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METHOD FOR PLANARIZING A WORK PIECE 

TECHNICAL FIELD 

[0001] The present invention generally relates to a method 
for planariZing a Work piece, and more particularly relates to 
a method for planariZing a Work piece such as a semicon 
ductor Wafer having a metal layer such as a copper contain 
ing metal layer on a surface thereof. 

BACKGROUND 

[0002] The production of integrated circuits begins With 
the creation of high-quality semiconductor Wafers. During 
the Wafer fabrication process, the Wafers may undergo 
multiple dielectric and conductor deposition processes fol 
loWed by the masking and etching of the deposited layers. 
Some of these steps relate to metalliZation, Which generally 
refers to the materials, methods and processes of Wiring 
together or interconnecting the component parts of an inte 
grated circuit located on or overlying the surface of the 
Wafer. Typically, the “Wiring ”of an integrated circuit 
involves etching trenches and “vias ” in a planar dielectric 
(insulator) layer and ?lling the trenches and vias With a 
conductive material, typically a metal. 

[0003] In the past, aluminum Was used extensively as a 
metalliZation material in semiconductor fabrication due to 
ease With Which aluminum could be applied and patterned 
and due to the leakage and adhesion problems experienced 
With the use of gold. Other metalliZation materials have 
included such materials as Ni, Ta, Ti, W, Ag, Cu/Al, TaN, 
TiN, CoWP, NiP and CoP, alone or in various combinations. 

[0004] Recently, techniques have been developed Which 
utiliZe copper to form conductive contacts and interconnects 
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 
patterned etching of copper is dif?cult, and the copper 
conductive contacts and interconnects are therefore often 
formed using a damascene process. In accordance With the 
damascene process, the copper conductive contacts and 
interconnects are usually formed by creating a via Within an 
insulating material, depositing a barrier layer onto the sur 
face of the insulating material and into the via, depositing a 
seed layer of copper onto the barrier layer, and electrode 
positing a copper layer onto the seed layer to ?ll the via. The 
excess copper and the barrier layer overlying the insulating 
material are then removed, for example by a process of 
chemical mechanical planariZation or chemical mechanical 
polishing, each of Which Will hereafter be referred to as 
chemical mechanical planariZation or CMP. 

[0005] As the siZe of integrated circuit components con 
tinues to decrease and the density of microstructures on 
integrated circuits increases, the feature siZes found on the 
integrated circuit can vary Widely from, for example, less 

than 100 nanometers (nm) to more than 1 micrometer Such features are generally spaced apart by otherWise sub 

stantially planar ?eld regions. Filling the Wide variety of 
features, especially the Wide features, is difficult. To ?ll such 
Wide features With a metal, it is often necessary to deposit 
relatively thick layers of the metal, typically 700 nm and 
greater, over the ?eld regions of the Wafer. A subsequent 
planariZation process then is required to remove the thick 
excess deposited metal layers, to electrically isolate the 
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metal in spaced apart features, and to level the surface for 
subsequent steps in the integrated circuit manufacturing 
process. PlanariZation of the thick metal layers by CMP is 
usually accomplished in a “soft landing CMP process ” that 
involves several steps With each of the steps carried out on 
a different platen. First, the bulk of the excess metal is 
removed in a rapid removal process that uses a hard pol 
ishing pad attached to a polishing platen and employs a high 
pressure exerted betWeen the Wafer surface and the pad. The 
high pressure and the hard pad effect a rapid removal rate of 
the metal, but if continued to the completion of the metal 
removal, Would result in damage to the underlying insulator, 
especially if that insulator is a loW-k dielectric material. The 
hard pad also is effective for achieving a planar surface free 
from “dishing ” of the metal in the vicinity of large features. 
In a second step, the ?nal portion of the excess metal is 
removed using a hard polishing pad attached to a second 
platen but With a loWer pressure exerted betWeen the Wafer 
surface and the polishing pad. The loWer pressure is used to 
minimiZe dishing and erosion. A third step using yet another 
pad on another platen may then be required to remove the 
barrier layer overlying the ?eld regions of the insulator. A 
?nal buff step may also be required to remove a damaged 
upper layer of the insulator, to remove contaminants, and to 
clean the resulting polished surface of the metal and the 
exposed insulator. Deposition of such thick layers of metal 
folloWed by a multi-step planariZation process to subse 
quently remove the thick excess metal layer increases the 
costs of the planariZation process and decreases throughput. 

