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(57) ABSTRACT 

The process of the present invention forms copper intercon 
nects in a semiconductor Wafer surface. During the process, 
initially, narroW and large features are provided in the top 
surface of the Wafer, and then a primary copper layer is 
deposited by employing an electrochemical deposition pro 
cess. The primary copper layer completely ?lls the features 
and forms a planar surface over the narroW feature and a 
non-planar surface over the large feature. By employing an 
electrochemical mechanical deposition process, a secondary 
copper layer is deposited onto the primary copper layer to 
form a planar copper layer over the narroW and large 
features. After this process step, the thickness of the planar 
copper layer is reduced using an electropolishing process. 
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DEFECT-FREE THIN AND PLANAR FILM 
PROCESSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of and 
claims priority to co-pending US. patent application Ser. 
No. 10/379,265, ?led Mar. 3, 2003, Which is a continuation 
in-part of US. patent application Ser. No. 10/201,606, ?led 
Jul. 22, 2002, now US. Pat. No. 6,867,136, issued Mar. 15, 
2005 and Which in turn claims priority to US. Provisional 
Patent Application 60/384,643, ?led May 31, 2002. The 
disclosure of each of the priority application is hereby 
incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to manufacture of 
semiconductor integrated circuits and, more particularly to a 
method for planar deposition and polishing of conductive 
layers. 
[0004] 2. Description of the Related Art 

[0005] Conventional semiconductor devices generally 
include a semiconductor substrate, such as a silicon sub 
strate, and a plurality of sequentially formed dielectric 
interlayers such as silicon dioXide and conductive paths or 
interconnects made of conductive materials. Copper and 
copper-alloys have recently received considerable attention 
as interconnect materials because of their superior electro 
migration and loW resistivity characteristics. The intercon 
nects are usually formed by ?lling copper in features or 
cavities etched into the dielectric layers by a metalliZation 
process. The preferred method of copper metalliZation is 
electroplating. In an integrated circuit, multiple levels of 
interconnect netWorks laterally eXtend With respect to the 
substrate surface. Interconnects formed in sequential layers 
can be electrically connected using vias or contacts. 

[0006] In a typical process, ?rst an insulating layer is 
formed on the semiconductor substrate. Patterning and etch 
ing processes are porformed to form features or cavities such 
as trenches and vias in the insulating layer. Then, a barrier/ 
glue layer and a seed layer are deposited over the patterned 
surface and a conductor such as copper is electroplated to ?ll 
all the features. HoWever, the plating process, in addition to 
?lling the features With copper, also deposits eXcess copper 
over the top surface of the substrate. This eXcess copper is 
called an “overburden” and needs to be removed during a 
subsequent process step. In standard plating processes this 
overburden copper has a large topography since the Elec 
trochemical Deposition (ECD) process coats large features 
on the Wafer in a conformal manner. For eXample, a Wafer 
With 0.5 micron deep features may be coated With 0.8 
micron thick copper by the standard ECD process, to assure 
complete, defect-free ?lling of all the features, including 
those that are Wider than about 5 microns. The resulting 
copper surface then may have a topography that has a step 
of about 0.5 microns over the large features. Conventionally, 
after the copper plating, CMP process is employed to ?rst 
globally planariZe this topographic surface and then to 
reduce the thickness of the overburden copper layer doWn to 
the level of the surface of the barrier layer, Which is also later 
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removed leaving conductors only in the cavities. CMP is a 
costly and time consuming process. High pressures used in 
the CMP processes also damage loW-k dielectrics, Which are 
mechanically Weaker than the silicon oXide. Therefore, 
minimizing CMP step in an integration process is a goal for 
all IC manufacturers. The topography on the Wafers also 
causes problems for the CMP process. Speci?cally, the large 
steps such as the 0.5 micron step of the above eXample over 
the large features such as 100 micron Wide trenches or 
bond-pads, cause dishing defects after CMP. Therefore, both 
in terms of cost and enabling features, it is very attractive to 
have processes that have the ability to yield thinner copper 
deposits With reduced surface topography on Wafers. 

[0007] During the copper electrodeposition process, spe 
cially formulated plating solutions or electrolytes are used. 
These electrolytes typically contain Water, acid (such as 
sulfuric acid), ionic species of copper, chloride ions and 
certain additives Which affect the properties and the plating 
behavior of the deposited material. Typical electroplating 
baths contain at least tWo of the three types of commercially 
available additives such as accelerators, suppressors and 
levelers. It should be noted that these additives are some 
times called different names. For eXample, the accelerator 
may be referred to as a brightener and the suppressor as a 
carrier in the literature. Functions of these additives in the 
electrolyte and the role of the chloride ion are Widely knoWn 
in the ?eld (see for eXample, Z. W. Sun and G. DiXit, 
“Optimized bath control for void-free copper deposition”, 
Solid State Technology, November 2001, page 97), although 
the details of the mechanisms involved may not be fully 
understood or agreed upon. 

[0008] Electrodeposition process needs to ?ll all the fea 
tures, small and large, on the substrate. FIG. 1A schemati 
cally shoWs the cross sectional vieW of an exemplary Wafer 
surface With high-aspect ratio vias 10, a medium aspect-ratio 
trench 11, and a small aspect-ratio pad 12, coated With a 
barrier/seed layer 13, Which is shoWn as one layer to 
simplify the draWing. Vias, trenches, and pads are often 
knoWn as cavities. As is Well knoWn in the ?eld, aspect ratio 
is the ratio of the depth, d, of the features to their smaller 
lateral dimension or Width, W. In our eXample the depth, d 
may range from 0.1 microns to 2.0 microns, although deeper 
features may also be used for certain applications such as 
packaging applications. The Width of the vias 10 may be 
sub-micron in siZe and their aspect ratio (d/W) may be in the 
range of 1-10. The trench 11 may have an aspect ratio of 
0.1-1 and the pad 12 may have an aspect ratio of less tllan 
0.1. For a feature depth of for eXample 0.5 microns, the vias 
may be 0.1 micron Wide, the trench 11 may be 2 micron Wide 
and the pad may be 20 microns Wide. 

[0009] FIG. 1B shoWs the substrate of FIG. 1A after 
copper deposition carried out by prior art methods. The solid 
line 15 indicates the typical topography of the copper ?lm 
resulting from a typical ECD process employing an additive 
package containing tWo additives, accelerator and suppres 
sor species. It is Well knoWn that these additives help 
bottom-up ?lling of the high aspect-ratio vias 10 With 
copper. The mechanism of bottom-up ?ll, hoWever, becomes 
less and less effective as the aspect ratio of the features 
become smaller and smaller, and the deposition becomes 
more and more conformal. The result is shoWn in FIG. 1B 
as a small step D lover the medium siZe feature or trench 11 
and a large step D2 over the large feature or pad 12. It should 
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be noted that magnitude of these steps over the various siZe 
features is at most as large as the feature depth, d. The 
over?ll, 0, shown over the dense array of vias 10 is typically 
observed in copper ?lms deposited by the electrolytes con 
taining tWo-component additive package of this example. As 
can be seen in FIG. 1B, the surface topography of the copper 
?lm is large and this presents challenges in the CMP step as 
described earlier. 

