OXYGEN DOPED SiC FOR Cu BARRIER AND ETCH STOP LAYER IN
DUAL DAMASCENE FABRICATION FIELD OF THE INVENTION The
invention relates to the field of fabricating integrated circuits and other
electronic devices and in particular to a dual damascene structure with high
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BACKGROUND OF THE INViWY4QE NEmprUGa& @M an integrated
circuit in a semiconductor device involves the formation of a metal layer that

typically contains a wiring pattern which is overlaid on another conductive

pattern. This process is refagep savardeimaER piouce a stack of metal
layers. Metal interconnects which form horizontal and vertical electrical

pathways in the device are separated by insulating or dielectric materials to
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performance by slowing circuit speed. A popular method of forming an
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trenches are filled with metal in the same step. A single damascene process

inmprasedcananiitly napoyedHodesmiarmipigithatierimén one or more dielectric
layers. The most frequently used dual damascene approach is a via first

process in which a via is formed in a stack of dielectric layers and then a

trench is formed aboveBA€ MG HCHIRITD OPMNENMENVENTHORI damascene
processing include lowering the resistivity of the metal interconnect by
switching from aluminum to copper and reducing the dielectric constant (k) of
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interconnects. 1
formation of a metal layer that typically contains a wiring pattern which is overlaid on
another conductive pattern. This process is repeated several times to produce a stack
of metal layers. Metal interconnects which form horizontal and vertical electrical
pathways in the device are separated by insulating or dielectric materials to prevent
crosstalk between the metal wiring that can degrade device performance by slowing
circuit speed. A popular method of forming an interconnect structure is a dual
damascene process in which vias and trenches are filled with metal in the same step. A
single damascene process is also commonly employed to form a metal pattern in one or
more dielectric layers. The most frequently used dual damascene approach is a via first
process in which a via is formed in a stack of dielectric layers and then a trench is
formed above the via. Recent improvements in dual damascene processing include
lowering the resistivity of the metal interconnect by switching from aluminum to copper

and reducing the dielectric constant (k) of insulating materials to avoid capacitance

coupling between the metal interconnects.



Current manufacturing practices involve forming vias and trenches that have
sub- micron dimensions which can be less than 0.25 microns in width. One of
the more promising low k dielectric materials is organosilicate glass (OSG)
also known as SICOH which is a silicon oxide that is doped with carbon and
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dielectric material has a dielectric constant of about 4. SICOH has a k value
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capacitance coupling between wiring. SICOH is available as Black Diamond
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different trade names from other manufacturers. The composition and
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source gases. One concern with using SICOH in a damascene structure is
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moisture uptake which increases the dielectric constant and defeats the
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layer is employed as a thick dielectric layer in U.S. Patent 6,472,333. A SiC
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increased hardness for a subsequent chemical mechanical polish (CMP) step
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and a lower k value. An amorphous carbon cap layer on a low k dielectric
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as a CMP stop layer. In some cases, densification after annealing is
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perform a plasma treatment such as the N2/NH3 plasma process described
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densification also improves SiICOH resistance to etchants such as 02

deposited is porous. A porous structure will allow moisture uptake which increases the
dielectric constant and defeats the purpose of depositing a low k dielectric material. An
organosilicate glass layer is employed as a thick dielectric layer in U.S. Patent
6,472,333. A SiC cap layer is formed on the organosilicate glass (SiCOH) layer to
provide increased hardness for a subsequent chemical mechanical polish (CMP) step
and then the SiCOH layer is annealed for improved mechanical properties and a lower k
value. An amorphous carbon cap layer on a low k dielectric layer is described in U.S.
Patent 6,541,397 and serves as an etch mask and as a CMP stop layer.

In some cases, densification after annealing is desirable. A well known method of
densifying a porous SiCOH layer is to perform a plasma treatment such as the No/NH3;

plasma process described in U.S. Patent 6,436,808. Besides stabilizing the dielectric

constant, the densification also improves SiCOH resistance to etchants such as O,



2 plasma during removal of a photoresist mask that is used to transfer a
trench pattern into the damascene stack. The integration of amorphous
silicon carbide ((x-SiC:H) as a barrier/etch stop layer in a copper damascene
fabrication scheme has been suggested as a possible solution to the
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integration. Although the (x-SiC:H film has a lower dielectric constant (k - 4.5)

intbaRsdisphsdede fkack!), (X-SIC:H has a higher current leakage level under
high bias and a lower breakdown field than silicon nitride. Nitrogen doped
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mentioned in U.S. Patent 6,436,824. While SICN can improve the leakage
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photoresist layer in a via hole during patterning of a trench opening in a via
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via after exposed regions are developed in an aqueous base solution which
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(k - 4.9) is higher than the desired value of less than 4 and preferably
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poison a photoresist layer in a via hole during patterning of a trench opening in a via first
dual damascene scheme. As a result, photoresist residue remains in the via after
exposed regions are developed in an aqueous base solution which leads to an
expensive rework process. In addition, the dielectric constant of SiCN (k ~ 4.9) is higher
than the desired value of less than 4 and preferably less than 3 for a low k dielectric
material. Therefore, an improved barrier layer or etch stop layer is required for new
technologies which has a higher breakdown field and lower dielectric constant than
current materials and which does not contain nitrogen that can have a deleterious effect
on photoresist patterning.

One prior art method that mitigates the poisoning effect of a SiCN etch stop layer is
described in U.S. Patent 6,455,417 where a composite etch stop comprised of an upper

carbon doped oxide (SiCOH) is formed over a lower SiCN layer on a substrate. The

lower layer acts as a buffer to keep the oxide layer from oxidizing the underlying



lower layer acts as a buffer to keep the oxide layer from oxidizing the
underlying 3 conductive metal while the SICOH layer prevents the photoresist
poisoning issue. However, this prior art does not address the issue of a
relatively high k value for SICN and a thick SICOH layer may be necessary
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Other low k dielectric materials such as benzocyclobutene or hydrogen
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structure in U.S. Patent 6,417,090. However, there is no provision to form a
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copper pattern. A carbon doped silicon oxide layer is formed on a substrate in

thkdSgiPaiepditiduiperaagaises silane, an oxygen source, and a mixture of
CH4 and acetylene for the deposition step. The introduction of methane and
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forming more Si-O network terminating species. In this case, the composition
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and may result in a less mechanically sturdy structure. Low density also
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in subsequent processing steps. An oxygen or nitrogen doped SiC layer is
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concentration of the dopant is not described. A method of incorporating a
SiCexridayetopitd silpurosyirniggetdsidiereaiter aretirsecito iaslo®/dement 6,410,462

doped silicon carbide, as an etch stop or barrier layer in a dual damascene
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deposition step. The introduction of methane and acetylene into the CVD process is
claimed to promote a lower film density by forming more Si-O network terminating
species. In this case, the composition of the SICOH film appears to be less crosslinked
than is normally desired and may result in a less mechanically sturdy structure. Low
density also implies a higher porosity that can lead to water absorption and higher k
value in subsequent processing steps.

An oxygen or nitrogen doped SiC layer is employed as an etch stop layer in U.S.
Patent 6,486,082. However, the concentration of the dopant is not described.

A method of incorporating a SICOH layer with a low oxygen content, hereafter
referred to as oxygen doped silicon carbide, as an etch stop or barrier layer in a dual
damascene scheme is desirable so that a reduction in dielectric constant and a higher

breakdown field can be achieved without compromising Cu barrier capability or a

photoresist processing step. An oxygen doped silicon carbide etch stop layer should



breakdown field can be achieved without compromising Cu barrier capability
or a photoresist processing step. An oxygen doped silicon carbide etch stop
layer should have good etch selectivity to other low k dielectric layers
including SICOH layers like Black Diamond TM from Applied Materials or
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objective of the present invention is to provide a method of forming a dual
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doped silicon carbide that has a dielectric constant of about 4 or less. A

further objective of the present invention is to provide an oxygen doped

silicon carbide barrier/etcgISiaR RS ORTHE AT [@meakdown field than
a silicon carbide layer. A still further objective of the present invention is to

integrate an oxygen doped silicon carbide barrier/etch stop layer into a

damasisjeosvelivicihecosedbiat pxidation ieftarprovitesyingetheigldpietitng a dual

avoided. Yet another objective of the present invention is to provide an
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k dielectric films including Black Diamond Tm and CORAL Tm and that has

cagbRiéchRPREba disIeapRDIBYsTEISS abinatives aresachieved by providing a
substrate having a first metal layer with an exposed top surface. The first
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layer. In one embodiment, the first metal layer and diffusion barrier layer are
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cap layer which is coplanar with the first metal layer. A second SiC layer may
laper.

