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(57) ABSTRACT 

An electrochemical/mechanical polishing apparatus and 
method to planarize Surfaces of a Semiconductor device 
without damaging relatively Soft dielectric materials. The 
electrochemical/mechanical polishing apparatus comprises 
a Substrate chuck, nozzle assembly, power Supply, and 
Sweep mechanism. The Substrate chuck receives a Substrate 
to be processed. The nozzle assembly includes a nozzle plate 
having a plurality of nozzles to dispense an electrolyte 
Solution. A pad is Secured to the nozzle plate. The power 
Supply provides a positive electric potential to an electrically 
conductive layer of the Substrate and a negative electric 
potential to the nozzle plate. The Sweep mechanism Scans 
the nozzle assembly along the Surface of the Substrate, and 
the pad is positioned Sufficiently close to the Surface of the 
substrate to disturb an electrolyte/wafer boundary layer. 

  



Nov. 6, 2003 Sheet 1 of 10 US 2003/0205484A1 Patent Application Publication 

  



US 2003/0205484A1 Nov. 6, 2003 Sheet 2 of 10 Patent Application Publication 
  



Patent Application Publication Nov. 6, 2003 Sheet 3 of 10 US 2003/0205484A1 

t-nure 

  



Patent Application Publication Nov. 6, 2003 Sheet 4 of 10 US 2003/0205484A1 

- a tree i-au 
  



Patent Application Publication Nov. 6, 2003 Sheet 5 of 10 US 2003/0205484 A1 

, 
--- 

- 

--W. 

s 

st 

  



Patent Application Publication Nov. 6, 2003 Sheet 6 of 10 US 2003/0205484A1 

2 
ra 
e 

se 

  



Patent Application Publication Nov. 6, 2003 Sheet 7 of 10 US 2003/0205484A1 

8 a 

NS 

9. 

is - 

  



Patent Application Publication Nov. 6, 2003 Sheet 8 of 10 US 2003/0205484A1 

  



Patent Application Publication Nov. 6, 2003 Sheet 9 of 10 US 2003/0205484 A1 

a. 
9 

2 
NS 

G 

e -12. s 

9 

  



Patent Application Publication Nov. 6, 2003 Sheet 10 of 10 US 2003/0205484A1 

Faure YC 
() 

a pather rea 
44 yr so a 

Stats via a 

Soror o leayr-r is 4-r 
C vs a see & \eer to &n 
tle patterties livechri. as 

Sorvive, a syst act -e, , 
lar to Ali S-ka (sir --- 

  

  

  

  

    

  

  

  

  



US 2003/0205484 A1 

ELECTROCHEMICAL MECHANICAL 
POLISHING 

FIELD OF THE INVENTION 

0001. This application relates to fabrication of semicon 
ductor devices and more particularly to a fabrication proceSS 
of a Semiconductor device including electrochemical/me 
chanical polishing for planarizing Surfaces. 

