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(57) ABSTRACT 
The present invention provides a process for electropolishing 
a conductive surface of a semiconductor Wafer. During the 
process, a contact electrode in a contact solution contacts a 

contact region on surface of the conductive layer With the 
contact solution. Further, during the process a process elec 
trode in a process solution contacts a process region on the 
conductive surface With the process solution While applying 
an electrical potential between the contact electrode and the 
process electrode to electropolish the surface of the conduc 
tive layer of the process region. 
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ELECTROPOLISHING SYSTEM AND PROCESS 

RELATED APPLICATIONS 

[0001] This application claims priority from Provisional 
Application Serial No. 60/425,694 ?led Nov. 12, 2002. This 
Application is a continuation in part of US. application Ser. 
No. 10/093,185, ?led Mar. 5, 2002, (NT-003C) Which is a 
continuation of US. Ser. No. 09/877,335 ?led Jun. 7, 2001 
(NT-003D), now US. Pat. No. 6,471,847, Which is a divi 
sional of US. Ser. No. 09/283,024 ?led Mar. 30, 1999 (NT 
003), now US. Pat. No. 6,251,235. This application is also a 
continuation in part of US. applications Ser. No. 09/ 685,934 
?led Oct. 11, 2000 (NT-105) and US. Ser. No. 10/238,665, 
?led Sep. 20, 2002 (NT-001C1), Which is a continuation of 
US. Ser. No. 09/607,567 ?led Jun. 29, 2000, (NT-001D) 
Which is a divisional ofU.S. Ser. No. 09/201,929 ?led Dec. 1, 
1998, (NT-001)noW US. Pat. No. 6,176,992, all incorporated 
herein by reference. 

FIELD 

[0002] The present invention generally relates to semicon 
ductor integrated circuit technology and, more particularly, to 
an electroetching or electropolishing process and apparatus. 

BACKGROUND 

[0003] Conventional semiconductor devices generally 
include a semiconductor substrate, usually a silicon substrate, 
and a plurality of sequentially formed dielectric layers such as 
silicon dioxide and conductive paths or interconnects made of 
conductive materials. Interconnects are usually formed by 
?lling a conductive material in trenches etched into the 
dielectric layers. In an integrated circuit, multiple levels of 
interconnect networks laterally extend With respect to the 
substrate surface. Interconnects formed in different layers can 
be electrically connected using vias or contacts. 

[0004] The ?lling of a conductive material into features 
such as vias, trenches, pads or contacts, can be carried out by 
electrodeposition. In electrodeposition or electroplating 
method, a conductive material, such as copper is deposited 
over the substrate surface including into such features. Then, 
a material removal technique is employed to planariZe and 
remove the excess metal from the top surface, leaving con 
ductors only in the features or cavities. The standard material 
removal technique that is most commonly used for this pur 
pose is chemical mechanical polishing (CMP). Chemical 
etching and electropolishing, Which is also referred to as 
electroetching or electrochemical etching, are also attractive 
process options that are being evaluated for this application. 
Copper is the material of choice, at this time, for interconnect 
applications because of its loW resistivity and good electromi 
gration properties. Therefore, the present invention Will be 
described for the electropolishing of copper and copper alloy 
layers as an example, although electropolishing of other 
materials such as Pt, Co, Ni etc., can also be achieved using 
the method and apparatus of this invention. 

[0005] Standard electroplating techniques yield copper 
layers that deposit conformally over large features, such as 
features With Widths larger than a feW micrometers. This 
results in a plated Wafer surface topography that is not ?at. 
FIG. 1A shoWs a Workpiece surface 100 With an exemplary 
via 102 and an exemplary trench 104 coated With conductor 
106 using standard electroplating technique. As can be seen 
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from this ?gure, although the surface of the conductor 106 
may be ?at over the small via 102, the surface of the conductor 
106 over the larger trench 104 has a step “S”. During the 
excess conductor or overburden removal process step 
employing CMP, etching or electroetching, this non-?at sur 
face topography needs to be planariZed as the excess conduc 
tor is removed from the surface leaving it only Within the 
features. If planariZation is not achieved, as the thickness of 
the conductor is reduced, presence of the step S causes loss of 
conductor from Within the large trench. Dashed lines 110 and 
112 schematically shoW hoW conductor loss from the trench 
may increase from an amount “d” to a larger amount “D” as 
the excess conductor thickness on the surface is reduced from 
“t” to nearly Zero, respectively. As can be appreciated, such 
conductor loss from Within features is not acceptable. 