A still further objective of the present invention is to integrate an oxygen doped
silicon carbide barrier/etch stop layer into a damascene structure so that oxidation of an
underlying metal layer is avoided.

Yet another objective of the present invention is to provide an oxygen doped silicon
carbide layer that has good etch selectivity to other low k dielectric films including Black
Diamond™ and CORAL™ and that has good copper barrier capability.

These objectives are achieved by providing a substrate having a first metal layer
with an exposed top surface. The first metal layer may be formed in an opening that is
lined with a diffusion barrier layer. In one embodiment, the first metal layer and diffusion
barrier layer are contained in a first dielectric layer that has an overlying silicon carbide
(SiC) cap layer which is coplanar with the first metal layer. A second SiC layer may be

formed on the substrate to form a protective etch stop barrier over the first metal layer.

Next, a first oxygen doped SiC layer is deposited on the SiC barrier layer by a plasma



formed on the substrate to form a protective etch stop barrier over the first
metal layer. Next, a first oxygen doped SiC layer is deposited on the SiC
barrier layer by a plasma 5 enhanced chemical vapor deposition (PECVD)
process and also functions as a barrier/etch stop layer. The first oxygen
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comprised of an inert gas such as He, Ar, or N2 to densify the layer and
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deposited on the first oxygen doped SiC layer followed by formation of a
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oxygen doped SiC layer serves as a second etch stop layer and is deposited
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doped SiC layer may also be densified with a plasma treatment. A third
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by formation of a cap layer on the third dielectric layer to complete the
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formation of a via pattern in the damascene stack by a photoresist patterning
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cap layer and third dielectric layer that is aligned above the via pattern. The
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oxygen doped SiC layer is removed to expose a portion of the surface of the
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sidewalls and bottom of the trenches and via holes. Next, a second metal
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layer. A planarization method such as a chemical mechanical polish (CMP)
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A conventional process flow then follows and involves formation of a via pattern in
the damascene stack by a photoresist patterning and etch sequence. Similar steps are
taken to form a trench pattern in the cap layer and third dielectric layer that is aligned
above the via pattern. The exposed first etch stop layer comprised of the second SiC
layer and first oxygen doped SiC layer is removed to expose a portion of the surface of
the first metal layer. A second diffusion barrier metal layer is deposited on the sidewalls
and bottom of the trenches and via holes. Next, a second metal layer is deposited to fill
the via and trench openings to a level above the cap layer. A planarization method
such as a chemical mechanical polish (CMP) process is then employed to lower the

second metal layer to a level that is coplanar with the cap layer on the damascene stack

to complete the damascene sequence.



second metal layer to a level that is coplanar with the cap layer on the
damascene stack to complete the damascene sequence. 6 The invention is
also a damascene structure that is formed on a substrate that may contain a
first metal layer with an exposed top surface. The damascene structure has a
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oxygen doped SiC layer on the SiC layer. There is sequentially formed on
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oxygen doped etch stop layer, a third low k dielectric layer, and a cap layer
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cap layer and third dielectric layer which is aligned over a via that extends
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barrier/etch stop layer. There is a conformal diffusion barrier layer on the
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layer formed on the diffusion barrier layer that is coplanar with the cap layer.
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views depicting a method of employing an oxygen doped SiC layer as a
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showing density vs. sputter time during an ESCA analysis of an oxygen
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FIG. 7 is a plot showing breakdown field vs. oxygen flow rate for oxygen

lagopeddSiist Ibyere thathverspdapesitathasing diferdotrnandittashyarmetieger on the
of the present invention. FIG. 8 is a plot showing dielectric constant as a
sifigvesitnapicdkpaemios tiaéetfench and via openings and a second metal layer formed

on the diffusion barrier layer that is coplanar with the cap layer.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 - 5 are cross-sectional views depicting a method of employing an oxygen
doped SiC layer as a barrier and etch stop layer in a dual damascene process.

FIG. 6 is a plot showing density vs. sputter time during an ESCA analysis of an
oxygen doped SiC layer that was deposited by a method of the present invention.

FIG. 7 is a plot showing breakdown field vs. oxygen flow rate for oxygen doped SiC
layers that were deposited using different conditions by a method of the present
invention.

FIG. 8 is a plot showing dielectric constant as a function of oxygen flow rate for
oxygen doped SiC layers that were deposited using different conditions according to a

method of the present invention.



oxygen doped SiC layers that were deposited using different conditions
according to a method of the present invention. DETAILED DESCRIPTION
OF THE INVENTION The present invention is particularly useful in forming a
dual damascene structure with high performance and good reliability.

Although a via firspgued DA EBERIPTRSN SresaERyER ToNhod of
incorporating an oxygen doped SiC etch stop layer into a damascene stack

is equally effective for other damascene approaches including a single
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embodiment is depicted in FIGS. 1 - 5. The drawings are used for illustrative
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to FIG. 1, a substrate 8 is provided that is typically monocrystalline silicon
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other semiconductor materials used in the art. The substrate 8 may further
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embodiment, a first conductive layer comprised of three conductive lines is
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formed with a different pattern. However, the conductive layer should have
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of a low k dielectric material selected from a group including fluorine doped
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silsesquioxane (MSQ), fluorinated polyimide, poly(arylether), or
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plasma enhanced CVD (PECVD), or a spin-on method. Two popular forms of
but optionally may be comprised of silicon-germanium, silicon-on-insulator, or other
semiconductor materials used in the art. The substrate 8 may further include active and
passive devices (not shown). In the exemplary embodiment, a first conductive layer
comprised of three conductive lines is formed on the substrate 8. Alternatively, a first
conductive layer may be formed with a different pattern. However, the conductive layer
should have an exposed top surface.

A first dielectric layer 10 that is preferably comprised of a low k dielectric material
selected from a group including fluorine doped SiO,, carbon doped SiO,, hydrogen
silsesquioxane (HSQ), methyl silsesquioxane (MSQ), fluorinated polyimide,
poly(arylether), or benzocyclobutene is deposited by a chemical vapor deposition
(CVD), plasma enhanced CVD (PECVD), or a spin-on method. Two popular forms of
carbon doped SiO; are Black Diamond™ from Applied Materials and COREL™ from

Novellus. Additional processing of the first dielectric layer 10 may include a high

temperature cure or anneal at temperatures of up to 600°C. A passivation layer 11



carbon doped SiO2 are Black Diamond TM from Applied Materials and
CORELTM from Novellus. Additional processing of the first dielectric layer
10 may include a high temperature cure or anneal at temperatures of up to
600C. A passivation layer 11 8 preferably comprised of silicon carbide is
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about 0 and 1000 Angstroms. A conventional method is used to form
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photoresist layer (not shown) on the passivation layer 11 and using the
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layer 11 and first dielectric layer 10 by a plasma etch process. A conformal
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thickness between 50 and 300 Angstroms is deposited on the sidewalls and
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preferably comprised of copper is deposited on the diffusion barrier layer 12
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to lower the first conductive layer so that the conductive lines 13a -13c are
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polish (CMP) process may be used. It is understood that the widths of the
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width of the first dielectric layer 10 between conductive lines 13a and 13b
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and could be larger or smaller in width than the width of the conductive lines
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initially depositing a second SiC layer 14 having a thickness from about 50 to

plah8ragsiiasiepds dmployed to lower the first conductive layer so that the conductive
lines 13a — 13c¢ are coplanar with the passivation layer 11. For example, a chemical
mechanical polish (CMP) process may be used. It is understood that the widths of the
conductive lines 13a — 13c are not necessarily equal in size. Similarly, the width of the
first dielectric layer 10 between conductive lines 13a and 13b and between conductive
lines 13b and 13c is not necessarily drawn to scale and could be larger or smaller in
width than the width of the conductive lines 13a — 13c.

