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BACKGROUND OF THE INVENTION

[0001] In the fabrication of semiconductor &evices such as integrated circuits, memory
cells, and the like, a series of manufacturing operations are performed to define features on
- semiconducter wafers. The semiconductor wafers include integrated circuit devices in the
form of multi-level structures defined ona silicoh. substrate. At a substrate level, transistor
devicés with diffusion regions are formed. In subsequent levels, interconmect metalization
lines are patterned and electrically connected to the transistor devices to define a desired
integrated circuit device. Als'o, patterned conductive layers are insulate_d from other
conductive layers by &ielectric materials.

[0002] During conductive inferconnect manufacturing, a metai la:yer is deposited on the
wafer. The deposited metal will fill regions on the wafer between smaller features, such as
sub-micron features, faster than larger regions, such as trench regions. Because the smaller
features may span relatively large areas of the wafer, it should be appreciated that these
large areas of the wafer may have an increased topography. The increased topography
regions need to be planarized in conjunction with planarization of the decreased
topography .regions. Simultaneous planarization of both the increased and decreased
topography areas of the wafer poses a challenge. For example, to achieve sufficient
planarization of the increased topography areas of the wafer, an extended overpolishing
period may be required. However, exposure of the decreased topography areas of the wafer

to this extended overpolishing pericd may cause removal of too much material from the



decreased topography areas, e.g., the barrier layer underlying the deposited metal may be

undesirably exposed and/or damaged.

SUMMARY OF THE INVENTION

[0003] In one embodiment, a proximity head is disc:'losed for confined area planarization of
a semiconductor wafer. The proximity head includes a chamber defined to maintain an
electrolyte solution. A cathode is disposed within the chamber in exposure to the
electrolyte solution. A cation exchange membrane is disposed over a lower opening of the
chamber, such that a top surface of the cation exchange membrane is in direct exposure to
the electrolyte solution to be maintained within the chamber. The proximity head also
includes a fluid supply phannel defined to expel fluid at a location adjacent to a lower
surface of the cation exchange membrane. Additionally, a vacuum channel is defiped to
provide suction at a location adjacent to the .lower surface of the cation exchange
membrane, such that fluid to be expelled from the fluid supply chammel is made to flow
over thé lower surface of the cation exchange membrane.

[0004] In another embodiment, a method is disclosed for confined area planarization of a
semiconductor wafer. The method includes an operation for disposing a proximity head
over and proximate to a top surface of a semiconductor wafer, such that a cation exchange
membrane of the proximity head faces the top surface of the semiconductor wafer. The
method also includes an operation for disposing an electrolyte solution between a top
surface of the cation exchange membrane and a cathode. The method further includes
flowing deionized water between a bottom surface o_f the cation exchange membrane and
the top surface of the semiconductor wafer. A bias voltage is then applied between the top .
surface of the semiconductor wafer and the cathode, such that cations liberated from the

top surface of the semiconductor wafer are influenced to travel through the deionized
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water, through the cation exchange membrane, and through the electrolyte solution to the
éathode.

[0005] In another embodiment, a proximity head is disclosed for confined area
planarization of é semjconductor wafer. The proximity head includes a chamber defined to
maintain an electrolyte solution. A cathode is disposed within the chamber in exposure to
the electrolyte solution. A cation exchange membrane is disposed over a lower opeﬁing of
the chamber and in direct exposure to the electrolyte solution to be maintained within the
chamber. The proximity head further inctudes a fluid supply channel defined to expel fluid
at a location adjacent to a lower surface of the cation exchange membrane. Also, a vacuum

chanuel is defined to provide suction at a location adjacent to the lower surface of the

‘cation exchange membrane, such that the fluid to be expelled from the fluid supply channel

is made to flow over the lower surface of the cation exbhange membrane. Additionally, an
electric current measuring device is connected to measure an electric current flow through
the cation exchange membrane. The measured electric current enables detection of a
planarization endpoint.

[0006] In another embodiment, a method is disclosed for defecting a planarization
endpoint in a confined area planarization process. The method includes an operation for
disposing a proximity head over and proximate to a.top surface of a semiconductor wafer,
such that a cation exchange membrane of the proximity head faces the top surface of the
semiconductor wafer. The method also includes an operation for disposing an electrolyte
solution between z; top surface of the cation exchange membrane and a cathode. The
method fusther includes flowing deionized water between a bottom surface of the cation
exchange membrane and the top surface of the semiconductor wafer. A bias voliage is then

apﬁlied between the top surface of the semiconductor wafer and the cathode, such that



cations liberated from the top surface of the semiconductor wafer are influenced to travel
through the deionized water, through the cation exchange membrane, and through the
electrolyte solution fo the cathode. The method farther includes an operation for
moniforing a flow of electric current through the cation exchange membrane to detect an
endpoint of a planarization process. The endpoint of the planarization process occurs when
the monitored flow of eleotric current is observed to level-off.

