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(57) ABSTRACT 

A method for polishing a metal layer (e.g. copper) on a 
workpiece is provided Wherein relative motion is produced 
betWeen the metal layer and a polishing surface and Wherein 
the metal layer has a polish resistant ?lm thereon. The metal 
layer is ?rst pre-treated to substantially remove the polish 
resistant ?lm. Next, the metal layer is polished at loW 
pressure betWeen the metal layer and the polishing surface 
in the presence of a polishing solution. The pretreating may 
be accomplished by, for example, sputtering, polishing the 
polish-resistant ?lm in the presence of abrasive polishing 
solution, polishing the polish-resistant ?lm at higher pres 
sures betWeen the ?lm and the polishing surface and/or 
maintaining the temperature of the pretreating step to be 
substantially betWeen 10 degrees Centigrade and 30 degrees 
Centigrade. 
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METHOD FOR POLISHING COPPER ON A 
WORKPIECE SURFACE 

TECHNICAL FIELD 

[0001] This invention relates generally to a method for 
removing conductive material from the surface of a Work 
piece such as a semiconductor Wafer. More particularly, this 
invention relates to the removal or polishing of the surface 
of a copper layer on a semiconductor Wafer. Still more 
particularly, this invention relates to a method for removing 
and/or polishing a polish-resistant surface of a copper layer 
on a semiconductor Wafer Which has relative movement With 
respect to a polishing surface. 

BACKGROUND OF THE INVENTION 

[0002] Chemical mechanical polishing (CMP) is a tech 
nique Which has been conventionally used for the planariZa 
tion or polishing of semiconductor Wafers. For example, see 
US. Pat. No. 5,099,614, issued March 1992 to Riarai et al; 
US. Pat. No. 5,329,732 issued July 1994 to Karlsrud et al, 
and US. Pat. No. 5,498,199 issued March 1966 to Karlsrud 
et al. A typical chemical mechanical polishing apparatus 
suitable for planariZing a semiconductor surface generally 
includes a Wafer carrier con?gured to support, guide, and 
apply pressure to a Wafer during the polishing process, a 
polishing compound such as a slurry (abrasive or nonabra 
sive) to assist in the removal of material from the surface of 
the Wafer, and a polishing surface such as a polishing pad. 
AWafer surface is generally polished by moving the surface 
of the Wafer to be polished relative to the polishing surface 
in the presence of a polishing compound. In particular, the 
Wafer is placed in a carrier such that the surface to be 
polished is placed in contact With the polishing surface, and 
the polishing surface and the Wafer are moved relative to 
each other (e.g. rotating, orbiting, etc.) While slurry is 
supplied to the polishing surface. 

[0003] Chemical mechanical polishing may also be used 
to form microelectronic features to provide a substantially 
smooth, planar surface suitable for subsequent fabrication 
processes such as photoresist coating and pattern de?nition. 
For eXample, a conductive feature such as a metal line, 
conductive plug, or the like may be formed on a surface of 
a Wafer by forming trenches and vias on the Wafer surface, 
depositing conductive material over the Wafer surface and 
into the trenches and vias, and removing the conductive 
material on the surface of the Wafer using chemical 
mechanical polishing, leaving the vias and trenches ?lled 
With conductive material. The conductive features often 
include a barrier material to reduce unWanted diffusion of 
the conductive material and to promote adhesion betWeen 
the conductive material and any adjacent layer of the circuit. 

[0004] Aluminum Was often used to form conductive 
features because its characteristics are compatible With 
conventional deposition (e.g. chemical vapor deposition) 
and etch (e.g., reactive ion etch) techniques. While the use 
of aluminum to form conductive features is adequate in 
some cases, the use of aluminum in the formation of 
conductive features becomes increasingly problematic as the 
siZe of the conductive features decrease (e.g. less than 0.18 
microns). In particular, as the siZe of a conductive feature 
decreases, the current density through the feature generally 
increases, and thus the feature becomes increasingly sus 
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ceptible to electromigration; i.e., the mass transport of metal 
due to the How of current. Electromigration may cause short 
circuits Where the metal accumulates, open circuits Where 
the metal has been depleted, and/or other circuit failures. 
Similarly, increased conductive feature resistance may cause 
unWanted device problems such as eXcess poWer consump 
tion and heat generation. 

[0005] Recently, techniques have been developed Which 
utiliZe copper to form conductive features because copper is 
less susceptible to electromigration and eXhibits a loWer 
resistivity than aluminum. Since copper does not readily 
form volatile or soluble compounds, the copper conductive 
features are often formed using damascene. More particu 
larly, the copper conductive features are formed by creating 
a via Within an insulating material, depositing a barrier layer 
onto the surface of the insulating material and into the via, 
depositing a seed layer of copper into the barrier layer, 
electrodepositing a copper layer onto the seed layer to ?ll the 
via, and removing any eXcess barrier metal and copper from 
the surface of the insulating material using chemical and 
mechanical polishing. 

[0006] As stated previously, a CMP apparatus typically 
includes a Wafer carrier con?gured to hold and transport a 
Wafer during the process of polishing or planariZing the 
Wafer. During the planariZing operation, a pressure applying 
element (e.g., a rigid plate, a bladder assembly, or the like) 
that may be an integral part of the Wafer carrier, applies 
pressure such that the Wafer engages a polishing surface 
With a desired amount of force. The carrier and the polishing 
surface are moved (i.e. rotated, orbited, etc.), typically at 
different velocities, to cause relative motion betWeen the 
polishing surface and the Wafer and to promote uniform 
planariZation. The polishing surface generally comprises a 
horiZontal polishing pad that may be formed of various 
materials such as bloWn polyurethane available commer 
cially from, for eXample, Rodel Inc. located in Phoenix, 
AriZ. An abrasive slurry may be applied to the polishing 
surface Which acts to chemically Weaken the molecular 
bonds at the Wafer surface so that the mechanical action of 
the polishing pad and slurry abrasive can remove the unde 
sirable material from the Wafer surface. 

