
10 DEC 2004  *166166* A METHOD TO .FORM DAMASCENE INTERCONNECTS. WITH
SIDEWALL  PASSIVATION TO PROTECT ORGANIC DIELECTRICS  BACKGROUND OF THE
INVENTION. (1) Field. of the Invention The invention relates to a method of
fabricating  semiconductor structures, and more particularly, to the
formation of damascene interconnects using low dielectric  constant
materials in the manufacture of integrated circuit  devices.  (2i
Description of the Prior Art With the continuing reduction in the feature
size in  the art of semiconductor manufacture, conductive traces and
active devices are now fabricated very closely together.  This greater
proximity has led to the tremendous packing  densities of modern ultra
large scale integration (ULSI).  With these greater densities and closer
device spacings has  come the problem of greater capacitive. coupling
between  adjacent circuit elements. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
*ACTION* 1 0 DEC 2004  



To reduce the capacitive coupling between elements in the circuit,. while
still achieving the essential electrical  isolation, new
dielectric-materials have been developed and  introduced into integrated
circuit manufacturing. These  new- materials typically are based on organic
compounds-that  may also contain inorganic elements; such as silicon
example, spin-on-glass (SOG) materials, such: as  silsesquioxane.have been
introduced. Amorphous carbon: .  dielectric materials and organic polymers
have.'also.. been  applied in place of silicon dioxide. These new materials
reduce the dielectric constant of the insulating ,layer  formed, thus
improving circuit performance. There are many difficulties to overcome in
using these.  knew materials, however. One problem of particular concern
is-stripping photoresist. Traditional methods and  chemistries used for
stripping etching these new materials  encounter problems as will be seen
in the prior art  example. Referring-to Fig. 1, a cross-section of a
partially  completed prior art integrated circuit device is shown. In  this
example, a dual damascene via is being formed. A  semiconductor substrate
10 is shown. The semiconductor 2 



1 0 DEC .2004  Substrate 10 could be composed of silicon or of several
microelectronics layers such as insulator layers and  conductor layers.
Metal traces 14 are formed overlying the  semiconductor substrate 10. A
passivation layer 18  overlies and isolates the metal traces 14. A first
low  dielectric constant layer 22 is applied overlying the  passivation
layer 18. The first low dielectric constant  layer 22 comprises either an
organic material or carbon-doped silicon dioxide.. An etch stop layer 26 .
overlies the first low dielectric constant material 22. A  second low
dielectric constant material 30 overlies the etch stop layer 26. The second
low dielectric constant  layer 30 also comprises either an organic material
or a  carbon-doped silicon dioxide. A capping layer 34 overlies.  the
second low dielectric constant layer 30. Finally, a  photoresist layer. 38
is applied overlying the capping layer  34. . . Referring now to Fig. 2,
the photoresist layer 38 is  patterned to form openings where vias for the
dual  damascene interconnects, are planned. The capping layer 34,.  second
low dielectric constant layer 30, etch stop layer  2,6, and the first
low-dielectric constant layer 22 are 



3  1 0 DEC 2004  etched through using the photoresist layer 38 pattern as a
mask.  Referring now. to Fig. 3, the photoresist layer 38 is  stripped
away. A serious problem in the prior art method  is illustrated. The
photoresist stripping process can  attack the first low dielectric constant
layer 22 and the.  second low dielectric constant layer 30. A significant
amount of the low dielectric constant material can be  removed, resulting
in the bowing profile 42 shown. Photoresist is typically stripped by a wet
solvent or  by an oxygen plasma. Unfortunately, wet solvents can  attack
interface's. The oxygen plasma, or ashing, approach  is more frequently
used to avoid this problem. Oxygen  plasmas do. not typically damage
silicon dioxide dielectric  layers. However, the carbon and hydrogen
containing low  dielectric constant materials are susceptible to attack by
the oxygen radicals in the plasma. The bowing damage  caused by the oxygen
strip is not reparable. It leads to  poor damascene copper fill and to via
poisoning problems. . Several prior art approaches disclose methods to form
- 



interconnecting structures in the fabrication of integrated  4  T.D. DEC
2004  circuits. U.S. Patent 5, 536, 681. to Jang et al discloses ''a
process to improve the gap-'filling capability of 03-TEOS. A  selective
plasma N2 treatment is performed on a PE-OX layer  to reduce, the 03-TEOS
deposition rate- and thereby improve  the gap fill capability.' U.S. Patent
5,759,906 to Lou  teaches a method to improve planarization and to
eliminate,  via poisoning in a multiple level metal process. A triple  bake
sequence is performed on the spin-on-glass (SOG) layer  to improve
planarization. A high-density plasma  fluorinated silicon glass (HDP-FSG)
layer is deposited. The HDP-FSG layer is anisotropically etched to-form
.sidewall spacers on the via sidewalls. The presence of the  HDP-FSG
sidewall spacers eliminates via poisoning. U.S..  Patent 5,985,762 to
Geffken et al discloses a method to.  form a copper barrier layer on the
sidewalls of vias to  prevent via poisoning. The barrier material is bulk
deposited and then anisotropically etched to form the  sidewall liner. U.S.
Patent 5,976,626 to Matsubara et al  teaches a method to improve the crack
resistance and to  



