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(57) ABSTRACT 

A method of controlling Wafer critical dimension (CD) uni 
formity on a track lithography tool includes obtaining a CD 
map for a Wafer. The CD map includes a plurality of CD data 
points correlated With a multi-Zone heater geometry map. The 
multi-Zone heater includes a plurality of heater Zones. The 
method also includes determining a CD value for a ?rst heater 
Zone of the plurality of heater Zones based on one or more of 
the CD data points and computing a difference between the 
determined CD value for the ?rst heater Zone and a target CD 
value for the ?rst heater Zone. The method further includes 
determining a temperature variation for the ?rst heater Zone 
based, in part, on the computed difference and a temperature 
sensitivity of a photoresist deposited on the Wafer and modi 
fying a temperature of the ?rst heater Zone based, in part, on 
the temperature variation. 
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METHODS AND SYSTEMS FOR 
CONTROLLING CRITICAL DIMENSIONS IN 

TRACK LITHOGRAPHY TOOLS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Utility 
patent application Ser. No. 11/834,518, ?led on Aug. 6, 2007, 
Which application claims priority to US. Provisional Patent 
Application No. 60/836,310, ?led onAug. 7, 2006 and to US. 
Provisional Patent Application No. 60/ 836,248, ?led onAug. 
7, 2006, the disclosures of Which are incorporated by refer 
ence herein for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to the ?eld of 
substrate processing equipment. More particularly, the 
present invention relates to methods and apparatus for pro 
viding control of critical dimensions during lithography pro 
cesses. Merely by Way of example, embodiments of the 
present invention have been applied to controlling critical 
dimension across a semiconductor Wafer by control of a 
Zoned heater plate. HoWever, the present invention has 
broader applicability and can be applied to other processes for 
semiconductor substrates, for example, modi?cation of bake 
plate temperature based on a measurement Wafer. 

[0003] Modern integrated circuits contain millions of indi 
vidual elements that are formed by patterning the materials, 
such as silicon, metal and/or dielectric layers, that make up 
the integrated circuit to siZes that are small fractions of a 
micrometer. The technique used throughout the industry for 
forming such patterns is photolithography. A typical photoli 
thography process sequence generally includes depositing 
one or more uniform photoresist (resist) layers on the surface 
of a substrate, drying and curing the deposited layers, pattem 
ing the substrate by exposing the photoresist layer to electro 
magnetic radiation that is suitable for modifying the exposed 
layer and then developing the patterned photoresist layer. 
[0004] It is common in the semiconductor industry for 
many of the steps associated With the photolithography pro 
cess to be performed in a multi-chamber processing system 
(e.g., a cluster tool) that has the capability to sequentially 
process semiconductor Wafers in a controlled manner. One 
example of a cluster tool that is used to deposit (i.e., coat) and 
develop a photoresist material is commonly referred to as a 
track lithography tool. 
[0005] Track lithography tools typically include a main 
frame that houses multiple chambers (Which are sometimes 
referred to herein as stations or modules) dedicated to per 
forming the various tasks associated With pre- and post-li 
thography processing. There are typically both Wet and dry 
processing chambers Within track lithography tools. Wet 
chambers include coat and/ or develop boWls, While dry cham 
bers include thermal control units that house bake and/ or chill 
plates. Track lithography tools also frequently include one or 
more pod/cassette mounting devices, such as an industry 
standard FOUP (front opening uni?ed pod), to receive sub 
strates from and return substrates to the clean room, multiple 
substrate transfer robots to transfer substrates betWeen the 
various chambers/ stations of the track tool and an interface 
that alloWs the tool to be operatively coupled to a lithography 
exposure tool in order to transfer substrates into the expo sure 
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tool and receive substrates from the exposure tool after the 
substrates are processed Within the exposure tool. 
[0006] Over the years there has been a strong push Within 
the semiconductor industry to shrink the siZe of semiconduc 
tor devices. The reduced feature siZes have caused the indus 
try’s tolerance to process variability to shrink, Which in turn, 
has resulted in semiconductor manufacturing speci?cations 
having more stringent requirements for process uniformity 
and repeatability. An important factor in minimiZing process 
variability during track lithography processing sequences is 
to ensure that substrates processed Within the chambers of the 
track lithography tool are characteriZed by a controllable 
(usually spatially uniform) critical dimension (CD) across the 
substrate surface. Variations in the Wafer CD can result in 
reliability problems and adversely impact device yield. 
[0007] In vieW of these requirements, methods and tech 
niques are needed to provide controllable Wafer CD during 
semiconductor processing operations using track lithography 
tools and other types of cluster tools. 