[0007] One eXample of a CMP apparatus and method 
based on an orbiting platform is shoWn and described in US. 
Pat. No. 6,095,904 issued Aug. 1, 2000 and entitled “Orbital 
Motion Chemical-Mechanical Polishing Method and Appa 
ratus” the teachings of Which are herein incorporated by 
reference. Atable or platform having a polishing pad thereon 
is orbited about an aXis. Slurry is fed through a plurality of 
spaced holes in the polishing pad to distribute slurry across 
the pad surface during polishing. A semiconductor Wafer is 
pressed face doWn against the orbiting pad’s surface to 
accomplish the polishing. 

[0008] An eXample of a CMP apparatus and method based 
on a rotating platform is shoWn and described in US. Pat. 
No. 4,141,180 issued Feb. 27, 1979 and entitled “Polishing 
Apparatus” the teachings of Which are herein incorporated 
by reference. The polishing apparatus utiliZes a pressure 
head that imparts rotary motion to a Wafer to be polished. 
This polishing head picks up a single, thin, ?at semicon 
ductor Wafer at a pickup station and transports the Wafer to 
a polishing station Which includes a rotatable disk of abra 
sive material. 
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[0009] Abrasive-free, polishing solutions have been used 
to polish metalliZed surfaces on semiconductor Wafers. Such 
polishing solutions typically have less than 1 Wt % of 
polishing abrasives and are formed of oxidizers, such as 
hydrogen peroxide, Which react With the metalliZed surface 
to form a removable surface ?lm. Abrasive-free polishing 
solutions also are formed of agents that render the remov 
able surface ?lm Water-soluble. An example of one such 
polishing solution is disclosed in US. Pat. No. 6,117,775, 
issued to Kondo et al. on Sep. 12, 2000, the teachings of 
Which are herein incorporated by reference. Polishing solu 
tions having less than 1 Wt % polishing abrasives have been 
shoWn to reduce scratching, dishing and oxide erosion. For 
convenience, abrasive-free and relatively abrasive-free pol 
ishing solutions, such as those having less than 1 Wt % 
polishing abrasives, shall be collectively referred to herein 
as “abrasive-free polishing solutions.” 

[0010] Unfortunately, conventional CMP or abrasive free 
polishing may result in shearing, cracking, and crushing loW 
dielectric-constant materials such as carbon doped or ?uo 
rine doped silicon oxide since materials having loW dielec 
tric-constants are Weaker and more porous. This is of special 
concern When high polishing pressures and abrasives are 
employed in the polishing process. Reducing the polishing 
pressure can alleviate this someWhat; hoWever, this also 
reduces the rate of material removal. 

[0011] Thus, a need exists for an improved method of 
polishing copper metalliZation surfaces of semiconductor 
Wafers to achieve an acceptable material removal rate With 
out damaging the device structures that include loW dielec 
tric constant or otherWise delicate features. A further need 
exists to achieving acceptable removal rates of copper 
metalliZation surfaces at loW doWn-forces. 

SUMMARY OF THE INVENTION 

[0012] According to a broad aspect of the invention there 
is provided a method for polishing a metal layer (e.g. 
copper) on a Workpiece Wherein relative motion is produced 
betWeen the layer and a polishing surface and Wherein the 
metal layer has a polish-resistant ?lm thereon. The metal 
layer is ?rst pre-treated to substantially remove the polish 
resistant ?lm. Next, the metal layer is polished at loW 
pressure betWeen the metal layer and the polishing surface 
in the presence of a polishing solution. The pretreating may 
be accomplished by, for example, sputtering, polishing the 
polish-resistant ?lm in the presence of an abrasive polishing 
solution, polishing the polish-resistant ?lm at higher pres 
sures betWeen the ?lm and the polishing surface, exposing 
the Wafer to an etching solution by dipping or pre-polishing, 
and/or maintaining the temperature of the pretreating step to 
be substantially betWeen 10 degrees Centigrade and 30 
degrees Centigrade. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The folloWing draWings are illustrative of particu 
lar embodiments of the invention and therefore do not limit 
the scope of the invention, but are presented to assist in 
providing a proper understanding of the invention. The 
draWings are not to scale (unless so stated) and are intended 
for use in conjunction With the explanations in the folloWing 
detailed description. The present invention Will hereinafter 
be described in conjunction With the appended draWing 
?gures, Wherein like numerals denote like elements, and: 
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[0014] FIG. 1 is a top cutaWay vieW of a ?rst knoWn CMP 
polishing system; 

[0015] FIG. 2 is a top cutaWay vieW of a portion of a 
second knoWn CMP polishing apparatus; 

[0016] FIG. 3 is a bottom cutaWay vieW of a carousel for 
use With the apparatus shoWn in FIG. 2; 

[0017] FIG. 4 is a top plan vieW of a typical Workpiece 
carrier for use in conjunction With a polishing apparatus; 

[0018] FIG. 5 is a top cutaWay vieW of a portion of a third 
knoWn CMP polishing apparatus; 