[0006] Accordingly, a need exists for an improved method 
for planariZing a Work piece, and especially for planariZing 
a Work piece having a deposited metal layer on a surface 
thereof. In addition, there is a need for a method for 
planariZing a semiconductor Wafer having a deposited cop 
per layer thereon. Furthermore, other desirable features and 
characteristics of the present invention Will become apparent 
from the subsequent detailed description and the appended 
claims, taken in conjunction With the accompanying draW 
ings and the foregoing technical ?eld and background. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention Will hereinafter be described 
in conjunction With the folloWing draWing ?gures, Wherein 
like numerals denote like elements, and Wherein 

[0008] FIGS. 1-3 illustrate, in cross section, steps in the 
deposition and planariZation of a metal layer on a Work piece 
in accordance With an embodiment of the invention; 

[0009] FIG. 4 illustrates schematically, in cross section, 
apparatus in Which a layer of metal can be deposited on a 
Work piece in accordance With an embodiment of the 
invention; 
[0010] FIG. 5 illustrates schematically, in cross section, 
apparatus in Which a Work piece can be planariZed in 
accordance With an embodiment of the invention; and 

[0011] FIGS. 6 and 7 schematically illustrate alternative 
embodiments for controlling slurry composition in accor 
dance With an embodiment of the invention. 

DETAILED DESCRIPTION 

[0012] The folloWing detailed description is merely exem 
plary in nature and is not intended to limit the invention or 
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the application and uses of the invention. Furthermore, there 
is no intention to be bound by any expressed or implied 
theory presented in the preceding technical ?eld, back 
ground, or the following detailed description. 

[0013] The invention disclosed and claimed herein is 
applicable to the planariZation of a surface of a variety of 
Work pieces, but Will be described and illustrated With 
reference to only a single illustrative Work piece, namely a 
semiconductor Wafer having a layer of copper deposited 
thereon. Although the invention is illustrated With reference 
to its application only to one particular Work piece and to 
one particular metal deposited on that Work piece, it is not 
intended that the invention be limited to that particular 
application. 

[0014] FIGS. 1-3 illustrate process steps in accordance 
With an embodiment of the invention. FIG. 1 illustrates, in 
cross section, a portion of a partially processed semicon 
ductor Wafer 10. Wafer 10 includes a semiconductor sub 
strate 12 Which can be, for example, a silicon substrate. 
Overlying substrate 12 is a layer 14 of insulating material. 
Although shoWn as only a single insulating layer, the layer 
of insulating material may be a single layer of insulating 
material or may be composed of a plurality of layers of 
insulating material, not all of Which are necessarily the same 
material. The layer of insulating material may be or may 
include, for example, silicon dioxide, silicon nitride, or any 
of the other insulating materials commonly used in the 
fabrication of semiconductor devices. In accordance With 
one embodiment of the invention layer 14 may include a 
layer of loW-k dielectric material such as those formed by 
spin on deposition from, for example, an organic source 
material comprising polyimide, silicon sesquioxane, silox 
ane, or the like. By loW-k dielectric material is meant a 
material having a dielectric constant less than about 3.9. 
Various layers of conductive material such as conductors 16 
and 18 may be embedded in layer 14. Conductors 16 and 18 
can be, for example a portion of a previously deposited and 
patterned layer of metal, doped polycrystalline silicon, metal 
silicide, or the like. Features 20 and 22 are formed in the 
surface of layer 14. As used herein, a feature is any subsur 
face element, character or surface such as, but not limited to, 
a via or trench formed Within the layer of insulating material. 
As illustrated, features 20 and 22 may be vias or trenches 
alloWing subsequent electrical contact to be made to con 
ductors 16 and 18. The features can be formed by conven 
tional photolithographic and etching techniques. The surface 
of layer 14 surrounding features 20 and 22 is called the ?eld 
region 24. Field region 24 is any adjacent element, character 
or surface that is elevated With respect to the features. The 
?eld region is generally, but not necessarily, substantially 
planar in contrast to the features. Features formed during the 
processing of a semiconductor device can be of varying 
siZes. As illustrated, feature 20 is Wider in extent than is 
feature 22. For illustrative purposes only, feature 20 can be 
considered to have a Width of 1-2 pm or even larger While 
feature 22 can be considered to have a minimum feature siZe 
of less than 100 nm. 