SUMMARY OF THE INVENTION 

[0008] According to an embodiment of the present inven 
tion, a method of controlling Wafer critical dimension (CD) 
uniformity on a track lithography tool is provided. The 
method includes obtaining a CD map for a Wafer. The CD 
map includes a plurality of CD data points correlated With a 
multi-Zone heater geometry map. In embodiments of the 
present invention, the multi-Zone heater includes a plurality 
of heater Zones. The method also includes determining a CD 
value for a ?rst heater Zone of the plurality of heater Zones 
based on one or more of the CD data points, computing a 
difference betWeen the determined CD value for the ?rst 
heater Zone and a target CD value for the ?rst heater Zone, and 
determining a temperature variation for the ?rst heater Zone 
based, in part, on the computed difference and a temperature 
sensitivity of a photoresist deposited on the Wafer. The 
method further includes modifying a temperature of the ?rst 
heater Zone based, in part, on the temperature variation. 
[0009] According to another embodiment of the present 
invention, a method of controlling CD during processing of 
semiconductor Wafers is provided. The method includes mea 
suring a CD pro?le for a ?rst semiconductor Wafer, compar 
ing the measured CD pro?le With a target CD pro?le, and 
determining that the measured CD pro?le is not Within a 
predetermined tolerance of the target CD pro?le. The method 
also includes calculating a temperature offset for a Zone of a 
multi-Zone bake plate based on the determining step, modi 
fying a temperature set point of the Zone of the multi-Zone 
bake plate, and processing a second semiconductor Wafer 
using the modi?ed temperature set point. 
[0010] According to yet another embodiment of the present 
invention, a track lithography tool is provided. The track 
lithography tool includes a factory interface con?gured to 
receive a Wafer and a process module coupled to the factory 
interface. The process module includes a plurality of coat 
stations, a plurality of develop stations, and a thermal treat 
ment unit including a multi-Zone bake plate including a plu 
rality of heater Zones and characteriZed by a multi-Zone bake 
plate geometry map. The track lithography tool also includes 
a controller con?gured to receive a CD map for the Wafer. The 
CD map includes a plurality of CD data points correlated With 
the multi-Zone bake plate geometry map. The controller also 
includes a computer-readable medium storing a plurality of 
instructions for controlling a data processor to modify a Wafer 
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CD pro?le. The plurality of instructions include instructions 
that cause the data processor to determine a CD value for a 
?rst heater Zone of the plurality of heater Zones based on one 
or more of the CD data points and instructions that cause the 
data processor to compute a difference between the deter 
mined CD value for the ?rst heater Zone and a target CD value 
for the ?rst heater Zone. The plurality of instructions also 
include instructions that cause the data processor to deter 
mine a temperature variation for the ?rst heater Zone based, in 
part, on the computed difference and a temperature sensitivity 
of a photoresist deposited on the wafer and instructions that 
cause the data processor to modify a temperature of the ?rst 
heater Zone based, in part, on the temperature variation. 
[0011] According to an alternative embodiment of the 
present invention, a method of controlling wafer critical 
dimension uniformity on a track lithography tool is provided. 
The method includes obtaining a CD map for a wafer. The CD 
map may be obtained using an OCD metrology tool. The CD 
map includes a plurality of CD data points (e.g., 66 or more 
data points). The method also includes overlaying the CD 
map onto a Zoned-heater geometry map. In embodiments, the 
Zoned-heater geometry is based on a Zoned-heater including 
a plurality of Zones. The method further includes assigning 
each of the plurality of CD data points to at least one of the 
plurality of Zones, determining a temperature sensitivity of a 
photoresist associated with the wafer, and determining a tem 
perature variation for at least one of the plurality of Zones 
based, in part, on one or more of the plurality of CD data 
points. The temperature sensitivity may be associated with a 
slope of a CD versus temperature curve. Moreover, the 
method includes modifying a temperature of one or more of 
the plurality of Zones based, in part, on the temperature varia 
tion. 
[0012] According to a speci?c alternative embodiment, the 
method additionally includes repeating the obtaining, over 
laying, assigning, determining a temperature variation, and 
modifying steps one or more times. As an example, repeating 
modi?es a measured wafer CD to obtain a wafer CD within a 
predetermined value of a target wafer CD. Furthermore, the 
method may include averaging a subset of the plurality of CD 
data points associated with a Zone of the plurality of Zones, 
thereby providing a Zone CD average. 
[0013] Many bene?ts are achieved by way of the present 
invention over conventional techniques. For example, 
embodiments of the present invention provide for improved 
CD uniformity in comparison with conventional techniques. 
Additionally, embodiments provide a method of adjusting 
within-wafer CD uniformity that can be used as a framework 
for advanced process control on a lot-to-lot or even wafer-to 

wafer level. Furthermore, the technique is not limited to 
achieving optimum CD uniformity, but can also be used to 
achieve a particular, non-uniform CD distribution across a 
wafer. The methods and algorithms described herein also 
allow optimiZed uniformity pro?les to be achieved in fewer 
iteration than by manual adjustment. Depending upon the 
embodiment, one or more of these bene?ts, as well as other 
bene?ts, may be achieved. These and other bene?ts will be 
described in more detail throughout the present speci?cation 
and more particularly below in conjunction with the follow 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a simpli?ed plan view of a track lithogra 
phy tool according to an embodiment of the present inven 
tion; 
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[0015] FIG. 2 is a simpli?ed perspective view of an inte 
grated thermal unit according to an embodiment of the 
present invention; 
[0016] FIG. 3A is a top plan view of an example of a 
multi-Zone bake plate that includes six different electrically 
independently heating Zones according to an embodiment of 
the present invention; 
[0017] FIG. 3B is a simpli?ed illustration ofa portion ofa 
multi-Zone heater plate illustrating the computation of a 
weighted average used in a particular embodiment of the 
present invention; 
[0018] FIG. 4A is a simpli?ed ?owchart illustrating a 
method of controlling a wafer CD pro?le according to an 
embodiment of the present invention; 
[0019] FIG. 4B is a simpli?ed ?owchart illustrating another 
method of controlling CD according to an embodiment of the 
present invention; 
[0020] FIG. 5A is a simpli?ed plot of temperature sensitiv 
ity for a ?rst exemplary photoresist, Resist 1; 
[0021] FIG. 5B is a simpli?ed plot of temperature sensitiv 
ity for a second exemplary photoresist, Resist 2; 
[0022] FIG. 6 is a simpli?ed cross-sectional view of a 
multi-Zone heater plate according to an embodiment of the 
present invention; 
[0023] FIG. 7 is a simpli?ed cross-sectional view of a 
multi-Zone heater plate according to another embodiment of 
the present invention; 
[0024] FIG. 8 is a simpli?ed schematic diagram illustrating 
an adaptive heater surface according to an embodiment of the 
present invention; 
[0025] FIG. 9 is a simpli?ed schematic diagram of an appa 
ratus for introducing a heated gas into a bake chamber accord 
ing to an embodiment of the present invention; 
[0026] FIG. 10A is a simpli?ed schematic diagram illus 
trating a vessel coupled to a pedestal at a ?rst position accord 
ing to an embodiment of the present invention; 
[0027] FIG. 10B is a simpli?ed schematic diagram illus 
trating a vessel coupled to a pedestal at a second position 
according to an embodiment of the present invention; 
[0028] FIG. 11A is a simpli?ed schematic diagram illus 
trating a vessel coupled to a pedestal according to another 
embodiment of the present invention; 
[0029] FIG. 11B is a simpli?ed schematic diagram illus 
trating a vessel coupled to a pedestal according to yet another 
embodiment of the present invention; 
[0030] FIG. 12 is a simpli?ed diagram illustrating an inte 
grated thermal control system according to an embodiment of 
the present invention; and 
[0031] FIG. 13 is a simpli?ed diagram illustrating another 
system for quenching a heater plate according to an embodi 
ment of the present invention; 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0032] FIG. 1 is a plan view of a track lithography tool 
according to an embodiment of the present invention. In the 
embodiment illustrated in FIG. 1, the track lithography tool is 
coupled to an immersion scanner. An XYZ rectangular coor 
dinate system in which an XY plane is de?ned as the hori 
Zontal plane and a Z axis is de?ned to extend in the vertical 
direction is additionally shown in FIG. 1 for purposes of 
clarifying the directional relationship therebetween. 
[0033] In a particular embodiment, the track lithography 
tool is used to form, through use of a coating process, an 
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anti-re?ection (AR) and a photoresist ?lm on substrates, for 
example, semiconductor Wafers. The track lithography tool is 
also used to perform a development process on the substrates 
after they have been subjected to a pattern exposure process. 
Additional processes performed on the track lithography tool, 
Which may be coupled to an immersion scanner, include PEB 
and the like. The substrates processed by the track lithogra 
phy tool are not limited to semiconductor Wafers, but may 
include glass substrates for a liquid crystal display device, 
and the like. 
[0034] The track lithography tool 100 illustrated in FIG. 1 
includes an factory interface block 1, a BARC (Bottom Anti 
Re?ection Coating) block 2, a resist coating block 3, a devel 
opment processing block 4, and a scanner interface block 5. In 
the track lithography tool, the ?ve processing blocks 1 to 5 are 
arranged in a side-by-side relation. An exposure unit (or step 
per) EXP, Which is an external apparatus separate from the 
track lithography tool is provided and coupled to the scanner 
interface block 5. Additionally, the track lithography tool and 
the exposure unit EXP are connected via LAN lines 162 to a 
host computer 160. 
[0035] The factory interface block 1 is a processing block 
for transferring unprocessed substrates received from outside 
of the track lithography tool to the BARC block 2 and the 
resist coating block 3. The factory interface block 1 is also 
useful for transporting processed substrates received from the 
development processing block 4 to the outside of the track 
lithography tool. The factory interface block 1 includes a 
table 112 con?gured to receive a number of (in the illustrated 
embodiment, four) cassettes (or carriers) C, and a substrate 
transfer mechanism 113 for retrieving an unprocessed sub 
strate W from each of the cassettes C and for storing a pro 
cessed substrate W in each of the cassettes C. The substrate 
transfer mechanism 113 includes a movable base 114, Which 
is movable in the Y direction (horizontally) along the table 
112, and a robot arm 115 mounted on the movable base 114. 

