
(19) United States 

Cheung et al. 

US 20040079633A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0079633 A1 
(43) Pub. Date: Apr. 29, 2004 

(54) APPARATUS FOR ELECTRO CHEMICAL 
DEPOSITION OF COPPER METALLIZATION 

(75) 

(73) 

(21) 

(22) 

(63) 

(51) 

WITH THE CAPABILITY OF IN-SITU 
THERMAL ANNEALING 

Inventors: Robin Cheung, Cupertino, CA (US); 
Ashok Sinha, Palo Alto, CA (US); Avi 
Tepman, Cupertino, CA (US); Dan 
Carl, Pleasanton, CA (US) 

Correspondence Address: 
Patent Counsel 
APPLIED MATERIALS, INC. 
P.O. Box 450A 
Sant Clara, CA 95052 (US) 

Assignee: APPLIED MATERIALS, INC. 

Appl. No.: 10/686,486 

Filed: Oct. 15, 2003 

Related US. Application Data 

Continuation of application No. 09/609,347, ?led on 
Jul. 5, 2000, noW abandoned. 

Publication Classi?cation 

Int. Cl.7 ................................................... .. C25D 17/00 

211 

(52) US. Cl. .......................................... .. 204/242; 204/227 

(57) ABSTRACT 

The present invention generally provides an electro-chemi 
cal deposition system that is designed With a ?exible archi 
tecture that is expandable to accommodate future designs 
rules and gap ?ll requirements and provides satisfactory 
throughput to meet the demands of other processing sys 
tems. The electro-chemical deposition system generally 
comprises a mainframe having a mainframe Wafer transfer 
robot, a loading station disposed in connection With the 
mainframe, a rapid thermal anneal chamber disposed adja 
cent the loading station, one or more processing cells 
disposed in connection With the mainframe, and an electro 
lyte supply ?uidly connected to the one or more electrical 
processing cells. One aspect of the invention provides a post 
electrochemical deposition treatment, such as a rapid ther 
mal anneal treatment, for enhancing deposition results. 
Preferably, the electro-chemical deposition system includes 
a system controller adapted to control the electro-chemical 
deposition process and the components of the electro-chemi 
cal deposition system, including the rapid thermal anneal 
chamber disposed adjacent the loading station. 
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APPARATUS FOR ELECTRO CHEMICAL 
DEPOSITION OF COPPER METALLIZATION 

WITH THE CAPABILITY OF IN-SITU THERMAL 
ANNEALING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. patent application Ser. No. 09/609,347, ?led Jul. 5, 
2000, Which claims bene?t of United States. Each of the 
aforementioned related patent applications is herein incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to deposi 
tion of a metal layer onto a Wafer/substrate. More particu 
larly, the present invention relates to an electro-chemical 
deposition system or electroplating system for forming a 
metal layer on a Wafer/substrate. 

[0004] 2. Description of the Related Art 

[0005] Sub-quarter micron, multi-level metalliZation is 
one of the key technologies for the neXt generation of ultra 
large scale integration (ULSI). The multilevel interconnects 
that lie at the heart of this technology require planariZation 
of interconnect features formed in high aspect ratio aper 
tures, including contacts, vias, lines and other features. 
Reliable formation of these interconnect features is very 
important to the success of ULSI and to the continued effort 
to increase circuit density and quality on individual sub 
strates and die. 

[0006] As circuit densities increase, the Widths of vias, 
contacts and other features, as Well as the dielectric materials 
betWeen them, decrease to less than 250 nanometers, 
Whereas the thickness of the dielectric layers remains sub 
stantially constant, With the result that the aspect ratios for 
the features, i.e., their height divided by Width, increases. 
Many traditional deposition processes, such as physical 
vapor deposition (PVD) and chemical vapor deposition 
(CVD), have dif?culty ?lling structures Where the aspect 
ratio eXceed 4:1, and particularly Where it eXceeds 10:1. 
Therefore, there is a great amount of ongoing effort being 
directed at the formation of void-free, nanometer-siZed 
features having high aspect ratios Wherein the ratio of 
feature height to feature Width can be 4:1 or higher. Addi 
tionally, as the feature Widths decrease, the device current 
remains constant or increases, Which results in an increased 
current density in the feature. 