[0006] CMP techniques have been developed to provide the 
capability of planariZing and at the same time removing the 
excess conductor layers. This is shoWn in FIG. 1B as dashed 
lines of 120 and 122. After excess conductor removal, the 
resulting surface is ideally planar as indicated by dashed line 
122, and both the via 102 and trench 104 are completely ?lled 
With the conductor. It should be noted that any remaining part 
of the excess conductor along With any other conductor layer 
(such as a barrier layer) are all removed to assure electrical 
isolation betWeen the conductors Within features 1 02 and 104. 

[0007] PlanariZation capability of standard electroetching 
techniques is not as good as CMP. Therefore, results from 
these processes may lie somewhere betWeen the cases shoWn 
in FIGS. 1A and 1B. PlanariZation capability of electroetch 
ing may be increased and the ideal result shoWn as dashed line 
122 in FIG. 1B may be approached by employing a planariZa 
tion pad or Workpiece surface in?uencing device (WSID) 
Which introduces mechanical action on the Wafer surface as 
the conductor removal from the Workpiece surface is per 
formed. This Way it may be possible to planariZe the non 
planar or non-?at copper surface as the excess copper is 
removed. Since there is mechanical action in such processes 
they are referred to as Electrochemical Mechanical Etching 
(ECME) or Electrochemical Mechanical Polishing. As the 
name suggest, in such approaches, electroetching is carried 
out as the Wafer surface is contacted by a planariZation pad 
and relative motion is established betWeen the Wafer surface 
and the planariZation pad. 

[0008] As described above, standard electroplating tech 
niques yield conformal deposits and non-planar Workpiece 
surfaces that need to be planariZed during the excess material 
removal step. NeWly developed electrodeposition techniques, 
Which are collectively called Electrochemical Mechanical 
Deposition (ECMD) methods, utiliZe a pad or WSID in close 
proximity of the Wafer surface during conductor deposition. 
Action of the WSID during plating gives planar deposits With 
?at surface topography even over the largest features present 
on the Workpiece surface. Such a planar deposit is shoWn as 
layer 130 in FIG. 1C Removal of excess conductive material, 
such as copper from such planar deposits does not require 
further planariZation during the material removal step. There 
fore, CMP, electroetching, chemical etching, electrochemical 
mechanical etching and chemical mechanical etching tech 
niques may all be successfully employed for removing the 
overburden in a planar and uniform manner in this case. 

[0009] There are several patents and patent applications 
describing the electroetching process carried out With the 
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assistance of the mechanical action provided by a pad or 
WSID. Details of such processes are given in the following 
patents and patent applications; U.S. Pat. No. 6,402,925; U.S. 
patent application Ser. No. 10/238,665, entitled Method and 
apparatus for electroplating and electropolishing, ?led Sep. 
20, 2002, U.S. patent application Ser. No. 09/671,800 
entitled, Method to minimize/eliminate metal coating over 
the top surface of a patterned substrate and layer structure 
made thereby, ?led Sep. 28, 2000; U.S. patent application Ser. 
No. 09/841,622 entitled Electroetching system and method, 
?led Apr. 23, 2001; U.S. patent application Ser. No. 10/201, 
604 entitled, Multi-step electrodeposition process, ?led Jul. 
22, 2002; U.S. Provisional Application Serial No. 60/362,513 
entitled, Method and Apparatus for Planar Material Removal 
technique using multi phase process environment, ?led Mar. 
6, 2002, U.S. application Ser. No. 10/238,665, entitled 
Method and apparatus for electroplating and electropolish 
ing, ?led Sep. 20, 2002 all commonly oWned by the assignee 
of the present invention. 