[0015] FIG. 2 illustrate, again in cross section, continuing 
steps in accordance With an embodiment of the invention. A 
barrier layer 25 is formed overlying the surface of layer 14 
and extending into features 20 and 22. Barrier layer 25 can 
be formed by physical vapor deposition or chemical vapor 
deposition to a thickness of, for example, about 25 nm or 
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less. The barrier layer can be formed of tantalum, tantalum 
nitride, or other suitable barrier material capable of retarding 
the migration into insulating layer 14 of copper from a 
subsequently formed copper layer. A seed layer 26 of copper 
is next formed overlying the barrier layer. The seed layer can 
be formed by physical vapor deposition, chemical vapor 
deposition, or electroless deposition. FolloWing the forma 
tion of seed layer 26, a thick layer of copper 28 or 30 is 
deposited overlying the seed layer. The copper layer is 
deposited to a suf?cient thickness that all of the features are 
completely ?lled With copper. In accordance With the prior 
art conventional method, a copper layer 28, the extent of 
Which is indicated by dashed line 32, Was deposited by an 
electroplating process. To completely ?ll all features, and 
especially large features such as feature 20, the layer Was 
deposited to a thickness of 0.7-1.3 pm. The thick layer 
overlying the ?eld regions, referred to as an “overburden,” 
must subsequently be removed by a multi-step planariZation 
process. Both the deposition of such a thick layer and the 
subsequent multi-step planariZation process are time con 
suming and costly. 
[0016] In contrast to the prior art conventional method, in 
accordance With an embodiment of the invention, a copper 
layer 30 having a substantially planar upper surface 34 is 
deposited overlying the seed layer by an electrodeposition 
process such as that disclosed in the copending, commonly 
assigned application ?led Feb. 27, 2003 and identi?ed by 
attorney docket number 004.0029, the disclosure of Which is 
herein incorporated in its entirety by reference. As used 
herein the term “substantially planar surface” shall mean a 
surface having no step height greater than about 100 nm and 
as used hereinafter, the term “electrodeposition” includes 
both the processes of electroplating and electrochemical 
mechanical deposition, also knoWn as planar deposition. 
Electroplating typically involves conventional metal depo 
sition using an electrolyte solution containing a metal, an 
anode, and a cathode. Electrochemical mechanical deposi 
tion uses a dedicated apparatus that selectively deposits the 
metal on the Work piece by a process that combines elec 
troplating With a mechanical aspect to obtain a planar metal 
surface of a desired thickness. 

[0017] The folloWing example illustrates a method, in 
accordance With one embodiment of the invention, for 
performing substantially planar deposition of a copper layer 
on semiconductor Wafer 10. The copper layer can be depos 
ited in a variety of different deposition apparatuses that are 
Well knoWn in the industry such as, for example, an elec 
trochemical mechanical deposition apparatus 60 schemati 
cally illustrated in FIG. 4. To effect substantially planar 
electrochemical deposition, apparatus 60 utiliZes a contact 
surface 62 supported by a platen 64. The semiconductor 
Wafer having a barrier layer and seed layer as previously 
described is urged against contact surface 62 by a Wafer 
carrier assembly 68. Platen 64 may be fabricated from a 
conductive material, such as copper, tantalum, gold or 
platinum, or may be formed of an inexpensive material, such 
as aluminum or titanium, and coated With a conductive 
material. Using a poWer source 70, the apparatus applies a 
negative potential to the semiconductor Wafer through a 
cathode contact 72, and a positive potential to the platen 64, 
Which acts as an anode. Cathode contact 72 may comprise 
one or more contacts and may contact the semiconductor 
Wafer by a variety of knoWn methods. For example, contact 
72 may be insulated from and disposed Within platen 64 to 
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contact the face of the semiconductor Wafer or may be 
remote from platen 64 and may contact the face of the 
semiconductor Wafer at its peripheral edge. 

[0018] Platen 64 may be connected to a driver or motor 
assembly (not shoWn) that is operative to rotate platen 64 
and contact surface 62 about a vertical axis. It Will be 
appreciated by those of skill in the art, hoWever, that the 
driver or motor assembly may be operative to move platen 
64 and contact surface 62 in an orbital, linear or oscillatory 
pattern or any combination thereof. Similarly, Wafer carrier 
68 may be connected to a driver or motor assembly (not 
shoWn) that is operative to rotate Wafer carrier 68 and the 
semiconductor Wafer about a vertical axis 76 or to move 
Wafer carrier 68 and the semiconductor Wafer in an orbital, 
linear or oscillator pattern or any combination thereof. 

