
WO 2004/088746 PCT/US2004/008945 Method and Apparatus
to Form a Planarized Cu Interconnect Layer Using
Electroless Membrane Deposition BACKGROUND OF THE
INVENTION  Field of the Invention [01] The present
invention relates generally to the field of
semiconductor fabrication and more  particularly to
methods and apparatuses for forming conductive
materials with planarized  surfaces within features
defined in a substrate, the features having widely
different dimensions.  Description of the Prior Art
[021 FIG. 1 provides a cross-section of a partially
fabricated semiconductor device 100  including a
substrate 102 and a conductive layer 104. The
substrate 102 is typically a dielectric  material and
can include trenches of various dimensions such as
wide trench 106 and narrow  trenches 108. In addition
to trenches, the substrate 102 can include other
similar features of  various dimensions such as vias
(not shown). Such features in the substrate 102 are
commonly  fabricated through well known
photolithography processes. The conductive layer 104
is  typically a highly conductive metal such as copper
(Cu). After further processing, the  conductive layer
104 is removed down to the level of the top surface of
the substrate 102 such  that the conductive material
remaining in the trenches 106, 108 and other similar
features are  electrically separated by the substrate
102 in the finished semiconductor device. [031 The
conductive layer 104 is commonly formed through
electroplating with an  electroplating solution that
contains the metal to be plated. Electroplating is
desirable because it  is a rapid method for depositing
a metal on a surface. One of the drawbacks of
electroplating,  however, is that voids frequently
form in the more narrow features, such as trenches
108, and 1 



WO 2004/088746 PCT/US2004/008945  such voids can cause
failures in the finished semiconductor device. Certain
additives when  added to the electroplating solution
can promote rapid filling of the narrow features and
prevent  void formation, however, these same additives
tend to retard the deposition rate in generally flat
areas such as the surfaces between trenches 106, 108
and along the bottom of the wide trench  106. [04]
Accordingly, by the time the conductive layer 104
completely fills the larger features,  such as wide
trench 106, a substantial thickness, or overburden
110, covers the remainder of the  substrate 102.
Further, since the additives to the electroplating
solution promote rapid filling of  the narrow features
while retarding it in generally flat areas, an area of
superfill 112 can also  develop above the level of the
top of the overburden 110 over narrow features, as
shown in FIG.  1. It will be appreciated that to
remove the conductive layer 104 down to the level of
the top  surface of the substrate 102 requires
removing three different thicknesses of material.
Unfortunately, the planarization techniques known in
the art are poorly suited to such a task, and
generally cause dishing 200 over larger features, such
as shown over large trench 106 in FIG. 2.  [05] One
solution is to electroplate further than is shown in
FIG. 1 such that the thickness of  the overburden 110
is greater over the entire substrate 102. If carried
far enough, the thickness  of the overburden 110 tends
to even out over the entire substrate 102. The
overburden 110 can  then be uniformly planarized down
to the level of the top surface of the substrate 102.
This  solution, however, wastes material and is time
consuming. [06] Therefore, what is desired is a method
of forming a conductive layer 104 with an  overburden
110 that has an essentially planar surface. 2 WO
2004/088746 PCT/US2004/008945  



SUMMARY [07] The invention provides a method for
producing a planarized surface including providing  a
substrate, forming first and second layers, and
planarizing the first and second layers. The
substrate has a narrow feature and a wide feature
defined therein, and the first layer is formed  above
the substrate such that it fills the narrow feature,
at least partially fills the wide feature,  and has a
cavity defined therein that is aligned with the wide
feature. The second layer is formed  in the cavity
while the first layer is contemporaneously planarized.
The first and second layers  are then planarized
together. [081 In some embodiments forming the second
layer while planarizing the first layer includes
contacting a flexible material with the first layer,
and introducing a relative lateral motion  between the
flexible material and the first layer. In some of
these embodiments the relative  lateral motion
includes a rotational component, a vibrational
component, and/or an orbital  component. In those
embodiments in which the first layer completely fills
the wide feature,  planarizing the first and second
layers can include completely removing the second
layer. In  other embodiments planarizing the first and
second layers does not completely remove the  second
layer. In some embodiments planarizing the first and
second layers includes a stress-free  planarization or
a chemical-mechanical planarization. In some
embodiments planarizing the first  and second layers
includes exposing the substrate between the narrow and
wide features. [09] The invention also provides a
method for producing a planarized surface that
includes  providing a substrate, forming a first
layer, contacting a flexible material with at least a
portion  of the first layer, forming a second layer,
and planarizing the first and second layers. The
substrate has a narrow feature and a wide feature
defined therein, and the first layer is formed  above
the substrate such that it fills the narrow feature,
at least partially fills the wide feature, 3 



WO 2004/088746 PCT/US2004/008945  and has a cavity
defined therein that is aligned with the wide feature.
According to the method,  the flexible material is
used to deliver a solution to the cavity and the
second layer is formed  from the solution. In some
embodiments the solution includes an electroless
plating solution,  and in some of these embodiments
forming the second conductive layer includes an
electroless  deposition of a conductive material,
such- as copper. In some embodiments the first and
second  layers 'are formed of the same conductive
material. In some embodiments contacting the flexible
material with at least the portion of the first layer
inhibits the deposition of the second layer  above an
overburden of the first layer. [010] In some
embodiments of this method, the substrate can include
a dielectric material with  a dielectric constant less
than a dielectric constant of Si02, such as
organosilicate glass. In some  embodiments, the narrow
feature can have a lateral dimension of about 100nm or
less, and in  some embodiments the wide feature can
have a lateral dimension greater than about 100nm or
of  about 500m. In some embodiments, forming the first
layer includes forming a first conductive  layer, and
in some of these embodiments forming the first
conductive layer includes an  electrochemical
deposition of a conductive material, such as copper.
In some embodiments  planarizing the first and second
layers includes applying a stress-free polishing
technique. [011] In some embodiments of this method
the flexible material includes a porous membrane  such
as polyurethane. In some of these embodiments the
method further includes pressurizing a  reservoir
containing the solution and adjoining the membrane on
a side opposite a side  contacting the first layer.
Also in some of these embodiments the method further
includes  introducing a relative lateral motion
between the porous membrane and the substrate. In some
of  the embodiments that include introducing a
relative lateral motion, the porous membrane is 4 