[0007] Elemental aluminum and its alloys have been 
the traditional metals used to form lines and plugs in 
semiconductor processing because of aluminum’s perceived 
loW electrical resistivity, its superior adhesion to silicon 
dioxide (SiOZ), its ease of patterning, and the ability to 
obtain it in a highly pure form. HoWever, aluminum has a 
higher electrical resistivity than other more conductive met 
als such as copper, and aluminum also can suffer from 
electromigration leading to the formation of voids in the 
conductor. 

[0008] Copper and its alloys have loWer resistivities than 
aluminum and signi?cantly higher electromigration resis 
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tance as compared to aluminum. These characteristics are 
important for supporting the higher current densities eXpe 
rienced at high levels of integration and increase device 
speed. Copper also has good thermal conductivity and is 
available in a highly pure state. Therefore, copper is becom 
ing a choice metal for ?lling sub-quarter micron, high aspect 
ratio interconnect features on semiconductor substrates. 

[0009] Despite the desirability of using copper for semi 
conductor device fabrication, choices of fabrication methods 
for depositing copper into very high aspect ratio features, 
such as a 4:1, having 0.35” (or less) Wide vias are limited. 
As a result of these process limitations, plating, Which had 
previously been limited to the fabrication of lines on circuit 
boards, is just noW being used to ?ll vias and contacts on 
semiconductor devices. 

[0010] Metal electroplating is generally knoWn and can be 
achieved by a variety of techniques. A typical method 
generally comprises physical vapor depositing a barrier 
layer over the feature surfaces, physical vapor depositing a 
conductive metal seed layer, preferably copper, over the 
barrier layer, and then electroplating a conductive metal over 
the seed layer to ?ll the structure/feature. Finally, the depos 
ited layers and the dielectric layers are planariZed, such as by 
chemical mechanical polishing (CMP), to de?ne a conduc 
tive interconnect feature. 

[0011] FIG. 1 is a cross sectional vieW of a simpli?ed 
typical fountain plater 10 incorporating contact pins. Gen 
erally, the fountain plater 10 includes an electrolyte con 
tainer 12 having a top opening, a substrate holder 14 
disposed above the electrolyte container 12, an anode 16 
disposed at a bottom portion of the electrolyte container 12 
and a contact ring 20 contacting the substrate 22. Aplurality 
of grooves 24 are formed in the loWer surface of the 
substrate holder 14. Avacuum pump (not shoWn) is coupled 
to the substrate holder 14 and communicates With the 
grooves 24 to create a vacuum condition capable of securing 
the substrate 22 to the substrate holder 14 during processing. 
The contact ring 20 comprises a plurality of metallic or 
semi-metallic contact pins 26 distributed about the periph 
eral portion of the substrate 22 to de?ne a central substrate 
plating surface. The plurality of contact pins 26 eXtend 
radially inWardly over a narroW perimeter portion of the 
substrate 22 and contact a conductive seed layer of the 
substrate 22 at the tips of the contact pins 26. ApoWer supply 
(not shoWn) is attached to the pins 26 thereby providing an 
electrical bias to the substrate 22. The substrate 22 is 
positioned above the cylindrical electrolyte container 12 and 
electrolyte ?oW impinges perpendicularly on the substrate 
plating surface during operation of the cell 10. 

[0012] While present day electroplating cells, such as the 
one shoWn in FIG. 1, achieve acceptable results on larger 
scale substrates, a number of obstacles impair consistent 
reliable electroplating onto substrates having micron-siZed, 
high aspect ratio features. Generally, these obstacles include 
providing uniform poWer distribution and current density 
across the substrate plating surface to form a metal layer 
having uniform thickness, preventing unWanted edge and 
backside deposition to control contamination to the substrate 
being processed as Well as subsequent substrates, and main 
taining a vacuum condition Which secures the substrate to 
the substrate holder during processing. Also, the present day 
electroplating cells have not provided satisfactory through 
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put to meet the demands of other processing systems and are 
not designed With a ?exible architecture that is expandable 
to accommodate future designs rules and gap ?ll require 
ments. Furthermore, current electroplating system platforms 
have not provided post electrochemical deposition treat 
ment, such as a rapid thermal anneal treatment, for enhanc 
ing deposition results Within the same system platform. 

