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(57) ABSTRACT 

An apparatus for dispensing ?uid during semiconductor sub 
strate processing operations. The apparatus includes a central 
?uid dispense bank comprising a plurality of dispense 
noZZles coupled to a plurality of ?uid sources and a ?rst 
processing chamber positioned to a ?rst side of the central 
?uid dispense bank. The apparatus also includes a second 
processing chamber positioned to a second side of the central 
?uid dispense bank and a dispense arm adapted to translate 
between the central ?uid dispense bank, the ?rst processing 
chamber, and the second processing chamber. 
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COAT/DEVELOP MODULE WITH SHARED 
DISPENSE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/111,353, ?led Apr. 20, 2005; Which claims 
the bene?t of US. Provisional Application Ser. No. 60/ 639, 
109, ?led Dec. 22, 2004. The 11/111,353 and 60/639,109 
applications are hereby incorporated by reference in their 
entirety. 
[0002] The following tWo regular US. patent applications 
(including this one) are being ?led concurrently, and the 
entire disclosure of the other application is incorporated by 
reference into this application for all purposes. 

[0003] application Ser. No. 11/111,353, ?led Apr. 20, 
2005, entitled “Coat/ Develop Module With Shared Dis 
pense” (Attorney Docket No. 026531-000700US); 

[0004] application Ser. No. 11/111,154, ?led Apr. 20, 
2005, entitled “Coat/Develop Module With Independent 
Stations” (Attorney Docket No. 026531-000800US); 

BACKGROUND OF THE INVENTION 

[0005] The present invention relates generally to the ?eld of 
semiconductor processing equipment. More particularly, the 
present invention relates to a method and apparatus for dis 
pensing ?uids onto a semiconductor substrate. Merely by Way 
of example, the method and apparatus has been applied to tWo 
processing chambers in a coat/develop module sharing a cen 
tral ?uid dispense bank. But it Would be recogniZed that the 
invention has a much broader range of applicability. 
[0006] Portions of the process of forming electronic 
devices are commonly performed in a multi-chamber pro 
cessing system (e.g., a cluster tool) that has the capability to 
sequentially process substrates, (e. g., semiconductor Wafers) 
in a controlled processing environment. A typical cluster tool 
used to deposit (i.e., coat) and develop a photoresist material, 
commonly knoWn as a track lithography tool, Will include a 
mainframe that houses multiple substrate transfer robots 
Which transport substrates betWeen a pod/ cassette mounting 
device and multiple processing chambers that are connected 
to the mainframe. Cluster tools are often used so that sub 
strates can be processed in a repeatable Way in a controlled 
processing environment. A controlled processing environ 
ment has many bene?ts Which include minimiZing contami 
nation of the substrate surfaces during transfer and during 
completion of the various substrate processing steps. Process 
ing in a controlled environment thus reduces the number of 
generated defects and improves device yield. 
[0007] TWo types of processing chamber generally 
included in a track lithography tool are substrate coating 
modules and substrate developing modules, sometimes col 
lectively referred to as a coat/develop module. Typically, in a 
coat module, a spin coating process is used to form a layer of 
photoresist or other coating on an upper surface of a substrate. 
One method mounts a substrate on a spin chuck, Which is 
rotated at up to several thousand revolutions per minute 
(RPMs). Several milliliters of a liquid (e.g., photoresist) is 
applied to a central region of the substrate and the spinning 
action of the spin chuck disperses the liquid over the surface 
of the substrate. The coating is processed in subsequent steps 
to form features on the substrate as is Well knoWn to one of 
skill in the art. In develop modules, a developer is applied to 
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the surface of the substrate after exposure of the photoresist. 
The coat/develop modules contain a number of similarities, 
as Well as differences, including different noZZle designs 
corresponding to varying viscosities of dispense ?uids, 
among other factors. 
[0008] In some previously knoWn coat/ develop modules, a 
single spin boWl is attached to a system for dispensing pho 
toresist or other coating liquids. In some photoresist coating 
applications, it is desirable to provide a number of different 
coatings, including different thicknesses and materials. Par 
ticularly, the industry transition to 300 mm substrates has led 
to an increase in the number of different coating liquids. 
Accordingly, in some coat/ develop modules, and particularly 
in photoresist coat modules, the dispense system may include 
a number of different dispense noZZles dispensing different 
photoresists. Additionally, a number of other dispense 
noZZles may be included that provide photoresists With vary 
ing concentrations of solutions and solvents. 
[0009] In some coat/ develop modules, the dispense noZZles 
are fabricated to precise tolerances in accordance With the 
tolerances associated With a particular semiconductor pro 
cess. As a result of the number and quality of the dispense 
noZZles in some of these modules, the cost of the dispense 
system may be much larger than the cost of the spin boWl. 
[0010] In general, coat/develop applications rotate the sub 
strate to achieve a predetermined rotation speed, dispense the 
coating ?uid, and then continue rotating the substrate for a 
predetermined period after the dispense step is completed. As 
described above, the rotation of the substrate is utiliZed to 
disperse the coating ?uid over the surface of the substrate. In 
these processes, the dispense system is inactive While the 
substrate rotation dispenses the resist. Therefore, in some 
dispense systems, the most expensive system components, 
namely those included in the dispense apparatus, are idle 
during a signi?cant fraction of the processing time. 
[0011] Other previously knoWn coat modules employ mul 
tiple spin boWls. One example of a coating apparatus With tWo 
spin chucks located in a single casing is described in US. Pat. 
No. 5,250,114. Wafers are loaded and unloaded from the spin 
chucks by a single robot located outside the casing. A single 
resist noZZle for dispensing a resist liquid is attached to a 
noZZle arm attached to an endless belt surrounding tWo roll 
ers. The endless belt is driven by a motor. Through use of the 
motor and endless belt, the noZZle arm is able to serve both 
spin chucks. 
[0012] The system as illustrated in US. Pat. No. 5,205,114 
suffers from several problems. First, the system provides only 
a single resist noZZle that dispenses a single resist. Thus, the 
system does not provide a number of different coatings, 
including coatings of different materials. Second, the only 
isolation provided betWeen the spin chucks and the other 
items contained inside the casing is a cup surrounding each 
spin chuck. The cup is raised into position during coating. 
Although this cup design may provide some containment for 
liquid particles scattered from the Wafer surface, control of 
the atmosphere in the vicinity of the Wafers is not provided by 
this design. As a result, air-borne particles and solvent mist 
are free to move from one spin chuck to the other or from a 
Waiting trench Where the single noZZle Waits to either of the 
Wafers. 
[0013] Therefore, a need exists in the art for improved 
coat/ develop modules and improved methods of operating the 
same. 