[0019] FIG. 6 is a side cutaWay vieW of a linear belt-type 
polishing station; 
[0020] FIG. 7 is a cross-sectional vieW of an orbital-type 
polishing station in accordance With an exemplary embodi 
ment of the present invention; 

[0021] FIG. 8 is a graphical representation illustrating the 
rate of removal of a copper layer on a Wafer as a function of 
the doWn-force or pressure betWeen the layer and a polishing 
surface in a chemical mechanical polishing apparatus uti 
liZing an orbital platform; and 

[0022] FIG. 9 is a graphical representation illustrating the 
rate of removal of a copper layer on a Wafer as a function of 
pressure betWeen the copper layer and the polishing pad in 
a chemical mechanical polishing apparatus utiliZing a rotat 
ing platform. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0023] The folloWing description is exemplary in nature 
and is not intended to limit the scope, applicability, or 
con?guration of the invention in any Way. Rather, the 
folloWing description provides a convenient illustration for 
implementing exemplary embodiments of the invention. 
Various changes to the described embodiments may be made 
in the function and arrangement of the elements described 
herein Without departing from the scope of the invention. 

[0024] FIG. 1 illustrates a top cutaWay vieW of a polishing 
apparatus 100, suitable for polishing conductive material on 
the surface of a Workpiece. Apparatus 100 includes a multi 
station polishing system 102, a clean system 104, and a 
Wafer load/unload station 106. In addition, apparatus 100 
includes a cover (not shoWn) that surrounds apparatus 100 to 
isolate apparatus 100 from the surrounding environment. 
Machine 100 may be a Momentum machine available from 
SpeedFan-IPEC Corporation of Chandler, AriZ. 

[0025] Exemplary polishing station 102 includes four pol 
ishing stations, 108, 110, 112, and 114, that each operate 
independently; a buff station 116; a Wet stage 118; a robot 
120; and optionally, a metrology station 122. Polishing 
stations 108-114 may be con?gured as desired to perform 
speci?c functions. Polishing system 102 also includes pol 
ishing surface conditioners 140 and 142. The con?guration 
of conditioners 140 and 142 generally depend on the type of 
polishing surface to be conditioned. 

[0026] Clean system 104 is generally con?gured to 
remove debris such as slurry residue and material from the 
Wafer surface during polishing. In accordance With the 
illustrated embodiment, system 104 includes clean stations 
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124 and 126, a spin rinse dryer 128, and a robot 130 
con?gured to transport the Wafer betWeen clean stations 124 
and 126 and spin rinse dryer 128. Alternatively, clean station 
104 may be separate from the remainder of the polishing 
apparatus. In this case, load station 106 is con?gured to 
receive dry Wafers for processing, but the Wafers may 
remain in a Wet (e.g., deioniZed Water) environment until the 
Wafers are transferred to the clean station. In operation, 
cassettes 132, including one or more Wafers, are loaded onto 
apparatus 100 at station 106. The Wafers are then individu 
ally transported to a stage 134 using a dry robot 136. AWet 
robot 138 retrieves a Wafer at stage 132 and transports the 
Wafer to metrology station 122 for ?lm characteriZation or to 
stage 118 Within polishing system 102. Robot 120 picks up 
the Wafer from metrology station 122 or stage 118 and 
transports the Wafer to one of polishing stations 108-114 for 
polishing of a conductive material. After a desired amount of 
material has been removed, the Wafer may be transported to 
another polishing station. 

[0027] After conductive material has been removed from 
the Wafer surface, the Wafer is transferred to buff station 116 
to further polish the surface of the Wafer. After the polishing 
and/or buff process, the Wafer is transferred to stage 118 
Which is con?gured to maintain one or more Wafers in a Wet 
(e.g. deioniZed Water) environment. 

[0028] After the Wafer is placed in stage 118, robot 138 
picks up the Wafer and transports it to clean system 104. In 
particular, robot 138 transports the Wafer to robot 130, Which 
in turn places the Wafer in one of the clean stations 124 or 
126. The Wafer is cleaned using one or more stations 124 and 
126 and then is transported to spin rinse dryer 128 to rinse 
and dry the Wafer prior to transporting it to load/unload 
station 106 using robot 136. 

[0029] FIG. 2 illustrates a top cut aWay vieW of another 
exemplary polishing apparatus 144, con?gured to polish the 
surface of a Wafer. Apparatus 144 is suitably coupled to 
carousel 164 illustrated in FIG. 3 to form an automated 
polishing system. The system in accordance With this 
embodiment may also include a removable cover (not 
shoWn) overlying apparatus 144 and 164. 

[0030] Apparatus 144 includes three polishing stations, 
146, 148, and 150, a Wafer transfer station 152, a center 
rotational post 154 that is coupled to carousel 164 and Which 
operatively engages carousel 164 to cause it to rotate, a load 
and unload station 156, and a robot 158 con?gured to 
transport Wafers betWeen stations 156 and 152. Furthermore, 
apparatus 144 may include one or more rinse Washing 
stations 116 to rinse and/or Wash a surface of a Wafer before 
or after an polishing. Although illustrated With three polish 
ing stations, apparatus 144 may include any desired number 
of polishing stations, and one or more such polishing sta 
tions may be used to buff a surface of a Wafer utiliZing an 
abrasive or non-abrasive slurry. Furthermore, apparatus 144 
may include an integrated Wafer clean and dry system 
similar to system 104 described above. Wafer station 152 is 
generally con?gured to stage Wafers before or betWeen 
polishing and/or buff operations and may be further con?g 
ured to Wash and/or maintain the Wafers in a Wet environ 
ment. 

