
1 Method and Apparatus for Plating Semiconductor
Wafers 5 BACKGROUND OF THE INVENTION [00011 In the
fabrication of semiconductor devices such as
integrated circuits, memory  cells, and the like, a
series of manufacturing operations are performed to
define features  on semiconductor wafers. The
semiconductor wafers include integrated circuit
devices in  the form of multi-level structures defined
on a silicon substrate. At a substrate level, 10
transistor devices with diffusion regions are formed.
In subsequent levels, interconnect  metallization
lines are patterned and electrically connected to the
transistor devices to  define a desired integrated
circuit device. Also, patterned conductive layers are
insulated  from other conductive layers by dielectric
materials. [00021 The series of manufacturing
operations for defining features on the semiconductor
15 wafers can include an electroplating process for
adding material to the surface of the  semiconductor
wafer. Conventionally, electroplating is performed in
a complete wafer  electroplating processor with the
entire wafer submerged in an electrolyte. During the
conventional electroplating process, the wafer is
maintained at a negative potential with  respect to a
positively charged anode plate, wherein the anode
plate is substantially equal 20 in size to the wafer.
The anode plate is also submerged in the electrolyte
and maintained  in a position proximate to and
parallel with the wafer. 100031 During the plating
process the wafer acts as a cathode. Thus, the wafer
is required  to be electrically connected to a number
of electrodes. The number of electrodes are  required
to be uniformly distributed around a perimeter of the
wafer and have 25 substantially matched contact
resistances in order to achieve a uniform current
distribution across the wafer. In the complete wafer
electroplating processor, a non- uniform current
distribution across the wafer can result in a
non-uniform plating thickness  across the wafer.
100041 While the conventional complete wafer
electroplating processor is capable of  30 depositing
material on the surface of the wafer, there is an ever
present need to continue 2 researching and developing
improvements in electroplating technology applicable
to  



material deposition during semiconductor wafer
fabrication. SUMMARY OF THE INVENTION (0005] In one
embodiment, an apparatus for electroplating a
semiconductor wafer is  5 disclosed. The apparatus
includes a wafer support configured to hold a wafer.
The apparatus also includes a first electrode disposed
at a first location that is proximate to a  periphery
of the wafer support. The first electrode can be moved
to electrically connect  with and disconnect from the
wafer to be held by the wafer support. The apparatus
also  includes a second electrode disposed at a second
location that is proximate to the 10 periphery of the
wafer support. The second location is substantially
opposite from the first  location relative to the
wafer support. The second electrode can be moved to
electrically  connect with and disconnect from the
wafer to be held by the wafer support. The  apparatus
further includes an anode configured to be disposed
over an upper surface of  the wafer to be held by the
wafer support. The anode includes a rectangular
surface area 15 defined to be substantially parallel
with and proximate to an upper surface of the wafer.
The rectangular surface area has a long dimension that
is at least equal to a diameter of  the wafer. The
rectangular surface area is further defined by a
second dimension that is  less than the diameter of
the wafer. Additionally, the anode and the wafer
support are  configured to move with respect to one
another in a direction extending between the first 20
electrode and the second electrode, such that the
anode can traverse over an entirety of the  upper
surface of the wafer when the wafer is held by the
wafer support. 100061 In another embodiment, an
apparatus for electroplating a semiconductor wafer is
disclosed. The apparatus includes a wafer support
configured to hold a wafer. The  apparatus also
includes a first electrode disposed at a first
location proximate a periphery 25 of the wafer
support, such that the first location resides along a
first peripheral half of the  wafer support. The first
electrode is also movably configured to electrically
contact the  wafer to be held by the wafer support.
The apparatus further includes a second electrode
disposed at a second location proximate to the
periphery of the wafer support, such that  the second
location resides along a second peripheral half of the
wafer support. The 30 second peripheral half of the
wafer support is exclusive of the first peripheral
half of the  wafer support. The second electrode is
also movably configured to electrically contact the 



3 wafer to be held by the wafer support. Additionally,
the apparatus includes an anode  configured to be
disposed over an upper surface of the wafer to be held
by the wafer  support. The anode has a rectangular
surface area defined to be substantially parallel with
and proximate to an upper surface of the wafer. The
rectangular surface area has a long 5 dimension that
is at least equal to a diameter of the wafer and a
second dimension that is  less than the diameter of
the wafer. Furthermore, the anode and the wafer
support are  configured to move with respect to one
another in a direction extending between the first
electrode and the second electrode, such that the
anode can traverse over an entirety of the  upper
surface of the wafer when the wafer is held by the
wafer support. 10 [0007] In another embodiment, a
semiconductor wafer electroplating system is
disclosed.  The system includes a wafer support
structure defined to hold a wafer. The system also
includes an anode configured to traverse over the
wafer support structure from a first  location to a
second location. Each of the first location and the
second location is  proximate to and outside a
periphery of the wafer support structure. The anode is
further 15 configured to contact a meniscus of
electroplating solution between a horizontal surface
of the anode and an upper surface of the wafer when
being held by the wafer support  structure. The
horizontal surface of the anode has a rectangular area
extending along a  first chord defined across the
wafer to be held by the wafer support structure. Also,
the  first chord is substantially perpendicular to a
second chord extending from the first 20 location to
the second location. The system further includes a
first electrode movably  configured to electrically
contact the wafer at a first contact position
substantially near the  first location when the wafer
is being held by the wafer support structure.
Additionally,  the system includes a second electrode
movably configured to electrically contact the  wafer
at a second contact position substantially near the
second location when the wafer is  25 being held by
the wafer support structure. [0008] In another
embodiment, a method for electroplating a
semiconductor wafer is  disclosed. The method includes
an operation for applying a first electrode to a wafer
at a  first location. The method also includes
traversing an anode over an upper surface of the
wafer from a second location toward the first
location. The second location is opposed to 



