
PROCESS FOR DEPOSITING A LAYER OF MATERIAL ON A SUBSTRATE AND A PLATING
SYSTEM Field of the Invention 5 This invention relates in general to
processes and systems for depositing layers on substrates, and more
particularly, processes and systems for electroplating metal-containing
layers on those substrates. 10 Background of the Invention Currently
semiconductor devices are requiring higher current densities for operation
while still resisting 15  electromigration or other reliability problems.
Copper is being investigated as being a possible alternative to current
aluminum or aluminum-copper metalization. One of the most promising methods
of depositing copper on a substrate is by using plating methods, such as
electroplating. 20        FIG. 1 includes an illustration of a
cross-section view of a prior art electroplating system 10. The system 10
includes a chamber 11 with an outlet port 102. The system further includes
a cup 12 (container) that has an inlet port 112 for receiving a plating
fluid and a diffuser 13 within cup 12. An anode 14 lies 25  between the cup
12 and the diffuser 13. The system 10 further includes a head 15 that has a
turntable 151 and clamp fingers 152 are the cathode for the system 10 and
are typically made of platinized titanium. In the operation of the system
10, the plating solution 19 enters the cup 12 through the inlet port 112,
30  flows by the anode 14, at which point ions from the anode 14 are
dissolved into the plating solution 19. The plating solution 19 continues
to flow up through the diffuser 13 to reach the substrate 20. The plating
solution 19 eventually flows over the sides of the cup 12, down between the
walls of the cup 12 and the 35  chamber 11, and through the outlet port
102. The anode 14 and clamp fingers 152 are biased to plate the substrate
20    2 



During operation of this prior art system 10, non-uniform deposition
typically occurs as illustrated in FIG. 2. As shown in FIG. 2, the
semiconductor device substrate 20 has a base material 22 that can be an
insulator, a conductor, or a combination of 5  insulators and conductors
with a conductive seed layer 24 overlying the base material 22. Plated
material 26 is plated onto the seed layer 24. Note that the substrate 20 is
loading into system 10 upside down. In FIG. 2, the substrate has been
turned upright so that layer 26 faces the top of FIG. 2. As shown in FIG.
10  2, the deposition of the plated material 26 is typically thicker near
the edge of the substrate 20 and thinner near its center point. This
nonuniform deposition causes problems, particularly if the plated material
26 is to be chemically mechanically polished. Polishing typically removes
material faster near the 15  center and slower near the edges of the
substrate. The combination of the thicker portion of the plated material 26
near the edge of the substrate 20 and the lower polishing rate near the
edge accentuates the nonuniformity of the plated material 26 after
polishing. During polishing, too much of the underlying base 20  material
22 is removed due to non-ideal polishing selectivity or a ring of residual
material is left around the edge of the substrate 20, where neither are
desired. Electrical robber plates are used in plating printed circuit board
substrates. The robber plate is attached to the board and is 25
destructively removed by cutting the piece of the board having the robber
plate. A need exists to create a system that is either more uniform in
deposition or is capable of plating slightly more material near the center
of the substrate compared to its edges 30  to compensate for the
accelerated polishing typically seen near the center of a substrate.    3
Brief Description of the Drawings 5        The present invention is
illustrated by way of example and not limitation in the accompanying
figures, in which like 



references indicate similar elements, and in which: FIG. 1 includes an
illustration of a cross-sectional view of a prior art plating system; 10
FIG. 2 includes an illustration of a cross-sectional view of portion of a
semiconductor substrate after a material has been plated onto the substrate
using a prior art method; FIG. 3 includes an illustration of a
cross-section view of an electroplating system in accordance with an
embodiment of the 15  present invention; FIG. 4 includes an illustration of
a top view of the plating head illustrating the relationship between the
substrate and the clamp structures in according with an embodiment of the
present invention; 20        FIG. 5 includes an illustration of a
cross-sectional view of a portion of a semiconductor device substrate after
plating a material using an embodiment of the present invention; and FIG. 6
includes an illustration of a cross-sectional view of a plating system with
an anode design in accordance with another 25  embodiment of the present
invention. Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn
to scale. For example, the dimensions of some of the elements in the
figures are exaggerated relative to other 30 elements to help to improve
understanding of embodiment(s) of the present invention.    4 Detailed
Description A new electroplating system and process makes the 5  electrical
current density across a semiconductor device substrate surface more
uniform during plating to allow for a more uniform or tailored deposition
of a conductive material. The electrical current density modifiers reduce
the electrical current density near the edge of the substrate where the
plating rate 10  would otherwise be the highest. By reducing the current
density near the edge of the substrate, the plating becomes more uniform 