[0010] During the standard electrodeposition and electro 
etching processes, Workpiece or Wafer is typically contacted 
on its front surface near its edge, all around its circumference. 
The conventional Way of contacting the Wafer involves a 
clamp-ring design Where electrical contacts such as spring 
loaded metallic ?ngers are pressed against the edge of the 
surface along the perimeter of the Wafer. Contacts are pro 
tected from the process solution using seals such as O-rings or 
lip seals that are pushed against the Wafer surface at the edge. 
Advance of loW-k material usage in Wafer processing, hoW 
ever, is bringing neW restrictions to the use of such contacts. 
LoW-k materials are relatively soft and mechanically Weak. 
Pressing metallic contacts and seals against conductive ?lms 
deposited on loW-k materials causes damage to such materials 
and may even cause loss of electrical contact since the con 
ductive ?lm over the damaged loW-k layer may itself become 
discontinuous. To address this challenge, a neW method for 
forming an electrical contact to a Wafer edge has been dis 
closed in U.S Pat. Nos. 6,471,847 and 6,251,235, Which are 
commonly oWned by the assignee of the present invention. In 
this approach there is no metallic contact touching the Wafer. 
Electrical contact is achieved using a liquid conductor, Which 
is con?ned Within a chamber. 

[0011] RevieW of the above mentioned art related to Elec 
trochemical Mechanical Etching and Electrochemical 
Mechanical Deposition techniques Will reveal that these 
methods have the capability to electrotreat, i.e., electrode 
posit as Well as electropolish, full surface of the Wafer Without 
any need to set aside a “contacting region” protected from the 
process solution, such as the edge surface region that Would 
be under a clamp-ring in an apparatus that uses electrical 
contacts With a clamp-ring design. 

[0012] Contact designs that alloW full-face electrodeposi 
tion or electroetching have been described in the folloWing 
U.S. patent applications: U.S. patent application Ser. No. 
09/685,934 entitled, Making electrical contact to the surface 
of a Workpiece during metal plating, ?led Oct. 1 1, 2000; U.S. 
patent application Ser. No. 09/735,546 entitled, Method of 
electrical contact to Wafer frontal side for electrochemical 
plating, ?led Dec. 14, 2000; and, U.S. patent application Ser. 
No. 09/760,757 entitled, Method and apparatus for elec 
trodeposition of uniform ?lm on substrate, ?led J an. 17, 2001, 
all commonly oWned by the assignee of the present invention. 
As described in these applications, one method of making 
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electrical contact to the Workpiece surface involves physi 
cally touching the conductive surface of the Workpiece by 
conductive contact elements, such as Wires, ?ngers, springs, 
rollers, brushes etc., and establishing a relative motion 
betWeen the contact elements and the Wafer surface so that 
different sections of the Wafer surface is physically and elec 
trically contacted at different times. In another method, elec 
trical contact to the Workpiece surface is achieved Without 
physically touching the Wafer by the conductive contact ele 
ments. Either Way, electrical contacts may be made substan 
tially all over the surface of the Wafer or only at the edge 
region of the Wafer. 

[0013] Although much progress has been made in elec 
tropolishing approaches and apparatus including contacting 
means of the Workpiece during electropolishing, there is still 
need for alternative contacting means and electroetching 
techniques that uniformly remove excess conductive ?lms 
from Workpiece surfaces Without causing damage and defects 
especially on advanced Wafers With loW-k materials. 

SUMMARY OF THE INVENTION 

[0014] The present invention overcomes the identi?ed limi 
tations of conventional electropolishing approaches and pro 
vides alternative contacting means and electroetching tech 
niques that uniformly remove conductive ?lms from a 
Workpiece surface. 

