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(57) ABSTRACT 

A method and apparatus for plating a metal layer onto a 
substrate is provided. The plating apparatus includes tWo or 
more segments of an anode and an auxiliary electrode. The 
plating method includes a ?rst stage of plating a thin metal 
seed uniformly in the center of the substrate and near the 
edges of the substrate before metal gap ?lling and bulk metal 
plating are performed. The thin metal seed is plated on the 
substrate surface by applying a current pulse provided by a 
?rst poWer supply and a second poWer supply Which are in 
electrical communication in reverse polarity With one seg 
ment of the anode and the auxiliary electrode. Thereafter, 
gap ?lling of features is performed by applying a second 
current pulse Where current is provided to all segments of the 
anode. 
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PLATING OF A THIN METAL SEED LAYER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional patent application Ser. No. 60/579,129, entitled 
“Method Of Barrier Layer Surface Treatment To Enable 
Direct Copper Plating”, ?led on Jun. 10, 2004 and claims 
bene?t of US. provisional patent application Ser. No. 
60/621,215 (AMAT/9201L), ?led on Oct. 21, 2004, entitled 
“Plating Chemistry And Method Of Single-Step Electroplat 
ing Of Copper On A Barrier Metal”. This application is a 
continuation-in-part of co-pending US. patent application 
Ser. No. 10/880,103 (AMAT/8556), titled “Multiple-Step 
Electrodeposition Process For Direct Copper Plating On 
Barrier Metals”, ?led on Jun. 28, 2004; co-pending US. 
patent application Ser. No. 10/616,097 (AMAT/8241), titled 
“Multiple-Step Electrodeposition Process For Direct Copper 
Plating On Barrier Metals”, ?led on Jul. 8, 2003; co-pending 
US. patent application Ser. No. 10/664,277 (AMAT/7735), 
titled “Insoluble Anode With an Auxiliary Electrode”, ?led 
on Sep. 17, 2003; co-pending U.S. patent application Ser. 
No. 09/586,736 (AMAT/4256Y1), titled “Programmable 
Anode Apparatus and Associated Method”, ?led on Jun. 5, 
2000; and co-pending US. patent application Ser. No. 
10/962,236, ?led on Oct. 8, 2004, Which claim bene?t of 
US. provisional patent application Ser. No. 60/510,190 
(AMAT/8039L), titled “Methods And Chemistry For Pro 
viding Initial Conformal Electrochemical Deposition Of 
Copper In Sub-Micron Features”, ?led on Oct. 10, 2003. 
Each of the aforementioned related patent applications is 
herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the invention generally relate to 
deposition of a metal layer onto a substrate. Particularly, the 
invention relates to methods and systems for electrochemi 
cal deposition of a metal layer on a substrate. 

[0004] 2. Description of the Related Art 

[0005] Submicron, multi-level metalliZation is one of the 
key technologies for very large scale integration (VLSI) and 
ultra large scale integration (ULSI) semiconductor devices. 
The multilevel interconnects that lie at the heart of this 
technology require the ?lling of contacts, vias, lines, and 
other features formed in high aspect ratio apertures. Reliable 
formation of these features is very important to the success 
of both VLSI and ULSI as Well as to the continued effort to 
increase circuit density and quality on individual substrates 
and die. 

[0006] As circuit densities increase, the Widths of contacts, 
vias, lines and other features, as Well as dielectric materials 
betWeen them, may be decreased. Since the thickness of the 
dielectric materials remains invariable, the result is that the 
aspect ratios (i.e., their height divided by Width) for most 
semiconductor features have to substantially increase. Many 
conventional deposition processes do not consistently ?ll 
semiconductor structures in Which the aspect ratios eXceed 
6:1, and particularly When the aspect ratios eXceed 10:1. As 
such, there is a great amount of ongoing effort being directed 
to the formation of void-free, nanometer-siZed structures 
having aspect ratios of 6:1 or higher. 
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[0007] Electro-chemical deposition (ECD), such as Elec 
tro-chemical plating (ECP), originally used in other indus 
tries, has been applied in the semiconductor industry as a 
deposition technique for ?lling small features because of its 
ability to groW the deposited material, such as copper, on a 
conductive surface and ?ll even high aspect ratio features 
substantially free of voids. Typically, a metallic diffusion 
barrier layer is deposited over the surface of a feature, 
folloWed by the deposition of a conductive metal seed layer. 
Then, a conductive metal is electro-chemically plated over 
the conductive metal seed layer to ?ll the structure/feature. 
Finally, the surface of the feature is planariZed, such as by 
chemical mechanical polishing (CMP), to de?ne a conduc 
tive interconnect feature. 

[0008] Copper has become the desired metal for semicon 
ductor device fabrication, because of its loWer resistivities 
and signi?cantly higher electromigration resistance as com 
pared to aluminum and good thermal conductivity. Copper 
electro-chemical plating systems have been developed for 
semiconductor fabrication of advanced interconnect struc 
tures. Typically, copper ECP uses a plating bath/electrolyte 
including positively charged copper ions in contact With a 
negatively charged substrate, as a source of electrons, to 
plate out the copper on the charged substrate. 

[0009] All ECP electrolytes have both inorganic and 
organic compounds at loW concentrations. Typical inorgan 
ics include copper sulfate (CuSO4), sulfuric acid (H2504), 
and trace amounts of chloride (Cl‘) ions. Typical organics 
include accelerators, suppressors, and levelers. An accelera 
tor is sometimes called a brightener or anti-suppressor. A 
suppressor may be a surfactant or Wetting agent, and is 
sometimes called a carrier. A leveler is also called a grain 
re?ner or an over-plate inhibitor. 

