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WO 2010/096407PCT/US2010/024358 Polarization Imaging TECHNICAL FIELD OF THE INVENTION
[1] The present invention relates generally to inspection and metrology tools for used to ensure quality
and improvéMgaetodetticonductor device manufacturing processes. BACRERBRN OB HE
INVENTION [2] In lithographic semiconductor device fabrication processes, it is imperative that a
stepper precisely focus an im a reticle on, a semicgnductor substrate or wafer. Where the image
of the reticle is out of focus, ﬁa@ irllrﬁan ?&Tﬂ B& of the resulting

semicondd ; , Fe-resulting
structures may be relatlvely dlffuse and |nd|st|nct havm rounded or undercut surfaces in lieu of a
more desired, often rectilinear E@&H@NW%@E@&%QF N VENTHANs to poor function and/or
inoperability in the semiconductor device in question. Measurement of defocus is therefore an
important means for allowing semiconductor device manufacturers to ensure that a stepper
consisterify focUdis RreseakinvaniosTalalassepriziyte rﬁﬁ%‘ﬂﬁ@“‘éﬁ’g@?%ﬁdem@ﬁmﬁf@ylelds
from the manufacturing process. [3] Another problem common to the formation of semiconductor
devices i4!5est t6r enper pa1 gl ard HIRYeEId Bt R sCANERY RYisemanidfaghtiads outside a
range of acceptable light dosages, the features that are to be formed on the semiconductor substrate
may be fRAESPR®rrectly. Accordingly, it is also important to identify exposure defects where they
exist.

&S

BACKGROUND OF THE INVENTION

[02] In lithographic semiconductor device fabrication processes, it is imperative
that a stepper precisely focus an image of a reticle on a semiconductor substrate or
wafer. Where the image of the reticle is out of focus, a state also known as defocus,
the structures of the resulting' semiconductor device may be of the incorrect size and
form. For example, the edges of the resulting structures may be relatively diffuse and
indistinct, having rounded or undercut surfaces in lieu of a more desired, often
rectilinear geometry. This state of defocus often leads to poor function and/or
inoperability in the semiconductor device in question. Measurement of defocus is
therefore an important means for allowing semiconductor device manufacturers to
ensure that a stepper consistently focuses a reticle image on a wafer, thereby
enabling larger and more profitable yields from the manufacturing process.

[03] Another problem common to the formation of semiconductor devices is that of
exposure defects. Where the exposure of a photo resist layer to light falls outside a
range of acceptable light dosages, the features that are to be formed on the
semiconductor substrate may be formed incorrectly. Accordingly, it is also important

to identify exposure defects where they exist.



WO 2010/096407PCT/US2010/024358 [4] In addition to inspecting a substrate or wafer for exposure
or defocus defects, it is important to inspect substrates and wafers for process or material related
defects comMRRANYEPEHEd to as "macro” defects. Macro defects are often F&HERAORHIES cracks,
scratches, pits, delaminations, and/or particles that appear on a substrate that have a dimension of
about 0.90410 1Mhwiditive. Bunbpdefitogsacantasisty cavsafarffoiuesposuse vicefdoutdef@dts and can
significantly reduce the yield of a manufacturer of such devices. Note that the sizes of macro defects
may depitrislipnpodanwhtérans peetsnbstages satt wafersdonpriobans @iyrdeénes relatedinal size of such
defects. [5] Traditionally, macro defects have been inspected using dedicated inspection systems that
have not defeataliertorrealjilsefemelibtu\ailémtfyr el pfestn ddanire juisote arcdefierudafisfedtas
Exposure and defocus defects are usually identified using optical critical dimension (OCD) techniques
on any ofchipentacks, mectibesnpite) aplaoitatonk, andlipgariates thefl epoeastersaand
scatterometers. It would be desirable to combine the functions of identifying the presence of exposure
and defosubsteftetthatithavs pedinarnsicnlustamtest fOrimeatrd deféntsizenssathttiefsatacaptical system
is used for both functions. SUMMARY [6] One embodiment of an inspection system for identifying
defects oasmibubatiatedrfailidesadigensicorcdutitat degicdts Aght cancigsiiiostinéiterdditde thde inspected.
A first polarizing filter, or polarizer, is positioned between the light source and the substrate. A second
polarizingiterpoia amatyfactiseositamdderices Nbte shbbtietesmed ahopticaldsiasts thay receives
light reflected from the substrate. The polarizer and analyzer, are angularly arranged with respect to
one anotkepsucaptitatdown from the size range stated above, which merely defines a nominal

size of such defects.