[0015] In one or more embodiments of the invention, an 
apparatus and a method for electropolishing a surface of a 
conductive layer on a Work piece are disclosed. The method 
of the present invention includes the steps immersing a con 
tact electrode in a contact solution, contacting a portion of the 
surface of the conductive layer With the contact solution to 
de?ne a contact region, immersing a process electrode in a 
process solution, contacting a portion of the surface of the 
conductive layer With the process solution to de?ne a process 
region, and applying an electrical potential betWeen the con 
tact electrode and the process electrode to electropolish the 
surface of the conductive layer of the process region. 

[0016] According to another aspect of the invention, the 
method further includes the step of moving at least one of the 
contact or process region from a ?rst location to a second 
location on the surface of the conductive layer. In moving at 
least one of the regions from the ?rst location to another 
location throughout the process, the entire surface of the 
conductive layer can be electropolished. 

[0017] In another aspect of the invention, the contact solu 
tion and the process solution are the same conductive solu 
tion. The conductive solution contacts the surface of the con 
ductive layer. 

[0018] According to another aspect of the invention, a sec 
ond contact electrode is provided, and the method further 
includes the steps of immersing the second electrode in the 
contact solution, contacting a portion of the surface of the 
conductive layer With the contact solution to de?ne a second 
contact region, and applying an electrical potential betWeen 
the contact electrodes and the process electrode to electropol 
ish the second contact region. 

[0019] According to another aspect of the invention, the 
method further includes the step of contacting the surface of 
the conductive layer With a top surface of a pad thereby 
planariZing nonuniformities of the surface of the conductive 
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layer during electropolishing. The top surface of the pad may 
be abrasive. The pad may intermittently contact the surface of 
the conductive layer. 

[0020] In another embodiment of the present invention, an 
apparatus for electropolishing a surface of a conductive layer 
on a Workpiece includes a contact unit containing a contact 
solution, a contact electrode immersed therein and having an 
opening through Which the contact solution contacts a portion 
of the surface of the conductive layer to de?ne a contact 
region, and a process unit containing a process solution, a 
process electrode immersed therein and having an opening 
through Which the process solution contacts a portion of the 
surface of the conductive layer to de?ne a process region 
con?gured to electropolish the surface of the conductive layer 
de?ned by the process region in response to a potential dif 
ference applied betWeen the contact electrode and the process 
electrode. 

[0021] According to other aspects of the invention, the 
contact electrode and/ or the process electrode may be proxi 
mate to the surface of the conductive layer. The potential 
difference includes a DC voltage or a variable voltage. 

[0022] According to yet another aspect of the invention, a 
mechanism produces relative motion betWeen the process 
region and the surface of the conductive layer to electropolish 
substantially the Whole surface of the conductive layer on the 
Workpiece. The mechanism may further produce relative 
motion betWeen the contact region and the surface of the 
conductive layer. 

[0023] According to additional aspects of the invention, the 
process unit includes a plurality of process openings through 
Which the process solution contacts portions of the surface of 
the conductive layer to de?ne a plurality of process regions 
and the potential difference applied betWeen the contact elec 
trode and the process electrode electropolishes the surface of 
the conductive layer de?ned by the plurality of process 
regions. Moreover, the contact unit includes a plurality of 
contact openings through Which the contact solution contacts 
portions of the surface of the conductive layer, each contact 
opening includes a contact electrode disposed therein and the 
potential difference applied betWeen the contact electrodes 
and the process electrode electropolishes the surface of the 
conductive layer de?ned by the plurality of process regions. 

[0024] In yet other aspects of the invention, a ?rst set of 
contact units is con?gured to contact portions of the surface of 
the conductive layer Wherein the potential difference applied 
betWeen the contact electrodes of the ?rst set of contact units 
and the process electrode electropolishes the surface of the 
conductive layer de?ned by a ?rst set of process regions. 
Moreover, a second set of contact units is con?gured to con 
tact portions of the surface of the conductive layer Wherein a 
second potential difference applied betWeen the contact elec 
trodes of the second set of contact units and the process 
electrode electropolishes the surface of the conductive layer 
de?ned by a second set of process regions. 

