
A COMBINED COPPER PL AT G METHOD TO IMPROVE GAP FILL
BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION
The present invention relates generally to
semiconductor integrated circuit  processing and more
particularly to copper interconnect processing. (2)
DESCRIPTION OF PRIOR -ART As transistor devices
continue to shrink in modern technology so do the
feature sizes of metal interconnects. Aspect ratios of
gaps, such as vias and.  trenches, which are filled
with metal to form interconnections, tend to increase
with design rule shrin ring. In damascene and dual
damascene processes copper,  due to properties such as
its low resistivity and low susceptibility to
electromigration. is often the metal of choice for
filling such gaps. An ECP,  eleetro copper plating,
process traditionally accomplishes filling of the gaps
with  copper. Good gap filling and adhesion properties
are also achieved in electroless  copper plating, but
there is a problem in that electroless copper plating
is a high- cost and. low-throughput process. However,
there is also a problem with EC'P  since it has been
round, in both 0.11 and O.13 micrometer technologies,
that  pinhole-like voids exist in the copper for EC'P
filled gaps. These pinhole-like  voids are found for
aspect ratios greater than about 5:1. Fig.l shows such
a void,  31, in an ECP filled gap, 4, where the gap
width is about 0A6 micrometers and  the void diameter
is about 0.04 micrometers. Such voids will not only
result in 



l yield loss, but also give rise to reliability
concerns during elec:trrornigration or  stressmngrauon
testing. As is well known, interconnects are formed in
multiple levels. Each level  containing a dielectric
layer, denoted an INM (intermetal dielectric) layer, a
metal  layer made up of metal filled trenches and
metal vias connecting metal layers.  Generally copper
interconnect levels are formed by first forming gaps,
such as  vias and trenches, in a dielectric layer and
lining the gaps with a metal barrier  layer, which
serves to inhibit copper migration. A copper seed
layer is then  formed over the metal barrier layer to
promote proper adhesion. After filling the  gap with
copper a planarization procedure, which. is usually
CMP, is performed.  Forming a blanket insulator
capping layer completes the interconnect level. Copper
interconnects with improved electromigration
resistance and low  resistivity is disclosed in woo et
al., U.S. Patent 0,525,425. The copper is formed  in
two stages. First pure copper is deposited and then
the gap is filled with doped  copper. A method for
forming copper dual damascene is shown by Lou in U.S.
Patent 6,492,270, which utilizes both electroless
copper plating and physical  vapor deposition of
copper. U.S. Patent 6,472,023 to Wu et al. discloses a
method  for forming a copper seed layer in copper
interconnects using displacement and  thus eliminating
the need to use CYD or PVD for forming a copper seed
layer.  U.S. Patent 6,380.083 to Gross teaches a
method for forming copper interconnects  



that contains ad ual copper layer composed of a P ' Li
copper layer and an ECP  copper layer, U.S. Patent
6,344, l 29, to Rodbell et al, teach a method for
plating copper on electronic. substrates and devices
in an electroplating solution using  either a one step
or two step deposition process. SUMMARY OF THE
INVENTION it is a primary objective of the invention
to provide an efficient, economic  and reliable method
for copper filling of gaps occurring in the
manufacture of  modern electronic devices. It is
farther a primary objective of the invention to
provide an efficient, economic and reliable method for
copper filling of gaps even  for gaps with high aspect
ratios. it is vet farther a primary objective of the
invention to Provide an efficient, economic and
reliable method for copper filling  of gaps occurring:
in. dual damascene processes, even for gaps with high
aspect  ratios. These objectives are attained in the
invention by utilizing features of both  electroless
copper plating and ECP to achieve gap filling that is
free of pinhole- like voids even for high aspect ratio
gaps and that is at the sauce time efficient and
economic. In the methods of the invention electroless
copper plating is used to  form a copper layer
sufficient to reduce the gap aspect ratio to a degree
so that  ECP can be used to complete the gap filling
without introducing pinhole-like  voids. Thus the low
throughput and high cost arising from the electroless
copper  plating process is minimized. In preferred
embodiments of the invention  