[0010] Most ECP processes generally require tWo pro 
cesses, Wherein a seed layer is ?rst formed over the surface 
of features on the substrate (this process may be performed 
in a separate system), and then the surfaces of the features 
are eXposed to an electrolyte solution While an electrical bias 
is simultaneously applied betWeen the substrate surface 
(serving as a cathode) and an anode positioned Within the 
electrolyte solution. 

[0011] Conventional plating practices include depositing a 
copper seed layer by physical vapor deposition (PVD), 
chemical vapor deposition (CVD), or atomic layer deposi 
tion (ALD) onto a diffusion barrier layer (e.g., tantalum or 
tantalum nitride). HoWever, as the feature siZes become 
smaller, it becomes dif?cult to have adequate seed step 
coverage With PVD techniques, as discontinuous islands of 
copper agglomerates are often obtained in the feature side 
Walls close to the feature bottom. When using a CVD or 
ALD deposition process in place of PVD to deposit a 
continuous sideWall layer throughout the depth of the high 
aspect ratio features, a thick copper layer is formed over the 
?eld. The thick copper layer on the ?eld can cause the throat 
of the feature to close before the feature sideWalls are 
completely covered. When the deposition thickness on the 
?eld is reduced to prevent throat closure, ALD and CVD 
techniques are also prone to generate discontinuities in the 
seed layer. These discontinuities in the seed layer have been 
shoWn to cause plating defects in the layers plated over the 
seed layer. In addition, copper tends to oXidiZe readily in the 
atmosphere and copper oXide readily dissolves in the plating 
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solution. To prevent complete dissolution of copper in the 
features, the copper seed layer is usually made relatively 
thick (as high as 800 A), Which can inhibit the plating 
process from ?lling the features. Therefore, it is desirable to 
have a copper plating process that alloWs direct electroplat 
ing of copper on suitable barrier layer(s) Without a copper 
seed layer. 

[0012] Another challenge With direct copper plating on a 
suitable barrier metal layer is that the resistance of the 
barrier metal layer is high (loW resistivity) and is knoWn to 
cause high edge-plating, i.e. thicker copper plating at the 
edge of the substrate and no copper plating in the middle of 
the substrate. Also, copper tends to plate on local sites of 
nucleation, resulting in clusters of copper nuclei, copper 
clusters/crystal, so deposition is not uniform on the Whole 
surface of the substrate. 

[0013] Therefore, there is a need for a copper plating 
process that can plate a thin copper seed layer directly on 
suitable barrier metals to uniformly deposit copper across 
the Whole substrate surface and ?ll features before plating of 
a bulk copper layer. 

SUMMARY OF THE INVENTION 

[0014] Embodiments of the invention provide an electro 
chemical deposition method for plating a thin copper seed 
layer directly on a barrier layer and an apparatus adapted for 
the method. 

[0015] Embodiments of the invention provide a method of 
plating a metal layer onto a substrate in a plating apparatus 
having tWo or more segments of an anode and an auxiliary 
electrode. The method includes plating a ?rst portion of the 
metal layer on the surface of the substrate under a ?rst 
processing condition to at least cover a large portion of the 
substrate, the ?rst processing condition comprising electri 
cally connecting a ?rst poWer supply to a central segment of 
the anode and the substrate. 

[0016] Embodiments of the invention further provide a 
method of plating a metal layer onto a substrate in a plating 
cell having a ?rst and a second electrode. The method 
includes connecting a ?rst poWer supply to a central segment 
of the ?rst electrode and the substrate, connecting a second 
poWer supply to the second electrode and the substrate, and 
plating a ?rst portion of the metal layer on the surface of the 
substrate at reverse polarity of the ?rst and the second 
electrodes. 

[0017] Embodiments of the invention may further provide 
a method of plating a metal layer onto a substrate in a plating 
cell having tWo or more segments of an anode and an second 
electrode. The method includes applying a ?rst current pulse 
to the substrate to deposit a ?rst portion of the metal layer 
on the surface of the substrate, the ?rst current pulse is 
provided by a ?rst poWer supply and a second poWer supply 
Which are in electrical communication in reverse polarity 
With one segment of the anode and the second electrode, 
respectively. The method further includes applying a second 
current pulse to the substrate to deposit a second portion of 
the metal layer on the surface of the substrate, the second 
current pulse comprising currents provided to all segments 
of the anode. 
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[0018] Embodiments of the invention may further provide 
a method of plating a metal layer onto a substrate in a plating 
cell including plating a metal coating on the contact points 
of the plating cell before the substrate is placed inside the 
plating cell and plating a metal layer onto the surface of the 
substrate. 

[0019] Embodiments of the invention may further provide 
an electrochemical plating cell con?gured to metalliZe sub 
100 nanometer features on integrated circuit devices. The 
plating cell includes a ?uid basin having an anolyte solution 
compartment and a catholyte solution compartment, an ionic 
membrane positioned betWeen the anolyte solution compart 
ment and the catholyte solution compartment, tWo or more 
anode segments positioned in the anolyte solution compart 
ment, an auxiliary electrode, tWo or more poWer supplies 
connected to the tWo or more anode segments and the 
auxiliary electrodes, and substrate contact elements/points 
positioned to electrically contact and support a substrate for 
processing in the ?uid basin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] So that the manner in Which the above recited 
features of the present invention can be understood in detail, 
a more particular description of the invention, brie?y sum 
mariZed above, may be had by reference to embodiments, 
some of Which are illustrated in the appended draWings. It is 
to be noted, hoWever, that the appended draWings 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. 

[0021] FIGS. 1A-1C illustrate schematic cross-sectional 
vieWs of an integrated circuit fabrication sequence. 