BACKGROUND OF THE INVENTION 

0002. During the past decades, the semiconductor indus 
try has increased the power of Semiconductor devices in 
accordance with Moore's law, which predicts that the power 
of semiconductor devices will double every 18 months. This 
increase in the power of Semiconductor devices has been 
achieved in part by decreasing feature size of the Semicon 
ductor devices. The feature size of Semiconductor devices 
has gone from 0.25 microns to 0.18 microns, and now to 
0.13 microns. Undoubtedly, this trend toward Smaller semi 
conductor devices is likely to proceed well beyond the 
sub-0.13 micron stage. 
0003. However, one potential limiting factor to develop 
ing more powerful Semiconductor devices is the increasing 
Signal delays at the interconnections (the lines of conductors 
which connect element of a single Semiconductor device 
and/or connect any number of Semiconductor devices 
together). As the feature size of Semiconductor devices has 
decreased, the density of interconnections on the devices has 
increased. However, the closer proximity of interconnec 
tions increases the line-to-line capacitance of the intercon 
nections, which results in greater Signal delay at the inter 
connections. In general, interconnection delays have been 
found to increase with the Square of the reduction in feature 
size. In contrast, gate delays (i.e., delay at the gates or mesas 
of Semiconductor devices) have been found to increase 
linearly with the reduction in feature size. 
0004 One conventional approach to compensate for this 
increase in interconnection delay has been to add more 
layers of metal. However, this approach has the disadvan 
tage of increasing production costs associated with forming 
the additional layers of metal. Furthermore, these additional 
layers of metal generate additional heat, which can adversely 
affect chip performance and reliability. Consequently, the 
Semiconductor industry has started to use copper rather than 
aluminum to form the metal interconnections. One advan 
tage of copper is that it has greater electrical conductivity 
than aluminum. Also, copper is less resistant to electromi 
gration than aluminum. Copper can be formed on a wafer 
using an electroplating process. One of the limitations of 
current plating techniques for copper metallization is its 
inability to provide a flat, planarized surface. While filling 
and planarization of Small features is achieved in So called 
Superfilling baths, conformal plating in large features leaves 
an uneven plated Surface even after overburden plating. 
0005 Chemical mechanical polishing (CMP) may be 
used to planarize Surfaces of an integrated circuit. CMP is a 
proceSS utilizing slurries, pads, and pressure to polish the 
Surface of the integrated circuit. However, low-k dielectrics, 
which exhibit relatively low mechanical Strength, are typi 
cally used in conjunction with copper to further minimize 
line-to-line capacitance of the interconnections. AS Such, the 
application of low-k dielectrics as an insulating material 
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necessitate the use of low pressure CMP (soft CMP), making 
the CMP process an extremely low throughput process. For 
ultra low-k (ULK) dielectric materials, even soft CMP leads 
to deformation and delamination at the copper/ULK dielec 
tric interface due to excessive Stresses placed upon the ULK 
dielectric materials. It is also difficult to control CMP due to 
the insensitivity to the different polish rates of copper and 
dielectric materials. Furthermore, CMP typically causes 
defects that can adversely impact final yield: dielectric loSS, 
erosion, dishing, and copper lead breakdown. In certain 
cases, the slurry used in CMP can cause Scratches and 
residue particles. Scratches can also occur as a result broken 
diamond tips becoming embedded in the polishing pad 
during pad conditioning. 

0006 Electrochemical polishing is an alternative method 
to planarize Surfaces of an integrated circuit. Electrochemi 
cal polishing is a process of polishing metal Surfaces by 
applying an electric current through an electrolytic bath and 
may be viewed as the reverse of electroplating. Among the 
advantages is that the copper film is planarized without 
physical contact and the rate of material removal is much 
higher than CMP. However, there is a problem of maintain 
ing electrical contact due to the highly viscous electrolytic 
baths (e.g., 85% phosphoric acid in water). While these 
baths are effective in achieving adequate polishing and 
planarization rates, it is difficult to remove defect causing 
bubbles and maintain an adequate flow of fresh electrolytic 
fluid. During electropolishing, hydrogen gas is generally 
formed at the cathode. The hydrogen gas can become 
entrained in the electrolyte, complicating tool design and 
presenting a potential Safety hazard. In addition, the high 
electrical resistivity of the bath results in large power 
requirements and the need to remove the large amount of 
heat generated from the large power inputs. 
0007 Thus, there is a need for an apparatus and method 
to planarize a metal film without damaging relatively Soft 
dielectric materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a perspective view of an electrochemical/ 
mechanical polishing apparatus in accordance with one 
embodiment of the invention. 

0009 FIG. 2 is a bottom perspective view of a lid of the 
electrochemical/mechanical polishing apparatus shown in 
FIG. 1. 

0010 FIG. 3 is a perspective view of a nozzle assembly 
and Sweep mechanism of the electrochemical/mechanical 
polishing apparatus shown in FIG. 1. 
0011 FIG. 4 is a schematic illustration shown in bottom 
view of a wafer holder and the nozzle assembly of the 
electrochemical/mechanical polishing apparatus shown in 
FIG. 1. 

0012 FIG. 5 is a schematic illustration shown in side 
view of the wafer holder and the nozzle assembly of the 
electrochemical/mechanical polishing apparatus shown in 
FIG. 1. 

