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67) ABSTRACT 

A method of detecting post exposure bake endpoint during 
processing of a semiconductor substrate. The method 
includes providing a radiation source coupled to a post 
exposure bake station and providing a radiation detector 
coupled to the post exposure bake station. The method also 
includes directing a radiation signal generated by the radia 
tion source through an absorption region coupled to the 
substrate. The method further includes measuring a ?rst 
detected signal at the radiation detector, measuring a second 
detected signal at the radiation detector, and comparing the 
?rst detected signal and the second detected signal to 
determine the post exposure bake endpoint. 
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METHOD AND SYSTEM FOR DETERMINING 
POST EXPOSURE BAKE ENDPOINT 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. appli 
cation Ser. No. 60/639,109, ?led Dec. 22, 2004, entitled 
“TWin Architecture For Processing A Substrate,” Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to the ?eld 
of substrate processing equipment. More particularly, the 
present invention relates to a method and apparatus for 
monitoring process parameters during a photolithography 
process. Merely by Way of example, the invention has been 
applied to detecting an endpoint during a post exposure bake 
process subsequent to photolithographic exposure in a scan 
ner. The method and apparatus can be applied to other 
processes for semiconductor substrates, for example those 
used in the formation of integrated circuits. 

[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 photo 
lithography process sequence generally includes depositing 
one or more uniform photoresist (resist) layers on the 
surface of a substrate, drying and curing the deposited 
layers, patterning the substrate by exposing the photoresist 
layer to electromagnetic radiation that is suitable for modi 
fying 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 
process to be performed in a multi-chamber processing 
system (e.g., a cluster tool) that has the capability to sequen 
tially 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) dedicated to performing the 
various tasks associated With pre- and post-lithography 
processing. There are typically both Wet and dry processing 
chambers Within track lithography tools. Wet chambers 
include coat and/or develop boWls, While dry chambers 
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 
substrates 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 exposure tool and receive substrates from the 
exposure tool after the substrates are processed Within the 
exposure tool. 
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[0006] Over the years there has been a strong push Within 
the semiconductor industry to shrink the siZe of semicon 
ductor devices. The reduced feature siZes have caused the 
industry’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 mini 
miZing process variability during track lithography process 
ing sequences is to ensure that substrates processed Within 
the chambers of the track lithography tool undergo repeat 
able processing steps. Thus, process engineers Will typically 
monitor and control the device fabrication processes to 
ensure repeatability from substrate to substrate. 

[0007] One approach to providing repeatability is to per 
form processing steps for a predetermined time. HoWever, 
given that some processing variables change as a function of 
time (e.g., chamber temperature, substrate temperature, 
etc.), merely controlling the timing of a process step may not 
ensure the desired process repeatability. Ultimately, time 
varying process parameters may directly affect process 
variability and ultimately device performance. 

[0008] In vieW of these requirements, methods and tech 
niques are needed to ensure process repeatability during 
semiconductor processing operations using track lithogra 
phy and other types of cluster tools. 

SUMMARY OF THE INVENTION 

[0009] According to the present invention, methods and 
apparatus related to semiconductor manufacturing equip 
ment are provided. More particularly, the present invention 
relates to a method and apparatus for monitoring process 
parameters during a photolithography process. Merely by 
Way of example, the invention has been applied to detecting 
an endpoint during a post exposure bake process subsequent 
to photolithographic exposure in a scanner. While some 
embodiments of the invention are particularly useful in 
detecting post exposure bake endpoint in a chamber or 
station of a track lithography tool, other embodiments of the 
invention can be used in other applications Where it is 
desirable to manage semiconductor processing operations in 
a highly controllable manner. 

[0010] According to an embodiment of the present inven 
tion, a method of detecting post exposure bake endpoint 
during processing of a semiconductor substrate is provided. 
The method includes providing a radiation source coupled to 
a post exposure bake station. In some embodiments, the 
radiation source is an optical radiation source With a Wave 