[0007] In another embodiment, a proximity head is disclosed for confined area
-planarization of a semiconductor wafer. The proximity head includes a chamber defined to
maintain an electrolyte solution. A cathode is disposed within the chamber in exposure to
the electrolyte solution. A cation exchange membrane is disposed over a lower opening of
the chamber, such that a top surface of the cation exchange membrane is in direct exposure
to the electrolyte solution to be maintained within the chamber. The proximity head also
includes a fluid supply channel defined to expel fluid at a location adjacent to a lower
surface of the cation exchange membrane. The fluid to be expelled from the fluid supply
channel is made to flow over the lower surface of the cation exchange membrane.

[0008] Other aspects and advantages of the invention will become more apparent from the
following detailed description, iaken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a simplified schematic diagram illustrating a silicon substrate having a
copper layer deposited thereon;
Figure 2A is an iflustration showing a vertical cross-sectional view of a proximity

head positioned over and proximate to a wafer to be planarized, in accordance with one

embodiment of the present invention;



Figure 2B is an illustration showing a hori_zcntal cross-sectional view of the
proximity head of Figure 2A, in accordance with one embodiment of the present invention;

Figure 2C is an illustration showing an exterior view of the proximity head, in
accordance with one embodiment of the present invention;

Figare 2D is am illustration showing the proximity head electropolishing
functionality that enables confined area planarization of the w;ifer, in accordance with one
embodiment of the present invention;

Figure 2E is an illustration showing a proximiiy head that does not incorporate a
vacuum channel, in accordance with one embodiment of the present invention;

Figures 3A-3C are a series of illustrations showing traversal of a wafer beneath the
proximity head during the confined area plan#ﬂzation process,' in accordance with one
embodiment of the present invention;

Figure 4 is an illustration showing a chart of electric current flowing between the
wafer and the cathode as a function of time dur_ing the confined area planarization process,
in accordance with one embodiment of the present invention; and

Figure 5 is an illustration showing a flowchart of a method for confined area
planarization of a semiconductor wafer, in accordance with one embodiment of the present

invention.
DETAILED DESCRIPTION

[001_]9] In the following description, numerous specific detzils 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
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,



[0010] During copper interconnect manufacturing on a semiconductor wafer ("wafer"), a
copper layer may be deposited on a seed/barrier layer' using an electroplating process.
Components in the electroplating solution provide for appropriate gap fill on sub-micron
features. However, these sub-micron features tend to plate faster than the bulk areas and
larger trench regions,' i.e., greater than 1 micron. The sub-micron regions are typically
found in large memory arrays such as static random access memory (SRAM), and can span
large areas of the wafer. It should be appreciated that this causes largé areas of the wafer to
have additional topography that needs to be planarized, in addition to the larger trench
| regions that also need to be planarized.

[0011] Figure 1 is a simplified schematic diagram illustrating a silicon substrate having a
copper layer deposited thereon. A copper layer 103 is deposited on a seed/barrier layer (not
shown for clarity reasons) disposed over a wafer 101 using an electroplating process. As
previously mentioned, components in the electroplating solution provide for good gap fill
on sub-micron features, such as sub-micron trenches in region 103, but these features tend
to plate faster than the bulk areas and trench regions 107 and 109. High regions or "steps"
in the topography of the substrate, illustrated by region 111, result over the sub-micron
" trench region 105. These steps are also referred to as "superfil” regions. The superfill
region 111 is defined by thicker copper film than field regions 108 anci trench regions 107
and 109. The superfill region 111 must bé planarized in conjunction with the topography
" over the field regions 108 and trench regions 107 and 109.

[0012]} Current planarization techniques are not suited to handle the superfill topography in
an efficient manner, i.e., planarization techniques are sensitive to pattem density and
circuit layout. More specifically, chemical mechanical planarization (CMP) processés often

must be tuned according to the incoming wafer properties. Therefore, changes are made to
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the CMP process (such as changing step times, overpolish time, or endpoint algorithms, for
example) in order to accommodate variations within or between wafer Iots, Also, such
changes are made to the CMP process to accommodate different pattern densities and
circuit layouts encountered on wafers of mi?:ed-product manufacturing lines.

[0013] When attempting fo perform a single CMP process on the topography having
superfill regions, excessive dishing and erosion can occur in trench regions 107 a.nd 109
when overpolishing is performed in order to completely remove the remaining copper from
the superfill region 111. Additionally, not only is the CMP process required to remove the
excess copper in the superfill region 111, but the CMP process is also required to perform
this removal in 2 manner that follows a contour of the wafer. The contour of the wafer is
due to waviness inherent in the silicon subst-rate of the wafer. The waviness is typically on
the order of 0.2 micron to 0.5 micron total thickness variation. Current CMP processes do
not suitably deal with both superfill region topography and wafer contour, while effectively
planarizing other topography in the trench and field regions. Furthermore, the cost of
consumables and waste treatment of the CMP process effluent (typically acid or alkaline
chemistry containing Cu and solid waste) is high,