electroless copper plating is used only to the extent
that is required to reduce the  gap depth sufficiently
so that with the reduced depth the aspect ratio has
been reduced enough so that pinhole-like voids do no:
occur when the more efficient  and economic ECP
process is used to complete the gap filling. A method
of filling gaps in dielectric lavers is disclosed. A
wafer is provided  having a dielectric laver
containing gaps to be filled with copper, some of the
gaps,  denoted deeper gaps, having aspect ratios so
large that filling these gaps with copper  using ECP
could result in pinhole like voids. A blanket
conformal metal barrier layer  is formed and the wafer
is then submerged in a solution to electroless plate a
blanket  conformal copper seed layer. A partial
filling of deeper gaps with copper reduces the
efec`ive aspect ratios of the deeper gaps to the
extent that ECP could be used to  complete the copper
filling of the gaps without forming pinhole like
voids. ECP is  then used to complete the copper
filling of the gaps. The wafer is annealed and t_MP
performed to planarize the surface, giving rise to a.
structure in -which the gaps ale  tilled with copper
and are separated by the dielectric layer. BRIEF
DESCRIPTION OF THE DRAWINGS In. the accompanying
drawing forming a material part of this description,
there is shown: Fig. I shows a pinhole-like void in a
high aspect ratio gap filled using ECP,  Figs. 2-6
show a process according to preferred embodiments of
the invention. DESCRIPTION OF THE PREFERRED
EMBODIMENT'S  



Figs. 2-6 illustrate process flows according to
preferred embodiments of the invention. Although the
figures specifically show preferred embodiments of
the invention appropriate for dual darnascene, in
which a high aspect ratio occurs  at the visas, the
application to general high aspect ratio raps is clear
to those versed  in the art and will be made explicit
below. Referring to Fig. 2 there is shown a portion
Cot a wafer containing an .IMD layer, 2, including an
insulator capping layer, 8 and copper filled trenches,
4, which are lined with a barrier metal layer, 6.  The
barrier metal laver and insulator capping layer are.
provided to impede  migration of copper, which, as is
well known, could nave severe detrimental
consequences. These layers belong to an nth copper
interconnect level, where n is  an integer greater or
equal to one. Before any processing of the next layer
the  insulator capping lager, 8, is not as shown in
Fig.2, but extends entirely over the  top surface of
the nth copper interconnect level. With the aid of
Figs. 2-6, the  process, according to preferred
embodiments of the invention, of fabricating the  next
copper interconnect level, the (n+l)th level, will now
be described. As a  copper interconnect is made up of
copper interconnect levels, the description  actually
provides the details of fabricating a copper
interconnect according to  preferred embodiments of
the invention, once it is given how the first copper
interconnect level is torEncd over the wafer, However,
its an element of the  invention that the wafer as
provided has a base level, denoted the zero level,
containing a base IMD layer disposed between device
metal lines and a base  



blanket insulator capping layer. The base PAD layer is
the first. PAD layer, which  is usually a single
damascene structure, while the following layers are
usually  dual damascene layers, Therefore the first
copper interconnect level is formed  over the base
layer exactly as an (n+i )th copper interconnect level
is formed over  an nth copper interconnect level. To
fabricate the (n+l )th copper interconnect level a
blanket IMD layer,  10, the (n-i-1)th [MD layer, is
formed over the insulator capping layer of the nth
copper interconnect level. The IN L) layer could be
composed of oxide, nitride or  ox-vsiitride or of low
dielectric constant materials such. as polyi nude,
PTFE,  amorphous fluorocarbon or fluorinated SiC;.
whose thickness could be between  about 0.3 to about
1.5 micrometers. 'There are abundant conventional
processes,  which. are well known to practitioners of
the art, to form MD layers. Besides  trench-first
processes, such as those described in detail, there
are via first  processes that are commonly used for
advanced technology beyond 0,13  micrometers. As in
conventional dual damascene processes, gaps are formed
in  two stages. First, the TMD is patterned and etched
to form trenches, 12, and the  wide portions, 14, of
viva regions. The depth of regions 12 and 14, which is
the  depth of the metal lines that fall these regimes,
is about 0.2 to about 1.5  micrometers. Metal line
depths are between about 0.1 to 0.5 micrometers and
via  regions are between about 02 to l .5 niic;
ometers deep. This patterning and  etching can be
accomplished conventionally; for example, by forming a