length tuned to correspond to an absorption feature associ 
ated With a byproduct of the post exposure bake process. 
Merely by Way of example, the radiation source in a 
particular embodiment is a laser. The method also includes 
providing a radiation detector coupled to the post exposure 
bake station. The method further includes directing a radia 
tion signal generated by the radiation source through an 
absorption region coupled to the substrate. In an embodi 
ment, the absorption region contains reaction byproducts 
from a chemically ampli?ed resist produced during a portion 
of a PEB process. The method additionally includes mea 
suring a ?rst detected signal at the radiation detector, mea 
suring a second detected signal at the radiation detector, and 
comparing the ?rst detected signal and the second detected 
signal to determine the post exposure bake endpoint. 
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[0011] According to an alternative embodiment of the 
present invention, an apparatus for detecting post exposure 
bake endpoint is provided. The apparatus includes a source 
of optical radiation disposed in a post exposure bake cham 
ber and an optical path coupling an optical radiation detector 
to the source of optical radiation, Wherein the optical path 
passes through a region coupled to a semiconductor sub 
strate. In an embodiment, the source of optical radiation is 
a semiconductor laser emitting infrared radiation. In another 
embodiment, the source of optical radiation is an optical 
?ber coupled to a laser, the laser provided at a remote 
location. Moreover, in yet another embodiment, the optical 
path includes a portion substantially parallel to the a surface 
of the semiconductor substrate. Merely by Way of example, 
in a particular embodiment, the region coupled to the 
semiconductor substrate is an absorption region associated 
With byproducts of the post exposure bake process. 

[0012] The apparatus also includes a controller coupled to 
the source of optical radiation and the optical radiation 
detector, Wherein the controller calculates a value associated 
With an optical absorption coef?cient and provides a termi 
nation signal in response to the value. In a speci?c embodi 
ment, the termination signal is provided to a system con 
troller for a track photolithography tool. 

[0013] According to yet another embodiment of the 
present invention, a method for detecting post exposure bake 
endpoint is provided. The method includes providing an 
optical source coupled to a post exposure bake chamber and 
providing an optical detector coupled to the optical source 
through an optical path. In an embodiment, the optical 
source is tunable. The method also includes exposing a 
substrate comprising a layer of photoresist to an exposure 
process. For example, the exposure process in a speci?c 
embodiment is a photolithographic exposure process. In 
some embodiments, the photoresist is a chemically ampli 
?ed photoresist. The method further includes directing an 
optical signal from the tunable optical source toWard the 
substrate, directing a re?ected optical signal from the sub 
strate to the optical detector, and measuring an interference 
pattern produced by the optical signal and the re?ected 
optical signal. In a particular embodiment, the optical source 
and the detector are provided at a location external to the 
post exposure bake chamber. The method additionally 
includes generating a control signal to indicate the post 
exposure bake endpoint. 

[0014] According to an alternative embodiment of the 
present invention, a track photolithography tool is provided. 
The tool includes a PEB station, a source of optical radiation 
coupled to the PEB station, and an optical radiation detector 
coupled to the source of optical radiation by an optical path, 
Wherein the optical path passes through a region coupled to 
a semiconductor substrate undergoing a PEB process. The 
tool also includes a controller coupled to the source of 
optical radiation and the optical radiation detector, Wherein 
the controller calculates a value associated With an optical 
absorption coefficient and provides a termination signal in 
response to the value. 

[0015] Many bene?ts are achieved by Way of the present 
invention over conventional techniques. For example, an 
embodiment provides a more repeatable post exposure bake 
process than conventional designs, resulting in improved 
control over critical dimensions. Moreover, other embodi 
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ments of the present invention reduce the post exposure bake 
processing time by terminating the process upon endpoint 
detection rather than a predetermined time. Additionally, the 
methods and apparatus of the present invention minimize 
over baking of the substrate during the post exposure bake 
process. Furthermore, in some embodiments, the methods 
and apparatus of the present invention provide an early 
indication of upstream or present process variation by 
observing Whether or not the indicated endpoint time is 
Within a normal variation range. 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 

[0016] FIG. 1 is a simpli?ed plan vieW of an embodiment 
of a track lithography tool according to an embodiment of 
the present invention; 

[0017] FIG. 2 is a simpli?ed schematic side vieW of a post 
exposure bake chamber according to an embodiment of the 
present invention; 

[0018] FIG. 3 is a simpli?ed ?oW chart illustrating a 
process of detecting post exposure bake endpoint according 
to an embodiment of the present invention; 

[0019] FIG. 4 is a simpli?ed schematic side vieW of a post 
exposure bake chamber according to an alternative embodi 
ment of the present invention; and 

[0020] FIG. 5 is a simpli?ed ?oW chart illustrating a 
process of detecting post exposure bake endpoint according 
to an alternative embodiment of the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0021] According to the present invention, methods and 
apparatus related to semiconductor manufacturing equip 
ment are provided. More particularly, the present invention 
relates to a method and apparatus for monitoring process 
parameters during a photolithography process. Merely by 
Way of example, the invention has been applied to detecting 
an endpoint during a post exposure bake process subsequent 
to photolithographic exposure in a scanner. While some 
embodiments of the invention are particularly useful in 
detecting post exposure bake endpoint in a chamber or 
station of a track lithography tool, other embodiments of the 
invention can be used in other applications Where it is 
desirable to manage semiconductor processing operations in 
a highly controllable manner. 