[0022] FIG. 2A illustrates non-uniform deposition during 
initial phase of metal plating. 

[0023] FIG. 2B illustrates a substrate surface having poor 
edge plating near contact locations With haZy Zones shoWing 
depletion of plated copper. 

[0024] FIG. 3 illustrates a How diagram of a method 
according to one embodiment of the invention. 

[0025] FIG. 4 illustrates a schematic sectional vieW of one 
embodiment of an exemplary electrochemical plating sys 
tem of the invention. 

[0026] FIG. 5 illustrates a schematic cross-sectional vieW 
of one embodiment of an exemplary electrode con?guration 
of the invention. 

[0027] FIG. 6 illustrates a horiZontal section of one 
embodiment of an exemplary electrochemical plating sys 
tem of the invention shoWing anolyte ?uid ?oW patterns. 

[0028] FIGS. 7A-7E illustrates exemplary electrode con 
?gurations that may be used in an electrochemical plating 
system of the invention according to embodiments of the 
invention. 

[0029] FIG. 8 is a How diagram illustrating one embodi 
ment of an exemplary electrochemical plating method of the 
invention. 

[0030] FIGS. 9A-9B illustrate exemplary connections of 
poWer supplies to various electrodes of an electrochemical 
plating system of the invention according to embodiments of 
the invention. 
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[0031] FIG. 10 illustrates exemplary current paths inside 
an electrochemical plating system of the invention according 
to one embodiment of the invention. 

[0032] FIGS. 11A-11B illustrate exemplary controlled 
current variation diagrams on poWer supplies connected to 
various electrodes of an electrochemical plating system of 
the invention according to embodiments of the invention. 

[0033] FIG. 12 illustrates an exemplary result of plating a 
thin metal layer using the method and apparatus of the 
invention, resulting in uniform deposition across a surface of 
a substrate. 

DETAILED DESCRIPTION 

[0034] Embodiments of the invention provide a method 
and apparatus adapted for electrochemical deposition of a 
thin metal seed layer and/or a bulk metal layer on a substrate 
having a conductive barrier metal thereon. The metal mate 
rial suitable for the bulk metal layer can be any metal 
materials that can be plated on a substrate surface, such as 
copper, nickel, etc. For example, the invention provides 
plating of a copper material on the surface of a barrier 
material or a copper seed layer during direct or indirect 
copper plating process to ?ll submicron features during 
semiconductor interconnect formation. In one embodiment, 
the invention may include at least three or more stages/steps 
(as Will be described in detail herein) during electrochemical 
deposition of a conductive metal material to obtain uniform 
plating across the entire surface of a substrate. The three or 
more stages of plating can be performed in the same 
electrochemical deposition apparatus or in different plating 
tools. Particularly, the invention alloWs uniform plating of 
one or more metal layers on a substrate surface having 
materials With loW resistivity (thus highly resistive) thereon. 
In addition, the invention is provided to solve high substrate 
surface resistance problems, to improve contact resistance 
and current distribution at the edges of a substrate. 

[0035] The surface of the substrate can be any of the 
materials that can be used as a suitable seed or conductive 
material for plating, such as a group VIII metal or noble 
metal barrier layer. The substrate surface material includes, 
but is not limited to, copper (Cu), ruthenium (Ru), chromium 
(Cr), tantalum (Ta), iridium (Ir), osmium (Os), tungsten (W), 
palladium (Pd), platinum (Pt), and alloys thereof. For 
example, ruthenium (Ru) is a metal With loW resistivity and 
can be used to coat features on a substrate as a barrier layer 
for direct copper plating Without the need of a copper seed 
layer deposited by other deposition methods than plating. 

[0036] FIGS. 1A-1C illustrate cross-sectional vieWs of a 
substrate at different stages of a metal interconnect fabrica 
tion sequence. In FIG. 1A, metal contacts 104 and a 
dielectric layer 102 are formed on the surface of a substrate 
100 comprising a semiconductor material, such as, for 
example, silicon, germanium, or gallium arsenide. The 
dielectric layer 102 may include an insulating material, such 
as, silicon dioxide, silicon nitride, silicon oxynitride, or 
carbon-doped silicon oxides, such as SiOXCy, for example, 
BLACK DIAMONDTM IOW-K dielectric material, available 
from Applied Materials, Inc., located in Santa Clara, Calif. 
The metal contacts 104 may include, for example, copper, 
among others. Apertures 120 are de?ned in the dielectric 
layer 102 to provide openings over the metal contacts 104. 
The apertures 120 may be de?ned in the dielectric layer 102 
using conventional lithography and etching techniques. 
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[0037] In FIG. 1B, optionally, a barrier layer 106 may be 
formed on top of the dielectric layer 102. The barrier layer 
106 may include one or more refractory metal-containing 
layers used as a copper-barrier material, for example, tita 
nium, titanium nitride, titanium silicon nitride, tantalum, 
tantalum nitride, tantalum silicon nitride, tungsten and tung 
sten nitride, among others. The barrier layer 106 may be 
formed using a suitable deposition process, such as atomic 
layer deposition (ALD), chemical vapor deposition (CVD), 
or physical vapor deposition (PVD). For example, titanium 
nitride may be deposited by a CVD process or an ALD 
process using, for example, titanium tetrachloride and 
ammonia. In one embodiment, tantalum nitride and/or tan 
talum is deposited as a barrier layer by an ALD process as 
described in commonly assigned US. patent Publication 
2003/0121608, published Jul. 3, 2003, and herein incorpo 
rated by reference. The thickness of the optional barrier 
layer is betWeen about 5 A to about 150 A and preferably 
less than 100 

[0038] One embodiment of the invention provides plating 
of a uniform copper layer on an underlying layer of a 
conductive material, such as a group VIII metal material, 
e.g., ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium 
(Os), iridium (Ir), and platinum (Pt), among others, Which 
are very resistive to start/nucleate plating because of their 
loW electrical resistivity. As an example, a thin ruthenium 
layer of about 100 A is about 100 times more resistant than 
a copper seed layer of about 1000 A and is passive for 
copper to plate thereon, independent of the deposition pro 
cess used to form the underlying layer. 

