METHOD OF GENERATING A RECIPE FOR A MANUFACTURING TOOL AND SYSTEM THEREOF
FIELD OF THE INVENTION [0001]The present invention relates, in general, to methods and systems for
specimen manufacturing processes and, more particularly, to methods and systems of automated recipe
generation using design data. BACKGROUND OF THE INVENTION [0002]In the semiconductor industry,
devices are fabricated by a number of manufacturing processes producing structures of an

ever-decreasing size. Thus, manuYdetiilPlg o ENERATRN RS REF4REon, metrology, and review

processes require increagsd RIeARior A0 eHRetVROEES ANDTRS T RgE RPESIMens. The term
"specimen” used in this specification should be expansively construed to cover any kind of wafer, reticle

and other structures, combinations and/or parts thereof used for manufacturing semiconductor integrated

circuits, magr&x?gE&%ﬂ_.dﬁ_@}mﬁLﬁigﬁlays, and other thin film devices.

[0001] The presentinvention relates, in general, to nogland systems for specimen
manufacturing processes and, more particularlyethods and systems of automated recipe
generation using design data.

BACKGROUND OF THE INVENTION

[0002] In the semiconductor industry, devices are fabeiddty a number of
manufacturing processes producing structures efvan-decreasing size. Thus,
manufacturing processes, such as inspection, rogirohnd review processes require
increased precision and effectiveness for manufiacfspecimens. The term “specimen”
used in this specification should be expansivelystwed to cover any kind of wafer, reticle
and other structures, combinations and/or partetfieised for manufacturing semiconductor
integrated circuits, magnetic heads, flat panglldiss, and other thin film devices.

[0003] Manufacturing processes, such as inspection, noeglyphnd review of specimens,
can include recognition of structural elements, soeiag, calibration, monitoring, inspection,
review and analyses of defects, reporting andtoergbrocedures necessary for evaluating
parameters and/or conditions of respective manufiact processes and providing necessary
feedback. A variety of manufacturing tools can bedal on non-destructive observations as,
by way of non-limiting example, scanning electroicnmscopes, atomic force microscopes,
optical inspection tools and others, and usedrfspection, metrology, and review processes.
As manufacture control requirements become morbdectgang, recipe generation for
processes, such as inspection, metrology and rquieeesses, has also become highly

complex.



[0003]Manufacturing processes, such as inspection, metrology, and review of specimens, can include
recognition of structural elements, measuring, calibration, monitoring, inspection, review and analyses of
defects, reporting and/or other procedures necessary for evaluating parameters and/or conditions of
respective manufacturing processes and providing necessary feedback. A variety of manufacturing tools
can be based®9Hon-derv@tivieect SBpAMIGRID SRISHN L HiesTanapl ifiPReS Y2 siple; ¥dhRrmAg electron
microscopes, atomic force microscopes, optical inspection tools and others, and used for inspection,

metrology, arf@$EVAEH PryMsasayinahA el e COMYENHOGEHBM TS MR LA HeESSI®inging, recipe

tion f . hasi tion, metrolos d revj . h Iso.b highl
complex.. [0GBATHAE UL IFOPSE HGAEATERILALS HRETAHE ARSI RRked EHHE-art specimen

manufa.cwfingehgvsnw §Etﬂﬁp‘?80¥%?gﬁ0&|dﬂ LRI 368k PeRIRESRAESLes e recipes
increasingly problematic. Emerging techniques of automated fecipe generation can improve production

time and devgjgpapent ApGldRRUSECRANSEIGE O S HRPARIR Fehlemexfimstamaled recipe generation

have been recognized in the conventional art and various systems have been developed to provide

solutions. FOegx ARl £@ BAVENEYSSYHERIM X £/6 flbed @B P B RHer e6ipgos rde s atiprnection
target selection module selecting an inspection target; a critical area extraction module extracting

corresponding cuiticaiténeals $pstdafdot sizatiny dmeinsppetiqpe tangleties def@ctpdenistytargdiction module
extracting corresponding defect densities predicted by defects to be detected in the inspection target for
the defect sizsieetiilenatbfiecselakiinationinspecliort tcuditngl corrspvacing matbersxtfakilleg defects in
the defect sizes based on the critical areas and the defect densities; and a detection expectation
calculation meRItBSRENEIN4HtieALReRsTer Belanbsigesdisprsbefc@igehbadiaesidensitrospective
inspection recipes determining rates of defect detection for the defect sizes, based on the number of killer

defects and tREARFEQLIQEHERIRIhSFESTR NG Heienitn Aicdisird B siadsife [0006]Another

conventional et 1o G AN GA B I RIS he RSB S LN alculation module
calculating corresponding numbers of killer defectthe defect sizes based on the critical
areas and the defect densities; and a detecti@ctatpn calculation module calculating the
number of killer defects expected to be detecteghfospective inspection recipes
determining rates of defect detection for the desexes, based on the number of killer
defects and the rates of defect detection prestiibthe prospective inspection recipes.
[0006]  Another conventional method for creating an inspectecipe includes acquiring
a first design and one or more characteristicaugfut of an inspection system for a wafer on
which the first design is printed using a manufantyprocess. The method also includes
creating an inspection recipe for a second dessgmgthe first design and the one or more
characteristics of the output acquired for the wafewhich the first design is printed. The
first and second designs are different. The inspececipe will be used for inspecting
wafers after the second design is printed on tHensaising the manufacturing process.
[0007]  Conventional recipe generations solutions geneegipes based on wafers that

have been produced. Traditional solutions rely éirsawafer to be manufactured, capture an



a first design and one or more characteristics of output of an inspection system for a wafer on which the
first design is printed using a manufacturing process. The method also includes creating an inspection
recipe for a second design using the first design and the one or more characteristics of the output
acquired for the wafer on which the first design is printed. The first and second designs are different. The
inspection retRIGM Heeysaig fopiaspee fifg) RTaskee e e SRmbGiRl A Edie iBasented Bie tealyaers using
the manufacturing process. [0007]Conventional recipe generations solutions generate recipes based on

wafers that haUE'BESAPINHIMEE TG LSRRICABYERTBHMLIRPRIAAHSP h RIS EhIREIGER capture an

image of the wafer, ﬁﬁamine the Broduced wafer, and generate a recjéJe based on the analysis of the

examined walfer PPy icdny"§ [RUPTIEE QAR PORTTRR [T 130 GENEHRERPEADE. Thus, the

recipe generafi S| isting solutions is a time consuming and cumbersome process. BRIEF
DESCRIPTI%&%@F‘%@%[S)&E INGS [0008]The present invention is illustrated by way of example, and

not by way of limitation, in the figures of the accompanying drawings in which like references indicate
similar elements. It should be noted that different references to "an" or "one" embodiment in this
disclosure are not necessarily to the same embodiment, and such references mean at least one.



[0009]Figure 1 illustrates an exemplary workflow for specimen design and fabrication, in accordance with
embodiments of the invention; [0010]Figure 2 is a diagram illustrating an exemplary component that can
comprise one of many dies in a wafer; [0011]Figure 3 illustrates a schematic functional diagram of a
periodicity identification unit in accordance with certain embodiments of the presently disclosed subject

matter; [001 2BREtirDFHGRHRATdON GemErHiZERMMNEFart of computerized recipe creation in accordance

with certain embodiments of the presently disclosed subject matter;
[0008]  The present invention is illustrated by way of epéenand not by way of

limitation, in the figures of the accompanying diags in which like references indicate
similar elements. It should be noted that differeférences to "an" or "one" embodiment in
this disclosure are not necessarily to the sameodimient, and such references mean at least
one.

[0009]  Figure 1lillustrates an exemplary workflow for specimenigesand fabrication,
in accordance with embodiments of the invention;

[0010]  Figure 2is a diagram illustrating an exemplary componkat tan comprise one
of many dies in a wafer;

[0011]  Figure 3illustrates a schematic functional diagram of aqecity identification
unit in accordance with certain embodiments ofpfessently disclosed subject matter;
[0012]  Figure 4illustrates a generalized flow chart of computedizecipe creation in
accordance with certain embodiments of the pregeigtiosed subject matter;

[0013]  Figures 5A — 5Dillustrate non-limiting examples of schematic arstes of basic
cells and respective periodical arrays in accordavith certain embodiments of the
presently disclosed subject matter;

[0014]  Figures 6A — 6Fillustrate non-limiting examples of schematic argtes of simple
arrays in accordance with certain embodimentseptiesently disclosed subject matter;
[0015]  Figures 7A — 7Cillustrate non-limiting examples of schematic arstes of
aggregated periodical areas in accordance withioegtmbodiments of the presently
disclosed subject matter;

[0016]  Figures 8A — 8Cillustrate non-limiting examples of schematic arstes of
overlapping periodical areas in accordance witkegeembodiments of the presently

disclosed subject matter;



[0013]Figures 5A - 5D illustrate non-limiting examples of schematic instances of basic cells and
respective periodical arrays in accordance with certain embodiments of the presently disclosed subject
matter; [0014]Figures 6A - 6F illustrate non-limiting examples of schematic instances of simple arrays in
accordance with certain embodiments of the presently disclosed subject matter; [0015]Figures 7A - 7C
illustrate nonlfRHfhg ekimife SOr LR HeRiRIe MMdMiEsbexyyReRtl SgwbaicaEieasiifldbesrdance with
certain embodiments of the presently disclosed subject matter; [0016]Figures 8A - 8C illustrate

non-limiting MRS BPRETQAIR Hies B AEFUTeNSHTRGHR FHRONIRRILS 9 REJYRREALY with certain

embodiments of }he resg:ntly disclosed subject matter;
disclosed subject matter;

[0018]  Figure 10illustrates non-limiting examples of schematidamee of a periodical
area with repetitiveness breakers in accordandeceittain embodiments of the presently
disclosed subject matter;

[0019] Figure 11lillustrates a schematic functional diagram of aufacturing tool; and
[0020] Figure 12is a diagram of one embodiment of a computer sy$temenerating a

recipe for a manufacturing tool.



[0017]Figures 9A-9B illustrate non-limiting examples of schematic instances of further adjusting the
periodicity values in accordance with certain embodiments of the presently disclosed subject matter;
[0018]Figure 10 illustrates non-limiting examples of schematic instance of a periodical area with
repetitiveness breakers in accordance with certain embodiments of the presently disclosed subject

matter; [0019PEdAMEED MoSERESTIYEKEMBNBRARMERNT diagram of a manufacturing tool; and

[0020]Figure 12 is a diagram of one embodiment of a computer system for generating a recipe for a
manufacturin@%&ﬂ. Embodiments of the invention are directed to a owe#nd system for Creating a

recipe for a manufacturing tool. A computer createscipe for a manufacturing tool based
on design data. The computer obtains the design ddiich includes basic elements and
hierarchical levels corresponding to the basic el@s1 The computer selects one or more
basic elements of interest and generates one @ seds of simple array cells corresponding
to a level of interest. The computer uses thedfedanple array cells to identify periodical
areas in level-of-interest coordinates to enabteraated recipe creation. The periodical
areas are identified with respect to one or mosichelements.

[0022] Embodiments of the invention significantly redulhe amount of processing time
and the amount resources used to generate a Bciypeng wafer-independent data. Rather
than waiting for a wafer to be produced and examgi@ind gathering data from a produced
wafer, embodiments analyze design data to idergjbgtitive areas in the design data. The
analysis of the design data can be done offline faomanufacturing process and in parallel
to a manufacturing process. The analysis of thegdefata can be done in advance or
producing a first wafer. Embodiments can use tkalte from identifying repetitive areas in
the design data to generate a recipe, such aspadtion recipe, for a manufacturing tool.
For example, the results from identifying repeétareas in the design data can be used to
determine whether to inspect a wafer using a cetlel approach and/or a die-to die
approach. For instance, when repetitive areadersified in the design data, a recipe that
applies a cell-to cell approach can be generated.

[0023] Embodiments enable a decision of whether to perftig¥io-die inspection or
cell-to-cell inspection to be made in an automatanner by basing the decision on design
data, rather than on data that is derived fromctirdrom a produced wafeEmbodiments

further reduce the amount of processing time tege®r a recipe by analyzing sets of simple



DETAILED DESCRIPTION OF EMBODIMENTS [0021]Embodiments of the invention are directed to a
method and system for creating a recipe for a manufacturing tool. A computer creates a recipe for a
manufacturing tool based on design data. The computer obtains the design data, which includes basic
elements and hierarchical levels corresponding to the basic elements. The computer selects one or more
basic elemerf&ay FRESHHIfRIeiiesREchinge loV et IER®isanrsImRlesaFplf censditrtespbaliing to a level
of interest. The computer uses the sets of simgle array cells to identify periodical areas in level-of-interest

coordinates tBMEHAPRPHIIEH 8t BiBERGEALiBASHF 176! |Se AR FHHRE! B YR ALE AR FEIEG R ct to one

basic elements. [0022]Embodiments of the invention significantly reduce th t of
orocessing tHEGHRS IHe AFAUHT SeDEFee TUer ) L HRES & L SO0 RREP N ncent cate

Rather than vl 95 WRISARR RAGUGRAANG XAITIDNG BRGAUS TG Sa'e o pipgsed wafer

embodiments an esi atatoi repetitive areas | ysIS 0

design data Gamsigh deReOEIeadrama BaMT RAkEIBS REASSRAGRE! b RRSBUE! IDfBROYRFIERA Process.

