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FEATURES WITH ASYMMETRICAL PROFILE TECHNICAL FIELD The present invention
generally relates to the fabrication of a semiconductor device and more
particularly to a method and a system for characterizing a symmetry of
feature profiles and using that information to optimize symmetric profile
patterning. BACKGROUND ART In the semiconductor industry, there is a
continuing trend toward higher device densities. To achieve these high
densities there has been and continues to be efforts toward scaling down
device dimensions (e.g., at submicron levels) on semiconductor wafers. In
order to accomplish such high device packing density, smaller and smaller
features sizes are required. This may include the width and spacing of
interconnecting lines, spacing and diameter of contact holes, and the
surface geometry such as corners and edges of various features. The
requirement of small features with close spacing between adjacent features
requires high resolution photolithographic processes. In general,
lithography involves the transfer of a pattern or image from one medium to
another, as from a mask to a wafer. In particular, a mask can be used to
protect one area of the wafer while working on another. For example, a
photoresist is applied to a wafer and aligned to a mask. Than light such as
ultraviolet radiation can be projected through the mask, thereby exposing
the photoresist with the mask pattern. The wafer is then developed to
remove the exposed photoresist and baked to harden the remaining
photoresist pattern. Areas not covered by the hardened pliotoresist are
then etched away, and the wafer is inspected to ensure the image transfer
from the mask to the top layer is correct. This process is repeated several
times until a11 active devices and features have been formed. During the
fabrication process of a semiconductor, for example, during etching, thin
film deposition or chemical mechanical polishing, features may become
non-uniform in their profile structures. For example, the etching away of a
polysilicon feature such as a gate may result in the feature having an
asymmetric profile such that one side of the feature is situated at about a
90(J angle to the substrate but the opposite side of the feature is
situated at an angle greater than or less than the first side. This
asymmetry in the feature profile may lead to performance problems or
degradation, especially in extremely small devices, caused by the shallow
or malformed features in the front end. Inevitably, the device may exhibit
poor resistance or conductivity or fail other types of parametric and/or
functional criteria, and may thus be rendered sub-standard due to the
asymmetric feature profiles. Therefore, in a production line of
semiconductor devices, there is a need to examine the profile of structures
such as a feature formed on a wafer quickly, without contacting or
destroying the structure prior to the completion of the semiconductor
device. There is also a need to optimize fabrication process parameters
during semiconductor production to provide more exact control and detection
of asymmetric feature profiles. DISCLOSURE OF INVENTION The following
presents a simplified summary of the invention in order to provide a basic
understanding of some aspects of the invention. This summary is not an
extensive overview of the invention. It is intended to    WO 02/077570
PCT/US01/43805 neither identify key or critical elements of the invention
nor delineate the scope of the invention. Its sole purpose is to present
some concepts of the invention in a simplified form as a prelude to the
more detailed description that is presented later. The structural profile
of features formed on a wafer may affect the conductivity and overall
performance of a semiconductor device. Asymmetrically formed features may
result in reduced performance of the semiconductor device. Thus there is a
need to obtain information on feature profiles to determine the quality and
preciseness of a fabrication process to prevent asymmetric feature
profiles. The present invention is directed to a method and a system for
non-destructively, efficiently and accurately detecting asymmetry in the
profile of a feature formed on a wafer during the process of semiconductor
fabrication. The system comprises a light source, a stage for a patterned
wafer sample, a detector, a processor system including a memory and a
processor associated therewith, and a display unit. According to another
aspect of the present invention, the system is placed in-situ a
semiconductor fabrication line for immediate detection and control to
optimize subsequent feature formation. 



The method encompasses directing a beam of light or radiation at a first
side of a feature. A detector captures and measures a reflected beam
associated with the first side of the feature. The light source or the
feature is rotated (e.g., about 180 degrees) with respect to the other from
an original position and a beam of light is now directed to a second side
of the feature. A detector again captures and measures a reflected beam
associated with the second side of the feature and the two sets of
measurements (from the first and the second sides) are correlated by a
processor system using a predetermined correlation threshold. Once
correlated, the symmetry or asymmetry of a feature profile is determined.