eliminate via poisoning. Various thermal treatments are  disclosed. 5  ] 0
DEC 2004  SUMMARY OF THE INVENTION . A principal object of the present
invention is to  provide an effective and very manufacturable method of
forming damascene interconnects in the manufacture of  integrated circuits.
A further object of the present invention is to  provide a'method to. form
single and dual damascene  interconnects where low dielectric constant
material are  used.  A yet further object of the present invention is to
provide a method to strip photoresist after trench etch'  such that a
sidewall passivation is formed to line the  trench. Another yet another
further object of the present  invention is to provide a method to form a
sidewall  passivation that protects the-low dielectric constant  materials
from oxygen plasma damage. Anther yet further object of the present
invention is  



to provide a method to strip photoresist using a sulfur 6 1 Q'DEC'2004
containing gas that simultaneously forms- a sidewall . passivation:  In
accordance with the objects of this invention, a-.  new: method of forming
a damascene interconnect in.-the  manufacture of'an integrated circuit
device has been  achieved. The damascene interconnect may be a single
damascene or a dual.-damascene. Copper conductors are..  provided overlying
a semiconductor substrate. Afirst  passivation layer is provided overlying
the copper  conductors. A low die-lectric constant layer is deposited
overlying the first passivation layer. An optional capping  layer is
deposited overlying the low dielectric constant .'layer. A photoresist
layer is deposited overlying.the  capping layer. The capping layer and the
low dielectric  constant layer are etched through-to form via openings.
The: photoresist layer is simultaneously stripped away while  forming a
sidewall passivation layer on the sidewalls of  the via openings using a
sulfur-containing gas. Sidewall  bowing and via poisoning are thereby
prevented. The first  passivation layer is etched through to expose the  



underlying copper conductors. A barrier metal layer is  deposited overlying
the first passivation layer and the  underlying copper conductors and
lining the via openings. A 7 10 DEC 2004  copper layer is deposited
overlying the capping layer and  filling the via openings. The copper layer
is-polished  down to complete the damascene interconnects in the
manufacture' of the,. integrated circuit device.. BRIEF DESCRIPTION OF THE
DRAWINGS In the accompanying drawings forming a material part  of this
description, there is shown: Figs. 1 through 3 schematically illustrate in
cross- section a partially completed prior art-integrated circuit  device.
. Figs. 4 through 8 schematically illustrate in cross- sectional
representation-the preferred embodiment of the  present invention applied
to the fabrication of a single  damascene interconnect. Figs. 9 through 13
schematically illustrate in cross- - sectional representation the preferred
embodiment of the  present invention applied to the fabrication of a dual -
damascene interconnect. 



8 1 O DEC 2004  DESCRIPTION OF THE PREFERRED EMBODIMENTS This. embodiment
discloses the application of the  present ''invention to forming damascene
interconnects with  low. dielectric constant materials in the fabrication
of an  integrated-circuit device. In particular, organic material  or
carbon-doped -silicon 'dioxide are preferably .'used as the  low dielectric
constant materials. it 'should be clear to  those experienced in the. art
that the present invention can- be applied and extended, for example, to
new, but similar,  compounds that are developed or applied to semiconductor
manufacture. The preferred embodiment describes the  application of the
present invention to the formation of  both single and
dual-damascene-interconnects. It should be  clear to those skilled in the
art that the present  invention can easily be-applied to various damascene
schemes. The present invention could be applied to many  applications where
photoresist must be stripped from an'  integrated circuit that contains an
exposed low dielectric  constant material. 9 IT DEC .1004  



Referring now-.particularly to Fig. 4, there is shown a. cross-section of
a. partially completed integrated-circuit  device of the preferred.
embodiment. A.single damascene via  will. first be used..to: demonstrate.
the present. invention.' A  semiconductor substrate 50 is provided. To
simplify 'the'  illustration; the semiconductor' substrate 50 is shown as a
single. layer. The base of the semiconductor-substrate-50,  preferably
comprises monocrystalline silicon. The  semiconductor substrate 50. may
additionally comprise any of .  the several additional microelectronics
layers, such as  conductive layers. and insulator layers, interconnect
structures such as vias, contact holes., and. conductive lines, and device
structures, such as gate electrodes and  doped'junctions Copper conductors
54 are formed overlying the  semiconductor substrate 50. It is understood.
that  typically an insulating layer; which is not shown, would separate the
copper conductors 54 from the semiconductor  substrate 50. The insulating
layer may additionally  comprise a barrier metal layer or may only
comprise-a  barrier metal layer. It is also understood that the copper
'conductors 54 may be part of a dual damascene or single  damascene
interconnect structure, which is. not shown. The 