[0019] Platen 64 may have one or more channels 74 for the 
transportation of a plating composition to contact surface 62 
from a manifold apparatus (not shoWn) or any suitable 
distribution system. Alternatively, it Will be appreciated that 
the plating composition may be deposited directly on or 
through contact surface 62 by a conduit or any suitable 
application mechanism. As a further alternative, the platen 
and contact surface may be immersed in the plating solution 
Which is contained Within a receptacle or container that 
partially surrounds the platen. 

[0020] The method for performing substantially planar 
deposition of a metal on a semiconductor Wafer, in accor 
dance With one exemplary embodiment of the invention, 
comprises selecting a deposition temperature, that is, the 
predominant or average temperature at Which the deposition 
process Will be conducted. An electrodeposition composi 
tion is formulated comprising a metal salt, a suppressor, an 
accelerator, and an electrolyte With the suppressor chosen so 
that it has a cloud point that is no greater than the selected 
deposition temperature. In accordance With a particular 
embodiment of the invention, the suppressor is selected so 
that the cloud point matches the deposition temperature. If 
the cloud point is greater than the deposition temperature, an 
anion may be added to the composition to loWer the cloud 
point to a temperature no greater than the electrodeposition 
temperature. For example, for a deposition temperature of 
21° C., the composition may comprise 67 g/L CuSO4.5H2O, 
180 g/L H2SO4, 10 ml/L of 2% Pluronic® 31R1 (available 
from BASF Corporation of Mount Olive, N.J.), 7 ml/L of 
0.1%/ of the sodium salt of 3-mercaptopropane sulfonic acid 
and 50 ppm bromide. The components of the composition 
may be combined in any suitable order by any convenient 
method of mixing, such as, for example, by rapidly stirring 
With a mechanical stirrer or by agitating With a mechanical 
agitator. 

[0021] Next, metal is electrodeposited onto the semicon 
ductor Wafer from the electrochemical deposition composi 
tion. The electrodeposition occurs at the selected deposition 
temperature. Wafer carrier 68 urges the semiconductor Wafer 
against contact surface 62 such that the semiconductor Wafer 
engages contact surface 62 at a desired pressure. Preferably, 
Wafer carrier 68 applies a uniform and constant pressure of 
approximately 1 pound per square inch (psi) or less, 
although it may be appreciated that any suitable pressure 
that promotes substantially planar deposition may be used. 
During the deposition process, the electrodeposition com 
position is delivered to the surface of contact surface 62 
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through channels 74. An electric potential is also applied to 
create a circuit betWeen platen 64, the electrodeposition 
composition and the semiconductor Wafer. The poWer 
source 70 may apply a constant current or voltage to the 
apparatus or, alternatively, the current or voltage could be 
modulated to apply different currents or voltages at prede 
termined times in the process or to modulate betWeen a 
predetermined current or voltage and no current or no 
voltage. Wafer carrier 68 and the semiconductor Wafer may 
rotate about axis 76 While platen 64 and contact surface 62 
move in a rotational, orbital or linear pattern. In addition, 
Wafer carrier 68 and the semiconductor Wafer may oscillate 
relative to contact surface 62. The electrodeposition process 
continues for a predetermined amount of time or until an 
endpoint detection apparatus indicates that a desired depo 
sition thickness has been achieved. 

[0022] FolloWing the deposition of copper layer 30 having 
a thin overburden and a substantially planar upper surface 
34, the excess copper and barrier layer overlying the ?eld 
regions of layer 14 of dielectric material are removed by a 
chemical mechanical planariZation (CMP) process to 
achieve the desired structure illustrated in FIG. 3. The 
copper and barrier layer ?lling features 20 and 22 are 
electrically isolated from each other by the planariZation 
process and the remaining copper has a substantially planar 
upper surface 36. Both upper surface 36 of the copper and 
the substantially planar upper surface of layer 14 of dielec 
tric material are substantially free from scratches and other 
defects. 