[0013] Therefore, there remains a need for an electro 
chemical deposition system that is designed With a ?exible 
architecture that is expandable to accommodate future 
designs rules and gap ?ll requirements and provides satis 
factory throughput to meet the demands of other processing 
systems. There is also a need for an electro-chemical depo 
sition system that provides uniform poWer distribution and 
current density across the substrate plating surface to form 
a metal layer having uniform thickness and maintain a 
vacuum condition Which secures the substrate to the sub 
strate holder during processing. It Would be desirable for the 
system to prevent and/or remove unWanted edge and back 
side deposition to control contamination to the substrate 
being processed as Well as subsequent substrates. It Would 
be further desirable for the electro-chemical deposition 
system to provide a post electrochemical deposition treat 
ment, such as a rapid thermal anneal treatment, for enhanc 
ing deposition results. 

SUMMARY OF THE INVENTION 

[0014] The present invention generally provides an elec 
tro-chemical deposition system that is designed With a 
?exible architecture that is expandable to accommodate 
future designs rules and gap ?ll requirements and provides 
satisfactory throughput to meet the demands of other pro 
cessing systems. The electro-chemical deposition system 
generally comprises a mainframe having a mainframe Wafer 
transfer robot, a loading station disposed in connection With 
the mainframe, a rapid thermal anneal chamber disposed 
adjacent the loading station, one or more processing cells 
disposed in connection With the mainframe, and an electro 
lyte supply ?uidly connected to the one or more electrical 
processing cells. Preferably, the electro-chemical deposition 
system includes a system controller adapted to control the 
electro-chemical deposition process and the components of 
the electro-chemical deposition system, including the rapid 
thermal anneal chamber disposed adjacent the loading sta 
tion. 

[0015] One aspect of the invention provides an electro 
chemical deposition system that provides uniform poWer 
distribution and current density across the substrate plating 
surface to form a metal layer having uniform thickness and 
maintain a vacuum condition Which secures the substrate to 

the substrate holder during processing. 

[0016] Another aspect of the invention provides an elec 
tro-chemical deposition system that prevents and/or remove 
unWanted edge and backside deposition to control contami 
nation to the substrate being processed as Well as subsequent 
substrates. 

[0017] Yet another aspect of the invention provides a post 
electrochemical deposition treatment, such as a rapid ther 
mal anneal treatment, for enhancing deposition results. The 
apparatus for rapid thermal anneal treatment preferably 
comprises a rapid thermal anneal chamber disposed adjacent 
the loading station of the electrochemical deposition system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 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. 

[0019] So that the manner in Which the above recited 
features, advantages and objects of the present invention are 
attained can be understood in detail, a more particular 
description of the invention, brie?y summariZed above, may 
be had by reference to the embodiments thereof Which are 
illustrated in the appended draWings. 

[0020] It is to be noted, hoWever, that the appended 
draWings illustrate only typical embodiments of this inven 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective 
embodiments. 

[0021] FIG. 1 is a cross sectional vieW of a simpli?ed 
typical fountain plater 10 incorporating contact pins. 

[0022] FIG. 2 is a perspective vieW of an electroplating 
system platform 200 of the invention. 

[0023] FIG. 3 is a schematic vieW of an electroplating 
system platform 200 of the invention. 

[0024] FIG. 4 is a schematic perspective vieW of a spin 
rinse-dry (SRD) module of the present invention, incorpo 
rating rinsing and dissolving ?uid inlets. 

[0025] FIG. 5 is a side cross sectional vieW of the spin 
rinse-dry (SRD) module of FIG. 4 and shoWs a substrate in 
a processing position vertically disposed betWeen ?uid 
inlets. 

[0026] FIG. 6 is a cross sectional vieW of an electroplating 
process cell 400 according to the invention. 

[0027] FIG. 7 is a partial cross sectional perspective vieW 
of a cathode contact ring. 

[0028] FIG. 8 is a cross sectional perspective vieW of the 
cathode contact ring shoWing an alternative embodiment of 
contact pads. 

[0029] FIG. 9 is a cross sectional perspective vieW of the 
cathode contact ring shoWing an alternative embodiment of 
the contact pads and an isolation gasket. 