10  2QQ4 .....  I I' DEC copper conductors 54 may be formed in any of the
known  methods.. For example, a copper layer 54 is deposited by a  sequence
of physical vapor deposition (PVD),  electroplating, and chemical
mechanical polishing (.CMP)  The copper layer . 54 - is then patterned 'to
form copper  conductors.. A first passivation layer 58 is deposited.'
overlying the copper conductors 54. The* purpose o'f the  first passivation
layer 58 is to prevent out diffusion of  copper from the. copper conductors
54 into overlying  dielectric materials. The first. passivation layer 58
Preferably comprises silicon nitride that is deposited to a  thickness of
between-about-500 Angstroms and 5;000  Angstroms. Alternative first.
passivation layer 58 materials  include, but are not restricted to, silicon
oxynitride, .  BLok by Applied Materials-Corp. silicon carbide, and boron
nitride.  A first low dielectric constant layer 62 is deposited  overlying
the first passivation layer 58. The purpose of  



the first low.dielectric constant layer 62 is to provide a  dielectric
barrier for. the subsequently formed single damascene interconnects. In
addition, by using a material  with a'low dielectric constant, the
capacitance loading and  coupling problems can be minimized. The first low
11  1 0 DEC 2004  dielectric constant layer 62 preferably comprises organic
material, carbon-doped silicon dioxide, or hydrogen-doped  silicon dioxide.
Alternatively, undoped silicon dioxide or  fluorinated silicon dioxide may
be used. Material types that  fall under these descriptions and that could
be used to form the  first low dielectric constant layer 62 include, but
are not  limited to: porous organic materials, non-porous organic
materials, porous fluorinated organic materials, non-porous  fluorinated
organic materials, porous hydrogen-doped silicon  dioxide, non-porous
hydrogen-doped silicon dioxide, porous  carbon-doped silicon dioxide, and
non-porous carbon-doped  silicon dioxide. Specific materials include, but
are not  limited to: poly(arlene) ether or SiLKTM byDow Chemical Corp.,  



fluorinated arylether or FLARETM by Allied Signal Corp. or  Honeywell
Corp., amorphous fluorocarbon ((x-C:F),  polytetrafluoroethylene (PTFETM)
or Teflon TNJ by Dupont Corp.,  parylene-F, parylene, alkyl silsesquioxane,
aryl silsesquioxane, poly(silazane), poly(arylene)ether, silica doped with
methane or  Black DiamondTM by Applied Materials Corp., carbon doped
silicon  dioxide or CoralTM by Novellus Corp., fluorinated poly(arylene)
ether, and hydrogen silsesquioxane. The first low dielectric  constant
layer 62 may be deposited by spin coating. The spin  coating may be
followed by aging or by a thermal treatment in a  furnace or in rapid
thermal annealing (RTA) equipment. The first 12 1o DEC 2004  low dielectric
constant layer 62 is preferably deposited to a thickness of between about
2,000 Angstroms and 10,000 Angstroms.  An etch stop layer 66 is deposited
overlying the first low dielectric constant layer 62. The etch stop layer
66 is  optional to the essential method of the present invention. The  etch
stop layer 66 is not necessary to the formation of the  single damascene
interconnect, however, the dual damascene  trench etching method of the
preferred embodiment uses this etch  stop layer 66 to facilitate creation
of the upper level,.or  interconnect, trenches. The etch stop layer 66 may
comprise,  



but is not limited to, silicon nitride, silicon oxynitride,  copper barrier
low k film or B1okTM by Applied Materials Corp.,  silicon carbide, or boron
nitride. The etch stop layer 66  preferably comprises silicon nitride that
is deposited by CVD.  The etch stop layer 66 is deposited to a thickness of
between  about 500 Angstroms-and-5,.000 Angstroms. A second low dielectric
constant layer 70 is deposited  overlying the etch stop layer 66. The
purpose of the second low  dielectric constant layer 70 is to provide a
dielectric barrier  .for the subsequently formed single damascene
interconnects. As  with the first low dielectric constant layer 62,
capacitance  loading and coupling problems are minimized by the material.
In 13 1 0 DEC .2004  the formation of the single damascene interconnect,
the second low dielectric layer 70 is not necessary. The second low
dielectric constant layer 70 preferably comprises organic  material,
carbon-doped silicon dioxide, or hydrogen-doped  silicon dioxide.
Alternatively, undoped silicon dioxide or  fluorinated silicon dioxide may
be used. Materials types that  fall under these description and that could
be used to form the  second low dielectric constant layer 70 include, but
are not  limited to: porous organic materials, non-porous organic  



materials, porous fluorinated organic materials, non-porous  fluorinated
organic materials, porous hydrogen-doped silicon  dioxide, non-porous
hydrogen-doped silicon dioxide, porous  carbon-doped silicon dioxide, and
non-porous carbon-doped  silicon dioxide. Specific materials include, but
are not  limited. to: poly(arlene) ether or SiLKTM by Dow Chemical Corp.,
fluorinated arylether or FLARETM by Allied Signal Corp. or  Honeywell
Corp., amorphous fluorocarbon (a-C:F),  polytetrafluoroethylene (PTFE) or
TeflonTM by Dupont Corp.,  parylene-F, parylene., alkyl silsesquioxane,
aryl silsesquioxane, .poly(silazane), poly(arylene)ether, silica doped with
methane or  Black DiamondTM by Applied Materials Corp., carbon doped
silicon  dioxide or CoralTM by Novellus Corp., fluorinated poly(arylene)
ether, and hydrogen silsesquioxane. The second low dielectric  constant
layer 14 1 0 DEC" 2004 .  .70 may. be deposited.by spin coating. The spin
coating may be followed by aging or by a thermal. treatment in a furnace
or. in rapid thermal annealing (RTA) equipment. The second  low
dielectric.constant layer 70 is preferably deposited to a thickness of
between about 2,000 Angstroms and.10'000,  Angstroms. 