[0022] FIG. 1 is a plan vieW of an embodiment of a track 
lithography tool 100 in Which the embodiments of the 
present invention may be used. As illustrated in FIG. 1, 
track lithography tool 100 contains a front end module 110 
(sometimes referred to as a factory interface or FI), a central 
module 112, and a rear module 114 (sometimes referred to 
as a scanner interface). Front end module 110 generally 
contains one or more pod assemblies or FOUPS (e.g., items 
116A-D), a front end robot 118, and front end processing 
racks 120A and 120B. The one or more pod assemblies 
116A-D are generally adapted to accept one or more cas 
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settes 130 that may contain one or more substrates or Wafers, 
“W,” that are to be processed in track lithography tool 100. 

[0023] Central module 112 generally contains a ?rst cen 
tral processing rack 122A, a second central processing rack 
122B, and a central robot 124. Rear module 114 generally 
contains ?rst and second rear processing racks 126A and 
126B and a back end robot 128. Front end robot 118 is 
adapted to access processing modules in front end process 
ing racks 120A, 120B; central robot 124 is adapted to access 
processing modules in front end processing racks 120A, 
120B, ?rst central processing rack 122A, second central 
processing rack 122B and/or rear processing racks 126A, 
126B; and back end robot 128 is adapted to access process 
ing modules in the rear processing racks 126A, 126B and in 
some cases exchange substrates With a stepper/scanner 5. 

[0024] The stepper/scanner 5, Which may be purchased 
from Canon USA, Inc. of San Jose, Calif., Nikon Precision 
Inc. of Belmont, Calif., or ASML US, Inc. of Tempe AriZ., 
is a lithographic projection apparatus used, for example, in 
the manufacture of integrated circuits (ICs). The scanner/ 
stepper tool 5 exposes a photosensitive material (resist), 
deposited on the substrate in the cluster tool, to some form 
of electromagnetic radiation to generate a circuit pattern 
corresponding to an individual layer of the integrated circuit 
(IC) device to be formed on the substrate surface. 

[0025] Each of the processing racks 120A, 120B; 122A, 
122B and 126A, 126B contain multiple processing modules 
in a vertically stacked arrangement. That is, each of the 
processing racks may contain multiple stacked integrated 
thermal units 10, multiple stacked coater modules 132, 
multiple stacked coater/developer modules With shared dis 
pense 134 or other modules that are adapted to perform the 
various processing steps required of a track photolithogra 
phy tool. As examples, coater modules 132 may deposit a 
bottom antire?ective coating (BARC); coater/developer 
modules 134 may be used to deposit and/or develop pho 
toresist layers and integrated thermal units 10 may perform 
bake and chill operations associated With hardening BARC 
and/or photoresist layers. 

[0026] In one embodiment, a system controller 140 is used 
to control all of the components and processes performed in 
the cluster tool 100. The controller 140 is generally adapted 
to communicate With the stepper/scanner 5, monitor and 
control aspects of the processes performed in the cluster tool 
100, and is adapted to control all aspects of the complete 
substrate processing sequence. In some instances, controller 
140 Works in conjunction With other controllers, such as a 
post exposure bake (PEB) controller as described more fully 
beloW, to control certain aspects of the processing sequence. 
The controller 140, Which is typically a microprocessor 
based controller, is con?gured to receive inputs from a user 
and/or various sensors in one of the processing chambers 
and appropriately control the processing chamber compo 
nents in accordance With the various inputs and softWare 
instructions retained in the controller’s memory. The con 
troller 140 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 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 
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digital storage, local or remote. SoftWare instructions and 
data can be coded and stored Within the memory for instruct 
ing 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. Aprogram 
(or computer instructions) readable by the controller 140 
determines Which tasks are performable in the processing 
chamber(s). Preferably, the program is softWare readable by 
the controller 140 and includes instructions to monitor and 
control the process based on de?ned rules and input data. 

