114 may be forned Fron1a copper seed
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been for an upp tlon 0 opper layer nmy b
pol i shedyet aschemipai cteluhack{llﬁﬁeﬁx]emkatmle¢hangalrpv}whéﬂm)gs 2a-2g, a second
fabrication nmethod to create MBF copper damascene interconnects is

di scl osgqgg,eief € t i . egin
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ot her itn:neigs atk ahohudmgmtes any‘ﬁ’masmetdeminddg tHad thag renaiwinahe tenwhtil 1 aPrior to
phospho | i cat S % PSG 104 al sq, be
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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 FEQL devices 102, which can include basic MOSFETs and/or other
infegrated 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
(BPSG) 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.




(BPSG that can inhibit the penetration of sodiumor other contam nates
down to the FEOL devices 102 and can provide global planarization over the
FEOL devices. The PSG or BPSG | ayer 104 can be fornmed CVD, PECVD, or any
ot her nethod that is known by one who is skilled in the art. [0028] Stil
referring to Fig. 2a, the PSG | ayer can be covered with a non-netal barrier
| ayer 208 conprising a barrier matergal such as SIOC or SICN. In this
second enbodi nent, unlike the first enbodinent, the non-netal barrier

| ayer 208 is deposited before refractory nmetal plugs are fornmed which can
i nprove barrier diffusion in the conpleted interconnect. Wiere SICC is
chosen as the barrier material for the non-netal barrier |ayer 208, the
filmthi ckness can be approxinmately 500 Angstrons, an increase of 100

Angstro er Fckn .t on-nmetal barri.er |ayer 108 of Fig. 1
d. Thi sn@ﬂ%ﬁeasgetgﬁrteﬁpﬁzr%ﬁgﬁi %g’ﬁh%]\t%)i]amﬂﬁmﬁréf 8?‘8?1'?% 1%?/50%%’??] %almerg?yfef usi on
in the crspb@pedng abearicanneatd suchhe STODoNSICAl. 1hatis sond ayeydinés, wike the

formed b %D,, ALDt PECVD, EVDJ or any.other nethod that is known to t hose
ski | | ed first qbadigient, thggion-metal bairier lasjer 206 asdepesited Betorargiagppy suatdl #lugagrehave

sui t abl ephaddriiféh hGREYOVE Biried NG inkEe Mafikte Aiitel bR NWIRIA 0B I'i er
| ayer 208. The non-netal barrier |ayer 208 deposition process nmay be

i npl emerghegeniap thg bemier matgriglfopthe sesmetayjbarperdayer 20& dheofilsn thithaesp cod®ssi ng

equi pne j f OV . . bnent
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t enper at%%flés"%]fln%(?%@fetteg 13@1@0@@}?212{%@%@%33&@%%&'%Ogﬁﬁxab?)&gefﬁ Wor vapor
may be iGYBCAED, PECVDIIND urase6ther haBed Mkt it Rniad! tRosSisidlied inl the &t 0%¥nk and
formati on. react ant, gases may consi st of He and/or and t he

Th C02,
precurs dPet?,Jé‘Hg BEYESR CYHYRNE SPMBRHIdpmay i esritapiplsrrier prepesicgeand s b esed

Pr ecur s ais teaidn-ikalibBiRE [a96 208! Thé Méh-RERFSSSerISRE 2O ddYsiBBYrobES hagse of
injectiaon such as liquid mass flow control, direct ['iquid injection,

bubbl i ng™Piealsd i yasietyrRitPresEsstaqaipTiest IRprseTR BYe mpeesying equipmitcandet i n t he

art. [ ' Qe el ren : e
For ed thegumeg s ReSbrobobfiedt fequbhont BimAloulTBisSul OGRS FlScEREe
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appr opr i330eC t®a00°i(Rreactant 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
€02, 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 skitled
in the art. |

[0029] Referring now to Fig. 2b, one or more trenches 265 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. 2¢, the trenches 205 can be filled with a refractory metal film

forming refractory metal plugs 206, such as tungsten plugs.