Referring to FIG. 2, a damascene stack of layers is fabricated by initially depositing a
second SiC layer 14 having a thickness from about 50 to 150 Angstroms on the
passivation layer 11 and on the conductive lines 13a —13c by a CVD or PECVD
method. In the preferred embodiment where the passivation layer 11 is SiC, the second

SiC layer 14 is not distinguishable from first SiC layer 11 and the combined SiC layers

11,14 in FIGS. 3 - 5 will be referred to as SiC barrier layer 15.



passivation layer 11 and on the conductive lines 13a - 13c by a CVD or
PECVD method. In the preferred embodiment where the passivation layer 11
is SiC, the second SiC layer 14 is not distinguishable from first SiC layer 11
and the combined SiC layers 11, 14 in FIGS. 3 - 5 will be referred to as SiC
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layer 16 is preferably formed on the second SiC layer 14 by a PECVD
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centimeters per minute (sccm), a trimethylsilane or tetramethylsilane flow
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chamber pressure of from 2 to 8 torr, a RF power of from 100 to 1000 Watts
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MHz, and a substrate temperature between 3000C and 4000C and
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tetramethylsilane into the chamber. The process is preferably carried out
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plasma (TCP) source to enable a higher degree of control and uniformity

artuEng BxtrdrprsiiiseratinddsstiesercandfionmdnreuiEng snsyeebyasePC. The

SiC layer 16 typically has a lower oxygen content than Black Diamond TM or
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from 50 to 1000 Angstroms and preferably from 150 to 350 Angstroms. In
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plasma treatment known to those skilled in the art to stabilize the dielectric
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layer 16 may be subjected to a plasma generated from N2, He, or Ar to
of control and uniformity during the deposition. Under these conditions, the resulting

oxygen doped SiC layer 16 typically has a lower oxygen content than Black Diamond™
or COREL™ films.

The thickness of the first oxygen doped SiC layer 16 is from 50 to 1000 Angstroms
and preferably from 150 to 350 Angstroms. In one embodiment, the first oxygen doped
SiC layer 16 is subjected to a plasma treatment known to those skilled in the art to
stabilize the dielectric constant and prevent water uptake. For example, the first oxygen
doped SiC layer 16 may be subjected to a plasma generated from Ny, He, or Ar to
densify the layer. The plasma treatment is preferably performed in the same process
chamber in which the previous PECVD process was carried out.

A second dielectric layer 17 having a thickness of from 2000 to 10000 Angstroms is

deposited on the first oxygen doped SiC layer 16 by a CVD, PECVD or spin-on method.

The second dielectric layer 17 is preferably comprised of a low k dielectric material and
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densify the layer. The plasma treatment is preferably performed in the same
process chamber in which the previous PECVD process was carried out. A
second dielectric layer 17 having a thickness of from 2000 to 10000
Angstroms is deposited on the first oxygen doped SiC layer 16 by a CVD,
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comprised of a low k dielectric material and 10 is selected from the same

lagspuip Of ATy RvieHi BFRY IeusYorestitapfoc e sy gietastierfardedGoAremove trace

conventional cure or anneal process is typically performed to remove trace

arfBiavBlefafietRBtarRNgtABIEbI0 W BlekLHIAN SIgH iR pRMdYiF dFathésecond

second dielectric layer 17. In one embodiment, the damascene stack is

dieropietegat 1i7is prite BnibednRinp &y eabadtuabtsmeROBAMYERA at this point.
doped SiC layer 18 that functions as an etch stop is preferably formed on the

segand didianirirjayeibbdimcine s3acomaaikpgentprediciRiye fi1g matdenctions
doped SiC layer 16 and has a thickness in the range of 50 to 1000

as"agIcinstol s efaraplimacth e s eo RS g ehctinRad Riferlayaslthis same
treated with a N2, He, or Ar plasma to densify the layer and stabilize its

méialesEe plyjeiant dorindiritineauent opeeESIEdaeinie givletidclayekadss in the

having a thickness from 1000 to 10000 Angstroms is deposited on second

rapy¥oensStoRe toBIC Aayetrbiiay aliCyhy Bhbddimensaineasetritagkydére doisdd SiC

dielectric layer 19 is preferably comprised of the same low k dielectric

layeate8ad wsatbd Wity sehonHidigedriplayanltd doddfynsalycrurd stabilize its
annealed to drive off trace amounts of solvent and low molecular weight

dislsopursisthediamgsaansegiaskt praydaseompleted by deposition of a cap

layer 20 with a thickness between 0 and 1000 Angstroms. The cap layer 20

IS/ACmivarigretatric nagiaridd suphras Hikickiiees frdimd€0 00 to 10000 Angstroms is
deposited on second oxygen doped SiC layer 18 by a CVD, PECVD, or spin-on method.
The third dielectric layer 19 is preferably comprised of the same low k dielectric material
used in the second dielectric layer 17 and is typically cured or annealed to drive off
trace amounts of solvent and low molecular weight compounds. The damascene stack
may be completed by deposition of a cap layer 20 with a thickness between 0 and 1000
Angstroms. The cap layer 20 is comprised of a material such as SiC, silicon nitride,
silicon oxide, fluorine doped SiO,, or silicon oxynitride which is deposited by a CVD or
PECVD technique. The cap layer 20 is selected for its low removal rate in a
subsequent CMP step and for its resistance to scratch and dishing defects during the
polishing process.

Referring to FIG. 3, a via pattern comprised of vias 21a — 21c¢ is formed in the

damascene stack. Vias 21a, 21b, 21¢ are aligned above the conductive lines 13a, 13b,
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silicon oxide, fluorine doped SiO2, or silicon oxynitride which is deposited by
a CVD or PECVD technique. The cap layer 20 is selected for its low removal
rate in a subsequent CMP step and for its resistance to scratch and dishing

defects during the polishing process. Referring to FIG. 3, a via pattern

13O vesisestiobNiam 2hefirSleoadastmas HyEre Tansseentryankindaydically involves
21 b, 21 c are aligned above the conductive lines 13a, 13b, 11 13c,

foFRRGGHHDPSRIHYR fiish pritivbistiRyRYr (iR BRGRH)IBE thetikad tpsiedd or on the top

involves forming via openings in a photoresist layer (not shown) on the cap

lajes 3ROt am R éple daxek ahtherdpopseeiie PastkoresisamplaMngsie transfer the

photoresist as a mask to transfer the pattern through the underlying layers

pdlieAPiasingretht prsesanbaboarssyve prabinke estensoyets that thenaiee multiple
process stops on the first oxygen doped SiC layer 16 and the width of the

st¥iis MNae hhrciab@ithsbbedsrgenthan the st Bfqoh iRy BIT layer 16 and the

conductive line. In a preferred embodiment, the first oxygen doped SiC layer

witithheistes auh2saleciyysteotile aecordligieatitnaenidtacotat amisvying
amount of the first oxygen doped SiC layer 16 thickness is lost as the etch

corisfevsieeremoves the last portion of the second dielectric layer 17 from
the bottom of the vias 21a - 21c. The etch process is usually not completely

uhifer py efedlrthe craboaihtbele etiéctlastasxd; demayidpce810Veg e 18 1sgsnenviagh

faster than from others. For example, the etch rate of the second dielectric

sdrygivity 10 the vesoad dieRberibalyare 17 aglgngeaariaynmay aemdifferentribadinst oxygen
in an isolated via (not shown) in the same via pattern. The first oxygen doped

ddpédigier | dheistéepisiiastinithie stratethreceecnestiizientssopinatribhes grolhst portion of
selectivity towards
the second dielectric layer 17 from the bottom of the vias 21a —21¢. The etch process
is usually not completely uniform and the second dielectric layer 17 may be removed
from some vias faster than from others. For example, the etch rate of the second
dielectric layer 17 in the vias 21a — 21c¢ that are in a dense array may be different than
in an isolated via (not shown) in the same via pattern. The first oxygen doped SiC layer
16 is deposited in the preferred embodiment so that it has good selectivity towards
carbon doped SiO, materials in the second dielectric layer 17 such as Black Diamond™
and COREL™ when a plasma etch generated from C4Fs and Ar gases is employed.
Optionally, other fluorocarbons may be used in place of C4Fs. Those skilled in the art
will appreciate that the gas composition of the plasma etch through the second and third

dielectric layers 17, 19 may be different than in the plasma etch through the cap layer