or can be tailored so that slightly more material is plated near the center
of the substrate. The system can also be modified so that the material that
current density modifier portions on 15  clamping structures can be removed
without having to disassemble any portion of the head or otherwise remove
the arc- shaped electrical current density modifier from the system. This
in-situ cleaning reduces the amount of equipment downtime, increases
equipment lifetime, and reduces particle counts. 20        FIG. 3 includes
an illustration of a cross-sectional view of an electroplating system 30 in
accordance with an embodiment of the present invention. The system 30 is
similar to system 10, however, system 30 includes clamp structures 36 with
clamp portions 362 (cathode or second electrode) and arc-shaped 25
electrical current density modifier portions 364 (first feature), and a
ring-shaped electrical current density modifier 37 (first feature or second
feature, depending on embodiment). The clamp structures 36 are conductive.
The system 30 includes a chamber 31 with an outlet port 302, and a cup 32
with an inlet port 312 30  for receiving a plating fluid. Within cup 32, a
diffuser 33 creates more laminar flow of the plating solution (ionic
liquid) 39 through the cup 32. An anode 34 (first electrode) lies between
the cup 32 and the diffuser 33. The anode 34 typically includes the
material that will be plated onto a semiconductor device 35  substrate 20.
The system 30 further includes a head 35 that has a turntable 351 and clamp
structures 36, and a ring-shaped    5 modifier 37. The turntable 351,
diffuser 33, cup 32, and chamber 31 include a non-conductive material, such
as polyethylene, fluorocarbons (i.e., Teflon[err]), or the like. These
materials reduce the likelihood of any current conduction or any adverse
reactions 5  with the plating solution. The anode 14, the clamp structures
36 and ring-shaped modifiers 37, any conductive layers that are on the
substrate 20, such as the conductive seed layer 24, should be the only
conductive materials in contact with the plating solution 



39. 10       FIG. 4 includes an illustration of a top view of a
semiconductor device substrate 20 being held onto the turntable 351 with
clamp structures 36. Each of the structures 36 includes a clamp portion 362
and an electrical current density modifier portion 364. The clamp portion
362 and the electrical current 15  density modifier portion 364 are
conductive. The portion 364 is at least one mm wider and extends at least
one mm further toward the anode 34 compared to the part of portion 362 that
lies between the substrate 20 and the anode 34. In this particular
embodiment, the arc length of each of the portions 364 is in a 20  range of
approximately 5 - 50 mm and is nominally 25 mm. The height of each of the
arc-shaped modifier portions 364 is in a range of approximately 5 - 15 mm
and is nominally 10 mm. The thickness of each of the portions 364 is in the
range of approximately 2 - 6 mm thick. The ring-shaped modifier 37 is 25
conductive and positioned so that there is a gap in a range of
approximately 5 - 15 mm between the structure 36 and the ring- shaped
modifier 37. Similar to portions 364, modifier 37 extends further toward
the anode 34. Modifier 37 has a circumference that is larger than the sum
of the widths of the portions 362. In 30  other words, modifier 37 is
"wider" than the portions 362. The ring-shaped modifier 37 generally has a
height in a range of approximately 5 - 25 mm and a thickness in a range of
10 - 15 microns. In one embodiment, the ring-shaped modifier 37 is
positioned near the top of the cup 32. The ring-shaped modifier 35  37 is
located anywhere along the cup 32 between the diffuser 39 and the top of
the cup 32. Typically the ring-shaped modifier 37 is attached to the cup
12. The ring-shaped modifier 37 can be a    6 continuous ring or could be
segmented along the walls of the cup 32. In one particular embodiment, both
the structures 36 and ring-shaped modifier 37 are made of the same material
as what is being plated onto the substrate 20 to reduce the likelihood of 5
contamination of the plating solution 39. If a copper material is 