[05] Traditionally, macro defects have been inspected using dedicated inspection
systems that have not been able to readily or reliably identify the presence of
exposure or defocus defects. Exposure and defocus defects are usually identified
using optical critical dimension (OCD) techniques on any of a number of precision
metrology tools such as ellipsometers, reflectometers and scatterometers. It would
be desirable to combine the functions of identifying the presence of exposure and
defocus defects with inspection of substrates for macro defects wherein the same

optical system is used for both functions.

SUMMARY

[06] One embodiment of an inspection system for identifying defects on a
substrate includes a light source that directs light onto a substrate that is to be
inspected. A first polarizing filter, or polarizer, is positioned between the light source
and the substrate. A second polarizing filter, or analyzer, is positioned between the
substrate and an optical sensor that receives light reflected from the substrate. The

polarizer and analyzer, are angularly arranged with respect to one another such that



WO 2010/096407PCT/US2010/024358 an image intensity of an image captured by the optical sensor
is at least partially correlated with the presence of polarization dependent defects on the substrate

under test. PR 8¢ pendent defects include, among other things, deffetid8#d a3t ire

defects. Defects having a main dimension of approximately the wavelength of incident light or smaller

that are rant ilefnaimtrsiyosive detapiscansty dbpdhdeptical s¢risbhéslahesst prtimly be of any
useful type including, but not limited to, a broadband incandescent light or a laser. Either of these light
sources rayaltitsbvetid theap les aositiohpdl doizhtent igiptcodént deféats o tihe suibsirate at any useful
angle of incidence, including a normal angle of incidence. Lasers may be of a fixed, monochrome
variety oumdgr hesiriRoigeidaticnutrpdioie et defeetsl iditfede) tamonga tew tngsthdeffgiua/aerk strobe
illumination is used, the strobe will flash on and off in a sequence that at least partially correlates with
the velocéymdsunictiedestibsbafe dtsrhavetyaitnaéspéoettsibe tfspaptmansgtebniha waygangththe
inspection system to reliably capture images of the substrate at the appropriate locations. [9] The
optical sesfdncideimbdigbt orantmlartiat@rerontalefergs dcappoiare defeciseni@Calzdibsome
instances, the optical sensor may be a color imager of the Bayer type or a three-chip design. In yet
other instdeodifiedne or more light source and/or color filters may be used in conjunction with a
monochrome optical sensor to obtain color data from the substrate. Both area scan and line scan
optical s§03prs ey ightisedrcH 6jdy bddifianyaidefottyparnnicbughiog, teuti efeidis)itetdotypes of defects
may be identified. These other defects may include pits, voids, chips, cracks, particles, and scratches.

broadband incandescent light or a laser. Either of these light sources may strobe and

may be positioned to direct light on the surface of the substrate at any useful angle

of incidence, including a normal angle of incidence. Lasers may be of a fixed,

monochrome variety or may be arranged to output light at several different nominal

wavelengths.

[08] Where strobe illumination is used, the strobe will flash on and off in a

sequence that at least partially correlates with the velocity at which a substrate is

moved with respect to the inspection system. This permits the inspection system to

reliably capture images of the substrate at the appropriate locations.

[09] The optical sensor or imager may be a monochrome charged capacitance

device (CCD). In some instances, the optical sensor may be a color imager of the

Bayer type or a three-chip design. In yet other instances, one or more light source

and/or color filters may be used in conjunction with a monochrome optical sensor to

obtain color data from the substrate. Both area scan and line scan optical sensors

may be used.