A capping, layer 74 is. deposited overlying the second  low dielectric
constant layer 70. This capping layer is .  optional to the essential
features of the present invention. If.used, the capping layer 74 may serve
two  purposes in the embodiment. First, the capping layer 74  protects the
second low dielectric constant layer 70 from  contamination, particularly
from. copper, during the  processing sequence. Second, the capping layer 74
may be  used as a polishing stop during the polish down of the .  copper
layer. The capping layer 74 preferably comprises  silicon nitride,.silicon
oxynitride, or silicon carbide  that has been' deposited by CVD to a
thickness of between  about 500 Angstroms and 5,000 Angstroms. As an
important "feature, an organic photoresist layer  78 is deposited overlying
the capping layer 74. An  optional organic bottom anti-reflective coating
(BARC) may 15 ~. ..DEC 2004  also be applied. The photoresist layer 78 will
be patterned to form 'a mask for the' vias or- trenches. The  photoresist
layer 74 may comprise one of the several light  .sensitive compounds that
are commonly used in the art.. Referring now to Fig. 5, another important
feature is  



illustrated. The photoresist layer 78 is patterned to form'  openings where
vias or trenches are planned for the single  damascene interconnects. The
photoresist layer 78- ma -be  patterned using a typical photolithographic
process where  it is exposed to light through a mask. A. developing
process removes the undesired photoresist layer 78 to  expose the capping
layer 74, or the optional BARC layer:, where the vias or trenches are
planned. . The optional BARC layer,.the optional capping layer  74, the
second low dielectric constant' layer 70, the  optional etch stop layer 66,
and the first low dielectric  constant layer 62 .are etched through to form
the vias or  trenches.. This etching-is performed using an anisotropic
plasma-assisted dry etch. Note that the etch is stopped at the first
passzvation layer 58. By stopping the etch at  the first passivation layer
58, the copper conductors 54  are not yet exposed. This is an important
feature of the  16 1 0 DEC 2004 present invention because the copper.
material. of the copper  conductors 54 remains encapsulated by the first
passivation  layer 58. This prevents copper out-diffusion into the low
-dielectric constant materials.  



Referring now -to Fig. 6, an important-aspect. of the  present invention is
described. The photoresist layer 78.- is. stripped away while a first
sidewall passivation layer . 82 is formed on the sidewalls of the vias or
trenches.  As a unique feature of the present invention, a
sulfur-containing. gas is. used in place. of the oxygen plasma to strip
away-the photoresist 'layer 78. and the optional  organic BARC layer. This
sulfur-containing as reacts with  the first and second low dielectric
constant layers 62 and  :70. The reaction of the sulfur-containing gas with
the organic or carbon-doped materials results in a sulfating or
sulfonating action. The result of the reaction is the  formation of a
sulfur-containing sidewall passivation layer  82 on the sidewalls of the
low dielectric constant layers  62 and 70.  The bowing problem, encountered
in the prior art  example, is prevented in the present invention. The  17
10 DEC 2004f  anisotropic etching profile is maintained. In addition, the
sulfur containing sidewall pass.ivation layer 82 can  trap copper that may
be released during the subsequent etch  through of the first passivation
layer 58. This prevents.  



copper diffusion. into the low dielectric constant layers 62  and 70.
Finally, via poisoning problems are prevented by  the presence of the
sidewall passivation layer 8.2. The sulfur-containing gas may be applied
using plasma  to etch the photoresist. The plasma is generated in a
reaction chamber at a temperature of between about 20  degrees C and 300
degrees C and a pressure of between about 0.01 Torr and 20 Torr. Microwave
or RF power is  capacitively coupled to the plasma at an energy of between
about 100 Watts and 5.,000 Watts. Alternatively, the sulfur-containing gas
can be  applied without plasma. The-etching temperature is between  about
20 degrees C and 300 degrees C. The pressure is  maintained at between
about. 0.1 Torr and 760 Torr. The sulfur-containing gas comprises sulfur
dioxide  (SO2), sulfur trioxide (S03), or a mixture of sulfur dioxide  and
sulfur trioxide. The sidewall passivation layer 82 18   DEC1004....- formed
by the sulfating or sulfonating reaction has a thickness of between about 5
Angstroms-.and 100 Angstroms.  The present invention forms'the sidewall
passivation layer  