[ 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. [0031] Referring nowto Fig. 2d, an LK film 210 can be deposited
over the non-netal barrier |ayer 208 and the refractory netal plugs 206.
The LK film 210 can be a porous material with encapsul ated vacuum bubbl es
or other lowk containing conponents pn the film The LK film 210 can be
deposited by a spin-on application, CVD, PECVD, ALD, PVD, or any ot her
method that is known by one who is skilled in the art. The LK film 210 can
receive an anti-reflective coating (ARC). The LK film 210 can then be
deposited with a patterned photoresist layer in preparation for the
etching required to forn1interconnects for a forthconing damascene

tall 234 Ret t | m 210
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non- et ajjolas bé Epobitnasy 2R onrfpﬁmangn 15 BEAED, AY. %fp\hbeorr {,Bal%t%g offet al

pl ugs 206. This renaining thickness of non-metal arrier layer
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104 and 4, d ut i | or plasnma
et ch V\/ner e rge:actg fhe ggﬁf;l%g%g %Eg‘éﬁggﬁpga‘%t%m@% ngg gr[e§1§ft 39/6\’1_\111 h

ani sot r quémeragieh @mtheyetchlag reqbuktdi to fist iotefoonmectsefot 4 foathconping dhrh&setehr ough t he
LK film %1?93}%11 Re]éerrl ng nowto Fig. 2f, the surface of the trenches 211
and the T T 2I0an  receive a deposi tion of a non-metal film212. The
non-netal film 212 can be, for exanple, SiOC, SiCor SiCN Additionally,

sone net[@032hnd Refygiag nowrio Eignﬁe:;gledﬂﬁﬁbmhu}slsm elvhv@dowelihk@lgheo arri er

properti, t he no re Si C i s chosen
P OPE he RBtfadlt afE e B Y36%i R e v et e i a0R et e agtory Res! PBETA/D,
PVD, or 286ycreitingtrenchies DDd Tﬁ‘d:&éfrdcﬁ)diﬂ@wnpllﬂgs TR rod-rddthl dafsbridet IR art.
The SiC fil mca be formed by using ection of a carbon and silicon

rich, or G Schlonyhich P%SHFGS thepan %"L%‘Faé%? ¢sp 9f peigmetel bpstierlayesf08 t he Si C
fil
i I'm canrehgingRohAkd With X réﬁh%to%btﬁﬁpl e b ag‘%ﬂlaﬁ?[ggomf&ﬁ%% %?ﬁ%t%%l

processing. conditions. SiCfil'ns are site
whi ch orbgsHAYPRHS dap ﬂgwqq@hpdlfﬁ;smn 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 jons 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.




formthe SiC filmfor geonetries approaching 0.1 mcron or |ess. The inert
gas ions available in the PECVD processing of SiC also can help to create
a denser SIiC filmby sputtering sone carbon material out of the SiC during
the deposition process. After the deposition, the SIC film can have a

t hi ckness of approximately 100 - 300 Angstrons. [0034] Referring now to
Fig. 29, the non-netal film 212 can bm etched back to the upper surface of
the LK film 210 and in the bottom portion of the trenches 211 to form

i nterconnects 216. A highly uniformdry or plasma etch can be enpl oyed
such that no stringers or other etch residuals are present. A plasna

et chback of the non-netal film 212 is suitable because the by- products of
the plasnma process are nerely gaseous effluents. Alternative techniques

then be BSSHE ¢ BEBDETR, Fal ARG Ko RAR e a1 RN OB o BN o 211

i ncl udi neprGwesf thalyK idm-218 tand infthe¢ botRbPpdriiai ofithy trerehred 21 1ito fdriantercemebts211.
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deposi t egefdf chodiical cREGAR andcr PVD and then a | ayer of electroplated
copper, for exanple. In sonme enbodinents, after the copper |ayer 114 has

been fornmed, an upper portion of the copper |ayer may be etched or
pol i shedl0033 r e4sPprsa layer idawp then beidprosteraier therskposad LKi ki §gndbvanthe- et al
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i nsuf fi cPEOVD] ALDIo@PKD £@RRET a lYdrfof sle@fbpldidiEcoppdt; R EAIMIA istie | ayer 208
can inhibit the diffusion of the copper |ayer 214 into the PSG | ayer 104

and evenCiprdipenty, alienheeoppargayer 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 FEOL 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