30 the first location relative to a centerline
extending across the upper surface of the wafer.  An
operation is also performed to establish a meniscus of
electroplating solution between 4 the anode and the
upper surface of the wafer. Establishment of the
meniscus allows an  electrical current to flow through
the meniscus between the anode and the first
electrode.  The method further includes an operation
for applying a second electrode to the wafer at  the
second location when the anode has traversed the upper
surface of the wafer a 5 sufficient distance from the
second location. Applying the second electrode to the
wafer  allows the electrical current to flow through
the meniscus between the anode and the  second
electrode. After applying the second electrode to the
wafer, the method includes  another operation for
removing the first electrode from the wafer. The
method continues  with an operation for completing
traversal of the anode over the upper surface of the
10 wafer. 100091 Other aspects and advantages of the
invention will become more apparent from  the
following detailed description, taken in conjunction
with the accompanying drawings,  illustrating by way
of example the present invention. BRIEF DESCRIPTION OF
THE DRAWINGS 15 100101 The invention, together with
further advantages thereof, may best be understood  by
reference to the following description taken in
conjunction with the accompanying  drawings in which:
Figure IA is an illustration showing an apparatus for
electroplating a  semiconductor wafer, in accordance
with one embodiment of the present invention; 20
Figure lB is an illustration showing an apparatus for
electroplating a  semiconductor wafer, in accordance
with another embodiment of the present invention;
Figures 2A through 2D represent a sequence of
illustrations showing operation of the apparatus for
electroplating a semiconductor wafer as previously
described with  respect to Figure 1 A, in accordance
with one embodiment of the present invention; 25
Figure 3A is an illustration showing a top view of the
anode relative to the first  electrode, the second
electrode, and the wafer, as previously depicted in
Figure 2B; Figure 3B is an illustration showing the
apparatus of Figure 3A in which a pair of  



electrodes are used to define each of the first
electrode and the second electrode, in  accordance
with one embodiment of the present invention; 5 Figure
4A is an illustration showing a solid anode traversing
in a direction over  the wafer, in accordance with one
embodiment of the present invention; Figure 4B is an
illustration showing a top view of the solid anode
described above  with respect to Figure 4A; 5 Figure
5A is an illustration showing a virtual anode 109B
traversing in a direction  over the wafer, as
previously mentioned in accordance with one embodiment
of the  present invention; Figure 5B is an
illustration showing the virtual anode of Figure 5A
incorporating  meniscus confinement surfaces, in
accordance with one embodiment of the present  10
invention; Figure 6 is an illustration showing an
arrangement of wafer surface conditioning  devices
configured to follow the anode as it traverses over
the wafer surface, in  accordance with one embodiment
of the present invention; and Figure 7 is an
illustration showing a flowchart of a method for
electroplating a  15 semiconductor wafer, in
accordance with one embodiment of the present
invention. DETAILED DESCRIPTION [0011] In the
following description, numerous specific details are
set forth in order to  provide a thorough
understanding of the present invention. It will be
apparent, however,  to one skilled in the art that the
present invention may be practiced without some or all
of 20 these specific details. In other instances, well
known process operations have not been  described in
detail in order not to unnecessarily obscure the
present invention. [0012] Figure IA is an illustration
showing an apparatus for electroplating a
semiconductor wafer, in accordance with one embodiment
of the present invention. The  apparatus includes a
wafer support 103 configured to securely hold a wafer
101. The 25 apparatus also includes a first electrode
107A and a second electrode 107B. Each of the  first
electrode 107A and the second electrode 107B is
located proximate to a periphery of  the wafer support
103. Additionally, the second electrode 107B is
located at a position  



that is substantially opposite from the first
electrode 107A relative to the wafer support  103. In
one embodiment, the first electrode 107A is disposed
at a first position near the 30 periphery of the wafer
support 103, such that the first position resides
along a first 6 peripheral half of the wafer support.
Also, in the same embodiment, the second electrode
107B is disposed at a second position near the
periphery of the wafer support 103, such  that the
second position resides along a second peripheral half
of the wafer support 103  that is exclusive of the
first peripheral half of the wafer support 103. 5
100131 Each of the first electrode 107A and the second
electrode 107B is configured to be  moved to
electrically connect to and disconnect from the wafer
101 as indicated by arrows  113A and 113B,
respectively. It should be appreciated that the
movement of the  electrodes 107A and 107B to connect
with and disconnect from the wafer 101 can be
conducted in an essentially limitless number of ways.
For example, in one embodiment, 10 the electrodes 107A
and 107B can be moved linearly in a plane aligned with
the wafer. In  another embodiment, the electrodes 107A
and 107B having a sufficient elongated shape  and
being oriented in a coplanar arrangement with the
wafer 101 can be moved in a  rotational manner to
contact the wafer. Also, it should be appreciated that
the shape of the  electrodes 107A and 107B can be
defined in a number of different ways. For example, in
15 one embodiment, the electrodes 107A and 107B can be
substantially rectangular in shape.  In other
embodiment, the electrodes 107A and 107B can be
rectangular in shape with the  exception of a wafer
contacting edge which can be defined to follow a
curvature of the  wafer periphery. In yet another
embodiment, the electrodes 107A and 107B can be C-
shaped. It should be understood, that the present
invention requires at least two electrodes 20 that can
be independently manipulated to electrically connect
with and disconnect from a  wafer. 10014] The
apparatus of Figure IA further includes an anode 109
configured to be  disposed over an upper surface of
the wafer 101. In one embodiment, a horizontal surface
of the anode facing the wafer 101 is defined to have a
substantially rectangular surface 25 area that is
considerably parallel to the wafer 101. The
rectangular surface area is defined  to have a first
dimension that is at least equal to a diameter of the
wafer. With respect to  