WO 2004/088746 PCT/US2004/008945  effective to polish
the portion of the first layer, for example, because
the porous membrane  includes an abrasive. [012] In
some embodiments. of this method the flexible material
includes a poromeric material.  In some of these
embodiments the poromeric material includes a
closed-cell structure with open  pores exposed at a
surface thereof. In some of these embodiments the
method further includes  wetting the poromeric
material with the solution. Also in some of these
embodiments delivering  the solution to the cavity can
include developing a pressure between the poromeric
material and  the first layer. In some of these
embodiments delivering the solution to the cavity can
also  include introducing a relative lateral motion
between the substrate and the poromeric material.
[0131 In some embodiments of this method forming the
first layer includes completely filling  the wide
feature, and in some of these embodiments the first
layer forms an overfill above the  wide feature that
extends about 10% to about 20% of a depth of the wide
feature above a level of  a top surface of the
substrate. Also in some of these embodiments
planarizing the first and  second layers includes
removing the second layer. In other embodiments of
this method forming  the first layer includes filling
less than the entire wide feature, and in some of
these embodiments  about 10% to about 30% of a depth
of the wide feature is filled by the first layer. Also
in some  of these embodiments planarizing the first
and second layers includes removing less than the
entire second layer. [014] The invention also provides
an apparatus for producing a planarized surface. The
apparatus includes a wafer support, such as a vacuum
chuck, for securing a wafer having an area,  a
workpiece, an engagement mechanism capable of bringing
the workpiece and the wafer into  contact with each
other, and means for introducing a relative lateral
motion between the  workpiece and the wafer. The
workpiece includes a reservoir containing an
electroless plating 



5 WO 2004/088746 PCT/US2004/008945  solution and
having a flexible and porous membrane spanning a side.
In some embodiments the  reservoir is pressurizable.
In some embodiments the porous membrane includes an
abrasive.  [0151 In some embodiments of this apparatus
the porous membrane has an area less than the  area of
the wafer. In some of these embodiments the means for
introducing relative lateral  motion includes means
for linearly translating the workpiece, and in some of
these embodiments  the means for introducing relative
lateral motion further includes means for rotating the
workpiece around an axis. In some embodiments the
means for introducing relative lateral  motion can
also include means for rotating the wafer support
around an axis and/or vibrating the  workpiece. [016]
In some embodiments of this apparatus the porous
membrane has an area equal to or  larger than the area
of the wafer. In some of these embodiments the means
for introducing  relative lateral motion includes
means for rotating the workpiece and/or the wafer
support around an axis. [0171 In some embodiments of
this apparatus the porous membrane can be
polyurethane, a  fluorocarbon material, a sintered
polymeric material, or a ceramic. In some embodiments
the  porous membrane can have a thickness between
about 0.1mm to about 3.0mm. In some  embodiments the
porous membrane can include an open-cell pore
structure. In some  embodiments the porous membrane
can include a number of holes disposed therethrough.
Also  in some embodiments the porous membrane can
include an amount of porosity between about  5% to
about 50%, and in some of these embodiments the amount
of porosity is between about  10% to about 20%. [018]
Another apparatus of the invention includes a wafer
support for securing a wafer, a  



flexible poromeric material wetted with an electroless
plating solution, an engagement 6 WO 2004/088746
PCT/US2004/008945  mechanism capable of bringing the
poromeric material into contact with the wafer, and
means  for introducing a relative lateral motion
between the poromeric material and the wafer. In some
embodiments the poromeric material includes a
polymeric material, and in some embodiments  the
poromeric material includes a closed-cell structure
with open pores exposed at a surface. In  some
embodiments the poromeric material is in a shape of a
continuous loop, a disk, or a rectangle. Also in some
embodiments the poromeric material includes a raised
edge to contain  the electroless plating solution. 7
WO 2004/088746 PCT/US2004/008945  BRIEF DESCRIPTION OF
DRAWINGS [019] FIG. 1 is a cross-section of a
partially fabricated semiconductor device according to
the  prior art; [020] FIG. 2 is a cross-section of the
partially fabricated semiconductor device of FIG. 1
after a  planarization according to the prior art;
[021] FIG. 3 is a cross-section of a partially
fabricated semiconductor device according to an
embodiment of the invention; [022] FIG. 4 is a
cross-section of a substrate for fabricating a
semiconductor device according  to an embodiment of
the invention; [023] FIG. 5 is a cross-section of the
partially fabricated semiconductor device of FIG. 4
after  one or more optional layers have been formed
over the substrate according to an embodiment of  the
invention; 



