
METHOD OF A NON-METAL BARRIER  COPPER DAMASCENE INTEGRATION  BACKGROUND
[0001] The present disclosure relates generally to the field of
semiconductor processing, and  more specifically to a new method of
interconnect metallization for devices with relatively small  feature
sizes. Semiconductor device geometries 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 m and even 90 nm feature sizes
and smaller. As  device 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  copper interconnect is frequently covered with a
metal barrier. Beyond 0.1 micron, however, the  low resistance advantage of
copper interconnects is diminished by the high resistance metal  barrier
around the copper interconnect. The metal barrier can cause a significant
increase in the  total RC time delay which causes device performance to
degrade. Attempts to thin the metal  barrier can result in reliability
concerns, such as line-to-line leakage, time dependent dielectric
breakdown (TDDB) lifetime, and bias-temperature stress (BTS). 



[0003] As the metal barrier thickness decreases to 90 nm or less, the
methods for depositing  the metal barrier on the substrate also become less
effective. Barrier layers are typically  deposited by physical vapor
deposition (PVD), however as the thickness decreases to 10 run,  potential
step coverage and void formation can occur. Chemical vapor deposition (CVD)
or  atomic layer deposition (ALD) can provide improved step coverage over
PVD, but often cannot  provide high film purity or metal precursor
penetration, especially when employed in  conjunction with porous, low
dielectric constant (k) materials. CVD or ALD deposited barriers  also
generally require post-treatment to drive out excess carbon from the
deposited film in order  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  one or
more FEOL devices and forming a first barrier layer on the layer of doped
oxide, the first  barrier layer comprising such material as silicon
oxycarbide (SiOC) or silicon carbonitride  (SiCN). The method further
includes forming a plurality of refractory 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 performing a
first etch to create  trenches through the low dielectric constant film. In
some embodiments, the plurality of  refractory metal plugs and the first
barrier layer perform as an etch-stop.  [0006] In some embodiments, the
method 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 example, by using a damascene
process.  [0007] In some embodiments, the first barrier layer has a barrier
material thickness greater  than 400 A and is formed using plasma enhanced
chemical vapor deposition.  [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] 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.  The
first barrier layer includes silicon and carbon, and has a thickness
greater than 400 A. The  interconnect further includes a low dielectric
constant film overlying the first barrier layer. The  



low dielectric constant film and the first barrier layer include a via,
which can be filled with  copper.  BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figs. 1 a - 1g are cross-sectional views of a copper damascene
metallization method  using one embodiment of the present invention.
[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, that 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 method discussed in the present
disclosure includes  and/or utilizes many conventional processes and
structures in a new and unique manner.  [0018] Referring now to Fig. la, in
one embodiment, a fabrication method to create MBF  copper damascene
interconnects can begin with a one or more 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) layer
104. The PSG 104 layer may also be another  type of doped oxide, such as
borophosphosilicate glass (BPSG) that can reduce sodium or other
contaminates from penetrating down to the FEOL devices 102 and can provide
global planarization over the FEOL devices. The PSG or BPSG layer 104 can
be formed by chemical  vapor deposition (CVD), plasma enhanced chemical
vapor deposition (PECVD), atomic laver  deposition (ALD), or any other
method that is known by one who is skilled in the art.  [0019] Referring
now to Fig. lb, one or more trenches 105 can be created in the PSG layer
104 by a plasma etch or another fabrication method known to those skilled
in the art. The  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. I c, 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 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 I 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 CO2,
and  the precursor can be an organosilane precursor vapor. The organosilane
precursor vapor 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. The typical thickness of SiOC as the non-metal barrier layer 108 may
be about 400 Angstroms.  [0022] Still referring to Fig. 1 d, a low
dielectric constant (LK) film 110 can then be  deposited over the non-metal
barrier layer 108. The LK film 110 can be a porous material with
encapsulated vacuum bubbles or other low-k containing components in the
film. The LK film 110 can be deposited by a spin-on application, CVD, ALD,
PECVD, PVD, or any other method  that is known by one who is skilled in the
art. The LK film 110 can receive an anti-reflective  coating (ARC). The LK
film 110 can then be deposited with a patterned photoresist layer in
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. If, 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
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 some  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.  [0025] Referring now to Fig. 1g, the non-metal film 112 can be
etched back to the upper  surface of the LK film 110 and in the bottom
portion of the trenches 111 to form interconnects  116. A highly uniform
dry or plasma etch can be employed so that no stringers or other etch
residuals are present. A plasma etchback of the non-metal film 112 can be
suitable because the  by-products of the plasma process are merely gaseous
effluents. Alternative techniques include a  wet or chemical etchback and a
chemical mechanical polish (CMP).  [0026] A copper layer 114 can then be
deposited over the exposed LK film 110 and over the  trenches 111,
including over any non-metal film 112 that may remain in the trench 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  