[0025] In yet another aspect of the invention, a Zone sWitch 
is con?gured to select the ?rst contact Zone or the second 
contact Zone to apply the potential difference. The potential 
difference and the second potential difference may be differ 
ent voltages. 

[0026] The above and additional advantages of the present 
invention Will become apparent to those skilled in the art from 
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a reading of the folloWing detailed description When taken in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1A is a schematic illustration of a substrate 
having a non-planar copper overburden layer Which has been 
deposited using a conventional deposition process; 

[0028] FIG. 1B is a schematic illustration of the substrate 
shoWn in FIG. 1A Wherein a planariZation process has been 
applied to the non-planar copper overburden layer; 

[0029] FIG. 1C is a schematic illustration of a substrate 
having a planar copper overburden layer Which has been 
deposited using an electrochemical mechanical deposition 
process; 

[0030] FIG. 2A is a schematic cross-sectional vieW of a 
portion of a semiconductor Wafer having a copper layer 
formed on it; 

[0031] FIG. 2B is a schematic cross sectional vieW of the 
semiconductor Wafer in detail; 

[0032] FIG. 3A is a schematic illustration of an embodi 
ment of an electropolishing system of the present invention; 

[0033] FIGS. 3B-3D are schematic illustrations of various 
embodiments of the contact units for establishing electrical 
contact With Wafer surface through the process solution; 

[0034] FIGS. 3E-3G3D are schematic illustrations of vari 
ous designs of the contact units and process units for estab 
lishing electrical contact With and processing a Wafer surface; 

[0035] FIG. 4A is a schematic illustration of another 
embodiment of an electropolishing system of the present 
invention including multiple contact and process electrodes; 

[0036] FIG. 4B is a schematic planar vieW of the electropol 
ishing system shoWn in FIG. 4A; 

[0037] FIG. 5 is a schematic illustration of yet another 
embodiment of an electropolishing system of the present 
invention using multiple contact electrodes With a single pro 
cess electrode; 

[0038] FIGS. 6A-6B are schematic illustrations of a holder 
structure used With the electropolishing system of the present 
invention; 
[0039] FIGS. 8A-8B are schematic illustrations of another 
holder structure used With the electropolishing system of the 
present invention; 

[0040] FIGS. 9A-9B are schematic illustrations of yet 
another holder structure used With the electropolishing sys 
tem of the present invention; 

[0041] FIGS. 10A-10B are schematic illustrations of other 
embodiments of an electropolishing system of the present 
invention using multiple contact electrodes With a single pro 
cess electrode; and 

[0042] FIGS. 11A-11B are schematic illustrations of stages 
of an electropolishing process using the electropolishing sys 
tem shoWn in FIG. 10A. 

DETAILED DESCRIPTION 

[0043] As Will be described beloW, the present invention 
provides a method and a system to electroetch or electropol 
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ish a conductive material layer deposited on a surface of a 
semiconductor. The invention can be used With Electrochemi 
cal Mechanical Etching processes or conventional clectro 
etching systems. The present invention achieves electroetch 
ing of the conductive material through the combination of the 
use of a process solution and electrical contact elements that 
do not make physical contact to the Workpiece surface. 

[0044] Reference Will noW be made to the draWings 
Wherein like numerals refer to like parts throughout. FIG. 2A 
shoWs a cross-sectional vieW of a portion of a Workpiece 
10011. The Workpiece may be an exemplary portion of a pre 
processed semiconductor Wafer. As also shoWn in FIG. 2B in 
detail, a top layer 10211 of the Workpiece 100a may include a 
layer of conductive material such as electroplated copper. A 
bottom layer 10411 of the Workpiece may include an insulating 
layer 106a such as a loW-k dielectric ?lm and substrate 108 of 
the Wafer, preferably silicon. In this embodiment, although 
the conductive layer 10211 is a part of the Workpiece 100a, it is 
Within the scope of the present invention that the Workpiece 
100a may be entirely made of a conductive material. 