[024] FIG. 6A is a cross-section of the partially
fabricated semiconductor device of FIG. 5 after  a
first conductive layer has been formed over the
substrate according to an embodiment of the
invention; [025] FIG. 6B is a cross-section of the
partially fabricated semiconductor device of FIG. 5
after  a first conductive layer has been formed over
the substrate according to another embodiment of  the
invention; [026] FIG. 7 is a cross-section of the
partially fabricated semiconductor device of FIG. 6A
after  a second conductive layer 700 has been formed
according to an embodiment of the invention;  [027]
FIG. 8 is a cross-section of the partially fabricated
semiconductor device of FIG. 7 after  further
planarization according to an embodiment of the
invention; 8 WO 2004/088746 PCT/US2004/008945  [028]
FIG. 9 is a cross-section of the partially fabricated
semiconductor device of FIG. 5 after a  first
conductive layer has been formed over the substrate
according to another embodiment of the  invention;
[0291 FIG. 10 is a cross-section of the partially
fabricated semiconductor device of FIG. 9 after  a
second conductive layer has been formed according to
an embodiment of the invention; [030] FIG. 11 is a
cross-section of the partially fabricated
semiconductor device of FIG. 10  after further
planarization according to an embodiment of the
invention; [031] FIG. 12 is a cross-section of a
partially fabricated semiconductor device contacting a
flexible material according to an embodiment of the
invention; [032] FIG. 13 is a cross-section of the
partially fabricated semiconductor device of FIG. 12
after a second conductive layer has been formed
according to an embodiment of the invention;  [033]
FIG. 14 is a side elevation view of a partial
cross-section of an apparatus for producing a  



pre-planarized surface according to an embodiment of
the invention; [034] FIG. 15 is a top plan view of the
apparatus of FIG. 14 according to an embodiment of the
invention; [035] FIG. 16 is a top plan view of another
apparatus for producing a pre-planarized surface
according to an embodiment of the invention; [036]
FIG. 17 is a top plan view of another apparatus for
producing a pre-planarized surface  according to an
embodiment of the invention; [037] FIG. 18 is a side
elevation view of a cross-section of another apparatus
for producing a  pre-planarized surface according to
an embodiment of the invention; and [038] FIG. 19 a
side elevation view of another apparatus for producing
a pre-planarized surface  according to an embodiment
of the invention. 9 WO 2004/088746 PCT/US2004/008945
DETAILED DESCRIPTION OF THE INVENTION [039] The
invention employs two deposition processes in
succession to form a conductive layer  over a
substrate that includes both narrow and wide features
such that the conductive layer has an  overburden with
an essentially planar surface, as shown in FIG. 3.
Initially, a first process such  as electroplating is
used to form a first layer of the conductive layer.
The first process is  discontinued after the narrow
features are completely filled. Next, a second
process, such as  electroless deposition, is used to
form a second layer within cavities in the first layer
associated  with the wide features. The second layer
is formed such that it has a top surface that is
essentially coplanar with a top surface of an
overburden of the first layer. [040] In some
embodiments a flexible material is brought into
contact with the first layer  during the second
process to inhibit deposition on top surfaces of the
overburden so that the  



thickness of the overburden does not appreciably
increase while deposition is occurring within
cavities in the first layer such as a cavity 114 (FIG.
1) in first layer 104 that is aligned with wide
trench 106. A relative lateral motion can also be
introduced between the flexible material and  the
first layer to further inhibit deposition on top
surfaces of the overburden. The relative lateral
motion between the flexible material and the first
layer can also cause, in some instances, a  reduction
in the thickness of the overburden, for example,
through polishing. The flexible  material can be made
abrasive in order to enhance the rate of overburden
removal. [041] The flexible material also can serve to
deliver an electroless plating solution to the
cavities. In some embodiments the flexible material is
a porous membrane through which the  electroless
plating solution is passed, in some instances from a
pressurized reservoir on the  opposite side of the
porous membrane. In other embodiments the flexible
material is a 10 WO 2004/088746 PCT/US2004/008945
poromeric material that is wetted with the electroless
plating solution. Relative lateral motion  then can
bring the electroless plating solution to the
cavities. [042] FIG. 4 provides a cross-section of a
substrate 102 for fabricating a semiconductor device.
The substrate 102 is typically formed over a wafer
(not shown), such as a silicon wafer, and can
additionally be formed over previously fabricated
device layers (not shown). The substrate 102  can be a
dielectric material such as Si02. The substrate 102
can also be a low dielectric constant  ("low k")
material, one that has a dielectric constant less than
that of Si02, such as fluorosilicate  glass (FSG),
organosilicate glass (OSG), or highly porous Si02.
Such low k materials are increasingly favored in
semiconductor device fabrication as they impart
superior electrical  properties to the finished
devices. One characteristic common to low k materials,
however, is  low density and poor mechanical
properties such as reduced hardness and increased
brittleness.  



Although the invention is not limited to using low k
materials for the substrate 102, it will be
appreciated that the present invention has advantages
when the substrate 102 is formed of a low  k material,
as discussed further herein. [043] The substrate 102
includes features of various dimensions such as wide
trench 106 and  narrow trenches 108. While trenches
106 and 108 are used herein for illustrative purposes,
it  will be understood that the invention is equally
well suited for substrates that include other  common
features formed into semiconductor substrates, such as
vias. Narrow features such as  narrow trenches 108 in
some embodiments have lateral dimensions of about
100nm or less,  while wide features such as wide
trench 106 in some embodiments have lateral dimensions
greater than about 100nm and up to about 500m.
Features such as trenches 106, 108 can be  fabricated
through well known photolithography processes. 11 WO
2004/088746 PCT/US2004/008945  [044] FIG. 5 provides a
cross-section of the partially fabricated
semiconductor device,of FIG. 4  after one or more
optional layers 500 have been formed over the
substrate 102. One optional  layer is a barrier layer
to prevent metal atoms from a later-deposited layer
from eventually  diffusing into the substrate 102. The
barrier layer can be formed of a material such' as Ta
or  TaN, for example, by chemical vapor deposition
(CVD). Another optional layer 500 is a seed  layer
such as a Cu seed layer formed, for example, by
physical vapor deposition (PVD). The  seed layer can
be deposited over the barrier layer, when present, to
promote adhesion, provide a  conductive surface, and
facilitate uniform layer growth of the subsequent
later-deposited layer.  [045] FIG. 6A provides a
cross-section of the partially fabricated
semiconductor device of FIG.  5 after a first
conductive layer 600 has been formed over the
substrate 102 and over any optional  layers 500. First
conductive layer 600 is preferably formed of a highly
conductive metal such as  