[0030] FIG. 10 is a cross sectional perspective vieW of the 
cathode contact ring shoWing the isolation gasket. 

[0031] FIG. 11 is a simpli?ed schematic diagram of the 
electrical circuit representing the electroplating system 
through each contact pin. 

[0032] FIG. 12 is a cross sectional vieW of a Wafer 
assembly 450 of the invention. 

[0033] FIG. 12A is an enlarged cross sectional vieW of the 
bladder area of FIG. 12. 

[0034] FIG. 13 is a partial cross sectional vieW of a Wafer 
holder plate. 
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[0035] FIG. 14 is a partial cross sectional vieW of a 
manifold. 

[0036] 
bladder. 

[0037] FIG. 16 is a schematic diagram of an electrolyte 
replenishing system 600. 

[0038] FIG. 17 is a cross sectional vieW of a rapid thermal 
anneal chamber. 

FIG. 15 is a partial cross sectional vieW of a 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0039] FIG. 2 is a perspective vieW of an electroplating 
system platform 200 of the invention. FIG. 3 is a schematic 
vieW of an electroplating system platform 200 of the inven 
tion. Referring to both FIGS. 2 and 3, the electroplating 
system platform 200 generally comprises a loading station 
210, a thermal anneal chamber 211, a spin-rinse-dry (SRD) 
station 212 and a mainframe 214. Preferably, the electro 
plating system platform 200 is enclosed in a clean environ 
ment using panels such as pleXiglass panels. The mainframe 
214 generally comprises a mainframe transfer station 216 
and a plurality of processing stations 218. Each processing 
station 218 includes one or more processing cells 240. An 
electrolyte replenishing system 220 is positioned adjacent 
the electroplating system platform 200 and connected to the 
process cells 240 individually to circulate electrolyte used 
for the electroplating process. The electroplating system 
platform 200 also includes a control system 222, typically 
comprising a programmable microprocessor. 

[0040] The loading station 210 preferably includes one or 
more Wafer cassette receiving areas 224, one or more 
loading station transfer robots 228 and at least one Wafer 
orientor 230. The number of Wafer cassette receiving areas, 
loading station transfer robots 228 and Wafer orientor 
included in the loading station 210 can be con?gured 
according to the desired throughput of the system. As shoWn 
for one embodiment in FIGS. 2 and 3, the loading station 
210 includes tWo Wafer cassette receiving areas 224, tWo 
loading station transfer robots 228 and one Wafer orientor 
230. A Wafer cassette 232 containing Wafers 234 is loaded 
onto the Wafer cassette receiving area 224 to introduce 
Wafers 234 into the electroplating system platform. The 
loading station transfer robot 228 transfers Wafers 234 
betWeen the Wafer cassette 232 and the Wafer orientor 230. 
The loading station transfer robot 228 comprises a typical 
transfer robot commonly knoWn in the art. The Wafer 
orientor 230 positions each Wafer 234 in a desired orienta 
tion to ensure that the Wafer is properly processed. The 
loading station transfer robot 228 also transfers Wafers 234 
betWeen the loading station 210 and the SRD station 212 and 
betWeen the loading station 210 and the thermal anneal 
chamber 211. 

[0041] FIG. 4 is a schematic perspective vieW of a spin 
rinse-dry (SRD) module of the present invention, incorpo 
rating rinsing and dissolving ?uid inlets. FIG. 5 is a side 
cross sectional vieW of the spin-rinse-dry (SRD) module of 
FIG. 4 and shoWs a substrate in a processing position 
vertically disposed betWeen ?uid inlets. Preferably, the SRD 
station 212 includes one or more SRD modules 236 and one 
or more Wafer pass-through cassettes 238. Preferably, the 
SRD station 212 includes tWo SRD modules 236 corre 
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sponding to the number of loading station transfer robots 
228, and a Wafer pass-through cassette 238 is positioned 
above each SRD module 236. The Wafer pass-through 
cassette 238 facilitates Wafer transfer betWeen the loading 
station 210 and the mainframe 214. The Wafer pass-through 
cassette 238 provides access to and from both the loading 
station transfer robot 228 and a robot in the mainframe 
transfer station 216. 