[0027] It is to be understood that embodiments of the 
invention are not limited to use With a track lithography tool 
such as that depicted in FIG. 1. Instead, embodiments of the 
invention may be used in any track lithography tool includ 
ing the many different tool con?gurations described in US. 
application Ser. No. entitled “TWin Architecture for 
Processing a Substrate” ?led on Apr. 21, 2005 (attorney 
docket number AM 009540), Which is hereby incorporated 
by reference for all purposes and including con?gurations 
not described in the AM 009540 application. 

[0028] In some embodiments of the present invention, 
chemically ampli?ed photoresists are utiliZed during the 
photolithography process. These resists typically include a 
photosensitive acid generator and a polymer that is acid 
sensitive. Generally, a chemically ampli?ed resist provides 
increased sensitivity to exposure in scanner 5, enabling a 
reduction in exposure dose. When the resist is exposed in the 
scanner, the photosensitive acid is produced, interacting 
With the acid sensitive polymer to produce a pattern in the 
resist. During the PEB process folloWing exposure, the acid 
produces further reactions. In this Way, a single photon may 
produce many chemical events, thus the reference to these 
resists as chemically ampli?ed resists. 

[0029] Moreover, during the PEB process, the photoge 
nerated acid may diffuse in the ?lm, producing undesirable 
variations in line Widths and critical dimensions. Accord 
ingly, embodiments of the present invention provide for 
monitoring and control of the PEB process, detecting an 
endpoint, and terminating the PEB process in a repeatable 
manner. 

[0030] FIG. 2 is a simpli?ed schematic side vieW of a post 
exposure bake chamber according to an embodiment of the 
present invention. Although the PEB chamber illustrated in 
FIG. 2 is not integrated With a chill chamber, this is not 
required by the present invention. In some embodiments, the 
PEB chamber is an integrated thermal unit as illustrated by 
reference number 10 in FIG. 1, including, for example, a 
bake station, a chill station, and a shuttle station. The 
methods and systems of the present invention are utiliZed in 
conjunction With the bake stations of these integrated units. 
One of ordinary skill in the art Would recogniZe many 
variations, modi?cations, and alternatives. 

[0031] During the PEB process, the chemical reactions 
described above produce chemical byproducts. In a speci?c 
embodiment according to the present invention, reaction 
byproducts in the form of vapors or gases are released by the 
reaction betWeen the photosensitive acid and the acid sen 
sitive polymer. Merely by Way of example, these reaction 
byproducts may be hydrocarbon containing materials 
(organics), carbon dioxide (CO2), and the like. Moreover, in 
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some embodiments, combinations of these reaction byprod 
ucts are produced. As the chemical reactions proceed, the 
concentrations of the various reaction byproducts change as 
Will be evident to one of skill in the art. In some embodi 
ments of the present invention, the reaction byproduct 
concentrations are monitored as a function of time to deter 
mine the PEB endpoint. 

[0032] In an embodiment of the present invention as 
illustrated in FIG. 2, a laser 220 emits a beam (see item “A”) 
at a preselected Wavelength. In a speci?c embodiment, the 
Wavelength is tuned to correlate With an absorption peak of 
one or more of the reaction byproducts. As illustrated, 
radiation from the laser passes through a region adjacent the 
upper surface of the Wafer “W.” The concentration of 
reaction byproducts in the form of vapors or gases Will be 
increased in this region With respect to other portions of the 
chamber. Thus, an absorption region is coupled to the 
substrate. In another embodiment, the absorption region is 
de?ned by geometry, for example, a geometrical region With 
a base de?ned by a surface of the substrate, a height 
extending to a predetermined distance above the surface of 
the substrate, and a length approximately equal to the 
diameter of the substrate. In a speci?c embodiment, the 
predetermined distance is about 0.1 cm. In other embodi 
ments, the distance ranges from about 0.02 cm to about 0.5 
cm. 

[0033] As radiation from the laser 220 propagates through 
the absorption region, the intensity of the signal received by 
the detector 222 is decreased due to absorption processes in 
relation to the signal produced by laser 220. Preferably, the 
Wavelength and intensity of the laser is also selected so that 
the laser Will not potentially cause further exposure of the 
photoresist. 