Cu. First conductive layer 600 can be formed by an
electrochemical deposition technique such  as
electroplating. In an electroplating process a surface
to be plated is brought into contact with  an
electroplating solution containing ions of the metal
to be deposited. The surface to be plated  is then
made to be a cathode in an electrochemical cell. As is
well known, the applied voltage  across the
electrochemical cell causes the metal ions in the
electroplating solution to deposit as a  metal film on
the cathode. In order to prevent voids from forming in
the more narrow features,  the electroplating solution
can also contain additives that inhibit void
formation. In some  embodiments the electroplating
solution contains three additives, an accelerator, a
leveler, and an  inhibitor. Such electroplating
solutions are commonly referred to as 3-component
solutions.  Suitable 3-component electroplating
solutions can be obtained from Shipley Ronal
(Freeport,  NY). 12 WO 2004/088746 PCT/US2004/008945
[046] In some embodiments, the first conductive layer
600 is formed such that the narrow  features such as
narrow trenches 108 are completely filled by the first
conductive layer 600 while  the wider features such as
wide trench 106 are at least partially filled. For
example, as shown in  FIG. 6A, the wide trench 106 is
about half filled by first conductive layer 600. In
some  embodiments about 10% to about 30% of the depth
of the wide trench 106 is filled by the first
conductive layer 600. When electroplating is used to
deposit the first conductive layer 600, the
deposition can be stopped after the narrow features
are completely filled but before the wider  features
are completely filled. In these embodiments, an
overburden 602 is thinner than the  overburden 110
(FIG. 1) and a superfill 604 over narrow trenches 108
is thinner than the superfill 112 (FIG. 1). In some
instances, by halting the deposition of the first
conductive layer  600 just after the narrow trenches
108 are filled, the superfill effect can be
essentially eliminated,  



as illustrated in FIG. 6B. It can be seen from FIGs.
6A and 6B that first conductive layer 600  includes a
cavity 606 that is aligned with the wide trench 106.
[0471 FIG. 7 provides a cross-section of the partially
fabricated semiconductor device of FIG.  6A after a
second conductive layer 700 has been formed within the
cavity 606. Second  conductive layer 700 is also
preferably formed of a highly conductive metal such as
Cu. In some  embodiments the first and second
conductive layers 600, 700 are formed of the same
conductive  material. Second conductive layer 700 can
be formed by an electroless deposition technique  such
as electroless plating. In an electroless plating
process a metal is deposited from an  electroless
plating solution, but in contrast to electroplating
techniques, no external voltage is  applied. Instead,
as electroless plating solution -including a metal ion
species is circulated  through the cavity 606, the
metal is deposited from the metal ion species by
reduction from a  reducing agent within the cavity 606
to form the second conductive layer 700. Suitable 13
WO 2004/088746 PCT/US2004/008945  electroless plating
solutions include CircupositTM Electroless Copper 3350
produced by Shipley  Ronal (Freeport, NY). [0481 In
some embodiments, while the second conductive layer
700 is being formed within the  cavity 606, the
superfill 604 and some of the overburden 602 are also
being removed. This can  cause the removal of
substantially all of the superfill 604 and create a
generally planar surface of  the overburden 602.
Therefore, as shown in FIG. 7, once the second
conductive layer 700 is  complete in these
embodiments, the second conductive layer 700 has a top
surface that is  essentially coplanar with a top
surface of the overburden 602 of the first conductive
layer 600.  Together, the top surfaces of the
overburden 602 and the second conductive layer 700
form a  pre-planarized surface 702. Methods for
limiting the deposition of the second conductive layer



700 to the cavity 606 and for removing the superfill
604 and overburden 602 are discussed  elsewhere
herein. [049] FIG. 8 provides a cross-section of the
partially fabricated semiconductor device of FIG. 7
after removal of the overburden 602 and a portion of
the second conductive layer 700. As can be  seen in
FIG. 8, removing the conductive materials between the
tops of trenches 106, 108 selectively exposes the
substrate 102 between the tops of trenches 106, 108
and electrically  isolates the conductive materials
remaining within the trenches 106, 108. The conductive
materials within the wide trench 106 can form an
electrical interconnect, for example, in a  completed
semiconductor device. Similarly, the portions of the
first conductive layer 600  remaining in the narrow
trenches 108 can form elements of an array. [050]
Referring again to FIG. 7, the pre-planarized surface
702 allows various planarization  techniques to be
successfully employed to create the partially
fabricated semiconductor device of  FIG. 8 without the
dishing 200 illustrated in FIG. 2. Examples of
planarization techniques that 14 WO 2004/088746
PCT/US2004/008945  can be employed in the present
invention include Chemical-Mechanical Polishing (CMP),
Stress- Free Planarization (SFP), and electrochemical
polishing. Many CMP techniques are well known  in the
art. SFP techniques are especially well suited for use
where the substrate 102 includes a  weak or brittle
material, such as OSG or porous OSG, as these
techniques produce little or no  shear forces at the
planarized surface. Some SFP techniques include plasma
etching. Some  other SFP techniques employ a
conventional rotating polishing pad. Some of these
techniques  rely on very low applied pressures to
reduce shear forces, while others use abrasive-free
polishing solutions, and still other techniques
combine low applied pressures with abrasive-free
polishing solutions. Additionally, electrochemical
polishing techniques can be employed, for  