[0042] Referring to FIGS. 4 and 5, the SRD module 238 
comprises a bottom 330a and a sideWall 330b, and an upper 
shield 330c Which collectively de?ne a SRD module boWl 
330d, Where the shield attaches to the sideWall and assists in 
retaining the ?uids Within the SRD module. Alternatively, a 
removable cover could also be used. Apedestal 336, located 
in the SRD module, includes a pedestal support 332 and a 
pedestal actuator 334. The pedestal 336 supports the sub 
strate 338 (shoWn in FIG. 5) on the pedestal upper surface 
during processing. The pedestal actuator 334 rotates the 
pedestal to spin the substrate and raises and loWers the 
pedestal as described beloW. The substrate may be held in 
place on the pedestal by a plurality of clamps 337. The 
clamps pivot With centrifugal force and engage the substrate 
preferably in the edge exclusion Zone of the substrate. In a 
preferred embodiment, the clamps engage the substrate only 
When the substrate lifts off the pedestal during the process 
ing. Vacuum passages (not shoWn) may also be used as Well 
as other holding elements. The pedestal has a plurality of 
pedestal arms 336a and 336b, so that the ?uid through the 
second noZZle may impact as much surface area on the loWer 
surface of the substrate as is practical. An outlet 339 alloWs 
?uid to be removed from the SRD module. The terms 
“beloW”, “above”, “bottom”, “top”, “up”, “doWn”, “upper”, 
and “loWer” and other positional terms used herein are 
shoWn With respect to the embodiments in the ?gures and 
may be varied depending on the relative orientation of the 
processing apparatus. 

[0043] A ?rst conduit 346, through Which a ?rst ?uid 347 
?oWs, is connected to a valve 347a. The conduit may be 
hose, pipe, tube, or other ?uid containing conduits. The 
valve 347a controls the ?oW of the ?rst ?uid 347 and may 
be selected from a variety of valves including a needle, 
globe, butter?y, or other valve types and may include a valve 
actuator, such as a solenoid, that can be controlled With a 
controller 362. The conduit 346 connects to a ?rst ?uid inlet 
340 that is located above the substrate and includes a 
mounting portion 342 to attach to the SRD module and a 
connecting portion 344 to attach to the conduit 346. The ?rst 
?uid inlet is shoWn With a single ?rst noZZle 348 to deliver 
a ?rst ?uid 347 under pressure onto the substrate upper 
surface. HoWever, multiple noZZles could be used and mul 
tiple ?uid inlets could be positioned about the inner perim 
eter of the SRD module. Preferably, noZZles placed above 
the substrate should be outside the diameter of the substrate 
to lessen the risk of the noZZles dripping on the substrate. 
The ?rst ?uid inlet could be mounted in a variety of 
locations, including through a cover positioned above the 
substrate. Additionally, the noZZle may articulate to a variety 
of positions using an articulating member 343, such as a ball 
and socket joint. 

[0044] Similar to the ?rst conduit and related elements 
described above, a second conduit 352 is connected to a 
control valve 349a and a second ?uid inlet 350 With a second 
noZZle 351. The second ?uid inlet 350 is shoWn beloW the 
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substrate and angled upward to direct a second ?uid under 
the substrate through the second noZZle 351. Similar to the 
?rst ?uid inlet, the second ?uid inlet may include a plurality 
of noZZles, a plurality of ?uid inlets and mounting locations, 
and a plurality of orientations including using the articulat 
ing member 353. Each ?uid inlet could be extended into the 
SRD module at a variety of positions. For instance, if the 
?oW is desired to be a certain angle that is directed back 
toWard the SRD module periphery along the edge of the 
substrate, the noZZles could be extended radially inWard and 
the discharge from the noZZles be directed back toWard the 
SRD module periphery. 

[0045] The controller 362 could individually control the 
tWo ?uids and their respective ?oW rates, pressure, and 
timing, and any associated valving, as Well as the spin 
cycle(s). The controller could be remotely located, for 
instance, in a control panel or control room and the plumb 
ing controlled With remote actuators. An alternative embodi 
ment, shoWn in dashed lines, provides an auxiliary ?uid inlet 
346a connected to the ?rst conduit 346 With a conduit 346b 
and having a control valve 346c, Which may be used to ?oW 
a rinsing ?uid on the backside of the substrate after the 
dissolving ?uid is ?oWn Without having to reorient the 
substrate or sWitch the ?oW through the second ?uid inlet to 
a rinsing ?uid. 

