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(57) ABSTRACT 

Polishing compositions and methods for removing conduc 
tive materials and barrier materials from a substrate surface 
are provided. Polishing compositions are provided for remov 
ing at least a barrier material from a substrate surface by a 
chemical mechanical polishing process or by an electro 
chemical mechanical polishing process. The polishing com 
positions used in barrier removal may further be used after a 
process for electrochemical mechanical planariZation pro 
cess of a conductive material. The polishing compositions 
and methods described herein improve the effective removal 
rate of materials from the substrate surface With a reduction in 
planariZation type defects. 
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METHOD AND COMPOSITION FOR 
POLISHING A SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/130,032, ?led May 16, 2005, Which claims 
bene?t of US. Provisional Patent Application Ser. No. 
60/572,183, ?led May 17, 2004, and of US. Provisional 
Patent Application Ser. No. 60/648,128, ?led Jan. 28, 2005. 
US. patent application Ser. No. 11/130,032 is a continuation 
in-part of US. patent application Ser. No. 10/948,958, ?led 
Sep. 24, 2004, Which claims bene?t of US. Provisional 
Patent Application Ser. No. 60/540,265, ?led Jan. 29, 2004. 
Bene?t of priority to all of the above-referenced applications 
is claimed, all of Which are also incorporated by reference in 
their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] Embodiments of the present invention relate to com 
positions and methods for removing a conductive material 
from a substrate. 

[0004] 2. Background of the Related Art 
[0005] Reliably producing sub-half micron and smaller 
features is one of the key technologies for the next generation 
of very large scale integration (VLSI) and ultra large-scale 
integration (ULSI) of semiconductor devices. HoWever, as 
the limits of circuit technology are pushed, the shrinking 
dimensions of interconnects in VLSI and ULSI technology 
have placed additional demands on processing capabilities. 
Reliable formation of interconnects is important to VLSI and 
ULSI success and to the continued effort to increase circuit 
density and quality of individual substrates and die. 
[0006] Multilevel interconnects are formed using sequen 
tial material deposition and material removal techniques on a 
substrate surface to form features therein. As layers of mate 
rials are sequentially deposited and removed, the uppermost 
surface of the substrate may become non-planar across its 
surface and require planariZation prior to further processing. 
PlanariZation or “polishing” is a process in Which material is 
removed from the surface of the substrate to form a generally 
even, planar surface. PlanariZation is useful in removing 
excess deposited material, removing undesired surface 
topography, and surface defects, such as surface roughness, 
agglomerated materials, crystal lattice damage, scratches, 
and contaminated layers or materials to provide an even sur 
face for subsequent photolithography and other semiconduc 
tor manufacturing processes. 
[0007] It is extremely dif?cult to planariZe a metal surface, 
particularly a tungsten surface, as by chemical mechanical 
polishing (CMP), Which planariZes a layer by chemical activ 
ity as Well as mechanical activity, of a damascene inlay as 
shoWn in FIGS. 1A and 1B, With a high degree of surface 
planarity. A damascene inlay formation process may include 
etching feature de?nitions 11 in an interlayer dielectric 10, 
such as a silicon oxide layer, depositing a barrier layer 13 in 
the feature de?nitions 11 and on a surface of the substrate, and 
depositing a thick layer of conductive material 12, such as 
tungsten, on the barrier layer 13 and substrate surface. The 
tungsten material 12 is chemical mechanically polished to 
expose the barrier layer. The barrier layer is then chemical 
mechanically polished to remove the barrier layer to expose 
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the oxide layer 10 and ?lled feature de?nitions 11 as shoWn in 
FIG. 1A. Chemical mechanical polishing techniques to com 
pletely remove the barrier layer material often results in topo 
graphical defects, such as dishing and erosion, that may affect 
subsequent processing of the substrate. 
[0008] Dishing occurs When a portion of the surface of the 
inlaid metal of the interconnection formed in the feature 
de?nitions in the interlayer dielectric is excessively polished, 
resulting in one or more concave depressions, Which may be 
referred to as concavities or recesses. Referring to FIG. 1A, a 
damascene inlay of tungsten 12 in feature de?nitions 11 are 
formed With a barrier layer 13 in a damascene feature de?ni 
tion 11 formed in interlayer dielectric 10, for example, silicon 
dioxide. Subsequent to planariZation, a portion of the tung 
sten 12 may be depressed by an amount D, referred to as the 
amount of dishing. Dishing is more likely to occur in Wider or 
less dense features on a substrate surface. 
[0009] Conventional planariZation techniques also some 
times result in erosion, characterized by excessive polishing 
of the layer not targeted for removal, such as a dielectric layer 
10 surrounding a ?lled feature de?nition. Referring to FIG. 
1B, a tungsten ?ll 21 With a barrier layer 23 formed in a dense 
array of feature de?nitions 22 are inlaid in interlayer dielec 
tric 20. Polishing the substrate may result in loss, or erosion E, 
of the dielectric 20 betWeen the tungsten ?lled feature de? 
nitions. Erosion is observed to occur near narroWer or more 

dense features formed in the substrate surface. 
[0010] Therefore, there is a need for compositions and 
methods for removing conductive material, such as excess 
conductive material and barrier material, from a substrate that 
minimiZes the formation of topographical defects to the sub 
strate during planariZation. 

SUMMARY OF THE INVENTION 

[0011] Aspects of the invention provide compositions and 
methods for removing barrier materials by a polishing tech 
nique. In one aspect, a composition is provided for removing 
at least a barrier material from a substrate surface including 
betWeen about 1 Wt. % and about 10 Wt. % of an oxidiZer, 
betWeen about 0.5 Wt. % and about 5 Wt. % of a chelating 
agent, betWeen about 0.0001 Wt % and about 1 Wt % of a 
polymeric stabiliZer, betWeen about 0.3 Wt % and about 10 Wt 
% of abrasive particles, a pH betWeen about 1 and about 6, and 
a solvent. 

[0012] In another aspect, the composition is used in a 
method provided for processing a substrate including dispos 
ing a substrate having patterned feature de?nitions, a barrier 
material disposed in the patterned feature de?nition, and a 
tungsten layer formed thereon in a polishing apparatus, pol 
ishing the tungsten layer to expose the barrier layer, polishing 
the barrier layer by a process comprising providing a polish 
ing composition comprising betWeen about 1 Wt. % and about 
10 Wt. % of an oxidiZer, betWeen about 0.5 Wt. % and about 5 
Wt. % of a chelating agent, betWeen about 0.0001 Wt % and 
about 1 Wt % of a polymeric stabiliZer, betWeen about 0.3 Wt 
% and about 10 Wt % of abrasive particles, a pH betWeen 
about 1 and about 6 and a solvent, and contacting the substrate 
to a polishing article, providing relative motion betWeen the 
substrate and the polishing article, and removing barrier 
material from the substrate. 
[0013] In another aspect, a method is provided for process 
ing a substrate including disposing a substrate having pat 
terned feature de?nitions, a barrier material disposed in the 
patterned feature de?nition, and a tungsten layer formed 
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thereon in a polishing apparatus having at least one electro 
chemical mechanical polishing station and at least one chemi 
cal mechanical polishing station, polishing the substrate in 
the at least one electrochemical mechanical polishing station 
to remove a ?rst portion of the tungsten layer by a process 
comprising providing a ?rst polishing composition betWeen 
the ?rst electrode and the substrate, contacting the sub strate to 
a polishing article at a ?rst pressure betWeen the substrate and 
the polishing article, providing a ?rst relative motion betWeen 
the substrate and the polishing article, and applying a ?rst bias 
betWeen the ?rst electrode and the second electrode, and 
polishing the substrate in the at least one electrochemical 
mechanical polishing station to remove a second portion of 
the tungsten layer by a process comprising providing a second 
polishing composition betWeen the ?rst electrode and the 
substrate, contacting the substrate to a polishing article at a 
second pressure betWeen the substrate and the polishing 
article, providing a second relative motion betWeen the sub 
strate and the polishing article, and applying a second bias 
betWeen the ?rst electrode and the second electrode, and 
polishing the barrier layer by a process comprising providing 
a polishing composition comprising betWeen about 1 Wt. % 
and about 10 Wt. % of an oxidizer, betWeen about 0.5 Wt. % 
and about 5 Wt. % of a chelating agent, betWeen about 0.0001 
Wt % and about 1 Wt % of a polymeric stabiliZer, betWeen 
about 0.3 Wt % and about 10 Wt % of abrasive particles, a pH 
betWeen about 1 and about 6, and a solvent, and contacting the 
substrate to a polishing article, providing relative motion 
betWeen the substrate and the polishing article, and removing 
barrier material from the substrate. 