[0031] Carousel apparatus 164 includes polishing heads, 
or carriers, 168, 170, 172, and 174, each con?gured to hold 
a single Wafer and urge the Wafer against the polishing 
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surface (e.g., a polishing surface associated With one of 
stations 146-150). Each carrier 168-174 is suitably spaced 
from post 154 such that each carrier aligns With a polishing 
station or station 152. Each carrier 168-174 is attached to a 
rotatable drive mechanism Which alloWs carriers 168-174 to 
cause a Wafer to rotate (e.g., during a polishing process). In 
addition, the carriers may be attached to a carrier motor 
assembly that is con?gured to cause the carriers to translate 
as, for example, along tracks 176. Furthermore, each carrier 
168-174 may rotate and translate independently of the other 
carriers. 

[0032] In operation, Wafers are processed using apparatus 
144 and 164 by loading a Wafer onto station 152 from station 
156 using robot 158. When a desired number of Wafers are 
loaded onto the carriers, at least one of the Wafers is placed 
in contact With the polishing surface. The Wafer may be 
positioned by loWering a carrier to place the Wafer surface 
in contact With the polishing surface, or a portion of the 
carrier (e.g., a Wafer holding surface) may be loWered to 
position the Wafer in contact With the polishing surface. 
After polishing is complete, one or more conditioners 162 
may be employed to condition the polishing surfaces. 

[0033] During a polishing process, a Wafer may be held in 
place by a carrier 178, illustrated in FIG. 4. Carrier 178 
comprises a retaining ring 184 and a receiving plate 180 
including one or more apertures 182. Apertures 182 are 
designed to assist retention of a Wafer by carrier 178 by, for 
example, alloWing a vacuum pressure to be applied to the 
backside of the Wafer or by creating enough surface tension 
to retain the Wafer. Retaining ring 184 limits the movement 
of the Wafer during the polishing process. 

[0034] FIG. 5 illustrates another polishing system 186. It 
is suitably con?gured to receive a Wafer from a cassette 206 
and return the Wafer to the same or to a predetermined 
different location Within the cassette in a clean common dry 
state. System 186 includes polishing stations 190 and 192, a 
buff, or secondary polish station 194, a head loading station 
196, a transfer station 198, a Wet robot 200, a dry robot 202, 
a rotatable index table 204, and a clean station 187. Dry 
robot 202 unloads a Wafer from cassette 206 and places the 
Wafer on transfer station 198. The Wet robot 200 then 
transfers the Wafer from the transfer station 198 to the head 
loading station 196. The loading station 196 then operates 
(raises) to load a Wafer into a carrier positioned directly 
above station 196. The index table then rotates, thereby 
sequentially moving the Wafer to polishing stations 190-194 
for polishing and returning to station 196 for unloading by 
robot 200 and station 198. The Wafer is then transferred to 
clean system 187 to clean, rinse, and dry the Wafer before the 
Wafer is returned to cassette 206 using dry robot 202. 

[0035] Index table 204 releasably holds multiple Wafers 
and travels in one direction to carry each Wafer through the 
complete circuit of processing stations. As alluded to pre 
viously, the ?rst and second processing stations along the 
path of index table 204 are primary Wafer polishing devices 
190 and 192, preferably linear Wafer polishers capable of 
chemical mechanical planariZation. Although linear polish 
ers are preferred, other types of polishing devices, such as 
rotary polishers may be readily implemented. After the 
index table transports a Wafer to each of the primary Wafer 
polishing devices, index table 204 transports the Wafer to 
secondary polishing station 194, preferably a touchup pol 
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ishing device such as a rotary buffer. Any of a number of 
rotary, orbital, or linear touchup polishing devices may be 
utilized. 

[0036] Index table 204 operates to convey semiconductor 
Wafers to each processing station so that all semiconductor 
Wafers go through the same processing steps on the same 
processing station. Index table 204 preferably has a plurality 
of head receiving areas spaced around the index table and 
has a central hub connected to a rotating shaft via a motor 
driven indexer mounted above or beloW the index table. This 
con?guration permits the index table indexer to form a more 
compact grouping of processing stations and prevents poten 
tial contaminants from dripping doWn from the index table 
into the indexer or bearing assembly. Index table 204 is 
rotatable in precise increments in one direction through 
continuous 360 degree rotations. 

[0037] FIG. 6 illustrates a linear polishing apparatus 185 
suitable for use in a polishing station. Apparatus 185 
includes a loWer polishing module 187 including a polishing 
surface 189 attached to belt 191, rollers 193 and 195, and a 
carrier 197. To effect polishing, carrier 197 and/or polishing 
surface 191 move relative to each other. For example, 
polishing may be effected primarily by moving surface 191 
relative to the Wafer surface While rotating the Wafer about 
a carrier axis. A linear belt type polishing apparatus can be 
operated at a higher speed than a large rotating table-type 
apparatus; e.g. tWice to three times as high. For example, a 
linear belt type polishing apparatus may be operated a 
speeds of tWo to three m/s (meters per second), Whereas a 
typical rotational system is limited to about one m/s. The 
linear belt type system has a similar slurry application 
scheme to conventional rotating polishing systems; i.e. 
slurry is introduced onto the belt upstream of the Wafer 
rather than through the belt underneath the Wafer. 

