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power sBectraI density (PSD) as a function of spati al frequenc%/th PSD is a
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illustrated in Fig. 1, the light source provides |nC|dent light at an angle
wWith respect to the wafer 61. Although 4ig. 1 illustrates an angl e of
i nci dence between 0~ and 900, it should be understood that the angle may be
normal or generally perpendicular to the wafer 61, for exanple, in
i nstances where a reflectonmetry analysis is conducted. FIG 2 is a flow
chart |IIustrat|ng a nethod 58 for deternlnlng a pattern proflle of a

. s Y o o o o o o, - 1 o~ a




-the first ang second S des o{é{y t he

-

irradi ated portions of the second side. The desired portions of a side
associated with a feature to be irradiated nmay differ depending on the type
of feat umwd odgv7smcor dance with one exenpl ary aspect of thRCT/HS@M3BEN, with
a reflectonetry analysis, the incident radiation is directed toward the

wafer in a generally per pend| cul ar fashi on and consequent| the steps of
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descri b&gaath Aef > flata ?5%’?’1“8‘???&’(@ TEYHBER R 4 '(5-3? Ff’tﬁ REEERY ?encogecr?é Jelsg.
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82 ( FI Cleediery: ard Procest OB dafels BiphcBT et R ePPFRERIS PRFET TR PR TEREY ST 1S TgHF cat es
t hat t hgrBeadBcRl adyin@ibky. 86 may be directed to any area associated with the

first side 87 of the feature 9 as.the c It
shoul d al so DE™APRFEN a&?‘% Phpcgay "'t“@f’ye? f‘m i 3 ey pichiR. st ‘tmeg“’ s

el i m nas echayye haddvgveuirebtiigvoigbeseang spoallyatlser, watnhretl tvibs clrgactoriadd aqdlme&‘@@}ﬁ 88, a
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pol ar i zeadlsityi(e8Ti) aOBfuliaivih sfgpatialfrc@EadycPSD ia e chessama gEscaferedporet pan giityd spatialdi r ect ed
toward % second side 94 of the feature 82 (step 96). Again, the exenplary
range o CIRENVE| engths is about 100 nmto about 1000 nm At step 98, a

det ect or det BiiSs1-6 nifheymesenl inventiomillishrate nupthed aadeisystom hergellippomginy gxflegiemetry or
reflect gd DEam &P gmﬁﬁg iRfofntd6] dn @R sRfcnRVSHIS Bﬁ%&hres?hhﬁd Qﬁé\ﬁ’afér o5 sﬁ&&ﬁ&lﬁbl cat ed

to and collected by a processaor system 26 (FIG ‘%f tns& .

pr oces s BRtimiae HfosFFFngrnd performange ﬁéq”é‘iol‘ﬁ“ﬁt%’sdemf’wet? reg étbaat“é | §W%H°ffi?om t he
first sig@méh.and the second side 94 of the feature 82 correlate. For
exanple, the_intensity data a hase .data c be | ated for
the first anH‘I‘S cloﬁ‘éf’aé“tﬁ"ézguc’nrﬁ%sgeglel@ °°£étsesahgﬁs%lh°§a§s e% def ﬁ&;z‘ii nvent i on,
"correl ﬁﬁ)&ssot sstele £ llmehlg asenory B(aassosmne@abre\mm andladbplwa AG I“9nst|619 this propgseon2G ik e

data of LI ated Ithrexse&u 5]1' f&)ﬁﬁ%ﬂ e Gﬁéz or 2/ rﬂ@ﬂéﬂsog{ce ﬁﬁyﬂgmgﬁeﬁ td dred & BEidnped
accor di ng corre reshol d (e

symetry if correlation is
gr eat er bttahwﬁraéla@né?- atgomerloth dhe pmal & QOISR VATPIT bntnedyfearie e Poamaddherd o
anot her 43sHe Gl sn@id tedpptecialbd @Mt thORafer 6 ALY &hﬁﬁl%ord tBan ARd fedhire] aﬁﬁaycbe H&&éd ng the
det er mi ned patterné&é)oflleso the first | a}H‘g‘ He se qazé
respect i vel y b gaee Zxcomprises @ 19ipting bass opother g a‘tﬁm‘f’ Batt et S&B%Plnf Bromthe
first aﬁlﬁ)th%ﬁﬁﬁbﬁd)fﬂieﬂﬁ&ni@vedlﬁinﬁhdﬁtdgezwdaﬁfﬁked‘amd&&npmdénrbtamgihehmlef%m eis
asym"retrlc via the.pro Y ne
anot her! a\tthe”élﬁﬁ p%ﬁg’f‘ %ET iﬂge 2%&%@?%\/\11% Stagcor%ay %ﬁ%@@h&sﬁrﬁﬁn& i
crlterla) If the question is answered in the afflrrratlve {YES), then the
feature is judged acceptable (step 104)5 and the nethod 78 ends. However,
if the anmount of correlation is insufficient, then the nethod proceeds to
step 106. Once a feature profile is determ ned to be asynmetric, various
steps can follow For exanple, the information nmay be provided to an
operator for further testing of the subject wafer, the waf er may be
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In accordance with one exenplary aspect of the present invention, the above
di scussed systens and nethods allow a use to identify whether a patterned