In particular, the present invention describes a method of detecting
asymmetry of a feature profile and comprises placing a patterned wafer with
at least one feature formed (e.g., a grating) thereon into a
characterization chamber. An incident beam of radiation is then directed at
a first side of a feature and a first reflected beam associated with the
first side of the feature is detected. An incident beam of radiation is
then directed at a second side of the feature and a second reflected beam
associated with the second side of the feature is detected. Using the data
collected from the first side and the second side of the feature, a pattern
profile is determined. By analyzing the determined pattern profile, a type
and degree of feature asymmetry is ascertained and utilized to generate
feedback or feedforward control data to account and adjust fox such
asymmetry. Another aspect of the method comprises directing an incident
beam of polarized light at a first side of a feature and detecting a
reflected beam to determine a change in the state of polarization before
and after reflection. The change in polarization is then employed to
ascertain properties associated with the reflecting boundary (e.g., the
feature profile). A light source or a stage is then rotated, for example,
about 180 degrees from its original position, causing the beam of light to
be directed at a second side of the feature and the measurement is
performed again. Another aspect of the present invention allows for
direction of a broadband wavelength range of incident light on the feature
of interest in a direction generally normal to the wafer surface. The
reflected light intensity as a function of wavelength is then detected. The
reflection data is then compared to a database of reflection profiles
containing numerous reflection signatures associated with different known
feature profiles.   WO 02/077570 PCT/USOl/43805 As a result of the
comparison, the profile of the feature of interest and its associated
asymmetry is identified. Such identification is then used to generate
feedback or feedforward process control data to compensate or correct for
such asymmetry in subsequent processing. In accordance with yet another
aspect of the present invention, scatterometry is employed to ascertain the
asymmetry of a test structure such as a grating. An incoming light spectra
reflects off of the test structure and a detector collects a reflected
light intensity and phase profile as a function of wavelength. The profile
data is then compared with a database of intensity and phase signatures
associated with known feature profiles to identify the profile of the test
structure. This process is then repeated for an opposite side of the test
structure to ascertain an asymmetry associated therewith. The asymmetry
determination is then employed to generate feedback or feedforward control
data to compensate for the asymmetry or modify the process to prevent
subsequent feature asymmetry. The invention extends to features hereinafter
fully described and features particularly pointed out in the claims. The
following detailed description and the annexed drawings set forth in detail
certain illustrative examples of the invention. These examples are
indicative of but a few of the various ways in which the principles of the
invention may be employed. Other ways in which the principles of the
invention may be employed and other objects, advantages and novel features
of the invention will be apparent from the detailed description of the
invention when consider in conjunction with the drawings. BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a partial block diagram illustrating an exemplary
detection system according to the present invention. FIG. 2 is a flow chart
illustrating a method for characterizing a feature profile formed on a
wafer, measuring a first and second side of the feature, and then
determining its pattern profile. FIGS. 2a through 2e are schematic
illustrations of exemplary pattern profiles associated with a feature
formed on a wafer. FIG. 3 is a flow chart illustrating a method for
characterizing a profile of a feature formed on a wafer using ellipsometry.
FIGS. 3a and 3b are schematic illustrations demonstrating aspects of a
method of the invention as described in FIG 3. FIG. 4a and 4b are exemplary
graphs of intensity and phase, respectively, as a function of wavelength 



associated with a side of a feature measured by an ellipsometer. FIG. 5 is
a partial block diagram illustrating an exemplary detection system
according to the present invention. FIG. 5a is a graph of power spectral
density (PSD) as a function of spatial frequency for a scatterometer. FIG.
6 is a partial block diagram illustrating a detection system employing a
database according to the present invention. FIG. 6a is a flow chart
illustrating a method for characterizing a feature profile using a
database.   WO 02l077570 PCT/USO1/:43805 FIG. 6b is a flow chart
illustrating a method for characterizing a feature profile for immediate
feedback into fabrication process parameters to optimize subsequent feature
formation. MODES FOR CARRYING OUT THE INVENTION The present invention will
now be described with reference to the drawings wherein like reference
numerals are used to refer to like elements throughout. In accordance with
one aspect of the present invention, a method will be described with
reference to the detection of an asymmetric profile of a feature formed on
a wafer employing ellipsometry, reflectometry or scatterometry. Upon
ascertaining the degree of asymmetry associated therewith, the method
further comprises generating feedback or feedforward process control data
to compensate or adjust subsequent processing to mitigate such asymmetry.