example, by applying a voltage across the substrate
102 through a conductive pad. [051] In other
embodiments, rather than having first conductive layer
600 only partially fill the  wide trench 106 as in
FIGs. 6A and 6B, the wide trench 106 is instead
completely filled. In  accordance with these
embodiments, FIG. 9 provides a cross-section of the
partially fabricated  semiconductor device of FIG. 5
after a first conductive layer 900 has been formed
over the  substrate 102 and over any optional layers
500. First conductive layer 900 is preferably formed
of a highly conductive metal such as Cu, and can be
formed, for example, by an electrochemical  deposition
technique such as electroplating. [052] As shown in
FIG. 9, the first conductive layer 900 completely
fills the wide trench 106.  In some embodiments, the
first conductive layer 900 forms an overfill 902 that
extends about  10% to about 20% of a depth of the wide
trench 106 above the level of the top surface of the
substrate 102. It will be appreciated that although
first conductive layer 900 completely fills the  wide
trench 106, a cavity 904 aligned with the wide trench
106 still exists in the first conductive  layer 900.
It will also be appreciated that in some of these
embodiments an overburden 906 is 15 WO 2004/088746
PCT/US2004/008945  sufficiently thick that a thickness
of the overburden 906 is substantially the same over
both  narrow trenches 108 and over those surfaces
between the tops of trenches 106, 108, as shown in
FIG. 9. [0531 FIG. 10 provides a cross-section of the
partially fabricated semiconductor device of FIG.  9
after a second conductive layer 1000 has been formed
within the cavity 904 (FIG. 9). Second  conductive
layer 1000 is also preferably formed of a highly
conductive metal such as Cu, and in  some embodiments
the first and second conductive layers 900, 1000 are
formed of the same  conductive material. Second
conductive layer 1000 can be formed, for example, by
an  



electroless deposition technique such as electroless
plating. In some embodiments, as shown in  FIG. 10,
while the second conductive layer 1000 is being formed
within the cavity 904, any  remaining superfill and
some of the overburden 906 are being removed. In these
embodiments,  once the second conductive layer 1000 is
complete, the second conductive layer 1000 has a top
surface that is essentially coplanar with a top
surface of the overburden 906. Together, the top
surfaces of the overburden 906 and the second
conductive layer 1000 form a pre-planarized  surface
1002. [054] FIG. 11 provides a cross-section of the
partially fabricated semiconductor device of FIG.  10
after removal of the overburden 906 (FIG. 10) and all
of the second conductive layer 1000  (FIG. 10). The
pre-planarized surface 1002 in FIG. 10 allows various
planarization techniques to  be successfully employed
to create the partially fabricated semiconductor
device of FIG. 11  without the dishing 200 illustrated
in FIG. 2. Examples of planarization techniques that
can be  employed in the present invention are
discussed elsewhere herein. [055] FIGs. 12 and 13
illustrate one method for achieving the pre-planarized
surface 702 of  FIG. 7. Specifically, FIG. 12 provides
a cross-section of a partially fabricated
semiconductor  16 WO 2004/088746 PCT/US2004/008945
device, such as that shown in FIG. 6A, with a flexible
material 1200 contacting a first conductive  layer
1202. It will be appreciated that the method described
with reference to FIGs. 12 and 13 is  equally
applicable to those embodiments illustrated with
respect to FIGs. 9 and 10. Accordingly,  first
conductive layer 1202 is representative of both first
conductive layers 600 and 900. [0561 Flexible material
1200 can serve several functions in the process of
forming a pre- planarized surface such as
pre-planarized surface 702 (FIG. 7) or pre-planarized
surface 1002  (FIG. 10). One function of flexible
material 1200 is to support a mass transport of
material to a  



cavity that will be filled by a second conductive
layer such as second conductive layer 700 (FIG.  7).
Similarly, in those embodiments in which the formation
of the second conductive layer  within the cavity
creates waste products, flexible material 1200 also
can function to support the  mass transport of the
waste products away from the cavities. Another
function of flexible  material 1200 in some
embodiments is to inhibit growth of the second
conductive layer in areas  other than cavities. Still
another function of flexible material 1200 in some
embodiments is to  selectively reduce the thickness of
the first conductive layer 1202 by removing superfill
effects  and by thinning the overburden. [057] In some
embodiments, such as those described with respect to
FIGs. 14-17, flexible  material 1200 supports a mass
transport of material to a cavity 1204 by providing
for the mass  transport through its thickness. For
instance, flexible material 1200 can be a porous
membrane  so that a solution, such as an electroless
plating solution, can be made to flow therethrough. A
pressurized reservoir (not shown) on one side of the
flexible material 1200 can cause the solution  to flow
through the flexible material 1200 and into the cavity
1204. It will be appreciated that  any such flexible
material 1200 should have a sufficient stiffness over
dimensions comparable to  the widest dimension of the
cavity 1204 (this dimension is commonly referred to as
a 17 WO 2004/088746 PCT/US2004/008945  "planarization
length") such that the flexible material 1200 remains
essentially flat over the  cavity 1204 instead of
bowing into the cavity 1204. At the same time, the
flexible material 1200  should be compliant enough
that it is able to conform to features having
peak-to-peak  dimensions greater than the
planarization length. In some embodiments the flexible
material  1200 provides a planarization length of up
to 500 microns. It should be noted that FIG. 12 is not
to scale inasmuch as the bend in the flexible material
1200 between the cavity 1204 and a  