[0036] The robot arm 115 is con?gured to support a sub 
strate W in a horizontal position during Wafer transfer opera 
tions. Additionally, the robot arm 115 is capable of moving in 
the Z direction (vertically) in relation to the movable base 
114, pivoting Within a horizontal plane, and translating back 
and forth in the direction of the pivot radius. Thus, using the 
substrate transfer mechanism 113, the holding arm 115 is able 
to gain access to each of the cassettes C, retrieve an unproc 
essed substrate W out of each cassette C, and store a pro 
cessed substrate W in each cassette C. The cassettes C may be 
one or several types including: an SMIF (standard mechanical 
interface) pod; an OC (open cassette), Which exposes stored 
substrates W to the atmosphere; or a FOUP (front opening 
uni?ed pod), Which stores substrates W in an enclosed or 
sealed space. 
[0037] The BARC block 2 is positioned adjacent to the 
factory interface block 1. Partition 20 may be used to provide 
an atmospheric seal betWeen the factory interface block 1 and 
the BARC block 2. The partition 20 is provided With a pair of 
vertically arranged substrate rest parts 30 and 31 each used as 
a transfer position When transferring a substrate W betWeen 
the factory interface block 1 and the BARC block 2. 
[0038] Referring to FIG. 1 again, BARC block 2 includes a 
bottom coating processor 124 con?gured to coat the surface 
of a substrate W With the AR ?lm, a pair of thermal proces sing 
toWers 122 forperforming one or more thermal processes that 
accompany the formation of the AR ?lm, and the transport 
robot 101, Which is used in transferring and receiving a sub 
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strate W to and from the bottom coating processor 124 and the 
pair of thermal processing toWers 122. Each of the coating 
processing units includes a spin chuck 126 on Which the 
substrate W is rotated in a substantially horizontal plane While 
the substrate W is held in a substantially horizontal position 
through suction. Each coating processing unit also includes a 
coating nozzle 128 used to apply a coating solution for theAR 
?lm onto the substrate W held on the spin chuck 126, a spin 
motor (not shoWn) con?gured to rotatably drive the spin 
chuck 126, a cup (not shoWn) surrounding the substrate W 
held on the spin chuck 22, and the like. 

[0039] The resist coating block 3 is a processing block for 
forming a resist ?lm on the substrate W after formation of the 
AR ?lm in the BARC block 2. In a particular embodiment, a 
chemically ampli?ed resist is used as the photoresist. The 
resist coating block 3 includes a resist coating processor 134 
used to form the resist ?lm on top of the AR ?lm, a pair of 
thermal processing toWers 132 for performing one or more 
thermal processes accompanying the resist coating process, 
and the transport robot 102, Which is used to transfer and 
receive a substrate W to and from the resist coating processor 
134 and the pair of thermal processing toWers 132. Each of the 
coating processing units includes a spin chuck 136, a coating 
nozzle 138 for applying a resist coating to the substrate W, a 
spin motor (not shoWn), a cup (not shoWn), and the like. 
[0040] The thermal processing toWers 132 include a num 
ber of vertically stacked bake chambers and cool plates. In a 
particular embodiment, the thermal processing toWer closest 
to the factory interface block 1 includes bake chambers and 
the thermal processing toWer farthest from the factory inter 
face block 1 includes cool plates. In the embodiment illus 
trated in FIG. 1, the bake chambers include a vertically 
stacked bake plate and temporary substrate holder as Well as 
a local transport mechanism 134 con?gured to move verti 
cally and horizontally to transport a substrate W betWeen the 
bake plate and the temporary substrate holder and may 
include an actively chilled transport arm. The transport robot 
102 is identical in construction to the transport robot 101 in 
some embodiments. The transport robot 102 is able to inde 
pendently access substrate rest parts 32 and 33, the thermal 
processing toWers 132, the coating processing units provided 
in the resist coating processor 134, and the substrate rest parts 
34 and 35. 