[0014] The present invention provides an apparatus and method for performing confined
area planarization (CAP) of a wafer using electroplanarization with minimal chemical
effluent in the waste stream. More specifically, a proximity head is used to establish a
closed-loop cathode half-cell relationship with the surface of the wafer to be planarized.
Figure 2A is an illustration showing a vertical cross-sectional view of a proximity head 200
positioned over and proximate to a wafer 223 to be planarized, in accordance with cne
embodiment of the present invention. The proximity head 200 structure includes an

electrolyte chamber structure 215 and a peripheral structure 217. The electrolyte chamber



structure 215 is defined to hold an electrolyte solution 211 therein. In various embodiments
the electrolyte solution 211 can be static or circulated. A deionized water supply channel
227 is formed between opposing internal walls of the electrolyte chamber structure 215 and
near the center of the proximity head 200. A vacuum channel 225 is formed between the
outer walls of the electrolyte chamber structures 215 and the peripheral structure 217. It
should be appreciated that the electrolyte chamber structure 215 and peripheral structure
217 can be formed from essentially any material having sufficient mechanical strength and
sufficient chemical compatibility with interfacing materials.

[0015] Figure 2B is an iIlustréﬁon showing a horizontal cross-sectional view of the
proximity head 200 of Figure 2A, in accordance with one embodiment of the present
iﬁvention. The electrolyie chamber struc'ture 215 is shown as having an annular-shape, with
the deionized water supply channel 227 defined within the center of the annular-shaped
électrolyte chamber structure 215. The peripherai structure 217 is defined to surround the
electrolyte chamber structure 215 in a spaced-apart relationship therewith. Therefore, the
peripheral structure 217 is also annular-shaped. As shown, the vacuum channel 225 is
defined between the electrolyte chamber structure 215 and the periphera.i structare 217. 1t
should be appreciated that the vacuum channel 225 surrounds a perimeter of the electrolyte
chamber structure 215.

[0016] With reference to Figure 2A, a bottom of the electrolyte chamber 215 is defined by
a one-way cation exchange membrane 221. The membrane 221 functions to contain the
electrolyte solution 211 within the electrolyte chamber 215. In one embodiment, the
membrane 221 is defined to have a thickness of about 0.050 inch. During operation,
deionized water 209 is supplied through the deionized water supply channel 227, as

indicated by arrow 201. The supplied deionized water 209 flows between the proximity



head 200 and the wafer 223, over the membrane 221, and up through the vacuum channel
225, as indicated by arrow 205. In one embodiment, the membrane 221 is defined to have a
width within a range extending from about 0.25 inch to about 2 inches. The width of the
membrane 221 corresponds to the linear distance through which the deionized water flows
from the supply channel 227 to reach the vacuum channel 225. It should be appreciated
that a substantially complete amount of the deionized water 209 is returmed through the
vacuum channel 225, thus forming a meniscus of deionized water 209 between the
proximity head 200 and the wafer 223. A periphery of the meniscus of deionized water is
defined by a meniscus boundary 219.

[0017] A cathode 213 is positioned within the electrolyte chamber 215, The f:athode 213is
electrically connected to a bias voltage supply 207: The surface; of the wafer 223 in
exposure to the deionized water 209 represents an anode and is electrically cormected to a
bias voltage supply 208. The wafer (anode) is maintained at a positive bias voltage with
respect to the cathode 213. Thus, positively charged ions will be atiracted from the wafer
223 toward the cathode 213. In one embodiment, the bias voltage between the wafer 223
and the cathode 213 is maintained within a range extending from about 10 V to about 25
V.

[0018] Figure 2C is an illustration showing an exterior view of the proximity head 200, in
accordance with one embodiment of the present invention. The proximity head 200 h:l:ls a
rectangular shape defined by a long dimension (LD) and a short dimension (SD). Thus, the
meniscus of deionized water 209 between the proximity head 200 and the wafer 223 is
defined to have a substantially rectangular shape. In one embodiment, the long dimension
(LLD) of the proximity head 200 exceeds a diameter of the wafer 223, and the short

dimension (SD) is less than the diameter of the wafer 223. Therefore, once the proximity
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head 200 has completely traversed ovér and proximate to the upper surface of the wafer
223 in the direction of the short dimension (SD), the entire upper surface of the wafer will

have been exposed to the meniscus of deionized water beneath the proximity head 200.

- [0019] Although the proximity head 200 is described herein as having the annular-shaped

electrolyte chamber structure 215 and corresponding amular-shaped' vacuum channel 225,
it should be appreciated that other embodiments of the proximity head 200 can include .
other geometric configurations for the electrolyte chamber 215 and vacuum channel 225,
However, regardless of the specific geometric configuration of the proximity head 200, it
should be understood that the deionized water should be controlled to ‘flow over the
memnbrane 221 within the meniscus established between the proximity head 200 and wafer
223. In one embodiment the deionized water 209 flows between the membrane 221 and the
wafer 223 at a rate within a range exiending from about 100 mL/min to about 2000
mL/min. _
[0020] Figure 2D is an illustration showing the proximity head 200 electropolishing
functionality that enables confined area planarization of the wafer 223, in accordance with
one embodiment of the present invention. The membrane 221 is defined as a polymer
matrix including functional groups that form a network of channels through which cations
can travel. In one embodiment, the membrane 221 is defined by a teflon base including
sulfonic acid functional groups. In general, the membrane 221 is not permeable to wafer.
However, water molecules can be "dragged” along with cations through the network of the
functional groups. The membrane 221 allows cations to pass through the network of
functional groups, while preventing anions from passing through the network of functional