photoresist layer over the INID layer. patterning the
photoresisl. layer and etching  6 to form the regions
12 and 14, and removing the photoresist layer. In the
second  stage IN ID is removed only from via gaps, 16,
to the top of the ath copper layer, 4. Thus the nth
insulator capping layer, 8, is removed in via gaps so
the bottom of  via gaps reaches to the top of the nth
copper layer, 4i. The depth of via. gaps is just  the
difference between the INAD layer thickness and the
depth of the trenches, 12.  Thus via gap depths are
between about 0.2 to about i .0 micrometers. At via
regions the total gal) depth is just the thickness of
the INID layer and since line  widths in present and
near future technologies are between about 0.3 to
about 1.5  micrometers, aspect ratios between about 4
to about 10 are to be encountered. As  in the first
stage, the patterning and etching can be accomplished
conventionally.  For example, finning a photoresist
layer over the IMD layer, patterning the  photoresist
layer and etching to foram the regions 16, and
removing the photoresist  layer is a Conventional
process that can accomplish it. A blanket conformal
metal  barrier layer, 18, is then breed. Metal barrier
layer, 18, serves to prevent Copper  migration and
should be comprised out of materials that act as good
diffusion  barriers. Effective barrier layers are
established by layers of between about 50 to  about.
300 Angstroms comprised of materials such as TiN, Ta.
or TaN. The  structure at this stage of the process is
shown in Fig. 2. Filling of the gaps with co }per
commences at this stage. Figs. 3-5 show  



the process steps involved, according to preferred
embodiments of the invention,  in fill ing the gaps
with copper. First, t h e wafer is submerged in a.
solution to  electroless plate a blanket conformal
copper seed layer, 20, whose purpose is to  promote
adhesion between the bulk copper and the metal barrier
layer and to serve as a nucleation layer for EC'-P Cu
plating. In preferred embodiments of the  invention
the copper seed layer is between about 50 to about 100
Angstroms  thick. Next a partial falling of the deeper
portions of gaps, which in the case of  dual damascene
are the via gap regionsi6, is aec mnhshe l by
eleetroless plating  of copper. This is a crucial step
in the invention in which the effective aspect  ratios
of deeper gaps are reduced so that FCC could be used
to complete the  copper filling of the gaps. This is
important since F(C is the more economical  and
efficient copper filling process, and With the Bleeper
portions of the gaps  partially failed, pinhole like
voids will not form. In one embodiment, tbe partial
filling of the deeper portions of gaps is achieved by
utilizing water jet technology`  to blow away plating
solution except from regions 16, so that the solution
is as  indicated by regions 22 in 1,"g,3. Water jet
technology parameters, i.e. water jet  spinning speed
and dry N2 blowing cycle, are tuned to achieve a depth
for the top  of the plating solution so that solution
fills the via. portions, as indicated by  regions 22,
and are blown away elsewhere, In a second embodiment,
a partial  filling of the deeper portions of gaps,
which in the case of dual damascene are the  



via gapregions 6, is accomplished by having the
plating ,solution spun-on, By  tuning the speed the
plating solution can be arranged to fill only the via
gap  regions 16, so that the solution is as indicated
by regions 12 in Pig,3. Performing electroless plating
with the solution in the via gap regions,  16, results
in a partial copper filling of the via gap regions
thus forming  electroless copper regions 24 shown in
Fig. 4. The thickness of regions 24 should  g be large
enough so that the aspect ratio associated with the
trench depth phis the  depth of the unfilled gap
regions is small enough that pinhole like voids do not
form when :SCI' is used to complete the filling.
Performing the ECP process to  complete the copper
filling farms blanket copper regions 26 as sho,vp in
Fig. 5. A conventional annealing step can now be
performed to anneal the copper,  in which a t
nxperatn:re of about 150 C is usually used for
duration of about 0.5  hours, A CivlP step follows to
planarize the surface, giving rise to the copper
regions, 78. Finally an insulator capping layer 30 is
formed to prevent copper  migration into the IMD. The
insulator capping layer should be comprised of a  good
diffusion barrier material, such as silicon carbide or
silicon nitride of  thickness between about :?00 to
about 800 Angstroms. While the detailed description of
preferred embodiments of the invention is  given for
the case of dual damascene, in which the high aspect
ratio features are  associated with via regions, the
applicability of the invention for any high aspect  