[0041] The development processing block 4 is positioned 
betWeen the resist coating block 3 and the scanner interface 
block 5. A partition 22 for sealing the development processing 
block from the atmosphere of the resist coating block 3 is 
provided. The development processing block 4 includes a 
development processor 144 for applying a developing solu 
tion to a substrate W after exposure in the scanner EXP, a pair 
of thermal processing toWers 141 and 142, and transport robot 
1 03. Each of the development processing units includes a spin 
chuck 146, a nozzle 148 for applying developer to a substrate 
W, a spin motor (not shoWn), a cup (not shoWn), and the like. 
[0042] The interface block 5 is used to transfer a coated 
substrate W to the scanner EXP and to transfer an exposed 
substrate to the development processing block 5. The inter 
face block 5 in this illustrated embodiment includes a trans 
port mechanism 154 for transferring and receiving a substrate 
W to and from the exposure unit EXP, a pair of edge exposure 
units EEW for exposing the periphery of a coated substrate, 
and transport robot 104. Substrate rest parts 39 and 39 are 
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provided along With the pair of edge exposure units EEW for 
transferring substrates to and from the scanner and the devel 
opment processing unit 4. 
[0043] The transport mechanism 154 includes a movable 
base 154A and a holding arm 154B mounted on the movable 
base 154A. The holding arm 154B is capable of moving 
vertically, pivoting, and moving back and forth in the direc 
tion of the pivot radius relative to the movable base 154A. The 
send buffer SBF is provided to temporarily store a substrate 
W prior to the exposure process if the exposure unit EXP is 
unable to accept the substrate W, and includes a cabinet 
capable of storing a plurality of substrates W in tiers. 
[0044] Controller 160 is used to control all of the compo 
nents and processes performed in the cluster tool. The con 
troller 160 is generally adapted to communicate With the 
scanner 5, monitor and control aspects of the processes per 
formed in the cluster tool, and is adapted to control all aspects 
of the complete substrate processing sequence. The controller 
160, Which is typically a microprocessor-based controller, is 
con?gured to receive inputs from a user and/or various sen 
sors in one of the processing 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 160 generally con 
tains memory and a CPU (not shoWn) Which are utiliZed by 
the controller to retain various programs, process the pro 
grams, and execute the programs When necessary. The 
memory (not shoWn) is connected 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 conventional manner. The support circuits may 
include cache, poWer supplies, clock circuits, input/output 
circuitry, subsystems, and the like all Well knoWn in the art. A 
program (or computer instructions) readable by the controller 
160 determines Which tasks are performable in the processing 
chambers. Preferably, the program is softWare readable by the 
controller 160 and includes instructions to monitor and con 
trol the process based on de?ned rules and input data. 
[0045] Additional description of a substrate processing 
apparatus in accordance With embodiments of the present 
invention is provided in US. Patent Application Publication 
No. 2006/0245855, entitled “Substrate Processing Appara 
tus,” the disclosure of Which is hereby incorporated by refer 
ence in its entirety. Although embodiments of the present 
invention are described herein in the context of the track 
lithography tool illustrated in FIG. 1, other architectures for 
track lithography tools are included Within the scope of 
embodiments of the present invention. For example, track 
lithography tools utiliZing Cartesian architectures are suitable 
for use With embodiments as described throughout the 
present speci?cation. In a particular embodiment, implemen 
tation is performed for an RE3 i, available from Sokudo Co., 
Ltd., of Kyoto, Japan. 
[0046] FIG. 2 is a simpli?ed perspective vieW of an inte 
grated thermal unit according to an embodiment of the 
present invention. The integrated thermal unit 210 may be 
utiliZed in the thermal processing toWers illustrated in FIG. 1, 
providing both bake and chill processes in a single integrated 
unit. Referring to FIG. 2, the integrated thermal unit 210 
includes a bake station 220, a transfer shuttle 230, and a chill 
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plate 240. For purposes of clarity, various components of the 
integrated thermal unit 210, including control electronics, the 
exterior housing, motorized lifts, and the like, are not illus 
trated in FIG. 2. 
[0047] Although not shoWn completely in FIG. 2, the inte 
grated thermal unit 210 includes an exterior housing made of 
aluminum or another suitable material. Portions of the hous 
ing are illustrated by panels 215. The exterior housing pro 
vides a unit in Which the various bake station components are 
housed in a compact arrangement. The exterior housing also 
alloWs multiple integrated thermal units to be stacked on top 
of each other in a track lithography tool as described above 
With respect to FIG. 1. The housing includes one or more 
elongated openings (not shoWn), Which alloW for substrates to 
be transferred into and out of the thermal unit. Shutters may 
be provided to seal the one or more elongated openings. 
[0048] Transfer shuttle 230 is operable to transfer sub 
strates betWeen the bake station 220, the chill plate 240, and 
a central robot (not shoWn). Some embodiments provide for 
the central robot to access the chill plate 240 directly, 
enabling loading and unloading of substrates at multiple posi 
tions inside the integrated thermal unit. In other embodi 
ments, the transfer shuttle 230 takes the Wafer off the pins 
above the chill plate, Where it is deposited by the main robot, 
and moves it to the bake plate and back. In these embodi 
ments, the transfers shuttle 230 is not necessarily accessible 
by the main robot. Generally, the transfer shuttle is able to 
move linearly along the length of the thermal unit and verti 
cally Within the thermal unit through activation of vertical 
actuator 250. 