82 at a relatively low temperature. -The novel approach of  the present
invention forms the advantageous sidewall.  passivation layer 82 without
any additional processing .  steps. As a further alternative, oxygen gas
may be added to.  the-sulfur-containing gas in the same reaction chamber
conditions, with or without plasma generation. In this  case, the ratio of
the flow rate of oxygen to the flow rate  of the sulfur-containing gas is
between about 1:1000 and. Yet Another alternative is to sequentially etch,
first  with the sulfur-containing gas, then with oxygen plasma. In this
alternative, the sulfur-containing gas radicals  passivate the sidewalls of
the dielectric layers 70 and 62  and partially strip the photo-resist layer
78 and the BARC  layer. The passivation layer 82, thus formed, prevents the
oxygen plasma radicals from a'tt'acking the firs and second  low-dielectric
constant layers 62 and 70. 19  1.0 DEC 1004  Referring now to Fig. 7, the
first passivation layer 58 Is etched. through to. expose the. underlying
copper.  conductors 54. During the etching process, some of the  



copper may be- sputtered 86 onto. the passivation layer 82 on  the
sidewalls and the top of the capping layer 74. In the  prior art,
the"copper ions would typically diffuse into the'  low dielectric constant
layers 62 and 70. In the present.  invention, 'however,. the presence of
the sidewall  passivation layer 82 prevents copper. diffusion, by trapping'
the copper ions. . Referring now to Fig. 8, the single damascene
interconnects are completed. A barrier metal layer 88 is  be deposited
overlying the sidewall passivation layer `82  and the copper conductors 54
and filling the trenches. A  copper layer 90 is then-deposited overlying
the barrier .'layer. 88 and filling the via or trench openings. The
barrier metal layer. comprises, for example, tantalum  nitride, titanium
nitride, tungsten 'nitride, or tantalum.  The copper layer 90 may be
deposited by a physical vapor  deposition (PVD), a chemical vapor
deposition (CVD), or by  a plating proces: Thecopper layer is then polished
down  to the top surface of the capping layer 74 to complete the  single
damascene interconnects in the manufacture of the 20 1 0 DEC 2004
integrated circuit device. The polishing down process 



would comprise a.chemical mechanical polishing (CMP)  process. The capping
layer 74 serves as a polishing stop.  Referring. now. to. Fig'. 9, the
present invention--is applied to-the creation o'a dual damascene
interconnect..  In this case, the etched opening of .Figs. 5 and 6 would
comprise the via opening. Continuing the process after the.  stripping and
sidewall passivation step shown in cross- section of. Fig. 6, a-second
photoresist layer 94 is  deposited overlying the optional capping layer 74.
An  optional BARC layer maybe deposited overlying the second  photoresist
layer 94. The second photoresist layer 94 is  patterned to form openings
for the interconnect trenches.  The second photoresist layer may be
patterned using a  typical photolithographic process where it is exposed to
light through a mask: A developing process removes the  undesired second
photoresist layer 94 to expose the capping  layer 74, or the optional BARC
layer, where the trenches  are planned.  Referring now to Fig. 10, the
optional BARC layer, the  optional capping layer 74 and the second low
dielectric  constant layer 70 are etched through to form the 21 1 0 DEC
2004,  



interconnect trench. This. etching is performed using an ani.sotropic,
plasma-assisted dry etch. Note- that the-etch..  is stopped at the etch
stop layer 66.. Here. the use of-the  optional etch stop layer 66.
facilitates easier formation of  separate interconnect and' via. levels,
in. the dual.damasceno  structure.  Referring now to Fig. 11, an important
aspect of. the  present invention is described. The photoresist layer 94
is stripped away while a second sidewall passivation layer  98 is formed on
the sidewalls of the interconnect trench.  The photoresist layer 94 is
stripped using a sulfur- containing gas. This sulfur-containing gas reacts
primarily with the.  now. exposed second low dielectric constant layer '70.
The  reaction of the sulfur-containing gas with the organic or,
carbon-doped materials results in a sulfating or sulfonating action. The
result of the reaction is the  formation of a second sidewall passivation
layer 98 on the  sidewalls of the second low dielectric constant layer 70.
The sulfur-containing gas may be applied using plasma  to etch the second
photoresist layer 94. This.plasma would  22 1 0 0EC 2004  



be generated in a reaction chamber at a temperature of between about 20
degrees C and 300 degrees C and a pressure  of between about 0.01 Torr and
20 Torn: Microwave or RF  power is capacitively coupled to the plasma at an
energy of  between about 100 Watts and 5,000-Watts.  Alternatively, the
sulfur-containing gas can be  applied without plasma. The etching
temperature is between about 20 degrees C and 300 degrees C. The pressure
is  maintained at between about 0.1 Torr and 760 Torr. The
sulfur-containing gas comprises sulfur dioxide- (SO2) , sulfur trioxide
(S03) , or a mixture of sulfur dioxide  and-sulfur trioxide. The second
sidewall passivation layer  98 formed by the sulfating or sulfonating
reaction has a  thickness of between about 5 Angstroms and 100 Angstroms.
The present invention forms the second .sidewall passivation  layer 98 at a
relatively low temperature. The-novel approach of the present invention
forms the advantageous  second sidewall passivation layer 98 without any
additional  processing steps: As a further alternative, oxygen gas may be
added to  the sulfur-containing gas in the same reaction chamber  23 9.O'
DEC" 2004....  