ratio gaps is apparent. For lower aspect ratio gaps
ECP, being more efficient and  economic, is the copper
filling process of choice. Electroless copper plating
does  not give rise to pinhole like voids even for
high aspect ratio gaps, but it is a low  throughput
and high cost process. By utilizing features of both
eicetroles.s copper  plating and ECP, preferred
embodiments of the invention provide processes that
achieve gap filling that is free of pinhole-like voids
even for high aspect ratio gaps  and that is at the
same time efficient and economic. In the methods of
the  invention electroless copper plating is used to
form a copper layer sufficient to  reduce the gap
aspect ratio to a degree so that ECP can be used to
complete the 9 gap filling without introducing
pinhole-like voids, Thus the low throughput and  high
cos; arising from the electroless copper plating
process is minimized, In  preferred embodiments of the
invention electroless copper plating is used only to
the extent that is required to reduce the gap depth
sufficiently so that with the  reduced depth the
aspect ratio has been reduced enough so that
pinhole-like voids  do not occur when the more
efficient and economic ECP process is used to
complete the gap filling. Thus, a wafer is provided
having a dielectric layer containing gaps to be
filled with copper, some of the gaps having aspect
ratios so large that filling these  gaps with copper
using FOP could result in pinhole like voids. A
blanket confori al metal barrier laver is first formed
that serves to prevent copper  



migration and should be comprised out of materials
that: act as good diffusion  barriers. Effective
barrier layers are established by layers of between
about 50 to  about 300 Angstroms comprised of
materials such as Til'e'', Ta or TaN. Filling of the
gaps with copper commences with submerging the wafer
in a  solution to electroless plate a blanket
conformal copper seed layer whose purpose  is to
promote adhesion between the bulk copper and the metal
barrier laver and to  serve as a nucleation layer for
ECP copper. In preferred embodiments of the  invention
the copper seed layer is between about 50 to about 100
Angstroms  thick. Next a partial filling of the deeper
gaps is accomplished by electroless  plating of
copper. Deeper gaps are those that could give rise to
pinhole like voids  when conventional ECP is used as
the copper filling process. This partial filling  step
is a crucial step in the invention. In this step the
effective aspect ratios of 10 deeper gaps are reduced
so that ECP could be used to complete the copper
filling  of the gaps, This is important since ECP is
the more economical and efficient  copper filling
process, and with deeper gaps already partially filled
pinhole like  voids will not form. There are two
options for achieving a partial filling of the  deeper
gaps. One way is to utilize water jet technology to
blow away plating  solution except from the lower
portions of deeper gaps. The depth of the surface  of
the solution is adjusted so that after electroless
plating the remaining gaps all  have acceptably low
aspect ratios. The odder option to accomplish a
partial filling  



of the deeper gaps is to spin-on the plating st
ilution. By turning the speed it can be  arranged so
that the surface of the solution is adjusted so that
after electroless  plating the remaining gaps all have
acceptably low aspect ratios. Pertorxning
electroie.ss plating with the solution the lower
potions of the deeper gaps results in  a partial
copper filling of the deeper gaps. The thickness of
copper thus aorned by  electroless plating should be
large enough so that the aspect ratios associated with
the remainders of the deeper gaps are small enough
that pinhole like voids do not  form when ECP is used
to complete the filling. The ECP process is used to
complete the copper filling. A blanket copper layer is
thus loaned over the wafer.  A conventional annealing
step is then performed to anneal the copper, in which
a  temperature of about 150')C is usually used for
duration of about 0.5 hours. A  CMP step follows to
pariarize the surface, giving rise to the gaps now
filled with  copper separated by the dielectric layer.
While the invention has been particularly shown and
described  with reference to the preferred embodiments
thereof it will be understood by  11 those skilled in
the art that various changes in form and detail. may
he made  without departing from the spirit and scope
of the, invention. 1? What is claimed is: 1. A method
of filling an opening comprising: 