[0023] In accordance With one embodiment of the inven 
tion, the planariZation of copper layer 30 can be accom 
plished in a CMP apparatus such as a Momentum CMP 
apparatus available from Novellus Systems Inc., CMP Divi 
sion, of Chandler, AriZ. A representative CMP apparatus 80 
in Which the planariZation can be carried out is schemati 
cally illustrated in cross section, in FIG. 5. This apparatus is 
merely exemplary of CMP apparatus that can be employed 
in carrying out a CMP process in accordance With various 
embodiments of the invention. CMP apparatus 80 includes 
a carrier head 82 for controllably pressing a semiconductor 
Wafer such as semiconductor Wafer 10 having a substantially 
planar copper layer 30 on a front surface thereof against a 
polishing pad 86. Carrier head 82 includes a rigid casing 
having a cavity 88 on a loWer surface. A ?exible membrane 
90 is stretched across the cavity and presses against the back 
surface of the semiconductor Wafer. A Wear ring 92 is 
attached to the rigid carrier head With a resilient attachment 
here illustrated by springs 94. The Wear ring surrounds 
cavity 88 and serves to precondition the polishing pad and 
to contain the lateral movement of the semiconductor Wafer, 
thus maintaining the semiconductor Wafer in position on the 
underside of carrier head 82. Carrier head 82 is attached to 
a shaft 96 by means of Which the correct doWnWard pressure 
can be applied to the carrier head and hence betWeen the 
semiconductor Wafer and the polishing pad. Shaft 96 may 
also be used to impart a rotational motion to carrier head 82 
to improve the uniformity of the polishing action. The 
polishing pad is mounted on a platen 98. In accordance With 
a preferred embodiment of the invention, polishing pad 86 
is a soft polishing pad such as a Politex© pad available from 
Rodel, Inc. of NeWark, Del. By “soft polishing pad” is meant 
a polishing pad having a hardness less than about 0.4 on the 
Shore D hardness scale. Polishing pad 86 is “soft” in 
contrast to “hard” polishing pads such as the IC1000 pol 



US 2005/0016861 A1 

ishing pad also available from Rodel, Inc. Although hard 
polishing pads have in the past been thought necessary to 
achieve a substantially planar surface When performing a 
CMP process on an electroplated copper layer, the present 
inventors have discovered that such hard polishing pads are 
not necessary to achieve the desired substantially planar 
surface When the copper layer to be polished and planariZed 
initially has a substantially planar upper surface and does not 
have a thick overburden overlying the ?eld regions of the 
dielectric layer. 
[0024] As a speci?c exemplary illustration, consider a 
semiconductor Wafer prepared in the manner described 
above and having a barrier layer of TaN having a thickness 
of about 25 mn, a seed layer of copper having a thickness of 
about 80 nm, and a copper overburden on the ?eld regions 
of the dielectric material having a thickness of less than 
about 300 nm and preferably less than about 200 nm. Such 
a semiconductor Wafer can be planariZed on a Momentum 
CMP apparatus using a soft polishing pad such as a Politex© 
polishing pad, a polishing pressure of about 05-25 pounds 
per square inch (psi) and preferably a pressure of about 1 psi, 
a Wafer rotation of about 600 revolutions per minute and an 
orbital platen motion With an orbit radius of about 1.25 
inches. The planariZation process proceeds for about 100 
seconds and then the Wafer is transferred to a buff station or 
directly to a cleaning station. The complete planariZation 
process is carried out on the single polishing pad, preferably 
a soft polishing pad affixed to a single platen to remove the 
excess copper overburden and the barrier layer overlying the 
?eld regions of the insulating layer. In accordance With one 
embodiment of the invention the slurry preferably is selected 
to have substantially the same selectivity to copper as it does 
to the barrier layer. That is, the removal rate of the copper 
and the removal rate of the barrier layer are substantially in 
the ratio of 1:1. For example, a slurry such as Hitachi 
T-805-H can be employed With the concentration of hydro 
gen peroxide oxidiZing agent adjusted to about 0.5% . The 
planariZation process can also be continued on the same soft 
polishing pad to planariZe the ?eld regions of the dielectric 
material. The use of a soft polishing pad and loW pressures 
betWeen the Wafer surface and the polishing pad are espe 
cially advantageous in avoiding scratching or otherWise 
causing damage to the dielectric layer if the layer of dielec 
tric material includes a loW-k dielectric. 