the view shown in Figure IA, the first dimension of
the rectangular surface area extends  into the page.
The rectangular surface area also includes a second
dimension that is  defined to be less than the
diameter of the wafer. In one embodiment, the second
30 dimension is substantially less than the diameter
of the wafer. With respect to the view  shown in
Figure IA, the second dimension of the rectangular
surface area extends at a 7 right angle to the first
dimension and parallel to the wafer support 103. When
the anode  109 is disposed over the wafer 101, the
first dimension, i.e., the long dimension, of the
rectangular surface area extends along a first chord
defined across the wafer -101, such  that the anode
109 extends completely across the wafer in the
direction of the first chord. 5 Also, the second
dimension, i.e., the short dimension, of the
rectangular surface area  extends in a direction of a
second chord defined across the wafer 101, wherein the
second  chord is perpendicular to the first chord. It
should be understood that regardless of the  position
of the anode 109 over the wafer 101, the anode 109
will not completely extend  across the wafer in the
direction of the second chord. 10 [00151 The anode 109
is configured to be moved over the wafer 101 in a
direction  extending between the second electrode 107B
and the first electrode 107A as indicated by  arrow
115. Thus, the anode 109 is configured to be moved in
the direction of the second  chord as previously
described. As the anode 109 is moved over the wafer 10
1, the anode  109 is oriented such that the first
dimension, i.e., the longer dimension, of the
rectangular 15 surface area facing the wafer is
substantially perpendicular to the direction of
travel.  Therefore, the anode 109 is capable of
traversing over an entirety of the upper surface of
the wafer 101. Also, as the anode 109 is moved over
the wafer 101, the rectangular  surface area of the
anode 109 is maintained at a distance proximate to an
upper surface of  the wafer 10 1. 20 100161 The
distance between the rectangular surface area of the
anode 109 and the wafer  10 1 is sufficient to allow a
meniscus I I I of electroplating solution to be
maintained  between the anode 109 and the upper
surface of the wafer 10 1 as the anode 109 traverses
over the wafer 101. Additionally, the meniscus I I I
can be contained within a volume  directly below the
anode 109. Containment of the meniscus can be
accomplished in a 



25 variety of ways as will be discussed later. In one
embodiment, the anode 109 is  represented as a solid
consumable anodic material. In this embodiment, the
meniscus I I I  of electroplating solution can be
applied to the volume directly below the anode 109 by
flowing the electroplating solution around the anode
109. This embodiment is further  described below with
respect to Figures 4A and 4B. In another embodiment,
the anode 30 109 is defined as a virtual anode
represented as a porous resistive material. In this
embodiment, the meniscus I I I of electroplating
solution can be applied to the volume 8 directly below
the virtual anode by flowing cation laden
electroplating solution through  the porous virtual
anode. This embodiment is further described below with
respect to  Figures 5A and 5B. [0017] It should be
appreciated that during operation of the apparatus of
Figure IA, the  5 anode 109 and at least one of the
first and second electrodes I07A1107B are electrically
connected to a power supply such that a voltage
potential exists therebetween. Thus,  when the
meniscus 111 of electroplating solution is present
between the anode 109 and  the wafer 101, and either
the first electrode 107A or the second electrode 107B
is  electrically connected to the wafer 101, an
electric current will flow between the anode 10 109
and the connected electrode. The electric current
flowing between the anode 109 and  the connected
electrode, i.e., 107A and/or 107B, enables
electroplating reactions to occur  at portions of the
upper surface of the wafer 101 that are exposed to the
meniscus 111 of  electroplating solution. [0018] The
apparatus of Figure IA also includes fluid shields
105A and 105B configured  15 to protect the first
electrode 107A and the second electrode 107B,
respectively, from  exposure to the meniscus 111 of
electroplating solution as the anode 109 and meniscus
111 traverses thereabove. In one embodiment, each of
the first and second electrodes  107A/107B is
controllable to be moved away from the wafer 101 and
retracted beneath its  respective fluid shield
105A/105B, as the anode 109 and meniscus 111 of
electroplating  20 solution traverses thereabove.
[0019] Figure lB is an illustration showing an
apparatus for electroplating a  semiconductor wafer,
in accordance with another embodiment of the present
invention.  