[0049] Generally, substrates enter the thermal unit by being 
placed on the transfer shuttle 230 after passing through an 
elongated opening corresponding to the position of the trans 
fer shuttle 230 as illustrated in FIG. 2. Embodiments of the 
present invention are not limited to this transfer design as 
Wafers may be transferred to and from the chamber by being 
placed on the pins above the chill plate. The shuttle delivers 
the substrate to the chill plate 240 and the bake station 220 as 
appropriate to the particular thermal processes being per 
formed on the substrate. Lift pin slots 232A and 232B are 
provided in transfer shuttle 230 to enable lift pins supporting 
the Wafer to pass through the body of the shuttle. The transfer 
shuttle is mounted on a vertical actuator 250, Which enables 
the transfer shuttle to move vertically Within the integrated 
thermal unit. 
[0050] Bake station 220 contains a bake plate Within a clam 
shell enclosure as discussed in more detail throughout the 
present speci?cation, the bake plate may be a multi-Zone 
heater plate adapted to provide controlled heating to various 
portions of a substrate mounted on the bake plate. 
[0051] Embodiments of the present invention are utiliZed in 
temperature controlled processes performed utiliZing bake 
plates used for post-application-bake (PAB) and/or post-ex 
posure-bake (PEB) processes. Uses are not limited to these 
processes as the cooling of temperature control structures are 
included Within the scope of embodiments of the present 
invention. These other temperature control structures include 
chill plates, develop plates, and the like. One of ordinary skill 
in the art Would recogniZe many variations, modi?cations, 
and alternatives. 
[0052] FIG. 3A is a top plan vieW of an example of a 
multi-Zone bake plate that includes six different electrically 
independently heating Zones according to an embodiment of 
the present invention. According to embodiments of the 
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present invention, the bake plate 310 is utilized in the inte 
grated thermal unit 210 illustrated in FIG. 2. As shown in FIG. 
3A, bake plate 310 includes six independent heater Zones 
3 12 l -3 126 along With a corresponding number of temperature 
sensors 3141-3146, one for each of the heater Zones 3121 

3126. 
[0053] Depending on the particular application, various 
types of temperature sensors (e.g., resistance temperature 
detectors (RTDs)) may be utiliZed. A controller (not shoWn) is 
utiliZed in a feedback loop to provide control over the tem 
perature of the various heater Zones 3121-3126. For example, 
in a speci?c embodiment, the bake plate 310 includes tWo or 
more insulating layers With a kapton layer sandWiched 
betWeen the insulating layers. Metal traces formed into a 
patterned Wiring layer are then used to resistively heat the 
various heater Zones 3121-3126. One of ordinary skill in the 
art Would recogniZe many variations, modi?cations, and 
alternatives. Additional description of multi-Zone heater 
plates is provided in Us. patent application Ser. No. 11/483, 
832, ?led on Jul. 7, 2006, commonly assigned and hereby 
incorporated by reference for all purposes. 
[0054] Although the bake plate 310 illustrated in FIG. 3A 
only utiliZes a single temperature sensor per Zone, this is not 
required by embodiments of the present invention. In alter 
native embodiments, multiple temperature sensors may be 
utiliZed in one or more of the temperature Zones. Additionally, 
although the bake plate 310 utiliZes six temperature Zones, 
this particular number of Zones, along With the illustrated 
geometry, are not required by embodiments of the present 
invention. In other embodiments, the number of Zones is 
increased or decreased, the spatial layout of the various Zones 
is modi?ed, and the like. One of ordinary skill in the art Would 
recogniZe many variations, modi?cations, and alternatives. 
[0055] FIG. 4A is a simpli?ed ?owchart illustrating a 
method 400 of controlling a Wafer CD pro?le according to an 
embodiment of the present invention. As illustrated in FIG. 
4A, the method 400 begins at step 402. A Wafer (or a set of 
Wafers) is processed through a CD process using a multi-Zone 
bake plate (BHP) in step 404. A metrology tool is then utiliZed 
to obtain a mapping of the CD distribution across the Wafer in 
step 406. For example, the metrology tool may be a Nano 
metrics Atlas metrology tool available from Nanometrics, 
Inc. of Milpitas, Calif., a SpectraCD 200 from KLA-Tencor 
Corp. of San Jose, Calif., or other suitable metrology tools. It 
should be noted that the CD map obtained in step 406 may be 
obtained after lithographic processes are performed on the 
Wafer or after other processing steps including etch, deposi 
tion, anneal, and the like. 
[0056] The number of CD data points included in the Wafer 
CD map Will generally depend on the particular operational 
parameters selected for the metrology tool. Generally, these 
particular operational parameters are foundry dependent. For 
example, since the throughput of the metrology tool Will 
generally be inversely proportional to the number of CD data 
points collected, higher throughput implementations Will 
provide a reduced number of CD data points. In some 
embodiments, the number of CD data points is greater than or 
equal to the number of heater Zones provided by the multi 
Zone bake plate. Thus, some embodiments Will provide 6, 29, 
66, more, or less CD data points. 
[0057] As Will be evident to one of skill in the art, the 
density With Which the CD data points are collected Will 
impact the correlation betWeen the CD data points (measure 
ment points) and the Zone geometry of the multi-Zone bake 
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plate. In some implementations, the CD data points are col 
lected in a grid con?guration With a predetermined distance 
betWeen each point, for example, about 20-30 mm. This dis 
tance may be varied as a function of position, providing an 
increased or decreased density at the Wafer center, edge, or the 
like, as appropriate to the particular application. 
[0058] Depending on the geometry of the multi-Zone heater 
plate, the number of measurement points per heater Zone and 
the position of the various measurement points in each of the 
various heater Zones Will vary. Thus, When the CD data points 
are correlated to the heater Zone geometry, one or more CD 

data points Will be assigned to each of the heater Zones. 
Typically, several measurement points Will be assigned to 
each heater Zone, With the various assigned measurement 
points distributed at various locations across each heater 
Zone. 