It should be understood that the description of these aspects are merely
illustrative and that they should not be taken in a limiting sense.
Referring now to the figures, several aspects of the present invention are
presented. FIG. 1 is a schematic illustration of an exemplary system using
an optical technique such as ellipsometry, reflectometry or scatterometry
to determine a pattern profile or to characterize a symmetry of a feature
profile. It is to be appreciated that the system shown in FIG. 1 is not
necessarily drawn to scale to illustrate the teachings of this invention.
Ellipsometry is one tool which can be employed to characterize the symmetry
or lack thereof of a feature profile. Ellipsometry is an optical technique
devoted to the analysis of surfaces. It is based on the measurement of the
variation of the polarization state of the light after reflection on a
plane surface. The strong advantages of ellipsometry are its
non-destructive character, its high selectivity due to the measurement of
the phase of the reflected light, its large measurement range and the
possibilities to control real time complex processes. Spectroscopic
ellipsometry employs linearly polarized incident light and exploits the
fact that the component waves of incident light experience different
amplitude attenuations and varying phase shifts upon reflection from a
surface. Therefore the state of polarization changes upon reflection upon
the surface. In accordance with one exemplary aspect of the present
invention, an ellipsometer measures a phase of a reflected light beam as a
function of wavelength and an intensity of a reflected light beam as a
function of wavelength, the analysis of which corresponds to a particular
structure. A detector collects the phase and intensity data and then
communicates that information to a processor system where the data is
calculated and saved into memory for future use. The information is then
displayed by a monitor, a printer or any other displaying device. The
information can also be fed back into fabrication process parameters to
optimize subsequent feature formation. In particular, using ellipsometry,
an incident light, for example, light having multiple wavelength components
such as about 100 nm to about 1000 nm, with an incident angle and a
polarization angle, reflects off of a feature or test structure (e.g., a
grating). The reflected light exhibits a change in its electric field
components, its phase and its polarization due to the different between the
refractive index and reflectance between the test structure and the wafer
substrate. As a result, a complex coefficient ration may be obtained. The
profile of the test feature which is collected via the detector and is
later compared against a database of data corresponding to known feature
profiles to ascertain the profile of the test structure of interest. By
repeating such analysis from the other side, feature profile data
associated with both sides of the feature is   WO 021077570 PCT/USO1/43805 



determined and an asymmetry associated therewith is identified. Using such
asymmetry information, a processor is used to determine process anomalies
that may be associated with contributing to such asymmetry. Feedback or
feedforward process control data is then generated to compensate or correct
subsequent processing to mitigate for the detected asymmetry. According to
another exemplary aspect of the present invention, spectroscopic
reflectometry employs a normal-directed incident beam of light containing
multiple frequency components, for example, about 100 nm to about 1000 nm,
to collect a reflected light intensity distribution over the wavelength
range. That is, a light is directed to a test structure (e.g., a grating)
in a generally normal or perpendicular fashion, and an intensity profile,
which is a function of wavelength, is collected fiom the reflected light.
Since the incident light is generally perpendicular to the surface, data
regarding the profiles of both sides of the feature may be ascertained
(e.g., assuming both sides of the features) of interest exhibit
non-perpendicular profiles which are not reentrant). Accordingly, data
associated with the asymmetry of the feature profile may be collected in a
single measurement. The intensity distribution data is then compared to a
database of intensity distributions associated with known feature profiles
to identify the profile of the structure of interest. Such information is
then utilized to ascertain the asymmetry of the feature of interest and,
using such asymmetry information, a processor is used to determine process
anomalies that may be associated with contributing to such asymmetry.