20 and through the second oxygen doped SiC layer 18.
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carbon doped Si02 materials in the second dielectric layer 17 such as Black
Diamond TM and COREL TM when a plasma etch generated from C4F8 and
Ar gases is employed. Optionally, other fluorocarbons may be used in place
of C4F8. Those skilled in the art will appreciate that the gas composition of

the plasramBIryRL ghe iessegrRNsca% dhbk ghaledipsedasies salerd 9 )ashkee formed
different than in the plasma etch through the cap layer 20 and through the

wiseeoparByyasshesmes fimlayeiol8592dRdPaR exryeediteeitefifigm®lio 15%. In

second oxygen doped SiC layers 16, 18 are formed with a carbon content of

cdrapaidoie, Bigelananopytesy epnieraigfidiamimégbb¥rally BauRPAEEPon content of

Black Diamond TM or other SiCOH films generally have a carbon content of

10LEbteska%arand b xae 0B it PR AdhadesHItapreeiBtatieselectivity of
selectivity of between 6:1 and 10:1 is achieved for SICOH relative to the

beveanalopat G 1ayeish ettt SICTH RIaaoehavéne g dasttbed SiC layers
chemistry based on C4F8 and Ar. Referring to FIG. 4, a trench pattern that

16Nai8des it enchesotedsahvindairpribinLaheAiary2bazed Brilt Mikhd Ar.

dielectric layer 19. The trench 22a is aligned above the via 21 a and may be

foReRaraRpUs PIGR a; gehothealtias (hat shoudesrhdachestizzg22Bisitormed in cap
aligned above via 21c and may be formed above one or more vias in an

lapéi@Eahdagitieahtfiedisléetridhayés not picieredndinizda anblignedassiaethe via
embodiment for a dual damascene scheme and other designs in which a

21eant paiiebe ibavedaitoveco vadiattopaitetie v e uatl g eyl whikethe trench 22b
present invention as appreciated by those skilled in the art. The trenches

is 2Bign2anbrséovinet byand onyg igofrahsed above ihae monmoadyiagdives adjacent
patterning a photoresist layer (not shown) on the cap layer 20 and employing
refierpbbtheesisiteh ahapknghitictoesde nThio peonig acepoissivia ettbodiment for a
dual damascene scheme and other designs in which a trench pattern is overlaid on a
via hole pattern are equally useful in the present invention as appreciated by those
skilled in the art. The trenches 22a, 22b are formed by a conventional sequence that
normally involves patterning a photoresist layer (not shown) on the cap layer 20 and
employing the photoresist as a mask while the trench openings are plasma etch
transferred through the cap layer 20 and third dielectric layer 19. The photoresist
remaining on the cap layer 20 and any organic material in vias 21a — 21c¢ including the
first oxygen doped SiC layer 16 and second SiC layer 15 are then removed by a plasma
etch so that conductive lines 13a — 13c¢ are exposed. Preferably, the SiC layer 15 is

removed by a soft etch known to those skilled in the art that does not damage the

underlying conductive lines 13a — 13c¢ and does not deform the sidewalls of the second
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transferred through the cap layer 20 and third dielectric layer 19. The
photoresist remaining on the cap layer 20 and any organic material in vias
21 a - 21 cincluding the first oxygen doped SiC layer 16 and second SiC
layer 15 are then removed by a plasma etch so that conductive lines 13a -

anPthate fRRAE -I%Y@f@rﬂbmgf@ﬁ #i€ drsn disisf inarachiy asedheteltygen doped

known to those skilled in the art that does not damage the underlying
Sicorikeyveelings 13a - 13c and does not deform the sidewalls of the second
13 and third dielectric layers 17, 19 or the sidewalls of the first and second

oy AtaRey \WiedayrRrsdéoh8. AdriGaiValye TR the 3epoagdirlaptidamascene

layer 17 is the top layer in the damascene stack, then a trench pattern is

stin esbin shecsreppatigtasticriaxarantd selonadiriestticaajamatieis akgned over
appreciated by those skilled in the art. Referring to FIG. 5, a completed dual

theanaasarBmsis abpreisi ey fferaklisdirsewpae diffusion barrier layer
23 selected from the same group as described for first diffusion barrier layer

1R sleprsiter Q. Bihckoepscdbl oabddmaa0eheasiiactns o tstBRofIHeWabEserably, a

and bottoms of the trenches 22a, 22b and vias 21 a - 21 c. Next, a metal

sdayat aiithRasnsoeanperaper 2BGe lec\ddsrdaparited by gnoeipcispdisided for first
method or physical vapor deposition (PVD), for example, on the second

ditlifsisiobdrasidniayer 23 idopirield itk ithidkers §hef tepra5eap I3ger Rfgstfoms on the

optionally, above the top layer in the damascene stack. The metal layer 24 is

sigheeialiatiy @ lboasassidi e Gt neace2a 122b lenealvizat 29 aopkar Wikithemetal layer
cap layer 20 or the top of the damascene stack. An advantage of the

24iamarceoppustAddAYChepiserddpsitiarbip dnatlibetibistaand rsetiond or physical
oxygen doped SiC layers 16, 18 have a lower dielectric constant (k - 3.7 to

vapd) deposition (PVD), for example, on the second diffusion barrier layer 23 to a level

that is above the top of cap layer 20, or optionally, above the top layer in the

damascene stack. The metal layer 24 is preferably planarized by a CMP process to a

level that is coplanar with the cap layer 20 or the top of the damascene stack.

An advantage of the damascene method of the present invention is that the first and
second oxygen doped SiC layers 16, 18 have a lower dielectric constant (k ~ 3.7 to 4.3)
than convention etch stops such as SiC (k ~ 4.5) or SiCN (k ~ 4.9). Furthermore, there
is no nitrogen content in the oxygen doped SiC etch stop layers 16, 18 which eliminates
any concern about contamination of photoresist in via holes during the trench definition
step. Other performance advantages are realized because the oxygen doped SiC layer
of the present invention has a higher breakdown field (6 mV/cm) than SiC (3.7 mV/cm)

while exhibiting a similar Cu barrier capability to SiC and SiCN. The relationship

between breakdown field and O, flow rate during the deposition of oxygen doped SiC
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than convention etch stops such as SiC (k - 4.5) or SiCN (k - 4.9).
Furthermore, there is no nitrogen content in the oxygen doped SiC etch stop
layers 16, 18 which eliminates any concern about contamination of
photoresist in via holes during the trench definition step. Other performance

Ia?@ﬁ@ﬂ@%i@r@e&ﬂ@ﬂé’@%hel@uﬁe thepraseenaioarhbibs prediatBieddsasttints of the
Invention has a higher breakdown field (6 mV/cm) than SiC (3.7 mV/cm)

OW?E@ @dﬁbﬂimléy’é“qw¢$ﬂfﬁﬁééfﬂﬁl§ﬁ%@@i@lé\ﬁdﬁ&"érg Reéown in FIG. 8.
ns

relationship between breakdown field and 02 flow rate during the deposition

of oy prsseppP R SiEickisaanets d Bahthiscaapisteddinfd CorhpReBERSEDEREIYE more

values for dielectric constants of the oxygen doped SiC layer 16, 18 formed

olgerigupdtE Sipy\etatestarelapormn ddicdlineR@E B ahinventien isyadsmeéthod of the
damascene structure comprised of one or more oxygen doped SiC etch stop

firgyssoasigesicteAlindléh & andifesmedddna setoadeishmdinst, emedinmaatcene

Although a dual damascene structure is shown, other damascene schemes

soheludinthalsinote laimglecenmaticetiy etansharsesrnd doedlamasreamascene
structure stacked on a first dual damascene structure are also compatible

stiuighuestiatkeianairexveen dinpaddeitel sieist iincosiie rarscens staitidrwitisthe
invention. Moreover, the present invention anticipates a variety of

iINYNARNE 0E GRiHresbatSiClagersdricu s nomdiaatostack i trekahaaiteyn.,
overlaid on a via pattern. Additionally, the damascene stack may include

MordyViee, firgl pregett dopediGiCGaticpasesandaribejestidaiagscesderiemures that

layer. A substrate 8 is provided that is preferably monocrystalline silicon but
inclpiiienadisicna\cdrediastonerosiiceengar pratéamowditad-on-ingidgatiedn otAdditionally,

semiconductor materials used in the art. There is a first dielectric layer 10 on
ththdsgnbstere Sthek imapinplists @ily the first oxygen doped SiC and a second
dielectric layer as the top layer.