SUMMARY OF THE INVENTION 

[0014] According to the present invention, techniques 
related to the ?eld of semiconductor processing equipment 
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are provided. More particularly, the present invention 
includes a method and apparatus for dispensing ?uids onto a 
semiconductor substrate. Merely by Way of example, the 
method and apparatus has been applied to tWo processing 
chambers in a coat/develop module sharing a central ?uid 
dispense bank. But it Would be recognized that the invention 
has a much broader range of applicability. 
[0015] In a speci?c embodiment of the present invention, 
an apparatus for dispensing ?uid during semiconductor sub 
strate processing operations is provided. The apparatus 
includes a central ?uid dispense bank comprising a plurality 
of dispense noZZles coupled to a plurality of ?uid sources and 
a ?rst processing chamber positioned to a ?rst side of the 
central ?uid dispense bank. The apparatus further includes a 
second processing chamber positioned to a second side of the 
central ?uid dispense bank and a dispense arm adapted to 
translate betWeen the central ?uid dispense bank, the ?rst 
processing chamber, and the second processing chamber. 
[0016] In another embodiment of the present invention, a 
method of dispensing ?uid onto a semiconductor substrate 
using an apparatus comprising a central ?uid dispense bank 
including a plurality of dispense noZZles, a ?rst and second 
processing chamber, and a dispense arm is provided. The 
method includes selecting a ?rst dispense noZZle from the 
plurality of dispense noZZles and moving the dispense arm to 
a ?rst position in the ?rst processing chamber. The method 
also includes dispensing a ?rst ?uid from the ?rst dispense 
noZZle and returning the dispense arm to a second position 
above the central ?uid dispense bank. 
[0017] In yet another speci?c embodiment, an apparatus 
for dispensing ?uid during semiconductor processing opera 
tions is provided. The apparatus includes a central ?uid dis 
pense bank comprising a plurality of dispense noZZles 
coupled to a plurality of ?uid sources, a ?rst processing 
chamber positioned to a ?rst side of the central ?uid dispense 
bank, and a ?rst dispense arm adapted to translate betWeen the 
central ?uid dispense bank and the ?rst processing chamber. 
The apparatus further includes a second processing chamber 
positioned to a second side of the central ?uid dispense bank 
and a second dispense arm adapted to translate betWeen the 
central ?uid dispense bank and the second processing cham 
ber. 
[0018] In an alternative embodiment of the present inven 
tion, a track lithography tool is provided. The track lithogra 
phy tool includes a front end module adapted to receive 
FOUPs containing a plurality of substrates, a central module 
comprising a plurality of processing tools, and a rear module 
coupled to a scanner. The track lithography tools also 
includes at least one robot adapted to receive a substrate from 
the front end module and deliver the substrate to either a 
processing tool and/or the rear module, Wherein one of the 
plurality of processing tools is an apparatus for dispensing 
?uid during semiconductor substrate processing operations. 
The apparatus includes a central ?uid dispense bank compris 
ing a plurality of dispense noZZles coupled to a plurality of 
?uid sources, a ?rst processing chamber positioned to a ?rst 
side of the central ?uid dispense bank, a second processing 
chamber positioned to a second side of the central ?uid dis 
pense bank, and a dispense arm adapted to translate betWeen 
the central ?uid dispense bank, the ?rst processing chamber, 
and the second processing chamber. 
[0019] Many bene?ts are achieved by Way of the present 
invention over conventional techniques. For example, the 
present technique alloWs for sharing of some common com 
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ponents, reducing system cost, complexity, and footprint. 
Moreover, embodiments of the present invention provide for 
increased system reliability While reducing the number of 
redundant systems provided for each processing chamber. 
These and other bene?ts Will be described in more detail 
throughout the present speci?cation and more particularly 
beloW. 
[0020] These and other embodiments of the invention along 
With many of its advantages and features are described in 
more detail in conjunction With the text beloW and attached 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1A is a simpli?ed perspective illustration of a 
?uid dispensing apparatus according to one embodiment of 
the present invention; 
[0022] FIG. 1B is a simpli?ed perspective illustration of a 
?uid dispensing apparatus according to another embodiment 
of the present invention; 
[0023] FIG. 2 is a simpli?ed schematic plan vieW of a ?uid 
dispensing apparatus according to one embodiment of the 
present invention; 
[0024] FIG. 3A is a simpli?ed schematic plan vieW of a 
?uid dispensing apparatus in a ?rst mode of operation accord 
ing to one embodiment of the present invention; 
[0025] FIG. 3B is a simpli?ed schematic plan vieW of a 
?uid dispensing apparatus in a second mode of operation 
according to another embodiment of the present invention; 
[0026] FIG. 4A is a simpli?ed ?owchart illustrating a 
method of operating a ?uid dispense apparatus according to 
one embodiment of the present invention; 
[0027] FIG. 4B is a simpli?ed ?oWchart illustrating a 
method of operating a ?uid dispense apparatus according to 
another embodiment of the present invention; 
[0028] FIG. 5 is a simpli?ed ?oWchart illustrating a method 
of operating a ?uid dispense apparatus according to yet 
another embodiment of the present invention; 
[0029] FIG. 6 is a simpli?ed schematic plan vieW of a ?uid 
dispensing apparatus according to another embodiment of the 
present invention; 
[0030] FIG. 7 is a plan vieW of one embodiment ofa track 
lithography tool that illustrates a number of the aspects of the 
present invention; and 
[0031] FIG. 8 is a simpli?ed timing diagram illustrating 
operation of a ?uid dispensing apparatus according to an 
embodiment of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0032] According to the present invention, techniques 
related to the ?eld of semiconductor processing equipment 
are provided. More particularly, the present invention 
includes a method and apparatus for dispensing ?uids onto a 
semiconductor substrate. Merely by Way of example, the 
method and apparatus has been applied to tWo processing 
chambers in a coat/develop module sharing a central ?uid 
dispense bank. But it Would be recogniZed that the invention 
has a much broader range of applicability. 
[0033] FIG. 7 is a plan vieW of one embodiment ofa track 
lithography tool 710 that illustrates a number of the aspects of 
the present invention that may be used to advantage. One 
embodiment of the track lithography 710, as illustrated in 
FIG. 7, contains a front end module (sometimes referred to as 
a factory interface) 750, a central module 850, and a rear 