The apparatus of Figure lB is equivalent to that of
Figure of IA with the exception that  the wafer
support 103, electrodes 107A/107B, and fluid shields
105A/105B are 25 configured to be moved together in a
linear direction, as indicated by arrow 117, below
the anode 109 which is maintained in a fixed position.
It should be understood that during  operation of the
apparatus of Figure 1B, the anode 109 is oriented in a
manner similar to  that previously discussed with
respect to Figure IA. Also, the electrodes 107A/107B
are  controlled to electrically connect to and
disconnect from the wafer 101 based on the 30 anode
109 location, as previously described with respect to
Figure IA. It should be  appreciated that since the
apparatus of Figure 1B does not require movement of 9
equipment above the wafer 101, it is conceivable that
the apparatus of Figure lB will  allow for easier
prevention of unwanted foreign particle deposition on
the upper surface  of the wafer 101. [00201 Figures 2A
through 2D represent a sequence of illustrations
showing operation of  5 the apparatus for
electroplating a semiconductor wafer as previously
described with  respect to Figure 1 A, in accordance
with one embodiment of the present invention. Figure
2A shows the apparatus shortly after initiation of the
electroplating process. In Figure 2A,  the anode 109
is being traversed over the upper surface of the wafer
101. The meniscus  111 is established below the anode
109. As shown in Figure 2A, the fluid shield 105B 10
serves to protect the second electrode 107B from the
meniscus 111 of electroplating  solution as the anode
109 traverses thereabove. Also, the second electrode
107B is  electrically disconnected from the wafer 101
and retained in a retracted position as the  anode 109
and meniscus 111 traverses thereabove. Furthermore,
the first electrode 107,  positioned substantially
opposite the wafer upper surface from the anode 109,
is 15 positioned to electrically connect to the wafer
101. Thus, an electric current is caused to  flow
through the meniscus and across the upper surface of
the wafer 101 between the  anode 109 and the first
electrode 107A. In Figure 2A, since the meniscus Ill
is  substantially confined within the volume directly
below the anode 109. Also, the first  electrode 107A
is positioned at a sufficient distance from the anode
109 such that the first  20 electrode 107A will not be
exposed to electroplating solution. 



100211 Figure 2B shows the apparatus as the anode 109
continues to traverse over the  wafer 101 from the
position depicted in Figure 2A. The first electrode
107A remains  connected to the wafer 101 as the anode
109 traverses away from the second electrode  107B
toward the first electrode 107A. In one embodiment,
the second electrode 107B is 25 maintained in the
retracted position until the anode 109 and meniscus
111 is a sufficient  distance away from the second
electrode 107B to ensure that the second electrode is
not  exposed to the electroplating solution. [00221
Also, connection of the first electrode 107A and the
second electrode 107B to the  wafer 101 is managed to
optimize a current distribution present at the portion
of the upper  30 surface of the wafer 101 that is in
contact with the meniscus 111. In one embodiment, it
is desirable to maintain a substantially uniform
current distribution at an interface between 10 the
meniscus 111 and the wafer 101 as the anode 109
traverses over the wafer 101. It  should be
appreciated, that maintaining the anode 109 a
sufficient distance away from the  connected
electrode, i.e., the cathode, allows the current
distribution at the, interface  between the meniscus
111 and the wafer 101 to be more uniformly
distributed. Thus, in 5 one embodiment, transition
from connection of the first electrode 107A to
connection of  the second electrode 107B occurs when
the anode 109 is substantially near a centerline of
the upper surface of the wafer 101, wherein the
centerline is oriented to be perpendicular  to a
traversal direction of the anode 109. [0023] During
transition from connection of the first electrode 107A
to connection of the  10 second electrode 107B, the
connection of the first electrode 107A to the wafer
101 is  maintained until the second electrode 107B is
connected. Once the second electrode 107B  is
connected, the first electrode is disconnected from
the wafer 101. Maintaining at least  one electrode
connected to the wafer 101 serves to minimize a
potential for gaps or  deviations in material
deposition produced by the electroplating process. 15
[0024] Figure 2C shows the apparatus following
transition from connection of the first  electrode
107A to connection of the second electrode 107B, as
the anode 109 continues to  traverse over the wafer
101 toward the first electrode 107A. The second
electrode 107B is  shown connected to the wafer 101.
The first electrode 107A is shown disconnected from  



the wafer 101 and retracted beneath the fluid shield
105A to be sheltered from the 20 approaching meniscus
111 of electroplating solution. The electric current
flows through  the meniscus 111 and across the upper
surface of the wafer 101 between the anode 109  and
the second electrode 107B. [0025] Figure 2D shows the
apparatus as the anode 109 nears completion of its
traversal  over the wafer 101 near the first electrode
107A. The fluid shield 105A serves to protect  25 the
first electrode 107A from the meniscus 111 of
electroplating solution as the anode 109 traverses
thereabove. Also, the first electrode 107A is
electrically disconnected from the  wafer 101 and
retained in a retracted position as the anode 109 and
meniscus 111  traverses thereabove. [0026] Figure 3A
is an illustration showing a top view of the anode 109
relative to the  30 first electrode 107A, the second
electrode 107B, and the wafer 101, as previously
depicted in Figure 2B. As previously discussed, the
anode 109 extends completely across 11 the wafer 101
in the direction of its long dimension. Thus, as the
anode 109 is traversed  over the wafer 101, the entire
upper surface of the wafer 101 will be exposed to the
meniscus of electroplating solution present below the
anode 109. Also, in the embodiment  of Figure 3A, the
first and second electrodes 107A/107B are shown as
rectangular shaped 5 bars. However, as previously
discussed, the first and second electrodes 107A/107B
can be  defined to have any suitable shape compatible
with the electroplating process. Also, more  than two
electrodes can be used in the apparatus to achieve the
functionality as previously  described. 100271 Figure
3B is an illustration showing the apparatus of Figure
3A in which a pair of  10 electrodes are used to
define each of the first electrode 107A and the second
electrodel07B, in accordance with one embodiment of
the present invention. Also, each  of the electrodes
shown in Figure 3B are shown to have an alternative
shape. Thus, the  present invention can be implemented
with multiple electrodes of varying shape so long  as
the multiple electrodes are disposed in a
substantially opposing manner relative to a 15
centerline of the wafer 101. Also, the present
invention requires that the electrodes on  each
opposing side of the centerline of the wafer 101 be
independently controllable with  