[0010] Several developments have been provided by prior 
art methods to improve the copper topography depicted by 
the solid line 15 in FIG. 1B. To reduce or eliminate the 
over?ll 0, a third additive, leveler, is added into the elec 
trolyte formulation. By controlling the concentration of the 
additive carefully, the pro?le of copper over the dense array 
of vias 10 could be made ?at, Which is shoWn as the dotted 
line 16 in FIG. 1B. US. Pat. No. 6,346,479 B1 describes a 
method Where copper is deposited in a non-conformal 
electroplating process to ?ll a portion of the features. A 
second electroplating process is then performed to confor 
mally deposit copper in the remaining un?lled portion of the 
openings or features. Such an approach may yield a ?at 
pro?le over dense array of small features such as vias 10 of 
our eXample, as Well as possibly over the medium siZe 
features such as trench 11 of our eXample as depicted by 
dotted lines 16 and 17, respectively. HoWever, as disclosed 
in US. Pat. No. 6,346,479 B1 the second electroplating 
process conformally deposits copper over the substrate, and 
therefore can not eliminate the large step D2 over the large 
features such as the pad 12 shoWn in our example of FIG. 
1B. US. Pat. No. 6,350,364 B1 describes a method of 
electroplating copper in trenches Where a ?rst copper depo 
sition step has a ?rst ratio of brightener-to-leveler concen 
tration and a second copper deposition step has a second 
ratio of brightener-to-leveler concentration that is less than 
the ?rst ratio of brightener-to-leveler concentration. This 
Way it is reported that the step D1 of FIG. 1B can be 
reduced. As is Well knoWn in the ?eld copper electroplating 
additives are not operative in the very large features With 
very small aspect-ratios such as the pad 12 of FIG. 1B. 
Therefore, the step D2 is not eXpected to be much reduced 
or eliminated by such approaches. D2 only gets reduced and 
eliminated if a very thick copper layer With thickness value 
close to half the Width of the largest feature on the Wafer is 
plated (see eg US. Pat. No. 5,256,565, Oct. 26, 1993). 
HoWever, this is not practical considering the fact that many 
interconnect designs involve feature siZes Well above 10 
microns. 

[0011] As the above revieW demonstrates, some of the 
prior art techniques aiming to obtain relatively ?at copper 
topography on patterned Wafer surfaces may be applicable 
for the class of Wafers With large or medium aspect-ratio 
features. HoWever, many 1C interconnect designs contain 
features With a Wide variety of aspect ratios on a given Wafer 
surface. Especially in multi-level interconnect structures the 
Width of the high-current-carrying lines increase While their 
aspect ratios decrease at the higher Wiring levels. Therefore, 
an approach that has the capability of reducing or eliminat 
ing surface topography of copper over features With a large 
range of aspect ratios is needed. 

[0012] A technique that can reduce or totally eliminate 
copper surface topography for all feature siZes is the Elec 
trochemical Mechanical Processing (ECMPR). This tech 
nique has the ability to eliminate steps D1, D2 and over?ll 
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0 shoWn in the eXample of FIG. 1B, and provide thin layers 
of planar conductive material on the Workpiece surface, or 
even provide a Workpiece surface With no or little eXcess 
conductive material. This Way, CMP process can be mini 
miZed or even eliminated. The term “Electrochemical 

Mechanical Processing (ECMPR)” is used to include both 
Electrochemical Mechanical Deposition (ECMD) processes 
as Well as Electrochemical Mechanical Etching (ECME), 
Which is also called Electrochemical Mechanical Polishing 
(ECMP). It should be noted that in general both ECMD and 
ECME processes are referred to as electrochemical 

mechanical processing (ECMPR) since both involve elec 
trochemical processes and mechanical action on the Work 
piece surface. An eXemplary ?at copper surface pro?le 
resulting from an ECMPR is shoWn as the ?at dotted line, 
18, in FIG. 1B. 

[0013] Descriptions of various ECMPR approaches and 
apparatus, can be found in the folloWing patents, published 
applications and pending applications, all commonly oWned 
by the assignee of the present invention: US. Pat. No. 
6,126,992 entitled “Method and Apparatus for Electro 
chemical Mechanical Deposition,” US. application Ser. No. 
09/740,701 entitled “Plating Method and Apparatus that 
Creates a Differential BetWeen Additive Disposed on a Top 
Surface and a Cavity Surface of a Workpiece Using an 
EXternal In?uence,” ?led on Dec. 18, 2001 and published as 
US. patent application on Feb. 21, 2002 With patent appli 
cation No. 20020020628, US. application ?led on Sep. 20, 
2001 With Ser. No. 09/961,193 entitled “Plating Method and 
Apparatus for Controlling Deposition on Predetermined 
Portions of a Workpiece”, US. application With Ser. No. 
09/960,236 ?led on Sep. 20, 2001, entitled “Mask Plate 
Design”, and US. application No. 0/155,828 ?led on May 
23, 2002 entitled “Low Force Electrochemical Mechanical 
Processing Method and Apparatus.” These methods can 
deposit metals in and over cavity sections on a Workpiece in 
a planar manner. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to a process for 
forming a near-planar or planar layer of a conducting 
material, such as copper, on a surface of a Workpiece using 
ECD and ECMPR techniques. The process preferably uses 
at least tWo separate plating solution chemistries to form a 
near-planar or planar copper layer on a semiconductor 
substrate that has features or cavities on its surface. 

[0015] In one aspect, the present invention provides a 
process for forming conductive structures on a semiconduc 
tor Wafer having a top surface With ?rst and second cavities 
formed in the top surface. The ?rst cavity of the Wafer has 
a narroWer Width than the second cavity. 

[0016] The process includes the step of depositing a ?rst 
conductive layer by employing an electrochemical deposi 
tion process. The deposition process uses a ?rst electrolyte 
solution having a ?rst additive composition. The conductive 
layer completely ?lls the cavities While forming a planar 
surface over the ?rst cavity and a non-planar surface over the 
second cavity. 

