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The following presents a simplified summary of the invention in order to provide a basic understanding
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. FIG 3 is aflowchart illustrating a method for characterizing a praf

of a feature fornmed on a wafer using ellipsonetry. FIGS. 3a and 3b z;%e AN"Z004
schematic illustrations demonstrating aspects of a nethod of the invention
as described in FIG 3. FIG 4a and 4b are exenplary graphs of intensity and
phase, respectively) as a function of wavel ength associated with a side of
a feature muasizoedroby an el lipsometer. FIG 5 is a partPGUBIEER di agram
illustrating an exenplary detection systemaccording to the present
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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 2¢ 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. Sa 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 illusirating a method for characterizing a feature profile using a database.



. Ellipsonetry is one tool which can be enployed to characterize the SUMTRRLAN,
or lack thereof of a feature profile. Ellipsonmetry is an optical technique
devoted to the analysis of surfaces. It is based on the neasurenent of the
variation of the polarization state of the light after reflection on a

pl ane surface, The strong advantages of ellipsonetry are its
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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 non-
stationary 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 2 feature. For example, if one
uses an ellipsbmeter 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.
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threshold Further, xf multlple data sets match the correlation, the data set which exhibits the highest correlation

may be selected.

Altematively, 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 sturry composition, polish pad(s) 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,
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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 symmeiric (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 130
80 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 an 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
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Although the invention has been shown and described with respect to certain aspects, equivalent
alterations and modifications will ocour 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, stc.), 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 (/.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 mey 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.
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s directing (66) un incident beam (86) of radiation generally at 2 first Me (B7) 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 sccond side .
10 (94) of the feature (A2);
detecting (72) a second reflected beam (100) associated with the Secon:l side
(94) of the feature (82),
" whereln detecting (68) the first reflected beam (90) or the second raflected
. peam (100) compriscs detecting a reflected beam intemsity as a finetion of
15 . wavelength (38, 98), or comprises detecting @ reflected beam phase as a function of
wavelength (88, 98); and
determining an asymmetry (74) of the featurs (82) using the detected frs
yeficeted beam (90) and the detected second reflected beam (100).

20 2. The method (58) of claim 1, wherein determining an as:.rmme!:y (74) of the
feature commprises:
camparing (140) the reflected boam imfensity of the firat side and the second ‘
side 1o a darabase containing a plurlity of intensity profiles associared with known -
feanire characteristics; and '
35 determining o $ide profile (190, 192, 194, 198) associated with the first side
and the seéond side of the feature respectively, based on the comparison.

3. The method (58)-of claim 2, wherein determining (190) a side profils
associated with the first and second sides of the featwre comprises correlsting data
30 pssociated with the first side (87) and the second side (94) of the feature (82) to the
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4, A method (180) of determining asymmetry asgocisted with a feature
5 (82) and penerating process control data associated therewith, comprising the steps of;
directing (66) radiarion at the feature (82). wherein directing radiation
comprises dircoting linesrly palarized light at a pan-perpendicular angle to = substrate
having the fearure (82) therco, wherein the lincarly, polanzed light has a range of
wavelengths of about 100 nm to about 1000 nm;
10 detecting (68, 72) reflected radiation from the feature (82), wherein dctet:t.mg
reflacted. radintion comprises; ,
detecting a reflected radistion mtenmy distribution over the nmge of
wavalengths, a.nd
dete:tmg a reflected radistion phase distrbution over the plm'a.my of
15 wavelengths; ascertaining (192) an asymmeiry of the feature (82) nsing the detected
veflected radiation; and
gEVETATing Process control data (200) basad on the asymmetry of the feature
(82).

20 5. Themethod (180) of claim 4, wherein ascertaining (192) the asymmetry of the
feature (82) comprises:
cmelnnng (190) the detected reflected radiarion iptensity distribution and the
detocred refleeted radiation phase distribution to 4 database containing 2 plurality of
iptensity distributions and phase distributions associatcd with known Fsture profle
25  characteristics; and ' ' o
idertifying (190) 2 known feature profile characteristic which most has an
intensity distribution and 2 phase distribution which most closely correlates to the
detected reflected radiatior. imtensity distritution and the detected reflected phave
distribution of the feature, )
30
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5 7. The method 180) of ¢laim 4, wherrin the process control data (200) camprises

feedfbrward procass control data to alter a subsequent processing step related to the
feature to thereby reduce an effect of the fearure asymunetry.
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TOTAL P.12