superfill 1208 has been exaggerated. [0581 In those
embodiments in which flexible material 1200 supports a
mass transport of  material through its thickness,
suitable materials for flexible material 1200 include
porous  membranes formed of polyurethane, porous or
sintered polymeric materials such as polyethylene,
polypropylene, and fluorocarbon materials such as
TeflonTM, and ceramics. In  some embodiments the
flexible material has a thickness between about 0.1mm
to about 3.0mm.  An appropriate flexible material 1200
for a particular application should be one that is
compatible with the intended solution. For instance,
the flexible material 1200 should be  chemically
resistant to the solution. To provide adequate mass
transport of the solution through  the flexible
material 1200, the flexible material 1200 should
include a number of channels of  sufficient diameter.
An open-cell pore structure provides the channels in
some flexible materials  1200, while other flexible
materials 1200 are perforated with a number of holes
disposed through  the flexible material 1200 from one
side to the other. In still other embodiments holes
are added  to an otherwise porous flexible material
1200. Such holes can be produced by laser drilling,
for  example. In some embodiments the amount of
porosity, whether inherent or added, is between  about
5% to about 50%, while in other embodiments the
porosity is between about 10% to about  20%. 18 WO
2004/088746 PCT/US2004/008945  [059] In other
embodiments, such as those described with respect to
FIGs. 18 and 19, flexible  material 1200 supports a
mass transport of material to a cavity 1204 by
carrying a solution, such  as an electroless plating
solution. For instance, flexible material 1200 can be
a poromeric material such as a polymeric material that
has a closed-cell structure with open pores exposed at
a surface. After the surface is wetted by the
solution, relative lateral motion can then be used to



deliver the solution to the cavity 1204. [060] Another
function of flexible material 1200 in some embodiments
is to inhibit growth of  the second conductive layer
in areas other than cavities. It will be appreciated
that where broad  areas of an overburden 1206 or the
superfill 1208 are in direct contact with the flexible
material  1200 the presence of the flexible material
1200 can inhibit deposition of the second conductive
layer directly or through inhibition of mass transport
in those regions. Relative lateral motion  between the
flexible material 1200 and the areas of the overburden
1206 can also inhibit deposition of the second
conductive layer. [061] Still another function of
flexible material 1200 in some embodiments is to
selectively  reduce the thickness of the first
conductive layer 1202 by removing superfill effects
and by  thinning the overburden 1206. In these
embodiments a relative lateral motion between the
flexible material 1200 and the areas of the overburden
1206 is used to thin the overburden 1206. Thinning can
be accelerated through the use of abrasives. In some
embodiments, the flexible  material 1200 includes an
abrasive that is dispersed throughout such that some
of the abrasive is  exposed at the surface in contact
with the overburden 1206. In other embodiments,
polishing  media such as a polishing pad, cloth, or
tape is used as the flexible material 1200. In some of
these embodiments holes can be added to the polishing
media to create additional porosity to  allow a
solution to be delivered therethrough. 19 WO
2004/088746 PCT/US2004/008945  [062] As noted herein,
a relative lateral motion can enhance the method of
the invention in  many ways. Relative lateral motion
can include linear translations along one or two axes,
reciprocation, vibration, rotation, orbital motion,
and the combinations thereof. Examples of  relative
lateral motions will be discussed in further detail
with respect to the embodiments shown  



in FIGs. 14-19. [063] FIG. 13 provides a cross-section
of the partially fabricated semiconductor device of
FIG.  12 after a second conductive layer 1300 has been
formed within the cavity 1204 (FIG. 12). A
pre-planarized surface 1302 results from forming the
second conductive layer 1300 within the  cavity 1204
while contemporaneously thinning the overburden 1206
(FIG. 12) and removing any  superfill 1208 of the
first conductive layer 1202. The flexible material
1200 can be removed  after the pre-planarized surface
1302 has been completed. Thereafter, additional
planarization of  the first and second conductive
layers 1202 and 1300 can be performed to electrically
isolate the  conductive materials in the wide and
narrow features. In those embodiments in which the
first  conductive layer 1202 does not completely fill
the wide trench 106, planarizing the second
conductive layer 1300 does not completely remove the
second conductive layer 1300 and a  structure is
produced such as the one shown in FIG. 8. In those
embodiments in which the first  conductive layer 1202
does completely fill the wide trench 106, planarizing
the second  conductive layer 1300 removes the entire
second conductive layer 1300 and a structure is
produced such as the one shown in FIG. 11. [064] FIGS
14-19 further illustrate various apparatus embodiments
of the invention. FIG. 14  shows a side elevation view
of a partial cross-section of one embodiment of an
apparatus 1400  for producing a pre-planarized
surface. The apparatus 1400 includes a wafer support
1402 (in  cross-section) for securing a wafer 1404 (in
cross-section) during processing. The apparatus  20 WO
2004/088746 PCT/US2004/008945  1400 also includes a
workpiece 1406 (in cross-section) that in this
embodiment includes a  reservoir 1408 and a porous
membrane 1410. A support structure 1412 supports the
workpiece  1406 relative to the wafer 1404. 



[0651 The wafer support 1402 secures the wafer 1404.
In some embodiments the wafer support  1402 is a
vacuum chuck. In some embodiments the wafer support
1402 is rotatable around an  axis 1414 as shown in
FIG. 14, while in other embodiments the wafer support
1402 is non- rotatable. Rotation of the wafer support
1402 is one method for introducing a relative lateral
motion between the workpiece 1406 and the wafer 1404.
[0661 The support structure 1412 supports the
workpiece 1406 relative to the wafer 1404.
Accordingly, the support structure 1412 includes an
engagement mechanism 1416 to adjust a  spacing between
the workpiece 1406 and the wafer 1404. The engagement
mechanism 1416  lowers the workpiece 1406 until the
porous membrane 1410 is in contact with the wafer
1404. In  some embodiments, the engagement mechanism
1416 continues to lower the workpiece 1406  until a
slight pressure is developed between the workpiece
1406 and the wafer 1404. Once the  pre-planarized
surface is completed, the engagement mechanism 1416
raises the workpiece 1406  off of the wafer 1404.
Alternatively, rather than moving the workpiece 1406,
an alternative  engagement mechanism (not shown) can
be used to raise and lower the wafer support 1402.
Various mechanisms suitable for engagement mechanism
1416 are well known in the art and  include, for
example, a spindle assembly. In some embodiments, the
support structure 1412 also  includes means for
introducing a relative lateral motion between the
workpiece 1406 and the  wafer 1404 as will be
described with respect to FIGs. 15-17. Further
variations include placing  the workpiece 1406 on the
bottom and locating the wafer support 1402 on the top.
21 WO 2004/088746 PCT/US2004/008945  [067] As noted,
the workpiece 1406 in this embodiment includes a
reservoir 1408 and a porous  membrane 1410. In some
embodiments the porous membrane 1410 is replaced by
some other  flexible material 1200 (FIG. 12). The
porous membrane 1410 spans an open side of the  