US 2008/0296316 A1 

module (sometimes referred to as a scanner interface) 900. 
The front end module 750 generally contains one or more pod 
assemblies or FOUPS 805 (e.g., items 805A-D), a front end 
robot 808, and a front end processing rack 752. The central 
module 850 Will generally contain a ?rst central processing 
rack 852, a second central processing rack 854, and a central 
robot 807. The rear module 900 Will generally contain a rear 
processing rack 902 and a back end robot 809. In one embodi 
ment, the track lithography tool 710 contains: a front end 
robot 808 adapted to access processing modules in the front 
end processing rack 752; a central robot 807 that is adapted to 
access processing modules in the front end processing rack 
752, the ?rst central processing rack 852, the second central 
processing rack 854 and/or the rear processing rack 902; and 
a back end robot 809 that is adapted to access processing 
modules in the rear processing rack 902 and in some cases 
exchange substrates With a stepper/scanner 705. In one 
embodiment, a shuttle robot 810 is adapted to transfer sub 
strates betWeen tWo or more adjacent processing modules 
retained in one or more processing racks (e.g., front end 
processing rack 752, ?rst central processing rack 852, etc.). In 
one embodiment, a front end enclosure 804 is used to control 
the environment around the front end robot 808 and betWeen 
the pods assemblies 805 and front end processing rack 752. 
[0034] FIG. 7 also contains more detail of possible process 
chamber con?gurations found in aspects of the invention. For 
example, the front end module 750 generally contains one or 
more pod assemblies or FOUPs 805, a front end robot 808 and 
a front end processing rack 752. The one or more pod assem 
blies 805, are generally adapted to accept one or more cas 
settes 806 that may contain one or more substrates “W”, or 
Wafers, that are to be processed in the track lithography tool 
710. The front end processing rack 752 contains multiple 
processing modules (e.g., bake plate 790, chill plate 780, etc.) 
that are adapted to perform the various processing steps found 
in the substrate processing sequence. In one embodiment, the 
front end robot 808 is adapted to transfer substrates betWeen 
a cassette mounted in a pod assembly 805 and betWeen the 
one or more processing modules retained in the front end 
processing rack 752. 
[0035] The central module 850 generally contains a central 
robot 807, a ?rst central processing rack 852 and a second 
central processing rack 854. The ?rst central processing rack 
852 and a second central processing rack 854 contain various 
processing modules (e. g., coater/developer module 100, bake 
module 790, chill plate 780, etc.) that are adapted to perform 
the various processing steps found in the substrate processing 
sequence. In one embodiment, the central robot 807 is 
adapted to transfer substrates betWeen the front end process 
ing rack 752, the ?rst central processing rack 852, the second 
central processing rack 854 and/or the rear processing rack 
902. In one aspect, the central robot 807 is positioned in a 
central location betWeen the ?rst central processing rack 852 
and a second central processing rack 854 of the central mod 
ule 850. 

[0036] The rear module 900 generally contains a rear robot 
809 and a rear processing rack 902. The rear processing rack 
902 generally contains processing modules (e.g., coater/de 
veloper module 760, bake module 790, chill plate 780, etc.) 
that are adapted to perform the various processing steps found 
in the substrate processing sequence. In one embodiment, the 
rear robot 809 is adapted to transfer substrates betWeen the 
rear processing rack 900 and a stepper/ scanner 705. The 
stepper/ scanner 705, Which may be purchased from Canon 
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USA, Inc. of San Jose, Calif., Nikon Precision Inc. of Bel 
mont, Calif., or ASML US, Inc. of Tempe AriZ., is a litho 
graphic projection apparatus used, for example, in the manu 
facture of integrated circuits (ICs). The scanner/ stepper tool 
705 exposes a photosensitive material (resist), deposited on 
the substrate in the cluster tool, to some form of electromag 
netic radiation to generate a circuit pattern corresponding to 
an individual layer of the integrated circuit (IC) device to be 
formed on the substrate surface. 

[0037] In one embodiment, a controller 801 is used to con 
trol all of the components and processes performed in the 
cluster tool 710. The controller 801, is generally adapted to 
communicate With the stepper/ scanner 705, monitor and con 
trol aspects of the processes performed in the cluster tool 810, 
and is adapted to control all aspects of the complete substrate 
processing sequence. The controller 801, Which is typically a 
microprocessor-based controller, is con?gured to receive 
inputs from a user and/or various sensors in one of the pro 
cessing chambers and appropriately control the processing 
chamber components in accordance With the various inputs 
and softWare instructions retained in the controller’s memory. 
The controller 801 generally contains memory and a CPU 
(not shoWn) Which are utiliZed by the controller to retain 
various programs, process the programs, and execute the 
programs When necessary. The memory (not shoWn) is con 
nected to the CPU, and may be one or more of a readily 
available memory, such as random access memory (RAM), 
read only memory (ROM), ?oppy disk, hard disk, or any other 
form of digital storage, local or remote. Software instructions 
and data can be coded and stored Within the memory for 
instructing the CPU. The support circuits (not shoWn) are also 
connected to the CPU for supporting the processor in a con 
ventional manner. The support circuits may include cache, 
poWer supplies, clock circuits, input/output circuitry, sub 
systems, and the like all Well knoWn in the art. A program (or 
computer instructions) readable by the controller 801 deter 
mines Which tasks are performable in the processing chamber 
(s). Preferably, the program is softWare readable by the con 
troller 801 and includes instructions to monitor and control 
the process based on de?ned rules and input data. 

[0038] FIG. 7 further illustrates a coater/ developer module 
100 mounted in the second central processing rack 854, that 
may adapted to perform a photoresist coat step or a develop 
step in both of the processing chambers 110 and 111. This 
con?guration is advantageous since it alloWs some of the 
common components found in the tWo processing chambers 
110 and 111 to be shared thus reducing the system cost, 
complexity and footprint of the tool. As illustrated in FIG. 7 
and described in more detail beloW, tWo spin chucks 130 and 
131 are provided in processing chambers 110 and 111, 
respectively. A shared central ?uid dispense bank 112 is posi 
tioned betWeen the tWo processing chambers and dispense 
arm assembly 118 is able to select noZZles from the central 
?uid dispense bank and serve both spin chucks. In embodi 
ments of the present invention, central robot 807 is able to 
access both processing chambers 110 and 111 independently. 