The analysis of the design data can be done in advance or producing a first wafer Embodiments can use

the results fregcigieaiprort el ieaaeeatHbuheoffsdapAniaene tale @ samnalpHeboRfadd inspection
recipe, for a manufacturing tool. For example, the results from identifying repetitive areas in the design

data can be wsieditdoti@tgionnienviedthrentohimsgdet.a wafer using a cell-to-cell approach and/or a die-to die
approach. For instance, when repetitive areas are identified in the design data, a recipe that applies a
cell-to cell apiPfdh cdridveegkitiriteies[a0Z3Enptrardlimetdtoerabkpaciveridgesufdvabtivatian perform
die-to-die inspection or cell-to-cell inspection to be made in an automatic manner by basing the decision
on design datd APl i @RAHR ¢S §af Bl PESEaIEREY ThehteapreaaeBteivafeeEmbhtliments

further reduce the amount of processing time to generate a recipe ch anal zinlg sets of simple
specification should be expansively construed tecany kind of water, reticle and other

structures, combinations and/or parts thereof émeshanufacturing semiconductor
integrated circuits, magnetic heads, flat panglldiss, and other thin film devices. For
brevity and simplicity, a wafer 110 is used as xaneple throughout this document. For
purpose of illustration only, the following desdrgm is provided with respect to inspection

of semiconductor wafers. Embodiments are applicetbtgher manufacturing operations and
other specimens.

[0025]  As illustrated, wafers 110 may be produced in ataoce with a design 120, via a
fabrication process 130 controlled by a set of essarameters 135. The design 120 can be
stored, for example, in a CAD library in a datastdhe design 120 can include a computer
automated design (CAD) model for a specimen, fangxe, in a graphics from (such as
GDS, GDS-Il, and the like). The process parameit8fsmay include a wide variety of
parameters, for example, lithography parametech, gdrameters, and any other type of
parameters.A data store can be a persistent staraigé\ persistent storage unit can be a
local storage unit or a remote storage unit. Peersistorage units can be a magnetic storage

unit, optical storage unit, solid state storage, w@éctronic storage units (main memory), or



array cells at different hierarchical levels, instead of analyzing sets of coordinates of all anchor points of a
large number of basic cells. Embodiments further provide a more reliable process for creating a recipe.
Conventional recipe generation solutions use data derived directly from a produced wafer, which contains
errors, to generate a recipe. Embodiments use design data to create a recipe and enable a decision of
whether to inS{ieitarSREFEE Ysihd s 'GEIRNEaIPERSS YA R B B PRI W ideY RecomMpnsliiteci6ptigé errors
that are usually associated with information derived from the wafer. [0024]Figure 1 illustrates an

exemplary wORHESF 16 SpedhERcIEGRIRIa RIB AR AW FER BREPHAIRE RitfFBRbodiments of the present

[ tion. Th ' in thi ificati hould b ivel trued t
i of waler [ 2Rle ard GHBLhAARAEE SR A A6y AHTESE SSen U5 e cturng
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brevity and simplicity, a wa IS U an example hout this document. For purpose of

ilustration onjyitbe {9llevipaARSATRECRSS PiavideriyiRdasRast iRdNSRRSIBRS) BRIBISANISG yafers.

Embodiments are applicable to other manufacturing operations and other specimens. [0025]As illustrated,

wafers 110 myptdee feraslyGredesacrsudanam i ¢ desiomdda8odaanfaltlicadiampracesst ligtteantrolled by
a set of process parameters 135. The design 120 can be stored, for example, in a CAD library in a data

store. The desigmlizépeatidnchudd 41 cammiteiogy toolatbsdesi gev(€hidpmedetdorsd@pdeimen, for
example, in a graphics from (such as GDS, GDS-II, and the like). The process parameters 135 may
include a widtehaeigropisaeasncttyshigirexihisiscribes gagia paranwéietsirgdo@arsingeers, and any
other type of parameters.A data store can be a persistent storage unit. A persistent storage unit can be a
local storage I6FRIPG BEAAHED SR Rat TV dicreaierd8EMnits can be a magnetic storage unit,
optical storage unit, solid state storage unit, electronic storage units (main memory), or similar storage

unit. Persiste gt@ragéb‘ﬁrﬂ?étc‘%{ﬁlﬁei%m%ﬁ@%ﬁéé‘%r%[‘df&%?ﬂ@b%&%ﬁ%'@g%gg.'Q\C%t#ﬂr,‘sds used

e e LA e hele PhERL SR FPRAH R Al B 520 O SR R gpiere
type defect inspection system, such as a Dark Fszldht Field or E-Beam inspection
system. While shown as a separate proceBgyure 1, the inspection process 140 may, in
some cases, be performed inline with the fabriocgpimcess 130. As part of a metrology
process 150, a metrology tool 150 can perform waessurement, such as measuring wafer
bow, resistivity, wrap, site, flatness, and thicksmieA metrology tool 150 can be used for
testing, but can have other applications such astorong environmental parameters and
provision of real-time data on acoustics, vibrasicaind temperature in the lab. A metrology
tool 151 can perform other tasks, such as holdaiging, separating, soldering, etc. An
automated defect review process 160 can incluéeiaw tool 161 to process defect data in
an effort to extract information that may be usedain insight into design process. For
example, the automated defect review process 1§Oexteact information leading to

modifications to improve the design data 120 ousiilig the fabrication process 130 to

improve the processes.



more manufacturing tools. Examples of manufacturing processes can include, and are not limited to, a
fabrication process 130, an inspection process 140, a metrology process 150, and defect review process
160. Examples of manufacturing tools can include, and are not limited to, an inspection tool 141, a
metrology tool 151, a defect review tool 161, tools for the fabrication process, etc. Figure 10 describes an
exemplary mBEZ@lcturifetBsnesiN L eastidd LrastidaniiiciosdpienEr e vie y rees sgetafl-below.
[0027]As part of the inspection process 140, an inspection tool 141 can identify locations of defects in the

wafers 110. HERSIBERRHIBRIERSSIfAdNRRYHEER-A P (G5g Wnyrichaoie Yy phawaigt Hébection

tem, h Dark Field, Bright Field or E- ' tj tem. While sh t
process in FISIrE TS G PR ELRas iy T W5 RS R SIS W s T the

fabrication prgsadsdinth of L SRIACRLORS SR 6 AL TPTIRION 90} 10 cap perfesm waer

measurement, such as asuring warer bow, resistivity, wrap, site, ckness. A metrology

tool 150 can gL {ar test B Aiccan ianel i ARniRpiass sycbeasmerdorag g piATgmental

parameters and provision of real-time data on acoustics, vibrations, and temperature in the lab. A

metrology to@iA&dpeatioResfanhetbemiaclisie st AecMIdHBIgIIOMEIrPERASAHIOSBOMIGAN b RiFed\N

automated defect review process 160 can include a review tool 161 to process defect data in an effort to
extract infornjedi2g] thaivaéyrbellseshtbegiaspisightigng diestgrdiercosgsdraretixarople, the automated
defect review process 160 may extract information leading to modifications to improve the design data
120 or adjusthegnprsisabriéatiornpectieswafeo 1ddmpwobe titagratssesl|s[00d8FTslroimgpeettin gaocess 140
can identify the defects for the review process 160. Various inspection tools 141 may be utilized, including
those in whicPEIREBREECRURIAELRANY 0OBP BRI JhAGS'OPEBEE iR QurRPAPtLIdHRE S AMore reference
views showing how the wafer 110 should appear in a defect-free state. A reference irr;ﬁg)e_ or images may

be used for tREERAB AR RSIEGF & P RMR FePL AFRIEBRATENE YR JRAIGSH MRS ALLdSt least in part

on other portign(s) otine sae wafer hat (deally speaking) sopiain he same siclurl feptures.
[0029]Wafers W LE e mspec{ea using’ & o0) comparison or ce RISl c8mparlson. An image of a

wafer 110 m‘?‘Xgﬁ’? E(])f% iﬂ%f’fé?&%ﬁ”?e%%@%ﬁ&%% f?ﬁﬂfé&é‘?h%‘?AP&B%EI?%E?@Q@GM@BT@”G‘“O”

of appropriate to-die or cell-to-cell inspection methods. For instance, an example of a component that

may be inclugegiiniasyadabd Luish Showe jmiare 2o Fardanianse P RMRANSARIEW R Figure 2 may

comprise one of many dies in a wafer 110. The component may include areas that are best inspected
using dieto-diginppeetien Ssikhhasathe Repp AL RAULfareafdtakh AIRY I aTpidse: nsrexefsactogic

components. Such areas may be checked for defects by comparison to one or more reference dies.
dies.
[0030] However, in other situations, cell-to-cell inspentmay be desired. For example,
the device shown iRigure 2 includes a number of (ideally) identical memorii205 of
one or more types in the interior. For such cels, Zell-to-cell inspection may be preferable
since adjacent or nearby cells within the samardig be more similar than cells between
adjacent dies. The similarities may be due to m®cenditions and/or the inspection tool 141
itself. For instance, differences due to illumipatifocus, or other optical irregularities may be
less pronounced within a die as compared to betwren
[0031] Returning taFigure 1, inspection of wafers is provided in accordanc ai

manufacturing recipe (e.g., inspection recipe)pAd of creating a recipe for inspection of a

given wafer or layer of a wafer, a recipe can desig different areas of the wafer to different



[0030]However, in other situations, cell-to-cell inspection may be desired. For example, the device shown
in Figure 2 includes a number of (ideally) identical memory cells 205 of one or more types in the interior.
For such cells 205, cell-to-cell inspection may be preferable since adjacent or nearby cells within the
same die may be more similar than cells between adjacent dies. The similarities may be due to process
conditions arfiR&StREINFHgEEABNRY dvauofipaflimEing SeerbElerRFRR ArB Slasignatalarmruadmasked, or
other optical irregularities may be less pronounced within a die as compared to between dies.

[0031]ReturniRY e8FigiGreP1dif K1SREFHR IR s 3 e Re Qb radines A @Y R turing recipe
.g., i t] ipe). A f ti ecipe far i ti f a given waf | f fer,
recme can L SUIR SRR 5E ol (B RENG ) BHFETAIY, R LB e AR e R eyt AR it

o, g . ) 2o i i ) . Ito-cell
nepection rel o) e e B0 e i B HE I R IR, Sa o

periodical digRieas M{BF’é%ﬂﬁQﬂQMr{e&%z&Q%gﬁhﬁ% RARIRIS 3BIRIMIBRAGIACGIE ARSI oY greas

within the same die are more similar than are elonging to different dies. Some areas of a given wafer

(e.9., periphesyrasRarg areRr i Rth IREg teUPEsIApENERs) beppbaleiBlynklsnastedsiteing dedie-dpzdie

method. Other areas (e.g., areas comprising pluralities of identical cells of one or more types) can be
preferably ingpetted @ing areali-{o-gelhreathonm fraita)iseds idé wafdrsetisrobenaspectee typir) any
appropriate combination of die-to-die and/or cell-to-cell inspection methods. [0032]Regions of the wafer
can be designareetprafestijnngpects dnspiegtioreihtacuihgn Ceain areases§ (@adersem mages) of a
semiconductor structure that are obtained using a manufacturing tool and/or based on non-image data,
such as, for dxepgpiedwalRY ABYiBPPsPRIEHie ARpRiNation oftalidie and/or cell-to-cell inspection

methods.

[0032] Regions of the wafer can be designated to a cestpeof inspection in
accordance with images (e.g., SEM images) of ac@mductor structure that are obtained
using a manufacturing tool and/or based on non-entega, such as, for example, wafer
design specifications.

[0033] In one embodiment, one or more manufacturing t@ls., inspection tool 141,
metrology tool 151, review tool 161) can includesaipe creation unit 190 to generate a
manufacturing recipe. The term “manufacturing retipr “recipe” used in the specification
should be expansively construed to cover any ggtiiri parameters specifying operation of
one or more manufacturing tools (e.g. region-¢éfiest to be inspected, its location and
repeat period on the wafer, the pixel size, beameat; charging conditions and image
acquisition conditions, defect detection algorithmage processing parameters, and/or
others).

[0034] In another embodiment, one or more computers 180ncdude a recipe creation
unit 190 to generate a recipe for inspecting a whi®. A computer 180 can be coupled to

one or more manufacturing tools (e.g., inspectomh 141, metrology tool 151, review tool

10



[0033]In one embodiment, one or more manufacturing tools (e.g., inspection tool 141, metrology tool 151,
review tool 161) can include a recipe creation unit 190 to generate a manufacturing recipe. The term
manufacturing recipe” or "recipe" used in the specification should be expansively construed to cover any
settings of parameters specifying operation of one or more manufacturing tools (e.g. region-of-interest to
be inspected 1fd)lobatim ARBAE e p ABE B Ehd fP-FemanaTsiakhs; sac s dRPELIPEIR Viharging conditions
and image acquisition conditions, defect detection algorithm, image processing parameters, and/or

others). [003ARHGHotHEARAAISAMBATBRBEPRRAEBR SSLREEA0 B FRRIERFRFSRAIRRAbN unit 190

t t ine fori ti fer 110. A t 80 b led t

manutaciurind DS HabEEISR OA. St foe) PRt RSl caorenit): (0 SR8 Brnbodiment, a
i . _ _ o s

cervers 170 S o B e R e~ ™'

manufacturingdgels, o35y T80 S5ARRRS, ALAINAPERRSSIRHIKARBcerdudiey herver

computers, gateway computers, desktop computers, laptop computers, hand-held computers or similar

computing deyfeeribédithemPedingobrthieosesrehdritosnonuutairidadbe oREGENAL (@lSs via a
network (not shown). The network can be a local area network (LAN), a wireless network, a mobile

communicatishsweiviidri netwitte esezshoetloatt VéANgtsooNpasthvirdidesretwirkjaitaolsenmunication
system. [0035]As part of generating an inspection recipe comprising cell-to-cell inspection, there
communications network, a wide area network (WAdgh as the Internet, or similar
communication system.
[0035]  As part of generating an inspection recipe compgisiell-to-cell inspection, there
is a need to recognize respective die partitioesto identify repetitive pattern areas and
repetitiveness parameters thereof.
[0036] The terms “repetitive pattern area”, repetitiveadyéperiodical pattern area” or
“periodical area” used in the specification shdoddequally and expansively construed to
cover any die area where the pattern is invariadeushift transformation with some shift
value, i.e. is periodical regarding some periogivalue(s) (referred to hereinafter also as
“repetitiveness parameter(s)).
[0037]  Unlike conventional recipe generation solutionschiviely for wafers to be
produced and use data from the produced wafeectmnize respective die partitions for
generating an inspection recipe, a recipe creatnin190 can include a periodicity
identification unit 195 to use design data 125dntify periodical areas in the design data
125 for a wafer and a recipe can be generated st identified periodical areas from

the design data 125 for a wafer. The design ddieca@ be a subset of data that is stored in a

CAD library and can be in a different format thhe tata that is stored in a CAD library.
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is a need to recognize respective die partitions, i.e. to identify repetitive pattern areas and repetitiveness
parameters thereof [0036]The terms "repetitive pattern area”, repetitive area”, "periodical pattern area or
"periodical area" used in the specification should be equally and expansively construed to cover any die
area where the pattern is invariant under shift transformation with some shift value, i.e. is periodical
regarding sorheepégrigcityiadide @ Reaia@gddme dammaigEdaa nepRdiaihe HessiltcatenaiBils)).
[0037]Unlike conventional recipe generation solutions which rely for wafers to be produced and use data
from the prodlﬁ%d wafers to recognize respective die partitions for generating an inspection recipe, a

periodicar ardiH e TOS AFTUA 40 B Al SR e e AR EHEAL e mse on the dentiiod
periodical arsas o 10 1esGR 4218145 fon & vale' JAGHENANARR MR GRILER amuseiof data thatis

storedinaC ary and can be in a ditrerent format than t ata that is store rary. The

design data 1564288 SKHRMIB & Hakrcione faHR!ae<igRRR AHGMERRIITRIGN W 18R {pO38]The

design data 125 can include basic elements and hierarchical levels corresponding to the basic elements.