groups. Thus, the membrane 221 is a one-way cation exchange membrane.
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[0021} Under the inﬂuence_ of an appropriate bias voltage cations will readily move
'through the membrane 221. Therefore, the membrane 221 is suitable for use in an
electroplanarization process for removing metal, e.g., copper, from the wafer 223.
Specifically, metal cations, e.g., Cu'™ cations, can be made to move from the wafer 223,
i.e., anode, to the cathode 213 under the influence of a bias voltage applied between the
wafer 223 and the cathode 213, As shown in Figure 2D, the membrane 221 is separated
from the wafer 223 by the deionized water 209. Thus, the deionized water 209 provides a
medium for transport of the metal cations, e.g., Cu'" cations, from the wafer 223 to the
membrane 221. Upon reaching the membrane 221, the metal cations can pass through the
network of functional groups to reach the electrolyte solution 2-11. Upon reaching the
electrolyte solution 211, the metal cations will travel to the cathode 213 and be plated on
the cathode 213. |

[0022] In addition to providing a metwork of cation exchange pathways, the functional
groups, €.g., the sulfonic acid groups, within the membrane 221 also serve to modify a pH
of the deionized wéier 209 within a vicinity of the membrane 221. The region of the
deionized water 209 that is pH-influenced by the membrane 221 represents a critical
boundary layer 233, as depicted by the dashed lines in Figure 2D. The pH of the deionized
water 209 wiﬁn the critical boundary layer 233 is sufficiently influenced by the functional
groups of the membrane 221 to enable etching of a metalized topography 229 on the top
surface of the wafer 223, when the metalized topography 229 is exposed to the critical
boundary layer 233, It should be appreciated that the pH influence exerted by the
membrane 221 on the deionized water 209 within the critical boundary layer 233 drops
within distance from the membrane 221. Therefore, etching reactions will occur at a faster

rate within portions of the critical boundary layer 233 that are closer to the membrane 221.
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[0023] Under the influence of the bias voltage applied between the cathode 213 and the
anode, i.e., the metalized topography on the surface of the wafer 223, metal cations such as
Cu*" that are liberated in the etching reactions within the critical boundary layer 233 will
be coordinated to 2-3 molecules of water, directed through the membrane 221 and be
plated on the cathode 213. Thus, exposure of the metalized topography 229 of the wafer
223 to the critical boundary layer underlying the membrane 221 will enable planarization
of the metalized topography 229. As the wafer 223 traverses beneath the proximity head
200, and the membrane 221 thereof, ‘higher topographical features on the surface of the
wafer 223 will be closer to the membrane 221, and will therefore be etched at a higher rate
relative to lower topographical features on the suff.hce of the wafer 223. Thus, the more
rapid etching of th'e higher topographical features on the surface of the wafer 223 enables
the metalized topography 229 of the wafer 223 to be planarized in a substantially top-down
manner.

[0024] To enable exposure of the metalized topography 229 to the critical boundary layer
233, the membrane 221 needs to be brought within close eﬁough proximity to the wafer
223, However, if the membrane is brought too close to the wafer 223, the membrane will
be attracted to wafer 223 and will adhere to the wafer 223. Direct contact between the
membrane 221 and the wafer 223 is not desirable because the functional groups, e.g.,
sulfonic acid groups, of the membrane 221 will etch the metal from the wafer 223 too fast,
causing dehydration of the water in the contact region and suction of the membrane to the
substrate, resulting in damage to the wafer 223, Additionally, physical contact between the
membrane 221 and the wafer 223 may physically damage the membrane 221 and/or wafer
223, To enshre that the membrane 221 does not adhere io the wafer 223, a minimuim

distance (Dyn) must be maintained between the membrane 221 and the wafer 223.
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[0025] In combination with the need to maintain the minimum distance (D) between the
membrane 221 and the wafer 223, it is also necessary to expose the surface of the wafer
223 to the critical boundary layer 233. The critical boundary layer 233 thickness required

for planarizing the wafer 223 may be on the order of tenths or hundredths of microns. It is

" simply not feasible to control the physical separation between the proximity head 200 and.

the wafer 223 to within a fraction of a micron. Additionally, because the etch rate increases
as the membrane 221 get closer to the wafer 223, it is also necessary to control the
uniformity of the separatiori distance between membrane 221 and the wafer 223. Thus, it is
necessary for the separation distance between the membrane 221 and the wafer 223 to be
adaptable to contourl variations across the wafer 223, and preferably self-limiting.

[0026} Despite limitations associated with controlling the physical separation between the
proximity head 200 and the wafer 223, the mechanical characteristics .of the membrane 221
enables exposure of the wafer 223 to the critical boundary layer 233 in a substantially
uniform manner. More specifically, tﬁe proximity head 200 can be positioned within close
enough proximity to the wafer 223, such that a controlled flexing of the membrane 221
toward the wafer 223 will enable exposure of the wafer 223 to the critical boundary layer
233, without allowing the membrane 221 to contact the wafer 223. A pressure (P) of the
electrolyte solution 211 in combination with a Bernoulli effect caused by the deionized
water 209 flow over the membrane 221 is capable of causing the membrane to flex through
a distance (d) toward the wafer 223.