[0037] Referring to Fig. 3, a chart 300 shows an RC del ay sinulation for
copper dual damascene interconnects with TaN or SiC barriers. As the chart
300 indicates, SiC containing barriers and interlayer dielectrics can
provi de superior reliability and performance conpared to refractory netal
barriers. Although the interconnect RC delay rises with the increasing

thi ckness of either nmetal or the siliicon carbi de based dielectrics, the
rate of RCincrease is nore rapid for the netal barrier. For a |low k
dielectric, e.g., with a k of 2.5, the RC delay is drastically reduced by
replacing TaN with the silicon based dielectrics. This delay reduction
becones nore pronounced as the barrier thickness increases. [0038]
Referring nowto Fig. 4, a chart 400 shows that using a silicon carbide
pased - GlGhfihlder SHG L 185 lifrept, C, WA 10U, @ Ada 01 dTANChTRERNES 1 De
trench resistance of copper ual’ "ddmascene ‘Mt erconnetti ons. S C can have
an appr byirepiacaigylalN BitiCheksieon baseddickctries i Biisdetey redwetiombéroings urore t r ench

whi ch can del i er nd redu%t'on in trench resistance of approxinmately 36% as
conpar ed PRI BF PrOSHBISkPess Uiereasish as TaN.  [0039] Referring now to Fig.
5, anot her advantage of using silicon carbide based dielectrics over a

met al sy@l38hs TRelriisg aow tofip ol @Bkt 400shdbwidat Bingiadlidog2kid@R badd chart 500

shows, the |ine to,.li ea of the silicon carbide cqpper dual
danasceﬂée?qcmces_}"é}b?ﬁfétt §%ﬁaﬁn‘ﬁ§%§r‘ fHead AL ANy mPIOYER 1B HORAP TEPTIRIKIChERPFY t hr ee
orders @fala@BickhiBterionRectiBned i@t ave hin AYofimately00% Bhningi@fdnb N ebsiB@Nket O

Fig. 6, anather advantagg of using silicon carbide based dielectrics over

a net al fdhldum frgneh; whighcandslivey @ sedvetionindispihaesistopg of pprseximateiGHSs s 600
shows tgahmhaﬁngqgggmgjgﬁﬁ§g?djgﬁhﬁaN are approximately three orders of
magni tude snaller than the silicon carbide based dielectrics at 200 C
Both Fi 5 and 6 denonstrate that silicon carbine containing barrier are

much rmg@m?bsi diefanring vovClp iead appshar mdveniage of usingsdlirop aptbidsrbesed dideids The
present oL QueRithIQRCHNASTRER An ﬂﬁﬁ'ﬁﬁéﬂ% il 1630 1i1¥eelec11l8ﬁ? R a{a?trgo%c;hg\g%? 9%:1 nt.

| mprovenents or nodifications that becone apparent to persons I'nary
ski || i to hitedeakage ofthy siliednt @rbidemdparglutiiamastescintswnecay ende enaaktisaltyhi n t he

spirit sGape of .t ligatipn, T present, inv. i-on may be applied
and i np?‘ge@r%%dtcbéga pBlrﬂoxéma\t}glV?lgr %/org?rs g ﬁWg}f@ge ?tﬁéfmi’fﬁ§mf?e°f§‘pb ggy shape pl anar,
curved, spherical, or three-dinensional. It is understood that several

modi f i c4@046hs, 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 of any
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 6ther features.
Accordingly, it is appropriate that the appended claims be construed broadly and in a manner

consistent with the scope of the invention.




changes and substitutions are intended in the foregoing disclosure and in
sone instances sone features of the invention will be enployed w thout a
correspondi ng use of other features. Accordingly, it is appropriate that

t he appended clains be construed broadly and in a nmanner consistent with
the scope of the invention. CLAIMS What is clained is: a. A nmethod for
fabricating an interconnect for connecting one or nore front end of |ine
(FEQOL) devices, the nethod conprising: b. formng a |ayer of doped oxide on
the one or nore FECQL devices; c. formng a first barrier layer on the |ayer
of doped oxide, the first barrier layer conprising silicon oxycarbide
(SiOC) or silicon carbonitride (SICN); d. formng a plurality of refractory
nmetal plugs in the first barrier |ayer and the doped oxide |ayer; e.

form ng arlagmsdi el ectric constant filmover the first barrier layer and the
plurality of refractory nmetal plugs; and f. performng a first etch to
create a:trench through the low dielectric constant film wherein the
plurality It iy ghppmed &'y netal plugs and the first barrier |ayer stop the
etch. g. The nethod of fabricating an interconnect of claim11 further
conprising: h. ﬁjeﬂpﬁbﬁlbd‘%r%ﬁﬁﬁﬁ’r@mﬂﬂ{efdoﬁﬁec{ ol BofRYErigldh€ of 1 f%cfﬂ)n‘?&ﬂi 3fhe | ow
dielectric constant film and depositing copper |nto t e tren

The met hod of cl ailigg iFE@ie)r@wes,ﬁmﬁ deoimiprisingbar ri er | ayer incl udes: k.