[0039] FIG. 1A is a simpli?ed perspective illustration of a 
?uid dispensing apparatus according to one embodiment of 
the present invention. Fluid dispensing apparatus 100 is illus 
trated as containing a frame 105. Additional components are 
provided by embodiments of the present invention, although, 
for purposes of clarity, not all components are illustrated. For 
example, intake and exhaust ports, as Well as electrical feeds 
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generally present at the sides of the frame are not illustrated in 
FIG. 1A. Additional details concerning some of the compo 
nents are provided in FIG. 2. 
[0040] As illustrated in FIG. 1A, tWo separate processing 
chambers 110 and 111 are located Within frame 105 on the left 
and right sides of a central ?uid dispense bank 112, respec 
tively. In some coat/develop modules, processing chambers 
110 and 111 are referred to as processing stations. Herein the 
terms processing chamber and processing station is used 
interchangeably. Merely by Way of example, the invention 
has been applied to a coater/ developer module With a pair of 
coat/develop boWls horizontally arrayed on either side of a 
central ?uid dispense bank, but this is not required by the 
present invention. In a particular embodiment, the coat mod 
ule is a photoresist module With different photoresists as Well 
as photoresists combined With different concentrations of 
solvents. As Will be evident to one of skill in the art, the ?uids 
dispensed by the central ?uid dispense bank may be delivered 
in the form of liquid, vapor, mist, or droplets. 
[0041] In other embodiments, the processing chambers are 
processing modules that may be adapted to perform, for 
example, coating processes using organic and inorganic ?u 
ids, hybrid organic/inorganic ?uids, aqueous ?uids, and the 
like. Merely by Way of example, these ?uids may be utiliZed 
in processes including bottom antire?ection coating (BARC), 
resist, top antire?ection coating (TARC), develop, shrink 
coat, PIQTM (Poly-Isoindolo-QuinaZolinedione), spin on 
materials including spin on glass, spin on dielectric, spin on 
hardmask, and the like. Moreover, processes utiliZing other 
?uids, including those used for electroless and electrochemi 
cal plating processes, as Well as Wet clean and the like, are 
included in the scope of the present invention. 
[0042] In the embodiment illustrated in FIG. 1A, the pro 
cessing chambers 110 and 111 generally contain all of the 
processing components described in US. Provisional Appli 
cation Ser. No. 60/639,109 in conjunction With the coater 
module or developer module. Additionally, the tWo chambers 
share central ?uid dispense bank 112. The central ?uid dis 
pense bank contains a number of dispense noZZles 114. Each 
spin chuck 130 and 131 is coupled to a motor (not shoWn) 
through a shaft (not shoWn) and adapted to rotate about an 
axis perpendicular to the face of the spin chuck. In some 
embodiments, the spin chucks 130 and 131 contain a sealing 
surface connected to a vacuum source that is adapted to hold 
the substrate While the substrate is being rotated. 
[0043] A controller (not shoWn) is provided and connected 
to the motors so that the timing and rotation speed of the spin 
chucks can be controlled in a predetermined manner. In some 

embodiments, the rotation speed may be variable or constant 
as a function of time. In one embodiment, the rotation motor 
is adapted to rotate a 300 mm semiconductor substrate 
betWeen about 1 revolution per minute (RPM) and about 
5,000 RPMs With an acceleration rate of up to about 50,000 
RPMs/ s. One of ordinary skill in the art Would recogniZe 
many variations, modi?cations, and alternatives. 
[0044] The dispense arm assembly 118 is actuated in three 
dimensions by motors 105, 106, and 107. Motor 105 is used 
to move the dispense arm assembly along the guide rail 119 in 
a ?rst direction, sometimes referred to as a longitudinal direc 
tion. The motor is selected to provide for motion of the dis 
pense arm assembly With predetermined speed, accuracy, and 
repeatability. In one embodiment, the travel of the dispense 
arm assembly along the guide rail is su?icient for the dispense 
arm assembly to reach the center of both Wafers. In some 
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embodiments, motion stops, positional feedback, and inter 
locks are provided as are Well knoWn to one of skill in the art. 

[0045] Motor 106 is used to move extension arm 117 in a 
second (vertical) direction, sometimes referred to as a trans 
verse direction. The motor is selected to provide for motion of 
the extension arm With predetermined speed, accuracy, and 
repeatability. In one embodiment, the travel of the extension 
arm in the transverse direction is su?icient for a gripper 
assembly to reach the dispense noZZles, and to lift the dis 
pense noZZles above upper edges of the cups, extension arm 
access doors, and other obstructions While moving to the 
center of the spin chuck. In some embodiments, motion stops, 
positional feedback, and interlocks are provided as are Well 
knoWn to one of skill in the art. 

[0046] Motor 107 is used to move the gripper assembly 108 
in a third direction, sometimes referred to as a lateral direc 
tion. As illustrated in FIG. 1A, the gripper assembly 107 is 
moveable along the extension arm 220 and is shoWn in a ?rst 
position above noZZle holder assembly 117 and in a second 
optional position above noZZle holder assembly 116. The 
motor is selected to provide for motion of the gripper assem 
bly With predetermined speed, accuracy, and repeatability. In 
one embodiment, the travel of the gripper assembly in the 
lateral direction is suf?cient for the gripper assembly to reach 
both noZZle banks. In embodiments in Which a single noZZle 
bank oriented in the transverse direction is utiliZed, the travel 
of the gripper assembly is su?icient for the gripper assembly 
to reach all noZZles in the bank. In some embodiments, 
motion stops, positional feedback, and interlocks are pro 
vided as are Well knoWn to one of skill in the art. 

[0047] FIG. 1B is a simpli?ed perspective illustration of a 
?uid dispensing apparatus according to another embodiment 
of the present invention. As illustrated in FIG. 1B, dispense 
arm access shutters 122 and 123 are provided inside the frame 
105. Dispense access arm shutter 122 is positioned betWeen 
the ?rst processing chamber 110 and the central ?uid dis 
pense bank 112. Dispense access arm shutter 123 is posi 
tioned betWeen the central ?uid dispense bank and the second 
processing chamber 111. In embodiments of the present 
invention, the dispense arm access shutters are moveable 
betWeen an open and closed positioned, along With positioned 
therebetWeen. As illustrated in FIG. 1B, dispense arm access 
shutter 122 is about half Way betWeen the open and closed 
position. Dispense arm access shutter 123 is illustrated in a 
closed position. When the dispense arm access shutters are in 
the open position, the dispense arm assembly is free to travel 
betWeen the processing chambers and the central ?uid dis 
pense bank. 
[0048] FIG. 2 is a simpli?ed schematic plan vieW of a ?uid 
dispensing apparatus according to one embodiment of the 
present invention. Referring to FIG. 2, the cups 140 and 141 
are manufactured from a material characterized by suitable 
rigidity and solvent-resistance. For example in some embodi 
ments of the present invention, cups 140 and 141 are manu 
factured from a plastic material (e. g., Polytetra?uoroethylene 
(PTFE), per?uoroalkoxy (PFA), polypropylene, or Polyvi 
nylidene ?uoride (PVDF)), a ceramic material, a metal coated 
With a plastic material (e.g., aluminum or SST coated With 
either PVDF, Halar, etc.), or other materials that are compat 
ible With the processing ?uids delivered from the ?uid dis 
pense system 112. 
[0049] A lift assembly (not shoWn) generally contains an 
actuator (not shoWn), such as an air cylinder or servomotor, 
and a guide (not shoWn), such as a linear ball bearing slide, 
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Which are adapted to raise and lower the rotatable spin chucks 
130 and 131 to a desired position. The lift assembly is thus 
adapted to position the substrate mounted on the rotatable 
spin chucks in the cups during processing and also lift the 
substrate above the top of the cup to exchange the substrate 
With an external robot positioned outside the enclosure 1 00. A 
robot blade (not shoWn), Which is attached to the external 
robot, enters the apparatus 100 through the robot access shut 
ters 120 and 121. 