[0014] In another aspect, a composition is provided for 
removing at least a barrier material from a substrate surface 
including an acid based electrolyte system, one or more etch 
ing agents, one or more etching inhibitors, one or more acti 
vating agents, one or more pH adjusting agents to provide a 
pH betWeen about 2 and about 7, one or more oxidizers, 
abrasive particles, and a solvent. 
[0015] In another aspect, a method provided for processing 
a substrate including a dielectric surface, feature de?nitions 
formed in the dielectric surface, a barrier material disposed in 
the feature de?nitions and the dielectric surface, and a con 
ductive material disposed on the barrier material, the method 
including polishing the conductive material to expose the 
barrier material, disposing the substrate in a process appara 
tus comprising a ?rst electrode and a second electrode, 
Wherein the substrate is in electrical contact With the second 
electrode, providing a polishing composition betWeen the 
?rst electrode and the substrate, Wherein the polishing com 
position includes an acid based electrolyte system, one or 
more etching agents, one or more etching inhibitors, one or 
more activating agents, one or more pH adjusting agents to 
provide a pH betWeen about 2 and about 7, one or more 
oxidiZers, abrasive particles, and a solvent, applying a pres 
sure betWeen the substrate and a polishing article by use of a 
polishing head, providing relative motion betWeen the sub 
strate and the polishing article by mechanical means, apply 
ing a bias betWeen the ?rst electrode and the second electrode, 
and removing barrier material from the dielectric surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] So that the manner in Which the above recited 
aspects of the present invention are attained and can be under 
stood in detail, a more particular description of embodiments 
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of the invention, brie?y summariZed above, may be had by 
reference to the embodiments thereof Which are illustrated in 
the appended draWings. 
[0017] It is to be noted, hoWever, that the appended draW 
ings illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 
[0018] FIGS. 1A and 1B schematically illustrate the phe 
nomenon of dishing and erosion respectively; 
[0019] FIG. 2 is a plan vieW of an electrochemical mechani 
cal planariZing system; 
[0020] FIG. 3 is a sectional vieW of one embodiment of a 
?rst electrochemical mechanical planariZing (ECMP) station 
ofthe system of FIG. 2; 
[0021] FIG. 4A is a partial sectional vieW of the ?rst ECMP 
station through tWo contact assemblies; 
[0022] FIGS. 4B-C are sectional vieWs of alternative 
embodiments of contact assemblies; 
[0023] FIGS. 4D-E are sectional vieWs of plugs; 
[0024] FIGS. 5A and 5B are side, exploded and sectional 
vieWs of one embodiment of a contact assembly; 
[0025] FIG. 6 is one embodiment of a contact element; 
[0026] FIG. 7 is a vertical sectional vieW of another 
embodiment of an ECMP station; and 
[0027] FIGS. 8A-8D are schematic cross-sectional vieWs 
illustrating a polishing process performed on a substrate 
according to one embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] In general, aspects of the invention provide compo 
sitions and methods for removing conductive materials and 
barrier materials from a substrate surface. The invention is 
described beloW in reference to a planariZing process for the 
removal of conductive material and barrier material from a 
substrate surface by an electrochemical mechanical polishing 
(ECMP) technique. 
[0029] The Words and phrases used herein should be given 
their ordinary and customary meaning in the art by one skilled 
in the art unless otherWise further de?ned. Chemical polish 
ing should be broadly construed and includes, but is not 
limited to, planariZing a substrate surface using chemical 
activity. Electropolishing should be broadly construed and 
includes, but is not limited to, planariZing a substrate by the 
application of electrochemical activity. Electrochemical 
mechanical polishing (ECMP) should be broadly construed 
and includes planariZing a substrate by the application of 
electrochemical activity, mechanical activity, and chemical 
activity to remove material from a substrate surface. 
[0030] Anodic dissolution should be broadly construed and 
includes, but is not limited to, the application of an anodic 
bias to a substrate directly or indirectly Which results in the 
removal of conductive material from a substrate surface and 
into a surrounding polishing composition. Polishing compo 
sition should be broadly construed and includes, but is not 
limited to, a composition that provides ionic conductivity, and 
thus, electrical conductivity, in a liquid medium, Which gen 
erally comprises materials knoWn as electrolyte components. 
The amount of each electrolyte component in polishing com 
positions can be measured in volume percent or Weight per 
cent. Volume percent refers to a percentage based on volume 
of a desired liquid component divided by the total volume of 
all of the liquid in the complete composition. A percentage 
based on Weight percent is the Weight of the desired compo 
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nent divided by the total Weight of all of the liquid compo 
nents in the complete composition. 
[0031] The electrochemical mechanical polishing process 
may be performed in a process apparatus, such as a platform 
having one or more polishing stations adapted for electro 
chemical mechanical polishing processes. The one or more 
polishing stations may be adapted to perform conventional 
chemical mechanical polishing. A platen for performing an 
electrochemical mechanical polishing process may include a 
polishing article, a ?rst electrode, and a second electrode, 
Wherein the substrate is in electrical contact With the second 
electrode. An example of a suitable system is the Re?exion Lk 
EcmpTM processing system, commercially available from 
Applied Materials, Inc., of Santa Clara, Calif. The folloWing 
apparatus description is illustrative and should not be con 
strued or interpreted as limiting the scope of the invention. 

One Apparatus Embodiment 

[0032] FIG. 2 is a plan vieW of one embodiment ofa pla 
nariZation system 100 having an apparatus for electrochemi 
cally processing a substrate. The exemplary system 100 gen 
erally comprises a factory interface 102, a loading robot 104, 
and a planariZing module 106. The loading robot 104 is dis 
posed proximate the factory interface 102 and the planariZing 
module 106 to facilitate the transfer of substrates 122 ther 
ebetWeen. 
[0033] A controller 108 is provided to facilitate control and 
integration of the modules of the system 100. The controller 
108 comprises a central processing unit (CPU) 110, a 
memory 112, and support circuits 114. The controller 108 is 
coupled to the various components of the system 100 to 
facilitate control of, for example, the planariZing, cleaning, 
and transfer processes. 
[0034] The factory interface 102 generally includes a 
cleaning module 116 and one or more Wafer cassettes 118. An 
interface robot 120 is employed to transfer substrates 122 
betWeen the Wafer cassettes 118, the cleaning module 116 and 
an input module 124. The input module 124 is positioned to 
facilitate transfer of substrates 122 betWeen the planariZing 
module 106 and the factory interface 102 by grippers, for 
example vacuum grippers or mechanical clamps (not shoWn). 
[0035] The planariZing module 106 includes at least a ?rst 
electrochemical mechanical planariZing (ECMP) station 128, 
disposed in an environmentally controlled enclosure 188. 
Examples of planariZing modules 106 that can be adapted to 
bene?t from the invention include MIRRA® Chemical 
Mechanical PlanariZing Systems, MIRRA MESATM Chemi 
cal Mechanical PlanariZing Systems, REFLEXION® 
Chemical Mechanical PlanariZing Systems, REFLEXION® 
LK Chemical Mechanical PlanariZing Systems, and 
REFLEXION LK ECMPTM Chemical Mechanical PlanariZ 
ing Systems, all available from Applied Materials, Inc. of 
Santa Clara, Calif. Other planariZing modules, including 
those that use processing pads, planariZing Webs, or a com 
bination thereof, and those that move a substrate relative to a 
planariZing surface in a rotational, linear or other planar 
motion may also be adapted to bene?t from the invention. 
[0036] In the embodiment depicted in FIG. 2, the planariZ 
ing module 106 includes one bulk ECMP station 128, a sec 
ond ECMP station 130 and third polishing station 132. The 
third polishing station may be an ECMP station as described 
for ECMP stations 128 or 130 as shoWn in FIG. 2, and may 
alternatively, be a chemical mechanical polishing (CMP) sta 
tion. As CMP stations are conventional in nature, further 
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description thereof has been omitted for the sake of brevity. 
HoWever, an example of a suitable CMP polishing station is 
more fully described in US. Pat. No. 5,738,574, issued on 
Apr. 14, 1998, entitled, “Continuous Processing System for 
Chemical Mechanical Polishing,” the entirety of Which is 
incorporated herein by reference to the extent not inconsistent 
With the invention 
[0037] Bulk removal of conductive material from the sub 
strate is performed through an electrochemical dissolution 
process at the bulk ECMP station 128. After the bulk material 
removal at the bulk ECMP station 128, residual conductive 
material is removed from the substrate at the residual ECMP 
station 130 through a second electrochemical mechanical 
process. It is contemplated that more than one residual ECMP 
stations 130 may be utiliZed in the planariZing module 106. 
Barrier layer material may be removed at polishing station 
132 after processing at the residual ECMP station 130 by the 
barrier removal processes described herein. Alternatively, 
each of the ?rst and second ECMP stations 128, 130 may be 
utiliZed to perform both the tWo-step conductive material 
removal as described herein on a single station. 