[0025] In accordance With a further embodiment of the 
invention, the planariZation of copper layer 30 is carried out 
as above except that the slurry composition is adjusted 
during the process to ?rst provide an enhanced copper 
removal rate and then a reduced and controlled copper 
removal rate. For example, Hitachi T-805-H slurry can be 
employed With the hydrogen peroxide oxidiZing agent 
adjusted to about 3% at the point of use to enhance the 
copper removal rate during the bulk copper removal step and 
then reduced to about 0.5% to achieve a selectivity of about 
1:1 With the barrier material. During the bulk copper 
removal rate step the selectivity of the removal of copper 
With respect to the removal of the barrier layer can be greater 
than 1:1. The change in concentration of the oxidiZing agent 
can be made based on time of polishing or based on end 
point detection in knoWn manner. When the slurry compo 
sition is to be changed, the pad and associated apparatus can 
be ?ushed With Water to purge the system of the ?rst slurry 
composition. FIGS. 6 and 7 schematically illustrate tWo 
alternative embodiments of processing equipment 100 and 
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200 respectively, for controlling the slurry composition, 
each operative With CMP apparatus such as that illustrated 
in FIG. 5. 

[0026] FIG. 6 schematically illustrates processing equip 
ment 100 for controlling the composition of slurry employed 
in accordance With an embodiment of the invention. Equip 
ment 100 includes a polishing pad 86 mounted on a platen 
98. Platen 98 is con?gured to provide a slurry distribution 
manifold 102. The slurry distribution manifold is in ?uid 
communication With a plurality of slurry transport channels 
104 through the upper surface of platen 98 and polishing pad 
86. TWo reservoirs 106 and 108 are provided for premixed 
slurry. Reservoir 106 contains a slurry having a high (for 
example, about 3%) concentration of oxidiZing agent for the 
rapid removal of copper, and reservoir 108 contains a slurry 
having a loW (for example, about 0.5%) concentration of 
oxidiZing agent to achieve a selectivity of about 1:1 for 
copper:barrier layer. Reservoir 106 is coupled to manifold 
102 through conduit 110. The How of slurry from reservoir 
106 to manifold 102 is controlled by a pump 112. Similarly, 
reservoir 108 is coupled to manifold 102 through conduit 
114, and the How of slurry from reservoir 108 to manifold 
102 is controlled by a pump 116. How controllers or the like 
may also be coupled to pumps 112 and 116 to accurately 
control the How of slurry. A Water line 118 may also be 
coupled to manifold 102 to aid in purging the manifold, 
slurry transport channels, and polishing pad When a change 
is made from one slurry composition to the other slurry 
composition. 

[0027] FIG. 7 schematically illustrates processing equip 
ment 200 for controlling the composition of slurry employed 
in accordance With a further embodiment of the invention. 
Equipment 200 includes a polishing pad 86 mounted on a 
platen 98. Platen 98 is con?gured to provide a slurry 
distribution manifold 202. The slurry distribution manifold 
is in ?uid communication With a plurality of slurry transport 
channels 204 through the upper surface of platen 98 and 
polishing pad 86. Reservoir 206 for slurry and reservoir 208 
for an oxidiZing agent such as hydrogen peroxide are 
coupled to the slurry distribution manifold through conduit 
210 and How controllers 212 and 214. Reservoir 206 can be 
?lled With a CMP slurry such as Hitachi T-805-H. FloW 
controllers 212 and 214 control the How of slurry and 
oxidiZing agent, respectively, to premix the appropriate 
slurry composition prior to reaching the slurry distribution 
manifold. Upon reaching the end point of the bulk copper 
removal, ?oW controller 214 decreases the amount of oxi 
diZing agent mixed With the slurry to achieve the desired 1:1 
selectivity of copper:barrier layer. AWater line 218 may also 
be coupled to manifold 202 to aid in purging the manifold, 
slurry transport channels, and polishing pad When a change 
is made from one slurry composition to the other slurry 
composition. 

[0028] The resulting Wafer is found to have a substantially 
planar upper surface. The remaining copper regions are 
planar and free from dishing. The ?eld regions of the 
dielectric layer are substantially planar and substantially free 
from defects and scratches. 