[0050] As illustrated in FIG. 2, a pre-Wet noZZle 115 is 
located at a distal end of extension arm assembly 118. In some 
embodiments, the pre-Wet noZZle is plumbed through com 
ponents coupled to the extension arm. In these embodiments, 
because the single pre-Wet noZZle is present on the extension 
arm, the design of each of the individual dispense noZZles is 
simpli?ed. In particular, in some embodiments, no pre-Wet 
noZZle is included as part of each dispense noZZle. As 
described more fully beloW, the extension arm is a telescoping 
arm, thus capable of controllably positioning the pre-Wet 
noZZle 115 a desired distance from the guide mechanism 119. 
Furthermore, backside rinse (BSR) noZZles 138 are included 
on a portion of the boWl situated beloW a substrate positioned 
on the spin chucks 130 and 131. The BSR noZZles provide a 
solvent applied to the backside of the substrate during a 
cleaning step. In one embodiment, an edge bead removal 
(EBR) arm 150 is provided at a corner of each processing 
chamber. As illustrate in FIG. 2, the BER arm rotates around 
a pivot 152 located at a proximal end of the BER arm to 
position a distal end of the BER arm at a position over an edge 
of a substrate mounted on the spin chuck. An EBR ?uid is 
dispensed through a noZZle located at the distal end of the 
BER arm to remove an edge bead present on the substrate. 

[0051] A gas ?oW distribution system is adapted to deliver 
a uniform ?oW of a gas through the enclosure 100 and pro 
cessing chambers 110 and 111. In a speci?c embodiment the 
gas ?oW distribution system provides temperature and/or 
humidity controlled air through supply ports 160. Cup 
exhausts 162 provide for removal of air from the processing 
chamber. Cup drains 164 provide for removal of ?uids from 
the cups. As illustrated in FIG. 2, four ports are shoWn in 
relation to the temperature and/ or humidity controlled air, the 
cup exhausts, and the cup drains. This illustration is provided 
because, in some embodiments, four dispense systems are 
vertically stacked to reduce system footprint. Thus, for 
example, each of the illustrated cup exhausts is coupled to a 
cup in one of the four dispense systems. 
[0052] Although the various air and ?uid handling compo 
nents shoWn in FIG. 2 are illustrated as four separate ports, 
this is not required by the present invention. In alternative 
embodiments, the air and ?uid handling components are pro 
vided in different numbers depending on the overall system 
architecture. Additionally, although the ports are illustrated as 
uniform in dimension Within each group, this is not required 
by the present invention. Moreover, combination of separate 
ports into larger communal ports are provided in alternative 
embodiments. One of ordinary skill in the art Would recog 
niZe many variations, modi?cations, and alternatives. 
[0053] Moreover, as Will be evident to one of skill in the art, 
provision of temperature and humidity controlled gas, for 
example, air, to the processing chambers generally extends to 
the monitoring and control of various air ?oW parameters. 
Merely by Way of example, in an embodiment of the present 
invention, the environment of the chamber is monitored and 
parameters including the solvent partial pressure and vapor 
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concentration, air ?oW velocity, air ?oW rates, and differential 
pressure among others, are controlled to achieve the desired 
air temperature and humidity. Moreover, static discharge 
from the ?lm present on the substrate is controlled in some 
embodiments in addition to the chamber environment. 
Accordingly, through control of the processing chamber envi 
ronment and substrate parameters, among other factors, such 
as chuck spin rate, it is possible to control the coating char 
acteristics. 
[0054] Each of the tWo chambers also includes a robot 
access shutter 120/121 to alternately provide a seal for an 
access port and provide access for a robot arm to pass through 
the access port. When a substrate is ready to be processed and 
the processing chamber is available to process the substrate, 
the robot access shutter is opened. A robot arm (not shoWn), 
on Which the substrate is supported, is moved through the 
access port to move the substrate from a position outside the 
processing chamber to a position over one of the spin chucks. 
Utilizing methods Well knoWn to one of skill in the art, the 
robot arm places the substrate on the spin chuck, exits the 
processing chamber, and the robot access shutter is closed. 
[0055] Using the robot access shutters 120 and 121, a robot 
can load substrates into processing chambers 110 and 111 
independently in an alternating manner. In some embodi 
ments, While coat/develop processes are performed in pro 
cessing chamber 110, robot access shutter 121 is opened to 
load a substrate into processing chamber 111. Alternatively, 
While coat/develop processes are performed in processing 
chamber 111, robot access shutter 120 provides independent 
access to processing chamber 110. System throughput is 
enhanced using embodiments of the present invention as 
loading and processing of substrates is performed simulta 
neously in the tWo processing chambers. 
[0056] As illustrated in FIG. 2, each of the tWo processing 
chambers also include a dispense arm access shutter 122 and 
123 positioned betWeen the spin chucks 130 and 131, respec 
tively, and the central ?uid dispense bank 112. Although 
dispense arm access shutters are not provided in the embodi 
ment illustrated in FIG. 1, in some embodiments, the dispense 
arm access shutters provide a shield to isolate the processing 
chambers from the central ?uid dispense bank during opera 
tion of the system. Generally, the dispense arm access shutter 
is opened to permit movement of a dispense arm assembly 
118 into the processing chambers and closed after completion 
of the dispense step and return of the dispense arm assembly 
to the central ?uid dispense bank region. In general, coat 
processes include accelerating the substrate to a desired spin 
rate, dispensing the coating ?uid, e.g., resist, for several sec 
onds, and continue spinning the substrate for tens of seconds. 
Merely by Way of example, in one embodiment of the present 
invention, the substrate is spun up until a rate of 500 RPMs is 
reached, resist is dispensed for about 3 seconds, and the 
substrate is maintained at a spin rate of 1,800 RPMs for about 
60 seconds. In this embodiment, after the resist ?uid is dis 
pensed, the dispense arm returns to the central ?uid dispense 
bank and the dispense arm access shutter is closed While the 
substrate continues spinning for about 55 seconds. 
[0057] In some embodiments of the present invention, the 
dispense arm access shutters 122 and 123 not only provide for 
isolation from liquids present in the central ?uid dispense 
bank, but for additional particle control inside each of the 
processing chambers. For example, in one embodiment, the 
dispense arm access shutter provides a seal for the processing 
chamber that limits the ?oW of air-bome particles from the 
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central ?uid dispense bank into the processing chambers. 
Accordingly, the dispense arm access shutters minimize 
cross-talk betWeen processing chambers and prevent con 
taminants from traveling across chamber boundaries. Addi 
tionally, the dispense arm access shutters provide for substan 
tial ?oW restriction betWeen processing chambers, reducing 
the air ?oW betWeen the respective processing chambers and 
the central ?uid dispense bank. Generally, to provide accept 
able service lifetimes, among other reasons, the dispense arm 
access shutters are made from chemically resistant materials 
such as aluminum and the like. 