[0034] In a particular embodiment, the Wavelength, or 
Wavelengths, emitted by the laser are betWeen about 500 nm 
and about 4000 nm, spanning both the visible and infrared 
spectrum. In one embodiment, Where a concentration of 
carbon dioxide vapor is being detected, the Wavelength of 
the laser is selected to be about 1960 nm, Which corresponds 
to a peak in the absorption pro?le of CO2. As one of skill in 
the art, this Wavelength range is provided by several com 
mercial semiconductor lasers, including InGaAsP diode 
lasers. In another embodiment, the Wavelength of the beam 
emitted by the laser is 4230 nm, Which is produced by 
mid-infrared semiconductor lasers including quantum cas 
cade lasers. 

[0035] Reaction byproducts produced during the PEB 
process diffuse out from the resist layer as Well as aWay from 
the resist layer. As illustrated in FIG. 2, the optical path “A” 
is positioned adjacent the surface of the substrate “W” 
resting on substrate support 212, thereby passing through a 
region in Which the reaction byproducts are present. The 
intensity of light (I) passing through an absorbing medium 
is calculated using equation 1: 

HOW”, [1] 

Wherein I0 is the initial intensity, a is the absorption coeffi 
cient, L is the path length, and C is the species concentration. 
The product otLC is a unitless quantity. Therefore, a species 
concentration for a particular absorbing species may be 
calculated by measuring I and I0 for a given path length L 
and absorption coef?cient 0t. 
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[0036] In some embodiments according to an embodiment 
of the present invention, the species concentration changes 
as a function of time during the PEB process. Merely by Way 
of example, in a particular photolithography process, the 
species concentration Will initially increase as reaction 
byproducts are produced during the baking process and 
subsequently decrease as the reactions proceed to comple 
tion. UtiliZing embodiments according to the present inven 
tion, the species concentration may be mapped as a function 
of time, enabling a system operator to preferentially select a 
PEB endpoint. 

[0037] As illustrated in FIG. 2, the beam emitted by laser 
220 passes just above the surface along a path parallel and 
in close proximity to the photoresist coating the surface of 
the substrate “W.” The substrate support 212 (sometimes 
referred to as a plate assembly) may be, for example, a PEB 
plate assembly, Which is used to process the substrate during 
a bake, PEB, or HMDS process. Since the concentration of 
the reaction byproducts are the highest just above the surface 
of the photoresist, the endpoint detection system Will gen 
erally have the highest sensitivity to changes in the concen 
tration of the byproducts in the gas or vapor phase in this 
con?guration. An additional advantage of this con?guration 
is that by projecting the beam over the surface of the 
photoresist, the detected variation in intensity is the sum of 
the amount of byproducts passing through the beam over the 
Whole length of the beam. This method provides a loWer 
signal to noise ratio, and also corrects for variations in the 
process during different phases of the process. 

[0038] Endpoint controller 201 is coupled to both the laser 
source 220 and the detector 222. As illustrated, the endpoint 
controller receives data from both the laser and detector and 
communicates data to the laser and detector. For example, in 
an embodiment, the laser includes built-in poWer monitoring 
circuitry, providing an input to the endpoint controller 
related to the laser poWer generated by the laser source. 
Moreover, the endpoint controller may provide numerous 
inputs to the laser source, including operating current, 
Wavelength, and temperature, among other parameters. End 
point controller 201 includes computing, memory, and com 
munications functions, enabling the endpoint controller to 
interact not only With the illustrated PEB chamber, but other 
chambers as Well as the photolithography track system 
controller 140. 

[0039] Although FIG. 2 illustrates a straight optical path 
betWeen the laser source 220 and the detector 222, this 
straight path is not required by the present invention. As one 
of skill in the art Will appreciate, re?ective elements located 
around the periphery of the substrate may be used to extend 
the optical path, providing multiple passes over the substrate 
surface. Moreover, although the laser source 220 is illus 
trated as contained inside the processing environment 210, 
this arrangement is not required by the present invention. In 
alternative embodiments, a laser source located outside the 
PEB chamber 200 is coupled to the environment 210 
through a ?ber optic cable. Additionally, as Will be evident 
to one of skill in the art, additional spectroscopic techniques, 
including the use of a White cell and cavity ring doWn 
spectroscopy (CRDS) approaches may be employed in 
embodiments according to the present invention. In a par 
ticular embodiment, a tunable laser source is used to perform 
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Fourier Transform Infrared (FTIR) Spectroscopy, analyzing 
various absorption features to detect an endpoint for the PEB 
process. 