[10] In addition to defocus and exposure defects, other types of defects may be

identified. These other defects may include pits, voids, chips, cracks, particles, and

scratches.



WO 2010/096407PCT/US2010/024358 [11] Inspection systems according to the present invention are
put into operation by first arranging the light source to direct light onto the substrate. The first
polarizing fiNeP RHY&idHed between the light source and the substrate and’fheBpHEHPZE 8 or is
placed to receive light reflected from the substrate. The second polarizing filter is placed between the
substratq atid tHasyastalsepstaras docmtbl gt ohib dinstemanh s evemdiqolarez g fitterspeeatipa selected
relative angle with respect to one another. The inspection system is then used to capture images of
the substvgtéirahdreangiagdtiedidhtes sugen dvaled dt dightharsie ithageb stride nfilyetifiest pistanziagf
exposure and/or defocus defects on the substrate, if any. Arranging the polarizing filters to capture the
required fittagEsposijiomenl\retatadin dhadiding sandcscand dhsotautizitrg thitans thgetipdictd sedesired
inspection angle whilst maintaining the selected relative angle therebetween. [12] Comparative data
may be dbtplaeedpfietajea dighing Beditierénotia tiva sy stradechiea peoend palgeizing fittem wveraging
pixel intensity differences of the respective differential images over the entire differential image to
obtain arpiaceddetmegr theeashptfateaod thigcoptital seager ahd avehathairegtirgitendity of each
captured image is evaluated with respect to a predetermined threshold to determine the existence of at
least oneseiCerpgsolariaing; dittersuardeft atseladtes selativatang nyitiIsscatiblatime eftbdheutput of the
optical sensor with respect to known levels of at least one of an exposure and a defocus defect in a
substrateTibalsep rtimesystarajspitvgn aseddiocaptane ioagssief thdcuibetreits indne embodiment
calibration involves capturing a plurality of images of a calibration substrate, wherein each image is
subject tcarkpamativedede isf gefecatedftboxtossrdrdafEsdoidardiy ibeduistarca dfifferential image
is generated for each captured image and the pixel intensity differences of the differential images are
averageceapesthe antiforwef@aEiiedeais rTanAISAGIGE 4858y difeengiag tregeal@mtingn an
average image intensity. The average image intensity values for each captured image having a known
degree ofitlefetasaptiiexfus neg diedecinaagee coajevalus eoiatiysstiedirshpndsrdeddaverage image
intensity value indicative of a particular degree or magnitude of defocus and/or exposure defects as a
thresholdp otejzing: filte et ddgethes hosa clesirest despeatics anglaaykilsipipaistathingdberded values as a
starting point to which modifiers specific to the product are applied. It is entirely up to the user of an
inspectionalgsterhrelatbfinarglkdblerehesyasds for defocus and/or exposure defects. [14] Generating
a differential image may involve averaging a plurality of captured images on a pixel by pixel basis to
obtain an[ $2krageiipagdve nstavesaybd thigjoedbhérsbgbnacdindrardidassntaptoregeiieage, on a
pixel by pixel basis to produce a differential image that can also be thought of as an array of pixel
intensity ealcksaptaseshimagy ahditeemavesagngpixgifiotensity differences of the respective

differential images over the entire differential image to obtain an average image
intensity for each differential image. The average image intensity of each captured
image is evaluated with respect to a predetermined threshold to determine the
existence of at least one of exposure and defocus defects on the substrate, if any.
[13] Calibration of the output of the optical sensor with respect to known levels of
at least one of an exposure and a defocus defect in a substrate is used to determine
appropriate defocus and exposure defect levels. In one embodiment calibration
involves capturing a plurality of images of a calibration substrate, wherein each
image is subject to a known degree of defocus and exposure defects. As described
above, a differential image is generated for each captured image and the pixel

intensity differences of the differential images are averaged over the entire



[15] Inspection of a substrate for defocus and/or exposure defects may take simultaneous with
inspection for other defects such as pits, voids, chips, cracks, particles, and scratches. Alternatively,
inspection YOI (¥d8Ective types of defects may take place successive B o BN 3he shifted
manner, i.e. at times that are significantly separated from one another. [16] In another embodiment of