[0045] The insulating layer is patterned to provide a via 
feature 110 and a trench feature 112. The features and surface 
114 of the insulating layer may be lined With a barrier layer 
116 such as a layer of Ta, TaN, Ti, WCN, WN, TiN or a 
composite of these materials. The barrier layer may be also 
coated With a conductive seed layer such as a copper seed 
layer that is not shoWn in FIG. 2B for the purpose of clarity. 
Such seed layers are commonly deposited on semiconductor 
Wafers before conductive layer deposition. The Workpiece 
100a may comprise a plurality of via, trench and other fea 
tures. As illustrated in FIG. 2B, in order to exemplify one 
embodiment of the present invention the surface 10311 of the 
conductive layer 102a may be planar, i.e. may not have a 
surface topography having high and loW regions formed dur 
ing the deposition of the conductive layer 10211. It should be 
appreciated that the invention can also process non-planar 
Wafer surfaces. 

[0046] FIG. 3A schematically explains hoW electropolish 
ing of a material on a Wafer surface may be achieved using a 
remote electrical contact to the Wafer. The cross-sectional 
segment in FIG. 3A shoWs a portion of an exemplary electro 
etching or electropolishing system 200 to electrochemically 
etch a portion of the copper layer 102a, off the surface of the 
Workpiece 10011, which is held by a Wafer carrier (not shoWn). 
The electroetching system in this example embodiment has a 
contact unit 202 and a process unit 204. As Will be described 
more fully beloW, the contact unit 202 is able to establish 
electrical contact With the conductive layer 10211 through a 
liquid contact solution. 

[0047] In this respect, the contact unit 202 comprises a 
contact container 206 or a contact noZZle to contain a contact 

solution 208. A contact electrode 209 is placed inside the 
contact container 206 and thus imnmersed in the contact 
solution 208. The contact electrode does not physically touch 
the surface 10311 of the copper layer 10211. The contact elec 
trode 209 is electrically connected to a positive terminal of a 
poWer source 210. Contact solution 208 ?lls the container 
through a contact inlet 212 and leaves the container through 
contact opening 214. The inlet 212 may be connected to a 
contact solution reservoir (not shoWn). The contact opening 
214 is placed in close proximity of a contact region 22011 of 
the surface 10311 of the conductive layer 10211. As the contact 
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solution 208 ?oWs through the opening 214, it physically 
touches the contact area and establishes electrical communi 
cation betWeen the electrode 209 and the contact region 220a 
since it is a conductive liquid. For loWest voltage drop, the 
contact electrode 209 is as close as possible to the contact area 
220a. HoWever, if the resistivity of the contact solution 208 is 
loW and the voltage drop is not a concern the contact electrode 
209 may even be placed outside the contact container and 
placed anyWhere as long as it maintains physical contact With 
the contact solution 208. 

[0048] The process unit 204 comprises a process container 
222 or a process noZZle to contain process solution 224, 
Which is an electroetching or electropolishing solution. A 
process electrode 226 is located inside the process container 
222 and kept immersed in the process solution 224. It should 
be noted that the process electrode does not have to be con 
?ned in the process container. It may be outside as long as it 
physically touches the process solution and therefore estab 
lishes electrical contact With it. The process electrode 226 is 
electrically connected to a negative terminal of the poWer 
source 210. Process solution 224 ?lls the process container 
through a process inlet 228 and exits the container through 
process opening 230. The process solution 224 can be re 
circulated or agitated. The inlet 228 may be connected to a 
process solution reservoir (not shoWn). The process opening 
230 is placed in close proximity of a process region 2201) of 
the surface 10311 of the conductive layer 10211. In this embodi 
ment, the process region 2201) may be approximately equal to 
the area of the process opening 230. The process solution 224 
?oWing through the opening 230 contacts the process region 
2201) and establishes electrical contact betWeen the process 
electrode 226 and the process region 2201). Although a spe 
ci?c contact region and process region are illustrated in FIG. 
3A, it is understood that these regions may be located any 
Where on the Workpiece. Furthermore, a plurality of contact 
units and process units may be used. The contact solution and 
the process solution may be different solutions or they may be 
same. If they are the same solution, they need to be effective 
electroetching or electropolishing solutions for the material 
to be removed from the Workpiece surface. 