being plated, the structures 36, ring-shaped modifier 37 and anode 34 are
made of copper. However, in alternative embodiments, different materials
could be used. The cathode (second electrode) for the system 30 includes
the clamp portions 10  362. The portions 364 and the ring-shaped modifier
37 are types of electrical current density modifiers for the system 30 and
are spaced apart from the substrate 20. A specific example of plating
copper is discussed below. Although many details are given, the information
is meant to 15  illustrate and not limit the scope of the invention. In the
operation of the system 30, the plating solution 39 enters the cup 32
through the inlet port 312. The plating solution includes copper (Cu),
copper sulfate (Cu2SO4), sulfuric acid (H[err]SO[err]), chloride ions, such
as those from HCl. The plating solution 39 20  flows past the anode 34, at
which point ions from the anode 34 are dissolved into the plating solution
39. The plating solution 39 continues to flow up through the diffuser 33 to
reach the substrate 20. The plating solution 39 eventually flows over the
sides of the cup 32, down between the walls of the cup 32 and the 25
chamber 31, and through the outlet port 302. During the first portion of
the process, the anode 34 is conditioned by forming a copper oxide type
film on at least a portion of the anode 34, particularly but not limited to
the portion of the anode 34 directly facing the structures 36. After 30
conditioning, additives are added to the solution 39 before a semiconductor
substrate contacts the plating solution 39. A conductive seed layer is
formed over the primary surface (device side) of substrate 20. In this
example, the substrate 20 is a circular wafer. The conductive seed layer 24
promotes 35  plating onto the substrate 20. The conductive seed layer 24
typically includes a refractory metal containing material, such as
titanium, tantalum, titanium nitride, tantalum nitride, and the    7 like.
The substrate 20 with the conductive seed layer 24 is then mounted onto the
turntable 351 and is held in place by the clamp 



portions 362 of the structures 36. The head 35 is then lowered such that a
portion of the structures 36 and the seed layer 24 is 5  in contact with
the plating solution 39. Caution should be exercised to keep the backside
(unexposed) surface of the substrate 20 from contacting the solution 39.
During plating, the anode 34, structures 36, and ring- shaped modifier 37
are biased to deposit a layer 56 of plating 10  material. Although the
anode 34, structures 36, and ring-shaped modifier 37 can have positive or
negative biasing polarities or be electrically grounded, the anode 44 is at
a more positive potential compared to the structures 36 and ring-shaped
modifier 37. In one particular embodiment, both the ring-shaped modifier 37
and 15  the structures 36 are at approximately the same potential. In
another embodiment, the ring-shaped modifier 37 is biased such that the
potential on the structures 36 is between the potential of the anode 34 and
the ring-shaped modifier 37. The biasing conditions can be held
substantially constant during plating or 20  varied over time (i.e., pulsed
(square wave), sawtooth, sinusoidal, or the like). As used in this
specification, biasing does not include electrically floating that
component but can include placing one of the system components at ground
potential. For either embodiment, biasing the structures 36 and the 25
ring-shaped modifier 37 help reduce the current density at the edge which
in turn reduces the plating rate near the edge of the substrate 20 compared
to if no electrical current density modifiers are used. The plating occurs
until a desired thickness of the plated material 56 is formed. In one
embodiment, this is 30  typically in a range of approximately 6,000 -
15,000 angstroms. Unlike the prior art, the thickness of the plated
material is more uniform or can be slightly thicker in the middle of the
substrate 20 as illustrated in FIG. 5. Note that in FIG. 5, the substrate
20 has been turned over so that the plated material 56 faces the top 35  of
FIG. 5. The potential on the electrical current density modifiers are
adjusted to achieve the desired uniformity results. Layer 56 can be
deposited such that the difference in thickness of    