conditions, with or without plasma generation. In this case, the ratio of
the flow rate of oxygen to the-flow rate  of the sulfur-containing gas-is
between about 1:1000 and  1:1.  Yet another alternative is to sequentially
etch, first  with the sulfur-containing gas, and then with oxygen .
plasma.. In this alternative, the sulfur-.containing gas'  radicals
passivate the sidewalls of the dielectric layer 70.  to form the second
passivation layer 98 while partially  stripping the second photoresist
layer 94. and the optional  BARC layer. The second passivation layer 98,
along with  the previously formed passivation layer 82, thus formed,
prevent the oxygen plasma radicals from attacking the first  and second low
dielectric constant layers 62 and 70. The-bowing problem is again prevented
while the  anisotropic etching profile is maintained in addition,  the
second sidewall passivation layer 98 can trap copper  and copper compounds
that may be sputtered during the  subsequent, . etch through of the first
passivation layer 58.  Finally, via poisoning problems are prevented by the
presence of the second sidewall passivation layer 98. 24  



..........  9 0 DEC 2004 ..Referring now. to Fig. 12, the first
passivat.ion layer  58' is etched.through to expose the underlying copper.
conductors 5.4.' During the etching , process;. some of the  copper
or-copper compounds may be -sputtered 102 onto the  sidewalls and possibly
the top of, the :capping layer 74 .and  the optional etch stop layer 66..
In the prior art, 'the  copper ions would typically diffuse'into the low
dielectric  constant layers 62 and 70. In the- present- invention,
however, the presence of the first sidewall passivation  layer 82 and
the.second sidewall pas.sivation layer 98..  prevents. copper diffusion by
trapping the copper ions. Referring now to Fig. 13, the dual damascene
interconnects are completed. A barrier metal layer 104 is  deposited.
through vapor deposition overlying the first  sidewall passivation layer
82, the second sidewall  passivation layer 98 and the optional etch
stop-layer 66.  and thereby lining the trenches. A copper layer 106 is
deposited overlying the barrier metal layer 104 and filling  the via and
interconnect openings. This barrier metal layer  104 would comprise, for
example, tantalum nitride,  tantalum, tungsten nitride, or titanium
nitride. The  



copper layer 106 is deposited by vapor deposition and  electroplating and
is then polished down to the top surface 25  1. 0 DEC 2004  of the capping
layer 74 to complete the dual damascene  interconnects in the manufacture
of the integrated Circuit  device.. The polishing down process would
comprise a chemical mechanical polishing (CMP) process. The capping  layer
74 serves as a polishing stop. . . . As shown in the preferred embodiment,
the present  invention provides a very manufacturable process for  forming
single or dual damascene interconnects. The navel  formation of a
sulfur-containing sidewall passivation on  the sidewalls of the damascene
openings prevents bowing and  via poisoning due to-the oxygen plasma
process. used to  strip photoresist. The method creates this sidewall
passivation by using a sulfur-containing gas to strip  photoresist. No
additional processing steps are therefore  ''required, While the invention
has been particularly-shown and  described with reference to the preferred
embodiments  thereof, it will be understood by those skilled in the art  



that various changes in form and details ma be made  without departing from
the spirit and scope of the,  invention. At the same time, it is-evident
that the same  methods may be employed in other, similar process steps 26
--- --1 '0 DEC 2064  that . are to numerous to cite. For example, the
approach of  the present.. invention may be extended and applied to.-the.-
formation of triple-level, or greater, damascene structures.  without '
departing' from the spirit and scope of the  invention. . Furthermore, the
dual damascene structure. that is  illustrated herein is formed "via
first." The structure can  also be formed "trench first" or' by using a
"self-aligned  via" technique-or,-by another well-known technique of'the
art without departing from. the scope and spirit. What is claimed. is: 27 .
.. ..... ... . . ........1 0 :D~'C 200 ...---- ::  1. A method to form
damascene interconnects in the manufacture of an integrated circuit device
comprising: - 



providing copper conductors overlying a semiconductor  substrate; .
providing a first passivation: layer overlying said  copper conductors; .
depositing a low dielectric constant layer overlying said first passivation
layer;' depositing-a photoresist layer overlying said low  dielectric
constant layer; patterning said photoresist layer to form a via mask;
thereafter etching through said low dielectric  constant layer to form said
via openings; simultaneously stripping away said photoresist layer  and
forming a sidewall passivation layer on the sidewalls  of said via openings
by using a sulfur-containing gas; etching through said first passivation
layer to expose  underlying said copper conductors; depositing a barrier
metal layer overlying said first  passivation layer and filling said via
openings; depositing a copper- layer overlying said barrier metal.  layer
and filling said via openings; and polishing down said copper layer to
complete-said  damascene interconnects in the manufacture of the 28 