The periodicifynientiicatious st AR sponsRie el Iene of e hapisri@mgnte plifotei@suipIothe design
data 125 and generate one or more sets of simple array cells to correspond to a level of interest. The

periodicity ideatificsditre wmié 19 oz sete thgiomdecirmp exitieistitf seripticatmpgaeils tvédeftify periodical
areas in level-ofinterest coordinates in the design data 125 to enable automatic recipe creation. The
periodicity idéngfesttienodiitel®bicdheidiesiify dasqpbrptiieitrernativitiecipspereatipbneer more basic
elements. A location of a certain periodical area can be defined in different coordinates (e.g., coordinate
system charsREALIAY tifeNGHEastan kD wardderibrainato digalenean At fSsPRl Q6 Player of a

wafer, etc.) . . o L
more basic elements. A location of a certain pécaichrea can be defined in different

coordinates (e.g., coordinate system characterini@dowest layer of a wafer, coordinate
system characterizing the top layer of a wafer) etc

[0039] A determination can automatically be made, for eplanby a recipe creation unit
190, of whether to inspect wafers 110 using a adlidi¢ approach and/or a cell-to-cell
approach. A cell-to-cell approach can be useaifekample, the periodicity identification
unit 195 identifies a minimum number of periodiaatas are present in the design data 125
for a wafer.

[0040] Figure 3is a block diagram of one embodiment of a peribgidentification unit
300 for using design data to generate a recipa foanufacturing tool. The periodicity
identification unit 300 may be the same as theggkeity identification unit 195 ifrigure 1.
The periodicity identification unit 300 comprised@sign data module 350 configured to
obtain and handle design data, to provide necessargformation of design data (e.g., data
in CAD library) coordinates, to identify cells cesponding to the design data, and to assign

to the cells respective hierarchical levels. Theigledata module 350 is operatively coupled
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[0039]A determination can automatically be made, for example, by a recipe creation unit 190, of whether
to inspect wafers 110 using a die-to-die approach and/or a cell-to-cell approach. A cell-to-cell approach
can be used if, for example, the periodicity identification unit 195 identifies a minimum number of
periodical areas are present in the design data 125 for a wafer. [0040]Figure 3 is a block diagram of one

embodiment & & griisatepidesifieatfoalinicTnoTae AN SiGAYHRRASB Geneidridentiipedbr a

manufacturing tool. The periodicity identification unit 300 may be the same as the periodicity identification
unit 195 in FigBHeACH SRS Uity identification unit 300 comprises a design data module 350

fi dt ' handle design data, t id transf ti f design data (e.g.,
Gata 1 CAD IRTAR) cobPa AREton TLAOR) <ol S AHUMDE PR H B and 10 assign o e

Il ti ' ical Is, T ' [ ' tor of
pasic cone 30 b A BEaBier St e ey e e R A R R

[0041]The geseyalar @IE@$H§§Q§§Q§0F%F9M&W§H&9 &n&h&e@%@?@%aemm%@ﬁm&ﬁss to

define the basic elements of inferest and to generate a respective set of basic cells. The generator of

simple array gelasi©ddaopetativelyicandleshtythenensiatenat basiser!lwiRaaylee8al rrsconfigured to
generate, in accordance with the set of basic cells, the set of simple array cells for the level of interest.
cells, the set of simple array cells for the levfeinterest.
[0042]  The identifier of periodical areas 303 is operdyivaupled to the generator of
simple array cells 302 and is configured to idgritife final set of periodical areas (including
periodicity values) using the set(s) of simple yalls. The final set of periodical areas is
further stored and handled in a storage modulecB@@riodical areas operatively coupled to
the generator of periodical areas 303. The stamaggule 309 can be a data store. A data
store can be a persistent storage unit. A persisterage unit can be a local storage unit or a
remote storage unit. Persistent storage units eanrbagnetic storage unit, optical storage
unit, solid state storage unit, electronic storagigs (main memory), or similar storage unit.
Persistent storage units can be a monolithic demi@edistributed set of devices. A 'set’, as
used herein, refers to any positive whole numbdteafs. The identifier of periodical areas
303 can further comprise a generator of simpleop@al areas 304 configured to identify in
top-level coordinates periodical areas with respeetach basic cell; an adjusting module 305
configured to adjust the generated simple and/greaated periodical areas; an overlapping
module 306 configured to identify overlapping betwgperiodical areas corresponding to
different basic cells and/or combinations therewf 80 amend the periodical areas
accordingly; a filtering module 307 configured twable that periodical areas in the final set

match a size-related criteria; and a verifying mled08 configured to enable repetitiveness

of the generated periodical areas in view of réipetiess breakers. Repetitiveness breakers
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[0042]The identifier of periodical areas 303 is operatively coupled to the generator of simple array cells
302 and is configured to identify the final set of periodical areas (including periodicity values) using the
set(s) of simple array cells. The final set of periodical areas is further stored and handled in a storage
module 309 of periodical areas operatively coupled to the generator of periodical areas 303. The storage
module 309 GHA BesHAARABRIRMANERA Sierie\RIPbinteisaigRRN Wthaypaniglior upassateorage unit
can be a local storage unit or a remote storage unit. Persistent storage units can be a magnetic storage

unit, optical StOPSHEEMEtaYe REFRAGEY XG4 6t tRfeMHLE S rage units (main memory), or similar

t it. jst t it lithj i istributed set of devi . A'set’,
Sorage . A, e 0 U oA et ot et o .o
further comp ?c‘?c@t%‘?'?‘ﬁfaa?ﬁ{re%%'ﬂi%@@eéﬁdﬁ%ﬂ ﬁ\[gﬁﬁ%&?@%%@@ 5‘?8%'@’u'¢!ht9{%ﬁ'§]¥§|fi %Prd'”ates

periodical aréas with respect to ea asic cell; an adjusting module configured to adjust the

generated sigpleANcHonRINRIAIGH RGEQUCR TSR @ PHEARRIALIOskIS SOBfRRIgNARS to identify

overlapping between periodical areas corresponding to different basic cells and/or combinations thereof

and to amend daptegniedirapsgas ey dinehh frikernganensler St canfigsieede saaible St periodical

areas in the final set match a size-related criteria; and a verifying module 308 configured to enable
repetitivenessanf Hecfigrenarated quesd dicsioacads amems siigeprtiioreoess tueakeod - RSpatidiven ess
breakers are design data elements on the level-of-interest overlapping with a periodical area and not
repetitive witlenkieepaoiddieidp Jahsensiithe toaruttitaihe eacigame] Thal ke nhpemodost 3@ATHN provide
further filtering after the verification process. The filtering module 307 can filter out or remove periodical

areas such tHeCEIEaNa WEh s ferfia hiem BesktiR S A3 Thaarmesisid0F efert®ia can be
pre-defined and/or adapted per recipe purposes, filtering results, tool parameters, etc. The storage
module 309 CRFEUYENHRAUESTHE AG PSR Y HRIEEELB SRR S aGH ARIRIME%R04-308 and the

entire module é’ar(l)g .agl \é\l/%ge#srtp L.%])§ rate r'%he %(hcz%ré]rrré%dated finnal et ogl }Pg{iggigﬁll : Irre]:ase)i(n acFeordance
with data recglvedj {8 madtie 505" FRE I%lflorage modBfé@ﬁ'SS Is fOHhE opera iv@ly c%upflera% 'arecipe

generator i”t%@f&%%?ggﬁ%tﬁ{% Wéﬁaﬁ@&ﬁ?ﬁ%ﬁg HS%%&%W?QJ%WDW fOMBH!Gf1zed recipe

generation. By way -limiting example, the recipe generation interface can provide necessary
rounding andyriBiity!iraties Af ReEPHGiMA eI RIERE B snatabi Ry t8B1¢8 g Ol RifpBEfREUring tool

(e.g., an inspection tool) and/or manufacturing process (e.g., inspection process). [0044]Those versed in

the art will reaslily anpee ciieuiastuhed easteeg$f thadpearhibsgisclosed subject matter are not bound by
the system illustrated in Figure 3, equivalent and/or modified functionality can be consolidated or divided

in another m§vovet] andTtensdearmpdeim dreeaitiwilngaalip rappratéate thii redairings softheapee Sentlyare and
hardware. [0045]Figure 4 is a flow diagram of an embodiment of a method 400 for creating a
disclosed subject matter are not bound by the syabestrated inFigure 3, equivalent
and/or modified functionality can be consolidatediivided in another manner and can be
implemented in any appropriate combination of safty firmware and hardware.
[0045]  Figure 4is a flow diagram of an embodiment of a method #0@reating a
recipe using design data in accordance with cediaibhodiments. Method 400 can be
performed by processing logic that can comprisemare (e.g., circuitry, dedicated logic,
programmable logic, microcode, etc.), software.(engtructions run on a processing
device), or a combination thereof. In one embodin@ethod 400 is performed by a

periodicity identification unit 195 ifrigure 1. The periodicity identification creation unit can

be configured as a standalone tool to be usednjurotion with manufacture of a specimen
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recipe using design data in accordance with certain embodiments. Method 400 can be performed by
processing logic that can comprise hardware (e.g., circuitry, dedicated logic, programmable logic,
microcode, etc.), software (e.g., instructions run on a processing device), or a combination thereof. In one
embodiment, method 400 is performed by a periodicity identification unit 195 in Figure 1. The periodicity
identification @réandieuniteast BardbrifiRdadeso s @ RERIFBhENbdNteNseameedimeshjiéichavith
manufacture of a specimen or can be, at least partly, inﬁﬁe}gﬁzated with a processing unit. In one

embodiment ARTHAP TR LABRSMGUCET LIRS iABH BRIFFE!SIHR FLATRY dafasiAAREBRIAM e with a

metrology tool ai]éj{égr metroléﬁé}process re%ui.rements. [0046]The term "design data" used in the
specification Si0Y f% %5 eWOcC(?r%trrﬁ LGRS any data indicative of hierarchical physical design

layout) of ' ived § ical desian (a. lex sjmulation,
Simple Guom R Ind LS A e oL b Lo e e B M I o be
provided in difISR QP AL AR ATHIQGBHMIEN PR (ol OfHah{drlr JRHRR H&LE-

[0047]As known in the contemporary art, a structural element can be constructed as geometrical shapes

or geometricgeshiaBgrorPBIpREsWENIBSEHI N Pfteibed s titwisiral RIGHAE BispRY gia efrirathdimiting
example, a given structural element can comprise one or more STRUCTURE elements inserted by
means of SRE6qIARETp elisgictive et ) DS Y fodatat (et ¢ aladsgan | & erone © 1) arel8 bihviledients inserted
by means of PLACEMENT and REPETITION (OASIS format). [0048]A structural element with certain
geometrical cliiesentiisticatand, dormapohdinylwitne examplelfsbfasnitaPARenticalaitreistural elements
(i.e. elements with the same dimensions, shape, orientation and design layer number) comprised in a

design data 8R4 (or SiprtiReVHALR Sieceniey Ry AEd ASHEFMIRIERERAR bSLePEIURieARS

geometrical shapes or geometrical shapes combiitbdnsertion of other structural
elements. By way of non-limiting example, a givémnustural element can comprise one or
more STRUCTURE elements inserted by means of SRREF directives in GDSII format,
or can comprise one or more CELL elements insdiyethieans of PLACEMENT and
REPETITION (OASIS format).

[0048] A structural element with certain geometrical cleggestics and corresponding to
one or more geometrically identical structural edes (i.e. elements with the same
dimensions, shape, orientation and design layebeonhtomprised in a design data library
(or similar data structure) is referred to herdieraés a “basic element”.