[0038] FIG. 7 is a cross-sectional vieW of a polishing 
station capable of performing abrasive or abrasive-free 
polishing. Polishing station 208 is con?gured to provide 
uniform and adequate distribution of a polishing solution so 
that the metalliZed surface of a subject Workpiece can be 
removed. Polishing station 208 is, in addition, suitable for 
polishing Workpieces having metalliZed surfaces and copper 
metalliZation. Such Workpieces include those having single 
and dual damascenes structures, such as, for example, those 
having minimum feature dimensions no greater than 0.18 
microns. In addition, polishing station 208 is suitable for 
polishing Workpieces incorporating loW dielectric-constant 
materials such as, for example, those materials having a 
dielectric-constant less than or equal to 2.6. 

[0039] Polishing station 208 includes a polishing platen 
210. Apolishing pad 212 having a polishing surface 214 is 
mounted to platen 210. A Wafer carrier 216 holds a Work 
piece 218, such as a semiconductor Wafer, Which has a 
metalliZed surface. Wafer carrier 216 is con?gured to press 
the Workpiece against polishing surface 214 While relative 
motion (e.g. orbital motion) betWeen Workpiece 218 and 
polishing surface 214 is effected. In one embodiment, rela 
tive orbital motion betWeen Workpiece 218 and polishing 
surface 214 is created by orbital drive 227 acting upon shaft 
236 via pulley belt 225. An example of such an orbital 
system is shoWn and described in US. Pat. No. 5,554,064 
entitled “Orbital Motion Chemical-Mechanical Polishing 
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Apparatus and Method of Fabrication” issued on Sep. 10, 
1996 the teachings of Which are hereby incorporated by 
reference. 

[0040] Carrier 216 may press Workpiece 218 against pol 
ishing surface 214 With a predetermined doWn-force so that 
Workpiece 218 experiences doWn-force pressure against the 
polishing surface. When Workpiece 216 is a semiconductor 
Wafer With a thin ?lm structure formed thereon that includes 
loW dielectric-constant materials, it is desirable that this 
pressure be limited to a “loW-doWn force” pressure ranging 
from about 0.1 psi to about 3.0 psi, preferably Within a range 
of from about 0.5 psi to about 2.0 psi. 

[0041] A polishing solution is delivered to polishing sur 
face 214 of pad 212 by a manifold 222 comprised of a 
plurality of channels. A pump 224 distributes the solution 
from reservoir 226 through a ?uid line 228 and through 
distribution manifold 222 to one or more channels 230 
formed Within platen 210 in a direction indicated by arroWs 
232. Channels 230 alloW for easy transportation of the 
abrasive-free polishing solution through platen 210. The 
polishing solution may then suitably ?oW from channels 230 
through one or more openings 234. Platen 210 is coupled to 
a shaft 236 that is in turn coupled to a drive assembly 227. 
Polishing station 208 may employ suitable unions (not 
shoWn), couplings (not shoWn) and the like to permit relative 
movement. Channels 230 permit the polishing solution to 
How from openings 234 to pad surface 214. Channels 230 
may be molded into pad 212 When originally fabricated or 
may be machined into pad 212. 

[0042] It should be clear that While FIG. 7 is described in 
connection With an orbital-type polishing station incorpo 
rating through-the-pad slurry delivery, the invention is 
equally applicable to a linear belt-type polishing station of 
the type described above in connection With FIG. 6 or a 
rotary polishing station of the type shoWn and described in 
US. Pat. No. 6,213,853 entitled “Integral Machine for 
Polishing, Cleaning, Rinsing and Drying Workpieces” 
issued on Apr. 10, 2001 the teachings of Which are hereby 
incorporated by reference. 

[0043] When using conventional abrasive slurries, the rate 
of removal of the metalliZed surface from the Water at steady 
state may be characteriZed by Preston’s LaW: 

RR=k(Pressure) (Velocity) 

[0044] for a given polishing solution, Where “RR” is the 
rate of removal of the metalliZed surface, “Pressure” is the 
pressure or doWn-force applied to the metalliZed surface by 
the polishing surface, “Velocity” is the velocity at Which the 
Wafer moves relative to the polishing surface, and “k” is 
Preston’s constant. Thus, if the polishing solution compo 
sition and distribution and velocity remain constant, rate of 
removal Will be approximately linear and proportional to the 
pressure. 

[0045] It has been found that the use of non-abrasive 
slurries and loW doWn-force in a CMP apparatus utiliZing an 
orbital platform yields a substantially Prestonian relation 
ship betWeen removal-rate and doWn-force, and the removal 
rate is good even at loW doWn-force pressure (0.1 psi to 3.0 
psi). Note that the term “orbital platform” as used herein 
refers generally to the orbital-type polishing station of FIG. 
6 utiliZing small orbital or oscillatory motion of the polish 
ing pad combined With through-the-pad slurry delivery; 
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Whereas the term “non-orbital platform” as used herein 
refers to all other types of polishing stations including 
rotational and linear belt type polishing stations. HoWever, 
it has also been found that such is not the case When a 
non-orbital platform is employed. That is, there is very little 
removal beloW 3 psi doWn-force. BetWeen 3 psi and 4 psi, 
the removal of material begins and increases very rapidly 
With increasing doWn-force. The relationship betWeen 
removal-rate and doWn-force When utiliZing a rotational 
platform is not linear or Prestonian and, due to the very rapid 
increase in removal-rate With small increases in doWn-force, 
the process is difficult to control. 

[0046] The behavior exhibited by non-orbital platforms in 
this regard is believed to be due to the existence of a ?lm 
Which forms on the surface of the copper and is possessed 
of characteristics Which make it more dif?cult to polish than 
copper. The creation of this ?lm may be due to oxidation, 
subjection to semiconductor processes, exposure to high 
temperatures, etc. The abrupt relationship betWeen removal 
rate and doWn-force is believed to be due to the time it takes 
non-orbital systems to break through this ?lm. After break 
through is achieved, relatively small increases in doWn-force 
result in signi?cant increases in removal rate. 