f eat ure smdhodwrsroan asymetric feature profile. In additi BATUSOKIIAE v
ascertai ni ng whet her asymmetry exists, the systens and nmethods may al so be

operable to ascertain an anmount of asy rrrretrg bet ween t he opposing sides of
a_f eat urotateg ahput theyemple &ihe detegton 24xfetopts pieeflested Seamcinchiommpoatsi GiiaBioPe | e dat a
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illustration of a characterization chanber system 108 for detererrg ning a

pat t er nusgiedeicpkeetsd dafp. Taedetrrandapten potiatea Har e Y iaficiflay B0 o L he
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130, \AhPrS‘I“?SW? fosegRentftal¥ s sed | ater. According to FIG 6, a database 120 is
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*conpris et Qrre ypes
of dat oS PR Bl SPRAGL R JENRACL B3l e RRleob B e VPO
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FIG 6a, a. a tALe O for characterizing a
synmet r 1 leg & are H'fﬁerc%lmmg u"° AR ete&dﬂgé %gag“erg%zo FIG 6) is shown. The
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met hod 110 continues to step n whi ch the database 120 is conpared to
t he .phad@deasygeiptd witsthe %awatv‘aheree ﬂt‘j mdfatsﬁ P%{h‘mé P thefurss 3t fubstapfially corferrondindher y
system ﬂﬁalbl@djﬂortﬁ)ﬁ§&’fiﬂe€3§oﬁﬁh ddel mheaieimeﬂ Bdrticab 6 sRIB ehsadiated O/aN 6l featind @ Hefirrdiafe@at ur e,

respecti ve‘éﬁc. %ﬂ step the profile information is displayed or
comuni &Y er(“§‘t°5 gﬂ-‘ fe rfo be appreciated that the process described

in FIG 6a i & aetdahoe v&ﬂaenqﬂxanyaxy)ﬁqumemf&hannmmtgn,tm a cdilastenactng anaiyals,lﬂmnncpﬂentc ess
using a ﬁﬁ% WefinsbhEn Glgd data
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conpar i {@Rt BRYotk QIR Bftﬁ@feﬁur@kﬁt&héﬁ ﬂoﬁﬁzhly‘ﬁfafd&ﬁth@lrebﬂﬁ)r ndh-pMpesdibufr, HoAlreBnthagit f OUNd
for any correlation that exceeds a predetern ned threshol d. Further if
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di stribution data be used, but a power spectral density may be cal cuI at ed
and utilized, as may be desi red. According to another aspect of the present
invention, FIG 6b illustrates an exenplary nethod 180 in which information
associated with a feature profile, which is determned to be asymmetric, is
i mredi ately fed back or fed forward into fabrication process parameters 130
to opt| m ze sem conduct or for ITB.tI on. For exarrpl e, the rret hod 58 as
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For exanple, if one side of a polysilicon gate structure is determned to
have a substantially nore sloped sidewall than the other side of the gate,
atilt iwoent7smy be associated with the inplantation of p€hasesidges of the
gate so as to ensure nore dopant under a portion of the shaped profile than
woul d ot herwi se exist in that gl on with a conventional i rrpl antation step.
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determ nation. For exanple, an anount or t{}p& of process contrgJé data may
et e s

be a f ueieh agisiepminedprofipstpninst thedearrrele i di ratorJorpxamplts 198si red. The
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-2; for exanple, steps 60 throu%h 72. Foll owi ng performance of the simlar
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190). |3pagd étptht@@thmh%memwr%gy‘sm@m ingisient leameof pelayiseq lightheeing 4 predeterningd and
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associated with this feature is f brication.
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FaDr 1 oL O D S5 SO B Ty SRS BB, © Ol g process such as
altering ap QI ATERE RS pr essure, asma et ching process to
i ncrease or betp é&séeteptcslddm; ae&maﬂspsaemﬁn#ltyelﬁd atnhesep’éﬁaﬁrénf@eﬂt%m%as a
| Provi Rgdn SHINELTH. Ah eSHHRRSHHE Bpe | Bﬁ@&%rlﬁﬁtrateﬁltﬁ PIGR el ad Pty respeiRdlfll Ak

fabrication process paraneters may include altering one or nore act ors
associ af'eber firte Hetegienmeydte apperplishad U5iPe 35 FTtekr kRy Vo gy arb"&ﬂt%‘“attl“nf@r oAt ry,
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e wat Bioet et bR AiepL S baing o pis P e s S Erva el P e 8P o e
during dde %ttt fogu:pr%(sea%) Atraitg ke ekethplhey raggp piowivelengtis tSIamutWDherto q!vmttd@@s
paraneters that influence feature formation may al so be altered and such
alterations are contenplated as falling within the scope of the present
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directing (66) an incident beam (86) of radiation generally at a first side
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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.
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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 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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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 130
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 2
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

10
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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.
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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).

3. 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 intensity 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, 192, 194, 198) associated with the first side and the second side of the

feature, respectively, based on the comparison.

S. 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 conirol 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
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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.

9, The method (180) of claim 6, wherein the process conirol 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.
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