[0049]  For purpose of illustration only, the following deiption is provided with respect
to basic elements characterized by an externamgatar boundary respectively parallel to
an X and Y axis whose location (referred to hextér as an anchor point) selected as being
in the low left corner of the rectangle. Those edrs the art will readily appreciate that the
teachings of the presently disclosed subject mateerlikewise, applicable to other external

boundaries, and/or other selection of anchor points
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[0049]For purpose of illustration only, the following description is provided with respect to basic elements
characterized by an external rectangular boundary respectively parallel to an X and Y axis whose location
(referred to hereinafter as an anchor point) selected as being in the low left comer of the rectangle. Those

versed in the art will readily appreciate that the teachings of the presently disclosed subject matter are,
likewise, applRHIE to HtHEFIERIBPRAMIEGRAANIEE Y B Wsthver KBBASHION dNE@sPsENES. WHD50]A design
library is constituted by structural elements which, in accordance with certain embodiments, the

periodicity idERTEARTPARINE L BrifiGRe R b ldeditsadantils tuYieWrthie MOCR SR BHYic element is
“irtual structure” is not defined " " in the design,library, but d to or
Cuttural elol IS IR0 Ge G ARy SR GorBarty B Akt DA SRt Shc iy e desigr
data in Orderégé%%gﬂi}’aﬂu Bﬁ?'&aﬁ'?g?%},ﬁo %rl‘ée&\g%?‘rﬁﬁ P00 dRh A ﬁ?ﬁﬁ%ﬁgﬂﬂ\&% ) structural
e rary. ly 1 Iffe

elements compri In thé design librar eometrica entical elements wit ent names can be

represented By, dS.RBHIG ) IR BRI ARG REHRRAIH NAGA DI CRIRTH WAt SIS 6 GaBAkHEAN O assign to

each basic element a respective hierarchical level value, and to assign, when appropriate, a parent-child

relationship hefweertherkagsolemestsialrrsighivlyacimsisiinaatyidkRe wreied eynsestification unit can
obtain design data and/or derivatives thereof with already identified basic elements and the hierarchical

levels corresponttingetithihédéeditiaditirasyc €mentisa|f0bdd ¢ Ibrackitd QlitHthiffperradianeeatifieation unit
assigns a hierarchical level to the basic elements as follows: a lowest hierarchical level (Ho) is
assigned to treptessiotelb et senhbassialsengoh sToEnHBpdiesitieatarewnd; is further
configured to assign to each basic element a régpdierarchical level value, and to assign,
when appropriate, a parent-child relationship betwie basic elements. Alternatively or
additionally, the periodicity identification unian obtain design data and/or derivatives
thereof with already identified basic elements tredhierarchical levels corresponding to the
identified basic elements.
[0051] At block 401, the periodicity identification unissigns a hierarchical level to the
basic elements as follows:
- a lowest hierarchical level g{is assigned to the basic elements having notinser
of other basic elements;
- a next hierarchical level Hs assigned to the basic elements that have iossrmf
at least one basic element while all inserted etgsnieelong to level b
- hierarchical level His assigned to basic elements that have insentibbasic
elements with hierarchical levels less or equal-ig while at least one inserted basic element
has an H, hierarchical level.

[0052] Aninsertion is an operation on elements in CAD.akchor point, also known as

insertion point, is a characteristic of an insertiocation.
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a next hierarchical level H1 is assigned to the basic elements that have insertions of at least one basic
element while all inserted elements belong to level Ho; hierarchical level I-1" is assigned to basic
elements that have insertions of basic elements with hierarchical levels less or equal to n-1, while at least
one inserted basic element has an H111 hierarchical level. [0052]An insertion is an operation on elements
in CAD. An alf9331 poiktR @ilsasRIENING Aterasehineh |puate, s thehasdpeigsithe Penedidition location.
[0053]Upon as%grnjn _hierarchical levels to the basic elements, the periodicity identification unit receives

user input of HYMBERANANIUL SR TRDRS LRSI R RIS HERRAR PR TCEmRAE YSBREI28PYMBRdRY by

' ther st el 1ts of hi level(s)), th titi tt t ' ted. Th
Colotiod bt T e B T L s N AR e BN B G olocted
basic e'emer}ﬁe%'e‘?é‘ﬁigiéf?ﬂda{%Jﬁeé?é;%%f{Sf b33 ﬁ'%?g#?eﬂ‘?%éhbé%@%?

ﬁngﬁ?sﬂﬁgpg'ﬂ%{%%ntification unit
receives user Input to define a set of basic ce a specimen each characterized by respective

hierarchical lgyebkhissdeyi Qﬁgiﬂiﬁérr%%ié“&@%%ﬂ@'%m Rl BRSO bR TRRG B, A Dasic cell

502 "cell" with anchor point 1 504 is composed of perpendicular rectangles constituting a T-shape. A
basic cell 50¢\eeeihdfieriasanpesadof AanoRinatomeippibRsiaaaifisforalhrnddaliestieeof basic cell

502 cell with anchor point 11 508. A basic cell 512 "cell2" is composed of a single rectangle with anchor
point 2 514. [DP5H41D disfnesn blxasiofdelisdredlis et cpodieatiharbatecizeidday/iffespatinreraimbichidalels.
level Hi. Figure 5A illustrates an exemplary set of three basic adls specimen. A basic
cell 502 “cell1” with anchor point 1 504 is compdsaf perpendicular rectangles constituting
a T-shape. A basic cell 506 “cell11” is composed abmbination of a basic cell 502 celll
and reflection of basic cell 502 celll with ancpoint 11 508. A basic cell 512 “cell2” is
composed of a single rectangle with anchor poisit£
[0054]  Different basic cells in the set can be charaaterizy different hierarchical levels.
Alternatively or additionally, the user input cartiude one or more combinations of the
basic cells (including results of their rotatiordéor reflection). For example, basic cell 506 is
a combination can be of a basic cell 502 and actdin of a basic cell 502. Such
combinations are also referred to hereinafter aglulls. The hierarchical level of a
combination of basic elements corresponds to tijedst hierarchical level of a basic element
among the elements in the combination.
[0055]  Alternatively or additionally, the set of basiclsetan be defined using a
computerized process in accordance with a ceresigd and/or inspection related criteria.
Alternatively or additionally, the basic cells da@ defined using a computerized process in

accordance with a user input (e.g. required hiieat levels of basic cells, selection of an

area supposedly comprising the basic cells ofasteetc.).
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Alternatively or additionally, the user input can include one or more combinations of the basic cells
(including results of their rotation and/or reflection). For example, basic cell 506 is a combination can be
of a basic cell 502 and a reflection of a basic cell 502. Such combinations are also referred to hereinafter
as basic cells. The hierarchical level of a combination of basic elements corresponds to the highest
hierarchical |E93@f a Hasis @ fkbrilyteriasm) tpe-bRifshexamtle ebrspriiibffousalaaeathalely or
additionally, the set of basic cells can be defined using a computerized process in accordance with a

certain desigR™hBP A PESHOFEHSI AR RUHER A RARQMSAVRNY PSLHWFOPAIIS e CaMseaf be

defined usi terized ' d _with - input (e.q. ired hi hicgl levels of
pasic cel, SIGEAOHBY &b CoRbMLahy b B SEALCGP HIdBEr 1) (Tsbgure o6

llustrates a ”96‘2'1{5‘ tig%‘?ﬁﬁﬂé‘?'?ef’ér?e&e!%e e R@{)ﬁ‘?ﬁé%ﬁ%ﬁ&ﬁg’}é’%@ﬂé@&ﬁ Qﬁéﬂ%rcggﬁﬁ{é’ groduce a

o
periodical array. A repetitive pattern area 550 can be'a rectang rectangular area constituted

by a set of ingianegsdidPRRia Es(BrdneStisROCRadbad tp StNG J&leRgitn AR 3R Rer prical array if

coordinates of anchor points of the respective instances of the basic cell satisfy a repetitiveness criterion.

In accordancegttiih eenigaipiBhRdimMenipetiiodeRslitNenResfiter ieq Hrshielis erewdrgimantsoor
coordinates of anchor points of instances of a given basic cell to determine whether a rectangular area

having instanmashof pdiatsiofciaktsnadd il ggitedibabar taietsr mboo dastbe vatle ceriginae aleadiment, the
repetitiveness criterion is as follows: (X,",Y") = (X0,Y0) + (m*StepX, n*StepY)(equation 1), where
(X,",Y") are cheviinanstaotesspectiosianehds pdiixdd e docirseyinatecspstancsf whid abdew rectangular area;

m=0,1,...,M-1; n=0,1,...,N-1; and repetitiveness parameters StepX and StepY are positive constants.
embodiment, the repetitiveness criterion is a®bod:

Xm Yn) = (X0, Yo) + (M*StepX, n*StepY) (equation 1),

where (X%,,Yn) are coordinates of respective anchor pointsaoadinate system of
the above rectangular area; m=0,1,...,M-1; n=0,1,-1;End repetitiveness parameters
StepX and StepY are positive constants.
[0057]  The anchor points’ coordinates of the instancab®basic cell 502 "cell1" in the
repetitive pattern area 550 satisfy the repetitgsrcriterion (eq. 1) with StepX=Cx and
StepY=Cy ("Cx" denotes periodicity values in X ditien, and "Cy" denotes periodicity
values in Y direction). Accordingly, the illusteat set of basic cells 502 celll in repetitive
pattern area 550 constitutes a 4x3 periodical array
[0058]  Figure 5C illustrates another non-limiting example of a titpe pattern area 570
of one or more basic cells to produce a periodicay. The anchor points’ coordinates of the
instances of basic cell 506 "cell11" in the repetipattern area 570 satisfy the repetitiveness
criterion (eq. 1) with StepX=Cx and StepY=Cy. Tle¢sof basic cell 506 cell1l in the
repetitive pattern area 570 constitute a 2x3 peradcrray.
[0059]  Figure 5D illustrates yet another non-limiting example akpetitive pattern area

590 of one or more basic cells to produce a pezadirray. The coordinates of the insertions
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[0057]The anchor points' coordinates of the instances of the basic cell 502 "cell]." in the repetitive pattern
area 550 satisfy the repetitiveness criterion (eq. 1) with StepX=Cx and StepY=Cy ("Cx" denotes
periodicity values in X direction, and "Cy" denotes periodicity values in Y direction). Accordingly, the
illustrated set of basic cells 502 cell in repetitive pattern area 550 constitutes a 4x3 periodical array.
[0058]Figure Hehifpapieslhhdthsehbrspfifibn e xepaBiRess & EasomiRs phiieih SeRS70 M he or more
basic cells to produce a periodical array. The anchor points' coordinates of the instances of basic cell 506
"cell 11" in thetfedetite! Patter dnates A tgitisamions oltRie el LAtdifdR @RSty With Stepx=Cx and
StepY=Cy. The sets of basic.cell 506 cell 11 in the repetitive pattern area 570 constitute.a 2x3 periodical
RGP IATASE ik Temaad B AeRi s 590 of one

array. [0059]FH9GH GG StATLS) e GnathaT iRH
or more basi t iadi TF ' f [ ' ig,cell 502
el satshy T e B o e e
insertions of thgBasic cell 512 "cell2" satisfy the repetitiveness criterion (eq. 1) with StepX=Cx and
StepY=Cy. Accordingly, the repetitive pattern area 590 comprises a 2x3 periodical array of celll 502 and

2x3 periodicgbab@ly Of igelledelal; repetitive pattern area(s) at a let@iterest (referred to hereinafter as
a top level) can be defined by analyzing a sebofdinates of all anchor points of each basic
cell comprised in the design data to define théop@ral areas, including explicit insertions
of basic cells and implicit insertions (when a agrtbasic cell has been inserted into a cell of
a higher level and its insertion coordinates haenbfinally, transformed into top-level
coordinates). However, such a set of coordinatedeaof huge size and generation of the set
and an attempt of a repetitiveness analyses camatakinreasonable amount of time.
[0061] In accordance with certain embodiments, insteaghafyzing the set of
coordinates of all anchor points of each basicinedl repetitive pattern area, the periodicity
identification unit generates and analyses simpkeya of the basic cells. The term “simple
array of a given basic cell” used in this specifima should be expansively construed to
cover any set of insertions of this given basit dehracterized by that the coordinates of
respective anchor points satisfy the repetitiveessrion, i.e. the simple array of the given
basic cell constitutes a repetitive pattern argh weispect to the given basic cell. For
example, if “CellB” comprises MxN periodical arraf“CellA” insertions, then “CellB”
comprises simple array of “CellA”. Those versedhia art will readily appreciate that
“CellA” can be also considered as a cell compridirg simple array of “CellA”.
[0062] Figures 6A-6Fare schematic instances of exemplary simple arFagare 6A
illustrates cell3 602 comprising two insertioncefll in horizontal order. The cells are

characterized by anchor point 604. These insersatisfy the repetitiveness criterion and
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[0060]In general, repetitive pattern area(s) at a level of interest (referred to hereinafter as a top level) can
be defined by analyzing a set of coordinates of all anchor points of each basic cell comprised in the
design data to define the periodical areas, including explicit insertions of basic cells and implicit insertions
(when a certain basic cell has been inserted into a cell of a higher level and its insertion coordinates have
been, finally, feN9storallc? GREOA@PAEGES CodrdiREeY) aHewBlErialierPB HesbriesdtaidA68 can be of huge
size and generation of the set and an attempt of a repetitiveness analyses can take an unreasonable

amount of tint@MBOBTHAESAAIEE RifPLEItaHE Eir REFRRRAEE! R o Br i FAA X RNSRP of

dinates of all h ints of h basj Il titi tt iodicity identificati
it goeratoR N P SR LSS 1E IR BT e L R Y & b Bmsio cell
e e asileaan shoulthe FeRIRNGK OISR S CRGIM BB ALISHIAP s Oer
basic cell characterized by that the coordinates of respective anchor points satisty the repetitiveness

criterion, i.e. {hersimpladrayeotdne givenhasie callansHpNRs G rereiliveRRUSHbALS wiihggspect to

the given basic cell. For example, if "CellB" comprises MxN periodical array of "CellA" insertions, then
"CellB" compyis@isgiiale apiayspbridebAoul MeefivaEsetianHienashidiioeadiveppmiosiatesthat "CellA" can
be also considered as a cell comprising Ix1 simple array of "CellA". [0062]Figures 6A-6F are schematic
instances of exesriplafyr sirapheatiarys oF wglide &Aditesial@scA@1AB DR eDmMPBisig pieoamagrdions of cell in
horizontal order. The cells are characterized by anchor point 604. These insertions satisfy the
repetitivenesseitltdrigun a6 ihestoaiesedleBootI% compristy @ insgrijsieekapiad ooginsaFipnreicB
illustrates ce114 606 comprising two insertions of cell in vertical order. The cells are characterized by
anchor point 688 TS RiERTABRLSS YY) tRerEpRERI SHEBYLFRITERRAIICII B IS ¥GRIPTISEs a 1x2
simple array of cell 1. Figure 6C illustrates ce115 610 comprising two insertions of cell 3 in vertical order.
The cells are“tﬂq&rgﬁgr‘i:gga %’;‘;&Heﬁ%‘?tﬁ%??d%?ﬂ%&mﬁs%?ﬁ et CRITSSRPUER NS der correspond
to four insertionsr%f cel 1éﬁ‘ihjCh ?]atisfie%he elpetﬁiVE%gél% (Eﬁiéerion for the insertions of Cﬁ%lr%, and

hence, cell 5'81 c%?ﬁ'porlsces a'3%0 Sol%g e ar?éyeofvc\:'e ure ?ﬁ'&‘s’?rg?gg’ cet18B Yy %omprising one

insertion of cgll Sgnd,ene. IR é‘lﬂf&%éﬁs&féé%ﬁﬁ _éeigt?iY URSEERDS e Ll Cella

corresponds to two insertions of ce111. The cells are characterized byanchor point 616. Each ce113

corresponds g3 g insestiRns stssihipia hesizentaierdeanbieh satisfiesises Ipsttivenssasiarion

insertions of cel11. Hence, cell6 614 comprises a 3x2 simple array of celll. Figure 6E illustrates
cell7 618 camyuiisiog iudxdisisngarsasraycohgsisidd a The eptiplampetiiaciataedyiantbaimgint 620.
Figure 6F illustrates ce118 622 comprising a 2x3 simple array of cell and a 2x3 simple array of ce112.
The cells aredfliirt€hie e lsysaa charguoenizé dhy s thstisid , Akdllsatregeck ltheasaooergmiisean
simultaneously different simple arrays, corresponding to different basic cells. Those versed in the art will
readily apprecta@iisatsiipotarsatisiiffercan glew \giwsmier spondingor difsenbbasieleeleIy hossoordinate

system axes, a given simple array will remain to be a simple array with modified repetitiveness
parameters. versed in the art will readily appreciate that upatations with angles divisible by 90° and/or

reflections relatively to coordinate system axegivan simple array will remain to be a
simple array with modified repetitiveness paranmseter