A substrate 8 is provided that is preferably monocrystalline silicon but optionally may
be based on silicon-germanium, silicon-on-insulator, or other semiconductor materials
used in the art. There is a first dielectric layer 10 on the substrate 8 that is comprised of
a low k dielectric material such as fluorine doped SiO,, carbon doped SiO,, hydrogen
silsesquioxane (HSQ), methyl silsesquioxane (MSQ), fluorinated polyimide,
poly(arylether), or benzocyclobutene having a thickness in the range of 1000 to 10000
Angstroms. Within the first dielectric layer 10 there is a first conductive layer comprised
of the conductive lines 13a — 13c. The first conductive layer is formed on a conformal

diffusion barrier layer 12 that is Ta, TaN, TaSiN, Ti, TiN, W, or WN, for example, that

lines the sidewalls and bottoms of the openings in the dielectric stack. The conductive

15



a low k dielectric material such as fluorine doped Si02, carbon doped Si02,
hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ), fluorinated
polyimide, poly(arylether), or benzocyclobutene having a thickness in the
range of 1000 to 10000 Angstroms. Within the first dielectric layer 10 there is

lireérpsgondigetivie IsisrerampEsatbridharesgpsivadngs £3laAaewiheriéstop of the

conductive layer is formed on a conformal diffusion barrier layer 12 that is

openidgiNintadifitsT tididbthé lalydyMofor example, that lines the sidewalls and
bottoms of the openings in the dielectric stack. The conductive 15 lines 13a -

13margpreissahly sseneniisein il eeBrefidibareceeasnaiopithybetten f heomposite
openings in the first dielectric layer 10. The damascene structure includes a

offigbhirsIGiehsitaB Waitardhaldrr 69 MHEREden Foedaweb6iArgyrbAfs \witd an upper
thickness between 50 and 150 Angstroms and an upper oxygen doped SiC

oxXyen Hopaui sy Hyeknessdung aQHeAAeSsAngatBnms. T oxgemoARDEathe oxygen
SIC layer 16 has the following composition: 25 to 35 atomic % Si; 17 to 25

dasemn&iidyeb 16 hasthgmie lovingrsbatptsitidriomin B5-httnioesSi; 17 to 25 atomic
embodiment, the bottom of the SiC layer 15 is at a level on the first dielectric

%@y es ) thaitisntielowahe tep2of iba (catthidive Hndas bde ehdAsodifirinativelottom of

the SiC layer 15 is formed on a first dielectric layer 10 that is coplanar with

ththgico etV ikngisalidael acthe suscarsisutrf layers G thatmiedaoviitaditgp of the
oxygen doped SiC layer 16 and includes in order a second dielectric layer

cohturhestind O18aen tRpeAethatitieSlom &gt 18y vithmithicknessand first dielectric
composition similar to first oxygen doped SiC layer 16, a third dielectric layer

laj&: #0dratcapdpyen20withttieddhdudrivasinese Stack1 Secenduaaddbicth of layers is
dielectric layers 17, 19 are selected from the same group of materials as

foteedribedHe ke dkgydiedopécl I8y€riayer 16 and includes in order a second dielectric
layer 17, a second oxygen doped SiC etch stop layer 18 with a thickness and
composition similar to first oxygen doped SiC layer 16, a third dielectric layer 19, and a
cap layer 20 on top of the damascene stack. Second and third dielectric layers 17, 19
are selected from the same group of materials as described for the first dielectric layer
10 and have a thickness in a range of 2000 to 10000 Angstroms. The cap layer 20 is
from 0 to 1000 Angstroms thick and is SiC, silicon nitride, silicon oxide, fluorine doped
SiO,, or silicon oxynitride.

In the exemplary embodiment, the damascene stack has trenches 22a, 22b in the
cap layer 20 and third dielectric layer 19 that are aligned over the vias 21a and 21c,
respectively, which extend through the first and second oxygen doped SiC layers 16,

18, the second dielectric layer 17, and through SiC layer 15. The via 21a is aligned

over the conductive line 13a while the via 21¢ is aligned over the conductive line 13c. A
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10 and have a thickness in a range of 2000 to 10000 Angstroms. The cap
layer 20 is from 0 to 1000 Angstroms thick and is SiC, silicon nitride, silicon
oxide, fluorine doped Si02, or silicon oxynitride. In the exemplary
embodiment, the damascene stack has trenches 22a, 22b in the cap layer

th#d aRAZIE @ iskRETRGYEH 1Rdkalbars alianedsusidnmdiasidl et yers 17, 19,

respectively, which extend through the first and second oxygen doped SiC

ariavei®dgh 3% ua(?@eps%diﬁigpwfdlgé@bﬂaa@%M@@%@@dﬁm@@E,h% above

via 21a Is aligned over the conductive line 13a while the via 21c is aligned

conidheeamulagtvedintel BendHdsthiid viash Byeéeps Biovaindngagaliscene stack
layer 20, second and third dielectric layers 17, 19, and through SiC layer 15

v fsgbsngiedpod sre/asnsienas Ji6rlaxaradle, fbaknvsh eeadueliveditimed over

13b. Other trenches and vias may be present in the damascene stack above

othebSiERI & 8 AN SRMWINHhEQre T RED, the)tirnfitAda BVt keHerviad in addition

over other vias besides via 21 a and the trench 22b may be formed over

toQHRER VRS MopsisliieotRefd@dighdaranis othaighesians inigvbielt aidrenca via
pattern is overlaid on a via pattern is anticipated as described previously.

patferreisSamBepRnedidé gyt hiosdesiayieudsy with a thickness of 50 to 300

Angstroms formed on the sidewalls and bottoms of the trenches 22a, 22b

aMmhgiasa secohd ditisio seigatied Hoer HB8aIME WiekneYsoRB0iads300 Angstroms
mentioned earlier for the first diffusion barrier layer 12. A metal layer 24 is

fofensredritatfitisdhentre asleso2m S A thedndasitn222 122nd s eiupadba — 21c that
with the cap layer 20 and with the top of second diffusion barrier layer 23.

is Eateniethirayein2isismeaiesablpEampicdd o cnppeohed eplitealty thayfipet diffusion

Al/Cu, Al, or W Although the invention is not limited to a specific size of width
bdeidheayer 12. A metal layer 24 is formed that fills the trenches 22a, 22b and vias 21a
— 21c and is coplanar with the cap layer 20 and with the top of second diffusion barrier
layer 23. The metal layer 24 is preferably comprised of copper but optionally may be
Al/Cu, Al, or W Although the invention is not limited to a specific size of width for the
first conductive layer and metal layers, the invention is especially effective in improving
the performance of a device where the width of the first conductive layer and metal layer
is less than about 0.25 microns.

An advantage of the damascene structure of the present invention is that the first
and second oxygen doped SiC layers 16, 18 have a lower dielectric constant (k ~ 3.7 to
4.3) than conventional etch stops including SiC (k ~ 4.5) or SiCN (k ~ 4.9). Other
performance advantages are realized because the oxygen doped SiC layer of the

present invention has a higher breakdown field (6 mV/cm) than SiC (3.7 mV/cm) while

exhibiting a similar Cu barrier capability to SiC and SiCN. The relationship between
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first conductive layer and metal layers, the invention is especially effective in
improving the performance of a device where the width of the first conductive
layer and metal layer is less than about 0.25 microns. An advantage of the
damascene structure of the present invention is that the first and second

bréXkaRHIRad Sid BY AEswWLEte&INANY T WepERiReH 6RgENE0ped 3D layers 16,
4.3) than conventional etch stops including SiC (k - 4.5) or SiSN (k - 4.9).