[0047] FIG. 8 is a graphical representation illustrating the 
rate of removal of a copper layer on a Wafer as a function of 
the doWn-force or pressure betWeen the Wafer and a polish 
ing surface in a polishing apparatus utiliZing an orbital 
platform; i.e. relative orbital motion is provided betWeen the 
polishing surface on the pad and the layer surface being 
polished and slurry is delivered through the pad. As can be 
seen, the removal rate increases in a substantially linear, 
Prestonian-like fashion With increasing pressure. This is true 
over a Wide range of doWn-force; i.e. approximately one psi 
to over six psi. Thus, the process is highly controllable. As 
can be seen, acceptable removal rates in the neighborhood of 
2000 Angstroms per minute to almost 4000 Angstroms per 
minute are obtainable in the pressure range from 0.1 psi to 
3.0 psi, and this includes removal of the above referred to 
polish-resistant ?lm Which forms on the copper surface. 

[0048] In contrast, FIG. 9 is a graphical representation 
illustrating the rate of removal of a copper layer on a Wafer 
as a function of pressure betWeen the Wafer and the polishing 
pad in a polishing apparatus that utiliZes a conventional 
rotating platform; i.e. relative motion betWeen the polishing 
pad and the Wafer surface being polished is primarily 
generated by rotation of the polish pad. As can be seen, the 
function, in this case, is non-linear/non-Prestonian With very 
unacceptable removal rates at loW pressures. The removal 
rate is not proportional to the applied pressure, and as a 
result, the removal rate in a rotating platform machine is far 
less than that in an orbital platform machine beloW approxi 
mately 4 psi. 

[0049] It Was discovered that the removal-rate/doWn-force 
relationship described above in connection With non-orbital 
platforms is due to the existence of the above described 
polish-resistant ?lm Which forms on the surface of the 
copper (i.e. the ?lm has characteristics that make it more 
dif?cult to polish than the copper) and that the removal-rate/ 
doWn-force relationship is due to the time it takes the 
rotational systems to break through this polish resistant ?lm. 
After breakthrough, relatively small increases in doWn-force 
result in very signi?cant increases in removal rate as shoWn 
in FIG. 9. 
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[0050] It Was also discovered that if the Wafer is pretreated 
to remove the polish-resistant ?lm, Prestonian-like removal 
of the copper layer can be achieved in rotational systems. 
This can be accomplished by (1) initiating the polishing 
process using an abrasive slurry to remove the polish 
resistant ?lm and then sWitching to a non-abrasive slurry; (2) 
initiating the polishing apparatus using a higher pressure 
(doWn-force) or higher relative velocity to remove the ?lm 
and then sWitching to a loWer pressure or loWer velocity; (3) 
performing the polishing process at a higher temperature, 
perhaps in conjunction With (1) or (2) above; or (4) physi 
cally removing the ?lm using techniques such as argon 
sputtering. Each of these approaches Will be discussed 
beloW. 

[0051] As stated above, one approach to achieving sub 
stantially linear or Prestonian-like polishing in a polishing 
apparatus utiliZing a non-orbital type platform is to ?rst 
remove the surface ?lm utiliZing an abrasive slurry (eg of 
the type manufactured by Cabot Microelectronics of Aurora, 
Ill. and identi?ed by product numbers 5001 and 5003) 
folloWed by continued polishing utiliZing a non-abrasive 
slurry such as the type manufactured by Hitachi and iden 
ti?ed as 430-TU. Abrasive polishing could take place at a 
pressure or doWn-force of, for example, 1.5 psi. This Would 
achieve removal rates in the neighborhood of 2000 Ang 
stroms per minute. 

[0052] The polishing apparatus shoWn in FIG. 1 includes 
four polishing stations 108, 110, 112, and 114 each of Which 
operate independently, the polishing apparatus shoWn in 
FIG. 2 includes three polishing stations 146, 148, and 150, 
and the polishing apparatus shoWn in FIG. 5 includes 
polishing stations 190 and 192. Thus, one polishing station 
in each of the above described machines could be dedicated 
to polishing the copper layer on a Wafer using an abrasive 
slurry folloWed by transferring the Wafer to a second one of 
the polishing stations in each apparatus for further polishing 
using a non-abrasive slurry. 

[0053] The second solution described above includes ini 
tiating the polishing process using a high pressure or doWn 
force, or high relative velocity, folloWed by further polishing 
using a loW doWn-force or reduced relative velocity. It has 
been found that satisfactory results (i.e. substantially linear 
or Prestonian-like polishing) can be achieved using an initial 
doWn-force Within the range of 3 to 10 psi (preferably 5-6 
psi) for 1 to 20 seconds. This polishing step is folloWed by 
further polishing at a loWer doWn-force of 0.1 to 3.0 psi 
(preferably 0.5-2.0 psi). The duration of this subsequent 
polishing step depends on the thickness of the copper 
metalliZation. Similarly, satisfactory results can be achieved 
by polishing With a high initial polish pad velocity for about 
1 to 20 seconds, folloWed by a loWer polish pad velocity 
polish. The initial high pad velocity is preferably tWo to 
three times the subsequent loWer pad velocity required to 
achieve a particular desired removal rate. For example, if a 
pad velocity of one m/s is suitable for a particular removal 
rate of copper, an initial pad velocity of tWo to three m/s 
could be used to remove the polish resistant ?lm. These steps 
could be accomplished on the same polishing machine, or on 
separate and distinct polishing machines. In the case of a 
single machine, the initial high-pressure polishing and the 
subsequent loWer pressure polish can both take place on the 
same polish station, or, in the case of the polishing machines 
shoWn in FIGS. 1, 2, and 5, the initial high-pressure 
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polishing could take place at a ?rst polishing station fol 
lowed by loW pressure polishing at a second station. 