Feedback or feedforward process control data is then generated to
compensate or correct subsequent processing to mitigate for the detected
asymmetry. Scatterometry is another tool which can be employed to
characterize a feature profile. Scatterometry is a technique that involves
directing a light beam, typically a laser, on an area to be characterized
and measuring the angular distribution of the light that is elastically
scattered from that area. An exemplary system may employ one or more light
sources arranged to project light on respective portions of a feature and
one or more light detecting devices to collect light reflected by the
feature. A processor system is operatively coupled to one or more detecting
devices. The detector device measures and the processor system calculates a
power spectral density (PSD) as a function of spatial frequency. PSD is a
measure of scattered power per unit of spatial frequency. FIGS. 1-6 of the
present invention illustrate a method and a system using ellipsometry,
reflectometry or scatterometry for gaining information on the structural
profile of features formed on a wafer or substrate to optimize processing
and performance of semiconductor devices and to reduce the variability in
feature profile asymmetry. In FIG. 1, a characterization system 10
comprises a light source 20, a stage 22, a detector 24, a processor system
26 having a memory 30 associated therewith, and a display unit 40, wherein
the processor 26 is associated therewith and/or coupled to the detector 24.
The light source 20 is positioned to direct an incident beam of radiation
52 at a sample 54. The sample 54 comprises a wafer 61 having a feature 61a
formed therein or thereon. It should be appreciated that the wafer 61 may
contain more than one feature, as may be desired. The stage 22 comprises a
rotating base or other mechanism which will cause the stage to rotate. In
another aspect of the present invention, the stage 22 comprises a mechanism
for rotating the sample 54 while maintaining the position of the stage 22.
Alternatively, the stage 22 may be fixed and the light source 20 may be
WO 02/077570 PCT/USO1/43805 rotated about the sample 54. The detector 24
detects a reflected beam 56 and communicates this data to the processor
system 26. The processor system 26 collects this data and determines a
pattern profile of a feature using the collected data. The determined
pattern profile can then be sent to the display unit 40, stored in the
memory 30 of the processor system, or fed immediately back into the
production line to alter the fabrication process of subsequent features. As
illustrated in Fig. 1, the light source provides incident light at an angle
with respect to the wafer 61. Although Fig. 1 illustrates an angle of
incidence between 0~ and 900, it should be understood that the angle may be
normal or generally perpendicular to the wafer 61, for example, in
instances where a reflectometry analysis is conducted. FIG. 2 is a flow
chart illustrating a method 58 for determining a pattern profile of a
feature formed on a wafer using, for example, the system shown in FIG. 1.
The method 58 begins at step 60 in which a wafer 61 is processed, for
example, etching a film (e.g., polysilicon), or developing an exposed
photoresist, to form a patterned feature 61 a thereon (FIG. 1 ). For
example, a gate structure may be formed on a wafer or a grating. Other
features which can be formed on a wafer include a trench or a via, for
example. In step 62, the patterned wafer 61 is placed into a
characterization chamber. At step 64, the etched wafer 61 is positioned and
aligned onto the stage 22 (FIG. 1). The etched wafer 61 is subjected to
radiation 52 in step 66 (FIG.1). Fox example, for an ellipsometry analysis,
the radiation may be an incident beam of polarized light at a range of
wavelengths, such as a range of about 100 nm to about 1000 nm. The incident
beam of radiation S2 is directed generally at a side of the feature 61a.
Alternatively, for a reflectometry analysis the incident beam (e.g.,
unpolarized light) is incident upon the feature 61 a in a generally
perpendicular fashion. At step 68, a reflected beam associated with a first
side of the feature 61 a is detected and measured using, for example, the
detector 24. In step 70, the stage 22 is rotated from an original position
(see, e.g., FIGS. 3a and 3b}. For example, the stage can be rotated about
180 degrees from an original position such that a second side exposed to
radiation is a side opposite the first. Alternatively, the source of
radiation 52 can be rotated about the feature 61 a so as to be directed
generally at a second side of the feature. In step 72, a reflected beam
associated with the second side of the feature 61 a is detected and
measured. In one aspect of the invention, the incident beam of radiation 52
is directed to substantially the entire side of the feature. In another
aspect of the invention, the incident beam of radiation 52 is directed to
portions of a side associated with the feature, wherein the irradiated
portions of the first side substantially correspond to the 



irradiated portions of the second side. The desired portions of a side
associated with a feature to be irradiated may differ depending on the type
of feature. In accordance with one exemplary aspect of the invention, with
a reflectometry analysis, the incident radiation is directed toward the
wafer in a generally perpendicular fashion and consequently the steps of
directing radiation to different sides is not necessary, nor is a rotation
of the feature necessary since light will reflect off both sides of the
feature 61a when normally incident thereon (for non-perpendicular,
non-re-entrant profiles), and thus data associated with both sides of the
feature 61 a may be collected in a single step. The data associated with
the first and second sides of the feature 61a are collected, for example,
by the processor system 26 (FIG. 1). At step 74, the method 58 determines a
pattern profile using the collected data 6   WO 02I077570 PCT/USOl/43805
associated with the first and second sides of the feature 61a. For example,
the pattern profile of a gate structure formed on the wafer could be
determined as shown in FIGS. 2a, 2b, 2c, 2d, or 2e. The method ends at step
76 in which a determined profile structure of the feature 61 a is displayed
to an operator, for example. This information can also be kept or
maintained in a database for further analysis or displayed using any other
type of output device such as a monitor or a printer. In accordance with
one exemplary aspect of the present invention, the characterization process
described in FIG. 2 is performed using an ellipsometer in a method 78.