the preselitféngatitiviménade abtirssrtesienagebmgh iatessitiialhattavenags insigs iBEm)tiechniques
may be used to analyze a differential image to identify the boundaries of layers on a substrate. Note
that layevhloesdarieashdapiited afmgeneaviogeal lommsmuaghespeftefdayeranbatxresamantentional
part of the substrate or may be related to residues that are not intentionally part of the substrate, i.e.
the layerdefent heeomuaniathisusbonesty selechanyhrecoBiRE BB EGE RIRDINIOBITHEIDRAWINGS
[17] FIG. 1 is a schematic view of one embodiment of an imaging system of the present invention
having aindivétiacanipgepatinzitertegotiecotnaagdit e cfadefoBiS kB\dZdE axposansadeieria/as one
embodiment of an imaging system of the present invention having a nominal angle of incidence of
substantaiipréStaddyeeay| e FpGlatibevilestsabbnicoordetbviues of tnayelitiply esetbeents of
reflected light reflected from a substrate.

recorded values as a starting point to which modifiers specific to the product are

applied. It is entirely up to the user of an inspection system to define suitable

thresholds for defocus and/or exposure defects.

[14] Generating a differential image may involve averaging a plurality of captured

images on a pixel by pixel basis to obtain an averaged image. This averaged imaged

is then subtracted from each captured image, on a pixel by pixel basis to produce a

differential image that can also be thought of as an array of pixel intensity values or

as an array of pixel intensity value differences.

[15] Inspection of a substrate for defocus and/or exposure defects may take

simultaneous with inspection for other defects such as pits, voids, chips, cracks,

particles, and scratches. Alternatively, inspection for these respective types of

defects may take place successively or even in a time shifted manner, i.e. at times

that are significantly separated from one another.

[16] In another embodiment of the present invention, image analysis techniques

such as spatial pattern recognition (SPR) techniques may be used to analyze a

differential image to identify the boundaries of layers on a substrate. Note that layer

boundaries such as the aforementioned ones may be part of layers that are an

intentional part of the substrate or may be related to residues that are not

intentionally part of the substrate, i.e. the layers may be contaminants of one type or

another.



[20] FIG. 4 is a chart showing the relative components of reflected light before being passed through
an appropriately arranged analyzer. [21] FIG. 5 is a chart showing the relative components of

reflected ligN@QRABYHAMHAG been passed through an appropriately arranged BRaAIY2&¥1092#PMG. 6 is a
flow chart illustrating a method of setting up an inspection system for inspection. [23] FIG. 7 is a flow

chart illustrating a method of BRPEEDBSCRIPIHON (FTHEDRAWENES atic illustration of an array
of integrated circuit devices or chips formed on a semiconductor substrate. [25] FIG. 9 is a black and
white or grayscale image of a test structure formed of a number of CD boxes having different critical

dimensiony] DEALER BESk&RBHitAN® biTdie BMDN@M of an imaging system of the
present invention having a nominal angle of incidence other than 90 degree.
[18] FIG. 2 is a schematic view of one embodiment of an imaging system of the
present invention having a nominal angle of incidence of substantially 90 degree.
[19] FIG. 3 is an illustration, in vector form, of the relative components of reflected
light reflected from a substrate.
[20] FIG. 4 is a chart showing the relative components of reflected light before
being passed through an appropriately arranged analyzer.
[21] FIG. 5 is a chart showing the relative components of reflected light after
having been passed through an appropriately arranged analyzer.
[22] FIG. 6 is a flow chart illustrating a method of setting up an inspection system
for inspection.
[23] FIG. 7 is a flow chart illustrating a method of inspecting a substrate.
[24] FIG. 8 is a schematic illustration of an array of integrated circuit devices or
chips formed on a semiconductor substrate.
[25] FIG. 9 is a black and white or grayscale image of a test structure formed of a

number of CD boxes having different critical dimensions.