[0027] The proximity head 200 is capable of maintaining the deionized water 209

meniscus between the membrane 221 and the wafer 223 at a substantially fixed thickness.

In one embodiment, the physical separation between proximity head 200 and the wafer 223

is confrolled to be within a range extending from about 0.5 mm to about 2 mm, As
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previou-sly discussed, the deionized water 209 is de-.-ﬁvered from supply channel 227 near
the center of the proximity head 200 and made to flow over the membrane 221 to the
vacuum chamnel 225 near the periphery of the proximity he.ad 200. The Bemoulli effect
caused by the flow of deionized water 209 over the membrane 221 causes the membrane
221 to flex toward the wafer 223. The amount of membrane 221 flex caused by the flow of
deionized water 209 is dependent on the flow rate of the deionized water. Thus, the fiow
rate of deionized water 209 can be used to control the membrane 221 flex distance (d). The
electrolyte solution 211 pressure (P) can also affect the membrane 221 ﬂex distance (d}.
[0028] In accordance with the foregoing, the physical separation between the proximity
head 200 and the wafer 223 can be controlled in a coarse manner relative to the critical
boundary layer 233 thickness. Then, the electrolyte solution 211 pressure (P) and deionized
water 209 flow rate can be adjusted to provide fine conirol of the membrane 221 flex
distance (d), such that the separation distance between the membrane 221 and the wafer
223 is finely controlled. In one embodiment, the electrolyte solution 211 pressure P)is
maintained within a range extending from about 0 psig to about 10 psig.

[0029] It is conceivable the a contour, i.e., waviness, inherent in the wafer 223 may exceed
the critical boundary layer 233 thickness. However, the ability of the membrane 221 to flex
enables the membrane 221 to conform to the contour of the wafer 223, such that a uniform
separation distance is maintained between the membrane 221 and the wafer 223. In other
words, the flexibility of the membrane 221 combined with the control afforded by the
electrolyte solution 211 pressure (P) and the deionized wafer 209 fiow rate, enables the
membrane 221 to follow the contour of the wafer 223 as the proximily head 200 and wafer

223 move with respect to each other.
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[0030] Figures 3A-3C are a series of illustrations showing ftraversal of the wafer 223
beneath the proximity head 200 during the confined area planarization process, in
accordance with 'oné embodiment of the present invention. Thus, the embodiment of
Figures 3A-3C depicts the proximity head 200 as being stationary while the wafer 223

traverses beneath the proximity head 200 in a direction 301. However, it should be

appreciated that the present invention is not limited to having a stationary proximity head

200 and a moving wafer 223. In another embodiment, the wafer 223 can be stationary and
the ﬁroximity head 200 can move. In yet another embodiment, both the wafer 223 and the
proximity head 200 can be moved with respect to one another,

[0031%] With respect to Figures 3A-3C, attention should bé paid to the topographic feature '
303 that- is within the level occupied by the critical boundary layer 233 beneath the

membrane 221. Figure 3A represents the proximity head 200 positioned just prior to

. traversal of the topographic feature 303 throngh the crifical boundary layer 233. Figure 38

represents the proximity head 200 positioned such that the topographic feature 303 is
within the critical boundary layer 233 beneath the membrane 221, Figure 3C represents the
proximity head 200 positioned just after traversal of the topographic feature 303 through
the critical boundary layer 233, such that the topographic feature 303 has been planarized.

[0032] The closed-loop ce;.thode half-cell, defined between the metalized topography 229
on the wafer 223 surface and the cgthode 213 within the electrolyte 211, functions to plate
metal cations, e.g., Cu™, as the metal cations pass from the topographical feature 303
through the membrane 221 to the cathode 213 under the influence of the bias voltage
231/207. The distance between the wafer 223 and the membrane 221 is controlled by the
deionized water 209 flow rate and electrolyte solution 211 pressure (P). The relative

velocity of the wafer 223 with respect to the proximity head 200 is set to provide a desired
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amount of planarization. More specifically, the ex;;osure duration of the topographic
feature 303 to the critical boundary layer combined with the etch rate deteﬁnines how
much of the topographic featﬁre 303 is removed during its traversal beneath the proximity
head 200, i.e.,.through the critical boundary layer 233. The etch rate is a function of the pH
of the deionized water within the critical boundary layer 233 and the applied bias voltage
231/207. It should be understood that the pH of the deionized water within the critical
boundary layer 233 is set by the composition of the membrane 221, i.e., by the functional

groups within the membrane 221.