[0063] Referring back td-igure 4, a basic element of hierarchical level Hk compidsa
simple array of a basic cell is referred to heré@raas a “simple array cell of hierarchical
level HK”. A simple array cell comprises only asieple array of a given basic cell, while it
can comprise several simple arrays correspondidgfferent basic cells. A given simple
array cell is characterized by hierarchical levieghe basic element and by repetitiveness

parameters and basic cell(s) of respective simpéy/¢). A set comprising the simple array
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[0063]Referring back to Figure 4, a basic element of hierarchical level Hk comprising a simple array of a
basic cell is referred to hereinafter as a "simple array cell of hierarchical level Hk". A simple array cell
comprises only one simple array of a given basic cell, while it can comprise several simple arrays
corresponding to different basic cells. A given simple array cell is characterized by hierarchical level of the
basic elemerfteltdbYiespetinal ipglpuapdmbiepdd shaiasiBe dness offidgirEaddoshnmmalieias R A set
comprising the simple array cells of hierarchical levels up to Hk and characteristics thereof is referred to

hereinafter aé%f“%%‘&f@ﬁ%fé}é?%&? Eéf@e@rﬁEFﬁ#éﬁY&KiH%vel Hk". [0064]At block 405, the periodicity
cot compriaity tinle ANEY GRMDAIES 18 al WareRICA G, i heranB i BrLt i & drsiacics
e R R T T R
the top-level g5 RicPATIAIR ATERL LRGPP iRk RRDSIALP @8 [SliOWPrereof. The generated set can

comprise all such simple array cells or, alterredyivonly simple array cells selected in

accordance with a predefined criterion.

[0065] In accordance with certain embodiments, the toptlset of simple array cells

can be generated as follows:

[0066]  For a given basic cell characterized by hierardhaael Hi, the periodicity

identification unit identifies all basic elementsHi+1 hierarchical level comprising

respective simple array and generates a set ofesiangay cells for level Hi+1. A cell

simultaneously comprising multiple simple arraysresponding to different basic cells of

hierarchical level Hi (e.g. as illustrated by ceti@~igure 6F) can be included in the level

Hi+1 set several times in accordance with eachesge basic cell. The respective basic

cells of hierarchical level Hi are also includedtlie set of simple array cells of Hi+1

hierarchical level, and the set of simple arraykeeél Hi (if there were basic cells at levels

less than Hi).

[0067]  The periodicity identification unit further travexs design data from the bottom

up, from level Hi+1 to the top level, and generdteseach hierarchical level a respective set

of simple array cells using a respective set geedrat a previous level, thereby generating

the top level set of simple array cells.

[0068]  Thus, at each given hierarchal level, the setrapka array cells is generated by

analyzing, merely, insertions of the cells from siraple array set generated for a respective

previous level, thereby significantly reducing tlequired processing.
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[0066]For a given basic cell characterized by hierarchical level Hi, the periodicity identification unit
identifies all basic elements of Hi+1 hierarchical level comprising respective simple array and generates a
set of simple array cells for level Hi+1. A cell simultaneously comprising multiple simple arrays
corresponding to different basic cells of hierarchical level Hi (e.g. as illustrated by cell8 in Figure 6F) can
be included ifP#fleveQRFONalt s \rach AR GhigRIdeMeArTbe WitRBER RepdeRrlimEaiaenf The
respective basic cells of hierarchical level Hi are also included in the set of simple array cells of Hi+1
hierarchical IEV&OSMIRIRS S&F BY SHoHEIRe SAUaH RV HE BRYINB A atianship G ¥ddthan Hi).

[0067]The periodicity identification unit further traverses design data from the bottom up, from level Hi+1
to the top Ievg}g%ﬁé&%@{}e@?ﬁ'gﬂﬁ Wi@r%?&lii%?lre%eg?géloective set of simple array cells using a

respective Siig@%f rat_‘?ﬂﬁefg%%@hsth%vglhmﬁrr%%)?i@ﬁﬁ?&ﬂ?&&ﬁﬁ#&%?&’ﬂcsee\tzv%ﬁbgﬁ%‘?n%r gy cells.

[0068]Thus, at each give evel, the set o e array cells Iis generated by anafyzing, merely,

insertions of {Hg ﬁﬁ‘élé‘ef{ﬂ’ynﬁfgkﬁp?%@E&%ﬁﬁ%&?&%@%ﬁlﬂ&ﬁéﬁ&%ﬂﬁ%ﬁ%@éﬁ‘éﬂ%ﬁeﬂ%réFt‘H%QV
significantly reducing thé required processing. [0069]Optionally, at each hierarchical level, the procedure
can include gptignigagond&fcomprise a simple array of any baslidf this certain basic element has not
been included in the set of simple array celldhefdiven hierarchical level. Likewise, only
basic elements comprised in the top-level setropk array cells can comprise
repetitiveness areas of interest.
[0071] At block 407, the periodicity identification unitither identifies, in the top level
coordinates, periodical areas with respect to &éaslkc cell. For each insertion of a cell
comprised in the top-level set of simple arrays;dhe periodicity identification unit further
transforms the repetitiveness parameters of respesitnple array(s) in coordinates of a
level corresponding to the simple array into pagtars in coordinates of the top-level and
identifies simple periodical areas. Each simplequiécal area is defined in the top level
coordinates by an external rectangular boundargsgective simple array.
[0072] Those versed in the art will readily appreciate tha top-level set of simple array
cells can be identified in different manners. Bywé non-limiting example, the method can
comprise separately identifying top-level sub-sdtsimple array cells corresponding to
different basic cells with further optional mergifgternatively or additionally, each top-
level sub-sets of simple array cells can be useatiémtifying respective periodical areas
with further merging the generated periodical areas
[0073]  The periodicity identification unit further aggreéga adjacent simple periodical

areas corresponding to the same basic cell intceggted periodical areas. Whenever
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the generated set by excluding redundant cells, i.e. cells having child relationship merely with other cells
within the simple array set of a respective level. [0070]Those versed in the art will readily appreciate that
in accordance with teachings of the presently disclosed subject matter, a certain basic element inserted at
a given hierarchical level does not comprise a simple array of any basic cell if this certain basic element
has not beennpgfikledhe @@oeqaiedingiiecierhpieasivfiavierghaimpir Radeeal aleasL kéwigeinonly basic
elements comprised in the top-level set of simple array cells can comprise repetitiveness areas of

interest. [00739RFASR %67 RRSFRIBALRG ALl SR FAHRSTIRNR RIBaleERle e R 93\ i%ordinates,
iodical ith tt h hasic.cell. For i ti f I i in the top-level set
ot simple ar 0N, 1 PR HRRRHLSRIGN JHE PG Sl AR AL & LRbvEtEss parameters of
le art SHOMILITy A . . . ers
coordmates TG Ao e A S LN S SRR of SO S B RY rea i defned
in the top level.geardingies by MaaKerghseslRGHIaR RERAA Al ESRASING SIARIE @F @ INQFR] Those

versed in the art will readily appreciate that the top-level set of simple array cells can be identified in

different manpeg|lRss \(@y -08 sy bind it samp ke th e sESisbcan £ YnapEssoperasp@vegntifying
top-level sub-sets of simple array cells corresponding to different basic cells with further optional merging.
Alternatively ahackdTio npkyiceity iapde we Msdipesats o€ gienpldi city apicel s vadileetiose By Bdentifying
respective periodical areas with further merging the generated periodical areas. [0073]The periodicity
identification unétshedtizegyragaiésiadipotineshopidipgridiiealespective basic cell. When the

periodical area corresponds to one-dimension a)atf(e size of the area in the second
direction is defined, respectively, as Rmrx Box,.

[0075]  Figures 7A-7Care schematic instances of exemplary aggregatéatipsl areas.
Figure 7A illustrates cell 710 “cell9” comprising six insients of cell6. The cells are
characterized by anchor point 715. Accordinglyillastrated inFigure 7B, since each cell6
comprises 3x2 simple array of celll, cell9 comgisi simple arrays of celll. However, cell
9 is not constituted by a simple array of celllcdese 36 insertions of celll into cell9,
combined together, do not match the repetitivengterion.

[0076]  Figure 7C illustrates insertion of cell9 in a top-level célhe insertion 720 of
cell9 is provided with reflection regarding the Xisa Those versed in the art will readily
appreciate that upon rotations with angles divesti) 90° and/or reflections relatively to
coordinate system axes, a given simple periodiea will remain to be a simple periodical
area with modified repetitiveness parameters. Adiogly, six insertions of simple arrays of
celll constitute simple periodical areas 701-7@6hedefined in the top level coordinates by
external rectangular boundary of a respective smaplay. Upon testing whether the
periodicity criterion (e.g., repetitiveness critar) is satisfied, adjacent simple periodical

areas 701-702 are further aggregated into the gagtge periodical area 708 and adjacent
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areas corresponding to the same basic cell into aggregated periodical areas. Whenever possible, the
aggregated periodical areas include several simple periodical areas, but still in some cases, the
aggregated periodical area can comprise only a single simple periodical area. [0074]The periodicity
identification unit further adjusts (expands or shrinks) the aggregated periodical areas, and generates an
adjusted boupie PrEditalyrRATalOd-peAGUaE G Es JyavarenatrsspriteRlica a@mdOreatangular
boundary is expanded (or shrunken) by values (Cx -BoxX) and (Cy-BoxY) from both sides in X and Y
directions reSEQR~ERY RiterRACIOURLAIRRGH CIRGEIMOCEHEREIRYEY - periodicity value in Y direction,

Boxx, Boxy - tively, X and.Y sizes of the bounding hox of th tive basic cell. When th
periodical ardd FesnoHHS S OHEHARR DAY FRdlfe e G M LRI direction s
defined, ' Bo ' T tic |
ittt e G T st U B R R

cells are chaggaclpiizgd Bgm@r&@@@%aﬁg%mp@@g%tﬁ@mjgthgggllei &)since each cel16

comprises 3x2 simple array of cell 1, ce comprises six simple arrays of cell 1. However, cell 9 is not

constituted bygrekpplrimigay Bfcelsls becauseiftsingesipasaficllhinte eolt8penamineditpaeiher, do
not match the repetitiveness criterion. [0076]Figure 7C illustrates insertion of ce119 in a top-level cell. The
insertion 720kafsic cells overlap.

[0078] Referring back td-igure 4, at block 409, the periodicity identification urst

further operable to identify overlapped parts bemvaggregated periodical areas and to

identify, when possible, corresponding combinedaakcal areas. Upon identifying a pair of

overlapped periodical areas (e.g. correspondingadadifferent basic cells or to the same

basic cell) , the periodicity identification unnayses periodicity values characterizing these

periodical areas. If a value Ca of repetitivenessimeters of one of the areas in X or Y

direction is divisible by a value Cb (or anotheneoon multiple) of respective repetitiveness

parameter of another area without remainder, tleel@apped parts of two adjusted areas are

aggregated into a combined repetitive area, whe&aioharacterizes the repetitiveness of the

resulted combined area in the respective diredtiitim regard to the combination of

respective basic cells, and the boundary of thebaoed area is defined by rectangular

boundary of the overlapped area. The combinedaede further adjusted such that the

adjusted boundary rectangle of the combined arkaaed within the boundaries of original

areas.