[0038] The exemplary planariZing module 106 also 
includes a transfer station 136 and a carousel 134 that are 
disposed on an upper or ?rst side 138 of a machine base 140. 
In one embodiment, the transfer station 136 includes an input 
buffer station 142, an output buffer station 144, a transfer 
robot 146, and a load cup assembly 148. The input buffer 
station 142 receives substrates from the factory interface 102 
by means of the loading robot 104. The loading robot 104 is 
also utiliZed to return polished substrates from the output 
buffer station 144 to the factory interface 102. The transfer 
robot 146 is utiliZed to move substrates betWeen the buffer 
stations 142, 144 and the load cup assembly 148. 
[0039] In one embodiment, the transfer robot 146 includes 
tWo gripper assemblies (not shoWn), each having pneumatic 
gripper ?ngers that hold the substrate by the sub strate’s edge. 
The transfer robot 146 may simultaneously transfer a sub 
strate to be processed from the input buffer station 142 to the 
load cup assembly 148 While transferring a processed sub 
strate from the load cup assembly 148 to the output buffer 
station 144. An example of a transfer station that may be used 
to advantage is described in US. Pat. No. 6,156,124, issued 
Dec. 5, 2000 to Tobin, Which is herein incorporated by refer 
ence in its entirety. 
[0040] The carousel 134 is centrally disposed on the base 
140. The carousel 134 typically includes a plurality of arms 
150, each supporting a planariZing head assembly 152. TWo 
of the arms 150 depicted in FIG. 2 are shoWn in phantom such 
that the transfer station 136 and a planariZing surface 126 of 
the ?rst ECMP station 128 may be seen. The carousel 134 is 
indexable such that the planariZing head assemblies 152 may 
be moved betWeen the planariZing stations 128, 130, 132 and 
the transfer station 136. One carousel that may be utiliZed to 
advantage is described in US. Pat. No. 5,804,507, issued Sep. 
8, 1998 to Perlov, et al., Which is hereby incorporated by 
reference in its entirety. 
[0041] A conditioning device 182 is disposed on the base 
140 adjacent each of the planariZing stations 128, 130, 132. 
The conditioning device 182 periodically conditions the pla 
nariZing material disposed in the stations 128,130,132 to 
maintain uniform planariZing results. 
[0042] FIG. 3 depicts a sectional vieW of one of the pla 
nariZing head assemblies 152 positioned over one embodi 
ment of the bulk ECMP station 128. The planariZing head 
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assembly 152 generally comprises a drive system 202 
coupled to a planariZing head 204. The drive system 202 
generally provides at least rotational motion to the planariZ 
ing head 204. The planariZing head 204 additionally may be 
actuated toWard the bulk ECMP station 128 such that the 
substrate 122 retained in the planariZing head 204 may be 
disposed against the planariZing surface 126 of the bulk 
ECMP station 128 during processing. The drive system 202 is 
coupled to the controller 108 that provides a signal to the drive 
system 202 for controlling the rotational speed and direction 
of the planariZing head 204. 
[0043] In one embodiment, the planariZing head may be a 
TITAN HEADTM or TITAN PROFILERTM Wafer carrier 
manufactured by Applied Materials, Inc. Generally, the pla 
nariZing head 204 comprises a housing 214 and retaining ring 
224 that de?nes a center recess in Which the substrate 122 is 
retained. The retaining ring 224 circumscribes the substrate 
122 disposed Within the planariZing head 204 to prevent the 
substrate from slipping out from under the planariZing head 
204 While processing. The retaining ring 224 can be made of 
plastic materials such as polyphenylene sul?de (PPS), poly 
etheretherketone (PEEK), and the like, or conductive mate 
rials such as stainless steel, Cu, Au, Pd, and the like, or some 
combination thereof. It is further contemplated that a conduc 
tive retaining ring 224 may be electrically biased to control 
the electric ?eld during ECMP. Conductive or biased retain 
ing rings tend to sloW the polishing rate proximate the edge of 
the substrate. It is contemplated that other planariZing heads 
may be utiliZed. 
[0044] The ?rst ECMP station 128 generally includes a 
platen assembly 230 that is rotationally disposed on the base 
140. The platen assembly 230 is supported above the base 140 
by a bearing 238 so that the platen assembly 230 may be 
rotated relative to the base 140. An area of the base 140 
circumscribed by the bearing 238 is open and provides a 
conduit for the electrical, mechanical, pneumatic, control 
signals and connections communicating With the platen 
assembly 230. 
[0045] Conventional bearings, rotary unions and slip rings, 
collectively referred to as rotary coupler 276, are provided 
such that electrical, mechanical, ?uid, pneumatic, control 
signals and connections may be coupled betWeen the base 
140 and the rotating platen assembly 230. The platen assem 
bly 230 is typically coupled to a motor 232 that provides the 
rotational motion to the platen assembly 230. The motor 232 
is coupled to the controller 108 that provides a signal for 
controlling for the rotational speed and direction of the platen 
assembly 230. 
[0046] A top surface 260 of the platen assembly 230 sup 
ports a processing pad assembly 222 thereon. The processing 
pad assembly may be retained to the platen assembly 230 by 
magnetic attraction, vacuum, clamps, adhesives and the like. 
[0047] A plenum 206 is de?ned in the platen assembly 230 
to facilitate uniform distribution of electrolyte to the planariZ 
ing surface 126. A plurality of passages, described in greater 
detail beloW, are formed in the platen assembly 230 to alloW 
electrolyte, provided to the plenum 206 from an electrolyte 
source 248, to How uniformly though the platen assembly 230 
and into contact With the substrate 122 during processing. It is 
contemplated that different electrolyte compositions may be 
provided during different stages of processing. 
[0048] The processing pad assembly 222 includes an elec 
trode 292 and at least a planariZing portion 290. The electrode 
292 is typically comprised of a conductive material, such as 

Jan. 8, 2009 

stainless steel, copper, aluminum, gold, silver and tungsten, 
among others. The electrode 292 may be solid, impermeable 
to electrolyte, permeable to electrolyte or perforated. At least 
one contact assembly 250 extends above the processing pad 
assembly 222 and is adapted to electrically couple the sub 
strate being processed on the processing pad assembly 222 to 
the poWer source 242. The electrode 292 is also coupled to the 
poWer source 242 so that an electrical potential may be estab 
lished betWeen the substrate and electrode 292. 

[0049] A meter (not shoWn) is provided to detect a metric 
indicative of the electrochemical process. The meter may be 
coupled or positioned betWeen the poWer source 242 and at 
least one of the electrode 292 or contact assembly 250. The 
meter may also be integral to the poWer source 242. In one 
embodiment, the meter is con?gured to provide the controller 
108 With a metric indicative of processing, such a charge, 
current and/or voltage. This metric may be utiliZed by the 
controller 1 08 to adjust the processing parameters in-situ or to 
facilitate endpoint or other process stage detection. 
[0050] A WindoW 246 is provided through the pad assembly 
222 and/ or platen assembly 230, and is con?gured to alloW a 
sensor 254, positioned beloW the pad assembly 222, to sense 
a metric indicative of polishing performance. For example, 
the sensor 704 may be an eddy current sensor or an interfer 

ometer, among other sensors. The metric, provided by the 
sensor 254 to the controller 108, provides information that 
may be utiliZed for processing pro?le adjustment in-situ, 
endpoint detection or detection of another point in the elec 
trochemical process. In one embodiment, the sensor 254 an 
interferometer capable of generating a collimated light beam, 
Which during processing, is directed at and impinges on a side 
of the substrate 122 that is being polished. The interference 
betWeen re?ected signals is indicative of the thickness of the 
conductive layer of material being processed. One sensor that 
may be utiliZed to advantage is described in Us. Pat. No. 
5,893,796, issued Apr. 13, 1999, to Birang, et al., Which is 
hereby incorporated by reference in its entirety. 
[0051] Embodiments of the processing pad assembly 222 
suitable for removal of conductive material from the substrate 
122 may generally include a planariZing surface 126 that is 
substantially dielectric. Other embodiments of the processing 
pad assembly 222 suitable for removal of conductive material 
from the substrate 122 may generally include a planariZing 
surface 126 that is substantially conductive. At least one 
contact assembly 250 is provided to couple the substrate to 
the poWer source 242 so that the substrate may be biased 
relative to the electrode 292 during processing. Apertures 
210, formed through the planariZing layer 290 and the elec 
trode 292 and the any elements disposed beloW the electrode, 
alloW the electrolyte to establish a conductive path betWeen 
the substrate 112 and electrode 292. 

[0052] In one embodiment, the planariZing portion 290 of 
the processing pad assembly 222 is a dielectric, such as poly 
urethane. Examples of processing pad assemblies that may be 
adapted to bene?t from the invention are described in Us. 
patent application Ser. No. l0/455,94l, ?led Jun. 6, 2003, 
entitled “Conductive PlanariZing Article For Electrochemical 
Mechanical PlanariZing”, and Us. patent application Ser. 
No. 10/ 455,895, ?led Jun. 6, 2003, entitled “Conductive Pla 
nariZing Article For Electrochemical Mechanical PlanariZ 
ing,” both of Which are hereby incorporated by reference in 
their entireties. 
[0053] FIG. 4A is a partial sectional vieW of the ?rst ECMP 
station 128 through tWo contact assemblies 250, and FIGS. 
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5A-C are side, exploded and sectional vieWs of one of the 
contact assemblies 250 shoWn in FIG. 5A. The platen assem 
bly 230 includes at least one contact assembly 250 projecting 
therefrom and coupled to the poWer source 242 that is adapted 
to bias a surface of the substrate 122 during processing. The 
contact assemblies 250 may be coupled to the platen assem 
bly 230, part of the processing pad assembly 222, or a sepa 
rate element. Although tWo contact assemblies 250 are shoWn 
in FIG. 3A, any number of contact assemblies may be utiliZed 
and may be distributed in any number of con?gurations rela 
tive to the centerline of the platen assembly 230. 