Referring to FIG. 3 together with FIGS. 3a and 3b, the method 78 begins at
step 80 in which an incident beam of polarized light having a predetermined
range of wavelengths is directed at a stage 81 whereupon a wafer with a
feature 82 has been aligned. The exemplary range of wavelengths of the
incident light is about 100 nm to about 1000 nm. At step 84, a beam of
polarized light 86 is directed generally at a first side 87 of the feature
82 (FIG. 3a). It should be appreciated that the term "generally" indicates
that the beam of light 86 may be directed to any area associated with the
first side 87 of the feature or a second side 94, as the case may be. It
should also be appreciated that a filter {not shown) may be used to
eliminate any background "noise" associated with this method. In step 88, a
detector detects and measures an intensity and a phase of a first reflected
beam 90 as a function of wavelength. An example of this type of data is
illustrated in FIGS. 4a and 4b, respectively. As a further note, detection
may be accomplished using any detector known in the art and suitable for
achieving the objectives of this invention. In step 92, the stage 81 is
rotated about 180 degrees from its original position. An incident beam of
polarized light 93 having a predetermined range of wavelengths is directed
toward a second side 94 of the feature 82 (step 96). Again, the exemplary
range of wavelengths is about 100 nm to about 1000 nm. At step 98, a
detector detects and measures an intensity and a phase of a second
reflected beam 100 as a function of wavelength. This data is communicated
to and collected by a processor system 26 (FIG. 1). In step 102, a
processor system 26 (FIG. 1) determines whether the data collected from the
first side 87 and the second side 94 of the feature 82 correlate. For
example, the intensity data and the phase data can each be correlated for
the first and second sides, respectively. In one aspect of this invention,
"correlate" is defined as a statistical correlation analysis between the
data of the first and second sides. Symmetry or asymmetry is determined
according to a correlation threshold (e.g., symmetry if correlation is
greater than 0.9 or some other predetermined threshold). According to
another aspect of this invention, "correlate" is defined as comparing the
determined pattern profiles of the first side and the second side,
respectively) for example, by a comparison of the pattern profiles from the
first and second sides to determine whether the profile of the feature is
asymmetric via the processor (e.g., within XD of one another or Y% of one
another, wherein X or Y is predetermined according to characterization
criteria). If the question is answered in the affirmative {YES), then the
feature is judged acceptable (step 104); and the method 78 ends. However,
if the amount of correlation is insufficient, then the method proceeds to
step 106. Once a feature profile is determined to be asymmetric, various
steps can follow. For example, the information may be provided to an
operator for further testing of the subject wafer, the wafer may be
discarded from the production line either manually or automatically, or the
data collected from the wafer 7   WO 02/077570 PCT/USO1/43805 may be used
to optimize one or more process parameters of the semiconductor fabrication
process, as will be described in greater detail infra. With reference to
the method 78 as described in FIG. 3, a method 109 represents another
aspect of the present invention which encompasses using a scatterometer to
characterize a feature profile as symmetric or asymmetric. An example of a
scatterometer system 107 suitable for the characterization process is shown
in FIG 5. The method 78 and the method 109 differ in a few key respects.