DETAILED DESCRIPTION OF THE INVENTION

[26] In the following detailed description of the invention, reference is made to the
accompanying drawings that form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the
drawings, like numerals describe substantially similar components throughout the

several views. These embodiments are described in sufficient detail to enable those



[26] In the following detailed description of the invention, reference is made to the accompanying
drawings that form a part hereof, and in which is shown, by way of illustration, specific embodiments in
which the inVEhEIN/He4Pbe practiced. In the drawings, like numerals descriBeKUBXEHRAPISimilar
components throughout the several views. These embodiments are described in sufficient detail to
enable thgidhe MO tABIAHOBGARICREST thESROEMI IDthekidatbdihesats t;m pydntiadilizedranettion. Other
embodiments may be utilized and structural, logical, and electrical changes may be made without
departingsfraotuis, 3ogjpalp it gertanainrentges Tay tod onadg déthded dEsaripgofros) therefore, not
to be taken in a limiting sense, and the scope of the present invention is defined only by the appended
claims arstepeivhtestptbssadbinj@miidheTre felidwing rdeiailedadess @phatHe dthacipparatitofor
determining the presence of exposure and defocus lithographic defects in a semiconductor substrate

- by measimingleechiang érmitthg pefariz atrahthelgidpeftddtes] presetitarsiefaion if tefinadstratebyo
simplify the following discussion, the term "defocus" will be used herein to denote both exposure and
defocus dieécatpehdedititimtodrs wildvsieatsttreraafiven substrate may suffer from the one defect or
the other or both. Further, the term "defocus" shall be construed broadly to encompass any defect or
undesiraf feafline pressulh$tnate tiotd eviolspscii onethentchasdc b ppeotdtist o r elibssinmigrtbe exposure
and/or defocus defects and which may be identified or otherwise characterized by the inspection
system opthegrreseitcrpesticn ahtigisforals didioguspletedtiants pomseaicombpEndenbidedtaes, that
is, defocus defects will cause a change in the polarization state of light reflected therefrom, though it is
understobg hetmsgingkdletangkdrathéhpolathieatimpetight deflectaddetentthmayridezofithaature and
extent of such polarization changes. [28] As used herein, the term "substrate" shall be construed to
include asybstttaallorsmypdifyrthth fl lmainigedisspesten, yatermspaftcnsysittipeotisied versimt
invention. Specifically, the term "substrate" shall be construed to include, among other things,
semicondaaienviafbctivapy suesand ttefarue defectsdieviad Hitladmbehunderstoodethad avhole
wafers, unpatterned wafers, patterned wafers, partially patterned wafers, broken wafers that are wholly
or partiallyiyantsurbedrdicokery waftes from the one defect or the other or both. Further, the term

"defocus" shall be construed broadly to encompass any defect or undesirable feature
of a substrate under inspection that has characteristic results similar to exposure
and/or defocus defects and which may be identified or otherwise characterized by
the inspection system of the present invention. In general, defocus defects are
polarization dependent features, that is, defocus defects will cause a change in the
polarization state of light reflected therefrom, though it is understood by those skilled
in the art that other aspects of defocus defects may affect the nature and extent of
such polarization changes.

[28] As used herein, the term "substrate" shall be construed to include any
material or structure that may be inspected by the inspection system of the present
invention. Specifically, the term "substrate" shall be construed to include, among
other things, semiconductor wafers of any construction or form or material, including,
but not limited to, whole wafers, unpatterned wafers, patterned wafers, partially

patterned wafers, broken wafers that are wholly or partially patterned, broken wafers