[0079] In the non-limiting example illustrated Figure 8A, illustrated periodical areas

801 and 803 overlap, and values Cx1 and Cyl ofitefgmess parameters of periodical area

of celll for X and Y directions are divisible (eduby values Cx2 and Cy2 of repetitiveness

parameters of periodical area of cell2. Accordinghe periodical areas 801 and 803 have
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cell9 is provided with reflection regarding the Y-axis. Those versed in the art will readily appreciate that
upon rotations with angles divisible by 90 and/or reflections relatively to coordinate system axes, a given
simple periodical area will remain to be a simple periodical area with modified repetitiveness parameters.
Accordingly, six insertions of simple arrays of cell constitute simple periodical areas 701-706, each
defined in th &8 lkVBPEmSHIMM4S R dikestins BEtheUIStBBYIAR) O RerasissEareyimple array. Upon
testing whether the periodicity criterion (e.g., repetitiveness criterion) is satisfied, adjacent simple

periodical aré8BSHIYENSSSHPETRIMAIS S GoregatbbiNh iy ithEespgRE SRaP &tionieaING £45688liSd adjacent
impl iodi 703-70 ted into the. ted jodical 707 fined b
ot bou BT R T LA HR e LS BT AL PSRy periodical
801 i jodi ' h i . Fi 8A
i lustel B e R BP0y

correspondinggi© the basic cel12. As illustrated, the periodical areas corresponding to different basic cells
overlap. [0078]Referring back to Figure 4, at block 409, the periodicity identification unit is further

operable to idengify oveslarprePRTiEIRe BxaaipRAGICHated IRglIRJIBER ilicaratanpéaddrialibreaben possible,
corresponding combined periodical areas. Upon identifying a pair of overlapped periodical areas (e.g.
correspondingo dvwob &iigrentybasdage | ndrvialubs Sameandasi@ petl)ivéhessaridinyeideastification unit
analyses periodicity values characterizing these periodical areas. If a value Ca of repetitiveness
parameters cf@imslichtirsearehsdhlXasrXvagidetibrdsalisigivleitig eqaniphglydbresrioBamncb@yaoh multiple)
of respective repetitiveness parameter of another area without remainder, the overlapped parts of two
adjusted ared8REEIERAEYRAIATIRIE RHRRIINEIS7E BEARI(R AR diRgheiNCaVENARRAE A Piethe

repetitiveness of the resulted combined area in the respective direction with _reg[ard to the combination of

respective baGOXUf8! AFRHROBANMRY BAUTLESH BRI IS G EKRSIPRS ML fyBRioss @ dary of the

overlapped area. ombined area can lg further adjusted such th tﬂgg adjusted houndary rectangle
of the combRLararg L EH B B Ot o B B e OO R i example

illustrated in EEQHB%QM"&%‘ﬁ@tﬁgsﬁ’ce&i&@%%'lﬁ“ﬁﬁ‘& cell2. peeodical area 807 has been amended into

the periodical area 810, and the periodical aré&aB3 been amended into the periodical area
811. A periodical area can be amended by remowegapping areas.

[0081] Referring back td-igure 4, at block 411, the periodicity identification urst
further operable to identify the final set of rape¢ areas. For each pair of overlapping
aggregated periodical areas, the periodicity ifieation unit amends the aggregated
periodical areas corresponding to respective s to exclude the overlapped areas and
generates, when possible, combined repetitive f)ydakewise, for other pairs of periodical
areas (aggregated/combined, combined/combinedpeathedicity identification unit amends
the corresponding periodical areas to exclude Vlegl@pped areas and generates, when
possible, combined repetitive area(s). The proisesepeated for all overlapping pairs until
there exists overlapping between periodical afRasulted amended aggregated periodical
areas and the combined repetitive areas constitatBnal set of periodical areas identified

by the periodicity identification unit.
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801 and 803 overlap, and values Cxl and Cyl of repetitiveness parameters of periodical area of cell for X
and Y directions are divisible (equal) by values Cx2 and Cy2 of repetitiveness parameters of periodical
area of cel12. Accordingly, the periodical areas 801 and 803 have been combined in X and Y directions
into the periodical area 806 characterized by repetitiveness parameters Cxl and Cyl with respect to the
combination 8188l basidesfyeespe i beard WilHradHe 2Rpresifid herrisniesed salien praiesy il cells from
the periodical areas 801 and 803. The periodical area 606 has been further adjusted to the periodical

area 805. [00¥Y]RPHAE RYARNG BRAVBIEARIAE AHEES REBEREABRY SH RIS JRrWaal AR%ss 807 and

808 partl lap, and val Cxl and Cyl of titi t . periodical _of cell for X and
¥ directions /8 HIASHTSIaUE FSPSAINGS 25 BRIFRS)S BPRRUR R b s s S 3T BRStical area of

covi2. necoulagh e BURGORRE 50 Ao LaToa T 81000 e B gombred n

and Y directions in aracte iveness parameters Txl and Cyl with

respect to the combinateretineBasichrils el appicsbiiumsBrRI IS al R A pbanberRramended

into the periodical area 810, and the periodical area 808 has been amended into the periodical area 811.

A periodical aremsandecamanga Ry dessydedmesspodasaaas iflRR HRefering kackde, Rigure 4, at
block 411, the periodicity identification unit is further operable to identify the final set of repetitive areas.
For each paircefity8Bappimy dsiggctia athme adianloh weis2Hbie pedioityoiyl udeDtificatidinegtidcramends the
aggregated periodical areas corresponding to respective basic cells to exclude the overlapped areas and
generates, wheerippdpitse;|evehbivardinetretilisie aradisTell i@ viiss tonutheng3xs sinpeldcdiexl cfreas
(aggregated/combined, combined/combined), the periodicity identification unit amends the corresponding
periodical aré8d ®VelltIREEHIETB MBI AREss AMel ama RecOMNReAIBReHRIicARA fepetitive
area(s). The process is repeated for all overlapping pairs until there exists overlapping between periodical
areas. Resul Bt%%é‘ogﬁﬁaﬁj&?éﬁiﬁ)&ﬁ%&ﬁﬁ?%{%%g iiha s ShBRrod raatk ¥dE constitute the

final set of periogical areas idenrtifi d tgg the eriodicit%/ identification l]mitt. éOOSZD-P?SS versed in the art
: . ma chlqg S'F?ﬁrel eﬁcrl SN, BY.Way nanting example, the size-related criterion
will readily apprecia al the disclosed subjett matter Is

can be defined in accordance with the real sizBebasic elements which can differ from
design data size. Alternatively or additionallye gize-related criterion can be defined in
accordance with inspected stage of the manufagtymiocess (e.g. if mask dimensions of a
die are scaled (e.g. as 4:1) relative to the dimessof the die on a wafer, then minimal size
of periodical areas for mask inspection may beedéfiit than minimal area size for wafer
inspection ). Alternatively or additionally, thezsirelated criterion can also depend on a scale
characterizing manufacturing and/or inspection @ssc

[0083] The final set of periodical areas further comprigesodicity values
characterizing the respective periodical areass&hersed in the art will readily appreciate
that if Ca is a periodicity value of a periodica¢a then value k*Ca, where k is any positive
integer number, can be also assigned as periodiitye of this periodical area.

[0084]  Generally, assigning of smaller periodicity valagreferable. Optionally, as
illustrated by way of non-limiting exampleskigures 9A-9B, in some cases periodicity

value defined by shift between anchor points of he@hboring basic cells can be further
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not bound by handling the overlapping areas as described above. Likewise, by way of non-limiting
example, the teachings are applicable when the number of adjusted and combined overlapped periodical
areas is not limited by two areas. By way of another non-limiting example, the disclosed teachings are
applicable when the basic cells are overlapped between themselves constituting a chessboard-like
structure illuseaHEE T giherstseRslivasarriteradeitionalgee ebreisPAYSRPORIIEaIFs§13EeIl 2 with
periodicity value Cx in X direction overlap in top-level coordinate system with cell 11 853 also comprising

3x3 simple alf&F¥teing RAtPPSIbEIE: Rieate i e 94 coMPEsE HexSaRbrfticrpaMHical area

812. Optionall riodical area c e included in the final set of periodica if matching a

cize-rlated SO Ry oY AE et B s Bt enan e ot Befned in
o5 arsle£lmeni b ana e Tam.cson dia glegyfermatvey or

accordance %ﬁﬁﬁgrﬂ? I
additionally, \?ée size-ré\‘?ate riterion can be defined Iin accordance wi

manufacturing,praesss §RddikBASIHMSRSIoNS Wiidiie ATReEAS 48 -t R3UMLLER RS tp the

dimensions of the die on a wafer, then minimal size of periodical areas for mask inspection may be
different thanappndmad@rparriaritovarRienRsRegion ) sat@medively osamditanallyiithesizarelated
criterion can also depend on a scale characterizing manufacturing and/or inspection process. [0083]The
final set of pertoniicaeareas fertheylesmjthseg D shiftdictydiieinieScchadmcfiglitippthpdespectz®p@riodical
areas. Those versed in the art will readily appreciate that if Ca is a periodicity value of a periodical area
then value k*Gunpisére &g aiigypoisielié Irnméharatiodipity vehtbeaalse sbsigatatizedponodianglyshse of this
periodical area. [0084]Generally, assigning of smaller periodicity value is preferable. Optionally, as
illustrated by%&?'ﬂf&ﬁﬁﬁﬁﬁﬁ%@%ﬁﬁl%@“ﬁéﬁ%@s 9A-9B, in some cases periodicity value defined by
shift between anchor points of two neighboring basic cells can be further reduced (or otherwise adjusted)
after additiontdO8rAlysidRASEYE SRAE e AT SYHHER Y ARRISGIRLE SN FRI R s I 8830601 illustrated in

Figure 9A com risdelgai3x3 %etiodi(iagoarr ell?2 Witheo indicity val erein cell P)%'lghboring in

vy, of e Cx, W
S irecton LR A B o AIHAD R s Cal R S el it FIRIE R Rl o0

OR operation, Rompries CReI AR thirtnaRbe clieradierizeddn ¥ disgfionfy any

appropriate periodicity value in a range (0, 3Cx). Cell "ce1112" 950 illustrated in Figure 9B comprises two

rectangles Withd-stdg gbHE/R JHREHRB @mgiawﬁamwﬂma@sﬁ&% EempHBngegXtiREay of
» Up

cell12 with periodicity value Cx can be characterize on analyses of cel1112 pattern, by periodicity
value Cx12. [QQ35] Hnasenvsriape isdhepastivil readhly inppeediatedinatispaalaing the snahset of periodical
areas is not bound by the sequence of operations detailed with reference to block 409 and block 411.
Optionally, a éicarsanoé petioidze dieasotndne gepecdiaoirenestepBy ofbling stepligetiegating a set
comprising aggregated periodical areas and the combined repetitive areas, and an on-line step provided
during inspe@ieinatrl adageseginaimsaly iseY idirgetordeatitespett Msperaivithdetsetidtineplction
requirements. By way of non-limiting example, a tool operating merely in Y direction cannot inspect an
area with perdddiHEEHANINSOaR SEEHRRBR SRR HIdREHANIBEiREraBrotiEB R ifgCtRAR on-line step of

recipe-creation.
creation.

[0086]  Periodicity of a certain area depends not onlyepetitiveness of the basic cells,
but also on other design elements which correspondn-repetitive pattern within the area
and break its repetitiveness (e.g. non-repetitauenblary, path, SREF elements in case of
GDSII format; rectangle, polygon, path, trapezeid, elements in case of OASIS format,
etc.) Accordingly, the periodicity identificatiamit can be further operable to verify the

repetitiveness of the generated periodical areg®ium of repetitiveness breakers.
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[0086]Periodicity of a certain area depends not only on repetitiveness of the basic cells, but also on other
design elements which correspond to non-repetitive pattern within the area and break its repetitiveness
(e.g. non-repetitive boundary, path, SREF elements in case of GDSII format; rectangle, polygon, path,
trapezoid, etc. elements in case of OASIS format, etc.) Accordingly, the periodicity identification unit can
be further op&188Ié to VeXifgasie rereditabaessipltisdiganatet agnmibriraal @rsHerim s s uiRietitiveness

breakers. [0087]For each periodical area in the final set of periodical areas (and/or in the simple periodical

areas), the p@RHARRY iAETACKIfoRSRRIShAIgeRLTFaLRMBARYFFS IR AR UATE LR Ess
breakers withip the periodical area. For example, the perjodicity identific tion unit can consider the
periodical aréll KPS UlYsHIRG rsakEie WA le He ORI e 8 R elements

200 : _ : o _ S ot i
furher Identie N e B B R ) s
repetitivenesg hrerkesfe RARIARAIY DG IS BOLHUBpRRStRESRE Ao SReriafig thddemdificatign unit

shrinks the periodical area rectangle in such a way that all repetitiveness breakers will not overlap with
the shrunk anegaredibpdgiepdiedinn) rrtofipgitdigal et Antienabsdf dhectlva Blencaiedaioes not
match size-related criterion, the respective periodical area can be excluded from the final set. A
non-limiting ex@tiopid\ofeapehndicknarehirid b catefmsibriepe tkipeiiteeh bse dkeasd@0gard 1003 is
illustrated in Figure 10. Upon shrinking, the periodical area 1004 does not comprise repetitiveness
breakers. [0088]RiBtincihg tepriginengsaibtokies1 B)ameridideitiizadentifiibsbiniaitneses final set of
periodical areas for automated recipe generation. The periodicity values characterizing the respective
periodical ard¥SIaHCcAl ARG tpafRIata dNisYeRIRY VARIALIE RIS SRRV Y AR AradrR MAtcterizing

relationship between desgn data and wafer éor mask or. other layer generated in the manufacturing
process). Thi a9k JGa&ed HRAGR S '&?ﬂﬁ?é@ﬁr?ﬁ%%&‘%ﬂﬁaﬁygi@étﬁﬁ@FSW@ﬁ&ﬂ and/or

inspection prqocess (e.g. multiplied in order to match the respective size of pixels, round to in order to
match the reQOBSUE BB G S A e e TRl san e ek e Hictona

L T T P
breakers 1002 and 1003 is illustratedrigure 10. Upon shrinking, the periodical area 1004
does not comprise repetitiveness breakers.

[0088]  Returning tarFigure 4, at block 413, the periodicity identification unges final

set of periodical areas for automated recipe géineral he periodicity values characterizing
the respective periodical areas are further tréelen real-size values in accordance with
scale factor characterizing relationship betweesigiedata and wafer (or mask or other layer
generated in the manufacturing process). The realvalue can be further adjusted in
accordance with a given metrology tool and/or icsipa process (e.g. multiplied in order to
match the respective size of pixels, round to gteoto match the respective size of pixels,
and/or otherwise).