180heepadarmance adVﬂ@p&%%ﬁthWUéﬁﬂeb%aMébﬁi@méMQQﬁ & oxygen
layer of the present invention has a higher breakdown field (6 mV/cm) than

dopéd(8iC mysmmpBvigeom@iting=aisiisiBL Gombadtiss sAPahBivhihIHeaed

SICN. The relationship between 17 breakdown field and 02 flow rate during

thedepraitipneah ayReaaopREl SHAGYEESSIC. |dfeisisiapisteitdd bia Bubstrate

Representative values for dielectric constants of the oxygen doped SiC layer

ackordihépronee aryesnuinentiew iains dereahavExdnfple 18. An example in

which an oxygen doped SiC layer is deposited on a substrate according to
the present invention is provided in Example 1. EXAMPLE 1 A 1 micron thick
copper film was deposited on 200 rmrAsileeEWafers by an ECP method.
Next, a series of oxygen doped SiC films with a thickness of 500 Angstroms
were deposited on the copper coated wafers in a Producer tool available from

Appliedickbrieniale CODHBTJibY wiEdeyosnasessiovavingiHogxvegerBay an ECP
rate of from O to 200 sccm, a helium flow rate of 800 sccm, a trimethylsilane

méavodatdlek20saniun 8t axpybstipde B fitnewifr3aAaCkrEs ATRBE®WAYSstroms

of 460 Watts generated with a RF frequency of 13.56 MHz and with a
wehaduygiteas surehef Sopparrcobieddepfisision saPeoducer tool available from Applied
Materials (AMAT) by a PECVD process involving an oxygen flow rate of from 0 to 200
sccm, a helium flow rate of 800 sccm, a trimethylsilane flow rate of 320 sccm at a
substrate temperature of 350°C with a RF power of 460 Watts generated with a RF
frequency of 13.56 MHz and with a chamber pressure of 3.5 Torr. The deposition rate
is about 900 Angstroms per minute. The films were annealed by baking at 400°C for
four hours in a nitrogen ambient.

As shown in FIG. 6, a SIMS analysis of the resulting films was plotted as copper
concentration or density in terms of atoms/cm? vs. sputter time during the analysis.
Curve 40 represents a SiC film deposited with no oxygen flow rate. Curve 41
represents an oxygen doped SiC film deposited with a 40 sccm flow rate of O, while
curves 42 and 43 show the results from oxygen doped SiC films deposited with O, flow

rates of 75 sccm and 200 sccm, respectively. The films deposited at the three lower O,

flow rates (curves 40, 41, 42) tend to have a fairly low copper out-diffusion into the
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is about 900 Angstroms per minute. The films were annealed by baking at
4000C for four hours in a nitrogen ambient. As shown in FIG. 6, a SIMS
analysis of the resulting films was plotted as copper concentration or density
in terms of atoms/cm3 vs. sputter time during the analysis. Curve 40

oXpiEasessed Micslimsleapsianavilyge @Rt G fajer @medith a 200 sccm O,

represents an oxygen doped SiC film deposited with a 40 sccm flow rate Of

flW rafelexeiie ada il dw ehawisienes wi b lsertR¥YesspaeRel §iffusiors The

deposited with 02 flow rates of 75 sccm and 200 sccm, respectively. The

in{iERfofs Paséesedd thendwan 30 Wadky gBavi saieate eives #0739 5cdh) iepiderred at

have a fairly low copper out-diffusion into the 18 oxygen doped films.

thEleweyRsitbaLsEeaNSonRIrSiCIRVEfiflormes withvgR0Sheten Ridewdat® block the

exhibits a much lower resistance to block the copper out-diffusion. The
coppentans-diaysidatermined that an oxygen flow rate of 20 to 75 sccm is
preferred at these conditions because the resulting films have a high enough

repiRiasreaidackdhe ((vennay ofitiéftigigen dupbeesidaimdigidd Mivienahabf O, flow

the oxygen doped SiC films as a function of 02 flow rate during deposition

raveaguirigraRipesitiynanay) detdihinedssyemeritdntl S0 thedichdmavelhkneoPC which is

to those skilled in the art. FIG. 7 shows that the breakdown field improves

waidbwrhitetisseasingdha Gflony ratEo7/Shavesniec ey Salsoa fitheld improves
slight improvement at a 200 sccm 02 flow rate. At 02 flow rates between 20

rapidly/Isieeincriesivy gan doped Sifeflionreyena digakdovwa§eldotigsestight

than 4 mV/cm which is better than a pure SiC film. Referring to FIG. 8, the
impedeeifecoastaatoadbe \Rsitow fites warO tasugeabétween 20 and 75 scem,
the oxygen doped SiC films have a breakdown field of greater than 4 mV/cm which is
better than a pure SiC film.

Referring to FIG. 8, the dielectric constants of the various films were measured at 1
MHz (Curve 51) by an Al dot |-V test at room temperature which indicates that the
dielectric constant becomes lower as the oxygen flow rate increases and changes from
about 4.3 at 0 sccm O, to 3.7 for a 75 sccm O flow rate.

The results obtained from the three different types of analyses demonstrate that an
oxygen doped SiC film deposited at O, flow rates between about 20 and 75 sccm has
an advantage over a conventional SiC layer (0 O, flow rate) in terms of a lower
dielectric constant and a higher breakdown field. Furthermore, the oxygen doped SiC

film of the present invention has an equivalent capacity to function as a copper out-

diffusion barrier.
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MHz (Curve 51) by an Al dot I-V test at room temperature which indicates
that the dielectric constant becomes lower as the oxygen flow rate increases
and changes from about 4.3 at 0 sccm 02 to 3.7 for a 75 sccm 02 flow rate.
The results obtained from the three different types of analyses demonstrate

thatrare ey asreAaerth&bELN gapesilad pERSVe WialesReeew b eefetnce to, the

and 75 sccm has an advantage over a conventional SiC layer (0 02 flow

preta}dd ©npd Ghreloy &R ciiR)e GHigiFPRSIRIcE SdigheIoaee akrlew il art that
Furthermore, the oxygen doped SiC film of the present invention has an
vaRfi¥alpahgarasite e fangtieas anegrpe heatediffttion issEATnd r¥vhitRe spirit and
this invention has been particularly shown and described with reference to,
sdbse predsl eshenthsdiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without
departing from the spirit and scope of this invention. 20 We claim: 1. A
damascene method, comprising: (a) providing a substrate; (b) depositing a
composite barrier/etch stop layer comprised of a lower silicon carbide (SiC)
layer and an upper oxygen doped SiC layer on said substrate; (c) forming a
first dielectric layer on said oxygen doped SiC layer; (d) forming an opening
with sidewalls and a bottom in said first dielectric layer; (e) removing said
composite barrier/etch stop layer that is exposed at the bottom
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of said opening; (f) depositing a conformal diffusion barrier layer on the
sidewalls and bottom of said opening; and (g) depositing a metal layer on the
conformal diffusion barrier layer that fills said opening. 2. The method of
claim 1 wherein the substrate is comprised of a conductive layer with a top
Welkiagra:and said opening exposes a portion of the top surface of the
conductive layer. 3. The method of claim 2 wherein the conductive layer and

the et iy SEaHe riefpasedmpeerer- 4. The method of claim 1 wherein
the diffusion barrier layer is comprised of Ta, TaN, TaSiN, Ti, TiN, W, or WN

and hia$ srdviekng ssdnsbedrnge of about 50 to 300 Angstroms. 21 5. The
method of claim 1 wherein said first dielectric layer is comprised of Black TM

Diam@y)diefdafting B\tolngpsieedsiee 7alch Bisisaaper disepmidedaia (dwa silicon

methyl silsesquioxane (MSQ), a fluorinated polyimide, a polyarylether, or

beazgierc(Shoteagep ahbeamapisst ekglgsm dopbersit thedp\warsaig sayRitfas;
a thickness from about 50 to 150 Angstroms and the oxygen doped SiC

layer (apsorriiviekaanstgibiaanalger ob eaid bR0§ehasTedSiC 1dy;

method of claim 1 wherein the oxygen doped SiC layer is deposited by a
PECYH) tyeakep dhadpeeindenitn sidpgendlanwd aedoomabatidditet dblectric layer;

standard cubic
(e) removing said composite barrier/etch stop layer that is exposed at the bottom
of said opening;
(f) depositing a conformal diffusion barrier layer on the sidewalls and bottom of
said opening; and
(g) depositing a metal layer on the conformal diffusion barrier layer that fills said
opening.