[0054] Removal of the polish-resistant ?lm may be facili 
tated by regulating the temperature of the environment in 
Which the polishing takes place. For example, the polishing 
solution may be heated before being delivered to manifold 
222 shoWn in FIG. 7. Alternatively, the temperature may be 
increased by providing a heated ?uid to the backside of the 
Workpiece. US. Pat. No. 5,606,488 issued to Ohashi et al. on 
Feb. 25, 1997, Which patent is hereby incorporated by 
reference, shoWs and describes an apparatus con?gured to 
regulate the polishing rate of a Wafer utiliZing backside ?uid 
exposure. 

[0055] The temperature of the polishing process may be 
regulated by providing a heat conductive platen con?gured 
to be temperature controlled by a heat exchanged ?uid 
circulating therethrough. Alternatively, a solid-state (no 
?uid) heat exchanger could be utiliZed to control the tem 
perature of the process apart from the platen. Referring again 
to FIG. 6, a temperature control unit 240 is provided to heat 
the solution contained in reservoir 226. For example, the 
solution may be maintained at a temperature betWeen 10 and 
30 degrees Centigrade. 

[0056] The polish-resistant ?lm may also be chemically 
stripped from the substrate copper using a suitable etching 
solution. In one embodiment the Wafer may be dipped in a 
vessel containing the etching solution, and left submersed 
for a sufficient time to remove substantially all of the polish 
resistant ?lm, folloWed by conventional abrasive or abrasive 
free polishing of the copper. In another embodiment, the 
Wafer may be polished on a CMP polish station initially in 
the presence of the etching solution to remove the resistant 
layer, folloWed by CMP of the underlying metal using 
conventional abrasive or abrasive-free slurry. Suitable etch 
ing solutions include dilute inorganic acids, such as sulfuric 
acid, nitric acid, and phosphoric acid; or organic acids such 
as oxalic acid and citric acid. 

[0057] Finally, the polish-resistant ?lm may be removed 
by a physical cleaning process such as argon sputtering. 
Sputtering systems most often employ tWo electrodes and an 
inert sputtering gas, usually argon. If an argon ion strikes the 
surfaces of the copper ?lm With sufficient energy, atoms or 
clusters of atoms Will be dislodged or sputtered aWay from 
the surface. For example, in a DC sputtering system, voltage 
is applied across tWo electrodes Which ioniZe the argon. 
Sputtering takes place in a chamber that is ?rst evacuated 
and then ?lled With a continuous How of argon. Other 
physical cleaning techniques may be employed such as 
selective etching to remove the polish-resistant ?lm. Such 
techniques are Well knoWn, and the interested reader is 
directed to Introduction to Integrated Circuit Engineering 
by D. K. Reinhard, Houghton Mifflin Company, Boston, 
1987. 

[0058] By employing the above described techniques, 
copper metalliZation layers on semiconductor Wafers can be 
polished on an apparatus utiliZing a non-orbital platform and 
still achieve a substantially linear relationship betWeen 
removal rate and doWn-force. Furthermore, acceptable 
removal rates can be obtained at loW pressures betWeen the 
polishing pad and the copper layer being polished. 

[0059] In the forgoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
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HoWever, it should be appreciated that various modi?cations 
and changes can be made Without departing from the scope 
of the invention as set forth in the appended claims. Accord 
ingly, the speci?cation and ?gures should be regarded as 
illustrative rather than restrictive, and all such modi?cations 
are intended to be included Within the scope of the present 
invention. 

1. A method for polishing a metalliZed surface on a 
Workpiece, said metalliZed surface having a polish-resistant 
?lm thereon, said method comprising; 

pretreating said metalliZed surface to substantially 
remove said ?lm; and 

polishing said metalliZed surface by creating relative 
movement betWeen said metalliZed surface and a pol 
ishing surface at a ?rst pressure in the presence of a 
polishing solution. 

2. Amethod according to claim 1 Wherein said metalliZed 
surface is copper. 

3. A method according to claim 2 Wherein said ?rst 
pressure is substantially betWeen 0.1 psi and 3.0 psi. 

4. A method according to claim 3 Wherein said ?rst 
pressure is betWeen 0.5 psi and 2.0 psi. 

5. A method according to claim 3 Wherein the steps of 
pretreating and polishing occur at a temperature substan 
tially betWeen 10 degrees Centigrade and 30 degrees Cen 
tigrade. 

6. A method according to claim 2 Wherein the pretreating 
comprises sputtering to remove said ?lm. 

7. A method according to claim 6 Wherein the sputtering 
occurs in an argon chamber. 

8. A method according to claim 1 Wherein the relative 
movement is rotary movement. 

9. A method according to claim 1 Wherein the relative 
movement is orbital movement. 

10. Amethod according to claim 4 Wherein the pretreating 
comprises creating relative motion betWeen said ?lm and a 
polishing surface at a second pressure Which is higher than 
said ?rst pressure. 