[0033] During traversal of the wafer 223 beneath the proximity head 200, the metalized

topography 229 on the top surface of the wafer 223 is electrically connected to one or more
electrodes. In one embodiment, two electrodes are used to contact the metalized
topography 229 on the top surface of the wafer 223. Each these two electrode is defined to
be moved to electrically connect to and disconnect from the wafer 223. It should be
appreciated that movement of the two electrodes to connect to and disconnect from the
wafer 223 can be performed in a number of ways. For example, in one embodiment, the
two electrodes an be moved linea;-ly in a plane aligned with the wafer 223. In another
embodiment, the two electrodes having a sufficient elongated shape and being oriented in a
coplanar arrangement with the wafer 223 can be moved in a rotational manner. to contact
the wafer 223,

[0034} It should also be appreciated that the shape of the two electrodes can be defined in a
number of ways. For example, in one embodiment, the two electrodes can be substantially
rectangular in shape. In another embodiment, each of the two electrodes can have a wafer

contacting edge defined to follow a curvature of the wafer 223 periphery, In yei another
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embodiment, the two electrodes can be C-shaped. It should be understood that the two
electrodes of the present embodiment are independently controllable.

[0035] In the present embodiment the wafer 223 is made fo traverse beneath the proximity

head 200 such that the long dimension (LD) of the proximity head 200 is substantially

perpendicular to a virtual line extending between the two electrodes. As the wafer 223

moves beneath the proximity head 200, the electrode farther from the proximity head 200

is controlied to be electrically connected to the mefalized topography 229 on the top

surface of the wafer 223. Also, as the wafer 223 moves beneath the proximity héad 200,

the electrode closer to the proximity head 200 is controlied to be electrically disconnected

from the metalized topography 229 on the top surface of the wafer 223. Connection of the

two electrodes to the wafer 223 in the manner described above enables a current

distribution present at the portion of the wafer 223 in exposure fo the critical bomﬁaw

layer 233 to be optimized. Additionally, connection of the two electrodes to the wafer 223

in the manner described above enables each electrode to ﬁe disconnected from the wafer
223 as the meniscus of deionized water 209 traverses thereover.

[0036] Although the present invention is described with respect to use of a single
proximity head 200, it should be understood that other embodiments may utilize multiple
proximity heads 200. For example, if it is desirable to increase the traversal rate of the
wafer 223 beneath the proximity head 200, multiple proximity heads 200 may be
positioned in a back-to-back manner to enable sufficient planarization. Additionally, the
proximity head 200 may be followed by another proximity head defined to perform rinsing
and drying operations. Furthermore, in one embodiment the confined area planarization
provided by the proximity head 200 of the present invention may be used to achieve a

uniform (planarized) layer of metal, e.g., Cu, remaining on the wafer 223. This uniform



18

layer may be on the order of 1000 Angstroms to 2000 Angsiroms thick in some
embodiments. 'I‘he. wafer 223 having the uniform (planarized) layer of metal thereon, can
then ije processed through a separate final etch process to clear a necessary thickness of the
remaining metal. -
{0037] It should be appreciated that the confined area planarization process afforded by the
proximity head 200 of the present invention does not require application of mechanical
pressure/stress to the wafer 223, as is common in convention;ﬂ chemical mechanical
planarization (CMP) processes. Additionally, it should be appreciated that the separation
distance between the membrane 221 of the proximity head 200 and the wafer 223 in the

present invention does not rely upon a relative velocity between the membrane 221 and the

wafer 223. Rather, the sepairation distance between the membrane 221 and the wafer 223 in

the present invention is controlled by the flow rate of deionized water 209 between the
membrane 221 and the wafer 223 and by the electrolyte solution 211 pressure (P) behind
the membrane 221. Thus the boundary layer is formed and maintained generally
independently of the head-wafer relative velocity, and removal rates can be then controlled
by residence time of the head relative to the wafer independent of boundary layer thickness

control.

. {0038] It should be appreciated that the boundary layer can be formed by forcing water

across the membrane without the use of a vacuum return line to remove the water (i.e., the
wafer can be flooded and the overflow collected in a drain in the process chamber). Figure
2E is an illustration showing a proximity head 200A that does not incorporate a vacuum
channel, in-accordance with cne embodiment of the present invention. The proximity head
200 features previously described with respect to Figure 2A are also included in the

proximity head 200A. of Figure 2E, with the exception of the vacuum return channel 225,
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In the embodiment of Figure 2E, the deionized water 209 flows over the membrane 221,
over the wafer 223, and eventually flows off the wafer 223 edge to a collection means.
[6039] During the confined area planarization process, as described above with respect to
the proximity head 200, the flow of cations from the wafer 223 to the cathode 213 creates 2
measurable electric current. Thus, this electric current flows from the wafer 223 (anode) to
the cathocie 213. An electric current measuring device can be connected between the wafer
223 and the cathode 213 to measure the electric current flowing from the wafer 223 to the
cathode 213. It should be appreciated that the electric current flowing from the wafer 223
to the cathode 213 is a function of the working contact area between the critical boundary
layer 233 and the ﬁetalized topography 229 on the surface of the wafer 223. The working
contact area represents the area of the metalized topography 229 within the critical
boundary layer 233. Thus, the working contact area represents the area of the metalized
topography 229 from which metal cations, e.g., Cu' ", are being removed.