[0040] FIG. 3 is a simpli?ed ?oW chart illustrating a 
process of detecting post exposure bake endpoint according 
to an embodiment of the present invention. Generally, the 
PEB endpoint detection process is performed for a semi 
conductor substrate after a photolithographic exposure step. 
In step 310, a radiation source coupled to a PEB station is 
provided. In some embodiments, the radiation source is a 
laser tuned to an absorption feature associated With a 
byproduct of the PEB process. Additionally, a radiation 
detector coupled to the PEB station is provided in step 312. 
In some embodiments, both the radiation source and detec 
tor are provided at locations inside the station, Whereas in 
other embodiments, the source and detector are located 
outside the station and coupled to the station via optical 
systems. One of ordinary skill in the art Would recogniZe 
many variations, modi?cations, and alternatives. 

[0041] Aradiation signal generated by the radiation source 
is directed through an absorption region coupled to a sub 
strate in step 314. Merely by Way of example, the absorption 
region is a region adjacent the surface of the substrate in 
some embodiments of the present invention. In a particular 
embodiment, the absorption region contains reaction 
byproducts from a chemically ampli?ed resist during a 
portion of a PEB process. Exemplary reaction byproducts 
are hydrocarbons, alkenes, olephins, combinations of these 
or the like. In another embodiment, the absorption region is 
de?ned by geometry, for example, a geometrical region With 
a base de?ned by a surface of the substrate, a height 
extending to about 0.1 cm above the surface of the substrate, 
and a length approximately equal to the diameter of the 
substrate. As described above, radiation propagating through 
the absorption region experiences differing levels of absorp 
tion during different portions of the PEB process. 

[0042] A ?rst detected signal is measured at the radiation 
detector in step 316. In an embodiment, the ?rst detected 
signal is measured at an initial stage of the PEB process, 
providing a baseline measurement. In other embodiments, 
the ?rst detected signal is obtained at later stages. One of 
ordinary skill in the art Would recogniZe many variations, 
modi?cations, and alternatives. In step 318, a second 
detected signal is measured at the radiation detector. Merely 
by Way of example, embodiments of the present invention 
are not limited to the collection of only tWo detected signals. 
In some embodiments, multiple detected signals are 
acquired as a function of time, With uniform or varying 
periods betWeen acquisition of detected signals. 
[0043] The ?rst detected signal and the second detected 
signal are compared in step 320 to determine the PEB 
endpoint. In a particular embodiment, multiple signals are 
collected and analyZed to track the production of reaction 
byproducts as a function of time. As an example, as the 
chemically ampli?ed resist reaches a process endpoint, the 
byproduct levels may drop, enabling a PEB endpoint to be 
detected, not based on PEB time, but on chemical changes 
occurring on the substrate. Accordingly, such in-situ mea 
surements provide means to account for variations in pro 
cesses, exposure levels in the scanner, resist thicknesses, and 
the like. 

[0044] FIG. 4 is a simpli?ed schematic side vieW of a post 
exposure bake chamber according to an alternative embodi 
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ment of the present invention. As illustrated in FIG. 4, a 
processing chamber 400 is provided according to embodi 
ments of the present invention. In this alternative embodi 
ment of the present invention, an optical system 410 is used 
to determine the photoresist layer thickness. In yet another 
alternative embodiment, the optical system 410 is used to 
sense a change in the index of refraction of the photoresist 
layer to determine the endpoint of the PEB process. In some 
embodiments, these embodiments are combined to deter 
mine both photoresist layer thickness and sense a change in 
the index of refraction of the photoresist layer. 

[0045] The endpoint detection system 410 generally con 
tains a laser 412, a beam splitter 414 and a detector 416. In 
the embodiment shoWn in FIG. 4, the endpoint detection 
system 410 also contains a ?ber optic cable 418 Which can 
alloW the optical system, including the laser 410, beam 
splitter 414 and detector 416, to be positioned a predeter 
mined distance from the processing region 420 above the 
surface of the substrate “W.” The laser operating parameters, 
including output Wavelength and the like, as Well as the 
optical properties of the beamsplitter and detector, including 
optical coatings, detectivity as a function of Wavelength, and 
the like, are selected to provide a desired level of system 
performance. One of ordinary skill in the art Would recog 
niZe many variations, modi?cations, and alternatives. 