For example, the method 109 provides for directing an incident beam of
nearly collimated light 91 (FIG. 3, Step 80, 84) toward a first side of a
feature 82. In the following step, a detector 95 detects a first reflected
beam and a processor calculates a power spectral density (PSD) as a
function of spatial frequency. PSD is a measure of scattered power per unit
of spatial frequency. An example of such data associated with a side of a
feature is illustrated in FIG. Sa. Method 109 continues accordingly as
described above in FIG. 3 to determine whether the feature profile is
symmetric or asymmetric using the scatterometric data. Alternatively, one
or more incident beams of light may be directed at a side associated with a
feature either in succession or simultaneously. In another aspect of the
present invention, one or more detectors may be used to collect relevant
data. In yet another aspect of the present invention, the light source 91
may be stationary with respect to the stage 22. In still another aspect of
the present invention, the light source 91 may be nonstationary with
respect to the stage 22 such that the detector 95 detects reflected light
at timed intervals as the light source 91 rotates around the feature 82. 



In accordance with one exemplary aspect of the present invention, the above
discussed systems and methods allow a use to identify whether a patterned
feature exhibits an asymmetric feature profile. In addition to simply
ascertaining whether asymmetry exists, the systems and methods may also be
operable to ascertain an amount of asymmetry between the opposing sides of
a feature via, for example, use of a database containing known profile data
signatures (e.g., via correlation). Referring now to FIG. 6, an exemplary
illustration of a characterization chamber system 108 for determining a
pattern profile of a feature using a database is shown. FIG. 6 also
illustrates placing the system 108 in-situ for immediate detection and
control of asymmetric feature profiles during semiconductor fabrication
130, which will be discussed later. According to FIG. 6, a database 120 is
connected to and communicates with the processor system 26. The database
comprises sets of data corresponding to known feature profiles. The types
of data depend on the type of device used to conduct the characterization
of a feature. For example, if one uses an ellipsometer to characterize a
feature profile (FIG. 3), then the database comprises sets of phase and
intensity as a function of wavelength associated with known feature
profiles, wherein one set of phase and intensity as a function of
wavelength corresponds to a side of a feature having a known side profile
of that side. Likewise, if a reflectometry system/method is being employed,
data sets comprising reflectance intensity as a function of wavelength may
be measured and compared against a database of intensity distributions
associated with known feature profiles. Lastly, for example, if a
scatterometry system/method is utilized, intensity/phase distributions or
power spectral density functions may be measured and/or calculated and
compared against a database of such data signatures associated with known
feature profiles.   WO 02/077S70 PCT/USO1/43805 As discussed above, the
asymmetry of the profile is determined by determining the profile
characteristics of each side of a feature by comparing collected data
associated with the feature of interest to a database of data signatures
associated with known feature profiles and then ascertaining the asymmetry
using such information for both sides of a feature. According to another
exemplary aspect of the present invention, the database of signatures
associated with known feature profiles may be utilized to train a neural
network. Subsequently, a data set associated with a feature under analysis
may then be put into the trained neural network which will then provide a
determination of the state of the feature profile. Using the determination
associated with both sides of the feature, the processor is operable to
determine an asymmetry associated with the feature of interest. Turning to
FIG. 6a, a flowchart which illustrates a method 110 for characterizing a
symmetry of a feature profile using the database 120 (FIG. 6) is shown. The
method 110 begins with steps similar to method 78; for example, steps 80
through 98 (FIG. 3}. After performing a step similar to step 98 {FIG. 3),
method 110 continues to step 140 in which the database 120 is compared to
the phase and intensity data (e.g., for an ellipsometry or scatterometry
system/method} associated with a first side and a second side of a feature,
respectively. Following step 140, the profile information is displayed or
communicated (step 144). It is to be appreciated that the process described
in FIG. 6a is merely exemplary of performing the characterization process
using a database. For example, the comparison between the collected data
and the database could occur after the first side is measured and again
after the second side of the feature is measured. In addition, the
comparison may comprise a statistical correlation in which a match is found
for any correlation that exceeds a predetermined threshold. Further, if
multiple data sets match the correlation, the data set which exhibits the
highest correlation may be selected. Alternatively, if reflectometry is
being employed, simply an intensity distribution data set may be utilized.