0013 FIG. 6 is a schematic illustration shown in side 
view of the nozzle assembly shown in FIG. 1. 
0014 FIG. 7 is a schematic illustration shown in side 
View of a pad and nozzle plate of the nozzle assembly shown 
in FIG. 6. 
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0.015 FIG. 8 is a schematic illustration shown in top 
view of the pad shown in FIG. 7. 
0016 FIG. 9A is a cross-sectional depiction of an exem 
plary integrated circuit having a patterned dielectric layer. 
0017 FIG.9B is a cross-sectional depiction of the struc 
ture of FIG. 6A after a seed layer has been formed on the 
patterned dielectric layer. 
0.018 FIG. 9C is a cross-sectional depiction of the struc 
ture of FIG. 9B after a conductive layer has been formed 
over the Seed layer. 
0019 FIG. 9D is a cross sectional depiction of the 
structure of FIG. 6C after electrochemical/mechanical pol 
ishing is partially completed. 
0020 FIG. 9E is a cross sectional depiction of the 
structure of FIG. 6D after electrochemical/mechanical pol 
ishing has been completed. 
0021 FIG. 10 is a flowchart illustrating a process for 
fabricating an exemplary Semiconductor device in accor 
dance with the process illustrated in FIGS. 9A-9E. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022 Detailed descriptions are provided herein. It is to 
be understood, however, that the present invention may be 
embodied in various forms. Therefore, Specific details dis 
closed herein are not to be interpreted as limiting, but rather 
as a basis for the claims and as a representative for teaching 
one skilled in the art to employ the invention in virtually any 
appropriately detailed System, Structure or manner. 
0023 This invention enables electroplanarization by 
electrochemical/mechanical polishing Such that features 
filled with metal can be planarized to produce a Substantially 
flat Substrate in which embedded metal remains in a dielec 
tric Structure to produce a damascene Structure. An initial 
operation in this process involves the formation of recessed 
trenches, via holes, pad structures, or the like into the 
dielectric structure. The opening are then filled with a metal 
by a conventional proceSS Such as electroplating, Sputtering, 
or vapor deposition. A minimum amount of metal is added 
to the substrate to completely fill the feature, but often some 
degree of additional metal is deposited to help prepare the 
Surface for Subsequent planarization by electrochemical/ 
mechanical polishing. 
0024 FIGS. 1-8 depict an exemplary electrochemical/ 
mechanical polishing apparatus 20. As shown in FIG. 1, the 
electrochemical/mechanical polishing apparatus 20 includes 
a rectangular chamber 22 which contains a nozzle assembly 
24 and a Sweep mechanism 26. An electrolyte reservoir 28, 
filter 30, filter pump 32, and nozzle pump 34 supply and 
clean an electrolyte Solution for the polishing proceSS. The 
filter pump 32 draws the electrolyte Solution draining from 
the rectangular chamber 22 through the filter 30 to remove 
anodic and cathodic byproducts which are formed during 
electrochemical/mechanical polishing. The nozzle pump 34 
draws from the reservoir 28 and pumps the electrolyte 
solution through flexible hoses 36 to the nozzle assembly 24. 
An electrical cabinet 37, which contains electronic controls 
38 and a power supply 39, is located above the chamber 22. 
0.025 The rectangular chamber 22 has a top opening 40 
which is covered by a lid 42 and an “O'” ring provides a fluid 
tight seal. As shown in FIG. 2, the lid 42 of the chamber 22 
is fitted with a circular depression 44 to receive a wafer 46 
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Such that the lid 42 also serves as a Substrate chuck 48. A 
transfer arm 50 loads the wafer 46 onto the Substrate chuck 
48 wherein a backside of the wafer 46 is supported by the 
substrate chuck 48 and a frontside (circuit side) of the wafer 
46 faces downwardly. The transfer arm 50 can obtain the 
wafer 46 from a carrier or from a previous processing Station 
or processing apparatus. ClipS 52 Secure the wafer 46 in the 
circular depression 44 and also make electrical connection to 
an electrically conductive film on the surface of the wafer 
46. The electrical connections, which are conventional, are 
not explicitly shown. After the wafer 46 is loaded into the 
Substrate chuck 48, the lid 42 is Secured over the top opening 
40 and the rectangular chamber 22 is sealed. 
0026 Referring back to FIG. 1, the rectangular chamber 
22 includes a temperature controller 54 having heating 56 
and cooling elements 58 to maintain the electrolyte Solution 
at the desired temperature. The temperature of the electro 
lyte solution may be monitored by a temperature sensor 60. 
The temperature Sensor 60 sends a heating Signal to activate 
the heating elements 56 when the electrolyte solution is 
below the target temperature and sends a cooling Signal to 
activate the cooling elements 58 when the electrolyte solu 
tion is above the target temperature. 