[0058] Although illustrated in FIG. 1B as sliding vertically 
betWeen the open and closed positions, this is not required by 
the present invention. In other embodiments, the dispense 
arm access shutters are moved betWeen various positions in 

linear, rotary, angled trajectories, or the like. In some embodi 
ments, the dispense arm access shutters are actuated by pneu 
matic pressure, a solenoid, or by a motor, depending on the 
particular application. Generally, the motion of the dispense 
arm access shutters is controlled in conjunction With one or 
more interlocks. In speci?c embodiments, the interlocks 
operate using mechanical, electrical, or software sWitches or 
controls. One of ordinary skill in the art Would recogniZe 
many variations, modi?cations, and alternatives. 
[0059] Moreover, independent control of the temperature 
and/or humidity in the vicinity of each of the substrates is 
provided by embodiments of the present invention. For some 
coating processes, the parameters associated With the ?nished 
coating are a function of the temperature of the coating pro 
cess, the humidity in the vicinity of the substrate, or both. 
Embodiments of the present invention provide for indepen 
dent temperature and/ or humidity control in processing 
chambers 110 and 111. Thus, for coating processes in Which 
different temperature and/ or humidity settings are needed for 
a particular process, embodiments of the present invention 
provide the necessary control. Merely by Way of example, in 
processing chamber 110, a coating process may require con 
trol over the temperature and the humidity of the environment 
surrounding the substrate being coated, While simulta 
neously, a develop process may only require control of the 
temperature. In yet other embodiments, either the tempera 
ture, the humidity, or both may be independently controlled in 
the tWo processing chambers. 

[0060] In some embodiments, the temperature and/or 
humidity inside a processing chamber may be controlled 
prior to, during, and after a dispense operation by the use of 
the robot arm access doors. For a process adapted to operate 
at a predetermined temperature and/or humidity, the access 
door canbe opened to admit the dispense arm, partially closed 
during the ?uid dispense step, fully re-opened to enable the 
dispense arm to exit the processing chamber, and fully closed 
during the completion of the dispense process. 
[0061] The central ?uid dispense bank 112 contains a plu 
rality of noZZles 114 that are contained in one or more noZZle 
holder assemblies 116. As described more fully in Us. Pro 
visional Application Ser. No. 60/639,109, the ?uid dispense 
system used in the coater or developer modules may contain 
one or more ?uid source assemblies (not shoWn) Which 
deliver one or more processing ?uids to the surface of a 
substrate mounted on the spin chuck 130. In some embodi 
ments of the present invention, the home position of the 
dispense arm is in the central ?uid dispense bank region. 
Thus, during substrate loading and unloading operations 
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through robot access doors 120 and 121, the dispense arm is 
located at the home position in the central ?uid dispense bank 
region. 
[0062] As illustrated in FIG. 1, tWo dispense noZZle banks 
are provided in one embodiment of the present invention. 
Each noZZle 114, contained in the noZZle holder assemblies 
116, is typically connected to plumbing components (includ 
ing a supply tube, a pump, a ?lter, a suck back valve, a ?uid 
source, and the like) and is adapted to dispense a single type 
of processing ?uid. In a particular embodiment, the process 
ing ?uid is a photoresist, a solvent, a coating, a developer, or 
the like. One of ordinary skill in the art Would recogniZe many 
variations, modi?cations, and alternatives. As the dispense 
arm is able to be positioned in either the left or right process 
ing chambers, each central ?uid dispense bank can serve both 
processing chambers, thus reducing the redundancy required 
in each processing chamber. 
[0063] As Will be appreciated by one of skill in the art, the 
noZZle designs utiliZed for various processes typically differ 
depending on the features of the particular application. 
Merely by Way of example, a resist noZZle bank typically 
includes betWeen four and ten noZZles. In a particular 
embodiment of the present invention, a resist noZZle bank 
includes more than ten noZZles. Generally, resist noZZles are 
adapted to dispense a variety of chemicals, including resist, 
antire?ection coatings, and spin on materials (e.g., SOG and 
SOD). A develop noZZle bank, on the other hand, typically 
includes betWeen one and three noZZles. In some embodi 
ments, more than three develop noZZles are included in a 
develop noZZle bank. Additionally, some develop noZZle 
banks include a number of rinse lines as appropriate to the 
particular application. 
[0064] The design of the noZZle, Whether resist or develop, 
may share similarities in design as appropriate to the particu 
lar applications. Moreover, the time over Which dispense 
operations are performed Will generally vary, With resist 
operations occurring over periods of several seconds, 
Whereas develop operations may occur over periods of sev 
eral hundred seconds. Accordingly, embodiments of the 
present invention provide central ?uid dispense banks With 
noZZles appropriate to the function of the particular dispense 
assembly. 
[0065] As illustrated in FIGS. 1 and 2, the central ?uid 
dispense bank includes a number of dispense noZZles. In the 
embodiment illustrated in FIGS. 1A, 1B, and 2, the dispense 
noZZles are arranged in tWo groups of noZZles, speci?cally, a 
?rst group of ?ve noZZles contained in noZZle holder assem 
bly 116 and a second group of ?ve noZZles contained in 
noZZle holder assembly 117. As illustrated, the dispense 
noZZles are arrayed longitudinally in the noZZle holder assem 
blies. In other Words, the long dimension of the noZZle holder 
assemblies is aligned parallel to a line connecting the center 
of spin chuck 130 With the center of spin chuck 131. In 
embodiments in Which the spin chucks are centered inside 
their respective processing chambers, the noZZle holder 
assemblies are aligned parallel to a line connecting the center 
of the ?rst processing chamber and the second processing 
chamber. Another frame of reference to Which the noZZle 
holder assemblies can be referenced is the length of the guide 
mechanism 119. As illustrated in FIG. 1, the noZZle holder 
assemblies 116 and 117 are aligned parallel to the length of 
the guide mechanism 119. 
[0066] While FIGS. 1-3 illustrate a con?guration Where 
each noZZle holder assembly 116 contains ?ve noZZles 114, in 
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other embodiments the nozzle holder assembly 116 may con 
tain a lesser number of noZZles or a greater number of noZZles 
Without varying form the basic scope of the invention. For 
example, in one embodiment, tWo banks containing eight 
noZZles per bank are provided. Additionally, although the 
noZZle holder assemblies are illustrated as aligned parallel to 
the length guide mechanism 119 in FIG. 1, this is not required 
by the present invention. In alternative embodiments, the 
noZZle holder assemblies are aligned perpendicular to the 
length of the guide mechanism. Moreover, in one speci?c 
embodiment, a single bank containing eight noZZles is pro 
vided. In this speci?c embodiment, the single noZZle bank is 
arranged With noZZle holder assembly aligned perpendicular 
to the length of the guide mechanism. These alternative 
embodiments Will be described beloW in more detail. 