[0054] The contact assemblies 250 are generally electri 
cally coupled to the poWer source 242 through the platen 
assembly 230 and are movable to extend at least partially 
through respective apertures 368 formed in the processing 
pad assembly 222. The positions of the contact assemblies 
250 may be chosen to have a predetermined con?guration 
across the platen assembly 230. For prede?ned processes, 
individual contact assemblies 250 may be repositioned in 
different apertures 368, While apertures not containing con 
tact assemblies may be plugged With a stopper 392 or ?lled 
With a noZZle 394 (as shoWn in FIGS. 4D-E) that alloWs ?oW 
of electrolyte from the plenum 206 to the substrate. One 
contact assembly that may be adapted to bene?t from the 
invention is described in Us. patent application Ser. No. 
10/445,239, ?led May 23, 2003, by Butter?eld, et al., and is 
hereby incorporated by reference in its entirety. 
[0055] Although the embodiments of the contact assembly 
250 described beloW With respect to FIG. 3A depicts a rolling 
ball contact, the contact assembly 250 may alternatively com 
prise a structure or assembly having a conductive upper layer 
or surface suitable for electrically biasing the substrate 122 
during processing. For example, as depicted in FIG. 3B, the 
contact assembly 250 may include a pad structure 350 having 
an upper layer 352 made from a conductive material or a 
conductive composite (i.e., the conductive elements are dis 
persed integrally With or comprise the material comprising 
the upper surface), such as a polymer matrix 354 having 
conductive particles 356 dispersed therein or a conductive 
coated fabric, among others. The pad structure 350 may 
include one or more of the apertures 210 formed therethrough 
for electrolyte delivery to the upper surface of the pad assem 
bly. Other examples of suitable contact assemblies are 
described in Us. Provisional Patent Application Ser. No. 
60/5l6,680, ?led Nov. 3, 2003, by Hu, et al., Which is hereby 
incorporated by reference in its entirety. 
[0056] In one embodiment, each of the contact assemblies 
250 includes a holloW housing 302, an adapter 304, a ball 306, 
a contact element 314 and a clamp bushing 316. The ball 306 
has a conductive outer surface and is movably disposed in the 
housing 302. The ball 306 may be disposed in a ?rst position 
having at least a portion of the ball 306 extending above the 
planariZing surface 126 and at least a second position Where 
the ball 306 is substantially ?ush With the planariZing surface 
126. It is also contemplated that the ball 306 may move 
completely beloW the planariZing surface 126. The ball 306 is 
generally suitable for electrically coupling the substrate 122 
to the poWer source 242. It is contemplated that a plurality of 
balls 306 for biasing the substrate may be disposed in a single 
housing 358 as depicted in FIG. 3C. 

[0057] The poWer source 242 generally provides a positive 
electrical bias to the ball 306 during processing. BetWeen 
planariZing substrates, the poWer source 242 may optionally 
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apply a negative bias to the ball 306 to minimiZe attack on the 
ball 306 by process chemistries. 
[0058] The housing 302 is con?gured to provide a conduit 
for the ?oW of electrolyte from the source 248 to the substrate 
122 during processing. The housing 302 is fabricated from a 
dielectric material compatible With process chemistries. A 
seat 326 formed in the housing 302 prevents the ball 306 from 
passing out of the ?rst end 308 of the housing 302. The seat 
326 optionally may include one or more grooves 348 formed 
therein that alloW ?uid ?oW to exit the housing 302 betWeen 
the ball 306 and seat 326. Maintaining ?uid ?oW past the ball 
306 may minimize the propensity of process chemistries to 
attack the ball 306. 
[0059] The contact element 314 is coupled betWeen the 
clamp bushing 316 and the adapter 304. The contact element 
314 is generally con?gured to electrically connect the adapter 
304 and ball 306 substantially or completely through the 
range of ball positions Within the housing 302. In one embodi 
ment, the contact element 314 may be con?gured as a spring 
form. 
[0060] In the embodiment depicted in FIGS. 4A-E and 
5A-C and detailed in FIG. 6, the contact element 314 includes 
an annular base 342 having a plurality of ?exures 344 extend 
ing therefrom in a polar array. The ?exure 344 is generally 
fabricated from a resilient and conductive material suitable 
for use With process chemistries. In one embodiment, the 
?exure 344 is fabricated from gold plated beryllium copper. 
[0061] Returning to FIGS. 4A and 5A-B, the clamp bush 
ing 316 includes a ?ared head 424 having a threaded post 422 
extending therefrom. The clamp bushing 316 may be fabri 
cated from either a dielectric or conductive material, or a 
combination thereof, and in one embodiment, is fabricated 
from the same material as the housing 302. The ?ared head 
424 maintains the ?exures 344 at an acute angle relative to the 
centerline of the contact assembly 250 so that the ?exures 344 
of the contact elements 314 are positioned to spread around 
the surface of the ball 306 to prevent bending, binding and/or 
damage to the ?exures 344 during assembly of the contact 
assembly 250 and through the range of motion of the ball 306. 
[0062] The ball 306 may be solid or holloW and is typically 
fabricated from a conductive material. For example, the ball 
306 may be fabricated from a metal, conductive polymer or a 
polymeric material ?lled With conductive material, such as 
metals, conductive carbon or graphite, among other conduc 
tive materials. Alternatively, the ball 3 06 may be formed from 
a solid or holloW core that is coated With a conductive mate 
rial. The core may be non-conductive and at least partially 
coated With a conductive covering. 
[0063] The ball 306 is generally actuated toWard the pla 
nariZing surface 126 by at least one of spring, buoyant or ?oW 
forces. In the embodiment depicted in FIG. 5, ?oW through 
the passages formed through the adapter 304 and clamp bush 
ing 316 and the platen assembly 230 from the electrolyte 
source 248 urge the ball 306 into contact With the substrate 
during processing. 
[0064] FIG. 7 is a sectional vieW of one embodiment of the 
second ECMP station 130. The ?rst and third ECMP stations 
128, 132 may be con?gured similarly. The second ECMP 
station 130 generally includes a platen 602 that supports a 
fully conductive processing pad assembly 604. The platen 
602 may be con?gured similar to the platen assembly 230 
described above to deliver electrolyte through the processing 
pad assembly 604, or the platen 602 may have a ?uid delivery 
arm (not shoWn) disposed adjacent thereto con?gured to sup 
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ply electrolyte to a planariZing surface of the processing pad 
assembly 604. The platen assembly 602 includes at least one 
of a meter or sensor 254 (shoWn in FIG. 3) to facilitate 
endpoint detection. 
[0065] In one embodiment, the processing pad assembly 
604 includes interposed pad 612 sandWiched betWeen a con 
ductive pad 610 and an electrode 614. The conductive pad 610 
is substantially conductive across its top processing surface 
and is generally made from a conductive material or a con 
ductive composite (i.e., the conductive elements are dispersed 
integrally With or comprise the material comprising the pla 
nariZing surface), such as a polymer matrix having conduc 
tive particles dispersed therein or a conductive coated fabric, 
among others. The conductive pad 610, the interposed pad 
612, and the electrode 614 may be fabricated into a single, 
replaceable assembly. The processing pad assembly 604 is 
generally permeable or perforated to alloW electrolyte to pass 
betWeen the electrode 614 and top surface 620 of the conduc 
tive pad 610. In the embodiment depicted in FIG. 7, the 
processing pad assembly 604 is perforated by apertures 622 
to alloW electrolyte to How therethrough. In one embodiment, 
the conductive pad 610 is comprised of a conductive material 
disposed on a polymer matrix disposed on a conductive ?ber, 
for example, tin particles in a polymer matrix disposed on a 
Woven copper coated polymer. The conductive pad 610 may 
also be utiliZed for the contact assembly 250 in the embodi 
ment of FIG. 3. 
[0066] A conductive foil 616 may additionally be disposed 
betWeen the conductive pad 610 and the subpad 612. The foil 
616 is coupled to a poWer source 242 and provides uniform 
distribution of voltage applied by the source 242 across the 
conductive pad 610. In embodiments not including the con 
ductive foil 616, the conductive pad 610 may be coupled 
directly, for example, via a terminal integral to the pad 610, to 
the poWer source 242. Additionally, the pad assembly 604 
may include an interposed pad 618, Which, along With the foil 
616, provides mechanical strength to the overlying conduc 
tive pad 610. Examples of suitable pad assemblies are 
described in the previously incorporated U.S. patent applica 
tion Ser. Nos. 10/455,941 and l0/455,895. 

Electrochemical Mechanical Processing: 

[0067] In one aspect, polishing compositions and processes 
that can planariZe conductive materials, such as tungsten, and 
barrier material, such as titanium and titanium nitride are 
provided. An electrochemical mechanical polishing tech 
nique using a combination of chemical activity, mechanical 
activity and electrical activity to remove conductive material, 
such as tungsten or copper, and planariZe a substrate surface 
may be performed as described herein. Tungsten material 
includes tungsten, tungsten nitride, tungsten silicon nitride, 
and tungsten silicon nitride, among others. While the folloW 
ing conductive material removal process is described for 
tungsten removal, the invention contemplates the removal of 
other conductive materials, for example, aluminum, plati 
num, copper, cobalt, gold, silver, ruthenium, or combinations 
thereof. 
[0068] The removal of excess tungsten may be performed 
in one or more processing steps, for example, a single tung 
sten removal step or a bulk tungsten removal step and a 
residual tungsten removal step. Bulk material is broadly 
de?ned herein as any material deposited on the substrate in an 
amount more than su?icient to substantially ?ll features 
formed on the substrate surface. Residual material is broadly 

Jan. 8, 2009 

de?ned as any material remaining after one or more bulk or 
residual polishing process steps. Generally, the bulk removal 
during a ?rst ECMP process removes at least about 50% of the 
conductive layer, preferably at least about 70%, more prefer 
ably at least about 80%, for example, at least about 90%. The 
residual removal during a second ECMP process removes 
mo st, if not all the remaining conductive material disposed on 
the barrier layer to leave behind the ?lled plugs. 
[0069] The bulk removal ECMP process may be performed 
on a ?rst polishing platen and the residual removal ECMP 
process on a second polishing platen of the same or different 
polishing apparatus as the ?rst platen. In another embodi 
ment, the residual removal ECMP process may be performed 
on the ?rst platen With the bulk removal process. Any barrier 
material may be removed on a separate platen, such as the 
third platen in the apparatus described in FIG. 2. For example, 
the apparatus described above in accordance With the pro 
cesses described herein may include three platens for remov 
ing tungsten material including, for example, a ?rst platen to 
remove bulk material, a second platen for residual removal 
and a third platen for barrier removal, Wherein the bulk and 
the residual processes are ECMP processes and the barrier 
removal is a CMP process, or, alternatively, another ECMP 
process. In another embodiment, three ECMP platens may be 
used to remove bulk material, residual removal and barrier 
removal. 