[0046] In one embodiment, the substrate is mounted With 
the deposition surface of the disposed face up in the SRD 
module boWl. As Will be explained beloW, for such an 
arrangement, the ?rst ?uid inlet Would generally ?oW a 
rinsing ?uid, typically deioniZed Water or alcohol. Conse 
quently, the backside of the substrate Would be mounted 
facing doWn and a ?uid ?oWing through the second ?uid 
inlet Would be a dissolving ?uid, such as an acid, including 
hydrochloric acid, sulfuric acid, phosphoric acid, hydro?uo 
ric acid, or other dissolving liquids or ?uids, depending on 
the material to be dissolved. Alternatively, the ?rst ?uid and 
the second ?uid are both rinsing ?uids, such as deioniZed 
Water or alcohol, When the desired process is to rinse the 
processed substrate. 

[0047] In operation, the pedestal is in a raised position, 
shoWn in FIG. 4, and a robot (not shoWn) places the 
substrate, front side up, onto the pedestal. The pedestal 
loWers the substrate to a processing position Where the 
substrate is vertically disposed betWeen the ?rst and the 
second ?uid inlets. Generally, the pedestal actuator rotates 
the pedestal betWeen about 5 to about 5000 rpm, With a 
typical range betWeen about 20 to about 2000 rpm for a 200 
mm substrate. The rotation causes the loWer end 337a of the 
clamps to rotate outWard about pivot 337b, toWard the 
periphery of the SRD module sideWall, due to centrifugal 
force. The clamp rotation forces the upper end 337c of the 
clamp inWard and doWnWard to center and hold the substrate 
338 in position on the pedestal 336, preferably along the 
substrate edge. The clamps may rotate into position Without 
touching the substrate and hold the substrate in position on 
the pedestal only if the substrate signi?cantly lifts off the 
pedestal during processing. With the pedestal rotating the 
substrate, a rinsing ?uid is delivered onto the substrate front 
side through the ?rst ?uid inlet 340. The second ?uid, such 
as an acid, is delivered to the backside surface through the 
second ?uid inlet to remove any unWanted deposits. The 
dissolving ?uid chemically reacts With the deposited mate 
rial and dissolves and then ?ushes the material aWay from 
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the substrate backside and other areas Where any unWanted 
deposits are located. In a preferred embodiment, the rinsing 
?uid is adjusted to ?oW at a greater rate than the dissolving 
?uid to help protect the front side of the substrate from the 
dissolving ?uid. The ?rst and second ?uid inlets are located 
for optimal performance depending on the siZe of the 
substrate, the respective ?oW rates, spray patterns, and 
amount and type of deposits to be removed, among other 
factors. In some instances, the rinsing ?uid could be routed 
to the second ?uid inlet after a dissolving ?uid has dissolved 
the unWanted deposits to rinse the backside of the substrate. 
In other instances, an auxiliary ?uid inlet connected to ?oW 
rinsing ?uid on the backside of the substrate could be used 
to rinse any dissolving ?uid residue from the backside. After 
rinsing the front side and/or backside of the substrate, the 
?uid(s) ?oW is stopped and the pedestal continues to rotate, 
spinning the substrate, and thereby effectively drying the 
surface. 

[0048] The ?uid(s) is generally delivered in a spray pat 
tern, Which may be varied depending on the particular 
noZZle spray pattern desired and may include a fan, jet, 
conical, and other patterns. One spray pattern for the ?rst 
and second ?uids through the respective ?uid inlets, When 
the ?rst ?uid is a rinsing ?uid, is fan pattern With a pressure 
of about 10 to about 15 pounds per square inch (psi) and a 
?oW rate of about 1 to about 3 gallons per minute for 
a 200 mm Wafer. 

[0049] The invention could also be used to remove the 
unWanted deposits along the edge of the substrate to create 
an edge exclusion Zone. By adjustment of the orientation and 
placement of the noZZles, the ?oW rates of the ?uids, the 
rotational speed of the substrate, and the chemical compo 
sition of the ?uids, the unWanted deposits could be removed 
from the edge and/or edge exclusion Zone of the substrate as 
Well. Thus, substantially preventing dissolution of the 
deposited material on the front side surface may not neces 
sarily include the edge or edge exclusion Zone of the 
substrate. Also, preventing dissolution of the deposited 
material on the front side surface is intended to include at 
least preventing the dissolution so that the front side With the 
deposited material is not impaired beyond a commercial 
value. 