[0029] Although the exemplary CMP apparatus described 
above is of the type generally referred to as a front refer 
enced apparatus, the method of the invention is also appli 
cable to other types of CMP apparatus such as, for example, 
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back referenced apparatus. In such an apparatus the planar 
removal of the copper layer and the underlying barrier layer 
are carried out on a single platen using a soft polishing pad 
and preferably a slurry having a copperzbarrier selectivity of 
about 1:1. In accordance With yet another embodiment of the 
invention, the processes of planariZed deposition and sub 
sequent CMP can also be performed in a single continuous 
operation. That is, the apparatus for planariZed deposition of 
a metal such as copper can also be used for the planariZation 
of the resulting copper layer by sWitching from an electro 
chemical deposition composition applied to the polishing 
pad or contact surface to a polishing slurry applied to the 
polishing pad. The pressure of the semiconductor Wafer 
against the polishing pad during the tWo operations can be 
adjusted to the appropriate pressure as described above. 

[0030] In accordance With a further embodiment of the 
invention, folloWing the planariZation of the deposited cop 
per layer by any of the above described processes, the 
surface of the planariZed semiconductor Wafer, including 
both the planariZed copper regions ?lling the features in the 
dielectric material and the ?eld regions of the dielectric 
material can be cleaned and buffed at a buf?ng station to 
complete the planariZation of the ?eld regions and to remove 
contaminants, CMP residue, residual damage, and the like 
from the surface of the Wafer. 

[0031] In accordance With an embodiment of the inven 
tion, the deposition apparatus as illustrated in FIG. 4 and the 
planariZation apparatus illustrated in FIG. 5 or any of the 
variants thereof as described above can be can be combined 
as tWo elements of a multiple platen deposition and pla 
nariZation apparatus. For example the deposition platen of 
FIG. 4 can be positioned in close proximity to the polishing 
platen of FIG. 5. The semiconductor Wafer upon Which the 
copper layer is to be deposited and planariZed can be 
transferred or transported from a carrier head associated 
With and aligned With the deposition platen to a carrier head 
associated With and aligned With the polishing platen either 
manually or by a robot. Alternatively, the semiconductor 
Wafer can be carried by a single carrier head that is posi 
tioned ?rst With respect to the deposition platen and then 
With respect to the polishing platen. Such multi-platen 
apparatuses can also include a buff station for effecting the 
?nal buff and clean of the planariZed Wafer surface on a third 
platen. 
[0032] While at least one exemplary embodiment has been 
presented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiments are 
only examples, and are not intended to limit the scope, 
applicability, or con?guration of the invention in any Way. 
Rather, the foregoing detailed description Will provide those 
skilled in the art With a convenient road map for implement 
ing the exemplary embodiments. It should be understood 
that various changes can be made in the function and 
arrangement of elements Without departing from the scope 
of the invention as set forth in the appended claims and the 
legal equivalents thereof. 

What is claimed is: 
1. Amethod for planariZing a semiconductor Wafer having 

an insulating layer on a surface thereof, the insulating layer 
comprising a ?eld region and a plurality of features, the 
method comprising the steps of: 
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forming a barrier layer overlying at least the ?eld region; 

electrodepositing a layer comprising copper having a 
substantially planar upper surface overlying the barrier 
layer and ?lling the features in the insulating layer; and 

polishing the layer comprising copper and the barrier 
layer on a single polishing pad to remove the layer 
comprising copper and the barrier layer from the ?eld 
region. 

2. The method of claim 1 Wherein the step of polishing 
comprises the step of chemical mechanical planariZing the 
layer comprising copper and the layer of barrier material on 
a single soft polishing pad. 

3. The method of claim 2 Wherein the step of polishing 
comprises the step of chemical mechanical planariZing on a 
polishing pad having a hardness less than about 0.4 on the 
Shore D hardness scale. 

4. The method of claim 2 Wherein the step of chemical 
mechanical planariZing comprises the step of chemical 
mechanical planariZing in the presence of a polishing slurry 
having a copperzbarrier layer selectivity of substantially 1:1. 

5. The method of claim 2 Wherein the step of chemical 
mechanical planariZing comprises the steps of: 

chemical mechanical planariZing in the presence of a ?rst 
slurry having a selectivity of copperzbarrier greater than 
1: 1 to remove a ?rst portion of the layer comprising 
copper; and 

chemical mechanical planariZing in the presence of a 
second slurry having a copperzbarrier layer selectivity 
of substantially 1:1. 

6. The method of claim 2 further comprising the steps of 
cleaning and buffing the ?eld region on the single platen 
folloWing the step of polishing. 

7. The method of claim 1 Wherein the step of forming a 
barrier layer comprises the step of forming a barrier layer 
overlying at least the ?eld region comprising a loW-k 
dielectric material insulating layer. 