2. The method of claim 1 wherein the substrate is comprised of a conductive layer
with a top surface and said opening exposes a portion of the top surface of the
conductive layer.

3. The method of claim 2 wherein the conductive layer and the metal layer are
comprised of copper.

4. The method of claim 1 wherein the diffusion barrier layer is comprised of Ta, TaN,
TaSiN, Ti, TiN, W, or WN and has a thickness in the range of about 50 to 300

Angstroms.
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centimeters per minute (sccm), a helium flow rate of about 700 to 1000 sccm,
a trimethylsilane or tetramethylsilane flow rate of about 280 to 350 sccm, a
substrate temperature of from 3000C to 4000C, a chamber pressure of 2 to
8 Torr, and a RF power of about 100 to 1000 Watts that is generated with a

RE. frese ensiheb st eithHzwhelsin Rathaes pHRIRIBIC YdyRieis doepriasidase Black
temperature is 3500C, the RF power is 460 Watts, chamber pressure is 3.5

Dikeibrife0Z hmAILE isRhRid SISO itR e SIS RIOXAROVHS T, methy|

and the trimethylsilane flow rate Is about 320 sccm to give an oxygen doped

silcés@lapraitieViEa ) ndhricANEeRf SOK)iRIAE 0L PEIFHARSRE! dhivetieo8ydiBButene.

method of claim 7 wherein the oxygen doped SIC layer has a silicon content

frem e wicthde 3% itomie WaigHiYtha cWReISRONiERY Biaabetthidkiessrom about 50

atomic wt. %, an oxygen content of about 5 to 15 atomic wt. %, and a

tohsToneRsaME AP R abRYYEA dopHd Bamigywt. Yas 22tAlRkhBegmetaskaf about 50

claim 7 wherein the oxygen doped SiC layer has a good etch selectivity to
aridlagdoDiamgstebid.or CORAL TM of about 1:6 to 1:10 in a plasma etch
comprised Of C4F8 and Ar gases. 11. The method of claim 1 further

camiseehetritrpbnelsmid 0Ky Ane b RIgdaRIpRdtiS CNEy digs elefbsited by a
plasma before said first dielectric layer is formed. 12. The method of claim 1

PRCYErmocyistthoftichipigalonpggbanical patshiopretras ROpe2a0zstsaithrd cubic
metal layer. 13. A dual damascene method, comprising: (a) providing a

cehivatrRigs wigh mierndystiven jayen dhometowithiteaofitiisliePoUin 1000 sccm, a
trimethylsilane or tetramethylsilane flow rate of about 280 to 350 sccm, a substrate
temperature of from 300°C to 400°C, a chamber pressure of 2 to 8 Torr, and a RF
power of about 100 to 1000 Watts that is generated with a RF frequency of 13.56 MHz.

8. The method of claim 7 wherein the substrate temperature is 350°C, the RF
power is 460 Watts, chamber pressure is 3.5 Torr, the O, flow rate is about 30 sccm,
the He flow rate is about 800 sccm, and the trimethylsilane flow rate is about 320 sccm
to give an oxygen doped SiC deposition rate in the range of 850 to 950 Angstroms per
minute.

9. The method of claim 7 wherein the oxygen doped SiC layer has a silicon content
from about 25 to 35 atomic weight %, a carbon content of about 17 to 25 atomic wt. %,

an oxygen content of about 5 to 15 atomic wt. %, and a hydrogen content from about 20

to 40 atomic wt. %.
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layer, said conductive layer has an exposed top surface that is coplanar with
the top surface of said substrate; (b) depositing a barrier/etch stop layer
comprised of a lower silicon carbide (SiC) layer and an upper first oxygen
doped SiC layer on said substrate; (c) forming a second dielectric layer on

sayl fTelepeIRBFIOPERINT laviereitiiepRed é)gﬁ?'héi@ﬁ%b@'ﬂ:etch

etch stop layer on said second dielectric Iayer (e) orming a third dielectric

sdR@ivip &RBIsecgrrsraen dopeHAC ayerdbUoEng #1 OMeRIfasma etch
comprised of a via that exposes said conductive layer and a trench aligned

cothprecRist Garyheiginrtgasds has sidewalls and a bottom and extends
through said second and third dielectric layers, second oxygen doped SiC

layer, il Hugiandhel PP ogiB dras b RTRISEE IR BdiWbRgBr R ped SiC layer

trench has sidewalls and a bottom and is formed in the third dielectric layer;

wigihnd 2B (sledepositilasieopédomnas ditfusinrlkasdeidaxgeor taensitewalls and

bottom of said trench and via and depositing a metal layer on said conformal

diffusimmebaisieiodeyietithat filisshist tenglriand viea themticamedsithafclpfolish

13 further comprised of forming a cap layer on the third dielectric layer and

probessittpritiened sairlignsed abpye a via that exposes the conductive layer
and said trench is formed in the cap layer and third dielectric layer. 15. The

mehod diialaiambs suner ehe srid, esprdpativggtayer and metal layer are
comprised of copper. 16. The method of claim 13 wherein the diffusion
barriga)qyenvidingrasissstratd aith a conductive layer formed within a first dielectric
layer, said conductive layer has an exposed top surface that is coplanar with the top
surface of said substrate;
(b) depositing a barrier/etch stop layer comprised of a lower silicon carbide (SiC)
layer and an upper first oxygen doped SiC layer on said substrate;
(c) forming a second dielectric layer on said first oxygen doped SiC layer;
(d) depositing a second oxygen doped SiC etch stop layer on said second
dielectric layer;
(e) forming a third dielectric layer on said second oxygen doped SiC layer;
(f) forming an opening comprised of a via that exposes said conductive layer and
a trench aligned above said via wherein the via has sidewalls and a bottom and
extends through said second and third dielectric layers, second oxygen doped SiC

layer, and through the composite barrier/etch stop layer and wherein the trench has

sidewalls and a bottom and is formed in the third dielectric layer; and

23



TaN, TaSiN, Ti, TiN, W, or WN and has a thickness in the range of about 50
to 300 Angstroms. 17. The method of claim 13 wherein said first, second,
and third dielectric layers are TM TM a low k dielectric material comprised of
Black Diamond , CORAL , fluorine doped Si02, hydrogen silsesquioxane

(HSQY)raepvisierasdorrsnea(MBtRiarfBarinates drayintigesidewalls and bottom of
polyarylether, or benzocyclobutene. 18. The method of claim 13 wherein said

seendranchtiing dialeeid ¢ BiniRg eraethickpess inskig turderaiakMilision barrier
1000 to 10000 Angstroms. 19. The method of claim 14 wherein the SiC in

sqy St fRlcR sieprénr ag diathickness from about 50 to 150 Angstroms
and the first and second oxygen doped SiC layers have a thickness between

apoutiHeandtheabAeIEFHOBSuRBer BBMIRiBed of RinmnBadagy ey Sedhfires third
and second oxygen doped SiC layers are deposited by a PECVD process

dithettnelizges andwegsiflaneraientans alignbdtiso\dd8 srethag digivkadleve
rate of about 700 to 1000 sccm, a trimethylsilane or 24 tetramethylsilane flow

copdROhaRYe2&h S35 1B6ABh R SuhBEAtH tBrBReIa AR PRfi@MidPaReric layer.
4000C, a chamber pressure of 2 to 8 Torr, and a RF power of about 100 to

1980 YWatisdiad is gansiatad wite @in sfieawiycaid JayeMdina. Métalheyer are
method of claim 20 wherein the substrate temperature is 3500C, the RF

cavaprisdd 66@dppds, chamber pressure is 3.5 torr, the 02 flow rate is 30 sccm,
the He flow rate is 800 sccm, and the trimethylsilane flow rate is 320 sccm to

giNg: arhexygghod aethBiCIGaphaiinn tiasadiffiBrebgeief B@tasdémprised of Ta,
Angstroms per minute.
TaN, TaSiN, Ti, TiN, W, or WN and has a thickness in the range of about 50 to 300
Angstroms.