[0017] The process further includes the step of depositing 
a second conductive layer on the ?rst conductive layer to 
form a planar conductive layer over the ?rst and second 
cavities. The planar conductive layer comprises the ?rst and 
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the second conductive layers and the second conductive 
layer is deposited using an electrochemical mechanical 
deposition process using a second electrolyte solution hav 
ing a second additive composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other features and advantages of the 
invention are further described in the detailed description 
Which folloWs, With reference to the draWings by Way of 
non-limiting exemplary embodiments of the invention, 
Wherein like reference numerals represent similar parts of 
the invention throughout several vieWs and Wherein: 

[0019] FIG. 1A illustrates a cross sectional vieW of an 
exemplary Wafer that requires application of a conductor 
thereover; 
[0020] FIG. 1B illustrates a cross sectional vieW of the 
exemplary Wafer of FIG. 1A. that has had a conductor 
applied thereover using conventional methods; 

[0021] FIG. 2 illustrates a cross sectional vieW of the 
exemplary Wafer of FIG. 1A that has had a conductor 
applied thereover using methods according to the present 
invention; 
[0022] FIG. 3 illustrates a portion of an exemplary 
ECMPR system that can be used to practice the present 
invention; 
[0023] FIGS. 4A-4C illustrate pro?les of an exemplary 
Wafer at different stages of the process according to the 
present invention; 

[0024] FIGS. 5A and 5B illustrate focused ion beam 
images of a Wafer processed in various manners according 
to the present invention; 

[0025] FIG. 6 illustrates a system of modules that can be 
used to implement the process according to the present 
invention; 
[0026] FIG. 7 illustrates a process supply system for use 
With a single process module according to the present 
invention; 
[0027] FIG. 8A illustrates a cross sectional vieW of a 
Wafer surface processed according a to a second embodi 
ment of the process, Wherein a conductor layer has ?lled the 
features on the Wafer and formed a non-planar layer on the 
Wafer surface; 

[0028] FIG. 8B illustrate the Wafer surface shoWn in FIG. 
8A, Wherein a planar conductor layer has been formed on the 
Wafer surface; 

[0029] FIG. 8C illustrate the Wafer surface shoWn in FIG. 
8B, Wherein the planar conductive layer has been electropol 
ished; and 

[0030] FIG. 9 illustrate an exemplary system to perform 
the second embodiment of the process of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0031] The process of the present invention relates to a 
process for forming a near-planar or planar layer of a 
conducting material, such as copper, on a surface of a 
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Workpiece using an ECMPR technique such as ECMD. The 
process of the present invention preferably uses at least tWo 
separate plating solution chemistries to form a near-planar or 
planar copper layer on a semiconductor substrate that has 
features or cavities on its surface. The unique feature of the 
present invention is the fact that it can be applied to 
substrates With features or cavities of a Wide variety shapes 
and dimensions. For example the substrate may have high 
aspect ratio small siZe features, such as sub-micron siZe vias 
or trenches, as Well as very loW aspect-ratio features such as 
large than 10 micron Wide trenches and larger than 20 
micron siZe pads or channels. There may even be larger than 
500 micron features on this exemplary Wafer. At a ?rst stage 
of the present invention, a plating process that is optimiZed 
for the defect-free ?lling of the small features is carried out. 
During this stage, plating is done in non-touch mode With no 
mechanical sWeeping on the Wafer surface. The no-touch 
process uses a ?rst plating solution With ?rst additive 
chemistry that is optimiZed for the best gap-?ll performance. 
This chemistry may contain accelerators and suppressors 
and optionally levelers. At this stage the small and mid siZe 
features are entirely ?lled With copper While the larger siZe 
features are partially or completely conformally coated With 
a copper layer. An example of a copper layer pro?le result 
ing from the ?rst stage of the present invention is shoWn in 
FIG. 2 as pro?le 30. It should be noted that all the small 
features are ?lled With copper. There is a small step over the 
medium siZe feature and a large step over the large feature. 
This ?rst stage of the present invention may be continued 
until the copper level over the largest feature becomes 
substantially the same as the level of the top surface of the 
insulating layer. In this case, the smaller step may be reduced 
but the step over the large features stays substantially the 
same. 

[0032] A second stage of the present invention uses an 
ECMPR touch-process, typically including at least an 
ECMD process, With a second plating solution that has a 
second additive chemistry, Which is optimiZed speci?cally 
for this planar deposition or planariZation step. This second 
chemistry, for example, may contain only one or tWo of the 
three additives that may be used for the ?rst stage. Depend 
ing upon the duration of the touch-step a copper pro?le that 
is substantially ?at (shoWn as pro?le 31) or absolutely ?at 
(shoWn as pro?le 32) can be obtained. As the duration of the 
touch-step is increased the surface becomes ?atter and 
?atter. In any case the reduced, ?atter topographies of 
pro?les 31 and 32 in FIG. 2 as compared the prior-art large 
topographies of FIG. 1B, increase the ef?ciency of the CMP 
process and reduce CMP related defects such as dishing and 
erosion. 

[0033] FIG. 3 shoWs an exemplary ECMPR system 100 
that can be used to practice the “present invention. The 
ECMPR system includes a Workpiece-surf ace-in?uencing 
device (WSJD) 102 such as a mask, pad or a sWeeper, a 
carrier head 104 holding a Workpiece 106 such as a Wafer, 
and an electrode 108. The Wafer can be a silicon Wafer to be 
plated With copper using the ECMD process. The WSID 102 
is used during at least a portion of the ECMD When there is 
physical contact and relative motion betWeen a front surface 
110 of the Wafer 106 and the top surface 110 of the WSID 
102. During ECMD, the top surface 112 of the WSID 102 
sWeeps the surface 110 of the Wafer 106 While an electrical 
potential is established betWeen the electrode 108 and the 
surface of the Wafer. Alternately, in some cases potential is 
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established right after WSID 102 surface 112 sWeeps the 
surface 110 of the Wafer. In other Words establishment of the 
potential and sweeping of the substrate surface by the WSID 
102 do not have to be simultaneous or continuous as 
described in detail in previous applications cited above. 
Channels 114 of the WSID 102 alloW a process solution 116 
such as a copper plating electrolyte to How to the surface of 
tile Wafer 106. 

[0034] FIG. 4A shoWs the front surface 110 of the Wafer 
106 as it is electroplated using a ?rst electroplating solution 
120. The surface 110 may include small features 122, a mid 
siZe feature 124 and a large feature 126. The small siZe 
features may have a Width less than a micron While the mid 
siZe features may have 1 to 5 micron Width range. Large 
features may have a Width larger than 10 microns. The 
features 122, 124, 126 are formed in an insulating layer 128 
that is formed on the semiconductor Wafer 106. A barrier 
layer 130 such as Ta, TaN or their composite TatraN coats 
the inside of the features and the top surface 132 of the 
insulating layer 128. The top surface 132 is also called the 
“?eld region.” Aseed layer (not shoWn) such as a thin copper 
layer is coated on the barrier layer. During the process, the 
Wafer 106 is placed aWay from the WSID (no-touch plating) 
and the ?rst electroplating solution is ?oWed through the 
WSID to Wet the front surface 110 of the Wafer 106 While the 
Wafer is rotated and moved laterally. Once an electrical 
potential is applied betWeen the Wafer and the electrode, i.e., 
anode, (shoWn in FIG. 2), a ?rst copper layer 134a is 
formed. The ?rst copper layer 134a ?lls the small and mid 
siZe features in bottom-up fashion but conformally coats the 
large feature because of its large Width. 