[0059] The CD data points are averaged in some embodi 
ments to compute an average CD value for each of the heater 
Zones. This average may be computed by considering each of 
the CD data points in the particular heater Zone or may be a 
Weighted average as described more fully beloW. Moreover, a 
subset of the CD data points may be utiliZed in computing the 
Zone average in some embodiments if appropriate to the par 
ticular application. Thus, the density of measurement points 
may be varied or modi?ed in comparison With the original 
density associated With the CD measurement process. Gen 
erally, it is preferable to have a higher data density in smaller 
heater Zones, such as the four heater Zones 3123-3126 located 
at the periphery of the bake plate illustrated in FIG. 3A. 
[0060] Merely by Way of example, in a particular metrol 
ogy process, Which could be optical CD (OCD), CD mea 
sured using a scanning electron microscope (CD-SEM), or 
the like, 60 CD data points are measured. These 60 measure 
ments are distributed uniformly over the surface of the semi 
conductor Wafer in a grid pattern. For the multi-Zone bake 
plate illustrated in FIG. 3A, there Will be approximately ten 
measurement points in heater Zone 3121, approximately 30 
measurement points in heater Zone 3122, and approximately 
?ve measurement points in heater Zones 3123 -3126. 
[0061] The method also includes comparing the measured 
CD pro?le With a desired CD pro?le (408). If the measured 
CD pro?le is Within predetermined limits or otherWise satis 
factory (410), then the CD control process is terminated at 
step 416. The determination of a satisfactory CD pro?le may 
include a comparison With a predetermined speci?cation 
(spec) or other criteria. 
[0062] If the measured CD pro?le is not satisfactory, then 
offsets are calculated betWeen the measured CD pro?le and 
the desired CD pro?le in step 412. Additional discussion of 
hoW the offsets are computed in step 412 is provided through 
out the present speci?cation and more particularly beloW. 
Based on the computed offsets, the temperature of the various 
heater Zones in the multi-Zone bake plate are modi?ed to 
provide different temperatures in the various heater Zones. 
Modi?cations of the temperature in one Zone Will typically 
impact not only the CD of the modi?ed Zone, but the CD of 
other Zones as Well as a result of cross-talk betWeen heater 

Zones, among other factors. Thus, as illustrated in FIG. 4A, an 
iterative process is utiliZed, repeating one or more steps of the 
process 400 multiple times until the measured CD as a func 
tion of Wafer position matches the target CD pro?le Within a 
predetermined tolerance or is otherWise satisfactory. 
[0063] In order to determine the amount of temperature 
modi?cation appropriate for each heater Zone in step 414, a 
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temperature sensitivity pro?le for the particular photoresist 
used in the lithography process (e.g., the slope of a plot of CD 
vs. temperature) is utilized. 

[0064] FIG. 5A is a simpli?ed plot of temperature sensitiv 
ity for a ?rst exemplary photoresist, Resist 1. As shoWn in the 
plot, the CD vs. temperature curve is generally linear for 
Resist 1. If the target CD is value B and the measured average 
CD for a heater Zone is value A, then the temperature of the 
heater Zone is increased from temperature T A to temperature 
TB. Thus, using a plot similar to the temperature sensitivity 
pro?le illustrated in FIG. 5A, the ACD for each heater Zone is 
translated into a AT for each heater Zone. FIG. 5B is a sim 

pli?ed plot of temperature sensitivity for a second exemplary 
photoresist, Resist 2. As illustrated in FIG. 5B, it is not nec 
essary that the resist temperature sensitivity is linear. In some 
embodiments, the resist temperature sensitivity is modeled 
using polynomial ?tting or other modeling techniques. One of 
ordinary skill in the art Would recogniZe many variations, 
modi?cations, and alternatives. 
[0065] Returning to step 412 illustrated in FIG. 4A, the 
computation of CD offsets may be performed in various man 
ners. As discussed above, the CD values overlying each heater 
Zone may be averaged to provide a simple average CD for 
each heater Zone. Additionally, Weighted averages may be 
computed using CD measurements for points that lie in a 
heater Zone plus adjacent Zones. In a particular implementa 
tion, the Weights can be applied to points in a particular heater 
Zone and/ or points that lie in adjacent Zones. 

[0066] FIG. 3B is a simpli?ed illustration ofa portion ofa 
multi-Zone heater plate illustrating the computation of a 
Weighted average used in a particular embodiment of the 
present invention. As illustrated in FIG. 3B, a portion of the 
multi-Zone bake plate illustrated in FIG. 3A is overlaid With a 
number of CD measurement points. For purposes of clarity, 
not all the measurement points are illustrated. In a particular 
embodiment, the measurement points falling Within a bound 
ary region 340 to heater Zone 3126 are utiliZed in determining 
a Weighted CD average for the heater Zone 3126. Ten of the 
measurement points, that is, measurement points 330-336 
and 366-370, overlie the heater Zone 3126. 
[0067] Other measurement points, for example, the six 
measurement points 350, 352, 360, 362, 364, and 372 
(“boundary points”) lie outside the heater Zone of interest, but 
Within boundary region 340. Although these boundary points 
are not overlying the heater Zone, it may be desirable to 
include the CD values associated With these boundary points 
in computing the “average” CD for heater Zone 3126. Thus, 
the CD values associated With these six boundary points are 
Weighted (i.e., a Weight less than or equal to one) to include 
their contribution to the Zone average. The Weightings may be 
equal or may be different depending on several factors includ 
ing the distance of each of the points from the Zone center or 
the Zone edge, the proximity of the points to adjacent heater 
Zones, and the like. Some measurement points, for example, 
354 and 358 lie on the edge of the boundary Zone. These 
values may be Weighted or ignored depending on the particu 
lar algorithm selected. In the folloWing example, they are 
ignored, although this is not required. Finally, some points, 
such as measurement point 356 are outside the boundary Zone 
and are ignored in this particular embodiment. 

[0068] As an example, a Weighted average is computed for 
the heater Zone using the folloWing algorithm in Which an 
equal Weight W is given to all boundary points: 
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w(350 + 352 + 360 + 362 + 364 + 372) 

Where the value 10 in the denominator is equal to the number 
of measurement points overlying the heater Zone 3 126 and the 
value 6 is equal to the number of measurement points classi 
?ed as boundary points. Of course, other Weights can be 
applied to the measurement values depending on the particu 
lar implementation. In the algorithm above, the points lying 
outside the boundary Zone 340 Were ignored, but this is not 
required by the present invention. Such points could be 
Weighted as Well and then included in the computation. 

[0069] As Will be evident to one of skill in the art, the 
example above, in Which the boundary Zone points are 
Weighted, can be extended to a computation including addi 
tional CD measurement points, regardless of their position on 
the Wafer. In this Way, the effects of one heater Zone on 
another heater Zone (i.e., crosstalk betWeen heater Zones) can 
be accounted for in determining the CD pro?le for the multi 
Zone bake plate. Merely by Way of example, a 6x6 matrix 
relating the change in each heater Zone to every other heater 
Zone could be used for a six-Zone bake plate. As an example, 
in this matrix-based computation, if the temperature of a ?rst 
Zone is raised by 0.50 C., the temperature of an adjacent Zone 
could increase by 0.20 C. and the temperature of a Zone on the 
opposite side of the bake plate could decrease by 0.030 C., and 
the like. Of course, the actual values Would be determined 
empirically, by calculations, or a combination thereof. 