[0040] As the higher portions of the metalized topography 229 are removed, i.e.,
planarized, during the confined area planarization process, the working contact area will
increase, i.e., the wafer surface area within the critical boundary layer 233 will increase.
Therefore, as the higher portions of the metalized topography 229 are removed, the flow of
rngtal cations between the wafer 223 and the cathode 213 will increase. This increased flow
of metal cations represents a measurable increase in electric current flowing from the wafer
223 to the cathode 213. Eventually, when the wafer becomes planarized, the working
contact area becomes substantially constant. When the working contact arez becomes
substantially constant, the flow of metal cations from the wafer 223 to the cathode 213
become substantially constant, i.e., each portion of the wafer surface contributes equally to

the flow of metal cations. Therefore, when the working contact area becomes substantially
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constant, the flow of electric current between the wafer 223 and the cathode 213 becomes
substantially constant. Thus, a leveling-off of the electric current between the wafer 223
and the cathode 213 is an indication that the wafer 223 is planarized. Hence, the ele;:tric
current between the wafer 223 and the cathode 213 can be monitored to detect an endpoint
of the planarizgtion process.

[0041] Figure 4 is an illusiration showing a chgﬂ of electric current flowing between the
wafer 223 and the cathode 213 as a function of time during the conﬁned area planarization
process, In accordance with one embodiment of the present invention. For ease of
discussion, the electric current flowing between the wafef 223 and the cathode 213 will be
referred to as the "current." From the start of the confined arca planarization process, the
current increases steadily as the wafer is planarized. As discussed above, the steady
increase in current is due to exposure of more metalized topography 229 to the critical
boundary layer 233 as the higher portions of the metalized topography 229 become

planarized.

. [0042]) As the metalized topography 229 approaches a planarized state, the current begins

to level off. When the wafer 223 becomes substantially planarized, each portion of the
wafer surface will be exposed in a substantially equal manner to the critical boundary layer
233. Thus, when the wafer 223 becomes substantially planarized, the current will level off
as indicated by a location 401 on the curve of Figure 4. The location 401 represents the
endpoint of the confined area planarization process. If the confined area planarization
process continues beyond the time corresponding to the location 401, the current will
remain substantially level. Eventually, however, enough metal will be removed from the
wafer 223 such that electrically non-conductive layers underlying the previously present

metalized topography 229 will be exposed. When the electrically non-conductive layers are
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exposed, the current will drop as indicated by a location 403 on the cﬁrve of Figure 4.
Thus, the location 403 represents the breakthrough point of the confined area planarization
process.

[0043] In one embodiment, the confined area planarization process may be continued until
the breakthrough point is reached. However, in another embodiment, the confined area
planarization process may be continued until the planarization endpoint is reached.
Because the metalized topography 229 is removed in a top-down manner, it is generally
expected that a planarized layer of metal will remain on the wafer surface when the
planarization endpoint. is reached. Upon -reaching the planarization endpoint of the
confined area planarization process, the wafer 223 may be subjected to a separate final etcil
process, .g., wet clean etch process or plasma etch back process, to upiformly remove a
required thickness of the remaining metal present on the wafer surface.

[0044] Figure 5 is an illustration showing a flowchart of a method for confined area
planarization of a semiconductor wafet, in accordance with one embodiment of the present
invention. It should be understood that the'. method of Figure 5 is intended to be performed
using the proximity head 200 described above with respect to Figures 2A-4. The method |
includes an operation 501 for disposing a proximity head over and proximate to a t.:op
surface of a semiconductor wafer such that a cation exchange membrane faces the top
surface of the semiconductor wafer. In an operation 503, an electrolyte solution is disposed
between a top surface of the cation exchange membrane and a cathode. An operation 505 is
performed to flow deionized water between a botiom surface of the cation exchange
membrane and the top surface of the semicc?nductor wafer. The method further includes an
operation 507 for applying a bias voltage between the top surface of the semiconductor

wafer and the cathode, such that cations liberated from the top surface of the
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semiconductor wafer are influenced to travel through the deionized water, through the
cation exchange membrane, and through the electrolyte soh_;tion to the cathode.

[0045] In one embodiment the flow rate of the deionized water is controlied such that the
cation exchange membrane flexes toward the top surface of the semiconductor wafer under
the influence of a Bernoulli force without contacting the top surface of the semiconductor

wafer. The flexing of the cation exchange membrane causes a pH modified region of the

_ deionized water proximate to the bottom surface of the cation exchange membrane, i.e., the

above-described critical boundary layer 233, to be in contact with the top surface of the
wafer. It should be understood that the pFl modified region of the deionized water causes
the cations to be liberated from the top surface of the semiconductor wafer.

[0046] The method further includes an operation 509 for scgnning the semiconductor
wafer beneath the proximity head such that a metalized topography present on the top
surface of the semiconductor wafer is removed in a substantially uniform top-down
manner. Additionally, the method can include a process for detecting a planarization
endpoint. The planarization endpoint det;ection process includes monitoring of a flow of
clectfic.: current through the cation exchange membrane. The planarization endpoint
corresponds to a leveling-off of the monitored flow of electric current through the cation
exchange membrane. It should be understood that the flow of electric current through the
cation excilange membrane is monitored_by measuring an electric current between the top
surface of the semiconductor wafer and the cathode.