[0035] In the ?rst stage of the process, the WSID acts as 
a shaping plate. It is important that the channels of the WSID 
not only alloW the process solution to How to the surface of 
the Wafer, but also shapes the plating current density and 
thus the resulting thickness pro?le of the deposited copper 
layer. The distribution, shape and siZe of the openings may 
introduce regions of loW, intermediate, and high deposition 
rates above the WSID. By moving the Wafer over these 
regions during the process a desired thickness pro?le, e.g., 
a uniform thickness pro?le, of the depositing“” layer is 
obtained. An exemplary process of thickness pro?le control 
is disclosed in US. patent application Ser. No. 09/760,757 
?led on Jan. 17, 2001, entitled “Method and Apparatus for 
Electrodeposition of Uniform Film on Substrate” Which is 
commonly oWned by the assignee of the present invention. 
If desired, this plating step can be carried out Without the 
WSID if other means are provided to yield a uniform 
deposit. 

[0036] In this embodiment, the ?rst electroplating solution 
120 may comprise at least tWo, additives to enhance bottom 
up ?lling of the small features Without any voids, seams and 
other defects. For eXample a high-acid plating electrolyte 
containing 0.8-2 ml/l of Cubath® ViaFormTM Accelerator 
available from Enthone-OMI®, West Haven, Conn. and 
6-12 ml/l of Cubath®ViaFormTM Suppressor marketed by 
the same company may be used in the basic plating bath 
chemistry Which contains sulfuric acid, copper sulfate, Water 
and chloride ions. LoW acid versions of the plating chem 
istry may require quite different concentrations of accelera 
tors and suppressors (such as am accelerator concentration 
of about 4-8 ml/l, and suppressor concentration of 2-4 ml/l 
for the case of Enthone loW acid chemistry). During the 
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process, the accelerators alloW bottom up groWth of copper 
in the small features that are ?lled quickly. The suppressor 
molecules Which are adsorbed at the top of the openings of 
the small features sloW doWn the copper groWth therein, thus 
avoiding both premature closing of these passages and 
formation of voids. In addition to the accelerator and sup 
pressor species, levelers may also be added in the formula 
tion to reduce or eliminate the over-?ll phenomenon” dis 
cussed before in this application. Levelers get adsorbed 
preferentially on high-current density regions of the plated 
surface and help reduce this current density and thus pro 
trusions that Would have resulted. A leveler concentration of 
0.5-2 ml/l may be used for this purpose in addition to the 
accelerator and suppressor species in the exemplary high 
acid chemistry mentioned above. An eXemplary leveler 
Which is sold under the brand name Cubath® ViaFormTM 
Leveler is available from Enthone-OMI®. 

[0037] As illustrated in FIG. 4B, once the no-touch plat 
ing With the ?rst plating solution is completed, an ECMD 
touch-plating stage using a second plating solution 136 
forms a second layer 134b that coats the ?rst copper layer in 
a non-conformal fashion, depositing more materials into the 
cavities and less onto the surface regions Where WSID 
sWeeps. During this “touch-plating process, as the second 
plating solution 136 is delivered onto the ?rst copper layer 
134a, WSID touches and mechanically sWeeps the part of 
the ?rst layer 134a that is located on the ?eld regions and 
over the small and mid siZe features. Combined With the 
chemistry of the second plating solution, the sweeping 
action of the WSID sloWs doWn the groWth of the copper 
layer on the ?eld region and above the small features Which 
are already “?lled and accelerates groWth of the copper layer 
in the large features, thus planariZes the overall Copper 
deposit. It should be noted that the touch-plating stage of the 
process may be terminated before total planariZation is 
achieved lithe degree of planariZation achieved at that point 
is adequate for simplifying the overburden” removal process 
such as a CMP process, Which folloWs the deposition 
process. In this embodiment, the additive chemistry of the 
second plating solution is optimiZed for the touch-plating 
step. For eXample, the second plating solution 132 may not 
contain any levelers. Furthermore, the accelerator-to-sup 
pressor ratio in the second electrolyte may be higher than the 
ratio in the ?rst electrolyte. Referring back to the eXemplary 
high acid electrolyte mentioned above the accelerator con 
centration in the second electrolyte may be in the range of 
2-10 ml/l, Whereas the suppressor concentration may be in 
the 2-8 ml/l. This can be done because all the small features 
have already been ?lled on the Wafer by the ?rst plating step 
and therefore there is no danger of causing void formation 
in such features by these neW additive concentrations, Which 
if used during the ?rst stage process Would result in non 
optimal ?lling of the small features. The second electrolyte 
may even contain a single additive Which is an accelerator. 
The present inventors observed that although single additive 
baths containing only suppressors or only accelerators could 
be used for planariZation in an ECMD process, planariZation 
Was more ef?cient for the baths containing just accelerators 
compared 1:0 baths containing just suppressors. FIG. 5A 
shoWs the Focused Ion Beam (FIB) image of a S-micron 
Wide trench on a Wafer Which Was coated With copper using 
an ECMD apparatus and a copper sulfate electrolyte com 
prising Enthone Via-Form high acid VMS solution and 2.2 
ml/l Cubath® ViaFormTM Leveler. A charge of 4 A-min Was 
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passed between the 200 mm diameter substrate and a copper 
anode during this process and a WSID Was in contact With 
the Wafer Which Was rotated at 50 rpm. As can be seen from 
the image in FIG. 5A there is relatively more copper 
deposited into the feature than onto the top surface of the 
substrate indicating partial planariZation. FIG. 5B shoWs the 
FIB cross-section taken from the same location of a similar 
Wafer, Which Was processed similarly, hoWever this time in 
another copper sulfate electrolyte comprising Enthone Via 
Form high acid VMS solution and 2.2 ml/l of Cubath® 
ViaFormTM Accelerator. It is clear that copper deposition 
rate into the feature is higher in this case than the case in 
FIG. 5A indicating better planariZation ef?ciency. In FIG. 
5B, the copper ?lm in the 5 micron trench is completely 
planar. This eXample illustrates that the solution chemistry 
may be optimiZed for best planariZation of a substrate during 
the touch-plating stage of the present invention. 

[0038] The present invention alloWs optimiZation of the 
chemistry for the ?rst stage of the process separate from the 
optimiZation of the chemistry for stage 2. This is important 
because although it is possible to use the same chemistry for 
both the ?rst and second stage of the ECMPR as described 
in the above mentioned patents and patent applications, it is 
attractive and bene?cial to have the ability to optimiZe 
chemistry for the tWo stages independent from each other as 
Will be further described beloW. 

[0039] Concentrations and types of additives used in the 
?rst stage of the subject process may vary depending upon 
the nature of the additives, nature of the small features, 
nature of the barrier/seed layers, etc. For eXample, some 
accelerator species containing sulfur react With Weak seed 
layers. If the seed layer is very thin on the side-Walls of the 
vias for a speci?c Wafer, it may be necessary to reduce the 
accelerator-to-suppressor ratio in the electrolyte in the ?rst 
stage of the process that is employed to coat this speci?c 
Wafer. For other Wafers With other types of seed layers it may 
be necessary to fullher adjust the relative concentrations of 
additives to obtain the best gap ?ll performance. If the 
over-?ll over the dense array of small features presents a 
problem, it may be necessary to include leveler into the 
formulation in addition to the accelerator and suppressors. 