[0046] In a speci?c embodiment, the laser 412 is operated 
in a multiple Wavelength emission mode, generating mul 
tiple Wavelengths either sequentially, simultaneously, or 
combinations thereof. Accordingly, the thickness of a pho 
toresist layer “P” and/or index of refraction changes asso 
ciated With the photoresist layer “P” may be monitored 
during the processing. Merely by Way of example, the 
thickness of the photoresist layer is measured in an embodi 
ment by detecting a change in multi-Wavelength interference 
patterns that Will change as the photoresist thickness and 
index of refraction change during the process. 

[0047] Referring to FIG. 4, in a particular embodiment of 
the endpoint detection process, the laser 412 emits radiation 
that is incident on beamsplitter 414. As is Well knoWn to one 
of skill in the art, at the beamsplitter, a percentage of the 
radiation emitted from the laser 412 passes directly through 
the beamsplitter 414 and impinges on the ?ber optic cable 
418. The ?ber optic cable 418 then directs the energy 
passing through the beamsplitter toWards the surface of the 
substrate “W” With a layer of photoresist “P” present on the 
top surface. The radiation is then re?ected, scattered, or 
absorbed at the surface of the photoresist layer “P” and/or 
the surface of the substrate. A percentage of the re?ected 
radiation then travels back to the ?ber optic 418 Where it is 
directed to the beamsplitter 414. The beamsplitter 414 then 
re?ects a percentage of the re?ected radiation to the detector 
416 Where the radiation incident on the detector is measured. 

[0048] In some embodiments, in order to detect When an 
endpoint of a PEB process has occurred, using either of the 
embodiments described above, the detected signal is com 
pared With a previously detected signal or data collected 
during the previous processing of substrates. In a particular 
embodiment, post-PEB process measurements are obtained 
for a given process and information from these measure 
ments is utiliZed during the PEB endpoint detection process. 
As an example, in an embodiment, the thickness of the 
photoresist layer is measured as a function of time and the 
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PEB endpoint is determined based on the photoresist layer 
thickness. Utilizing some photoresist layers, chemical 
shrinkage processes result in photoresist layer thickness 
changes during the PEB process. Accordingly, measure 
ments of the photoresist layer thickness are a metric utilized 
to determine PEB endpoint according to some embodiments 
of the present invention. 

[0049] FIG. 5 is a simpli?ed ?oW chart illustrating a 
process of detecting post exposure bake endpoint according 
to an alternative embodiment of the present invention. As 
described above, in some embodiments, the endpoint detec 
tion process is optimiZed by using data collected from 
previously processed Wafers. In step 510, at least one 
reference endpoint signal is recorded for one or more Wafers. 
In a speci?c embodiment, a number of reference signals for 
one or more of Wafers numbered I through N are acquired 
and recorded. These reference signals may be endpoint 
detection signals acquired using the optical system 410 as 
illustrated in FIG. 4. In other embodiments, these reference 
signals may be endpoint detection signals acquired using the 
PEB endpoint system illustrated in FIG. 2. In a particular 
embodiment, the one or more reference signals are stored in 
a memory of a system controller 140 as illustrated in FIG. 
1. 

[0050] After acquisition and recording of the at least one 
reference signal for wafers 1 to N, post-PEB processing is 
performed on the Wafers or substrates. These processes 
include development, drying, inspection, and the like in 
some embodiments. Preferably, inspection steps are per 
formed to determine hoW the various structural features 
present on the substrate compared With a design criteria. For 
example, critical dimensions, lineWidths, and the like are 
compared to determine similarities and differences betWeen 
the endpoint signals for various substrates and the various 
structural features. As Will be evident to one of skill in the 
art, correlations betWeen endpoint signals and device fea 
tures are calculated for use in future PEB endpoint deter 
minations. 

[0051] In step 514, an endpoint signal for a Wafer num 
bered N+l is collected. The endpoint signal for Wafer N+l 
is compared With endpoint signals associated With one or 
more of the Wafers numbered 1 through N in step 516. In 
step 518, a PEB process time is selected for Wafer N+l based 
on the comparison step. UtiliZing this iterative process, 
substrate processing operations, and PEB endpoint determi 
nation, in particular, are optimiZed to determine and select 
preferable PEB processes. 

[0052] While the present invention has been described 
With respect to particular embodiments and speci?c 
examples thereof, it should be understood that other embodi 
ments may fall Within the spirit and scope of the invention. 
The scope of the invention should, therefore, be determined 
With reference to the appended claims along With their full 
scope of equivalents. 