[0039] The group VIII metal material may be used as a 
barrier layer or an under-layer for copper interconnect 
features, e.g., vias, trenches, and lines, Which have aspect 
ratios hreater than 3:1, because most group VIII metal 
materials provide loW electrical resistivity and high thermal 
stability, and are resistant to corrosion and oxidation. For 
example, the resistivity of ruthenium is about ~7 pQ-cm and 
its melting point is about 2300° C. In addition, the thermal 
and electrical conductivities of ruthenium are tWice of those 
of tantalum (Ta), so ruthenium is a good barrier layer for 
copper. Ruthenium also does not form an alloy With copper 
at temperature beloW 900° C. and shoWs good adhesion to 
copper. Thus, group VIII metal or noble metal materials can 
also be deposited on a conventional barrier layer, such as Ta 

(tantalum) and/or TaN (tantalum nitride), to serve as a glue 
layer betWeen the conventional barrier layer and copper. In 
addition, the loW resistivity of ruthenium (Ru) can be an 
advantage When trying to ?ll ruthenium coated features 
during copper interconnect Without the need for a copper 
PVD or CVD seed layer. Especially, ruthenium can be a 
good seedless diffusion barrier material betWeen intermetal 
dielectrics (IMD) for a less than 45 nm copper interconnect. 

[0040] Referring to FIG. 1B, a group VIII barrier metal 
layer 108, such as ruthenium (Ru), is formed on the sub 
strate, for example, on a barrier layer 106. The thickness for 
the group VIII metal layer 108 often depends on the device 
structure to be fabricated. Typically, the thickness of the 
group VIII metal layer 108, such as ruthenium (Ru), is less 
than about 1,000 A, preferably betWeen about 5 A to about 
200 In one embodiment, the group VIII metal layer 108 
is a ruthenium layer having a thickness less than about 100 
A, for example, about 50 A. 
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[0041] Thereafter, referring to FIG. 1C, the apertures 120 
may be ?lled With a metal material 110, such as copper, to 
complete the interconnect. In one embodiment, the noble or 
transitional metal layer, such as a ruthenium layer, serves as 
a seed layer Which a copper is directly deposited by elec 
trochemical plating or other copper plating techniques. The 
Width of apertures 120 may be, for example, equal to or less 
than about 900 The thickness of dielectric layer 102 is not 
limited and may be in the range betWeen about 1000 A to 
about 10000 A. 

[0042] An electrochemical plating solution for ECP cop 
per plating generally includes a copper source, an acid 
source, a chlorine ion source, and at least one plating 
solution additive, i.e., levelers, suppressors, accelerators, 
antifoaming agents, etc. For example, the plating solution 
may contain betWeen about 30 and about 60 g/L of copper, 
betWeen about 10 and about 50 g/L of an acid, betWeen 
about 20 and about 100 ppm of chloride ions, betWeen about 
5 and about 30 ppm of an additive accelerator, betWeen 
about 100 and about 1000 ppm of an additive suppressor, 
and betWeen about 1 and about 6 ml/L of an additive leveler. 
The plating current may be in the range from about 2 
mA/cm to about 10 mA/cm2 for ?lling copper into the 
submicron trench and/or via structures. Examples of copper 
plating chemistries and processes can be found in commonly 
assigned US. patent application Ser. No. 10/616,097, titled 
“Multiple-Step Electrodeposition Process For Direct Copper 
Plating On Barrier Metals”, ?led on Jul. 8, 2003, and US. 
patent application No. 60/5l0,l90, titled “Methods And 
Chemistry For Providing Initial Conformal Electrochemical 
Deposition Of Copper In Sub-Micron Features”, ?led on 
Oct. 10, 2003. An example of an electrochemical plating 
(ECP) system and an exemplary plating cell are described in 
FIGS. 4-7 beloW. 

[0043] Problems With group VIII barrier material, such as 
ruthenium (Ru), as a highly resistive thin barrier layer for 
copper plating is that uniform plating cannot occur on the 
Whole surface of the substrate, especially on substrates 
having small features thereon. In addition, the initial over 
potential to start plating must be higher than normal, for 
example, an additional voltage of about 30 mV or more is 
required for plating copper on ruthenium than on copper. In 
addition, there is poor contact of the substrate With substrate 
contact points located near the edges of the substrate result 
ing in haZy Zone or poor plating in those locations. 

[0044] FIG. 2A illustrates initial copper groWth versus 
uniformity on the Whole surface of a substrate having a 
ruthenium barrier layer. Initially, plating is mainly on the 
edge of a substrate for the initial plating time periods t1, t2, 
t3, resulting in non-uniform copper deposition. Even When 
copper starts to deposit on the substrate, the plated copper 
nuclei or clusters are separated and it takes time for them to 
?nally overlap With each other. FIG. 2B illustrates plating of 
a metal layer on the surface of a substrate 210. Plating on the 
edges of the substrate 210 Where the substrate 210 is in 
contact With the plating apparatus used is not uniform. HaZy 
Zones 220 shoWing depletion of plated metal material are 
sometimes millimeters in siZes. 