0027 FIG. 3 illustrates the nozzle assembly 24 in greater 
detail. The nozzle assembly 24 is fixed to a bracket 62, and 
the bracket 62 moves axially by a sweep mechanism 64. The 
Sweep mechanism 64 includes a threaded rod 66 which is 
rotated by a drive 68. The nozzle assembly 24 may be moved 
by any other conventional mechanism Such as an X-Z table. 
The Sweep mechanism 64 Slowly Sweeps the nozzle assem 
bly 24 as indicated by the straight directional arrow. Scan 
ning may be either back-and-forth or uni-directional. The 
Scan Speed is adjustable to control the amount of metal film 
removal. Typically, the scan rate may range from 0.05 to 0.5 
cm/s. 

0028 Referring to FIGS. 3-8, the nozzle assembly 24 has 
an elongated body 70 with a chamber 72 for receiving the 
electrolyte solution. A nozzle plate 74, which serves the 
function of a linear cathode, is mounted on the elongated 
body 70. The nozzle plate 74 contains two parallel central 
rows of nozzles 76 and may be formed from stainless steel 
or other electrically conductive material. A pad 78, which is 
preferably a Soft and porous material, is attached to the 
nozzle plate 74 and includes apertures 80 respective to each 
of the nozzles 76. The nozzle pump 34 pumps the electrolyte 
solution into the chamber 72 via fittings 82 which are 
connected to the flexible hoses 36. The nozzle pump 34 
creates adequate pressure within the chamber 72 Such that 
the electrolyte solution spurts out through the nozzle 76, 
creating an elongated jet of electrolyte Solution. In the 
exemplary embodiment, the nozzle plate 74 is about 25 mm 
wide and about 325 mm long to enable it to scan over wafer 
46 which is 300 mm in diameter. Of course, the dimensions 
of the nozzle plate may be altered for processing wafers 
having a diameter other than 300 mm. AS well as creating the 
linear electrolyte jet, the nozzle plate 74 acts as the cathode 
and is electrically connected to the power Supply 39. The pad 
78 further includes channels 84 to evacuate the spent elec 
trolyte solution away from the nozzle assembly 24, wherein 
the spent electrolyte solution is returned to the reservoir 28 
for recirculation. It is also noted that the pad 78 becomes 
Saturated with the electrolyte Solution because of its porous 
characteristics. 

0029 When the lid 42 is secured onto the rectangular 
chamber 22, the nozzle assembly 24 is positioned below the 
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wafer 46 to form an interelectrode gap. The interelectrode 
gap may be defined as the Spacing between the upper Surface 
of the nozzle plate 74 and the surface of the wafer 46. The 
interelectrode gap may be adjusted by a mechanism (not 
shown) which controls the vertical position of the nozzle 
assembly 24. Typically, the interelectrode gap may be set 
between 1 and 5 millimeters. The pad 78 should be suffi 
ciently close to the surface of the wafer 46 to disturb the 
wafer/electrolyte boundary layer. The wafer/electrolyte 
boundary layer is defined as a Stagnant Zone near the Surface 
of the wafer 46 where the transfer of Species Such as cupric 
ions is limited. In other words, mechanical action of the pad 
78 modifies the portion of the electrolyte solution located 
near the Surface of the wafer 46 Such that rate of replacing 
the spent electrolyte solution with fresh electrolyte solution 
is greater at the peaks than at the Valleys of the Surface of the 
wafer 46. As such, the surface of the wafer 46 is planarized 
because the rate of metal removal is greater at the peaks than 
at the Valleys. It is contemplated that the pad gap, that is, the 
gap between the surface of the pad 78 and the surface of the 
wafer 46, should be adjusted so that the pad 78 barely 
contacts the Surface of the wafer 46. For a given interelec 
trode gap, the pad gap may be adjusted by Selecting a proper 
pad thickness. In Some applications, particularly dielectric 
materials exhibiting relatively high Strength, the nozzle 
assembly 24 may be adjusted to a position where the pad 78 
contacts the Surface of the wafer 46. 