[0089]  Figure 1lillustrates a schematic functional block diagradmmexemplary

manufacturing tool 1100. For purpose of illustratanly, Figure 11illustrates a

manufacturing tool 1100 based on a scanning eleciicroscope (SEM) 1101.
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Manufacturing tool can be based on, by way of non-limiting example, optical inspection tools, atomic force
microscopes and others. The manufacturing tool 1100 can include a SEM 1101 and a processing unit
1102. The SEM 1101 can use a beam 1103 of electrons which can be shaped and focused by a lens
system using magnetic and electrostatic "lenses" (not shown) within an electron column 1104. The lens
system can D¥aBERfieINGD leehed) Rrehprart @&ihyanta SANEHGG O fameBeapiicel 0358aetOhat the electron
beam focuses on a semiconductor structure 1105 placed in a vacuum sample chamber 1106. The

vacuum samf8lenaivBi Pt RISHPRRINGR AR SNGLh e TRIREIHE Y deebhH i aeRr e 8:e&Yr 1108,

The X-Y st 07 be adapted t i tional directi -Y pl nsive t

control gl IR B LT s CEMer s ek S BB o L @ i LMD BRapted t
detect | , | . itt f

of the semic B8 A A B e B el R T e
results to an {MAGER RIS HIBIA 0N HORGR RIRESRIBEAEHELLE E@ﬁ‘tt%?tﬁ@ﬁf%é'é%j&o receive the

detected results of the secondary electron detector 1108 and to process the received data to provide a
SEM image. 3h¢ foEiémpdataie braant to3ked asessn@ienédhdddosdydnel annlyspadesierive
metrology data and store the SEM image and/or derivatives thereof. Optionally, the control unit 1109 can
be further opstatively to0plpddodive seaondaryaatgdtr chaheigs @ha 168 1am shenprocaasibgrunioé102. The
processing unit 1102 can be further configured to accommodate or store one or more manufacturing
recipes (e.g.,0aRpeaitide acéiestagénshecang a sedenylatyrakeifectaridgRcipe call bagatikly/generated
off-line and further adjusted to a given manufacturing tool and/or process. The processing unit 1102 can
further providehBE ERMRAPAPO¥S HiraN ARtANY Jlireelied ANeBRRHe BREEHt dp detertiahrieduring
recipe. [0090]The processing unit 1102 can include a recipe creation unit 1112 having a periodicity
identification G99 ¥ 28 A PP a s SESAHY FEHRNT dal5H0 g S PRa g‘?ﬁ'l}ﬂng recipe.
[0091]Figure 12 is.a diagram of one embadiment of a computer system for creating a recine for a
metrology ol A SN T e e RHBACE S50 et EELT Mt HOREIB ausing the
machine to pgckIhaRY GHALLARES RO uBthadlaaiGase AREhRSRE O BUSRale sppodiments.
e connected rked

the machine may (e.g., netwo to other machines in a LAN, an intranet, an extranet, or

the Intemet. THgBIASHIAG ABROREMASUIRSIREARARALIY HoRsRBNere! /ifRhgaasiiBes@ng-uaiclient

computer executing the browser and the server computer executing the automated task delegation and
project managenoeasih ibeachBinLeer ve F etk € tutevicaanti tiasca Rrrrirnaebif incadeesTtoopeer (or
distributed) network environment. The machine may be a personal computer (PC), a tablet PC, a console
device or setdog tooqxr¢E3RB)ire Parsivrd|daigital gxesidtaatiigd.) TacSkNamelgphandesseriaih@iance, a
server, a network router, switch or bridge, or any machine capable of executing a set of instructions
(sequential oPEHERSNNEEY IR ISZONfuthRIrRNalyse 4R slemstrplaoindata sa driprec eV dmgag single
machine is illustrated, the term "machine” shall also be taken to include any collection of machines (e.qg.,

computers) tRRETRANFIYAHYSS ToRregf eRBEGRAYY s BIq SP R f1E 08t da HutriRtiBRe &8IYform any one or

f th thodologjes di d herein. [0092]Th | tem 1200 includ
more Of the F1etgologies e el IS IS AT S SRP 13 e 200 Ml

unit 1102 can be further configured to accommodat&ore one or more manufacturing
recipes (e.g., inspection recipe for inspectingadewy. A manufacturing recipe can be
initially generated off-line and further adjustedzt given manufacturing tool and/or process.
The processing unit 1102 can further provide irtdioms to the control unit 1109 in

accordance with the appropriate manufacturing e=cip

29



memory 1204 (e.g., read-only memory (ROM), flash memory, dynamic random access memory (DRAM)
such as synchronous DRAM (SDRAM) or DRAM (RDRAM), etc.), a static memory 1206 (e.g., flash
memory, static random access memory (SRAM), etc.), and a secondary memory 1216 (e.g., a data
storage device in the form of a drive unit, which may include fixed or removable computer-readable
storage medil@®30lvhichheopresanfiagevitA Kireotuag 8 IMEPEOBambOBIRRESSIAg device 1202
represents one or more general-purpose processing devices such as a microprocessor, central
processing uRRTBAIFY fﬂg%mm?%%ﬁ&ﬁfﬁwﬂw'@%?%@e%%‘ﬂﬁb%ﬁeé 49109 FesiPBEAR G ARBR MStAuction
set computingﬁ%@{ryicro rocessor, reduced instruction set computing (RISC) microprocessor, very
long instructi rwgﬁ!ﬁgroprocessor, processor implementing other instruction sets, or

processors i%Egle”tiﬁr%&&‘l@@%adigcgrgm%?tSHgié’rﬂbS&&ﬁnEﬁPSFQ%B_ WEG ARG MM ALso be one o

more special-purpose processing devices such as an application specific integrated circuit (ASIC), a field

programmable, gaierar e BIEA) «Jofl Ak BBRhRIaGE Y LBRNEOLleRAoRRsRIa el like

Processing device 1202 is configured to execute the instructions 1026 for performing the operations and

steps discussgstiietieins (0P84l anmpttpirey seiarfotR by fHithe binekidemoedieikdnterface device
1222. The computer system 1200 also may include a video display unit 1210 (e.g., a liquid crystal display

(LCD) or a catisodeskay/Heaten(CiRAN¢ catine cedb daithentondmhine syaiene tmongheal geaghics port and
graphics chipset, an alphanumeric input device 1012 (e.g., a keyboard), a cursor control device 1214
(e.g., a mousegtvepidedsigrethge machioasde\adeAN 20 (itppatspieaiet) o [009 HHpatieEbadaaghinemory
1216 may include a machine-readable storage medium (or more specifically a computer-readable storage
medium) 1222PBPRARIE i8 H16reRPSREY S A SREVESSI 6T AHEIIILAB (S 4.2 26-HPRb BBIRE BNS*6RBIBEMore of
the methodologies or functions described herein. The instructions 1226 may also reside, completely or at

least partially ithAVER AN SRIYA) S9PBURUREAHIHIAUEBIBE dasl driaAtam 3% IQISH execution

thereof by the, ComPUSr 3YRle AR08 s, MaRATIELINGARRAS S MHasRRRlnn d5eP d3%R

(or distributed) network environment. The machireyrbe a personal computer (PC), a
tablet PC, a console device or set-top box (STBei@onal Digital Assistant (PDA), a
cellular telephone, a web appliance, a serverhaarnk router, switch or bridge, or any
machine capable of executing a set of instruct{saguential or otherwise) that specify
actions to be taken by that machine. Further, wdnlg a single machine is illustrated, the
term “machine” shall also be taken to include aoNection of machines (e.g., computers)
that individually or jointly execute a set (or mplé sets) of instructions to perform any one
or more of the methodologies discussed herein.

[0092] The exemplary computer system 1200 includes a psing device 1202, a main
memory 1204 (e.g., read-only memory (ROM), flashmmoey, dynamic random access
memory (DRAM) such as synchronous DRAM (SDRAM) ®RAM (RDRAM), etc.), a
static memory 1206 (e.g., flash memory, static cam@ccess memory (SRAM), etc.), and a

secondary memory 1216 (e.g., a data storage dewvtbe form of a drive unit, which may
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also constituting machine-readable storage media. The instructions 1226 may further be transmitted or
received over a network 1218 via the network interface device 1222. [0096]The computer-readable
storage medium 1224 may also be used to store the instructions 1226 persistently. While the
computer-readable storage medium 1224 is shown in an exemplary embodiment to be a single medium,
the term "corislieRr fe@dbd sestaaiieraeaibrie sieagiabi SaImadiy e YaiE A ey AeiRiMIBr multiple
media (e.g., a centralized or distributed database, and/or associated caches and servers) that store the
one or more SEGHREMRAIMNE FBterms "computer-readable storage medium" shall also be taken to

includ [ym that i ble of storj di t of instructi f tion by th
machine and fHRtbause BRE TILEHTRAES BeHORTPATYF O BF RoGF BERARO ALIGL Bt the present

i tion. Th ! -re um’ I ingl j , but not b
renton. ORISR, CONML ge It eSSl 5 JAONIBE AR by bt ot e
components apek adlfefBelie s Sea e Hd 8 Sy Rk BRI FIRARR (@ 58y RidkEAsLBesBiplemented

as discrete hardware components or integrated in the functionality of hardware ' components such as

ASICS, FPGAsi &l i ot sk sleaoegsuti ipgition niedpssbectienslde fhsancheimplemented as

firmware or functional circuitry within hardware devices. Further, the instructions 10226 can be

implemented(VLiW cooniyinadEsshiafthaeesesde igas raantisofvinse udioperents: [POSStothe above

description, numerous details are set forth. It will be apparent, however, to one skilled in the art, that the
present inventyiemayting practdeoaioh ofiinsiesetiopseficdssiilg . devisnid A2snme slsos (dagown
structures and devices are shown in block diagram form, rather than in detail, in order to avoid obscuring
the present if@igippecial-purpose processing devices such agpdication specific integrated circuit

(ASIC), a field programmable gate array (FPGA)jgitdl signal processor (DSP), network

processor, or the like. Processing device 1202néigured to execute the instructions 1026

for performing the operations and steps discusseeir

[0094] The computer system 1200 may further include a odtiwnterface device 1222.

The computer system 1200 also may include a vidsgmay unit 1210 (e.g., a liquid crystal

display (LCD) or a cathode ray tube (CRT)) connédtethe computer system through a

graphics port and graphics chipset, an alphanunmgid device 1012 (e.g., a keyboard), a

cursor control device 1214 (e.g., a mouse), anidreakgeneration device 1220 (e.g., a

speaker).

[0095] The secondary memory 1216 may include a machindats#a storage medium (or

more specifically a computer-readable storage nmedii?24 on which is stored one or more

sets of instructions 1226 embodying any one or mebte methodologies or functions

described herein. The instructions 1226 may alsimeg completely or at least partially,

within the main memory 1204 and/or within the pisgirg device 1202 during execution

thereof by the computer system 1200, the main mgiti204 and the processing device 1202
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[0099]Some portions of the detailed description which follows are presented in terms of algorithms and
symbolic representations of operations on data bits within a computer memory. These algorithmic
descriptions and representations are the means used by those skilled in the data processing arts to most
effectively convey the substance of their work to others skilled in the art. An algorithm is here, and
generally, coplssivensbtiuéng swckipasicasiabieginsnge rdiepisisselingsd 22rR\aY. fvABesteps are those
requiring physical mangaulation_s of physical quantities. Usually, though not necessarily, these quantities

take the formUGNEMBEIRE A SPRAGEEERMSVeLh 4B MRl dtonkd farsayiced bined, compared,
d otherwi ipulated. It h ient at tj incipally f f ,
o refer to thaCdihnald & SRR e LA R GIEoGg S AP RRCRERTY (LRS! the fike.
o | . | o . h

[00100] It shaulgh he; HONS iy F%?Qs@%}@Whuf@%@ﬂ%\g%ﬁ%% gfgpggg@gﬁm §39.PR afsQrated wit

the appropriate physical quantifies and are merely con o these quantities. Unless

specifically siatar kBRI BsBRMAEAL BB NSHAloWIRGIREHSSIM ik ARMIBSIAkESdhajdhroughout

the description, discussions utilizing terms such as “obtaining,’ selecting," "generating," "identifying," or

the like, referrfe daciinsdansltakesassAs 0fd £empetiicsiem ipe siaial @ectprisngamedtisg device,
that manipulates and transforms data represented as physical (e.g., electronic) quantities within the

computer sysiasmnisutedisteebhase] aretitorass iotatetdhectatemsisioiin represkietedeasrphysicadtgudintities
within the computer system memories or registers or other such information storage, transmission or
display devic#st0gicns] Ehebiedinscnsrufules-ingdabierstdsegeilumme sbalhaigepedakefoiopeefodding the
operations herein. This apparatus can be specially constructed for the required purposes, or it can
comprise a gBREFAPPIWPGEaLD FRRABIESSHATNEHRCARGARN TSGR HIPhREHAN H0EEHASWEIPRYGREM stored in
the computer system. Such a computer ro%r_am can be stored in a com%uter-readable_ storage medium,

such as, but AGAHRER D N FASE SRRSO AL O edARARR 0L Bhtical disks,

read-only memorie F{]ROMS random access memori RAMs), EPROMs, EEPRONMNS, magnetic or
il oo PR BN B et e i AT SR KR B e anc

displays pre%’]&%‘&%f‘ﬂﬂt%ﬁ BQHiiﬂﬁS@%ﬁ%ﬁ’&@é J%MP%@%%EQP%B%%{%%&&‘}%& paratus.