[0067] As illustrated in FIG. 1, all of the dispense noZZles 
provided in the noZZle dispense banks are arrayed in a single 
plane parallel to the plane including the spin chucks. HoW 
ever, this is not required by the present invention. In alterna 
tive embodiments (not illustrated), the dispense noZZles are 
stacked vertically, With a ?rst number of noZZles arrayed in a 
?rst plane and a second number of noZZles are arrayed in a 
second plane. Moreover, in some embodiments, the noZZles 
are both stacked vertically and staggered laterally, providing 
access to the noZZles are appropriate to a particular applica 
tion. 

[0068] FIG. 3A is a simpli?ed schematic plan vieW of a 
?uid dispensing apparatus in a ?rst mode of operation accord 
ing to one embodiment of the present invention. The ?uid 
dispensing apparatus is a coater/developer module in a spe 
ci?c embodiment of the present invention. As illustrated in 
FIG. 3A, the dispense arm assembly 118, sometimes referred 
to as a noZZle arm assembly, is positioned over the right 
processing chamber to dispense a processing ?uid onto a 
substrate 210 retained on the spin chuck 130. The dispense 
arm assembly 118 may contain an arm 220 and noZZle hold 
ing mechanism 222. The dispense arm assembly 118 is 
attached to an actuator 224 that is adapted to transfer and 
position the dispense arm assembly 118 in any position along 
the guide mechanism 226. In one embodiment, a system 
controller (not shoWn) is adapted to move the dispense arm 
assembly 118 vertically to correctly position the noZZle 114 
over the substrate 210 during processing and also enable the 
noZZle holding mechanism to pick-up and drop-off the 
noZZles 114 from the noZZle holder assemblies 116. As 
described above, dispense arm access shutter 123 is adapted 
to move vertically to close and isolate one processing cham 
ber 111 during processing from the central ?uid dispense 
bank 112 along With the other process module 110 to prevent 
cross contamination of the substrates during processing. 
[0069] FIG. 3B is a simpli?ed schematic plan vieW of a 
?uid dispensing apparatus in a second mode of operation 
according to another embodiment of the present invention. As 
illustrated in FIG. 3B, the dispense arm assembly 118 is 
positioned over the left processing chamber 110 to dispense a 
processing ?uid on a substrate 310 retained on the spin chuck 
130. Dispense arm access shutter 122 is adapted to move 
vertically to close and isolate processing chamber 110 from 
the central ?uid dispense bank 112 along With the other pro 
cessing chamber 111 during processing to prevent cross con 
tamination of the substrates during processing. 
[0070] FIG. 6 is a simpli?ed schematic plan vieW of a ?uid 
dispensing apparatus according to another embodiment of the 
present invention. As illustrated in FIG. 6, the ?uid dispensing 
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apparatus shares some commonalities With the apparatus 
illustrated in FIG. 2. For example, the apparatus illustrated in 
FIG. 6 includes a central ?uid dispense bank 612 comprising 
a number of dispense noZZles, a home region 614 and tWo 
processing chambers positioned on opposite sides of the cen 
tral ?uid dispense bank and home region. As illustrated in 
FIG. 6, the central ?uid dispense bank contains a single 
noZZle holder assembly 616 With the long dimension of the 
noZZle holder assembly substantially perpendicular to a line 
connecting the center of processing chamber 610 and the 
center of processing chamber 611. 

[0071] The assembly illustrated in FIG. 6 also contains tWo 
noZZle arm assemblies 620 and 622 Which are adapted to 
access, select, and detachably couple a dispense noZZle 618 
from the noZZle holder assembly contained in the shared 
central ?uid dispense bank. Each dispense arm assembly is 
actuated by motors (not shoWn) to translate the selected dis 
pense noZZle to a desired position over the surface of the 
associated substrate. For example, dispense arm assembly 
620 is associated With spin chuck 630 and dispense arm 
assembly 622 is associated With spin chuck 632. As illustrated 
in FIG. 6, dispense arm assembly 622 is located at the home 
region and is not coupled to a dispense noZZle. On the other 
hand, dispense arm assembly 620 is coupled to a dispense 
noZZle, Which Was initially positioned at location 640 in the 
noZZle holder assembly. Additionally, dispense arm assembly 
620 has been moved to a position from Which a coating ?uid 
dispensed from the dispense noZZle Will impinge on the cen 
ter of substrate 650. 

[0072] The dispense arm access shutters have been subdi 
vided in the embodiment illustrated in FIG. 6 to provide 
separate access for the dispense arm assemblies With respect 
to the home position and the central ?uid dispense bank. 
Additional moveable or permanent partitions are included in 
additional embodiments as Will be evident to one of skill in 
the art. Merely by Way of example, a permanent partition 660 
located betWeen the central ?uid dispense bank 612 and the 
home position 614 Will provide for environmental isolation 
betWeen the central ?uid dispense bank and the home region. 
In the embodiment illustrated in FIG. 6, each of the dispense 
noZZles may be plumbed to provide a different ?uid solution. 
Alternatively, multiple noZZles may share the same pump and 
dispense the same ?uid, for example a particular resist. 
Accordingly, the ?uid dispensing apparatus illustrated in 
FIG. 6 is capable of performing a Wide variety of coat and 
develop processes. 
[0073] FIG. 4A is a simpli?ed ?oWchart illustrating a 
method of operating a ?uid dispense apparatus according to 
one embodiment of the present invention. The method 
includes providing a central ?uid dispense bank comprising a 
number of dispense noZZles in step 410. In a particular 
embodiment, the central ?uid dispense bank contains 16 
noZZles providing 16 different resists. In an alternative 
embodiment, 16 noZZles are provided, but a single resist is 
provided by each noZZle, With the concentration of solvent 
varying With each noZZle. In other embodiments, the central 
?uid dispense bank contains a lesser or greater number of 
noZZles, depending on the particular application. The method 
also includes (step 412) providing a ?rst processing chamber 
positioned on a ?rst side of the central ?uid dispense bank and 
a second processing chamber positioned on a second side of 
the central ?uid dispense bank, Wherein the ?rst side is oppo 
site the second side. The method further includes providing a 
dispense arm assembly located at a home position in step 414. 
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In embodiments of the present invention, the home position is 
in the central ?uid dispense bank region and the dispense arm 
assembly is adapted to translate betWeen the central ?uid 
dispense bank and the ?rst and second processing chambers. 
The home position is not limited to a particular location inside 
the central ?uid dispense bank region, but is understood to be 
a general location in the vicinity of the dispense noZZles. 