10 DEC 2004  integrated circuit device. 2. The method according to Claim 1
wherein said damascene  interconnects comprises one of the group of: single
damascene interconnects and dual damascene interconnects.  3. The method
according to Claim 1 wherein said low  dielectric constant layer comprises
one of the group of:  porous organic materials, rion-porous organic
materials,  porous fluorinated organic materials, non-porous  fluorinated
organic materials, porous carbon-doped silicon  dioxide, non-porous
carbon-doped silicon dioxide, porous  hydrogen-doped silicon dioxide, and
non-porous hydrogen- doped silicon dioxide. 4. The method according to
Claim 1 wherein said first passivation layer comprises one of the group of
silicon nitride, silicon oxynitride, copper barrier low k  film BlokTM by
Applied Materials, silicon carbide, and boron  nitride. 5. The method
according to Claim 1 further comprising  depositing a capping layer after
said step of depositing a  .29 1 0 DEC 2004  low dielectric constant layer
and prior to said step of 



depositing a photoresist layer wherein said capping  29A  10 DEC 2004
layer comprises one of the group of:. silicon nitride, silicon oxynitride,
and silicon carbide. .6. the-method according. to Claim 1 wherein said
sulfur-containing as comprises one of the group of: sulfur  dioxide, sulfur
trioxide,. and a' mixture pf sulfur dioxide  and sulfur trioxide. . 7 The
method, according to Claim 'l wherein said step of  simultaneously
stripping away said photoresist layer is  performed without a plasma at a
temperature of between  about 20 degrees C and 300 degrees C and a pressure
of  between about 0.1 Torr and 760 Torr. 8. The method-according to Claim 7
further comprising adding  oxygen gas to said sulfur-containing gas wherein
the ratio  of the flow rate of said oxygen gas to the flow rate of  said
sulfur-containing gas is between about 1:1000 and 9. The method according
to Claim 1 wherein said step of '  simultaneously stripping away said
photoresist layer is  performed with a plasma wherein said plasma is
generated at  a temperature of between about 20 degrees C and 300 degrees  



30 C, a pressure of between about 0.01 Torr and 20 Torr, and  an energy of
between about 100 Watts and 5,000 watts. 10. The method according to Claim
9 further comprising adding oxygen gas to said sulfur-containing gas
w't:.e__rein the ratio of the flow rate of said oxygen gas to:zhe =low rate
of said sulfur-containing gas is between about 1:1000 and  1:1. 11. A
method to form damascene interconnects in the  manufacture of an integrated
circuit device comprising: providing copper conductors overlying a
semiconductor  substrate; providing a first passivation laver overlying
said  copper conductors; depositing a low dielectric constant layer
overlying  said first passivation layer; depositing a capping layer
overlying said low  dielectric constant layer; depositing a photoresist
layer overlying said capping  layer; patterning said photoresist layer to
form a via mask;  thereafter etching through said capping laver and said
low dielectric constant layer to form said via openings; 31 



1..0 . DEC 200 ........  simultaneously stripping away said photoresist
layer and forming .a sidewall passivation layer on the sidewalls  of said
via openings by using a sulfur-containing gas;  wherein said
sulfur-containing gas comprises one of the  group of: sulfur dioxide,
sulfur trioxide, and .a mixture of  sulfur dioxide and sulfur trioxide; .
etching through said first passivation layer to expose  underlying said
copper conductors; depositing. abarrier metal layer overlying said capping,
layer and lining said via openings; depositing a copper .layer overlying
said. barrier metal  layer and filling said-via openings; and polishing
down said copper layer to complete said '  damascene interconnects in the
manufacture of the  integrated circuit device. 12. The method according to
Claim 11 wherein said damascene  interconnects comprises one of the group
of single  damascene interconnects and dual damascene interconnects.  13.
The method according to Claim 11 wherein said low  dielectric constant
layer comprises one of the group of:  porous organic materials, non-porous
organic materials,  porous fluorinated organic materials, non-porous 32 



zz= 1 0 DEC 2004  fluorinated organic materials, porous carbon-doped
silicon dioxide, non-porous carbon-doped silicon dioxide, porous
hydrogen-doped silicon dioxide, and non-porous hydrogen- doped silicon
dioxide. 14. The method according to Claim 11 wherein said first
passivation layer comprises one of. the group of silicon  nitride,. silicon
oxynitride, copper barrier low k film  BlokTM by Applied Materials, silicon
carbide, and boron  nitride. 15. The method according to Claim 11 wherein
said capping  layer comprises one of the group of: silicon nitride,
silicon oxynitride, and silicon carbide. 16. The method according to Claim
11 wherein said step of   simultaneously stripping away said photoresist
layer is  performed without a plasma at a temperature of between  about 20
degrees C and 300 degrees C and a pressure of  between about 0.1 Torr and
760 Torr. 17. The method according to Claim 16 further comprising  adding
oxygen gas to said sulfur-containing gas wherein the  33 10DEC2004  