[0070] Moreover, a physical model of the plate could be 
utiliZed in Which a calculation is performed to determine the 
temperature at every CD point on the plate as a function of the 
offsets and use the computed temperature to calculate the 
probable CD. Then an optimiZation technique Would be used 
to minimiZe the sum of squares difference betWeen the pre 
dicted CD and desired CD to ?nd the optimal predicted off 
sets. In such a model, the offsets could be adjustable param 
eters. Additionally, more complicated models are included 
Within embodiments of the present invention in addition to a 
sum of squares minimiZation across the plate. One of ordinary 
skill in the art Would recogniZe many variations, modi?ca 
tions, and alternatives. 
[0071] It should be appreciated that the speci?c steps illus 
trated in FIG. 4A provide a particular method of obtaining a 
desired CD pro?le according to an embodiment of the present 
invention. Other sequences of steps may also be performed 
according to alternative embodiments. For example, altema 
tive embodiments of the present invention may perform the 
steps outlined above in a different order. Moreover, the indi 
vidual steps illustrated in FIG. 4A may include multiple sub 
steps that may be performed in various sequences as appro 
priate to the individual step. Furthermore, additional steps 
may be added or removed depending on the particular appli 
cations. One of ordinary skill in the art Would recogniZe many 
variations, modi?cations, and alternatives. 
[0072] In an alternative embodiment, another method of 
controlling CD is provided. The method 430, Which is illus 
trated in the simpli?ed ?owchart of FIG. 4B, includes the 
folloWing steps: 
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[0073] 1) Obtain a Wafer CD map including a number of 
CD data points (432). The CD Wafer map may be obtained 
using one of several available metrology tools as described 
above; 
[0074] 2) Correlate the CD data points (e.g., 66 CD data 
points per Wafer) With the heater plate Zone geometry (434); 
[0075] 3) Assign at least one CD data point to each Zone of 
the heater plate (436); 
[0076] 4) Compare the measured CD values for one or more 
of the heater Zones to a target CD for the heater Zone, provid 
ing a ACD for one or more of the heater Zones (438). In a 
particular embodiment, comparing the measured CD values 
includes calculating an average CD value for the various 
heater Zones as described above and comparing these values 
to target CD values for each heater Zone to produce a CD 
offset. As discussed above, the average values may be simple 
averages, Weighted averages for adjacent or all Zones, or the 
like; 
[0077] 5) Modify the temperature of one or more of the 
heater Zones based on the computed CD offset (440); and 
[0078] 6) Optionally repeat steps (1) through (5) one or 
more times (e.g., 3-5 times) (442). According to some 
embodiments of the present invention, the CD uniformity as 
a function of Wafer position can be iteratively controlled 
utiliZing the method illustrated in FIG. 4B. For example, step 
442 could include determining if the ACD for one or more 
heater Zones is less than a predetermined threshold value. 
[0079] Although some embodiments utiliZe a linear func 
tion for the CD as a function of temperature, this is not 
required by embodiments of the present invention. Other 
functional relationships are provided herein including poly 
nomial ?ts or other models that relate the change in CD to the 
temperature or other process parameters. Thus, in step 438, 
although a difference is illustrated, the computation could 
include a differential calculation or other ?tting routine as 
appropriate to the particular process utiliZed. One of ordinary 
skill in the art Would recogniZe many variations, modi?ca 
tions, and alternatives. 
[0080] It should be appreciated that the speci?c steps illus 
trated in FIG. 4B provide a particular method of controlling 
CD to achieve a measured CD pro?le Within a predetermined 
tolerance of a target CD pro?le according to an embodiment 
of the present invention. Other sequences of steps may also be 
performed according to alternative embodiments. For 
example, alternative embodiments of the present invention 
may perform the steps outlined above in a different order. 
Moreover, the individual steps illustrated in FIG. 4B may 
include multiple sub-steps that may be performed in various 
sequences as appropriate to the individual step. Furthermore, 
additional steps may be added or removed depending on the 
particular applications. One of ordinary skill in the art Would 
recogniZe many variations, modi?cations, and alternatives. 
[0081] UtiliZing the techniques provided by embodiments 
of the present invention, the CD non-uniformity is reduced or 
minimiZed as a function of Wafer position. Generally one or 
more calibration Wafers are processed in advance of a Wafer 
lot. Accordingly, the calibration Wafers are utiliZed to cali 
brate the system and determine the minimum CD non-unifor 
mity. Additionally, techniques provided by embodiments of 
the present invention may be used in-situ as part of a process 
control algorithm (e. g., automatic process control (APC)) and 
the like. 
[0082] Embodiments of the present invention provide algo 
rithms utiliZed in tuning critical dimension (CD) control for 
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particular semiconductor processes. As an example, the tem 
perature pro?le of a bake plate may be controlled and tuned to 
minimiZe CD non-uniformity as a function of Wafer position. 
In another embodiment, the CD tuning algorithm includes the 
folloWing steps: 
[0083] 1) Measure a Wafer CD pro?le; 
[0084] 2) Obtain a Wafer temperature map; 
[0085] 3) Measure 

[0086] 4) Determine the heater Zone settings; and 
[0087] 5) Perform other steps as necessary. 
[0088] In an embodiment, the Wafer temperature map is 
obtained using a measurement Wafer such as a SensArray 
Process Probe® instrumented substrate available from Sen 
sArray Corporation of Santa Clara, Calif., a BakeTemp Sen 
sorWafer available from OnWafer Technologies of Santa 
Clara, Calif., or a similar device, to obtain a temperature map 
of the Wafer to be processed. In step 3, the change in the CD 
as a function of temperature is measured. The 

men) 
dT 

may be measured as a function of position, providing a multi 
variable function. The functional relationship betWeen the 
CD and the temperature may, in general, be a non-linear 
function and may be modeled using various modeling tech 
niques knoWn to one of skill in the art. 
[0089] In a system using a scatterometer, the optical change 
in the scatterometry pro?le based on a temperature change is 
used to study reaction processes performed on the Wafer. The 
heater Zone settings are determined based, in part, on the 
results of the 

men) 
dT 

measurements. 