0.030. During electrochemcial/mechanical polishing, the 
nozzle assembly 24 scans from one end of the wafer 46 to 
the other, and the nozzle pump 34 sends the electrolyte 
solution through the nozzles 76. The power supply 39 
provides a positive electric potential to the wafer 46 and a 
negative electric potential to the nozzle plate 74. Voltage can 
be applied either as a steady DC (direct current) or as PC 
(pulsating current). The electrolyte jet completely fills the 
interelectrode gap and then runs down over the nozzle 
assembly 24. Eletrochemical/mechanical polishing only 
occurs where the electrolyte Solution impinges over the 
nozzle plate 74. The flow rate is typically between 1 and 4 
gallons per minute. In addition to the nozzle pump 34, a 
liquid mass flow controller (LMFC) 86 is provided to 
control the flow of electrolyte solution into the chamber 72 
of the nozzle assembly 24. 
0031. The use of a linear electrode has several advantages 
over a flat or Surface electrode. For example, Stray currents 
can only propagate in one direction along a liner electrode 
as opposed to two directions for a flat Surface electrode. AS 
Such, electrochemical/mechanical polishing is more uniform 
because edge effects are eliminated by the area Scan of the 
electrode. Another advantage is that a thin linear electrode 
has a Small Surface area So as to reduce the total current 
required for the electrochemical/mechanical apparatus while 
maintaining a relatively high local current density. This is 
particularly important when processing wafers greater than 
8 inches which require large power requirements and where 
large amounts of heat are generated for apparatuses utilizing 
a non linear electrode. Another advantage for applications 
which require a Small interelectrode gap or a close tolerance 
is that it is less costly to machine Several Straight edges than 
a plane Surface. A related advantage is that it is easier to 
obtain a more uniform flow and current. 

0032. By providing multiple hoses 36 and a regular, 
Symmetrical pattern of apertures, the flow rate is uniform for 
each nozzle 76 along the entire length of the nozzle plate 74. 
Moreover, the removal of heat is more effective with the 
linear electrode than with flat or Surface electrodes due to the 
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relatively short flow distance such that the electrolyte solu 
tion does not have the opportunity to become hot. Non 
uniform polishing caused by heating of the electrolyte 
Solution, a problem with Some prior art polishing appara 
tuses, is not a problem with the electrochemical/mechanical 
polishing apparatus 20 due to the reduced heating. Further 
more, any non-uniformities acroSS the width of the nozzle 
plate 74 are cancelled by the Scanning. 
0033 FIGS. 9A-9E illustrates cross-sectional views of an 
exemplary Semiconductor device 100 during various Stages 
of a process in accordance with the invention. Generally, the 
exemplary proceSS may be employed with any type of 
Substrate Surface on which features or “recesses' are to be 
filled with a conductive material. For example, the substrate 
may comprise a Semiconductor material Such as Silicon, or 
insulating materials. Such as polyimide, quartz, ceramic, or 
the like. The electrochemical/mechanical apparatus is par 
ticularly Suited for the planarization of conductive layers 
deposited on partially fabricated integrated circuits. In one 
embodiment, the planarization is applied during a damacene 
process for forming inlaid conductive Structures Such as 
pads or interconnects in a patterned dielectric layer of a 
partially fabricated integrated circuit. 
0034 FIG. 9A is a cross-sectional view of the exemplary 
semiconductor device 100 at a partially fabricated state. The 
exemplary Semiconductor device 100 comprises a Semicon 
ductor wafer 102 Such as Silicon having a patterned and 
etched layer of ULK dielectric material to Serves as an 
interlayer dielectric (ILD) 104. The patterned ILD 104 
includes trenches 105. One example of a typical ULK 
dielectric material is Xerogel. Xerogel is a porous Silica 
which has Several characteristics that make it an attractive 
interlayer dielectric (ILD). Xerogel has high thermal stabil 
ity and a low thermal expansion coefficient because it is 
composed of a highly porous network of SiO2. It can be 
produced with a wide range of dielectric constants (1.3-3.0) 
by tuning the porosity during the deposition process. The 
porosity also controls the mechanical properties of the 
Xerogel, and thus, can be optimized for damascene proceSS 
ing. Of course, dielectrics other than Xerogel may be used to 
form the ILD such as SILKTM dielectric resins produced by 
Dow Chemical Company. Other types of low dielectric 
materials include oxides, aluminum nitrides, paraffins, 
organic and inorganic aerogels, and the like. 
0035 FIG.9B is a cross-sectional view of the exemplary 
semiconductor device 100 at a subsequent step. In this 
Subsequent step, a barrier layer 106 Such as Ti/TiN is 
deposited over the surface of the patterned ILD 104 and a 
copper seed layer 108 is deposited over the barrier layer 106 
by physical vapor deposition. 