[0070] Methods are also provided for polishing a substrate 
to remove barrier materials from a substrate surface With 
minimal topographical defects While increasing throughput 
With a decrease in polishing time. The barrier layer material 
removal techniques may be performed by a chemical 
mechanical polishing technique or an electrochemical 
mechanical polishing technique. A chemical mechanical pol 
ishing technique using a combination of chemical activity and 
mechanical activity, and alternatively an electrochemical 
mechanical technique, electrical activity, to remove a barrier 
material and planariZe a substrate surface may be performed 
as described herein. Barrier materials include titanium, tita 
nium nitride, titanium silicon nitride, tantalum, tantalum 
nitride, tantalum silicon nitride, ruthenium, and combinations 
thereof. 

[0071] The barrier layer may be removed in one or more 
steps, With tWo or more steps including chemical mechanical 
polishing, electrochemical mechanical polishing or a combi 
nation of both. For example, in electrochemical mechanical 
polishing of the barrier layer, the second step may include a 
conventional chemical mechanical polishing process or a sec 
ond electrochemical mechanical polishing process. The sec 
ond and subsequent steps may be performed With a polishing 
composition different the polishing composition described 
herein as Well as a version of the composition described 
herein diluted With a solvent or other material. 

[0072] FIGS. 8A-8D are schematic cross-sectional vieWs 
illustrating a polishing process performed on a substrate 
according to one embodiment for planariZing a substrate sur 
face described herein. A ?rst ECMP process may be used to 
remove bulk tungsten material from the substrate surface as 
shoWn from FIG. 8A and then a second ECMP process to 
remove residual tungsten materials as shoWn from FIGS. 
8B-8C. Barrier material removal, and optionally, bu?ing, are 
used to remove the remaining barrier material and planariZed 
the surface to form the damascene structure as shoWn in FIG. 
8D. The ?rst ECMP process produces to a fast removal rate of 
the tungsten layer and the second ECMP process, due to the 
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precise removal of the remaining tungsten material, forms 
level substrate surfaces With reduced or minimal dishing and 
erosion of substrate features. The ECMP or CMP barrier 
removal process also forms level substrate surfaces With 
reduced or minimal dishing and erosion of substrate features. 
[0073] FIG. 8A is a schematic cross-sectional vieW illus 
trating one embodiment of a ?rst electrochemical mechanical 
polishing technique for removal of bulk tungsten material. 
The substrate is disposed in a receptacle, such as a basin or 
platen containing a ?rst electrode. The substrate 800 has a 
dielectric layer 810 patterned With narroW feature de?nitions 
820 and Wide feature de?nitions 830. The feature de?nitions, 
such as vias, trenches, contacts, or holes, are patterned and 
etched into the dielectric layer 810 by conventional photo 
lithographic and etching techniques. A barrier material, for 
example, titanium and/or titanium nitride, is deposited as a 
barrier layer 840 on feature de?nitions 820, 830 deposited 
therein. Suf?cient conductive material 860, for example, 
tungsten, is deposited on the substrate surface to ?ll the fea 
ture de?nitions 820, 830. The deposition pro?le of the excess 
material includes a high overburden 870, also referred to as a 
hill or peak, formed over narroW feature de?nitions 820 and a 
minimal overburden 880, also referred to as a valley, over 
Wide feature de?nitions 830. 

[0074] A polishing composition 850 as described herein for 
bulk tungsten removal is provided to the substrate surface. 
The polishing composition may be provided at a How rate 
betWeen about 100 and about 400 milliliters per minute, such 
as about 300 milliliters per minute, to the substrate surface. 
An example of the polishing composition for the bulk 
removal step includes betWeen about 1 vol % and about 5 vol 
% of sulfuric acid, betWeen about 1 vol % and about 5 vol % 
of phosphoric acid, betWeen about 1 Wt % and about 5 Wt % 
of ammonium citrate, betWeen about 0.5 Wt % and about 5 Wt 
% of ethylenediamine, a pH adjusting agent to provide a pH 
betWeen about 6 and about 10, and deioniZed Water. A further 
example of a polishing composition includes about 2 vol % of 
sulfuric acid, about 2 vol % of phosphoric acid, about 2 Wt % 
of ammonium citrate, about 2 Wt % of ethylenediamine, 
potassium hydroxide to provide a pH betWeen about 8.4 and 
about 8.9 and deioniZed Water. The composition has a con 
ductivity of betWeen about 60 and about 64 milliSiemens 
(mS). The bulk polishing composition described herein hav 
ing strong etchants such as sulfuric acid as Well as a basic pH, 
in Which tungsten is more soluble, alloW for an increased 
removal rate compared to the residual tungsten polishing 
composition described herein. 
[0075] A polishing article coupled to a polishing article 
assembly containing a second electrode is then physically 
contacted and/or electrically coupled With the substrate 
through a conductive polishing article. The substrate surface 
and polishing article are contacted at a pressure less than 
about 2 pounds per square inch (lb/in2 or psi) (13.8 kPa). 
Removal of the conductive material 860 may be performed 
With a process having a pressure of about 1 psi (6.9 kPa) or 
less, for example, from about 0.01 psi (69 Pa) to about 1 psi 
(6.9 kPa), such as betWeen about 0.1 (0.7 kPa) psi and about 
0.8 psi (5.5 kPa) or betWeen about 0.1 (0.7 kPa) psi and less 
than about 0.5 psi (3.4 kPa). In one aspect of the process, a 
pressure of about 0.3 psi (2.1 kPa) or less is used. 
[0076] The polishing pressures used herein reduce or mini 
miZe damaging shear forces and frictional forces for sub 
strates containing loW k dielectric materials. Reduced or 
minimiZed forces can result in reduced or minimal deforma 

Jan. 8, 2009 

tions and defect formation of features from polishing. Fur 
ther, the loWer shear forces and frictional forces have been 
observed to reduce or minimiZe formation of topographical 
defects, such as erosion of dielectric materials and dishing of 
conductive materials as Well as reducing delamination, dur 
ing polishing. Contact betWeen the substrate and a conductive 
polishing article also alloWs for electrical contact betWeen the 
poWer source and the substrate by coupling the poWer source 
to the polishing article When contacting the substrate. 
[0077] Relative motion is provided betWeen the substrate 
surface and the conductive pad assembly 222. The conductive 
pad assembly 222 disposed on the platen is rotated at a platen 
rotational rate of betWeen about 7 rpm and about 50 rpm, for 
example, about 28 rpm, and the substrate disposed in a carrier 
head is rotated at a carrier head rotational rate betWeen about 
7 rpm and about 70 rpm, for example, about 37 rpm. The 
respective rotational rates of the platen and carrier head are 
believed to provide reduced shear forces and frictional forces 
When contacting the polishing article and substrate. Both the 
carrier head rotational speed and the platen rotational speed 
may be betWeen about 7 rpm and less than 40 rpm. In one 
aspect of the invention, the processes herein may be per 
formed With carrier head rotational speed greater than a platen 
rotational speed by a ratio of carrier head rotational speed to 
platen rotational speed of greater than about 1:1, such as a 
ratio of carrier head rotational speed to platen rotational speed 
betWeen about 1.511 and about 12: 1, for example betWeen 
about 1.511 and about 3: 1, to remove the tungsten material. 

[0078] A bias from a poWer source 224 is applied betWeen 
the tWo electrodes. The bias may be transferred from a con 
ductive pad and/or electrode in the polishing article assembly 
222 to the substrate 208. The process may also be performed 
at a temperature betWeen about 200 C. and about 600 C. 