respect to contacting the wafer 101. 100281 Figure 4A
is an illustration showing a solid anode 109A
traversing in a direction  115 over the wafer 101, in
accordance with one embodiment of the present
invention. As  20 previously mentioned, the anode 109
can be defined as the solid anode 109A defined by a
consumable anodic material. In this embodiment, the
meniscus 111 of electroplating  solution can be
applied to the region directly below the solid anode
109A by flowing the  electroplating solution around
the solid anode 109A. More specifically, the
electroplating  solution 401 is applied through a tube
to a location at top surface of the solid anode 109A.
25 Then, the electroplating solution 401 is caused to
flow through a trough 405 to a front  edge of the
solid anode 109A. At the front edge of the solid anode
109A, the  electroplating solution 401 flows over the
front edge, as indicated by callout 403, and  beneath
the solid anode 109A to form the meniscus 111. 10029]
Figure 4B is an illustration showing a top view of the
solid anode 109A described  30 above with respect to
Figure 4A. The trough 405 is oriented to direct the
flow of  electroplating solution toward the front of
the solid anode 109A, wherein the front of the 12
solid anode 109A is defined as a leading edge of the
solid anode 109A relative to the  direction 115 of
traversal over the wafer 101. The top view of the
solid anode 109A also  shows vacuum orifices 407
located at the ends of the solid anode 109A. The
vacuum  orifices 407 serve to draw the electroplating
plating solution 401 of the meniscus 111 5 toward the
ends of the solid anode 109A. Also, the vacuum
orifices 407 allow for  establishment of a flow of
electroplating solution 401 through the meniscus 111
region  while maintaining containment of the
electroplating solution 401 within the meniscus 111
region. It should be understood, however, that the
present invention envisages other  methods for
applying and managing the electroplating solution 401
within the meniscus 10 111 region when using the solid
anode 109A, beyond those explicitly described herein.
The principles of the present invention remain the
same regardless of the specific method  used to apply
and manage the electroplating solution 401 within the
meniscus 111 region.  [00301 Figure 5A is an
illustration showing a virtual anode 109B traversing
in a direction  115 over the wafer 101, as previously
mentioned in accordance with one embodiment of 



15 the present invention. The virtual anode 109B
includes a porous resistive material 501  through
which a cation laden electroplating solution 505 can
flow to form the meniscus  111 within the region
directly below the virtual anode 109B. One or more
walls 503 can  be used to confine the cation laden
electroplating solution 505 within a volume contacting
a top side of the porous resistive material 501. In
one embodiment the porous resistive 20 material 501
can be defined by a ceramic such as A1203. It should
be appreciated,  however, that other porous resistive
materials can be used in conjunction with the virtual
anode 109B. [00311 Figure 5B is an illustration
showing the virtual anode 109B of Figure 5A
incorporating meniscus confinement surfaces 507, in
accordance with one embodiment of  25 the present
invention. With respect to the virtual anode 109B, the
meniscus confinement surfaces 507 represent one or
more surfaces that extend below the porous resistive
material toward the wafer 101. The meniscus
confinement surfaces 507 are configured to  assist in
confining the meniscus to the region below the virtual
anode 109B. The meniscus  confinement surfaces 507
have been shown with respect to the virtual anode 109B
for 30 exemplary purposes. It should be appreciated
that the meniscus confinement surfaces 507  can be
equally implemented with the solid anode as previously
described. In one 13 embodiment, the meniscus
confinement surfaces 507 can actually be defined as an
integral portion of the solid anode. 100321 A key
feature of the electroplating apparatus and method of
the present invention  is the ability to maintain the
electrodes and corresponding wafer contact surfaces in
a dry  5 condition when physically connected. An
arrangement of wafer surface conditioning devices can
be provided to follow the anode as it traverses over
the wafer, thereby  ensuring that the electrodes and
corresponding wafer contact surfaces remain
appropriately dry. [00331 Figure 6 is an illustration
showing an arrangement of wafer surface conditioning
10 devices configured to follow the anode as it
traverses over the wafer surface, in  accordance with
one embodiment of the present invention. For exemplary
purposes,  Figure 6 depicts the arrangement of wafer
surface conditioning devices in conjunction  



with the virtual anode configuration. It should be
appreciated, however, that the  arrangement of wafer
surface conditioning devices can be equally used in
conjunction 15 with the solid anode as previously
described. Each wafer surface condition device can be
represented as a vent configured to apply or remove
fluid from the surface of the wafer.  Each vent is
configured to extend along the length of the anode and
be sufficient wide so  as to provide an adequate fluid
flow area. 100341 With respect to Figure 6, a first
vent 601 provides a vacuum to remove fluids from  20
the surface of the wafer following traversal of the
anode thereover. A second vent 605 is  separated from
the first vent 601 by a wall 603. The second vent 605
provides a rinsing  fluid to the surface of the wafer.
In one embodiment, the rinsing fluid is deionized
water.  However, in other embodiments, any rinsing
fluid suitable for use in wafer processing
applications can be used. A third vent 609 is
separated from the second vent 605 by a wall 25 607.
Like the first vent 601, the third vent 609 provides a
vacuum to remove fluids from  the surface of the
wafer. A fourth vent 613 is separated from the third
vent 609 by a wall  611. Also, the fourth vent 613 is
confined by an exterior wall 615. The fourth vent 613
can be used to apply an isopropyl alcohol
(IPA)/nitrogen mixture to the wafer surface. It
should be appreciated that the present invention can
be implemented using wafer surface 30 conditioning
devices that include a portion of the vents described
with respect to Figure 6. 14 Also, the present
invention can be implemented using other wafer surface
conditioning  devices not explicitly described herein.
[0035] During the electroplating process, a uniformity
of the deposited material is  governed by a current
distribution at an area of the wafer being plated,
i.e., the interface  5 between the meniscus of
electroplating solution and the wafer. A number of
factors can affect the current distribution at the
area of the wafer being plated. Three primary factors
affecting the current distribution include 1) location
and number of electrodes contacting  the wafer, 2)
resistivity of the upper surface of the wafer, and 3)
location and placement  of the anode relative to the
area being plated. By introducing a uniformly
distributed 10 resistive path, such as the porous
resistive material, immediately adjacent to the
cathode,  i.e., the area being plated, and between the
true anode and the cathode, the current flux is  