0036 FIG.9C is a cross-sectional view of the exemplary 
semiconductor device 100 at a subsequent step. In this 
Subsequent Step, a layer of conductive material is formed 
over the patterned ILD 104. The layer of conductive material 
may be formed by various techniques. In the exemplary 
embodiment, a copper layer 110 is formed over the seed 
layer 106 by electroplating. The copper layer 110 is suffi 
ciently thick to fill the trenches and cover the patterned ILD 
104. As an alternative to electroplating, other Suitable con 
formal processes Such as chemical vapor deposition, Sput 
tering, evaporation, and the like may be used to form the 
layer of conductive material. 
0037 FIGS. 9D and 9E are cross-sectional views of the 
exemplary Semiconductor 100 device at a Subsequent Step. 
The exemplary semiconductor 100 is midway through the 
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electrochemical/mechanical polishing in FIG. 9D wherein a 
portion of the overburden copper 110 has been removed. 
FIG.9E illustrates the exemplary semiconductor device 100 
after completion of the electrochemical/mechanical polish 
ing. For removing copper, the electrolyte Solution comprises 
phosphoric acid (10-14M) and a slurry material. The tem 
perature of the electrolyte Solution is maintained at the target 
temperature by the temperature controller 54. For the exem 
plary semiconductor device 100, the electrolyte solution 
may be maintained at about 25 C. The transfer arm 50 
transfers the wafer 46 from a loading carrier to the substrate 
chuck 48, and the clips 52 secure the wafer 46 onto the 
Substrate chuck 48. In addition, electrical contact between 
the power Supply 39 and copper layer 110 is formed via the 
clips 52. The lid 42 is secured over the top opening 40, and 
the chamber 28 is sealed. The interelectrode gap is set to 
sufficiently disturb the wafer/electrolyte boundary layer, and 
the nozzle pump 34 is activated to pump the electrolyte 
Solution into the nozzle assembly 24 wherein jets of elec 
trolyte Solution impinge onto the Surface of the wafer 46. 
The power supply 39 is activated, and the wafer 46 acts as 
an anode and the nozzle plate 74 acts as a cathode Such that 
copper removal is localized at the nozzle plate/wafer inter 
face. Typically, the cell Voltage should range from about 515 
Volts. Depending on the desired removal rate and polishing 
uniformity, the Sweep mechanism 64 is activated to Scan the 
nozzle assembly 24 at approximately 0.5 to 0.5 cm/s. The 
spent electrolyte Solution is evacuated through the channels 
84 of the pad 78 and is returned to the reservoir 28 for 
filtration and recirculation. Typically, the wafer 46 is elec 
trochemically/mechanically polished to the extent that an 
upper Surface of the copper layer 110 is coplanar with an 
upper surface of the ULK dielectric material 104. When the 
desired amount of copper is removed, the power Supply 39, 
nozzle pump 34, and Sweep mechanism 64 are Switched off. 
The lid 42 is removed from the rectangular chamber 22, and 
the transfer arm 50 unloads the wafer 46 from the Substrate 
chuck 48 and transfers the wafer 46 to an unloading carrier. 
The proceSS described above is repeated for the remaining 
wafers in the unloading carrier. 
0038 FIG. 10 is a flowchart 150 illustrating the process 
of forming inlaid conductive Structures Such as pads or 
interconnects in a patterned dielectric layer for a Semicon 
ductor device in accordance with the various Stages shown 
in FIGS. 9A-9E. As described above, the process comprises: 
depositing and patterning a dielectric layer on the Substrate 
(Block 152); forming a barrier layer and a seed layer on the 
dielectric layer (Block 154); forming a conductive layer on 
the seed layer (Block 156); and electrochemical/mechanical 
polishing the surface of the substrate (Block 158). 
0039. In the foregoing specification, the invention has 
been described with reference to specific embodiments 
thereof. It will, however, be evident that various modifica 
tions and changes may be made thereto departing from the 
broader Spirit and Scope of the invention. The Specification 
and drawings are, accordingly, to be regarded in an illus 
trative rather than a restrictive case. 