workpiece 1406 that faces the reservoir 1408.
Accordingly, the reservoir 1408 can be filled with  a
solution and then pressurized to force the solution
out through the porous membrane 1410. In  some
embodiments the flow through the porous membrane 1410
is about 5 to about 500 ml/min.  In some embodiments
the reservoir 1408 is pressurized to about 5 to about
50 psi. [068] Numerous techniques are well known in
the art for pressurizing a reservoir and can be
adapted to the present invention. For example, in some
embodiments the reservoir 1408 is  partially filled
with the solution and then a compressed gas (e.g.,
air, N2, Ar, etc.) is introduced  above the level of
the solution until the desired pressure is obtained.
In other embodiments a  syringe pump delivers the
solution to the reservoir 1408 at the desired
pressure. Similarly, in  other embodiments a diaphragm
pump having a pressure-regulated flow delivers the
solution to  the reservoir 1408. In still other
embodiments the solution is delivered from a
pressurized  canister that contains a bladder filled
with the solution. As the canister is pressurized with
a  compressed gas the pressure within the bladder
increases, driving the solution out of the bladder
and into the reservoir 1408. [069] FIG. 15 shows a top
plan view of the apparatus of FIG. 14. As can be seen
from the  perspective shown in FIG. 15, although the
workpiece 1406 covers an area that is smaller than an
area of the wafer 1404, relative lateral motion
between the workpiece 1406 and the wafer 1404  can
assure that the workpiece 1406 makes contact with most
or all of the entire area of the wafer  1404 during
the formation of a pre-planarized surface. The
relative lateral motion can be  introduced in many
different ways. For example, rotation 1500 of the
wafer 1404 around axis 22 WO 2004/088746
PCT/US2004/008945  1414 (FIG. 14) can be achieved by
mounting the wafer support 1402 on a spindle that is
rotated  by a drive mechanism. 



[070] Additional relative lateral motions can be
introduced through the workpiece 1406, for  example by
rotation 1502 of the workpiece 1406. Further relative
lateral motions can be  introduced by laterally
translating the workpiece 1406. Two types of lateral
translational  motions are indicated by FIG. 15,
reciprocal translation 1504 and linear translation
1506. Linear  translation 1506 can be achieved, for
example, by extending an arm 1508 that supports the
workpiece 1406 as shown, or by linearly translating
the wafer 1404 beneath the workpiece 1406.  The latter
can be achieved, for instance, by placing the wafer
support 1402 on a reciprocating  assembly having
linear bearings. Additional relative lateral motions
can be introduced by  vibrating either or both of the
workpiece 1406 and the wafer 1404. It will be
appreciated that  various combinations of the several
relative lateral motions can also be used including
orbital  motions. [071] As noted herein, for
embodiments in which the workpiece 1406 has a smaller
area than  the area of the wafer 1404, the relative
lateral motion between the workpiece 1406 and the
wafer  1404 can assure that the method of forming a
pre-planarized surface is applied to the entire area
of the wafer 1404. It should also be noted that in
these and other embodiments relative lateral  motions
can also improve the flow rate of the solution through
the porous membrane 1410 (FIG.  14) and improve mass
transport within cavities as the second conductive
layer is deposited.  Specifically, relative lateral
motion, such as vibration, can improve circulation
within cavities to  help move fresh solution to, and
move depleted solution and waste products away from, a
growing layer of the second conductive material. 23 WO
2004/088746 PCT/US2004/008945  [072] FIG. 16 shows a
top plan view of an apparatus according to another
embodiment of the  present invention. The embodiment
illustrated in FIG. 16 is similar to that described
with  



respect to FIG. 15, however in the embodiment of FIG.
16 the workpiece 1600 has a larger area  than that of
the wafer 1404 and therefore the workpiece 1600 can
contact the entire wafer area at  any given time.
Relative lateral motion can be introduced between the
workpiece 1600 and the  wafer 1404 by rotating either
or both of the workpiece 1600 and wafer 1404. Other
relative  lateral motions noted with respect to FIG.
15 such as vibration can also be employed. It will be
appreciated that since the area of the workpiece 1600
is greater than the area of the wafer 1404,  the
workpiece 1600 can take a shape other than the
circular shape shown in FIG. 16. [073] FIG. 17 shows a
top plan view of an apparatus according to still
another embodiment of  the present invention. The
embodiment illustrated in FIG. 17 is similar to that
described with  respect to FIGs. 15 and 16, however in
the embodiment of FIG. 17 the workpiece 1700 has an
area equal to, or slightly smaller than, that of the
wafer 1404. Where the area of the workpiece  1700 is
smaller than that of the wafer 1404, a small relative
lateral motion such as by vibration or  orbital
oscillation can assure that the workpiece 1700 forms a
pre-planarized surface across the  entire area of the
wafer 1404. Other forms of relative lateral motion
described elsewhere herein  can also be employed.
[074] FIG. 18 shows a cross-section of another
embodiment of an apparatus 1800 for producing  a
pre-planarized surface. The apparatus 1800 includes a
wafer support 1402 for securing a  wafer 1404 during
processing. The apparatus 1800 also includes a
workpiece 1806 that in this  embodiment includes a
poromeric material 1808. A support structure (not
shown) holds the  wafer support 1402 relative to the
workpiece 1806 and allows the workpiece 1806 to be
brought  into contact with the wafer 1404, much as the
support structure 1412 (FIG. 14) supports the 24 WO
2004/088746 PCT/US2004/008945  workpiece 1406 relative
to the wafer support 1402. Although the workpiece 1806
is shown as  