[0049] The contact units and process units may be con 
structed in different Ways using various different materials. 
For example, it is possible that the contact electrode 209 is on 
the Wall of the container 206 or it actually is the Wall of the 
container 206. Similar approach may be used for the con 
struction of the process container 222. The contact or process 
units may comprise an insulating spongy material Within 
Which the conductive electrodes are embedded. FIG. 3B 
shoWs such a case for the contact unit 202a, comprising 
insulating spongy material 250, Which holds and passes 
through the contact solution 208. Contact electrode 209 
touches the contact solution 208 in the sponge 250. It should 
be noted that, as shoWn in FIG. 3B, the spongy material may 
physically touch the copper ?lm 102a surface during elec 
tropolishing since it is a soft material and does not damage the 
surface. Similarly, use of an insulating spongy material or 
insulating soft pad in the construction of the process unit, 
Which may physically contact the Wafer surface during pro 
cessing is Within the scope of this invention. 

[0050] Referring to FIG. 3A, electroetching of the copper 
layer 10211 is initiated at the process region 2201) When a 
potential is applied betWeen the contact electrode 209, Which 
is anode, and the process electrode 226, Which is cathode. The 
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electrical current passes from the contact electrode 209 to the 
contact solution 208 and through the contact solution enters 
the copper layer 10211 at the contact region 22011. The current 
then ?oWs in the copper layer 1 02a toWards the process region 
220b, enters the electroetching solution 224 and ?oWs to the 
process electrode 226. In this respect, the contact electrode 
209 is more anodic than the copper ?lm at the contact region 
220a and the copper ?lm at the process region 2201) is more 
anodic than the cathode 226. The anodic voltage on the cop 
per ?lm at the process region causes electropolishing or elec 
troetching of the copper in this particular region. The copper 
removed from the substrate in this region deposits on the 
process electrode 226. If the solution is formulated to contain 
complexing agents it is possible that copper complexes to stay 
in the solution rather than deposit on the process electrode 
226. We Will, hoWever, continue giving the example of the 
case Where the solution is a standard electroetching solution 
such as a phosphoric acid solution. The contact electrode 209 
is made of an inert material such as Pt or Pt-coated metal, 
stainless steel, conductive mesh or foam etc., and therefore 
anodic voltage on this inert electrode cannot remove any 
material. It may, hoWever, generate bubbles of gas, Which can 
be removed by the ?oWing solution or by other designs built 
in the contact unit. One such design is shoWn in FIG. 3C and 
it includes a permeable barrier 260 placed over the contact 
electrode 209. The permeable barrier 260 is porous and it lets 
the contact solution 208 through. It, hoWever, does not alloW 
the bubbles to go to the substrate surface by guiding them 
toWards a bleed opening 261, Which directs them aWay from 
the Workpiece surface. Similar structure may be used in the 
process unit also. Another design shoWn in FIG. 3D is a 
tWo-chamber contact container 20611, which comprises a pri 
mary container 2061111 and a secondary container 206111111. The 
contact electrode 209 is placed in the primary container 
206aa, and therefore any bubble that is generated may be 
diverted aWay from the substrate surface through the bleed 
opening 26111. More complex designs of contact containers 
and process containers utilizing multi chambers can be used 
for bubble minimization or elimination. 

[0051] Referring back to FIG. 3A, since the copper ?lm at 
the contact region 22011 is more cathodic compared to the 
contact electrode 209, no copper dissolution is expected in 
this region. In fact, copper is protected by this cathodic volt 
age. In this respect, it is important that the contact solution 
does not contain any ions of materials that can deposit onto 
the surface of the copper layer and the contact electrode 209 
does not contain any material that may be etched or electro 
etched by the contact solution 208. Therefore, deposition 
solutions containing ionic species of metals are not suitable 
for use as a contact solution. 