What is claimed is: 
1. An apparatus comprising: 

a Substrate chuck to receive a Substrate; 
a nozzle assembly comprising: 

a nozzle plate having a plurality of nozzles to dispense 
an electrolyte Solution; and 
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a pad Secured to the nozzle plate; 
a power Supply to provide a positive electric potential to 

an electrically conductive layer of the Substrate and to 
provide a negative electric potential to the nozzle plate; 
and 

a Sweep mechanism to Scan the nozzle assembly along the 
Surface of the Substrate, the pad positioned Sufficiently 
close to the Surface of the Substrate to disturb an 
electrolyte/wafer boundary layer. 

2. The apparatus of claim 1, wherein the pad is relatively 
Soft and porous. 

3. The apparatus of claim 1, wherein the nozzle assembly 
further comprises an elongated body having a chamber to 
receive the electrolyte Solution, and wherein the nozzle plate 
is disposed on the elongated body. 

4. The apparatus of claim 1, wherein the nozzle plate 
comprises Stainless Steel. 

5. The apparatus of claim 1, wherein the nozzle plate is a 
linear cathode and the Substrate is an anode to electrochemi 
cally/mechanically remove a portion of the electrically con 
ductive layer from the substrate. 

6. The apparatus of claim 1, wherein the Substrate is a 
Semiconductor wafer. 

7. The apparatus of claim 1, further comprising: 
a chamber having a top opening, the chamber providing 

a reservoir for the electrolyte solution, the chamber 
containing the nozzle assembly and the Sweep mecha 
nism; 

a lid to cover the top opening of the chamber, the Substrate 
chuck disposed on an interior Surface of the lid to 
downwardly face a frontside of the wafer when the lid 
is Secured to the chamber, and the nozzle assembly 
located below the Substrate to form an interlectrode 
gap, the electrolyte Solution filling the interelectrode 
gap, the electrochemical/mechanical polishing occur 
ring where the electrolyte Solution impinges over the 
nozzle plate. 

8. The apparatus of claim 7, further comprising: 
a nozzle pump to draw the electrolyte Solution from the 

reservoir and to pump the electrolyte Solution to the 
nozzle assembly. 

9. A method comprising: 
providing a positive electric potential to an electrically 

conductive layer of a Substrate; 
providing a negative electric potential to a linear nozzle 

plate; 

directing a jet of electrolyte Solution from the linear 
nozzle plate to the electrically conductive layer of the 
Substrate; 

providing a pad on the linear nozzle plate to disturb an 
electrolyte/Substrate boundary layer, and 

Scanning the linear nozzle plate along the Surface of the 
electrically conductive layer of the Substrate to uni 
formly electrochemically/mechanically polish the elec 
trically conductive layer. 

10. The method of claim 9, maintaining an interelectrode 
gap during Said Scanning, the interelectrode gap being the 
distance between the Surface of the Substrate and the Surface 
of the linear nozzle plate. 
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11. The method of claim 9, further comprising: 
forming the pad from a relatively Soft and porous material 

to Saturate the pad with the electrolyte Solution. 
12. The method of claim 9, further comprising: 
providing a chamber having a reservoir to contain the 

electrolyte Solution and the linear nozzle plate; 
Sealing the chamber with a lid, the lid having a Substrate 

chuck to receive the Substrate, the conductive layer of 
the Substrate facing downwardly when the chamber is 
Sealed with the lid, the linear nozzle plate disposed 
below the wafer; 

channeling spent electrolyte Solution away from the pad; 
returning the Spent electrolyte Solution to the reservoir; 

and 

recirculating the spent electrolyte with the electrolyte 
Solution. 