being below the wafer 1404 in FIG. 18, it will be
understood that the workpiece 1806 can  alternately be
positioned above the wafer 1404. [075] FIG. 19 shows a
side elevation view of an apparatus 1900 that is one
possible variation of  apparatus 1800 (FIG. 18). In
apparatus 1900, the flexible material is provided as a
continuous  loop 1902 around a pair of rollers 1904. A
support structure (not shown) allows the wafer 1404
(FIG. 18) to be brought into contact with the
continuous loop 1902, or vice-versa. A linear
relative lateral motion is achieved in this embodiment
by driving the continuous loop 1902  around the pair
of rollers 1904. Additional relative lateral motion
can be achieved by rotating the wafer support 1402, as
shown. Further relative lateral. motions can be
introduced by applying  other motions to the wafer
support 1402, such as vibration and orbital motion, as
described  elsewhere herein. Although the poromeric
material is provided as a continuous loop 1902 in this
embodiment, it will be appreciated that in other
embodiments the poromeric material can take  other
forms, such as a disk or a rectangle. In some
embodiments the poromeric material includes  raised
edges to contain the electroless solution. [076] In
the embodiments shown in FIGs 18 and 19, a surface of
the poromeric material is  wetted by a solution 1906.
The solution 1906 is then carried by the poromeric
material to the  wafer 1404 (FIG. 18). Although FIG.
19 shows solution 1906 being dripped or sprayed onto
the  continuous loop 1902, other methods for
delivering the solution 1906 to the surface of a
poromeric material can also be used. For example, one
roller 1904 can be immersed in a  reservoir of the
solution. [077] In the foregoing specification, the
invention is described with reference to specific
embodiments thereof, but those skilled in the art will
recognize that the invention is not limited  25 . WO
2004/088746 PCT/US2004/008945  



thereto. Various features and aspects of the
above-described invention may be used individually  or
jointly. Further, the invention can be utilized in any
number of environments and applications  beyond those
described herein without departing from the broader
spirit and scope of the  specification. The
specification and drawings are, accordingly, to be
regarded as illustrative  rather than restrictive. 26
WO 2004/088746 PCT/US2004/008945  WHAT IS CLAIMED IS:
1. A method for producing a planarized surface,
comprising: providing a substrate having a narrow
feature and a wide feature defined therein;  forming a
first layer above the substrate, the first layer
filling the narrow feature, at least partially filling
the wide feature, and having a cavity defined therein
and aligned with the wide feature; forming a second
layer in the cavity while contemporaneously
planarizing the first layer;  and planarizing the
first and second layers together. 2. The method of
claim 1 wherein forming the second layer while
planarizing the first layer  includes: contacting a
flexible material with the first layer, and
introducing a relative lateral motion between the
flexible material and the first layer.  3. The method
of claim 1 wherein the first layer completely fills
the wide feature and  planarizing the first and second
layers includes completely removing the second layer.
4. The method of claim 1 wherein planarizing the first
and second layers does not completely  



remove the second layer. 5. The method of claim 1
wherein planarizing the first and second layers
includes a stress-free  planarization. 6. The method
of claim 1 wherein planarizing the first and second
layers includes a chemical- mechanical planarization.
27 WO 2004/088746 PCT/US2004/008945  7. A method for
producing a planarized surface, comprising: providing
a substrate including a narrow feature and a wide
feature;  forming a first layer above the substrate,
the first layer filling the narrow feature, at least
partially filling the wide feature, and  including a
cavity aligned with the wide feature; contacting a
flexible material with at least a portion of the first
layer;  using the flexible material to deliver a
solution to the cavity; forming a second layer in the
cavity from the solution without appreciably forming
the  second layer where the flexible material contacts
the first layer; and  planarizing the first and second
layers. 8. The method of claim 7 wherein the solution
includes an electroless plating solution. 9. The
method of claim 7 wherein forming the first layer
includes an electrochemical deposition  of a
conductive material. 10. The method of claim 7 wherein
the flexible material includes a porous membrane. 11.
The method of claim 7 wherein forming the first layer
includes completely filling the wide  feature. 



12. The method of claim 7 wherein forming the first
layer includes filling less than the entire  wide
feature. 13. The method of claim 7 wherein contacting
the flexible material with at least the portion of
the first layer inhibits the deposition of the second
layer above an overburden of the first  layer. 28 WO
2004/088746 PCT/US2004/008945  14. An apparatus for
producing a planarized surface, comprising: a wafer
support for securing a wafer having an area;  a
workpiece including a reservoir containing an
electroless plating solution and having a flexible and
porous membrane spanning a side; an engagement
mechanism capable of bringing the workpiece and the
wafer into contact  with each other; and means for
introducing a relative lateral motion between the
workpiece and the wafer.  15. The apparatus of claim
14 wherein the porous membrane includes a ceramic. 16.
The. apparatus of claim 14 wherein the porous membrane
includes an amount of porosity  between about 5% to
about 50%. 17. An apparatus for producing a planarized
surface, comprising:  a wafer support for securing a
wafer; a flexible poromeric material wetted with an
electroless plating solution; an engagement mechanism
capable of bringing the poromeric material into
contact with  the wafer; and means for introducing a
relative lateral motion between the poromeric material
and the  



wafer. 18. The apparatus of claim 17 wherein the
poromeric material is in a shape of a continuous loop.
19. The apparatus of claim 17 wherein the poromeric
material includes a raised edge to contain  the
electroless plating solution. 20. The method of claim
2 wherein the relative lateral motion includes a
vibrational component.  29 