(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.  [0028] Still
referring to Fig. 2a, the PSG layer can be covered with a non-metal barrier
layer  208 comprising a barrier material such as SiOC or SiCN. In this
second embodiment, unlike the  first embodiment, the non-metal barrier
layer 208 is deposited before refractory metal plugs are  formed which can
improve barrier diffusion in the completed interconnect. Where SiOC is
chosen as the barrier material for the non-metal barrier layer 208, the
film thickness can be  approximately 500 Angstroms, an increase of 100
Angstroms over the thickness of the non-metal  barrier layer 108 of Fig. 1
d. This increased thickness can also ultimately improve barrier  diffusion
in the completed interconnect. The non-metal barrier layer 208 can be
formed by  CVD, ALD, PECVD, PVD, or any other method that is known to those
skilled in the art. Some  metal and oxygen containing compounds may have
suitable barrier properties, and can be used  as the non-metal barrier
layer 208. The non-metal barrier layer 208 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 208 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 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  C02, 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 205 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.  [0031] Referring now to Fig. 2d, an LK film 210 can be deposited
over the non-metal barrier  layer 208 and the refractory metal plugs 206.
The LK film 210 can be a porous material with  encapsulated vacuum bubbles
or other low-k containing components in the film. The LK film  210 can be
deposited by a spin-on application, CVD, PECVD, ALD, PVD, or any other
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 form interconnects for a forthcoming damascene
metallization process.  [0032) Referring now to Fig. 2e, the LK film 210 is
then etched down through to the  interface of the LK film 210 with the
non-metal barrier layer 208 and the refractory metal plugs  206, creating
trenches 211. The refractory metal plugs 206 and the non-metal barrier
layer 208  create an etch stop which ensures that an adequate thickness of
non-metal barrier layer 208  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,  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 212. Where SiC is chosen
as  the non-metal film 212, 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  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 some  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.  [0034] Referring now to
Fig. 2g, the non-metal film 212 can be etched back to the upper  surface of
the LK film 210 and in the bottom portion of the trenches 211 to form
interconnects  216. A highly uniform dry or plasma etch can be employed
such that no stringers or other etch  residuals are present. A plasma
etchback of the non-metal film 212 is suitable because the by- products of
the plasma process are merely gaseous effluents. Alternative techniques
include a  wet or chemical etchback and CMP.  [0035] A copper layer 214 can
then be deposited over the exposed LK film 210 and over the  trenches 211,
including over any non-metal film 212 that may remain in the trench 211.
Prior to  the copper layer 214, a thin Ta layer can be deposited. The
copper layer 214 can be formed by  electroplating, ALD, CVD, PECVD, PVD, or
any other method that is known by one who is  skilled in the art. The
copper layer 214 can also be formed by a combination of these processes,
and therefore the final copper layer 214 may be formed from a copper seed
deposited by CVD,  PECVD, ALD 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.  [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. Id, 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  the metal 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
becomes more  pronounced as the barrier thickness increases.  [0038]
Referring now to Fig. 4, a chart 400 shows that using a silicon carbide
based  dielectric such as SiC, SiCN, and SiCO instead of TaN improves the
trench resistance of copper  dual damascene interconnections. SiC can have
an approximately 1.3 Ohm/unit trench resistance  for a 0.14 urn trench
which can deliver a reduction in trench resistance of approximately 36% as
compared to a metallized barrier such as TaN.  [0039] Referring now to Fig.
5, another advantage of using silicon carbide based dielectrics  over a
metal such as TaN is an improvement in line to line leakage. As chart 500
shows, the line  to line leakage of the silicon carbide copper dual
damascene interconnects can be dramatically  reduced by approximately three
orders of magnitude at a temperature of 200 C.  [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 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 other features.  Accordingly, it is appropriate that
the appended claims be construed broadly and in a manner  consistent with
the scope of the invention.  CLAIMS What is claimed is:  a. A method for
fabricating an interconnect for connecting one or more front end of  line
(FEOL) devices, the method comprising: b. forming a layer of doped oxide on
the one or more FEOL devices; c. forming a first barrier layer on the layer
of doped oxide, the first barrier layer  comprising silicon oxycarbide
(SiOC) or silicon carbonitride (SiCN); d. forming a plurality of refractory
metal plugs in the first barrier layer and the  doped oxide layer; e.
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 forming a first barrier layer includes:  k.
selecting a barrier material thickness greater than 400 A.  l. 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.  o. The method of claim 3 wherein the first
barrier material is formed using plasma  enhanced chemical vapor
deposition.  p. The method of claim 3 wherein the first barrier material is
formed using  electroplating.  q. The method of claim 3 wherein forming a
first barrier layer includes:  r. selecting a barrier material processing
pressure of 1 to 3 torr.  s. 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
C02  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.  dd. The method of claim 2 wherein the second barrier film is
SiOC.   ee. The method of claim 2 wherein the second barrier film is SiCN,
ff. The method of claim 2 wherein a thickness for the second barrier film
is between  approximately 100 and 300 Angstroms.  gg. The method of claim 2
wherein the second barrier film is deposited using plasma  enhanced
chemical vapor deposition.  hh. The method of claim 2 wherein the second
barrier film is deposited using atomic  layer deposition.  ii. An
integrated 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;  ll. a plurality 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; oo. 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  rr. 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 claim 22 wherein the first barrier material
has a thickness  of approximately 400-600 A.  uu. The integrated circuit of
claim 23 wherein the copper is filled via a damascene  process.  vv. The
integrated circuit of claim 23 wherein the second barrier film is one of
either  SiC, SiOC, or SiCN.  ww. 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; ccc. 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. 