8. The method of claim 7 further comprising polishing the 
insulating layer on the single polishing pad to planariZe the 
?eld region. 

9. The method of claim 1 Wherein the step of electrode 
positing comprises the step of electrodepositing on a ?rst 
platen of a multi-platen apparatus and the step of polishing 
comprises the step of polishing on a second platen of the 
multi-platen apparatus. 

10. The method of claim 9 further comprising the step of 
cleaning the polished copper layer on a buff polishing station 
on a third platen of the multi-platen apparatus. 

11. The method of claim 1 Wherein the step of electrode 
positing comprises the steps of: 

forming a ?rst seed layer comprising copper overlying the 
barrier layer; and 

electrodepositing over the ?rst seed layer a second layer 
comprising copper having a thickness less than about 
300 nm as measured over the ?eld region. 

12. The method of claim 1 Wherein the step of chemical 
mechanical planariZing comprises the step of chemical 
mechanical planariZing in the presence of a polishing slurry 
having a copperzbarrier layer selectivity of substantially 1:1. 

13. A method for planariZing a semiconductor Wafer 
having an insulating layer on a surface thereof, the insulating 
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layer comprising a loW-k dielectric material having a ?eld 
region and a plurality of features, the method comprising the 
steps of: 

forming a barrier layer overlying the insulating layer; 

forming a seed layer comprising copper overlying and 
contacting the barrier layer; 

electrochemical mechanical plating a layer comprising 
copper having a substantially planar upper surface 
overlying the seed layer and ?lling the features; 

chemical mechanical polishing the layer comprising cop 
per and the barrier layer on a single polishing platen to 
remove the layer comprising copper and the barrier 
layer from the ?eld region. 

14. The method of claim 13 Wherein the step of chemical 
mechanical polishing comprises the step of electrochemical 
mechanical polishing. 

15. The method of claim 13 Wherein the step of chemical 
mechanical polishing comprises the steps of: 

chemical mechanical polishing in the presence of a ?rst 
slurry having a selectivity of copper:barrier layer 
greater than 1:1 to remove a ?rst portion of the layer 
comprising copper; and 

chemical mechanical polishing in the presence of a sec 
ond slurry having a copper:barrier layer selectivity of 
substantially 1:1. 

16. The method of claim 13 Wherein the step of chemical 
mechanical polishing comprises the step of chemical 
mechanical polishing the layer comprising copper and the 
barrier layer on a soft polishing pad on the single polishing 
platen. 

17. A method for planariZing a Work piece having a 
surface comprising a plurality of features and a ?eld region, 
the method comprising the steps of: 

forming a barrier layer overlying the ?eld region and 
extending into the features; 
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electrodepositing a metal layer overlying the barrier layer 
and ?lling the features, the metal layer having a sub 
stantially planar upper surface over the features and the 
?eld region; 

polishing the metal layer and the barrier layer on a single 
polishing pad to remove the metal layer and the barrier 
layer from the ?eld region. 

18. The method of claim 17 Wherein the steps of elec 
trodepositing and polishing comprise electrodepositing and 
polishing on tWo platens of a multi-platen electrochemical 
mechanical planariZation apparatus. 

19. The method of claim 17 Wherein the steps of elec 
trodepositing and polishing comprise the steps of: 

electrodepositing a metal layer at a ?rst platen of the 
multi-platen apparatus; 

robotically moving the Work piece to a second platen of 
the multi-platen apparatus; and 

polishing the metal layer and the barrier layer at the 
second platen. 

20. The method of claim 17 Wherein the Work piece is 
mounted on a Work piece carrier and Wherein the steps of 
electrodepositing and polishing comprise the steps of: 

aligning the Work piece carrier With respect to a ?rst 
platen of the multi-platen apparatus; 

electrodepositing a metal layer at the ?rst platen; 

aligning the Work piece carrier With respect to a second 
platen of the multi-platen apparatus; and 

polishing the metal layer and the barrier layer at the 
second platen. 

21. The method of claim 17 Wherein the step of polishing 
the metal layer and the barrier layer on a single polishing pad 
comprises the step of polishing on a polishing pad having a 
hardness of less than about 0.4 on the Shore D hardness scale 
and at a pressure betWeen the Work piece and the polishing 
pad of less than about 2.5 psi. 

* * * * * 