If scatterometry is being employed, not only may the intensity and phase
distribution data be used, but a power spectral density may be calculated
and utilized, as may be desired. According to another aspect of the present
invention, FIG. 6b illustrates an exemplary method 180 in which information
associated with a feature profile, which is determined to be asymmetric, is
immediately fed back or fed forward into fabrication process parameters 130
to optimize semiconductor formation. For example, the method 58 as
described in FIG. 2 is placed in-situ a semiconductor fabrication line.
Various types of process conditions may contribute to feature asymmetry.
For example, in a chemical mechanical polish (CMP) process, asymmetry may
result from slurry composition, polish pads) condition or wear, polish pad
movement control, etc. In such circumstances, an identification of profile
asymmetry may be utilized by the processor to generate feedback control
data to alter one or more of the above process parameters to reduce such
asymmetry in subsequently formed features. In accordance with another
exemplary aspect of the present invention, profile asymmetry may be caused
by lens aberrations such as coma. In such circumstances, the asymmetry
determination by the processor may be utilized by the processor to vary an
exposure condition globally or adjust a pupil filter to alter an intensity
or phase of light globally or locally in one or more portions of the image
field to thereby compensate for the aberration for subsequently formed
features. 9   WO 02/077570 PCT/USO1/:43805 In accordance with yet another
exemplary aspect of the present invention, asymmetric features such as
polysilicon gates can affect subsequent ion implantation steps, thereby
negatively causing non-uniformity in spatial doping concentration in the
source/drain regions. In such circumstances, the present invention
contemplates utilizing the asymmetry information determined by the
processor to generate feedforward process control data to vary a subsequent
ion implantation step to compensate for the profile asymmetry and thereby
establish substantially spatially uniform source/drain regions. 



For example, if one side of a polysilicon gate structure is determined to
have a substantially more sloped sidewall than the other side of the gate,
a tilt implant may be associated with the implantation of that side of the
gate so as to ensure more dopant under a portion of the shaped profile than
would otherwise exist in that region with a conventional implantation step.
This and other type of feedforward compensation adjustments may be employed
by the processor via process control data in view of the asymmetry
determination. For example, an amount or type of process control data may
be a function of an amount of asymmetry determined, as may be desired. The
method 180 begins with many similar steps as previously described in FIG.
2; for example, steps 60 through 72. Following performance of the similar
step 72, the method 180 continues with step 190 in which collected data
associated with a first side and a second side of a feature are correlated
as specified in the method 58. Alternatively, a database such as is used in
method 110 could be employed to determine a profile of the feature (step
190). In step 192, a processor system must determine if the first side and
the second side of the feature are symmetric. If the response is in the
affirmative (YES), then the profile is determined symmetric (step 194) and
the method 180 stops (step 196). However, if the response is negative, then
the profile is determined asymmetric (step 198) and the collected data
associated with this feature is fed back into fabrication process
parameters I30 so that adjustments are made to optimize subsequent feature
formation (profiles) (step 200). For example, as described above, changing
fabrication process parameters includes altering an etching process such as
altering a plasma chemistry, pressure, etc. in a plasma etching process to
increase or decrease a slope of a sidewall of the feature, thereby
improving a symmetry of subsequent features. Alternatively, changing
fabrication process parameters may include altering one or more factors
associated with chemical mechanical polishing (CMP) pads, the CMP slurry,
etc. to increase or decrease an amount of polishing on either the first or
the second side or both sides of the feature, or altering an alignment of
the wafer to compensate for a coma effect associated with a stepper lens
during au etching process. It should be appreciated that other process
parameters that influence feature formation may also be altered and such
alterations are contemplated as falling within the scope of the present
invention. In addition, more than one process parameter could be altered
depending on the information associated with the asymmetric feature
profile. It is also to be appreciated that the methods 78 and 109 (FIG. 3)
could also be placed in-situ a semiconductor fabrication line to perform
the method 180. In another aspect of the present invention, a trained
neural network is incorporated into a processor system to characterize the
symmetry associated with a feature profile. For example, a trained neural
network 10   WO 02/077570 PCT/USO1/43805 could be introduced into the
methods described above in FIGS. 3, 6a or 66 to determine the symmetry of a
feature profile. Although the invention has been shown and described with