13. The method of claim 12, further comprising: 
maintaining the electrolyte Solution at a target tempera 

ture. 

14. The method of claim 9, wherein said scanning the 
linear nozzle plate further comprises Sweeping the linear 
nozzle plate from one end of the Substrate to an opposite end 
of the Substrate. 

15. The method of claim 9 wherein said directing a jet of 
electrolyte Solution from the linear nozzle plate to the 
electrically conductive layer of the substrate further com 
prises: 

coupling the linear nozzle plate with a chamber; 
pumping the electrolyte Solution from the reservoir to the 

chamber to pressurize the electrolyte Solution; and 
impinging jets of electrolyte Solution onto the Surface of 

the wafer. 
16. The method of claim 9, wherein said providing a pad 

on the linear nozzle plate planarizes the Surface of the wafer 
by establishing a metal removal rate which is greater at 
peaks of the surface of the Substrate than at valleys of the 
Surface of the Substrate. 

17. A method comprising: 
forming a dielectric layer on a Substrate, 
patterning and etching the dielectric layer to form 

trenches, 
covering the dielectric layer with an electrically conduc 

tive layer; 
electrochemically/mechanically polishing the Surface of 

the Substrate, Said electrochemically/mechanically pol 
ishing comprising: 
directing a jet of electrolyte Solution from the linear 

nozzle plate to the electrically conductive layer of 
the Substrate; 

providing a pad on the linear nozzle plate to disturban 
electrolyte/Substrate boundary layer; and 

Scanning the linear nozzle plate along the Surface of the 
electrically conductive layer to uniformly electro 
chemically/mechanically polish the electrically con 
ductive layer. 
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18. The method of claim 17, further comprising: 

providing a positive electric potential to the electrically 
conductive layer; and 

providing a negative electric potential to a linear nozzle 
plate. 

19. The method of claim 17, wherein the electrically 
conductive layer is electrochemically/mechanically polished 
to form interconnect lines for a Semiconductor device, and 
wherein the Substrate is a Silicon wafer. 

20. The method of claim 17, wherein the Surface of the 
Substrate is electrochemically/mechanically polished to the 
extent that a Surface of the conductive layer is coplanar with 
a Surface of the dielectric layer. 

21. The method of claim 17, wherein the dielectric layer 
is an ULK dielectric material. 

22. The method of claim 17, wherein the electrically 
conductive layer is copper. 

23. The method of claim 17, further comprising: 
maintaining an interelectrode gap during Said Scanning, 

the interelectrode gap being the distance between the 
Surface of the Substrate and a Surface of the linear 
nozzle plate. 

24. An apparatus comprising: 

a Substrate; 

a dielectic layer on the Substrate, the dielectric layer 
having trenches; 

interconnect lines within the trenches, the interconnect 
lines having an electrically conductive material, the 
electrically conductive material and the dielectric layer 
partially removed by an electrochemical/mechanical 
polishing apparatus to form an upper Surface of the 
dielectric layer which is coplanar with an upper Surface 
of the electrically conductive material. 

25. The apparatus of claim 24, wherein the electrochemi 
cal/mechanical polishing apparatus comprises: 

a linear nozzle plate to dispense an electrolyte Solution 
onto the Substrate; 

a pad Secured to the linear nozzle plate; 

a power Supply to negatively bias the linear nozzle plate 
and to positively bias the electrically conductive bias, 
and 

a Sweep mechanism to Scan the linear nozzle plate along 
the Surface of the Substrate, the pad positioned Suffi 
ciently close to the surface of the substrate to disturban 
electrolyte/wafer boundary layer. 

26. The apparatus of claim 25, wherein the substrate is a 
Silicon wafer to form a Semiconductor device. 

27. The apparatus of claim 26, wherein the semiconductor 
device is an integrated circuit. 

28. The apparatus of claim 26, wherein the dielectric layer 
is an ULK dielectric material, and wherein the electrically 
conductive material is copper. 