[0090] In other embodiments, rather than minimiZing the 
CD non-uniformity as a function of Wafer position, the tech 
niques provided herein are utiliZed to achieve a predeter 
mined CD pro?le as a function of Wafer position. Merely by 
Way of example, it may be desirable to provide a CD pro?le 
that decreases as a function of Wafer radius. In this embodi 
ment, the CD as a function of Wafer radius could be analyZed 
and the difference betWeen the measured CD and the desired 
CD as a function of Wafer radius could be minimiZed. Of 
course, other functional relationships betWeen CD and posi 
tion could be provided utiliZing embodiments the present 
invention. 
[0091] Some embodiments of the present invention are uti 
liZed to calibrate a bake plate or optimiZe a bake plate tem 
perature pro?le. In this embodiment, a measurement Wafer or 
other temperature measuring device (e.g., a SensArray Pro 
cess Probe® instrumented substrate as described above) is 
used to measure the bake plate temperature as a function of 
the bake plate geometry. A computation is performed to deter 
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mine temperature differences between measured tempera 
tures and target temperatures as a function of the bake plate 
geometry. The heater Zones of the bake plates are then 
adjusted in response to the determined temperature differ 
ences. The process is repeated until the bake plate tempera 
ture as a function of position is Within predetermined toler 
ances. 

[0092] The steps of this bake plate calibration process may 
be performed as folloWs: 
[0093] 1) Determine Wafer CD pro?le; 
[0094] 2) Place a measurement Wafer on the multi-Zone 
bake plate; 
[0095] 3) Measure the bake plate temperature pro?le as a 
function of position; 
[0096] 4) Compute TmeaswefTmget as a function of posi 
tion (i.e., AT(position)); 
[0097] 5) Compute CDmeaSWed—CDm,get as a function of 
position (i.e., ACD(position)); 
[0098] 6) Adjust the heater Zone settings in response to the 
computed temperature differences; 
[0099] 7) Determine if AT(position) is less than a predeter 
mined tolerance; and 
[0100] 8) Repeat steps 2)-5) until AT(position) is less than 
the predetermined tolerance. 
[0101] As an example, another CD-tuning process is 
described. A measurement Wafer or other temperature mea 
suring device is utiliZed to provide a Wafer temperature map 
including the mean temperature of the Wafer as Well as tem 
peratures as a function of position. The temperatures as a 
function of position are related to the temperatures of the 
various Zones in the heater plate. After a semiconductor pro 
cess is performed, for example, development, the CD of the 
Wafer is measured, using a tool that is located either in the 
track lithography tool (integrated metrology) or external to 
the track lithography tool (stand-alone metrology). For each 
heater Zone, the corresponding Wafer Zones are measured to 
provide a mean CD as Well as CD values for each Zone. Thus, 
for each Zone, a mean temperature and a mean CD are pro 
vided. 
[0102] The temperature of a Zone is varied and the mea 
surement processes are repeated to provide a measurement of 
the 

A(CD) 
AT ' 

Multiple measurements are made as a function of Zone tem 

peratures to provide a mapping of 

men) 
dT ' 

As Will be evident, there is an interaction betWeen Zones, so a 
matrix is developed for the 

MCD) 
dT 

measurements, varying ?rst one Zone to provide a one dimen 
sional column and then another Zone is varied, then both. One 
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of ordinary skill in the art Would recogniZe many variations, 
modi?cations, and alternatives. Once the matrix of 

men) 
dT 

measurements is obtained, to achieve a desired CD, the tem 
perature of the heater Zones is set to achieve the desired CD. 
[0103] It should be appreciated that the speci?c steps illus 
trated above provide a particular method of performing CD 
tuning according to an embodiment of the present invention. 
Other sequence of steps may also be performed according to 
alternative embodiments. For example, alternative embodi 
ments of the present invention may perform the steps outlined 
above in a different order. Moreover, the individual steps 
illustrated above may include multiple sub-steps that may be 
performed in various sequences as appropriate to the indi 
vidual step. Furthermore, additional steps may be added or 
removed depending on the particular applications. One of 
ordinary skill in the art Would recogniZe many variations, 
modi?cations, and alternatives. 
[0104] The CD-tuning algorithm discussed above may also 
be used to optimiZe one or more processes utiliZed during the 
lithographic processing of a semiconductor Wafer. These pro 
cesses include, Without limitation, a bake process, a develop 
process, a photoresist coat or other coating process, a depo 
sition process, or the like. In a bake process, a method pro 
vided according to an embodiment of the present invention 
includes the folloWing steps: 
[0105] 1) Measure a Wafer pro?le 
[0106] 2) Obtain a Wafer temperature map 
[0107] 3) Measure 

mCD) 
d T 

[0108] 4) Determine the heater Zone settings 
[0109] 5) Perform the bake process 
[0110] 6) Measure the Wafer CD 
[0111] 7) OptimiZe the heater Zone settings 
[0112] 8) Perform other steps as necessary 
[0113] It should be appreciated that the speci?c steps illus 
trated above provide a particular method of performing CD 
tuning for lithographic processes according to an embodi 
ment of the present invention. Other sequence of steps may 
also be performed according to alternative embodiments. For 
example, alternative embodiments of the present invention 
may perform the steps outlined above in a different order. 
Moreover, the individual steps illustrated above may include 
multiple sub-steps that may be performed in various 
sequences as appropriate to the individual step. Furthermore, 
additional steps may be added or removed depending on the 
particular applications. One of ordinary skill in the art Would 
recogniZe many variations, modi?cations, and alternatives. 
[0114] FIG. 6 is a simpli?ed cross-sectional vieW of a 
multi-Zone heater plate according to an embodiment of the 
present invention. As shoWn in FIG. 6, a number of radiant 
lamps are utiliZed to provide spatially independent heater 
Zones. The lamps, Which may emit infrared or other Wave 
lengths of radiation, may be arrayed in a tWo-dimensional 
pattern in the plane normally aligned With the substrate. As 
illustrated, the heater plate, Which may be made of quartZ or 