ratio of the flow rate of said oxygen gas to the flow rate of
said-sulfur-containing gas is between about 1:1000 and  33A .. i  1 0 DEC
2004 1:1. 18. The method according to Claim 11 wherein said. step of
simultaneously stripping.away said photoresist layer is  performed with a
plasma wherein said plasma is generated at  a temperature of between about
20 degrees C and 300 degrees.  C, a pressure of between about 0.01 Torr and
20 Torr, and  an energy of between about 100 Watts and 5,000 Watts. 19. The
method according to Claim 18 further comprising  adding oxygen gas to said
sulfur-containing gas wherein the  ratio of the flow rate. of said oxygen
gas to the flow rate  of said sulfur-containing gas is between about 1:1000
and  20. A method to form dual damascene interconnects in the  ,manufacture
of..an integrated circuit-device comprising: providing copper conductors
overlying a semiconductor  substrate; providing.a first passivation layer
overlying said  copper conductors; depositing a first low dielectric
constant layer  



overlying said first passivation layer; depositing a second low dielectric
constant layer  34 overlying said first low dielectric constant layer;
depositing a first photoresist layer overlying said second low dielectric
constant layer; patterning said first photoresist layer to form a via.
mask;  thereafter etching through said second-low dielectric constant layer
and said first low dielectric constant layer  to form via openings;.
simultaneously stripping away said first photoresist  layer and forming a
first sidewall passivation layer on the  sidewalls of said via openings by
using a sulfur-'containing  gas; thereafter depositing a second photoresist
layer  overlying said second low dielectric constant layer;  patterning
said second photoresist layer to form an  interconnect mask; thereafter
etching through said second low dielectric  constant layer to form
interconnect openings;.  simultaneously stripping away said second
photoresist layer and forming a second sidewall passivation layer on  



said sidewalls of said via openings and on-the sidewalls of  said
interconnect openings by using a sulfur-containing  gas; etching through
said first. passivation layer to expose  35  1.0"DEC 100  underlying said
copper conductors; depositing a. barrier metal layer overlying said
capping layer and lining said via.openings; depositing. a copper layer
overlying said barrier metal  layer and filling said interconnect openings
and said via  openings;. and polishing down said copper layer to complete
said dual  damascene interconnects in the manufacture of the  integrated
circuit device.  21. The method according to Claim 20 wherein said first
low  dielectric constant layer-comprises one of the group of:  porous
organic materials, non-porous organic materials,  porous fluorinated
organic materials, non-porous fluorinated organic materials, porous
carbon-doped silicon  dioxide, non-porous carbon-doped silicon dioxide,
porous  hydrogen-doped silicon dioxide, and non-porous hydrogen- 



doped silicon dioxide. 22. The method according'to Claim 20 wherein said
second  low dielectric constant layer comprises one of the group  of:
porous organic materials, non-porous organic materials,  porous fluorinated
organic materials;.non-porous 36  1 0 DEC 2004  fluorinated organic
materials, porous carbon-doped silicon dioxide, non-porous carbon-doped
silicon dioxide, porous  hydrogen-doped silicon dioxide, and non-porous
hydrogen- doped silicon dioxide. 23. The method according to Claim 20
wherein said first  passivation layer comprises one of the group of silicon
nitride, silicon oxynitride, copper barrier low k film  BlokTM by Applied
Materials, silicon carbide, and boron  nitride. 24. The method according to
Claim 20 further comprising  depositing an etch stopping layer overlying
said first low  dielectric constant layer prior to said step of depositing
said second low dielectric constant layer. 25. The method according to
Claim 20 further comprising  depositing a capping layer overlying said
second low  



dielectric constant layer prior to said step of depositing  said first
photoresist layer. 26. The method according to Claim 20 wherein said sulfur
containing gas comprises one of the group of: sulfur 37 9 0 DEC 2004
dioxide, sulfur trioxide, and a mixture of sulfur dioxide and sulfur
trioxide. 27. The method according to Claim 20 wherein said step of
simultaneously stripping away said photoresist layer is  performed without
a plasma at a temperature of between  about 20 degrees C and 300 degrees C
and a pressure of  between about 0.1 Torr and 760 Torr. 28. The method
according to Claim 23. further comprising  adding oxygen gas to said
sulfur-containing gas wherein the  ratio of the flow rate of said oxygen
gas to the flow rate  of said sulfur-containing gas is between about 1:1000
and  1:1. 29. The method according to Claim 20 wherein said step of
simultaneously stripping away said photoresist layer is  performed with a
plasma wherein said plasma is generated at  a temperature of between about
20 degrees C and 300 degrees  C, a pressure of between about 0.01 Torr and
20 Torr, and  



an energy of between about 100 Watts and 5,000 Watts. 30. The method
according to Claim 29 further comprising  adding oxygen gas to said
sulfur-containing gas wherein the  38 1 0 DEC 2004  ratio of the flow rate
of said oxygen gas to the flow rate of said sulfur-containing gas is
between about 1:1000 and  1:1. 39 