sel ecting a bargi o gr.eater t ha . The met hod
of claim3 V\:hel’ié,‘l 25t @?@’ Oftt()lg rél((g((rﬁ?eo 2t er T ﬁ"‘é‘%&’ﬁ%ﬁ?@gg‘e&ciﬁc and has a
t hi ckness of appr dorimimg &figst UHerdBfkr An the layer of doped oxide, the first barrier layer

comprising silicon oxycarbide (SiOC) or silicon carbonitride (SiCN);

d. forming a plurality of refractbry metal plugs in the first barrier layer and the
doped oxide layer; |

¢. forming a low dielectric constant film over the first barrier layer and the plurality
of refractory metal plugs; and -

f. performing a first etch to create a trench through the low dielectric constant film

wherein the plurality of refractory metal plugs and the first barrier layer stop the
etch.

g The method of fabricating an interconnect of claim 1 further comprising:

h. depositing a second barrier film over the trench and the low dielectric constant
film; and

i. depositing copper into the trench.

j. The method of claim 1 wherein fofming a first barrier layer includes:

k. selecting a barrier material thickness gréater than 400 A.

1. The method of claim 3 wherein the first barrier material comprises SiOC and has
a thickness of approximately 400-600 A.

m. The method of claim 3 wherein the first barrier material comprises SiCN.

n. The method of claim 3 wherein the first barrier material is formed using chemical

vapor deposition.



m The method of claim3 wherein the first barrier material conprises SiCN
n. The nmethod of claim3 wherein the first barrier material is fornmed using
chemi cal vapor deposition. o. The nethod of claim 3 wherein the first
barrier material is formed using plasma enhanced chem cal vapor
deposition. p. The nmethod of claim3 wherein the first barrier material is
fornmed using electroplating. q. Thesrethod of claim3 wherein formng a
first barrier layer includes: r. selecting a barrier material processing
pressure of 1 to 3 torr. s. The nmethod of claim3 wherein formng a first
barrier layer includes: t. selecting a barrier material processing
tenperature of 350 Cto 400 C. u. The nethod of claim3 wherein formng a
first barrier layer includes: v. selecting a reactant gas including He or
C02 w. The nethod of claim3 wherein formng a first barrier |ayer

i ncl udes: Xx. ﬁelqﬁtin a organaosilane liquid precursor. y. The method of
fabri cati nd-aht§ Be@p 3 Wherein fherfirat bepier meterizlgafnrmed ngng plasmajeposi t i ng

an anti-ref| egihaN®@deRahitNYa@H Yepdsitfon! OW dielectric constant film aa. The
nmet hod of fabricating an interconnect of claim1l wherein a portion of the

first barrier layer remains in contact wwth the plurality of refractory

metal plugs, at j.rst etch b.. The t.had .of ¢claim1l wherein the
first barri%er '*%gp 841?%4‘&1:% lfﬁr%?%hﬁttﬁftlhaWﬁg’é nglgs fqr?ﬂﬁgﬂﬂnfﬁi ffusion of a

metal into thdedtmphtingf doped oxi de.

q. The method of claim 3 wherein forming a first barrier layer includes:

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

. 8. The method of claim 3 wherein forming a first barrier layer includes:

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

u. The method of claim 3 wherein forming a first barrier layer includes:

v. selecting a reactant gas including He or CO,.

w. The method of claim 3 wherein forming a first barrier layer includes:

X. selecting a organosilane liquid precursor.

y. The method of fabricating an interconnect of claim 1 further comprising:

z. depositing an anti-reflective coating over the low dielectric constant film.

aa. The method of fabricating an interconnect of claim 1 wherein a portion of the first

barrier layer remains in contact with the plurality of refractory metal plugs after
the first etch. .

bb. The method of claim 1 wherein the first barrier layer is of sufficient thickness to

impede diffusion of a metal into the layer of doped oxide.

cc. The method of claim 2 wherein the copper is deposited by a damascene process.




cc. The nethod of claim2 wherein the copper is deposited by a damascene
process. dd. The nethod of claim2 wherein the second barrier filmis