WO 2010/096407PCT/US2010/024358 that are unpatterned, sawn wafers in any form and on any
support mechanism, including film frames, JEDEC trays, Auer boats, die in gel or waffle packs,
multi-chip M8 AWM Teferred to as MCMs, etc. The terms "substrate" aRETN&8IY/A43be used
interchangeably herein. [29] The term "macro defect" as used herein will include all unintentional
features that appeaapaticarrsedhstnian thafare insenfiaily pahozretion supepehdesdhasisioted above,
macro defects are traditionally described as being chips, cracks, pits, particles, scratches and the like.
Note thatimcleding filstdrameesthéEdeCofranas; rAdafeots dyeappyeboh wadflegpetagthufi-ttieipncident
radiation being used for inspection purposes. In these instances, macro defects may have an effect on
the polarinatiestafiteof fefbtned éotes K6 M optc. [B03 Witnserubstrats)' B, "lyafee’ enaydokément of an
imaging system 8 includes an illuminator 10, a polarizer 12, an analyzer 14, and an optical sensor 16.
The illumirsairit6rdmaontsdladily dergjroptical path P onto the polarizer 12, which transmits substantially
only light having a predetermined polarization angle. The light transmitted by the polarizer 12 is then
incident (ip8h a Fhbdeate"thdaroretntiaimeeat HerainbgiidteBds albilinorientitorad feapargion thereof
having structures formed thereon. In some embodiments, these structures form one or more
semicondhatapmesdcen ensthiiesfiaistthtd SreCGibsentiatin aoisrizadion sndeperdantayialsoted formed on
the substrates S. [31] As can be seen in FIG. 1, optical path P is at a non-normal angle of incidence
with respabbte {measubstefestS. dreswatitiomdlbdiasatbakalbringtohts, podalsepit®, analyzer 14,
and optical sensor 16, as well as other associated optical elements such as objectives and the like,
may be npautictss secastthes mnid tthe dikgld\sftathadé e whhginstanties sthssine & todsranodified.
Mounting mechanisms of the WO 2010/096407PCT/US2010/024358

defects may approach the wavelength of the incident radiation being used for

inspection purposes. In these instances, macro defects may have an effect on the
polarization state of light reflected therefrom.

[30] With reference to FIG. 1, one embodiment of an imaging system 8 includes an
illuminator 10, a polarizer 12, an analyzer 14, and an optical sensor 16. The
illuminator 10 directs light along optical path P onto the polarizer 12, which transmits
substantially only light having a predetermined polarization angle. The light
transmitted by the polarizer 12 is then incident upon a substrate S. In one
embodiment, the substrate S is a silicon wafer or a portion thereof having structures
formed thereon. In some embodiments, these structures form one or more
semiconductor devices on the substrate S. Other mechanisms and structures may
also be formed on the substrates S.

[31] As can be seen in FIG. 1, optical path P is at a non-normal angle of incidence
with respect to the substrate S. In some embodiments the illuminator 10, polarizer
12, analyzer 14, and optical sensor 16, as well as other associated optical elements
such as objectives and the like, may be mounted so as to permit the angle of