uniformly distributed between the uniformly
distributed resistive path and the cathode.  Also, by
selecting a porous resistive material having a
sufficiently large resistance, the  effect due to
resistivity of the upper surface of the wafer,
particularly at the wafer edges, 15 can be decoupled
and minimized, thereby improving the uniformity of the
subsequent  plating process. [0036] Conventional
electroplating systems that are configured to provide
simultaneous  full-wafer plating are unable to plate
very resistive barrier films on the wafer surface
without a having a low-resistance intermediate film
previously applied to the wafer. For 20 example, in
the case of Cu plating over a very resistive barrier
film, the conventional  system requires a PVD Cu seed
layer to be applied prior to the full-wafer
electroplating  process. Without this seed layer, a
resistance drop across the wafer will induce a bipolar
effect during the full-wafer plating. The bipolar
effect results in de-plating and etching  within a
region adjacent to electrodes contacting the wafer.
Also, the conventional full 25 wafer electroplating
system requires uniformly distributed electrodes about
the periphery  of the wafer, wherein a resistance for
each of the uniformly distributed electrodes is
matched. In the conventional full-wafer electroplating
system, the presence of an  asymmetric contact
resistance from one electrode to another will cause a
non-uniform  current distribution across the wafer,
thus resulting in a non-uniform material deposition
30 across the wafer. 15 100371 The electroplating
apparatus of the present invention as described herein
solves  the problems described above with respect to
the convention full-wafer electroplating  system. More
specifically, the apparatus of the present invention
enables the electrodes to  remain dry when contacting
the wafer. When the bar-shaped anode of the present 5
invention traverses the wafer, the electrode(s) can be
made to contact highly resistive  portions of the
wafer surface away from the anode. Thus, the electric
current present at  the cathode, i.e., the area being
plated beneath the anode, will be uniformly
distributed.  Also, the dry electrode contact approach
essentially eliminates the potential for bipolar
effects. 10 100381 Figure 7 is an illustration showing
a flowchart of a method for electroplating a  



semiconductor wafer, in accordance with one embodiment
of the present invention. The  method includes an
operation 701 in which a first electrode is applied to
a wafer at a first  location. In an operation 703, a
second electrode is removed from the wafer at a second
location. The second location is opposed to the first
location relative to a centerline 15 extending across
the upper surface of the wafer. The method also
includes an operation  705 for traversing an anode
over an upper surface of the wafer from the second
location  toward the first location. In one
embodiment, the traversing is accomplished by holding
the anode in a fixed position while moving the wafer.
In another embodiment, the  traversing is accomplished
by holding the wafer in a fixed position while moving
the 20 anode. In an operation 707, a meniscus of
electroplating solution is established between  the
anode and the upper surface of the wafer, whereby an
electrical current flows through  the meniscus between
the anode and the first electrode. The meniscus is
confined between  the anode and the upper surface of
the wafer as the anode traverses over the upper
surface  of the wafer. 25 100391 The method further
includes another operation 709 for applying the second
electrode to the wafer at the second location when the
anode has traversed the upper  surface of the wafer a
sufficient distance from the second location. Once the
second  electrode is applied to the second location,
the electrical current flows through the  meniscus
between the anode and the second electrode. In one
embodiment, the sufficient 30 distance from the second
location is defined to maintain an adequate current
density  distribution at the meniscus. The sufficient
distance from the second location is also 16 defined
to ensure that each of the first and second electrodes
remain dry with respect to  the meniscus of
electroplating solution. The method continues with an
operation 711 in  which the first electrode is removed
from the wafer after applying the second-electrode.
Then, in an operation 713, traversal of the anode over
the upper surface of the wafer is  5 completed. 100401
In one embodiment, removing each of the first and
second electrodes from the  wafer includes position
each of the respective electrodes under a fluid
shield. The fluid  shield serves to protect each of
the first and second electrodes from the meniscus of  



electroplating solution. Also, in another embodiment,
the method can include an 10 operation for rinsing a
portion of the upper surface of the wafer having been
immediately  traversed by the anode. Then, an
operation can be performed to dry the portion of the
upper surface of the wafer having been rinsed. 100411
While this invention has been described in terms of
several embodiments, it will  be appreciated that
those skilled in the art upon reading the preceding
specifications and  15 studying the drawings will
realize various alterations, additions, permutations
and equivalents thereof. Therefore, it is intended
that the present invention includes all such
alterations, additions, permutations, and equivalents
as fall within the true spirit and scope  of the
invention. What is claimed is: 17  CLAIMS 1. An
apparatus for electroplating a semiconductor wafer,
comprising:  a wafer support configured to hold a
wafer; a first electrode disposed at a first location
proximate to a periphery of the wafer  5 support, the
first electrode being movable to electrically connect
with and disconnect  from the wafer to be held by the
wafer support; a second electrode disposed at a second
location proximate to the periphery of the  wafer
support, the second location being substantially
opposite from the first location  relative to the
wafer support, the second electrode being movable to
electrically connect  10 with and disconnect from the
wafer to be held by the wafer support; and an anode
configured to be disposed over an upper surface of the
wafer to be held  by the wafer support, the anode
having a rectangular surface area defined to be
substantially parallel with and proximate to an upper
surface of the wafer, the rectangular  surface area
having a long dimension that is at least equal to a
diameter of the wafer, the 15 rectangular surface area
being further defined by a second dimension that is
less than the  diameter of the wafer, wherein the
anode and the wafer support are configured to move
with respect to  one another in a direction extending
between the first electrode and the second electrode  