[0079] The bias is generally provided at a current density up 
to about 100 mA/cm2 Which correlates to an applied current 
of about 40 amps to process substrates With a diameter up to 
about 300 mm. For example, a 200 mm diameter substrate 
may have a current density from about 0.01 mA/cm2 to about 
50 mA/cm2, Which correlates to an applied current from about 
0.01 A to about 20A. The invention also contemplates that the 
bias may be applied and monitored by volts, amps and Watts. 
For example, in one embodiment, the poWer supply may 
apply a poWer betWeen about 0 Watts and 100 Watts, a voltage 
betWeen about 0 V and about 10 V, and a current betWeen 
about 0.01 amps and about 10 amps. In one example of poWer 
application a voltage of betWeen about 2.5 volts and about 
4.5, such as about 3 volts, volts is applied during application 
of the bulk polishing composition described herein to the 
substrate. The substrate is typically exposed to the polishing 
composition and poWer application for a period of time suf 
?cient to remove the bulk of the overburden of tungsten 
disposed thereon. 
[0080] The bias may be varied in poWer and application 
depending upon the user requirements in removing material 
from the substrate surface. For example, increasing poWer 
application has been observed to result in increasing anodic 
dissolution. The bias may also be applied by an electrical 
pulse modulation technique. Pulse modulation techniques 
may vary, but generally include a cycle of applying a constant 
current density or voltage for a ?rst time period, then applying 
no current density or voltage or a constant reverse current 

density or voltage for a second time period. The process may 
then be repeated for one or more cycles, Which may have 
varying poWer levels and durations. The poWer levels, the 
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duration of power, an “on” cycle, and no power, an “off” 
cycle” application, and frequency of cycles, may be modi?ed 
based on the removal rate, materials to be removed, and the 
extent of the polishing process. For example, increased power 
levels and increased duration of power being applied have 
been observed to increase anodic dissolution. 

[0081] In one pulse modulation process for electrochemical 
mechanical polishing, the pulse modulation process com 
prises an on/off power technique with a period of power 
application, “on”, followed by a period of no power applica 
tion, “off”. The on/off cycle may be repeated one or more 
times during the polishing process. The “on” periods allow 
for removal of exposed conductive material from the sub 
strate surface and the “off ’ periods allow for polishing com 
position components and by-products of “on” periods, such 
as metal ions, to diffuse to the surface and complex with the 
conductive material. During a pulse modulation technique 
process it is believed that the metal ions migrate and interact 
with the corrosion inhibitors and/or chelating agents by 
attaching to the passivation layer in the non-mechanically 
disturbed areas. The process thus allows etching in the elec 
trochemically active regions, not covered by the passivation 
layer, during an “on” application, and then allowing reforma 
tion of the passivation layer in some regions and removal of 
excess material during an “off ’ portion of the pulse modula 
tion technique in other regions. Thus, control of the pulse 
modulation technique can control the removal rate and 
amount of material removed from the substrate surface. 

[0082] The “on”/“off’ period of time may be between 
about 1 second and about 60 seconds each, for example, 
between about 2 seconds and about 25 seconds, and the 
invention contemplates the use of pulse techniques having 
“on” and “off” periods of time greater and shorter than the 
described time periods herein. In one example of a pulse 
modulation technique, anodic dissolution power is applied 
between about 16% and about 66% of each cycle. 
[0083] Non-limiting examples of pulse modulation tech 
nique with an on/off cycle for electrochemical mechanical 
polishing of materials described herein include: applying 
power, “on”, between about 5 seconds and about 10 seconds 
and then not applying power, “off ’, between about 2 seconds 
and about 25 seconds; applying power for about 10 seconds 
and not applying power for 5 seconds, or applying power for 
10 seconds and not applying power for 2 seconds, or even 
applying power for 5 seconds and not applying power for 25 
seconds to provide the desired polishing results. The cycles 
may be repeated as often as desired for each selected process. 
One example of a pulse modulation process is described in 
commonly assigned U.S. Pat. No. 6,379,223, which is incor 
porated by reference herein to the extent not inconsistent with 
the claimed aspects and disclosure herein. Further examples 
of a pulse modulation process is described in co-pending 
United States Provisional patent application Ser. No. 10/611, 
805, entitled “Effective Method To Improve Surface Finish In 
Electrochemically Assisted Chemical Mechanical Polish 
ing,” ?led on Jun. 30, 2003, which is incorporated by refer 
ence herein to the extent not inconsistent with the claimed 
aspects and disclosure herein. 
[0084] A removal rate of conductive material of up to about 
15,000 A/min can be achieved by the processes described 
herein. Higher removal rates are generally desirable, but due 
to the goal of maximiZing process uniformity and other pro 
cess variables (e.g., reaction kinetics at the anode and cath 
ode) it is common for dissolution rates to be controlled from 
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about 100 A/min to about 15,000 A/min. In one embodiment 
of the invention where the bulk tungsten material to be 
removed is less than 5,000 A thick, the voltage (or current) 
may be applied to provide a removal rate from about 100 
A/min to about 5,000 A/min, such as between about 2,000 
A/min to about 5,000 A/min. The residual material is 
removed at a rate lower than the bulk removal rate and by the 
processes described herein may be removed at a rate between 
about 400 A/min to about 1,500 A/min. 

[0085] The second ECMP process is slower in order to 
prevent excess metal removal from forming topographical 
defects, such as concavities or depressions known as dishing 
D, as shown in FIG. 1A, and erosion E as shown in FIG. 1B. 
Therefore, a majority of the conductive layer 860 is removed 
at a faster rate during the ?rst ECMP process than the remain 
ing or residual conductive layer 860 during the second ECMP 
process. The two-step ECMP process increases throughput of 
the total substrate processing and while producing a smooth 
surface with little or no defects. 

[0086] FIG. 8B illustrates the second ECMP polishing step 
after at least about 50% of the conductive material 860 was 
removed after the bulk removal of the ?rst ECMP process, for 
example, about 90%. After the ?rst ECMP process, conduc 
tive material 860 may still include the high overburden 870, 
peaks, and/or minimal overburden 880, valleys, but with a 
reduced proportionally siZe. However, conductive material 
860 may also be rather planar across the substrate surface (not 
pictured). 
[0087] A second polishing composition as described herein 
for residual conductive material removal is provided to the 
substrate surface. The residual polishing composition may be 
provided at a ?ow rate between about 100 and about 400 
milliliters per minute, such as about 300 milliliters per 
minute. An example of the polishing composition for the 
residual removal step includes between about 0.2 vol % and 
about 5 vol % of sulfuric acid, between about 0.2 vol % and 
about 5 vol % of phosphoric acid, between about 0.1 wt % and 
about 5 wt % of ammonium citrate, a pH adjusting agent to 
provide a pH between about 3 and about 8, and deioniZed 
water, such as a polishing composition including about 1 vol 
% of sulfuric acid, about 1.5 vol % of phosphoric acid, about 
0.5 wt % of ammonium citrate, potassium hydroxide to pro 
vide a pH between about 5 and about 7, such as between about 
5.6 and 6.8, and deioniZed water. The example residual pol 
ishing composition has a conductivity of about 49 milliSi 
emens (mS). 
[0088] The residual polishing composition described 
herein is believed to form a polytungstate layer 890 on the 
surface of the exposed tungsten material. The polytungstate 
layer is formed by the chemical interaction between the 
ammonium citrate and phosphoric acid and the exposed tung 
sten material. The polytungstate layer is a more stable mate 
rial than the tungsten material and is removed at a lower rate 
than the tungsten material. The polytungstate layer may also 
chemically and/or electrically insulate material disposed on a 
substrate surface. It is further believed that increasing the 
acidic pH of the polishing composition enhances the forma 
tion of polytungstate material on the substrate surface. A 
more acidic residual polishing composition is used as com 
pared to the more basic bulk removal composition. A poly 
tungstate layer may also be formed under the process condi 
tions and the polishing compositions described for the bulk 
polishing process. 
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[0089] The thickness and density of the polytungstate layer 
can dictate the extent of chemical reactions and/or amount of 
anodic dissolution. For example, a thicker or denser poly 
tungstate layer has been observed to result in less anodic 
dissolution compared to thinner and less dense passivation 
layers. Thus, control of the composition of pH of the compo 
sition, phosphoric acid, and/or chelating agents, alloW control 
of the removal rate and amount of material removed from the 
substrate surface. The resulting reduced removal rate as com 
pared to the bulk polishing composition reduces or minimizes 
formation of topographical defects, such as erosion of dielec 
tric materials and dishing of conductive materials. A reduced 
doWn force pressure from conventional polishing pressures of 
2 psi or more also result in reduced delamination during 
polishing. 
[0090] The mechanical abrasion in the above residual 
removal process are performed at a contact pressure less than 
about 2 pounds per square inch (lb/in2 or psi) (13.8 kPa) 
betWeen the polishing pad and the substrate. Removal of the 
conductive material 860 may be performed With a process 
having a pressure of about 1 psi (6.9 kPa) or less, for example, 
from about 0.01 psi (69 Pa) to about 1 psi (6.9 kPa), such as 
betWeen about 0.1 (0.7 kPa) psi and about 0.8 psi (5.5 kPa). In 
one aspect of the process, a pressure of about 0.3 psi (2.1 kPa) 
or less is used. Contact betWeen the substrate and a conduc 
tive polishing article also alloWs for electrical contact 
betWeen the poWer source and the substrate by coupling the 
poWer source to the polishing article When contacting the 
substrate. 