[0050] One method of accomplishing the edge exclusion 
Zone dissolution process is to rotate the disk at a sloWer 
speed, such as about 100 to about 1000 rpm, While dispens 
ing the dissolving ?uid on the backside of the substrate. The 
centrifugal force moves the dissolving ?uid to the edge of 
the substrate and forms a layer of ?uid around the edge due 
to surface tension of the ?uid, so that the dissolving ?uid 
overlaps from the backside to the front side in the edge area 
of the substrate. The rotational speed of the substrate and the 
?oW rate of the dissolving ?uid may be used to determine the 
extent of the overlap onto the front side. For instance, a 
decrease in rotational speed or an increase in ?oW results in 
a less overlap of ?uid to the opposing side, e.g., the front 
side. Additionally, the ?oW rate and ?oW angle of the rinsing 
?uid delivered to the front side can be adjusted to offset the 
layer of dissolving ?uid onto the edge and/or frontside of the 
substrate. In some instances, the dissolving ?uid may be 
used initially Without the rinsing ?uid to obtain the edge 
and/or edge exclusion Zone removal, folloWed by the rins 
ing/dissolving process of the present invention described 
above. 
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[0051] The SRD module 238 is connected between the 
loading station 210 and the mainframe 214. The mainframe 
214 generally comprises a mainframe transfer station 216 
and a plurality of processing stations 218. Referring to 
FIGS. 2 and 3, the mainframe 214, as shoWn, includes tWo 
processing stations 218, each processing station 218 having 
tWo processing cells 240. The mainframe transfer station 
216 includes a mainframe transfer robot 242. Preferably, the 
mainframe transfer robot 242 comprises a plurality of indi 
vidual robot arms 244 that provides independent access of 
Wafers in the processing stations 218 and the SRD stations 
212. As shoWn in FIG. 3, the mainframe transfer robot 242 
comprises tWo robot arms 244, corresponding to the number 
of processing cells 240 per processing station 218. Each 
robot arm 244 includes a robot blade 246 for holding a Wafer 
during a Wafer transfer. Preferably, each robot arm 244 is 
operable independently of the other arm to facilitate inde 
pendent transfers of Wafers in the system. Alternatively, the 
robot arms 244 operate in a linked fashion such that one 
robot eXtends as the other robot arm retracts. 

[0052] Preferably, the mainframe transfer station 216 
includes a ?ipper robot 248 that facilitates transfer of a Wafer 
from a face-up position on the robot blade 246 of the 
mainframe transfer robot 242 to a face doWn position for a 
process cell 240 that requires face-doWn processing of 
Wafers. The ?ipper robot 248 includes a main body 250 that 
provides both vertical and rotational movements With 
respect to a vertical aXis of the main body 250 and a ?ipper 
robot arm 252 that provides rotational movement along a 
horiZontal aXis along the ?ipper robot arm 252. Preferably, 
a vacuum suction gripper 254, disposed at the distal end of 
the ?ipper robot arm 252, holds the Wafer as the Wafer is 
?ipped and transferred by the ?ipper robot 248. The ?ipper 
robot 248 positions a Wafer 234 into the processing cell 240 
for face-doWn processing. The details of the electroplating 
processing cell according to the invention Will be discussed 
beloW. 

[0053] FIG. 6 is a cross sectional vieW of an electroplating 
process cell 400 according to the invention. The electroplat 
ing process cell 400 as shoWn in FIG. 6 is the same as the 
electroplating process cell 240 as shoWn in FIGS. 2 and 3. 
The processing cell 400 generally comprises a head assem 
bly 410, a process kit 420 and an electrolyte collector 440. 
Preferably, the electrolyte collector 440 is secured onto the 
body 442 of the mainframe 214 over an opening 443 that 
de?nes the location for placement of the process kit 420. The 
electrolyte collector 440 includes an inner Wall 446, an outer 
Wall 448 and a bottom 447 connecting the Walls. An elec 
trolyte outlet 449 is disposed through the bottom 447 of the 
electrolyte collector 440 and connected to the electrolyte 
replenishing system 220 (shoWn in FIG. 2) through tubes, 
hoses, pipes or other ?uid transfer connectors. 