so that the anode can traverse over an entirety of the
upper surface of the wafer when the  20 wafer is held
by the wafer support. 2. An apparatus for
electroplating a semiconductor wafer as recited in
claim  1, wherein the proximity of the rectangular
surface area of the anode to the upper surface  of the
wafer is sufficiently close to allow the rectangular
surface area of the anode to 25 contact a meniscus of
electroplating solution to be applied to the upper
surface area of  wafer. 3. An apparatus for
electroplating a semiconductor wafer as recited in
claim  2, wherein contact between the rectangular
surface area of the anode and the meniscus 30 allows
an electric current to flow through the meniscus to
either the first electrode or the  second electrode
having been moved to be electrically connected to the
wafer. 18 4. An apparatus for electroplating a
semiconductor wafer as recited in claim  2, further
comprising: a first fluid shield configured to protect
the first electrode from exposure to the  5 meniscus
of electroplating solution when the first electrode is
moved to be electrically  disconnected from the wafer
as the anode traverses over the first electrode; and a
second fluid shield configured to protect the second
electrode from exposure to  the meniscus of
electroplating solution when the second electrode is
moved to be  electrically disconnected from the wafer
as the anode traverses over the second electrode. 10
5. An apparatus for electroplating a semiconductor
wafer as recited in claim  2, wherein the rectangular
surface area of the anode is defined by a porous
resistive  material configured to allow a flow through
of cation laden electroplating solution to form  the
meniscus of electroplating solution on the surface of
the wafer. 15 6. An apparatus for electroplating a
semiconductor wafer as recited in claim  1, wherein
the rectangular surface area of the anode is defined
by a consumable anodic  material. 20 7. An apparatus
for electroplating a semiconductor wafer as recited in
claim  



1, wherein the anode is configured to remain in a
fixed position and the wafer support is  configured to
move relative to the anode. 8. An apparatus for
electroplating a semiconductor wafer as recited in
claim  25 1, wherein the wafer support is configured
to remain in a fixed position and the anode is
configured to move relative to the wafer support. 9.
An apparatus for electroplating a semiconductor wafer,
comprising:  a wafer support configured to hold a
wafer; 30 a first electrode disposed at a first
location proximate a periphery of the wafer  support,
the first location residing along a first peripheral
half of the wafer support, the 19 first electrode
being movably configured to electrically contact the
wafer to be held by the  wafer support; a second
electrode disposed at a second location proximate to
the periphery of the  wafer support, the second
location residing along a second peripheral half of
the wafer  5 support that is exclusive of the first
peripheral half of the wafer support, the second
electrode being movably configured to electrically
contact the wafer to be held by the  wafer support;
and an anode configured to be disposed over an upper
surface of the wafer to be held  by the wafer support,
the anode having a rectangular surface area defined to
be  10 substantially parallel with and proximate to an
upper surface of the wafer, the rectangular surface
area having a long dimension that is at least equal to
a diameter of the wafer, the  rectangular surface area
being further defined by a second dimension that is
less than the  diameter of the wafer, wherein the
anode and the wafer support are configured to move
with respect to  15 one another in a direction
extending between the first electrode and the second
electrode  so that the anode can traverse over an
entirety of the upper surface of the wafer when the
wafer is held by the wafer support. 10. An apparatus
for electroplating a semiconductor wafer as recited in
claim  20 9, wherein the proximity of the rectangular
surface area of the anode to the upper surface of the
wafer is sufficiently close to allow the rectangular
surface area of the anode to  



contact a meniscus of electroplating solution to be
applied to the upper surface area of  wafer. 25 11. An
apparatus for electroplating a semiconductor wafer as
recited in claim  10, wherein contact between the
rectangular surface area of the anode and the meniscus
allows an electric current to flow through the
meniscus to either the first electrode or the  second
electrode having been moved to electrically contact
the wafer. 30 12. An apparatus for electroplating a
semiconductor wafer as recited in claim  10, further
comprising: 20 a first fluid shield configured to
protect the first electrode from exposure to the
meniscus of electroplating solution when the first
electrode is moved away from the wafer  as the anode
traverses over the first electrode; and a second fluid
shield configured to protect the second electrode from
exposure to  5 the meniscus of electroplating solution
when the second electrode is moved away from  the
wafer as the anode traverses over the second
electrode. 13. An apparatus for electroplating a
semiconductor wafer as recited in claim  10, wherein
the rectangular surface area of the anode is defined
by a porous resistive 10 material configured to allow
a flow through of cation laden electroplating solution
to form  the meniscus of electroplating solution on
the surface of the wafer. 14. An apparatus for
electroplating a semiconductor wafer as recited in
claim  9, wherein the rectangular surface area of the
anode is defined by a consumable anodic  15 material.
15. An apparatus for electroplating a semiconductor
wafer as recited in claim  9, wherein the anode is
configured to remain in a fixed position and the wafer
support is  configured to move relative to the anode.
20 16. An apparatus for electroplating a semiconductor
wafer as recited in claim  9, wherein the wafer
support is configured to remain in a fixed position
and the anode is  configured to move relative to the
wafer support. 25 17. A semiconductor wafer
electroplating system, comprising:  