8 the layer 56 over the centerpoint and a point within ten millimeters from
the edge of the substrate is no more five percent of the thickness of layer
56 over the centerpoint. During plating, the operational parameters except
those as expressly 5  stated are those that are conventionally used in the
art. The electric current density modifiers cannot be destructively removed
from the substrate 20 as is done with the prior art thieves that are in
contact with the printed circuit boards during plating. Subsequent
processing must still be 10  performed while the substrate 20 is in wafer
form. If the electric current modifiers were in contact with the substrate
20 and were destructively removed, subsequent processing steps would be
nearly impossible to perform because the substrate 20 would not have an
essentially circular shape. The broken 15  substrate would generate
particles, have sharp edges, and would likely fracture further during
subsequent processing steps which lowers yield. After plating, processing
is performed to form a substantially completed device. Steps can include
chemical- 20  mechanical polishing the layer 56, forming additional
insulating and interconnect layers, if needed, and forming a passivation
layer over the uppermost interconnect layer. If the layer 56 is used for
solder bumps, layer 56 has a thickness over the centerpoint of the
substrate that is in a range of approximately 25 40 - 160 microns and is
patterned by etching. After the plating is completed, a different substrate
can be plated or the structures 36 can be cleaned by removing at least a
portion of the plating material that is deposited on structures 36 when the
plated layer 56 is deposited on the substrate 20. 30  Cleaning can be
accomplished different ways. In one embodiment, the cleaning can occur by
biasing the structures 36 at a more positive potential compared to the
anode 34. In still another embodiment, the structures 36 are biased at a
more positive potential compared to the ring-shaped modifier 37. In this 35
particular embodiment, the anode 34 electrically floats.  If the anode 34
electrically floats, the film that is created on the anode 34 during
conditioning will remain essentially undisturbed during 



9 the cleaning process. If the anode 34 is not allowed to float, the film
should be affected and will need to be conditioned. After the cleaning
step, additional substrates can be processed. The system 30 can also be
used to plate other materials 5  including gold and nickel. Additionally,
the system can be used to deposit alloys. For example conductive bumps used
in semiconductor devices for ball grid arrays. The conductive bumps
typically include a lead-tin alloy. Lead has an oxidation potential of
+0.126 volts, and tin has an oxidation potential of +0.136. 10  Therefore,
tin is more readily oxidized compared to lead. The anode 34 should comprise
the metallic element that is more readily oxidized and not the other
metallic element. Otherwise, the anode 34 may become pitted after plating
substrates. In this particular instance, the anode 34 should include tin
but not lead. 15  The plating solution 39 will include lead and tin in both
elemental (reduced) and ionic (oxidized) states. The deposition parameters,
particularly concentrations of lead and tin in the plating solution and
biasing conditions for the anode 34, structures 36, and ring- shaped
modifier 37, can be changed to modify the composition of 20  the alloy. The
alloy can have a substantially uniform or graded (discretely or
continuously) composition. In still another embodiment, the system 30 is
used to deposit other electroactive materials onto the substrate 20. In
this application, the material would be negatively charged, and 25
therefore, the substrate 20 and structures 36 now becomes the anode and
what used to be the anode 34 becomes the cathode. In this manner the
current direction within the plating solution 39 is essentially reversed.
The present invention includes other embodiments. In one 30  particular
embodiment, the structures 36 are modified such that the clamp portions 362
and the portions 364 are separate pieces. In this case, the portions 364
and the clamp portions 362 are attached to the turntable as individual
components. In other embodiments, the portions 364 are permanently attached
to the 