[0091] Relative motion is provided betWeen the substrate 
surface and the conductive pad assembly 222. The conductive 
pad assembly 222 disposed on the platen is rotated at a rota 
tional rate of betWeen about 7 rpm and about 50 rpm, for 
example, about 28 rpm, and the substrate disposed in a carrier 
head is rotated at a rotational rate betWeen about 7 rpm and 
about 70 rpm, for example, about 37 rpm. The respective 
rotational rates of the platen and carrier head are believed to 
provide reduce shear forces and frictional forces When con 
tacting the polishing article and substrate. 
[0092] Mechanical abrasion by a conductive polishing 
article removes the polytungstate layer 890 that insulates or 
suppresses the current for anodic dissolution, such that areas 
of high overburden are preferentially removed over areas of 
minimal overburden as the polytungstate layer 890 is retained 
in areas of minimal or no contact With the conductive pad 
assembly 222. The removal rate of the conductive material 
860 covered by the polytungstate layer 890 is less than the 
removal rate of conductive material Without the polytungstate 
layer 890. As such, the excess material disposed over narroW 
feature de?nitions 820 and the substrate ?eld 850 is removed 
at a higher rate than over Wide feature de?nitions 830 still 
covered by the polytungstate layer 890. 
[0093] A bias from a poWer source 224 is applied betWeen 
the tWo electrodes. The bias may be transferred from a con 
ductive pad and/or electrode in the polishing article assembly 
222 to the substrate 208. The bias is as applied above for the 
bulk polishing process, and typically uses a poWer level less 
than or equal to the poWer level of the bulk polishing process. 
For example, for the residual removal process, the poWer 
application is of a voltage of betWeen about 1.8 volts and 
about 2.5, such as 2 volts. The substrate is typically exposed 
to the polishing composition and poWer application for a 
period of time suf?cient to remove at least a portion or all of 
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the desired material disposed thereon. The process may also 
be performed at a temperature betWeen about 200 C. and 
about 600 C. 
[0094] Referring to FIG. 8C, most, if not all of the conduc 
tive layer 860 is removed to expose barrier layer 840 and 
conductive trenches 865 by polishing the substrate With a 
second, residual, ECMP process including the second ECMP 
polishing composition described herein. The conductive 
trenches 865 are formed by the remaining conductive mate 
rial 860. The barrier material may then be selectively polished 
by a third polishing step to provide a planarized substrate 
surface containing conductive trenches 875, as depicted in 
FIG. 8D. The barrier polishing composition provides for 
selective removal of barrier material to tungsten and oxide at 
a barrier removal rate to tungsten removal rate at betWeen 
about 30:1 and about 80:1, such as about 60: 1, and a barrier 
removal rate to dielectric removal rate of betWeen about 3:1 
and about 6:1, such as about 4:1. 
[0095] The barrier polishing process may be a chemical 
mechanical polishing process or an electro chemical 
mechanical polishing process, or a multi-step process of both. 
[0096] The barrier removal process using chemical 
mechanical polishing (CMP) includes providing a CMP com 
position at a How rate betWeen about 100 and about 500 
milliliters per minute, such as betWeen about 200 milliliters 
and about 300 milliliters per minute, for example, about 150 
milliliters to the substrate surface. An example of the CMP 
composition for the barrier removal step includes betWeen 
about 1 Wt. % and about 10 Wt. % of an oxidizer, between 
about 0.5 Wt. % and about 5 Wt. % of a chelating agent, 
betWeen about 0.0001 Wt % and about 1 Wt % of a polymeric 
stabilizer, betWeen about 0.3 Wt % and about 10 Wt % of 
abrasive particles, a pH betWeen about 1 and about 6, and a 
solvent. A further example of a polishing composition 
includes about 3 Wt. % of hydrogen peroxide, about 1 Wt. % 
of ammonium citrate, about 0.1 Wt. % of polyacrylic acid, 
about 4 Wt % of alumina particles, a pH betWeen about 4 and 
about 5, and a solvent. 

[0097] Alternatively, the barrier removal composition may 
be used in a electrochemical mechanical polishing (ECMP) 
process as described for tungsten removal herein With the 
poWer application being Within the Within the range of poWer 
application in the tungsten electrochemical mechanical pol 
ishing process. The barrier removal process using electro 
chemical mechanical polishing includes providing an ECMP 
barrier composition at a How rate betWeen about 10 and about 
500 milliliters per minute With the ECMP barrier composition 
including about 2% by volume phosphoric acid, about 2% by 
Weight ammonium citrate, about 0.3% by Weight benzotria 
zole, about 0.01% by Weight (NH4)2SiF6, betWeen about 1% 
and about 3% by volume of potassium hydroxide to provide a 
pH of about 3 and deionized Water. 
[0098] A polishing article is then physically contacted and/ 
or electrically coupled With the substrate through a polishing 
article. The substrate surface and polishing article are con 
tacted at a pressure of betWeen about 0.5 psi (3.4 kPa) and 
about 5 psi (34 kPa), such as about 2 pounds per square inch 
(lb/in2 or psi) (13.8 kPa). Relative motion is provided 
betWeen the substrate surface and the conductive pad assem 
bly 222. The conductive pad assembly 222 disposed on the 
platen is rotated at a platen rotational rate of betWeen about 50 
rpm and about 100 rpm, for example, about 80 rpm, and the 
substrate disposed in a carrier head is rotated at a carrier head 
rotational rate betWeen about 10 rpm and about 200 rpm, for 
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example, about 80 rpm. [Alternatively, for the electrochemi 
cal mechanical polishing process, a conductive polishing 
article coupled to an second electrode is contacted With the 
substrate and a poWer application betWeen about 0.01 milli 
amps/cm2 and about 20 milliamps/cm2 is applied betWeen the 
substrate and the electrode. 
[0099] After conductive material and barrier material 
removal processing steps, the substrate may then be buffed to 
minimize surface defects. Buf?ng may be performed With a 
soft polishing article, i.e., a hardness of about 40 or less on the 
Shore D hardness scale as described and measured by the 
American Society for Testing and Materials (ASTM), head 
quartered in Philadelphia, Pa., at reduced polishing pressures, 
such as about 2 psi or less. 
[0100] Optionally, a cleaning composition may be applied 
to the substrate after each of the polishing processes to 
remove particulate matter and spent reagents from the pol 
ishing process as Well as help minimize metal residue depo 
sition on the polishing articles and defects formed on a sub 
strate surface. An example of a suitable cleaning composition 
is ELECTRA CLEANTM, commercially available from 
Applied Materials, Inc., of Santa Clara, Calif. 
[0101] Finally, the substrate may be exposed to a post pol 
ishing cleaning process to reduce defects formed during pol 
ishing or substrate handling. Such processes can minimiZe 
undesired oxidation or other defects in copper features 
formed on a substrate surface. An example of such a post 
polishing cleaning is the application of ELECTRA 
CLEANTM, commercially available from Applied Materials, 
Inc., of Santa Clara, Calif. 
[0102] It has been observed that substrate planariZed by the 
processes described herein have exhibited reduced topo 
graphical defects, such as dishing and erosion, reduced resi 
dues, improved planarity, and improved substrate ?nish. 

Tungsten Polishing Compositions 

[0103] Generally, the tungsten polishing composition 
includes one or more acid based electrolyte systems, a ?rst 
chelating agent including an organic salt, a pH adjusting 
agent to provide a pH betWeen about 2 and about 10 and a 
solvent. The polishing composition may further include a 
second chelating agent having one or more functional groups 
selected from the group consisting of amine groups, amide 
groups, and combinations thereof. The one or more acid 
based electrolyte systems preferably include tWo acid based 
electrolyte systems, for example, a sulfuric acid based elec 
trolyte system and a phosphoric acid based electrolyte sys 
tem. Embodiments of the polishing composition may be used 
for polishing bulk and/or residual materials. The polishing 
composition may optionally include one or more corrosion 
inhibitors or a polishing enhancing material, such as abrasive 
particles. While the compositions described herein are oxi 
diZer free compositions, the invention contemplates the use of 
oxidiZers as a polishing enhancing material that may further 
be used With an abrasive material. It is believed that the 
polishing compositions described herein improve the effec 
tive removal rate of materials, such as tungsten, from the 
substrate surface during ECMP, With a reduction in planariZa 
tion type defects and yielding a smoother substrate surface. 
The embodiments of the compositions may be used in a 
one-step or tWo-step polishing process. 
[0104] Although the polishing compositions are particu 
larly useful for removing tungsten, it is believed that the 
polishing compositions may also remove other conductive 
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materials, such as aluminum, platinum, copper, titanium, tita 
nium nitride, tantalum, tantalum nitride, cobalt, gold, silver, 
ruthenium and combinations thereof. Mechanical abrasion, 
such as from contact With the conductive pad 203 and/or 
abrasives, and/or anodic dissolution from an applied electri 
cal bias, may be used to improve planarity and improve 
removal rate of these conductive materials. 

[0105] The sulfuric acid based electrolyte system includes, 
for example, electrolytes and compounds having a sulfate 
group (8042'), such as sulfuric acid (H2804), and/or deriva 
tive salts thereof including, for example, ammonium hydro 
gen sulfate (NH4HSO4), ammonium sulfate, potassium sul 
fate, tungsten sulfate, or combinations thereof, of Which 
sulfuric acid is preferred. Derivative salts may include ammo 
nium (NH4+), sodium (N a”), tetramethyl ammonium 
(Me4N+, potassium (K") salts, or combinations thereof, 
among others. 