17. The method of claim 13 wherein said first, second, and third dielectric layers are
a low k dielectric material comprised of Black Diamond™, CORAL™, fluorine doped
SiO,, hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ),a fluorinated
polyimide, a polyarylether, or benzocyclobutene.

18. The method of claim 13 wherein said second and third dielectric layers have a
thickness in the range of about 1000 to 10000 Angstroms.

19. The method of claim 14 wherein the SiC in said barrier/etch stop layer has a
thickness from about 50 to 150 Angstroms and the first and second oxygen doped SiC
layers have a thickness between about 50 and 1000 Angstroms.

20. The method of claim 13 wherein said first and second oxygen doped SiC layers

are deposited by a PECVD process that includes an oxygen flow rate from about 20 to

200 sccm, a helium flow rate of about 700 to 1000 sccm, a trimethylsilane or
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22. The method of claim 20 wherein the first and second oxygen doped SiC
layers have an etch selectivity to Black Diamond TM or CORAL TM of about
1:6to 1:10 in a plasma etch comprised Of C4F8 and Ar gases. 23. The
method of claim 21 wherein the composition of the first and second oxygen

teflaRRstBisilaye BN PASHICAPoAHED ttH FHRHSH 28 KBS RIRMEN IR of from

a carbon content of about 17 to 25 atomic wt. %, an oxygen content of about

3G0fC1H Ao0Vic i cRanfhst plagdiagest copenT iamabay FE03eviéer PaN6Yt 00 to

%. 24. The method of claim 13 further comprised of treating the first oxygen

108 WREEHaYRY yeHe Rl Mithal RE plegoemeyior tredspaaHing the second

dielectric layer and treating the second oxygen doped SiC layer with a N2,

Az orthe PHRSABY I AmED agiBrgithe dnitibdipkes iéhiprestd® 8 890PC, the RF

damascene structure comprising: (a) a semiconductor substrate; (b) a silicon

peRERieds Ve airy @hipmibed piesaids|dstrateir(che Dstiowess #ped&dmm, the He

etch stop layer formed on said silicon carbide layer; (d) a first dielectric layer

fldarraes ierseaiddtnt, g ecdeipestiSilcilaveridw (elaisSamdoxydeyiensad oxygen
SiC etch stop layer formed on said first dielectric layer; (f) a second dielectric

ddpeer S0nrepesiteidrateimnthexygre ¢9 B30 OBy Anggi@nLpenimhute.

comprised of a via with sidewalls and a bottom that exposes a portion of said

spbstirie anstifotieridiaayRedviieori 38kl fifiet, Sadissenold baggeidelyphs Bia layers

a bottom and is formed in said second dielectric layer; and
have an etch selectivity to Black Diamond™ or CORAL™ of about 1:6 to 1:10in a
plasma etch comprised of C4Fg and Ar gases.

23. The method of claim 21 wherein the composition of the first and second oxygen
doped SiC layers has a silicon content from about 25 to 35 atomic weight %, a carbon
content of about 17 to 25 atomic wt. %, an oxygen content of about 5 to 15 atomic wt.
%, and a hydrogen content from about 20 to 40 atomic wt. %.

24. The method of claim 13 further comprised of treating the first oxygen doped SiC
layer with a N, Ar, or He plasma prior to depositing the second dielectric layer and
treating the second oxygen doped SiC layer with a N, Ar, or He plasma prior to
depositing the third dielectric layer.

25. A dual damascene structure comprising:

(a) a semiconductor substrate;
(b) a silicon carbide barrier layer formed on said substrate;

(c) a first oxygen doped SiC etch stop layer formed on said silicon carbide layer;

(d) a first dielectric layer formed on said first oxygen doped SiC layer;
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(h) a conformal diffusion barrier on the sidewalls and bottoms of said via and
trench and a metal layer on said diffusion barrier layer that fills said opening
and is coplanar with the second dielectric layer. 26. The dual damascene
structure of claim 25 wherein the substrate is comprised of a conductive

layer(&jth 38cORPERIGOR GUfesSRDG e SiaBYef BenYed ©FP8aREfRst dielectric
portion of the top surface of said conductive layer. 27. The dual damascene

steyggpre of claim 26 wherein said conductive layer and metal layers are
comprised of copper. 28. The dual damascene structure of claim 25 wherein

the mptal saxenbasiclanidid1dpel folersolbAnsalpubEoRa BiyRes dSRebgidualer;

damascene structure of claim 25 wherein the diffusion barrier layer is

COMQE$eth dpEaindbbrmpaddd bf AilNaWitrsidBane haveaobirkhasaitifRses a

range of about 50 to 300 Angstroms. 30. The dual damascene structure of

clagridh vihsuRrInsabistriitst angl seemvh AN disteetdail@yess iRl trench has
comprised of Black Diamond , CORAL , fluorine doped Si02, hydrogen

sitsesuidinxane Aissdh ety lisisanad o aaci(desndaiblesnrieslee)dtde,
a polyarylether, or benzocyclobutene. 26 31. The dual damascene structure

of claimy) 2bowhfsetnasait iskirabereiee dtirbalrRiivieaiRygns hat mihitkaags/ia and
the range of about 1000 to 10000 Angstroms. 32. The dual damascene

stigeioheapioctaine 2 laherein tedSidibeiviebiayer hasa thhicknesaid dpening and is
range of about 50 to 150 Angstroms.

coplanar with the second dielectric layer.

26. The dual damascene structure of claim 25 wherein the substrate is comprised of
a conductive layer with an exposed top surface and the bottom of the via exposes a
portion of the top surface of said conductive layer.

27. The dual damascene structure of claim 26 wherein said conductive layer and
metal layers are comprised of copper.

28. The dual damascene structure of claim 25 wherein the metal layer has a width
that is less than about 0.25 microns.

29. The dual damascene structure of claim 25 wherein the diffusion barrier layer is
comprised of Ta, TaN, TaSiN, Ti, TiN, W, or WN and have a thickness in the range of
about 50 to 300 Angstroms.

30. The dual damascene structure of claim 25 wherein said first and second
dielectric layers are comprised of Black Diamond™, CORAL™, fluorine doped SiO»,

hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ), a fluorinated polyimide,

a polyarylether, or benzocyclobutene.
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33. The dual damascene structure of claim 25 wherein said first and second
oxygen doped SiC layers have a thickness between about 50 and 1000
Angstroms. 34. The dual damascene structure of claim 25 wherein the first
and second oxygen doped SiC layers have a silicon content from about 25 to

35 1atarRis dVRIDBA aScerdeitueaire Bt efarres Whisrdh aliravtafe. sstond

oxygen content of about 5 to 15 atomic wt. %, and a hydrogen content from

digkeuie iR ADRIMCIHEKRe S5 i dHRbEasNasera SU0E81D006 ARy SPoms.

wherein the dielectric constant of said first and second oxygen doped SIC

|BErsTIsdgtaPaaraRese fe/stidih@ Stclalte 283l WertiRstRNSISHEHER Ryer has a

claim 25 wherein the breakdown field of said first and second oxygen doped

thigkn &2¢EHS iRc0rantRy 9iaibabost 40MiBY Altrfsiorag. The damascene structure

of claim 25 which is repeated a plurality of times to form a stack of metal

|B®rsToR SRigl datetend structure of claim 25 wherein said first and second oxygen
doped SiC layers have a thickness between about 50 and 1000 Angstroms.

34. The dual damascene structure of claim 25 wherein the first and second oxygen
doped SiC layers have a silicon content from about 25 to 35 atomic weight %, a carbon
content of about 17 to 25 atomic wt. %, an oxygen content of about 5 to 15 atomic wt.
%, and a hydrogen content from about 20 to 40 atomic wt. %.

35. The dual damascene structure of claim 25 wherein the dielectric constant of said
first and second oxygen doped SiC layers is between about 3.7 and 4.3.

36. The dual damascene structure of claim 25 wherein the breakdown field of said
first and second oxygen doped SiC layers is greater than about 4 milliVolts/cm.

37. The damascene structure of claim 25 which is repeated a plurality of times to

form a stack of metal layers on said substrate.
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