[0054] The head assembly 410 is mounted onto a head 
assembly frame 452. The head assembly frame 452 includes 
a mounting post 454 and a cantilever arm 456. The mounting 
post 454 is mounted onto the body 442 of the mainframe 
214, and the cantilever arm 456 eXtends laterally from an 
upper portion of the mounting post 454. Preferably, the 
mounting post 454 provides rotational movement With 
respect to a vertical aXis along the mounting post to alloW 
rotation of the head assembly 410. The head assembly 410 
is attached to a mounting plate 460 disposed at the distal end 
of the cantilever arm 456. The loWer end of the cantilever 
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arm 456 is connected to a cantilever arm actuator 457, such 
as a pneumatic cylinder, mounted on the mounting post 454. 
The cantilever arm actuator 457 provides pivotal movement 
of the cantilever arm 456 With respect to the joint betWeen 
the cantilever arm 456 and the mounting post 454. When the 
cantilever arm actuator 457 is retracted, the cantilever arm 
456 moves the head assembly 410 aWay from the process kit 
420 to provide the spacing required to remove and/or replace 
the process kit 420 from the electroplating process cell 400. 
When the cantilever arm actuator 457 is extended, the 
cantilever arm 456 moves the head assembly 410 toWard the 
process kit 420 to position the Wafer in the head assembly 
410 in a processing position. 

[0055] The head assembly 410 generally comprises a 
Wafer holder assembly 450 and a Wafer assembly actuator 
458. The Wafer assembly actuator 458 is mounted onto the 
mounting plate 460, and includes a head assembly shaft 462 
extending doWnWardly through the mounting plate 460. The 
loWer end of the head assembly shaft 462 is connected to the 
Wafer holder assembly 450 to position the Wafer holder 
assembly 450 in a processing position and in a Wafer loading 
position. 

[0056] The Wafer holder assembly 450 generally com 
prises a Wafer holder 464 and a cathode contact ring 466. 
FIG. 7 is a cross sectional vieW of one embodiment of a 
cathode contact ring 466 of the present invention. In general, 
the contact ring 466 comprises an annular body having a 
plurality of conducting members disposed thereon. The 
annular body is constructed of an insulating material to 
electrically isolate the plurality of conducting members. 
Together the body and conducting members form a diametri 
cally interior substrate seating surface Which, during pro 
cessing, supports a substrate and provides a current thereto. 

[0057] Referring noW to FIG. 7 in detail, the contact ring 
466 generally comprises a plurality of conducting members 
765 at least partially disposed Within an annular insulative 
body 770. The insulative body 770 is shoWn having a ?ange 
762 and a doWnWard sloping shoulder portion 764 leading to 
a substrate seating surface 768 located beloW the ?ange 762 
such that the ?ange 762 and the substrate seating surface 768 
lie in offset and substantially parallel planes. Thus, the ?ange 
762 may be understood to de?ne a ?rst plane While the 
substrate seating surface 768 de?nes a second plane parallel 
to the ?rst plane Wherein the shoulder 764 is disposed 
betWeen the tWo planes. HoWever, contact ring design 
shoWn in FIG. 7 is intended to be merely illustrative. In 
another embodiment, the shoulder portion 764 may be of a 
steeper angle including a substantially vertical angle so as to 
be substantially normal to both the ?ange 762 and the 
substrate seating surface 768. Alternatively, the contact ring 
466 may be substantially planar thereby eliminating the 
shoulder portion 764. HoWever, for reasons described beloW, 
a preferred embodiment comprises the shoulder portion 764 
shoWn in FIG. 6 or some variation thereof. 

[0058] The conducting members 765 are de?ned by a 
plurality of outer electrical contact pads 780 annularly 
disposed on the ?ange 762, a plurality of inner electrical 
contact pads 772 disposed on a portion of the substrate 
seating surface 768, and a plurality of embedded conducting 
connectors 776 Which link the pads 772, 780 to one another. 
The conducting members 765 are isolated from one another 
by the insulative body 770 Which may be made of a plastic 


