[0040] The electrolyte chemistry, Which is adjusted for 
best gap ?ll in the ?rst stage may not be the best for the 
second stage of the process When planariZation takes place. 
For eXample, levelers are knoWn to get attracted to high 
current density reunions on the Wafer surface. HoWever, 
ECMD process is knoWn to accelerate groWth in cavities on 
the substrate surface by increasing the deposition current 
density in such cavities compared to the top surface of the 
Wafer sWept by 1:he WSID. Therefore, levelers in an elec 
trolyte used for the second stage of the process may loWer 
the planariZation ef?ciency. This is an eXample of hoW 
presence of an additive (such as a leveler) in the process 
electrolyte may be favored during the ?rst stage (no-touch 
step) of the process, Whereas its presence may not be 
necessary or desired during the second stage (touch plating 
step). Similarly, a higher accelerator-to-suppressor ratio may 
be desirable in the second stage than for the ?rst stage of the 
process as described before. The eXperiment of FIG. 5B 
indicated that an electrolyte containing only accelerator 
species may be successfully used in the second stage of the 
process, although such a formulation may not be success 
fully used for the ?rst stage. Use of only one additive for the 
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second process step may reduce the total additive consump 
tion, simplify additive measurement and control systems, 
reduce costs and improve planariZation ef?ciency increasing 
throughput. Total impurity content of the deposited ?lm may 
also be reduced by this approach. 

[0041] In accordance With the principles of the present 
invention the ?rst and the second stages of the process may 
be either performed in the same process module or multiple 
process modules. If the same process module approach is 
used to perform both stages, the ?rst and second stages are 
performed sequentially, and using a ?rst solution for the ?rst 
stage and a second solution for the second stage. As fully 
described above, the ?rst solution chemistry includes addi 
tives enhancing bottom up ?lling of the features on the 
Wafer. And, the second solution chemistry includes only one 
or tWo of the three additives that may be used for the ?rst 
stage and is optimiZed speci?cally to obtain a planar copper 
layer. If there are multiple process modules, the ?rst stage 
may be carried out in a ?rst or ?rst group of process modules 
With the ?rst solution chemistry, and the second stage may 
be carried out With a second or second group of process 
modules using the second solution chemistry. FolloWing the 
tWo-stage deposition, the Wafer is cleaned and planar or 
near-planar copper overburden is removed using the CMP or 
other (e.g., electropolishing) removal methods. The copper 
overburden may be removed before or after an annealing 
step. 

[0042] It should be noted that after the second stage of the 
present process, optionally a third and even a fourth step can 
be used to reduce the thicloless of the copper overburden. 
After the second stage of the process, the copper removal 
process may be performed as a third stage of the process that 
employs either an electrochemical etching or polishing stage 
or an ECME (electrochemical mechanical etching or pol 
ishing) stage. The removal process may be also performed 
using both steps sequentially as a third and fourth stage, for 
eXample, a no-touch electroetching step that is folloWed by 
a touch ECME; or a touch ECME folloWed by a no-touch 
electroetching. Thin planar deposits can be obtained by ?rst 
depositing a planar layer using the ECMD technique at the 
?rst and second stages, and then electroetching or elec 
tropolishing this planar ?lm in the same electrolyte or in an 
electroetching solution by reversing the applied voltage. 
This Way the thickness of the deposit may also be reduced 
in a planar manner. In fact, etching may be continued until 
all the metal on the ?eld regions is removed. These tech 
niques may be performed subsequent to second stage and 
using the second solution as an electro etching solution 
While reversing the polarity of the applied voltage and 
rendering the Workpiece surface more anodic compared to 
the electrode. Alternatively, a third solution comprising an 
electro etching solution may replace the second solution at 
the third stage and a fourth stage of the process, for eXample 
a no-touch electroetc4ing (third stage) folloWed by a touch 
ECME (fourth stage). In this respect, a fourth stage such as 
a touch ECME process stage may be performed using a 
fourth solution. 

[0043] FIG. 6 exempli?es a system 150 using multiple 
modules A, B, C and D. In this exemplary con?guration, the 
modules A and B may be ECD or ECMD modules to 
perform the ?rst stage of the process With a ?rst process 
solution. The second stage of the process may be performed 
in module C, Which may also be an ECMD module, using 
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the second process solution. Module D may be an ECME 
module to perform the above described third stage, such as 
a no-touch electroetching or ECME using the second pro 
cess solution or third process solution, or to perform a fourth 
electro etching stage, such as a touch ECME, that uses the 
process solution that is used for the third stage or a fourth 
process solution such as an electro etching solution. Alter 
nately the modules A, B, C and D may be ECD and ECMD 
modules carrying out the ?rst and second stages of the 
process using tWo different solutions as explained before. 
Number of each different module Will depend on the 
throughput of the ?rst and the second stage processes. A 
robot Would be used to transfer Wafers betWeen the various 
modules. FIG. 7 exempli?es a preferred system 200 using 
the single process module approach as applied to a tWo-step 
process. 

[0044] As shoWn in FIG. 7, the system 200 comprising a 
?rst process module (PMI) 202 and a ?rst process solution 
module (PSMI) 204. PMI includes a process container 206 
to hold process solutions and an electrode (anode) 208. The 
process container may have a volume less than tWo liters, 
preferably less than one liter. An upper opening 210 of the 
process container is enclosed With a WSID 212. Above the 
WSID 212, a Wafer 214 to be processed by the process of the 
present invention is held by a Wafer carrier 217. The PSMI 
comprises a process solution supply unit 216, a ?rst valve 
218, a second valve 220 and a drain 222. The supply unit 216 
supplies fresh process solutions to the process container via 
the ?rst valve 218. The used solutions from the process 
container 206 is delivered back to the supply unit or to the 
drain 222 via the second valve 220. 

[0045] Referring to FIG. 7, the process supply unit 216 
comprises a ?rst tank 224 to store the ?rst solution for the 
?rst stage of the process, a second tank 226 to store the 
second solution for the second stage of the process. Descrip 
tions of the ?rst solution, second solution, ?rst stage and 
second stage are given in the above description. When the 
used solutions are received by the unit 216, their additive 
and plating solution chemistries are checked and then 
replenished so that the tanks 224, 226 alWays keep process 
solutions With the right chemistries. The supply unit 216 also 
includes a rinse tank 228 to store DI Water. DI Water is used 
to clean the process container 206 before the beginning of 
each process stage to. DI Water may come directly from a DI 
line rather than from a tank. The tanks 224, 226 and 228 are 
connected to the valve 218 through supply lines 224‘, 226‘ 
and 228‘. The valve 218 is connected to the process con 
tainer 206 through a line 230. Further, used solutions (?rst, 
second and the rinsing solutions) are brought to the valve 
220 through the line 232. From the valve 220, the ?rst 
solution is taken to ?rst tank via line 234, the second solution 
is taken to second tank via line 236. The rinsing solution 
from the valve 220 is directed to the drain 222. 