Various general purpose systems can be used with programs in accordance e teachings herein, or

it may prove giniente sRRBHISHSTI9EC SHREHRIERY aRPRIAlISdeRRItApaheRthed steps. The

structure for a variety of these systems will appear from the description below. In addition, embodiments
of the presengjavention @iatidt Weaadmdaritbe aigiententeday @stictaapiaararoonipetenguage. It will

be appreciated that a variety of programming languages can be used to implement the teachings of
embodimentsndé gheteahviantieruas titesditpetiHaedeiare compusesuch as ASICS, FPGAs, DSPs or
similar devices. In addition, the instructions 122 be implemented as firmware or
functional circuitry within hardware devices. Fueththe instructions 10226 can be
implemented in any combination hardware devicessarfitvare components.
[0098] In the above description, numerous details aréosit. It will be apparent,
however, to one skilled in the art, that the prégserention may be practiced without these
specific details. In some instances, well-knowndtires and devices are shown in block
diagram form, rather than in detail, in order toidvwobscuring the present invention.
[0099] Some portions of the detailed description whickofes are presented in terms of

algorithms and symbolic representations of opematmn data bits within a computer

memory. These algorithmic descriptions and reptasiens are the means used by those
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[00103] A computer-readable storage medium can include any mechanism for storing information in a
form readable by a machine (e.g., a computer), but is not limited to, optical disks, Compact Disc,
Read-Only Memory (CD-ROMSs), and magneto-optical disks, Read-Only Memory (ROMs), Random
Access Memory (RAM), Erasable Programmable Read-Only memory (EPROM), Electrically Erasable
Programmabf&ifteshi-thaljalfeRieee IHEPRE N Ninabrliaelico Byt e aHpsaReh ChBb MO bt e like.
[00104] Thus, a method and apparatus for creating a recipe for a manufacturing tool using design data is

described. It RREBSHIIRMAIRIOSPhARNEIWGVE FRBIFHFHR Hhe (08T LIRS AR RSB Testrictive.
Many other embadi il tiot f skill in the art ding and ynderstanding th
2bove descr BN Rt LoNHES AR RSP RPEET S UAANNTEd DA PABHERECo the
ded clajms, tf jval i i titled. CLAIMS
it s O P R M g ool ne

method COMRYiEIAEa) or QQ%B{R%W%Q?%I%QSPBgﬂwﬁé&%ﬁ%@éﬁﬂﬁéﬂ?&m&%b@{ﬁéﬁ

corresponding to the basic elements; selecting one or more basic elements of interest;
otherwise manipulated. It has proven convenietitvas, principally for reasons of common
usage, to refer to these signals as bits, vallEseats, symbols, characters, terms, numbers,
or the like.
[00100] It should be borne in mind, however, that all afg and similar terms are to be
associated with the appropriate physical quantiiesare merely convenient labels applied
to these quantities. Unless specifically state@mtise as apparent from the following
discussion, it is appreciated that throughout #scdption, discussions utilizing terms such
as “obtaining,” “selecting,” “generating,” “idenyiig,” or the like, refer to the actions and
processes of a computer system, or similar eleict@mputing device, that manipulates and
transforms data represented as physical (e.gtr@tec) quantities within the computer
system's registers and memories into other datidasiynrepresented as physical quantities
within the computer system memories or registemstioer such information storage,
transmission or display devices.
[00101] Embodiments of the invention also relate to an egipa for performing the
operations herein. This apparatus can be speciafigtructed for the required purposes, or it
can comprise a general purpose computer systenfisply programmed by a computer
program stored in the computer system. Such a ctanptogram can be stored in a
computer-readable storage medium, such as, blinmitgd to, any type of disk including

optical disks, CD-ROMs, and magnetic-optical disksd-only memories (ROMs), random
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generating one or more sets of simple array cells corresponding to a level of interest; and identifying,
using said one or more sets of simple array cells, a plurality of periodical areas in level-of-interest
coordinates to enable automated recipe creation, said periodical areas identified with respect to one or
more basic elements. 2. The method of Claim 1 wherein the set of simple array cells corresponding to
the level of irRERESE CBRTMPISES (AMBL BRESIMpIERRRPMS| BrraprRaigal pridsligy enyiipeCarrays, each
simple array corresponding to a different basic cell. 3. The method of Claim 1 wherein the set of simple

array cells coneefiottiAbi8dthe g SIEFRRSINTIBIRES at least two simple array cells each

areas conesB 1AL 10 DS SHA MG Sl R RN NS AL EOTNE It Balic acte.

CharaCte”Zi”S&H%&%JEHEBLRS( i8rd&)(fﬁ‘é?5%%§rratus. Variousegdrpurpose systems can be used with
programs in accordance with the teachings hereiih,neay prove convenient to construct a
more specialized apparatus to perform the methreqabsThe structure for a variety of these
systems will appear from the description belowadidition, embodiments of the present
invention are not described with reference to amyigular programming language. It will be
appreciated that a variety of programming languagesbe used to implement the teachings
of embodiments of the invention as described herein
[00103] A computer-readable storage medium can includenaghanism for storing
information in a form readable by a machine (egpmputer), but is not limited to, optical
disks, Compact Disc, Read-Only Memory (CD-ROMs) aragneto-optical disks, Read-
Only Memory (ROMs), Random Access Memory (RAM), $&able Programmable Read-
Only memory (EPROM), Electrically Erasable Programe Read-Only Memory
(EEPROM), magnetic or optical cards, flash memonthe like.
[00104] Thus, a method and apparatus for creating a réaime manufacturing tool using
design data is described. It is to be understoatittie above description is intended to be
illustrative and not restrictive. Many other embodnts will be apparent to those of skill in
the art upon reading and understanding the aboserigéon. The scope of the invention
should, therefore, be determined with referenddecappended claims, along with the full

scope of equivalents to which such claims areledtit
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6. The method of Claim 5 further comprising processing the generated periodicity values to generate
parameters for cell-to-cell inspection, wherein the processing is provided in accordance with at least one
criterion selected from a group comprising: scale-factor characterizing relationship between design data
and a given specimen, a given manufacturing tool, and a given manufacturing process. 7. The method of
Claim 1 furth&l-&dMhprising filtering the generated plurality of periodical areas, wherein the filtering is
provided in agpgesdanagiMmEh @t least one criterion selected from a group comprising: a size-related
criterion, a manufacturing tool related criterion, and a manufacturing process related criterion. 8. A
system comprising: a memory; a processing device coupled to the memory; a design data module
executed from the memory by the processing device to obtain design data comprising basic elements and

hierarchical lgvels CRrEgRRARGING Heth8rRes M EIRAEN Sreatir IGRBHRICHRINHARIG A f0E&lke coupled to

the design data module and executed from the memory by the processing device to generate one or more
sets of simplenatrd eeisprrRirgsponding to a level of interest; a identifier of periodical areas coupled to
the design data module and to the generator of simple array cells, and executed from the memory by the
processing device toltmnitity design data comprising basic elemendshégrarchical levels

corresponding to the basic elements;

selecting one or more basic elements of interest;

generating one or more sets of simple array cellesponding to a level of interest;
and

identifying, using said one or more sets of singray cells, a plurality of periodical
areas in level-of-interest coordinates to enabteraated recipe creation, said periodical

areas identified with respect to one or more belements.

2. The method of Claim 1 wherein the set of singstay cells corresponding to the
level of interest comprises at least one simplayacell comprising a plurality of simple

arrays, each simple array corresponding to a eifiieibasic cell.
3. The method of Claim 1 wherein the set of singptay cells corresponding to the
level of interest comprises at least two simpleyrells each corresponding to a different

basic cell.

4, The method of Claim 1 further comprising ideyitify periodical areas corresponding

to overlapping periodical areas generated withaessip different basic cells.
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using said one or more sets of simple array cells, a plurality of periodical areas in level-ofinterest
coordinates to enable automated recipe creation, said periodical areas identified with respect to one or
more basic elements. 9. The recipe creation unit of Claim 8 wherein the generator of simple array cells is
configured to generate at least one simple array cell comprising a plurality of simple arrays, each simple
array cell corfesponbitegmethasitedelaimakiv e comprisngegfsdierirMailiveiiesaim 8 wherein the
generator of simple array cells is configured to generate at least two simple array cells each

corresponding @ 2L tfRfEhtheASRNEERT Reriadied RS creation unit of Claim 8 wherein the identifier of

periodical areas further comprises an overlapping module executed from the memory by the processing
device to identify periodical areas corresponding to overlapping periodical areas generated with respect to

different baSi&Ce"ST&@mﬁi!ﬁoﬁ%??@lg%?ﬁ%iRPtHé\itc%%%@%@iP‘ggt iﬂéﬁ%ﬁ%&&dﬁ‘@&%' digglgyeas is

further configured to generate periodicity values c e ge ro reas. 13. The

recipe creatiqp yaiePh(e|gih R fILeF SANHIGHERTHSHBERRRAGTRRL BHR ARERIBFS Vifeasii to-cell

inspection in accordance with the generated periodicity values, wherein the generation is provided in

accordance igbtiierel Wile & (tRI0RE EREe I el BIPEE AP RUSHIPUSFRAlScERstRcEharacterizing
relationship between design data and a given specimen, a given manufacturing tool, and a given

manufacturinghpraces&in4 eleie nelcip & aveatio designod dtiaagid v ee moem ar ey anblieifirgureglule
executed from the memory by the processing device to filter the identified plurality of periodical areas,
wherein the fthetimgdsapgtiad e ireistna posesance with a size-related criterion.

7. The method of Claim 1 further comprising filtegithe generated plurality of
periodical areas, wherein the filtering is providedccordance with at least one criterion
selected from a group comprising: a size-relatédraon, a manufacturing tool related

criterion, and a manufacturing process relatee@moin.

8. A system comprising:

a memory;

a processing device coupled to the memory;

a design data module executed from the memorpdptocessing device to obtain
design data comprising basic elements and hieakchgvels corresponding to the basic
elements;

a generator of simple array cells coupled to #&gh data module and executed from
the memory by the processing device to generat@opn®re sets of simple array cells
corresponding to a level of interest;

a identifier of periodical areas coupled to theigie data module and to the generator

of simple array cells, and executed from the menbgrithe processing device to identify,
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15. A non-transitory computer readable medium including instructions that, when executed by a
processing system, cause the processing system to perform a method comprising: obtaining, by the
computer, design data comprising basic elements and hierarchical levels corresponding to the basic
elements; selecting one or more basic elements of interest; generating one or more sets of simple array
cells correspyftiiagais e el BrorRerisObFImPle adayFpiEyrasinef datdosireorarséndeveldfsimple array
cells, a pIuraI_it¥ of periodical areas in level-of-interest coordinates to enable automated recipe creation,
said periodicI'GFESCRRIMIRIASIRIEREYRAHIBBRIE G FGRFFIBSRIG REHEAIR! 28 ardsndfiaraiiitory
computer readable medium of cl?ﬁj]rg 15, wherein the set of simple array cells corresponding to the level of

interest comrgﬁg@gcélt?e%%‘? She"8 Pes':gr%%%ﬂt%omprising a plurality of simple arrays, each simple array
corresponding to a different basic cell. 17. The non-transitory computer readable medium of claim 15,

wherein the set of simple array cells corresponding to the level of interest comprises at least two simple

array cells eagh corigrpRRBBS A SRR BE BRsIR 8lherein gemerator of simple array cells is
configured to generate at least one simple arrthgamprising a plurality of simple arrays,

each simple array cell corresponding to a diffebardic cell.

10. The recipe creation unit of Claim 8 wherein gle@erator of simple array cells is
configured to generate at least two simple arrdlg each corresponding to a different basic

cell.

11. The recipe creation unit of Claim 8 whereinittentifier of periodical areas further
comprises an overlapping module executed from teenany by the processing device to
identify periodical areas corresponding to overiaggperiodical areas generated with respect

to different basic cells.

12. The recipe creation unit of Claim 8 whereinittentifier of periodical areas is further

configured to generate periodicity values char#itey the generated periodical areas.

13. The recipe creation unit of Claim 12 furthenfigured to generate real-size
parameters for cell-to-cell inspection in accordawith the generated periodicity values,
wherein the generation is provided in accordandk &t least one criterion selected from a
group comprising: scale-factor characterizing refeghip between design data and a given

specimen, a given manufacturing tool, and a givanufacturing process.
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18. The non-transitory computer readable medium of claim 15, further comprising identifying periodical
areas corresponding to overlapping periodical areas generated with respect to different basic cells. 19.
The non-transitory computer readable medium of claim 15, further comprising generating periodicity
values characterizing the identified periodical areas. 20. The method of Claim 5 further comprising
processing tHetgendrae@ PBe GERatP Y AINE 86 IgEN & SEhRiEPmNer 8 filiccan-tBaskiie®estirRmh, wherein the
processing is provided in accordance with at least one criterion selected from a group comprising:

scale-factor dHIPY&IBATRORI BY SRS IR BRTABE HRMsTl? fR: dRRASGhRIWr ¥ GhRasiodligRléeas.

manufacturing tool, and a given manufacturing process. , . L
\%herein the zﬁl%rlng IS provﬁec&{ at e%st, INn @ance with a size-related criterion.

15. A non-transitory computer readable medium idicig instructions that, when
executed by a processing system, cause the prmgesgtem to perform a method
comprising:

obtaining, by the computer, design data compribagjc elements and hierarchical
levels corresponding to the basic elements;

selecting one or more basic elements of interest;

generating one or more sets of simple array cellesponding to a level of interest;
and

identifying, using said one or more sets of singay cells, a plurality of periodical
areas in level-of-interest coordinates to enabteraated recipe creation, said periodical

areas identified with respect to one or more balgments.

16.  The non-transitory computer readable mediugiam 15, wherein the set of simple
array cells corresponding to the level of intemshprises at least one simple array cell
comprising a plurality of simple arrays, each siengiray corresponding to a different basic

cell.
17.  The non-transitory computer readable mediugiam 15, wherein the set of simple

array cells corresponding to the level of intemeshprises at least two simple array cells each

corresponding to a different basic cell.
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18.  The non-transitory computer readable mediueiasm 15, further comprising
identifying periodical areas corresponding to cappling periodical areas generated with

respect to different basic cells.

19. The non-transitory computer readable mediuciasm 15, further comprising

generating periodicity values characterizing trentdied periodical areas.

20. The method of Claim 5 further comprising preieg the generated periodicity values
to generate parameters for cell-to-cell inspectidmerein the processing is provided in
accordance with at least one criterion selecteh facgroup comprising: scale-factor
characterizing relationship between design datasagigen specimen, a given manufacturing

tool, and a given manufacturing process.
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