[0106] The phosphoric acid based electrolyte system 
includes, for example, electrolytes and compounds having a 
phosphate group (POf'), such as, phosphoric acid, and/or 
derivative salts thereof including, for example, phosphate 
(MXH(3_X)PO4) (x:1, 2, 3), With M including ammonium 
(NH4+), sodium (NaJ'), tetramethyl ammonium (Me4N+) or 
potassium (K") salts, tungsten phosphate, ammonium dihy 
drogen phosphate ((NH4)H2PO4), diammonium hydrogen 
phosphate ((NH4)2HPO4), and combinations thereof, of 
Which phosphoric acid is preferred. Alternatively, an acetic 
acid based electrolytic, including acetic acid and/ or derivative 
salts, or a salicylic acid based electrolyte, including salicylic 
acid and/or derivative salts, may be used in place of the 
phosphoric acid based electrolyte system. The acid based 
electrolyte systems described herein may also buffer the com 
position to maintain a desired pH level for processing a sub 
strate. The invention also contemplates that conventional 
electrolytes knoWn and unknown may also be used in forming 
the composition described herein using the processes 
described herein. 

[0107] The sulfuric acid based electrolyte system and phos 
phoric acid based electrolyte system may respectively, 
include betWeen about 0. 1 and about 30 percent by Weight (Wt 
%) or volume (vol %) of the total composition of composition 
to provide suitable conductivity for practicing the processes 
described herein. Acid electrolyte concentrations betWeen 
about 0.2 vol % and about 5 vol %, such as about 0.5 vol % and 
about 3 vol %, for example, betWeen about 1 vol % and about 
3 vol %, may be used in the composition. The respective acid 
electrolyte compositions may also vary betWeen polishing 
compositions. For example in a ?rst composition, the acid 
electrolyte may comprises betWeen about 1 .5 vol % and about 
3 vol % sulfuric acid and betWeen about 2 vol % and about 3 
vol % phosphoric acid for bulk metal removal and in a second 
composition, betWeen about 1 vol % and about 2 vol % vol % 
sulfuric acid and betWeen about 1.5 vol % and about 2 vol % 
phosphoric acid for residual metal removal. The invention 
contemplates embodiments of the composition including a 
second composition having a sulfuric acid and/or phosphoric 
acid concentration less than the ?rst composition. 
[0108] One aspect or component of the present invention is 
the use of one or more chelating agents to complex With the 
surface of the substrate to enhance the electrochemical dis 
solution process. In any of the embodiments described herein, 
the chelating agents can bind to ions of a conductive material, 
such as tungsten ions, increase the removal rate of metal 
materials and/or improve polishing performance. The chelat 
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ing agents may also be used to buffer the polishing composi 
tion to maintain a desired pH level for processing a substrate. 
[0109] One suitable category of chelating agents includes 
inorganic or organic acid salts. Salts of other organic acids 
Which may be suitable are salts of compounds having one or 
more functional groups selected from the group of carboxy 
late groups, dicarboxylate groups, tricarboxylate groups, a 
mixture of hydroxyl and carboxylate groups, and combina 
tions thereof. The metal materials for removal, such as tung 
sten, may be in any oxidation state before, during or after 
ligating With a functional group. The functional groups can 
bind the metal materials created on the substrate surface 
during processing and remove the metal materials from the 
substrate surface. 
[0110] Examples of suitable inorganic or organic acid salts 
include ammonium and potassium salts of organic acids, such 
as ammonium oxalate, ammonium citrate, ammonium succi 
nate, monobasic potassium citrate, dibasic potassium citrate, 
tribasic potassium citrate, potassium tartarate, ammonium 
tartarate, potassium succinate, potassium oxalate, and com 
binations thereof. Examples of suitable acids for use in form 
ing the salts of the chelating agent that having one or more 
carboxylate groups include citric acid, tartaric acid, succinic 
acid, oxalic acid, acetic acid, adipic acid, butyric acid, capric 
acid, caproic acid, caprylic acid, glutaric acid, glycolic acid, 
formaic acid, fumaric acid, lactic acid, lauric acid, malic acid, 
maleic acid, malonic acid, myristic acid, plamitic acid, 
phthalic acid, propionic acid, pyruvic acid, stearic acid, 
valeric acid, and combinations thereof. 
[0111] The polishing composition may include one or more 
inorganic or organic salts at a concentration betWeen about 
0.1% and about 15% by volume or Weight of the composition, 
for example, betWeen about 0.2% and about 5% by volume or 
Weight, such as betWeen about 1% and about 3% by volume or 
Weight. For example, betWeen about 0.5% and about 2% by 
Weight of ammonium citrate may be used in the polishing 
composition. 
[0112] Alternatively, a second chelating agent having one 
or more functional groups selected from the group of amine 
groups, amide groups, hydroxyl groups, and combinations 
thereof, may be used in the composition. Preferred functional 
groups are selected from the group consisting of amine 
groups, amide groups, hydroxyl groups, and combinations 
thereof, do not have acidic functional groups such as carboxy 
late groups, dicarboxylate groups, tricarboxylate groups, and 
combinations thereof. The polishing composition may 
include one or more chelating agents having one or more 
functional groups selected from the group of amine groups, 
amide groups, hydroxyl groups, and combinations thereof, at 
a concentration betWeen about 0.1% and about 5% by volume 
or Weight, but preferably utiliZed betWeen about 1% and 
about 3% by volume or Weight, for example about 2% by 
volume or Weight. For example, betWeen about 2 vol % and 
about 3 vol % of ethylenediamine may be used as a chelating 
agent. Further examples of suitable chelating agents include 
compounds having one or more amine and amide functional 
groups, such as ethylenediamine, and derivatives thereof 
including diethylenetriamine, hexadiamine, amino acids, eth 
ylenediaminetetraacetic acid, methylformamide, or combi 
nations thereof. 

[0113] The composition may include one or more pH 
adjusting agents to achieve a pH betWeen about 2 and about 
10. The amount of pH adjusting agent can vary as the con 
centration of the other components is varied in different for 
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mulations, but in general the total composition may include 
up to about 70 Wt % of the one or more pH adjusting agents, 
but preferably betWeen about 0.2 Wt % and about 25 Wt. %. 
Different compounds may provide different pH levels for a 
given concentration, for example, the composition may 
include betWeen about 0.1 Wt % and about 10 Wt % of a base, 
such as potassium hydroxide, sodium hydroxide, ammonium 
hydroxide, tetramethyl ammonium hydroxide (TMAH), or 
combinations thereof, to provide the desired pH level. The 
one or more pH adjusting agents can be chosen from a class of 
organic acids, for example, carboxylic acids, such as acetic 
acid, citric acid, oxalic acid, phosphate-containing compo 
nents including phosphoric acid, ammonium phosphates, 
potassium phosphates, and combinations thereof, or a com 
bination thereof. Inorganic acids including hydrochloric acid, 
sulfuric acid, and phosphoric acid may also be used in the 
polishing composition. 
[0114] Typically, the amount of pH adjusting agents in the 
polishing composition Will vary depending on the desired pH 
range for components having different constituents for vari 
ous polishing processes. For example, in a bulk tungsten 
polishing process, the amount of pH adjusting agents may be 
adjusted to produce pH levels betWeen about 6 and about 10. 
The pH in one embodiment of the bulk tungsten removal 
composition is a neutral or basic pH in the range betWeen 
about 7 and about 9, for example, a basic composition greater 
than 7 and less than or equal to about 9, such as betWeen about 
8 and about 9. 

[0115] In a further example for a residual tungsten polish 
ing process, the amount of pH adjusting agents may be 
adjusted to produce pH levels betWeen about 2 and about 8. 
The pH in one embodiment of the residual tungsten removal 
composition is a neutral or acidic pH in the range betWeen 
about 5 and less than about 7, for example, betWeen about 5 .6 
and about 6.8. 

[0116] The compositions included herein may include 
betWeen about 1 vol % and about 5 vol % of sulfuric acid, 
betWeen about 1 vol % and about 5 vol % of phosphoric acid, 
betWeen about 1 Wt % and about 5 Wt % of ammonium citrate, 
betWeen about 0.5 Wt % and about 5 Wt % of ethylenediamine, 
a pH adjusting agent to provide a pH betWeen about 6 and 
about 10, and deioniZed Water, such as a composition includ 
ing betWeen about 1 vol % and about 3 vol % of sulfuric acid, 
betWeen about 1 vol % and about 3 vol % of phosphoric acid, 
betWeen about 1 Wt % and about 3 Wt % of ammonium citrate, 
betWeen about 1 Wt % and about 3 Wt % of ethylenediamine, 
potassium hydroxide to provide a pH betWeen about 7 and 
about 9, and deioniZed Water. Another embodiments of the 
composition may include betWeen about 0.2 vol % and about 
5 vol % of sulfuric acid, betWeen about 0.2 vol % and about 5 
vol % of phosphoric acid, betWeen about 0.1 Wt % and about 
5 Wt % of ammonium citrate, a pH adjusting agent to provide 
a pH betWeen about 2 and about 8, such as betWeen about 3 
and about 8, and deioniZed Water. Another embodiment of the 
composition may include betWeen about 0.5 vol % and about 
2 vol % of sulfuric acid, betWeen about 0.5 vol % and about 2 
vol % of phosphoric acid, betWeen about 0.5 Wt % and about 
2 Wt % of ammonium citrate, potassium hydroxide to provide 
a pH betWeen about 6 and about 7, and deioniZed Water. 
[0117] In any of the embodiments described herein, the 
preferred polishing compositions described herein are oxi 
diZer-free compositions, for example, compositions free of 
oxidiZers and oxidiZing agents. Examples of oxidiZers and 
oxidiZing agents include, Without limitation, hydrogen per 






