[0052] During the process, the process unit is preferably 
moved betWeen the edge of the Workpiece and the center of 
the Workpiece While the Workpiece is rotated or otherWise 
moved. The movement of the process unit along the radius of 
the Wafer can cause electoetching of the entire surface of the 
Wafer as the Wafer is rotated. Other motions can also be used. 
What is important is to make every point on the Wafer a 
process region at some point in time to remove copper from 
substantially the Whole surface. Scanning of the Wafer surface 
by the process unit can be accomplished by moving the Wafer, 
the process unit or both With respect to each other. 

[0053] It is possible to design contact units and process 
units in different shapes and forms. These designs include but 
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are not limited to circular, oval, pie shape, linear and others 
and they de?ne the shape of the contact region and the process 
region. Depending upon the nature of the relative motion 
established betWeen the Workpiece surface and the contact 
and process units the most appropriate shapes of these units 
may be selected for the most uniform electroetching. Three of 
such examples are shoWn in FIGS. 3E, 3F, and 3G, Which 
shoW the top vieW of process units 270a, 2701) and 2700, and 
contact units 280a, 2801) and 2800. Wafer 290 is placed in 
close proximity (preferably 0.1 to 5 mm range depending on 
the conductivity of the solutions used) of the process and 
contact units so that its copper coated surface (not shoWn) is 
Wetted by the process and contact solutions. As explained 
before, When the electroetching process is initiated Wafer 290 
in FIG. 3E may be translated over the contact units 280a, and 
the process unit 27011 in a linear direction 291. Wafer may also 
be sloWly rotated. The linear motion may or may not be 
bi-directional. During process, the process unit 270a effec 
tively scans the Whole surface of the Wafer for uniform mate 
rial removal. Multiple contact units assure electrical contact 
to Wafer at all times. Even more process and contact units may 
be used in the design (see for example, FIGS. 6A, 6B, 7A, 7B, 
8A, 8B, 9A, 9B). A speci?c design of contact unit 2801) and 
process unit 270b, appropriate for rotational motion of the 
Wafer 290 is shoWn in FIG. 3E. The pie-shaped process region 
in this case scans the Wafer surface for uniform material 
removal from the Whole front surface. Contact unit 2801) 
maybe placed anyWhere at the edge of the Wafer. Again, 
multiple contact and process units may be utilized in this 
design. In FIG. 3G, a ring-shaped contact region is provided. 
The process region, Where material removal is carried out 
constitutes the rest of the Wafer surface. In this case copper 
left in the contact region needs to be removed later using 
another process such as chemical etching or electrochemical 
etching. There are many other shapes and forms of the process 
and contact units that can be optimized for best uniformity of 
material removal. 

[0054] FIGS. 4A, 4B and 5 illustrate tWo alternative elec 
troetching systems that may include a plurality of contact 
units and process units. The contact and process units in these 
embodiments are held by various base structures that alloW 
units to use the same electroetching solution as the contact 
solution as Well as the process solution. In both embodiments, 
electrical contact to the Wafer surface is established through 
the electroetching solution applied through the contact units. 
The contact electrodes do not physically contact to the surface 
of the Wafer, hoWever, as described earlier a soft, sponge or 
pad like material may be placed in the contact or process units 
and this material may touch the Workpiece surface at the 
contact region and the process region. The electroetching 
solution provides the conductive path betWeen the contact 
electrode and the conductive surface of the Wafer. 

[0055] Exemplary electroetching or electropolishing sys 
tem 300 of FIG. 4A may be used for processing copper layer 
1021) of the substrate 100b, Which is held by a carrier (not 
shoWn). The electroetching system in this example embodi 
ment has also a contact unit 302 and a process unit 304. 
Differing from the previous embodiment, the units 302, 304 
are held by or formed in a holder structure 301. The holder 
structure 301 in this embodiment is shaped as a plate having 
a top surface 303 and a bottom surface 305. As described in 
the previous embodiment, the contact unit 302 is able to 
establish electrical contact With the conductive layer 1021) 
through a liquid electrical contact. During the process, the 
