[0074] In step 416, a dispense noZZle is selected from the 
dispense noZZles located in the central ?uid dispense bank 
and the selected noZZle is coupled to the dispense arm assem 
bly. In embodiments of the present invention, the step of 
selecting a ?rst dispense noZZle includes detachably coupling 
the noZZle to the dispense arm using a gripper assembly 
integrated into an extension arm of the dispense arm assem 
bly. As described previously, the dispense arm assembly is 
adapted to move in three dimensions, enabling the dispense 
arm assembly to lift the selected noZZle out of the noZZle 
holder assemblies and move the noZZle to either of the pro 
cessing chambers. Translation in the vertical direction is uti 
liZed in one embodiment to remove the selected noZZle from 
the noZZle holder assembly and to position the noZZle a pre 
determined distance from the substrate surface prior to a ?uid 
dispense step. One of ordinary skill in the art Would recogniZe 
many variations, modi?cations, and alternatives. In step 418, 
the dispense arm assembly is translated by actuation of 
motors coupled to the dispense arm assembly. The dispense 
arm assembly is moved to position the dispense noZZle at a 
?rst position in the ?rst processing chamber. 
[0075] In some embodiments, the method includes posi 
tioning the noZZle at a ?rst dispense position located over the 
center region of the substrate mounted on spin chuck 130, but 
this is not required by the present invention. Alternative 
embodiments utiliZe other positions Within processing cham 
ber 1 1 0. 

[0076] The spin chuck is rotated to bring the substrate rota 
tional speed to a predetermined value. In an embodiment, the 
spin chuck accelerates the substrate With an acceleration rate 
of up to about 50,000 RPMs/s to bring the substrate from a 
stationary position to a rotation rate of about 5,000 RPMs. 
Alternatively, the acceleration rate ranges from about 10 
RPMs/ s to about 50,000 RPMs/ s and the rotation rate ranges 
from about one RPM to about 5,000 RPMs. Of course, the 
acceleration rate and the rotation rate Will depend upon the 
particular applications. 
[0077] In embodiments in Which a solvent pre-Wet is uti 
liZed, the ?rst position is selected to position the solvent 
pre-Wet noZZle present on the dispense arm assembly at a 
dispense position. In a speci?c embodiment, the dispense 
position is one in Which the solvent pre-Wet noZZle is posi 
tioned over the center of the substrate. After the solvent pre 
Wet noZZle is positioned, solvent is dispensed onto the spin 
ning substrate. Subsequently, the dispense arm assembly is 
actuated to move the dispense arm assembly and position the 
dispense noZZle over the center of the substrate prior to dis 
pensing ?uid from the dispense noZZle. 
[0078] A coating ?uid is dispensed from the selected dis 
pense noZZle, generally on a center portion of the substrate 
mounted on spin chuck 130 in step 420. The spin chuck is 
rotated during the dispense operation to spread the coating 
?uid over the surface of the substrate. The rotation speed may 
be variable or constant as a function of time. One of ordinary 
skill in the art Would recogniZe many variations, modi?ca 
tions, and alternatives. The dispense arm is returned to the 
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home position in step 422 and selected dispense noZZle is 
returned to the central ?uid dispense bank. 
[0079] FIG. 4B is a simpli?ed ?oWchart illustrating a 
method of operating a ?uid dispense apparatus according to 
another embodiment of the present invention. Steps 450 
through 460 in FIG. 4B parallel steps 410 through 420 in FIG. 
4A. In the alternative embodiment illustrated in FIG. 4B, 
rather than returning the dispense arm assembly to the central 
?uid dispense bank and returning the selected dispense 
noZZle to the central ?uid dispense bank, the dispense arm 
assembly is translated to a second position located over the 
center region of a second substrate mounted on spin chuck 
131 in step 462. In embodiments in Which a solvent pre-Wet is 
utiliZed, the second position is selected to alloW for dispens 
ing of a solvent onto the center of the second substrate prior to 
adjustment of the dispense noZZle position and dispensing of 
the coating ?uid from the dispense noZZle. 
[0080] In a manner similar to the ?rst dispense operation, 
the spin chuck 131 is rotated to bring the substrate rotational 
speed to a predetermined value. Depending on the applica 
tion, the dispense parameters may be the same or different 
from those employed during the ?rst dispense step. The 
optional solvent pre-Wet and the coating ?uid are dispensed 
from the selected dispense noZZle in step 464, generally on a 
center portion of the substrate mounted on spin chuck 131. 
The spin chuck is rotated during the dispense operation to 
spread the coating ?uid over the surface of the substrate. The 
rotation speed may be variable or constant as a function of 
time. One of ordinary skill in the art Would recognize many 
variations, modi?cations, and alternatives. After the second 
dispense step, the dispense arm assembly is returned to the 
home position over the central ?uid dispense bank in step 466 
and the selected dispense noZZle is returned to the central ?uid 
dispense bank. 
[0081] Although the previous example utiliZes a single 
selected dispense noZZle for the ?rst and second dispense 
steps, this is not required by the present invention. In other 
embodiments, steps are inserted betWeen steps 460 and 462 
so that a ?rst dispense noZZle is selected for the ?rst dispense 
step and a second dispense noZZle is selected for the second 
dispense step. Furthermore, in yet other alternative embodi 
ments, the method of dispensing ?uid onto substrates is not 
stopped after the second dispense step, but continued for 
more than tWo dispense steps. The dispense steps may alter 
nate betWeen processing chambers or may feature multiple 
sequential dispense steps in one processing chamber With the 
same or a different coating ?uid. The variations possible With 
multiple dispense noZZles, multiple processing chambers and 
a home position for the dispense arm assembly in the central 
?uid dispense bank region Will be apparent to one of skill in 
the art. 

[0082] Substrates can be loaded into the tWo processing 
chambers using any appropriate robot. For example, in one 
embodiment, a central robot is adapted to transfer substrates 
into and out of both processing chambers in an alternating 
manner in one embodiment of the present invention. In some 
embodiments, the dispense arm assembly is positioned at a 
home position in the central ?uid dispense bank region While 
the substrates are loaded by the central robot into the process 
ing chambers. During the robot loading and unloading pro 
cess, the dispense arm access doors are generally kept closed 
to limit movement of air and air-borne particles betWeen the 
processing chambers and the central ?uid dispense bank 
region. 