What is claimed is: 
1. A method of detecting post exposure bake endpoint 

during processing of a semiconductor substrate, the method 
comprising: 

providing a radiation source coupled to a post exposure 
bake station; 
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providing a radiation detector coupled to the post expo 
sure bake station; 

directing a radiation signal generated by the radiation 
source through an absorption region coupled to the 
substrate; 

measuring a ?rst detected signal at the radiation detector; 

measuring a second detected signal at the radiation detec 
tor; and 

comparing the ?rst detected signal and the second 
detected signal to determine the post exposure bake 
endpoint. 

2. The method of claim 1 Wherein the radiation source is 
an optical radiation source. 

3. The method of claim 2 Wherein a Wavelength of the 
optical radiation source is tuned to correspond to an absorp 
tion feature associated With a byproduct of the post exposure 
bake process. 

4. The method of claim 3 Wherein the radiation source is 
a laser. 

5. The method of claim 1 Wherein the absorption region 
contains reaction byproducts from a chemically ampli?ed 
resist during a portion of a PEB process. 

6. The method of claim 5 Wherein the reaction byproducts 
are hydrocarbons, CO2, alkenes, and/or ole?ns. 

7. The method of claim 1 Wherein the absorption region 
is a geometrical region With a base de?ned by a surface of 
the substrate and a height extending to about 0.1 cm above 
the surface of the substrate, and a length approximately 
equal to the diameter of the substrate. 

8. An apparatus for detecting post exposure bake end 
point, the apparatus comprising: 

a source of optical radiation disposed in a post exposure 
bake chamber; 

an optical path coupling an optical radiation detector to 
the source of optical radiation, Wherein the optical path 
passes through a region coupled to a substrate support 
adapted to support a semiconductor substrate; and 

a controller coupled to the source of optical radiation and 
the optical radiation detector, Wherein the controller 
calculates a value associated With an optical absorption 
coef?cient and provides a termination signal in 
response to the value. 

9. The apparatus of claim 8 Wherein the source of optical 
radiation is a laser. 

10. The apparatus of claim 8 Wherein the laser is a 
semiconductor laser emitting infrared radiation. 

11. The apparatus of claim 8 Wherein the source of optical 
radiation is an optical ?ber coupled to a laser, the laser 
provided at a remote location. 

12. The apparatus of claim 8 Wherein the optical path 
includes a portion substantially parallel to the a surface of 
the semiconductor substrate. 

13. The apparatus of claim 8 Wherein the termination 
signal is provided to a system controller for a track photo 
lithography tool. 

14. The apparatus of claim 8 Wherein the region coupled 
to the semiconductor substrate is an absorption region 
associated With byproducts of the post exposure bake pro 
cess. 

15. A method for detecting post exposure bake (PEB) 
endpoint in a PEB station comprising an optical source 
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coupled to the PEB station and an optical detector coupled 
to the optical source through an optical path, the method 
comprising: 

exposing a substrate comprising a layer of photoresist to 
an exposure process; 

directing an optical signal from the tunable optical source 
toWard the substrate; 

directing a re?ected optical signal from the substrate to 
the optical detector; 

measuring an interference pattern produced by the optical 
signal and the re?ected optical signal; and 

generating a control signal to indicate the PEB endpoint. 
16. The method of claim 15 Wherein the optical source is 

tunable. 
17. The method of claim 15 Wherein the exposure process 

is a photolithographic exposure process. 
18. The method of claim 15 Wherein the photoresist is a 

chemically ampli?ed photoresist. 
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19. The method of claim 15 Wherein the optical source 
and the detector are provided at a location external to the 
PEB chamber. 

20. A track photolithography tool, the tool comprising: 

a PEB station; 

a source of optical radiation coupled to the PEB station; 

an optical radiation detector coupled to the source of 
optical radiation by an optical path, Wherein the optical 
path passes through a region adjacent to a substrate 
support adapted to support a semiconductor substrate 
undergoing a PEB process; and 

a controller coupled to the source of optical radiation and 
the optical radiation detector, Wherein the controller 
calculates a value associated With an optical absorption 
coef?cient and provides a termination signal in 
response to the value. 

21. The track lithography tool of claim 20 Wherein the 
source of optical radiation and the optical radiation detector 
are provided at a location external to the PEB station. 

* * * * * 