11. A method according to claim 10 Wherein said second 
pressure is substantially betWeen 3 psi and 10 psi. 

12. A method according to claim 11 Wherein said second 
pressure is betWeen 5 psi and 6 psi. 

13. A method according to claim 11 Where the step of 
polishing the ?lm occurs at a temperature betWeen 10 
degrees Centigrade and 30 degrees Centigrade. 

14. A method according to claim 1 Wherein the step of 
polishing the ?lm occurs in the presence of a substantially 
non-abrasive polishing solution. 

15. A method according to claim 14 Wherein said non 
abrasive polishing solution contains less than one percent by 
Weight of polishing abrasive. 

16. A method according to claim 11 Wherein the step of 
polishing the ?lm occurs in the presence of an abrasive 
polishing solution. 

17. A method according to claim 11 Wherein the step of 
pretreating occurs for approximately one to tWenty seconds. 

18. A method according to claim 2 Wherein the step of 
pretreating occurs in the presence of an abrasive polishing 
solution. 

19. A method according to claim 18 Wherein the step of 
pretreating occurs at a temperature betWeen 10 degrees 
Centigrade and 30 degrees Centigrade. 
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20. A method for polishing a metalliZed surface on a 
workpiece, said metalliZed surface having a polish-resistant 
?lm thereon, said method comprising; 

sputtering said metalliZed surface to substantially remove 
said ?lm; and 

polishing said metalliZed surface by creating relative 
motion betWeen said metalliZed surface and a polishing 
surface at a ?rst pressure in the presence of a substan 
tially non-abrasive polishing solution. 

21. A method according to claim 20 Wherein said relative 
motion is primarily non-orbital motion of the polishing pad. 

22. A method according to claim 20 Wherein said metal 
liZed surface is copper. 

23. A method according to claim 22 Wherein said sput 
tering takes places in an argon chamber. 

24. A method according to claim 23 Wherein said ?rst 
pressure is substantially betWeen 0.1 and 3.0 psi. 

25. A method according to claim 24 Wherein said ?rst 
pressure is substantially betWeen 0.5 psi and 2.0 psi. 

26. A method according to claim 22 Wherein the step of 
polishing takes place in the presence of a non-abrasive 
polishing solution. 

27. A method according to claim 26 Wherein said polish 
ing solution contains less than one percent by Weight of 
abrasive polishing material. 

28. A method for polishing a metalliZed layer on a 
Workpiece, said metalliZed layer having a polish-resistant 
?lm thereon, said method comprising; 

polishing said ?lm by creating relative motion betWeen 
said ?lm and a polishing surface at a ?rst pressure until 
said polish-resistant ?lm is substantially removed; and 

polishing said metalliZed surface by creating relative 
motion betWeen said metalliZed surface and a polishing 
surface at a second pressure in the presence of a 
substantially non-abrasive polishing solution. 

29. A method according to claim 28 Wherein said relative 
motion comprises primarily non-orbital motion of the pol 
ishing pad. 

30. A method according to claim 28 Wherein said metal 
liZed layer is copper. 

31. A method according to claim 30 Wherein said second 
pressure is substantially betWeen 0.1 psi and 3.0 psi. 

32. A method according to claim 29 Wherein the non 
orbital motion comprises rotational motion. 

33. A method according to claim 29 Wherein the non 
orbital motion comprises linear motion of a linear belt-type 
polishing pad 

34. A method according to claim 30 Wherein said ?rst 
pressure is substantially betWeen 3 psi and 10 psi. 
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35. A method according to claim 28 Wherein the ?rst and 
second polishing steps are performed With different polish 
ing heads. 

36. A method according to claim 29 Wherein the different 
polishing heads are on a carousel apparatus. 

37. A method according to claim 28 Wherein the ?rst and 
second polishing steps are performed on the same polishing 
station. 

38. A method for polishing a metalliZed surface on a 
Workpiece, said metalliZed surface having a polish-resistant 
?lm thereon, said method comprising; 

polishing said metalliZed surface by creating relative 
movement betWeen said metalliZed surface and a pol 
ishing surface at a ?rst polishing velocity to substan 
tially remove said ?lm; and 

polishing said metalliZed surface by creating relative 
movement betWeen said metalliZed surface and a pol 
ishing surface at a second, reduced polish velocity in 
the presence of a polishing solution. 

39. The method of claim 38, Wherein the ?rst polish 
velocity is tWo to three times the second polish velocity. 

40. The method of claim 39, Wherein the relative move 
ment betWeen said metalliZed surface and a polishing sur 
face comprises rotational motion of the polishing surface. 

41. The method of claim 39, Wherein the relative move 
ment betWeen said metalliZed surface and a polishing sur 
face comprises primarily linear motion of a linear belt-type 
polishing pad. 

42. A method for polishing a metalliZed surface on a 
Workpiece, said metalliZed surface having a polish-resistant 
?lm thereon, said method comprising; 

chemically stripping said polish-resistant ?lm from said 
metalliZed surface using an etching solution; and 

polishing said metalliZed surface by creating relative 
movement betWeen said metalliZed surface and a pol 
ishing surface in the presence of a polishing solution. 

43. The method of claim 42, Wherein said step of chemi 
cally stripping comprises dipping the Workpiece in a bath of 
the etching solution. 

44. The method of claim 42, Wherein the step of chemi 
cally stripping comprises polishing said metalliZed surface 
by creating relative movement betWeen said metalliZed 
surface and a polishing surface in the presence of the etching 
solution. 

45. The method of claim 42, Wherein the etching solution 
comprises dilute inorganic acid. 

46. The method of claim 42, Wherein the etching solution 
comprises dilute organic acid. 

* * * * * 