[0045] Thus, one embodiment of the invention is provided 
to solve the problem of non-uniformity on the surface of a 
substrate during plating of a metal material and includes 
multiple stages of metal plating processes Which require the 
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use of at least tWo electrodes in a plating apparatus. One 
electrode serves as the main anode, Which is aligned With the 
center of the substrate during plating. Another electrode is an 
auxiliary electrode Which is located near the edge of the 
substrate and can serve as an additional anode or cathode 

during plating. The invention also contemplates the use of 
additional electrodes, electrode segments, or anode seg 
ments to aid in generating uniform current density during 
plating. Further, before plating of a thin metal seed layer on 
a substrate, the invention contemplates coating or pre 
treating the substrate contact points/locations of a plating 
apparatus With a thin coating of the metal material to be 
plated to improve uniform metal plating on the substrate and 
uniform current distribution, 

[0046] FIG. 3 illustrates a method 300 of the invention 
including an optional step 310a of plating a thin metal layer 
using a plating apparatus in the absence of a substrate. Thus, 
a metal coating of less than about 600 A, such as from about 
50 A to about 500 A, is plated on the contact pins or various 
contact elements/points of the plating apparatus. Another 
optional pre-treatment of the substrate contact points/loca 
tions/elements prior to deposition of the metal coating may 
include removing of any contaminants or deposits by de 
plating, such as by connecting the substrate contact points to 
an anodic terminal of a poWer supply for a short period of 
time to deplate contaminants from the substrate contact 
elements. 

[0047] Next at stage 310, a thin metal layer is plated on the 
surface of the substrate under a ?rst processing condition to 
at least cover a large portion of the substrate at stage 310. 
For example, a thin copper seed layer is directly plated on 
a substrate surface having group VIII metal or noble metal 
barrier materials thereon in order to generate a relative 
uniform and conductive surface for subsequent plating steps. 
The substrate surface may include a ruthenium barrier layer 
or a copper seed layer deposited by physical vapor deposi 
tion (PVD) technique. 

[0048] The ?rst processing condition may include a short 
DC current pulse provided by at least tWo poWer supplies in 
reverse direction. One poWer supply is connected to a main 
anode and the substrate (serving as a cathode). Another 
poWer supply is connected to one or more auxiliary elec 
trodes and the substrate to provide a current going through 
the one or more auxiliary electrodes in reverse polarity to the 
current going through the main anode. 

[0049] The main anode may be one central/inner anode 
segment, or several anode segments, Which cover a large 
area of an anode assembly in a plating apparatus. In addition, 
the main anode may be aligned With or located near the 
center/middle of a substrate to be processed and the one or 
more auxiliary electrode may be located near the peripheral 
regions of the substrate such that current going through the 
center/middle of the substrate may be increased. The main 
anode connected to a ?rst poWer supply is used to electrode 
posit copper onto the substrate surface, preferably onto the 
middle of the substrate. The one or more auxiliary electrodes 
connected to a second poWer supply Working in reverse 
direction of the ?rst poWer supply is used to act as current 
thieves to decrease the electrodeposition near the edges of 
the substrate. In one embodiment, the short DC current pulse 
is applied under the ?rst processing condition to increase 
deposition toWard the center/middle region of the substrate. 
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In another embodiment, the short DC current pulse is 
applied under the ?rst processing condition to decrease 
deposition toWard the periphery of the substrate. 

[0050] Each current going through the ?rst and the second 
poWer supplies is constant during the DC current pulse but 
may be different in amplitude and direction/polarity. With 
the use of the main anode, the one or more auxiliary 
electrodes, and the tWo or more poWer supplies, plating can 
be uniformly occurring on the Whole surface of the substrate. 

[0051] The short DC current density of this pulse passing 
through the substrate depends on the material of the barrier 
(or the passivity of the barrier material) used, the electrolyte 
used for plating, and the geometry of the electrical ?eld near 
the substrate, and may be from about 40 mA/cm2 to about 50 
mA/cm2, for eXample. Other factors Which may affect the 
DC current density may include the diameter of the central 
main anode segment, conductivity of the electrolyte, etc. 
The short DC current density may last for a time period until 
a required thickness is reached. In one embodiment, a thin 
copper seed layer of about 30 A to about 250 A, such as 
about 50 A to about 100 A is formed uniformly at stage 310. 

[0052] At stage 320, plating under a second processing 
condition is performed to at least ?ll gaps, features, such as 
the apertures 120, on the substrate surface. In one embodi 
ment, a total thickness of the plated copper after stage 320 
is more than about 50 A, such as from about 50 A to about 
200 A or more, or about 500 A to about 1000 The second 
processing condition may include a DC current pulse for 
plating to continue by providing one or more poWer supplies 
to one or more anodes, anode segments, or all anode 
segments, Which are aligned to cover the surface of the 
substrate. The intensity for the DC current pulse under the 
second processing condition depends on the resitivity of the 
plated metal, the underlying materials on the substrate, and 
other plating parameter, and is not limiting. In one embodi 
ment, the intensity for the DC current pulse under the second 
processing condition is less than the intensity of the DC 
current pulse under the ?rst processing condition. In addi 
tion, under the second processing condition, the current 
intensity for the auXiliary electrode is not limiting. The 
auXiliary electrode may be idle, serve as an additional 
cathode, or serve as an additional anode. In one embodi 
ment, current can be applied through the auXiliary electrode 
With less current than the current going through the substrate 

[0053] At stage 330, plating is performed under a third 
processing condition to at least deposit a portion of a bulk 
metal layer on the substrate surface. In one embodiment, a 
total thickness of a bulk copper layer at stage 330 may be 
more than about 500 A, such as from about 800 A to about 
1200 The third processing condition may include plating 
at high throughput to continuously deposit copper to a 
desired total thickness. One or more poWer supplies are 
connected to the anode assembly of the plating apparatus 
(including one or more or all anode segments) and one or 

more auXiliary electrodes, and plating can be uniformly 
occurring on the Whole surface of the substrate. 