[0047) 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
studying the drawings will realize various alterations, additions, permui:ations and

equivalents thereof. Therefore, it is intended that the present invention includes all such
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alterations, additions, permutations, and equivalents as fall within the true spirit and scope
of the invention.

What is claimed is:
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CLAIMS

1. A method for confined area planarization of a semiconductor wafer,
comprising:

disposing a proximity head over and proximate to a top surface of a semiconductor
wafer such that a cation exchange membrane of the proximity head faces the top surface of
the semiconductor wafer;

disposing an electrolyte solution between a top surface of the cation exchange
membrane and a cathode;

flowing deionized water between a bottom surface of the cation exchange membrane
and the top surface of the semiconductor wafer;

controlling a flow rate of the deionized water such that the cation exchange
membrane flexes toward the top surface of the semiconductor wafer under the influence of a
Bernoulli force without contacting the top surface of the semiconductor wafer and such that a
substantially uniform separation distance is maintained between the cation exchange
membrane and the top surface of the semiconductor wafer; and

applying a bias voltage between the top surface of the semiconductor wafer and the
cathode such that cations liberated from the top surface of the semiconductor wafer are
influenced to travel through the deionized water through the cation exchange membrane

through the electrolyte solution to the cathode.

2. A method for confined area planarization of a semiconductor wafer as recited
in claim 1, wherein the flexing of the cation exchange membrane causes a pH modified region
of the deionized water proximate to the bottom surface of the cation exchange membrane to
be in contact with the top surface of the semiconductor wafer, the pH modified region of the
deionized water causing the cations to be liberated from the top surface of the semiconductor

wafer.
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3. A method for confined area planarization of a semiconductor wafer as recited
in claim 1, further comprising:

scanning the semiconductor wafer beneath the proximity head such that a metalized
topography present on the top surface of the semiconductor wafer is removed in a

substantially uniform top-down manner.

4. A method for confined area planarization of a semiconductor wafer as recited
in claim 1, further comprising:

expelling deionized water at a first location adjacent to the bottom surface of the
cation exchange membrane; and

suctioning deionized water at a second location adjacent to the bottom surface of the
cation exchange membrane such that the deionized water flows over the bottom surface of the

cation exchange membrane.

5. A method for confined area planarization of a semiconductor wafer as recited
in claim 1, wherein the cation exchange membrane is defined to enable cation flow through
the cation exchange membrane and block anion flow through the cation exchange membrane

while providing bulk fluid confinement,

6. A method for confined area planarization of a semiconductor wafer as recited
in claim 1, further comprising:
controlling a pressure of the electrolyte solution on the top surface of the cation

exchange membrane so as to control a flexibility of the cation exchange membrane.

7. A method for detecting a planarization endpoint in a. confined area

planarization process, comprising;
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disposing a proximity head over and proximate to a top surface of a semiconductor
wafer such that a cation exchange membrane of the proximity head faces the top surface of
the semiconductor wafer;

disposing an electrolyte solution between a top surface of the cation exchange
membrane and a cathode;

flowing deionized water between a bottom surface of the cation exchange membrane
and the top surface of the semiconductor wafer;

applying a bias voltage between the top surface of the semiconductor wafer and the
cathode such that cations liberated from the top surface of the semiconductor wafer are
influenced to travel through the deionized water through the cation exchange membrane
through the electrolyte solution to the cathode; and

monitoring a flow of electric current through the cation exchange membrane to detect

an endpoint of a planarization process.

8. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 7, wherein the endpoint of the planarization process
corresponds to a leveling-off of the monitored flow of electric current through the cation

exchange membrane.

9. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 7, wherein the flow of electric current through the
cation exchange membrane is monitored by measuring an electric current between the top

surface of the semiconductor wafer and the cathode.

10. A method for detecting a planarization endpoint in a confined area

planarization process as recited in claim 7, further comprising;
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scanning the semiconductor wafer beneath the proximity head such that a metalized
topography present on the top surface of the semiconductor wafer is removed in a

substantially uniform top-down manner.

11. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 7, further comprising:

expelling deionized water at a first location adjacent to the bottom surface of the
cation exchange membrane; and

suctioning deionized water at a second location adjacent to the bottom surface of the
cation exchange membrane such that the deionized water flows over the bottom surface of the

cation exchange membrane.

12. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 7, wherein the cation exchange membrane is defined
to enable cation flow through the cation exchange membrane and block anion flow through

the cation exchange membrane while providing bulk fluid confinement.

13. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 7, further comprising:
controlling a pressure of the electrolyte solution on the top surface of the cation

exchange membrane so as to control a flexibility of the cation exchange membrane.

14. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 7, further comprising:

controlling a flow rate of the deionized water such that the cation exchange
membrane flexes toward the top surface of the semiconductor wafer under the influence of a

Bernoulli force without contacting the top surface of the semiconductor wafer.
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15. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 14, wherein the flexing of the cation exchange
membrane causes a pH modified region of the deionized water proximate to the bottom
surface of the cation exchange membrane to be in contact with the top surface of the
semiconductor wafer, the pH modified region of the deionized water causing the cations to be

liberated from the top surface of the semiconductor wafer.