35  clamp portions 362 or be a removable portion that could be taken off
the clamp portions, from time to time.    10 During plating, the structures
36 can be completely or partially submerged within the plating solution 39.
The shapes of one or both of the electrical current density modifiers
should match the shape of the edge of the substrate 20. For example, the 5
portions 364 are arc-shaped portions, and all points along the inner edge
of those arc-shaped portions 364 are substantially equal distances from the
substrate 20. If the substrate 20 is rectangular with straight edges, the
arc-shaped modifier portions would have inner edges facing the substrate 20
and are 10  substantially parallel to the corresponding edge of the
substrate 20. Alternative designs for the ring-shaped modifier 37 are also
possible. In other embodiments, the ring-shaped modifier 37 extends above
the top of the cup 32. For example, the ring-shaped 15  modifier 37 could
include castellated edges that allow the plating solution 39 to flow
between the castellated edges and out of the cup 32. In this manner, the
plating solution 39 is not in contact with the upper portion of the
ring-shaped modifier 37. This would be most likely to be used if a
segmented ring-shaped 20  modifier would be used for plating. Similar to a
previous embodiment, the shape of the ring-shaped modifier 37 generally
should be about the same as the cup 32, which generally matches the shape
of the substrate 20. In the case of a circular substrate 20, the
ring-shaped modifier 37 and the cup 32 have circular 25  shapes. If the
substrate 20 is rectangular, the ring-shaped modifier 37 and the cup 32
also have rectangular shapes. In still other embodiments, only portions of
ring-shaped modifier 37 are conductive. In one particular embodiment, one
segment of the ring-shaped modifier 37 has its upper half 30  conductive
and an adjacent portion of the ring-shaped modifier 37 would have its lower
half conductive. In still another embodiment, all the upper portion or all
the lower portion or any 



combination thereof is conductive. In any event, the positioning of the
ring-shaped modifier 37 should be made such that the 35  uniformity of
plating is optimized. The system 30 can be operated with only the
structures 36 or the ring-shaped modifier 37 as the electrical current
density    modifiers. The use of both electrical current density modifiers
increases the ability to better control the electrical current density
during plating, and therefore, allow more control over the variation in
thickness of the plated material 56 over the 5 substrate 20. In yet another
embodiment, the anode shape can be modified to optimize the current density
so that it is more uniform across the surface of the wafer. As illustrated
in FIG. 6, a conical- shaped anode 64 has a tapered edge. This changes the
current 10 density near the substrate 20. Clearly, other shapes are
possible. In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary skill in
the art appreciates that various modifications and changes can be made
without departing from the scope of the 15 present invention as set forth
in the claims below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of present
invention. In the claims, means-plus-function clause(s), if any, cover the
20 structures described herein that perform the recited function(s). The
mean-plus-function clause(s) also cover structural equivalents and
equivalent structures that perform the recited function(s).    12 Claims 1.
A process for depositing a layer of material over a substrate comprising:
placing the substrate into a plating system including: 



5              a first electrode; a second electrode electrically connected
to the substrate, wherein: the second electrode includes clamp portions and
electrical current density modifier portions; 10                    each of
the electrical current density modifier portions lies closer to the first
electrode compared to its corresponding clamp portion; and an ionic liquid,
wherein the ionic liquid contacts the first electrode, the second
electrode, the substrate; 15        biasing the first electrode to a first
potential and the second electrode to a second potential to deposit the
layer of material on the substrate, wherein the first potential is
different from the second potential; and removing the substrate from the
plating system. 20   2. The process of claim 1, wherein the substrate has a
circular shape and each of the electrical current density modifier portions
has an arc shape. 3. The process of claim 1, wherein during biasing, the
layer is deposited over a first point closer to a center of the substrate
to a first thickness and over a 25       second point closer to an edge of
the substrate to a second thickness that is no more than the first
thickness.    13 4. The process of claim 1, wherein: the plating system
further includes a conductor spaced apart from each of the first electrode,
the second electrode, and the substrate; and transferring at least a
portion of the layer of material from the second 5             electrode to
the conductor after removing the substrate from the plating system. 5. The
process of claim 4, wherein during transferring, the first electrode
electrically floats. 10 6. A process for depositing a layer of material
over a substrate comprising: placing the substrate into a plating system
including: a first electrode; a second electrode electrically connected to
the substrate; 15              a conductor that is spaced apart from each
of the substrate, the 