[0046] In an eXemplary process sequence, at the ?rst stage 
of the process, the ?rst process solution from the ?rst 
solution tank 224 of the PSMl is delivered, via the valve 
218, to the process solution container 206 of the PMl and 
circulated back through return line 236. After the Wafer 214 
is processed the valve 218 is turned to ill supply and DI 
Water from the rinse tank 228 is delivered to the process 
container 206 via the valve 218 to clean the process con 
tainer from the residues of the ?rst solution. During the 
cleaning, the valve 218 may be periodically turned off and 
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the valve 220 is turned onto direct the used rinsing solution 
to the drain 222. After the rinsing the second stage of the 
process is performed similar to the ?rst stage but using the 
fresh second solution from the second tank 226 and deliv 
ering the used second solution back to second solution tank 
226 for the replenishment and storage purposes. After the 
second stage of the process, the process container is once 
again rinsed for the folloWing Wafer to be processed With the 
process of the present invention. It should be noted that there 
are many Ways of feeding the various solutions to the 
process module. The eXample given here is just one of many 
possibilities. In case the tWo solutions used in this eXample 
are compatible, the rinse steps in betWeen may be skipped 
and small amount of intermiXing betWeen the solutions may 
be alloWed. 

[0047] FIGS. 8A-8C shoW a second embodiment of the 
present invention. In the second embodiment, at a ?rst stage, 
all of the features are ?lled With copper until the copper level 
Within the largest feature reaches, at least, the level of the top 
surface of the insulating layer. During this stage, plating is 
done in no-touch (electrochemical deposition or ECD) mode 
With n~ mechanical sWeeping on the Wafer surface. This 
stage may be performed using an electrochemical deposition 
system and process. HoWever, an ECMPR system utiliZing 
no-touch process may also be used. The process uses a ?rst 
plating solution With ?rst additive chemistry that is opti 
miZed for the best gap-?ll performance and the best quality 
copper. This chemistry may contain accelerators, suppres 
sors and optionally levelers. With this approach, a plating 
process that is optimiZed for the defect-free ?lling of the 
small features as Well as large features is carried out so that 
the small, mid siZe and large features are entirely ?lled With 
good quality copper to at least the level of the top surface of 
the insulating layer. An eXample of a copper layer pro?le 
resulting from the ?rst stage of the present invention is 
shoWn in FIG. 8A. It should be noted that once all the 
features are ?lled With copper, there is a small step over the 
medium siZe feature and a larger step over the large feature. 
These steps are then eliminated by the deposition of a planar 
sacri?cial layer in the folloWing planariZation step. 
[0048] A second stage of the process is a planariZation 
stage and uses an ECMPR touch-process, typically includ 
ing an ECMD process, With a second plating solution that 
has a second additive chemistry, Which is optimiZed spe 
ci?cally for this planar deposition or planariZation step. The 
second stage of this embodiment may be performed either in 
the same process module that the ?rst stage is performed or 
in a different process module. If it is performed in the same 
ECMPR system, the ?rst plating solution may be replaced 
With the second solution. Further, the second stage of the 
process can be performed in a different ECMPR system 
using the second solution. With the touch process, deposited 
copper ?lls the steps on the copper layer formed at the ?rst 
stage, and forms a planar layer. Since the copper deposited 
at the ?rst stage has already ?lled the features; the copper 
deposited in the second stage is for forming a planar copper 
layer on the surface i.e. planariZing the Wafer surface. The 
second chemistry used in this planariZation stage may con 
tain only one or tWo of the three additives that may be used 
for the ?rst stage. The copper quality resulting from the 
second chemistry may not be as good as the quality of the 
copper from the ?rst chemistry using three components. This 
may be acceptable since the copper deposited in the second 
step is sacri?cial and Will be removed later. 
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[0049] It should be noted that there may be an optional 
annealing step, betWeen the ?rst and second stage of the 
present process. In other Words, since the ?rst step ?lls all 
the features With good quality copper, the resulting ?lm 
depicted in FIG. 8A may be annealed to groW and stabiliZe 
the grain structure of this ?lm before continuing With the 
second step to obtain a planar layer. 

[0050] As a result of the second step and depending upon 
the duration, a copper pro?le that is substantially ?at can be 
obtained. As described in the previous embodiments, as the 
duration of the touch-step is increased the surface becomes 
?atter. 

[0051] Flatter topography provided by the second stage of 
the process increases the ef?ciency of the folloWing third 
stage or the material removal stage using for example an 
electropolishing or electroetching stage. The electropolish 
ing or electroetching may be performed in the same ECMPR 
system by reversing the polarities betWeen the substrate and 
the electrode. The second solution used in the previous 
planariZalion stage may be used as the etching solution 
under a the reversed P9larity conditions. HoWever, the 
second solution may also be replaced With a specially 
formulated etching solution to perform the electropolishing 
process. Alternatively, the electropolishing process may be 
performed in a separate electropolishing module using a 
separate etching solution. This alternative electropolishing 
system may be an electrochemical mechanical etching or 
polishing module or an electrochemical polishing module 
that does not introduce mechanical action on the Wafer 
surface during the electropolishing process. It should be 
noted that throughout this application electrochemical etch 
ing or electrochemical polishing refer to the same process of 
removing material by electrochemical means. Similarly 
electrocherilical mechanical etching (ECME) and electro 
chemical mechanical polishing (ECMP) refer to the same 
group of processes. 

[0052] When applied to the plated substrate, the elec 
tropolishing process may entirely remove the copper layer 
deposited during the planariZation step using the second 
chemistry While partially removing the copper layer depos 
ited during the ECD step using the ?rst chemistry. The 
partially removed part of the copper deposited With ?rst 
chemistry is the copper portion that is outside the features. 
Although in this embodiment, the step folloWing the second 
stage of the process is an electropolishing process, a CMP 
process can also be used to remove the planar layer and is 
Within the scope of this invention. As used herein, features 
include cavities, vias, trenches, and pads. 

[0053] Referring noW to FIG. 8A, the front surface 310 of 
the Wafer 306 is electroplated using a ?rst electroplating 
solution 320. The surface 310 includes small features 322, a 
mid siZe feature 324 and a large feature 326. As in the 
previous embodiments, the small siZe features 322 may have 
a Width less than a micron While the mid siZe features may 
have 1 to 5 micron Width range. Large features may have a 
Width larger than 10 microns. The features 322, 324, 326 are 
formed in an insulating layer 328 that is formed on the 
semiconductor Wafer 306. A barrier layer 330 may be used 
to coat the inside of the features and the top surface 332 or 
?eld region of the insulating layer 328. HoWever, it is 
understood that, in some technologies, a barrier layer is not 
used and such technologies are also Within the scope of this 
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invention. Conventionally, a seed layer (not shoWn) such as 
a thin copper layer may be coated on the barrier layer. 
During the process, if the process is performed in an 
ECMPR module the Wafer 306 is placed aWay from a WSID 
(no-touch plating) and the ?rst electroplating solution is 
?oWed through the WSID to Wet the front surface 310 of the 
Wafer 306 While the Wafer is rotated and moved laterally. 
Alternatively, if the process is performed in an ECD cham 
ber the ?rst electroplating solution is directly ?oWed against 
the front surface 310. Once an electrical potential applied 
betWeen the Wafer and the electrode, i.e., anode, (shoWn in 
FIG. 2), a ?rst copper layer 334a or a primary copper is 
formed. Referring to FIG. 8A, differing from the previous 
embodiments, the primary copper 334a ?lls the small, mid 
siZe and large features, i.e. even the large feature is ?lled 
With copper at least to the level of the top surface of the 
insulating layer. In the previous embodiments, the ?rst 
copper layer conformally coats the large feature and not 
necessarily ?ll it completely, although it ?lls the small and 
mid-siZe features in a bottom up fashion. 