respect to certain aspects, equivalent alterations and modifications will
occur to others skilled in the art upon the reading and understanding of
this specification and the annexed drawings. In particular regard to the
various functions performed by the above described components (systems,
devices, assemblies, etc.), the terms used to describe such components are
intended to correspond, unless otherwise indicated, to any component which
performs the specified function of the described component (i.e., that is
functionally equivalent), even though not structurally equivalent to the
disclosed structure that performs the function in the herein illustrated
exemplary aspects of the invention. In addition, while a particular feature
of the invention may have been disclosed with respect to only one of
several aspects, such feature may be combined with one or more other
features of the other aspects as may be desired and advantageous for any
given or particular application. Furthermore, to the extent that the term
"includes" is used in either the detailed description and the claims, such
term is intended to be inclusive in a manner similar to the term
"comprising." INDUSTRIAL APPLICABILITY The apparatus and associated method
may be used in the field of lithography development and semiconductor
processing to provide improved linewidth control when fabricating
integrated circuits or the like. 11   WO 02I077570 CLAIMS What is claimed
is: PCT/USO1/43805 A method (58) of detecting asymmetry of a feature
profile (87, 94) comprising: 



directing (66) an incident beam (86) of radiation generally at a first side
(87) of a feature (82); detecting (68) a first reflected beam (90)
associated with the first side (87) of the feature (82); directing (66) an
incident beam (93) of radiation generally at a second side (94) of the
feature (82); detecting (72) a second reflected beam (100) associated with
the second side (94) of the feature (82); and determining an asymmetry (74)
of the feature (82) using the detected first reflected beam (90) and the
detected second reflected beam (100). 2. The method (58) of claim 1,
wherein detecting (68) the first reflected beam (90) or the second
reflected beam (100) comprises detecting a reflected beam intensity as a
function of wavelength (88, 98). The method (58) of claim 2, wherein
detecting (68) the first reflected beam (90) or the second reflected beam
(100) further comprises detecting a reflected beam phase as a function of
wavelength (88, 98). 4. The method (58) of claim 2, wherein determining an
asymmetry (74) of the feature comprises: comparing ( 140) the reflected
beam intensify of the .first side and the second side to a database
containing a plurality of intensity profiles associated with known feature
characteristics; and determining a. side profile (190, l92, 194, 198)
associated with the first side and the second side of the feature,
respectively, based on the comparison. 5. The method (58) of claim 4,
wherein determining (190) a side profile associated with the first and
second sides of the feature comprises correlating data associated with the
first side (87) and the second side (94) of the feature (82) to the
plurality of profiles associated with known feature profiles, respectively,
using a predetermined correlation threshold. 6. A method (180) of
determining asymmetry associated with a feature (82) and generating process
control data associated therewith, comprising the steps of directing (66)
radiation at the feature (82); detecting (68, 72) reflected radiation from
the feature (82); ascertaining ( 192) an asymmetry of the feature (82)using
the detected reflected radiation; and generating process control data (200)
based on the asymmetry of the feature (82). 7. The method (180) of claim 6,
wherein directing radiation comprises directing linearly polarized light at
a non-perpendicular angle to a substrate having the feature (82) thereon,
wherein the linearly 12   WO 02/077570 



PCT/USO1/43805 polarized light has a range of wavelengths of about 100 nm
to about 1000 nm, and wherein detecting reflected radiation comprises:
detecting a reflected radiation intensity distribution over the range of
wavelengths; and detecting a reflected radiation phase distribution over
the plurality of wavelengths. 8. The method (180) of claim 7, wherein
ascertaining (192) the asymmetry of the feature (82) comprises: correlating
( 190) the detected reflected radiation intensity distribution and the
detected reflected radiation phase distribution to a database containing a
plurality of intensity distributions and phase distributions associated
with known feature profile characteristics; and identifying (190) a known
feature profile characteristic which most has an intensity distribution and
a phase distribution which most closely correlates to the detected
reflected radiation intensity distribution and the detected reflected phase
distribution of the feature. The method (180) of claim 6, wherein the
process control data (200) comprises feedback process control data used to
alter a semiconductor process step to reduce feature asymmetry in
subsequent fabrication of like features. 10. The method (180) of claim 6,
wherein the process control data (200) comprises feedforward process
control data to alter a subsequent processing step related to the feature
to thereby reduce an effect of the feature asymmetry. 13
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