first electrode, and the second electrode; and an ionic liquid, wherein the
ionic liquid contacts the first electrode, the second electrode, the
substrate, and the conductor; biasing the first electrode to a first
potential and the second electrode to 20             a second potential,
wherein: the layer of material is deposited on the substrate and second
electrode; and the first potential is different from the second potential;
removing the substrate from the plating system; and 25        transferring
at least a portion of the layer of material from the second electrode to
the conductor.    14 7. The process of claim 6, wherein transferring
comprises biasing the conductor to a third potential and the second
electrode to a fourth potential. 5  8. The process of claim 6 or 7, wherein
transferring comprises electrically floating the first electrode. 9. The
process of claim 6, wherein: the second electrode is part of a head; 10
the conductor is spaced apart from the head; placing the substrate into the
plating system further includes: mounting the substrate onto the head; and
contacting the head with the ionic liquid. 15   10. The process of claim 6,
wherein the second electrical current density modifier includes a
ring-shaped conductor. 11. A process for depositing a layer of material
over a semiconductor device substrate comprising: 20        forming a seed
layer over the semiconductor device substrate; placing the semiconductor
device substrate into a plating system including: a first electrode; a
second electrode electrically connected to the semiconductor 25
device substrate; a first electrical current density modifier that is
spaced apart by a distance from the semiconductor device substrate, wherein



the first electrical current density modifier has a first type of shape;
15 a second electrical current density modifier spaced apart from the
semiconductor device substrate and the first electrical current density
modifier, wherein the second electrical current density modifier has a
second type of shape that is 5                   different from the first
type of shape; and an ionic liquid, wherein the ionic liquid contacts the
first electrode, the second electrode, the semiconductor device substrate,
the first and second electrical current density modifiers; biasing the
first electrode to a first potential, the second electrode and 10
the first electrical current density modifier to a second potential, and
the second electrical current density modifier to a third potential to
deposit the layer of material on the semiconductor device substrate,
wherein the first potential is different from the second potential; and
removing the semiconductor device substrate from the plating system. 15 12.
The process of claim 11, further comprising transferring at least a portion
of the layer of material from the second electrode to at least one of the
first and second electrical density modifiers after removing the substrate
from the plating system. 20 13. The process of claim 12, wherein the first
electrode is electrically floating during transferring. 14. The process of
claim 11, wherein the second electrical current density 25       modifier
includes a ring-shaped conductor. 15. A process for depositing a layer of
material over a substrate comprising: forming a seed layer over the
substrate; providing the substrate into a plating system including:    16 a
first electrode; 



a second electrode structure that is part of a head; a ring-shaped
conductor spaced apart from the substrate, the first electrode, and the
head, wherein none of the ring-shaped 5                   conductor lies
directly between the substrate and the first electrode; and an ionic
liquid, wherein the ionic liquid contacts the first electrode and the
ring-shaped conductor, wherein the ring-shaped conductor is completely
submerged within the ionic liquid; 10        mounting the substrate onto
the head, wherein the second electrode structure contacts the substrate;
contacting the head with the ionic liquid such that the ionic liquid
contacts the second electrode structure and the substrate; biasing the
first electrode to a first potential and the second electrode 15
structure to a second potential to deposit the layer of material on the
substrate, wherein the first potential is different from the second third
potential; and removing the substrate from the plating system. 20   16. The
process of claim 15, wherein: the ring-shaped conductor has a thickness and
a length; the thickness is measured in a direction substantially parallel
to a primary surface of the substrate; the length is measured in a
direction substantially perpendicular to the 25             primary surface
of the substrate; and the length is greater than the thickness.    