[0054] In this embodiment, the ?rst electroplating solution 
320 may comprise at least tWo additives to enhance ?lling of 
the all siZe features Without any voids, seams arid other 
defects. The chemistry of the solution 320 forms a ?at ?lm 
on the small or mid siZe features. When the ?at ?lm 
thickness ‘t’ gets larger than approximately the depth ‘d’ of 
the large feature, the ?rst stage of the plating process is 
halted. The t>d condition indicates that the thickness of the 
copper layer Within the large feature is also larger than about 
“d” and thus the large feature is completely ?lled With 
copper. The primary copper is a good quality copper that 
Would, after annealing and other post-deposition procedures, 
provide good stress migration and electromigration proper 
ties. For example a high acid plating electrolyte containing 
1.5 ml/l of Cubath® ViaFormTM Accelerator, 8 ml/l of 
Cubath® ViaFormTM Suppressor and 2 ml/l Cubath@ 
ViaFormTM Leveler, all available from Enthone-OMI®, 
West Haven, Conn., may be used in the ?rst solution 
chemistry Which contains sulfuric acid, copper sulfate, 
Water, and chloride ions. During the process, the accelerators 
alloW bottom up groWth of copper in the small features that 
are ?lled quickly. The suppressor molecules Which are 
adsorbed at the top of the openings of the small features sloW 
doWn the copper groWth therein, thus avoiding both prema 
ture closing of these passages and formation of voids. 
Levelers reduce or eliminate the over-?ll phenomenon and 
are absorbed preferentially on high-current density regions 
of the plated surface and help reduce this current density and 
thus minimiZe the protrusions or bumps that Would have 
resulted. It should be noted that tWo-component chemistries 
Without levelers may also be used for this process as long as 
a near-uniform thickness of copper is obtained over the 
small and medium siZe features, Without excessive bumping 
or over?ll. 

[0055] As illustrated in FIG. 8B, once the plating With the 
?rst plating solution is completed, an ECMD touch-plating 
stage using a second plating solution 336 forms a second 
layer 334b or a sacri?cial copper that coats the primary 
copper 334a in a planar fashion, depositing more materials 
into the steps or cavities on the mid-siZe and large features 
and less onto the surface regions Where the WSID 102 
sWeeps. During this planariZation stage using the touch 
plating process, as the second plating solution 336 is deliv 
ered onto the primary copper 334a, WSID touches and 
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mechanically sweeps the part of the ?rst layer 334a that is 
located on the ?eld regions and over the small and mid siZe 
features. Combined With the chemistry of the second plating 
solution 336, the sweeping action of the WSID 102 sloWs 
doWn the groWth of the copper layer 334b on the ?eld region 
and above the small features Which are already ?lled and 
accelerates groWth of the copper layer in the large features, 
thus planariZes the overall copper deposit. The sacri?cial 
copper is to produce a planar copper surface for the folloW 
ing material removal process. During the material removal 
step or steps, sacri?cial copper-is entirely removed. 

[0056] The second plating solution 336 preferably does 
not contain any levelers although it may contain some small 
aIllount (such as 0.5 ml/l) and it may employ one component 
chemistry such as a chemistry containing only an accelera 
tor, or tWo component chemistry such as one containing 
accelerator and suppressor. If the second solution is an 
one-component solution, the accelerator concentration may 
be in the range of 1-10 ml/l. If the second solution is a 
tWo-component solution, the accelerator concentration in the 
second solution may be in the range of 1-10 ml/l, Whereas 
the suppressor concentration may be in the range of 1-10 
ml/l. In other Words, the process WindoW can be very Wide. 
This can be done because all the small features have already 
been ?lled on the Wafer by the ?rst plating step and therefore 
there is no danger of causing void formation in such features 
by these neW additive concentrations, Which, if used during 
the ?rst st8;ge process, Would result in non-optimal ?lling of 
the small features. It should be noted that the touch-plating 
stage of the process may be terminated before total pla 
nariZation is achieved if the degree of planariZation achieved 
at that point is adequate for simplifying the thickness 
reduction process such as an electropolishing or CMP pro 
cess, Which folloWs the second stage of the deposition 
process. 

[0057] It should be noted that, although use of tWo dif 
ferent chemistries is described here,- the invention may also 
be used employing the same chemistry for the ?rst and 
second stages of the process. In this case, hoWever, chem 
istry needs to be selected to provide good quality copper for 
the ?rst step and good planariZation for the second step. 
Electrolytes With tWo additives (accelerator and suppressor) 
or electrolytes With three additives (accelerator, suppressor 
and leveler) Where leveler concentration is loW may be used 
for this purpose. For example, for commercially available 
loW acid ViAForm chemistry supplied by Enthone, the 
standard ECD additive concentrations are accelerator of 
about 6 ml/l, suppressor of about 2 ml/l and leveler of about 
2 ml/l. If a single 3-component chemistry is to be used for 
the present invention, the leveler concentration may be cut 
to beloW 1 ml/l, for eXample to 0.5 ml/l, not to affect 
negatively the planariZation capability of the second step. 

[0058] As an alternative, a tWo-component chemistry may 
be used in the ?rst step using the invention to obtain a ?at 
pro?le over the small features While ?lling completely the 
large features. An eXample of such process may be found in 
US. Provisional Application No. 60/444,355 entitled 
“Method of Electroplating Copper Layers With Flat Topog 
raphy” ?led Jan. 30, 2003, Which is assigned to the assignee 
of the present invention. In this alternative approach, during 
the ?rst stage, after ?lling the features having less than 10 
microns Width, or preferably less than 5 microns Width, the 
?lling of the Wider features (>10 microns) With copper to a 
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thickness more than “d” indicated in FIG. 8A is continued 
With intervals While controlling the groWth rate of copper 
deposition over the already ?lled narroWer features during 
the intervals. Controlling the local groWth rate of copper 
deposition over the already ?lled narroWer features may be 
achieved by applying a control process during the plating 
intervals. Application of the selected control process inhibits 
the formation of non-planar topography, i.e., bumps, over 
the copper covering the already ?lled small and medium siZe 
features. In this embodiment, a selected control process may 
be application of reverse potential pulse sequences (or 
pulsed Wave forms) during the intervals, until the large 
Width features are ?lled completely i.e. copper thickness 
becomes >d. The use of pulsed Waveforms advantageously 
reduces accelerator concentrations on the surface of the 
copper layer, Which forms over narroW Width features. After 
this step, the second stage or the planariZation step may be 
performed as in the manner described above. In this case the 
second stage can be performed in the same process chamber 
using the same process solution. 