a wafer support structure defined to hold a wafer; an
anode configured to traverse over the wafer support
structure from a first  location to a second location,
each of the first location and the second location
being  proximate to and outside a periphery of the
wafer support structure, the anode being 30 further
configured to contact a meniscus of electroplating
solution between a horizontal  surface of the anode
and an upper surface of the wafer to be held by the
wafer support 21 structure, the horizontal surface of
the anode having a rectangular area extending along a
first chord defined across the wafer to be held by the
wafer support structure, wherein the  first chord is
substantially perpendicular to a second chord
extending from the first  location to the second
location; 5 a first electrode movably configured to
electrically contact the wafer to be held by  the
wafer support structure at a first contact position
substantially near the first location;  and a second
electrode movably configured to electrically contact
the wafer to be held  by the wafer support structure
at a second contact position substantially near the
second  10 location. 18. A semiconductor wafer
electroplating system as recited in claim 17,  wherein
the meniscus of electroplating solution is confined to
a region between the  horizontal surface of the anode
having the rectangular area an the upper surface of
the  15 wafer. 19. A semiconductor wafer
electroplating system as recited in claim 17,  wherein
the rectangular area is defined by a long dimension
that is at least equal to a  diameter of the wafer,
the rectangular area being further defined by a second
dimension  20 that is less than the diameter of the
wafer. 20. A semiconductor wafer electroplating system
as recited in claim 17,  wherein contact between the
anode and the meniscus of electroplating solution
allows an  electric current to flow through the
meniscus of electroplating solution to either the
first 25 electrode or the second electrode having been
moved to electrically contact the wafer. 21. A
semiconductor wafer electroplating system as recited
in claim 17,  



further comprising: a first fluid shield configured to
protect the first electrode from exposure to the  30
meniscus of electroplating solution when the first
electrode is moved away from the wafer  as the anode
traverses over the first electrode; and 22 a second
fluid shield configured to protect the second
electrode from exposure to  the meniscus of
electroplating solution when the second electrode is
moved away from  the wafer as the anode traverses over
the second electrode. 5 22. A semiconductor wafer
electroplating system as recited in claim 17,  wherein
the horizontal surface of the anode having the
rectangular area is defined by a  porous resistive
material configured to allow a flow through of cation
laden electroplating  solution to form the meniscus of
electroplating solution. 10 23. A semiconductor wafer
electroplating system as recited in claim 17,  wherein
the horizontal surface of the anode having the
rectangular area is defined by a  consumable anodic
material. 24. A semiconductor wafer electroplating
system as recited in claim 17,  15 wherein the anode
is configured to remain in a fixed position and the
wafer support is  configured to move relative to the
anode. 25. A semiconductor wafer electroplating system
as recited in claim 17,  wherein the wafer support is
configured to remain in a fixed position and the anode
is  20 configured to move relative to the wafer
support. 26. A method for electroplating a
semiconductor wafer, comprising:  applying a first
electrode to a wafer at a first location; traversing
an anode over an upper surface of the wafer from a
second location  25 toward the first location, the
second location being opposed to the first location
relative to  a centerline extending across the upper
surface of the wafer; establishing a meniscus of
electroplating solution between the anode and the
upper  surface of the wafer, whereby an electrical
current flows through the meniscus between  the anode
and the first electrode; 30 applying a second
electrode to the wafer at the second location when the
anode  



has traversed the upper surface of the wafer a
sufficient distance from the second location, 23
whereby the electrical current flows through the
meniscus between the anode and the  second electrode;
removing the first electrode from the wafer after
applying the second -electrode;  and completing
traversal of the anode over the upper surface of the
wafer. 5 27. A method for electroplating a
semiconductor wafer as recited in claim 26,  further
comprising: removing the second electrode from the
wafer prior to traversing the anode over  the second
location. 10 28. A method for electroplating a
semiconductor wafer as recited in claim 27,  wherein
removing each of the first and second electrodes from
the wafer includes position  each of the respective
electrodes under a fluid shield, the fluid shield
serving to protect  each of the respective electrodes
from the meniscus of electroplating solution. 15 29. A
method for electroplating a semiconductor wafer as
recited in claim 26,  wherein the sufficient distance
from the second location is defined to maintain an
adequate current density distribution at the meniscus
and to ensure that each of the first  and second
electrodes remain dry with respect to the meniscus of
electroplating solution. 20 30. A method for
electroplating a semiconductor wafer as recited in
claim 26,  wherein the traversing is accomplished by
holding the anode in a fixed position while  moving
the wafer. 25 31. A method for electroplating a
semiconductor wafer as recited in claim 26,  wherein
the traversing is accomplished by holding the wafer in
a fixed position while  moving the anode. 32. A method
for electroplating a semiconductor wafer as recited in
claim 26,  30 further comprising: 



24 confining the meniscus between the anode and the
upper surface of the wafer as  the anode traverses
over the upper surface of the wafer. 33. A method for
electroplating a semiconductor wafer as recited in
claim 26,  5 further comprising: rinsing a portion of
the upper surface of the wafer having been immediately
traversed by the anode; and drying the portion of the
upper surface of the wafer having been rinsed. 