incidence of light on the substrate S to be modified. Mounting mechanisms of the



type that would be useful in modifying the angle of incidence of light in the system 8 are known to
those skilled in the art and may include a mounting plate(s) to which the optical elements of the system
Bare mount®f? 29&W¥dbting plate(s) being rotatable by a rotation means tht FA¥2996R3&38% more
actuators. The angle of incidence may be essentially fixed (as shown) or may be modified for each
product sgpepsabuibkl be asefaléminadiifygrgshih @mglglefihtidelrreehightia thedifistbouing
inspection, as needed. [32] The illuminator 10 may be of any useful type, including a broadband white
light, a lases kaving i@ fikederskiltdenigtithe dpLana lassr imcklged tocourtiing miaksis teawvbiehgths, or a
plurality of lasers arranged to direct light along the optical path P. The intensity required of the
illuminatdhenayticatyetepentingf tmetsgsippliSaientowitat, the syotartir®)ipldie(sidoeimgsome
applications, a high intensity illumination is required and conversely, in others, relatively lower
intensitieséatabde biyeal rdtadiclumemaisthist wary be aneangedore @cvao s bdteniagiie afnstant output or
may be arranged to strobe so as to freeze the motion of a substrate S in the system 8, thereby
allowing theidapickamaty be afsseardizd! p fitteel {absthateny. of38EVHeelinflodificid ot epoh pedudistrate S is
reflected therefrom and this reflected light is incident upon an analyzer 14 which, being a polarizing
optical elsatergssiMildhéo, polsorer édhraisents)thihanighof dviideageadaiebaimedifieldrization
angle. What light passes through analyzer 14 is incident upon optical sensor 16, which captures an
image of doe sy rstpEeet®nOgsicedesdatsor 16 is in one embodiment a two dimensional electronic optical
sensor such as charge-coupled device (CCD), though any device capable of producing a two
dimensioji]arrdyefipireinatensdymwajues ohanyragstidity pe coiclubitgsa swohdizaadivéndean or time
delay integration imaging (TDI) device or a CMOS optical sensor array, may be used. In WO
2010/096ighit PLiaAeS havdig 24 BsSdowa elenglinmeripnuhadpsenbsanged Bisupubnudlimene optical
sensor wherein each pixel of the optical sensor's 2D array of pixels registers a grey scale value of O-
256, whishepileisgth&eartagdtivalie pfdaeatsariangrddotiscidighitelong\therepdicabpatihfdme optical
sensor is used, one or more color filters 18 may be positioned in the optical path P between the
illuminatortintehsity ceicinederfdbelibumipatsranyligimyvdenandingagdhst agpitetigthtoto which the
color filter corresponds. In another embodiment, the optical sensor may be a color optical sensor of the
Bayer typehichattieeysathip Coio diested Havkomeepppiitatipnisabddgbdriensil Hudivzaiandsa separate
color, e.g. one sensor for red light, one sensor of blue light, and one sensor for green light. [34] Those
skilled in neguinedvilndretensesdlyhin b erssiccltvalniowetiotepsites ait sedvisedadrieth above may
be used in conjunction, or not, with other optical elements including, but not limited to optical filters,
lenses, niiluornatemidensayrioerasiingestso@nevidspednsianijatymanatanhg e wdprayfbecarrying out
the present invention is marketed by Rudolph Technologies, Inc. of Flanders, N.J. under the trade
name Wafgariged . shintiecsoias to ieansihe odionsetiressipstsaiea Friaytine sireéeiged to carry out
multiple functions, these multiple functions being carried out in simultaneous or in temporally spaced
arrangenibatsby@llexdngptbetraply sephigansdjrbagasapidae s WastiadetSan inspection for macro defects
as well as an inspection for defocus defects. Further, the system 8 can be arranged to carry out an
inspectiofBflr mabmligbtdacidenswpamiharsitkpieatiod israbasiad theefwromnddiiersa, or may carry

out both inspections simultaneously.
reflected light is incident upon an analyzer 14 which, being a polarizing optical

element similar to polarizer 12, passes only that light having a predetermined
polarization angle. What light passes through analyzer 14 is incident upon optical
sensor 16, which captures an image of the substrate S. Optical sensor 16 is in one
embodiment a two dimensional electronic optical sensor such as charge-coupled
device (CCD), though any device capable of producing a two dimensional array of
pixel intensity values on a grayscale or color basis, such as a line scan or time delay

integration imaging (TDI) device or a CMOS optical sensor array, may be used. In



[35] Color filters 18 may be used in the system 8 as shown schematically in FIG. 1. One or more color
filters 18 may be placed between the polarizer 12 and the substrate S, between the substrate S and
the analyzeMQ2H8{Ie#H the illuminator WO 2010/096407PCT/US2010/045HESO181&+858 polarizer
12, or between the analyzer 14 and the optical sensor 16. In one embodiment, the color filter 18 may
be a filtebwheshibdaitypet kirewplictiesanswhéteia ansoviceiymme opticlrfétessrisvhBbeiul to a rotating
wheel placed in the optical path P such that the color filters 18 are selectively positioned across.the
optical pathich.gixelnsithies eptivadiseenivorsr2Daveiofiberdio kyistens lBeguacecaie el wpt&-path P to
permit different color filters to be placed in the optical path P. In yet another embodiment, a fixed color