[0054] Embodiments of the invention further provide a 
plating apparatus adapted for electrochemical deposition of 
a metal layer including a thin metal seed layer and/or a bulk 
metal layer on a substrate. The plating apparatus or plating 
cell includes one or more electrodes, such as a main anode 
electrode/anode segment, another one or more anode elec 
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trodes, and one or more auXiliary electrodes or counter 
electrodes. The auXiliary electrode is positioned and con 
?gured to be electrically isolated from the anode electrodes. 
Exemplary plating cells may be found in commonly 
assigned U.S. patent application Ser. No. 10/627,336, ?led 
Jul. 24, 2003 entitled “Electrochemical Processing Cell”, 
and commonly assigned US. patent application Ser. No. 
10/880,103, ?led Jun., 28, 2004 entitled “Electrochemical 
Plating Cell With a Counter Electrode in an Isolated Anolyte 
Compartment”; both are hereby incorporated by reference in 
their entirety. 

[0055] FIG. 4 illustrates a sectional vieW of a plating cell 
400 of the invention Without a head assembly. The plating 
cell 400 includes a ?uid basin 408 surrounded by an over 
?oW Weir 409 (a contiguous uppermost ?uid over?oW point) 
to contain electrolyte, ?uid, or plating bath therein. EXcess 
?uid or electrolyte over?oWs or spills into an outer collec 
tion volume 412 that circumscribes the over?oW Weir 409. 
FIG. 5 illustrates another sectional vieW of the plating cell 
400 With a head assembly 402 of the invention in a pro 
cessing position. The head assembly 402 is con?gured to 
support and electrically bias a substrate 418 for electro 
chemical plating operations in the ?uid basin 408 inside the 
plating cell 400. The head assembly 402 generally includes 
a contact ring 406 having thereon a plurality of metal or 
metal alloy electrical contact elements that electrically con 
tact the substrate. The electric contact elements/points take 
the form of contact pins, contact rods, contact surfaces, 
contact pads, etc., such as one or more contact pins 403. The 
contact elements/points are generally made out of inert 
materials, such as noble metals, semi-noble metals, plati 
num, etc. One embodiment of the invention includes plating 
or coating of a thin metal layer to the contact elements in the 
absence of the substrate to provide a good contact for plating 
on the substrate during a later plating process. Plating of the 
thin metal layer on the contact elements or contact pins 403 
is performed by connecting the contact pins 403 to a 
cathodic terminal of a poWer supply (not shoWn). The thin 
metal layer coated on the contact pins 403 may be the same 
material as the metal to be plated later on the substrate. 
Optionally, the contact elements or contact pins 403 can be 
pre-treated by a deplating process to remove any deposits 
thereon by connecting the contact pins 403 to a anodic 
terminal of a poWer supply before the thin metal layer is 
coated/plated thereon. 

[0056] Inside the ?uid basin 408, one or more electrodes, 
anode assembly 422 or anode segments 422a-422c, are 
con?gured to be used as the anode for plating. Additionally 
one embodiment of the invention provides an auXiliary 
electrode assembly 424 con?gured to be positioned radially 
outWard of the perimeter of the anode assembly 422 or 
anode segments 422a-422c. The one or more anode assem 

bly 422, anode segments 422a-422c, and the auXiliary 
electrode assembly 424 may be made out of electrically 
conductive members. The conductive member may be 
manufactured from a consumable material, such as copper, 
or from an inconsumable material, such as platinum or 
another noble metal, etc. 

[0057] An anolyte volume 420 generally contains an 
anode assembly that includes the one or more anode seg 
ments 422a-422c positioned in contact With an anolyte 
solution ?oWing therethrough. The one or more anode 
segments may include a main anode 422a, an anode segment 
422b, and an additional anode segment 422c, etc, Which Will 
be further discussed in FIGS. 7A-7C. 
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[0058] The ?uid basin 408 is con?gured to con?ne an 
inner ?uid volume 410 and to receive the substrate 418 for 
plating in the inner ?uid volume 410. Over?oWn plating 
solution from the inner ?uid volume 410 is drained into the 
outer collection volume 412 such that the plating solution 
may be recirculated back to the inner ?uid volume 410. 
Optionally, a ?uid diffusion member 414 is positioned across 
the inner ?uid volume 410 at a position beloW Where the 
substrate 418 being plated is positioned and above the anode 
assembly 422. The ?uid diffusion member 414 operates to 
resist ?uid ?oW variations across the substrate 418 and in the 
direction betWeen the anode assembly 422 and the substrate 
418. A more thorough description of the ?uid diffusion 
member and other plating cell components and operational 
characteristics may be found in commonly assigned US. 
Pat. No. 6,261,433 and commonly assigned US. Pat. No. 
6,585,876, both of Which are hereby incorporated by refer 
ence in their entireties. 

[0059] Further, a membrane 416 is positioned across the 
?uid basin 408 and, if used, at a position beloW Where the 
diffusion member 414 may be positioned and above the 
anode segments 422a-422c. The membrane 416 is generally 
an ionic membrane, and more particularly, a cationic mem 
brane, generally con?gured to prevent ?uid passage there 
through, While alloWing ions, such as copper ions, to travel 
through the membrane 416 toWard the substrate 418. As 
such, the membrane 416 generally operates to separate a 
catholyte volume 419 of the plating cell 400 from the 
anolyte volume 420 of the plating cell 400. The catholyte 
volume 419 is generally referred to as the ?uid volume 
betWeen the membrane 416 and the substrate 418, and the 
anolyte volume 420 is referred to as the ?uid volume beloW 
the membrane 416 adjacent the anode segments 422a-422c. 
A more thorough description of the membrane 416 and the 
separation of an anolyte solution from a catholyte solution 
may be found in commonly assigned US. patent application 
Ser. No. 10/627,336, ?led Jul. 24, 2003 entitled “Electro 
chemical Processing Cell”, Which is hereby incorporated by 
reference in its entirety. 