[0059] As shoWn in FIG. 8C, after the second stage of the 
present process, optionally a third and even a fourth step can 
be used to reduce the thickness of the copper layer that 
formed on the Wafer using the previous steps. As in the 
previous embodiments, after the second stage of the process, 
the copper removal process may be performed as a third 
stage of the process that employs either an electrochemical 
etching or polishing stage or an ECME (electrochemical 
mechanical etching or polishing) stage. Thin planar deposits 
can be obtained by ?rst depositing a planar layer using the 
above described tWo stage process, and then electroetching 
or electropolishing this planar ?lm in an electro etching or 
polishing solution. This Way the thickness of the copper 
layer IS reduced in a planar manner, and the sacri?cial 
copper is entirely removed, leaving a planariZed primary 
copper 340 over the ?eld regions 332 and the features. In 
fact, electroetching or electropolishing may be continued 
until all the primary copper on the ?eld regions 332 is 
removed, con?ning the primary copper in the features While 
eXposing the barrier layer 330 on the ?eld regions. At the 
third stage and/or a fourth stage of the process, a third 
solution comprising an electroetching or electropolishing 
solution such as a phosphoric acid solution may be used to 
reduce the thickness of the copper. For eXample, a no-touch 
electroetching (third stage) may be folloWed by a touch 
ECME (fourth stage). In this respect, a fourth stage such as 
a touch ECME process stage may also be performed using 
a fourth solution. 

[0060] By employing a fourth ECME or electrochemical 
mechanical polishing (ECMP) step, process WindoW for 
copper residue removal may be opened up. In other Words 
after the bulk of the copper is removed by electropolishing, 
a neW solution that forms a protective layer on copper 
surface may be used for the electrochemical mechanical 
polishing step. Under applied anodic voltage this protective 
layer increases polariZation at the copper surface, therefore 
decreasing electro etching or polishing. In areas Where a pad 
makes contact With the copper surface and sWeeps the 
protective layer, the polariZation is reduced and etching/ 
polishing is enhanced. Since pad touches the upper-most 
surface of the copper layer, the top of the copper layer is 
removed, copper surfaces that are not sWept by the pad in the 
ECME or ECMP step gets protected by the protective layer, 
avoiding over-etching of these areas, and reducing dishing. 
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These techniques may also be performed subsequent to 
second stage and using the second solution as an electro 
etching solution While reversing the polarity of the applied 
voltage and rendering the Workpiece surface more anodic 
compared to the electrode. 

[0061] After copper removal from the top surfaces, the 
barrier layer is also removed by at least one of CMP, 
Reactive Ion Etching (RIE) and electrochemical mechanical 
polishing processes to complete the formation of copper 
structures that are electrically isolated from each other. 

[0062] FIG. 9 exempli?es a system 350 using multiple 
modules such as ECD, ECMD, ECME or electropolish, 
CMP and anneal modules to perform the various stages of 
the process. The ?rst stage of the process may be performed 
in an ECD module 352, using the ?rst process solution 
supplied from a ?rst supply tank 354. The second stage of 
the process may be performed in an ECMD module 356 
using the second solution supplied from a second supply 
tank 358. The third stage, the electropolish stage may be 
performed in an electropolish chamber 360 Which uses the 
third process solution supplied from a third supply tank 362, 
Which may be an electro etching or electropolishing solu 
tion. HoWever, alternatively, the third stage may be per 
formed in an ECME or ECMP chamber. In case of using an 
ECME module, the electropolishing may be performed 
using a no-touch ECME or a touch ECME process. The third 
stage may also be performed in the CMP module 364. A 
robot Would be used to transfer Wafers betWeen the various 
modules. An anneal module 366 can be optionally used to 
anneal the plated copper before or after the ECME process. 
Anneal can also be done after the ECD step or after both 
ECD and ECMD steps. 

[0063] Process sequence of the present invention may also 
be carried out in modules that are placed in separate systems 
unlike one preferred embodiment shoWn in FIG. 9. Other 
processes that may be carried out during the process ?oW, 
such as rinsing and drying, edge copper removal etc., are 
Well knoWn in the ?eld and have not been described here for 
brevity. 

[0064] It should be understood, of course, that the fore 
going relates to preferred embodiments of the invention and 
that modi?cations may be made Without departing from the 
spirit and scope of the invention. 

1. A system for forming conductive structures on a 
semiconductor Wafer having a top surface With a ?rst feature 
and a second feature disposed therein, the ?rst feature 
having a ?rst Width and the second feature having the Widest 
Width, the system comprising: 

an electrochemical deposition module con?gured to com 
pletely ?ll the ?rst feature and the second feature With 
a ?rst conductive layer; and 

an electrochemical mechanical deposition module con?g 
ured to deposit a second conductive layer over the ?rst 
conductive layer and form a planar conductive layer. 
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2. The system of claim 1, Wherein the electrochemical 
deposition module includes a ?rst electrolyte solution hav 
ing a ?rst additive composition and the electrochemical 
mechanical deposition module includes a second electrolyte 
solution having a second additive composition. 

3. The system of claim 1 further comprising a chemical 
mechanical polishing (CMP) module con?gured to remove 
the planar conductive layer from the top surface to electri 
cally isolate the ?rst feature from the second feature. 

4. The system of claim 1, Wherein the electrochemical 
deposition module deposits a ?rst conductive layer having a 
thickness in the second feature that is greater than or equal 
to a depth of the second feature. 

5. The system of claim 1 further comprising an annealing 
module to anneal the conductive layer. 

6. The system of claim 1, Wherein the conductive layer 
includes copper. 

7. The system of claim 1 further comprising an electropol 
ishing module con?gured to reduce a thickness of the planar 
conductive layer. 

8. The system of claim 7, Wherein the electropolishing 
module removes substantially all of the planar conductive 
layer. 

9. The system of claim 7 further comprising a chemical 
mechanical polishing (CMP) module con?gured to remove 
the planar conductive layer from the top surface to electri 
cally isolate the ?rst feature from the second feature. 

10. A system for forming conductive structures on a 
semiconductor Wafer having a top surface With a ?rst feature 
and a second feature disposed therein, the ?rst feature 
having a ?rst Width and the second feature having the Widest 
Width, the system comprising: 

a deposition module con?gured to completely ?ll the ?rst 
feature and the second feature With a ?rst conductive 
layer and to deposit a second conductive layer over the 
?rst conductive layer to form a planar conductive layer, 

11. The system of claim 10, Wherein the deposition 
module deposits a ?rst conductive layer having a thickness 
in the second feature that is greater than or equal to a depth 
of the second feature. 

12. The system of claim 10 further comprising a chemical 
mechanical polishing (CMP) module con?gured to remove 
the conductive layer from the top surface to electrically 
isolate the ?rst feature from the second feature. 

13. The system of claim 10 further comprising an elec 
tropolisbing module con?gured to reduce a thickness of the 
planar conductive layer. 

14. The system of claim 13 further comprising a chemical 
mechanical polishing (CMP) module con?gured to remove 
the planar conductive layer to electrically isolate the ?rst 
feature from the second feature. 