Si CC. ee. The nethod of claim2 wherein the second barrier filmis SiCN,
ff. The nethod of claim2 wherein a thickness for the second barrier film
is between approximtely 100 and 300 Angstrons. gg. The nethod of claim2
wherein the second barrier filmis deppsited using plasma enhanced

chem cal vapor deposition. hh. The nethod of claim2 wherein the second
barrier filmis deposited using atomc |ayer deposition. ii. An
integrated circuit conprising: jj. one or nore front end of |ine devices;
kk. a layer of doped oxide overlying the one or nore front end of |ine
devices; |l. a plurality of refractory metal plugs in the doped oxide

|l ayer; nm  ad.fikk stetRROFLET -of silicon.oxycarhide (SiOC) overlying the
| ayer of = doped oxi de anﬁr? g*%%ﬂ}% F?Vnikm?géﬁﬁdf ‘netal plugs; and nn
a low dielectric constant filmover the first barrier layer; 00. wherein

the |ow dielge ' nstant filmanpd the first barrier layer include a
plurality of'?%éh%ﬁ%gogg%W%ﬁw W@Wﬁﬂ?ﬁ$6ﬁﬁﬁﬁﬂﬁﬁﬁm1$ﬁémintegrated circuit of

claim?22 further conprising: qq. a second barrier filmover the trenches
and the Iomgd&glec ric.constant filnm and rr. copper filled into the
trenches. os B5Rgthod obelra 2ahereinathickuskss for dierse@Rd\bheicefiln fshetwibs St barri er

layer has a t bigkassely 00Sak 860 ARRRAQ0 A

gg. The method of claim 2 wherein t}}e second barrier film is deposited using plasma

enhanced chemical vapor deposition.

hh. The method Qf glaim 2 wherein the second barrier film is deposited using atomic
layer deposition.

ii. Anintegrated circuit comprising:

jj. one or more front end of line devices;

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

1l. aplurality of refractory metal plugs in the doped oxide layer;

mm. a first barrier layer of silicon oxycarbide (SiOC) overlying the layer of
doped oxide and the plurality of refractory metal plugs; and

nn. a low dielectric constant film over the first barrier layer;

co. wherein the low dielectric constant film and the first barrier layer include a

plurality of trenches etched there-through.

pp. The integrated circuit of claim 22 further comprising;

qq. a second barrier film over the trenches and the low dielectric constant film; and

IT. copper filled into the trenches.

ss. The integrated circuit of claim 22 wherein the first barrier layer has a thickness
greater than 400 A. |



tt. The integrated circuit of claim22 wherein the first barrier materi al
has a thickness of approxinmately 400-600 A. uu. The integrated circuit of
claim 23 wherein the copper is filled via a damascene process. Vvv. The
integrated circuit of claim23 wherein the second barrier filmis one of
either SIC, SIOC, or SICN. ww. The integrated circuit of claim23 wherein
a thickness for the second barrier fjdmis between approximtely 100 and
300 Angstroms. Xxx. An interconnect for electrically connecting one or nore
front end of line devices to other structures of an integrated circuit,

t he i nterconnect conprising: yy. a |layer of doped oxide overlying at |east
one of the one or nore front end of line devices; zz. a refractory netal
plug in the doped oxide |ayer; aaa. a first barrier |layer overlying the

| ayer of dopedry@xit refractory. al, pl.ug, the first barrier
| ayer i ncl ugi ng ﬁ%ﬁig%géﬁ %gglrg %?\?Wgﬁ%mﬁg'%{iﬁ bagrlertg‘?ﬁt??ﬁga:?? tE‘Flé‘&ﬁSer t han
400 A; and bblwfagproomadlyel0éac00ilc constant filmover the first barrier

| ayer; ccc. wherein the low dielectric constant filmand the first barrier
| ayer include a trench. ddd. The interconnect of claim?29 further

conpri si ng: ueeBe iReSREPELURIF Kl ' i he .l ow
dielectric const;nt filnjuand f?é?i%%g%gﬁﬁ%?#Pgag?ﬁ?ﬁn%%gg?%gﬁgh
process.

vv. The integrated circuit of claim 23 wherein the second barrier film is one of either
SiC, SiOC, or SiCN.

wwW. The integrated circuit of claim 23 wherein a thickness for the second

barrier film is between approximately 100 and 300 Angstroms.

xx. An interconnect for electrically connecting one or more front end of line devices
to other structures of an integrated circuit, the interconnect comprising;

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

zz. a refractory metal plug in the doped oxide layer;

aaa. a first barrier layer overlying the layer of doped oxide and the refractory
metal plug, the first barrier layer including silicon and carbon, and having a
thickness greater than 400 A; and

bbb. a low dielectric constant film over the first barrier layer;

cce. wherein the low dielectric constant film and the first barrier layer include a
trench.

ddd. The interconnect of claim 29 further comprising:

eee. a second barrier film over the trench and the low dielectric constant film;
and

fff. copper filled into the trench.