[0060] A plating solution, such as an anolyte solution, is 
supplied to the anolyte volume 420 by an anolyte supply 
conduit 431a and drained from the anolyte volume 420 by 
an anolyte drain conduit 431b positioned on an opposing 
side from the anolyte supply conduit 431a. The positioning 
of the anolyte supply conduit 431a and the anolyte drain 
conduit 431b generates directional ?oW of the anolyte 
solution across the upper surface of the anode segments 
422a-422c, as described in commonly assigned US. patent 
application Ser. No. 10/268,284, ?led Oct. 9, 2002 entitled 
“Electrochemical Processing Cell”, Which is hereby incor 
porated by reference in its entirety. 

[0061] A second anolyte supply conduit 432a is also 
con?gured to supply an anolyte solution to a volume 435 
surrounding the auxiliary electrode assembly 424, While not 
?uidly or electrically communicating With the anolyte vol 
ume 420 contained in the volume adjacent the anode seg 
ments 422a-422c and supplied by the anolyte supply conduit 
431a and the anolyte drain conduit 431b. A second anolyte 
drain conduit 432b is con?gured to drain ?uid from the 
volume 435 near the auxiliary electrode assembly 424. The 
volume 435 is ?uidly bound by the membrane 416 on the 
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upper side thereof With tWo seals 436, such as circular 
o-ring-type seals, adjacent the auxiliary electrode assembly 
424. 

[0062] As shoWn in FIGS. 5 and 6, the anolyte solution 
supplied by the anolyte supply conduit 432a generally ?oWs 
through the volume 435 above the auxiliary electrode 
assembly 424 in a semicircular pattern, as illustrated by 
arroWs “A”. As such, the anolyte solution circulated through 
the volume 435 is collected by the second anolyte drain 
conduit 432b on the opposing side of the plating cell 400. In 
addition, the anolyte solution supplied to the anolyte volume 
420 generally ?oWs directly across the anode assembly 422 
or the anode segments 422a-422c, as illustrated by arroWs 
“B” in FIG. 6, and is collected by the anolyte drain conduit 
431b. The ?uid ?oWs indicated by arroWs “A” and “B” both 
occur beloW the membrane 416. How “A” occurs betWeen 
the seals 436, and ?oW “B” occurs across the top of the 
anode assembly 422 or the anode segments 422a-422c 
radially inWard of the seal 436. 

[0063] Referring back to FIG. 5, although the anode 
segments 422a-422c and the auxiliary electrode assembly 
424 are generally positioned such that they are in ?uid 
communication With an anolyte solution, they are also 
positioned and con?gured such that the anode segments 
422a-422c are electrically isolated from the auxiliary elec 
trode assembly 424. More particularly, an electrically insu 
lating spacer 426 is generally positioned betWeen the anode 
segments 422a-422c and the auxiliary electrode assembly 
424. 

[0064] A plating solution, also termed a catholyte, is 
supplied to the catholyte volume 419 by a ?uid conduits 
433a, 433b Which is in ?uid communication With a catholyte 
solution tank (not shoWn). The catholyte solution generally 
includes several constituents, including, for example, Water, 
copper sulfate, halide ions, and one or more of a plurality of 
plating additives (levelers, suppressors, accelerators, etc.). 
The catholyte solution supplied by the ?uid conduits 433a, 
433b over?oWs the Weir 409 and is collected by the collec 
tion volume 412. 

[0065] Although the membrane 416 provides a ?uid bar 
rier that prevents the anolyte solution from ?uidly transfer 
ring therethrough, the membrane 416 alloWs for ionic trans 
fer, and more particularly, for positive ionic transfer. As 
such, although the anolyte cannot permeate the membrane 
416, ions such as copper and hydrogen ions may transfer 
through the membrane 416 into vent conduit 440, Which 
contains catholyte. Thus, the combination of the volume 435 
above the auxiliary electrode assembly 424 and the catholyte 
in vent conduit 440 generates an electrical path for current 
to travel through the auxiliary electrode assembly 424. 

[0066] FIGS. 7A-7E illustrate exemplary anode con?gu 
rations that may be used in embodiments of the invention, 
Wherein the segments a, b, and c are denoted, such as the 
anode segments 422a, 422b, and 422c. It is understood that 
each of the segments a, b, and c of the respective anode 
arrangements may be individually poWered to control and/or 
optimiZe plating parameters. Electrical ?ux above the anode 
segments 422 may be controlled by applying the same or a 
different electrical poWer to the respective anode segments 
422a, 422b, and 422c during different stages of the plating 
process. In one embodiment, an inner or central anode 
segment or a main anode, aligned With an inner or central 
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region of a substrate for plating in the middle of the 
substrate, may include one or more anode segments (e.g., 
422a, 422b, or 422a plus 422b). The anode segments, 422 or 
422a, 422b, 422c may be concentric, symmetric, circular, 
linear, rectangle, or any other con?guration depending upon 
the desired ?ux. 

[0067] FIG. 8 illustrates an exemplary method 800 of the 
invention Which can be used in the plating cell 400 to plate 
a thin metal layer on the surface of a substrate. At step 810, 
tWo or more electrodes and a substrate are provided in a 

plating apparatus, such as the plating cell 400. Optionally, 
before the substrate is provided inside the plating apparatus, 
a coating of a metal layer on the contact pins 403 can be 
performed by plating until a desired thickness of from about 
50 A to about 500 A or more is reached. 