providing a substrate prepared with a dielectric layer
with an opening with  upper and lower portions, the
opening having an aspect ratio; forming a metal
barrier layer, the metal barrier layer lining the
sides and  bottom of the opening in the dielectric
layer; forming a copper seed layer on the metal
barrier layer; forming a non-conformal first copper
layer in only the lower portion of the  opening to
partially fill the opening, wherein the first copper
layer forms or, the seed  layer and includes a planar
top surface, wherein the first copper layer reduces
the  aspect ratio of the opening; using ECP to form a
second copper layer to fill the reduced aspect ratio
opening, wherein the first and second fill processes
are different types of fill  processes, the second
copper layer contacts the top surface of the first
copper layer;  annealing the substrate; and polishing
the substrate to forma a planar surface with the top
of the opening.  2. A method of forming integrated
circuits comprising: providing a substrate prepared
with a dielectric layer having an opening with  an
aspect ratio, the opening includes upper and lower
portions; forming a conductive seed layer to line
sides of the upper and lower portions  and bottom of
the opening; forming a first conductive layer in a
first fill process, wherein the first  conductive
layer forms only in the lower portion of the opening
to partially fill the  



opening to reduce the aspect ratio of the opening,
wherein the first conductive layer 13 forms on sides
and bottom of the seed layer in the lower porting of
the opening and  includes a planar top surface; and
forming a second conductive layer in a second till
process to fill the reduced  aspect ratio opening,
wherein the second conductive layer contacts the first
conductive layer. 3. The method of claim 2 wherein
forming the first conductive layer in the first  fill
process comprises electroless plating with a solution
which includes using water  jet or spin on technology,
wherein parameters of the electroless plating are
tuned to  font the first conductive layer in the lower
portion of the opening. 4. The method of claim 2
wherein: the opening comprises a dual damascene
opening which includes a via below a  trench, the
trench being wider than the via; and forming the first
conductive layer in the first fill process comprises
electroless  plating with a. solution which includes
using water jet or spin on technology, wherein
parameters of the electroless plating are tuned to
form the first conductive layer in the  lower portion
of the opening to at least partially fill the via. 5.
The method of claim 4 wherein the first conductive
layer fills the lower  portion of the opening to fill
the via. 6. The method of claim 2 wherein the first
and second conductive layers  



comprise copper. 14 T The method of claim 6 wherein
forming the second conductive layer  comprises
electroplating and forms the second conductive layer
over tile first  conductive layer and filling the
opening. S. The method of claim 7 further comprises
polishing to remove excess second  conductive layer to
provide a planar surface with the top of the opening.
9. The method of claim 2 wherein forming the second
conductive layer  comprises electroplating and forms
the second conductive layer over the first  conductive
layer and filling the opening. 10. The method of
clairri 9 further comprises polishing to remove excess
second.  conductive layer to provide a planar surface
with the top of the opening. 11. A method of forming
interconnects in an integrated circuit comprising:
providing a substrate prepared with an intermetal
dielectric layer having an  opening with upper and
lower portions, the lower portion includes a via and
the upper  portion includes a trench, the opening
having an aspect ratio; forming a seed layer to line
sides and bottom of the opening; forming a first
conductive layer in a first fill process by
electroless plating, the  first fill process forms the
conductive layer only in the lower portion of the
opening to  partially till the opening, wherein the
first conductive layer forms on sides and bottom  of
the seed layer in the lower portion and includes a
planar top surface, the partial fall  



reduces the aspect ratio of the opening; and 15
forming a second conductive layer in a second fill
process to fill the reduced  aspect ratio opening. 12.
A method of forming interconnects in an integrated
circuit comprising:  providing a substrate prepared
with a dielectric layer having a dual damascene
opening with upper and lower portions, the dual
damascene opening includes a via  below a trench,
wherein the trench is wider than the via, the dual
damascene opening  having an aspect ratio; forming a
seed layer to line sidewalls in the upper and lower
portions and  bottom of the dual damascene opening;
forming a first conductive layer in a first fill
process, the first fill process  forms the first
conductive laver in only the lower portion of the dual
damascene  opening to partially fill the dual
damascene opening, wherein the first conductive  layer
forms on sides and on bottom of the seed layer in the
lower portion of the dual  damascene opening and
includes a planar top surface, the first fill process
reduces the  aspect ratio of the dual damascene
opening; and forming a second. conductive layer in a
second fill process to till the reduced  aspect ratio
dual damascene opening with conductive material, the
second conductive  layer contacts the planar top
surface of the first conductive layer. 16 