[0068] At step 820, a ?rst poWer supply is connected to a 
central segment of a ?rst electrode, such as an anode 
positioned in a plating cell and aligned With the central 
region of the surface of a substrate for plating on the 
center/middle of the substrate. At step 830, a second poWer 
supply is connected to a second electrode positioned and 
aligned With the peripheral region or edges of the substrate. 
The second electrode can be, for example, an anode, a 
cathode, an auxiliary electrode, a counter electrode, etc. 

[0069] At step 840, plating is performed under a ?rst 
processing condition and at reverse polarity of the ?rst and 
second electrodes to deposit a thin metal layer uniformly on 
the substrate surface. For example, one embodiment of the 
invention provides a plating cell 400 having a central 
segment, such as the anode segment 422a, Which is in 
electrical communication With an anodic terminal of a ?rst 
poWer supply (not shoWn) and the cathodic terminal of the 
same poWer supply is generally in electrical communication 
With the contact ring 406, Which is con?gured to electrically 
contact the substrate 418, serving as the cathode. In another 
embodiment, the auxiliary electrode assembly 424 is in 
electrical communication With a cathodic terminal of a 

second poWer supply (not shoWn). HoWever, although only 
tWo poWer supplies are discussed herein, it is understood 
that more than tWo independently controlled poWer supplies 
may be used Without departing from the scope of the 
invention. For example, additional poWer supply or the same 
?rst poWer supply can be used to electrically connect to 
additional electrode segments, such as 422b and 422c, 
depending on the processing parameter requirements during 
different stages of electrochemical plating. In addition, the 
anode segments 422a, 422b, 422c may also be individually 
poWered and are not limited to any particular number, i.e., 
there may be betWeen 1 and about 10 or more anode 
segments in a plating cell. With regard to independently 
poWering anode segments, the poWer density applied on the 
anode segment may be the same or vary, e.g., the poWer on 
the anode segment 422a may be greater than those on the 
anode segment 422b. 

[0070] FIGS. 9A and 9B illustrate tWo exemplary Ways to 
connect the tWo or more poWer supplies to the substrate, the 
main anode 422a (the main anode segment or one or more 
anode segments), the one or more auxiliary electrode (the 
auxiliary electrode assembly 424), and other anodes/elec 
trode segments. Both poWer supplies are operating synchro 
nously. The current on each poWer supply (PS) is constant 
during a short DC current pulse but different in the ampli 
tude and direction/polarity. 
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[0071] In one embodiment, the current passing through the 
auxiliary electrode 424 is less than the current passing 
through the substrate 418 and also less than the current 
passing through the anode assembly 422, or the anode 
segments 422a, 422b, or 422c. For example, the total current 
passing through the second poWer supply (PS2) is about 
10% to about 60% of the total current passing through the 
substrate 418 (served as the cathode), as shoWn in FIG. 9A, 
or through the one or more anodes/anode segments, as 
shoWn in FIG. 9B, depending on the various Ways to 
connect the poWer supplies. In addition, the current ratio 
betWeen the ?rst poWer supply (PS1) and the second poWer 
supply (PS2) may vary, depending on the distance betWeen 
the auxiliary electrodes, the diameter of the central main 
anode (central anode segment), the resistance of the diffuser 
in vertical and horiZontal directions, and the surface area of 
the auxiliary electrodes, etc. 

[0072] FIG. 10 illustrates exemplary current paths and 
electrical ?ux lines generated near the main anode 422a and 
the auxiliary electrode assembly 424 inside the plating cell 
400 of the invention during a plating process. The electrical 
?ux immediately above the auxiliary electrode assembly 424 
is represented by the arroWs labeled “D” and the ?ux 
immediately above the main anode 422a is represented by 
the arroWs labeled “E”, Which is in reverse direction as 

arroW “D”. In one embodiment, the invention provides 
applying an electrical ?ux in a reverse direction toWard the 
peripheral of the substrate to deposit a ?rst portion of the 
metal layer on the surface of the substrate. The electrical ?ux 
can be provided by a ?rst poWer supply and a second poWer 
supply Which are in electrical communication With at least 
one segment of the anode and the auxiliary electrode assem 
bly, respectively. 

[0073] Not Wishing to be bound by theory, it is thought 
that When the central anode segment or the main anode 422a 
is connected to the ?rst poWer supply, during the initial 
plating stage of a very short time span, such as less than 4 
seconds, copper deposition starts from the edges of the 
substrate 418 near the contact pin 403 and extend to the 
middle of the substrate. The distance betWeen the groWing 
copper front and the middle of the substrate becomes shorter 
and shorter and the overvoltage in the middle of the substrate 
increases such that nucleation becomes possible over the 
Whole surface of the substrate. This short time span of initial 
nucleation generally depends not only on the characteristic 
or passivity of the barrier metal on the substrate but also on 
the average current passing through the substrate 418 and 
the current passing through the auxiliary electrode assembly 
424. Higher current passing through the substrate 418 gen 
erally results in a larger area on the substrate Where nucle 
ation can occur. 

[0074] HoWever, the presence of a nucleation Zone 910 or 
nucleation area on the substrate 418 is also very sensitive to 
the characteristic of the material already on the substrate 
surface. For example, Group VIII metal materials generally 
are very passive and require a high initial overvoltage to start 
nucleation for copper to plate on. Also the nucleation Zone 
910 on a surface of a substrate With Group VIII metal 
material thereon is very narroW, even at extremely high 
average current applied on the substrate. 