filter may25®untdchipikelsyptikehpaideihdt ieprdsenhde istage: thibthenyuiitratee8id/dhenechanism
suitable for selectively passing a predetermined wavelength or range of wavelengths may be used as
a color filtleonS&] ronse metieal atisterissudad dusirabim s epbafitene 0Bipmaydieheosjiticedensor 16
with respect to predetermined color channels wherein "color channel” is defined as a predetermined
wavelengthtie aptiys b ath e lbetyteenSbpatatiomatioc ol Oraoithtives tsptical bersmotepitshads as
suggested above, by the use of color filters, by the use of color optical sensors that incorporate directly
the abilitytdydigiin guitbinttasvery eesheatiadarg trsciawhidh dsedealorddtenpooeseairatsmdors and Bayer
optical sensors, or by using an illuminator 10 that outputs light within a pre-selected range of
wavelengthsthts kol dienend citstooptitelt sorsersubsties ®lorpgticalseakpooithe faysnsmissive
with respect to certain ranges of wavelengths or colors. By way of example only, a given substrate S
may trangypit or detbirerstihdly dolerfeemaanhaviing cleplaatideptithlsdigboisawaghndrditaigthtocentered
around 475 nm, but reflect a large portion of the red light having wavelengths centered around 700 nm
that is incidesparattheduhstgteoBe Isathioefamedtlightan bsesstulahblumlightalardonse the signal
output by the optical sensor 16 that results from the red light incident on the optical sensor 16. The use
of data redatisgrtfoa gespe dioNe. color channel will depend on what features are being examined in the
inspection being WO 2010/096407PCT/US2010/024358 undertaken with the system 8. In some
embodinédis, cEhase sitledirdtiroars vl uadersisulkhahvihad pricietes)evitstohthe $ysterfedtures
that reflect light in a known manner and accordingly, an inspection system 8 may be set up specifically
for a givedesmihedt teogtinizevhenagbectisadirtt@pjotitn, or not, with other optical

elements including, but not limited to optical filters, lenses, mirrors, retarders and
modulators. One inspection system that may be adapted for carrying out the present
invention is marketed by Rudolph Technologies, Inc. of Flanders, N.J. under the
trade name WaferView™. Further, it is to be understood that the system 8 may be
arranged to carry out multiple functions, these multiple functions being carried out in
simultaneous or in temporally spaced arrangements. For example, the system 8 may
be adapted to carry out an inspection for macro defects as well as an inspection for
defocus defects. Further, the system 8 can be arranged to carry out an inspection for
macro defects followed by an inspection for defocus defects, or vice versa, or may
carry out both inspections simultaneously.

[35] Color filters 18 may be used in the system 8 as shown schematically in FIG.
1. One or more color filters 18 may be placed between the polarizer 12 and the

substrate S, between the substrate S and the analyzer 14, between the illuminator
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[37] FIG. 2 illustrates another embodiment of the present invention wherein an inspection system 30
has an illuminator 32 that directs light along optical path P though polarizer 36, filter 40 (optional), and
beam splitteV 22HRtPeHIstrate S in a substantially normal arrangement. Li§kTY&e 8245 substrate
S on path P is directed by beam splitter 42 through filter 40 (optional) and analyzer 38 to optical sensor
34. SystetfsaBdticeItotadzasitz, o ethepretienaeslgzarbehandpfitteoptichtidféersocés.itnthe angle of
incidence, substantially similar. In this embodiment, optical path P is substantially normal to the
substrateoBe Bbtdiarhedheobswvilicahi8defyche ddiibetsvhidahotiyiythe keiberativityiief arfubstrate S
as defocus defects will modify the geometry of the structures formed on a substrate S. Other factors
that will ndifgithereflefcligtpap afschisirfitee dsaffirgo dpertieating tvbetinpleyedsratitethe
wavelength, polarization, and angle of light incident upon the substrate. Using an inspection system
accordingpdiesirmath Ehsuotinhedthefabieplitsent! b erattmicetiyely prsitoBest 3ordsstpessible to
distinguish those reflectivity changes that result from defocus defects and to do so in a rapid and
reliable negoticat.p&2R]RN lgeansoticligit rodinaent| .amemiov dide 3ittés poldez eoay Repplatedimined angle
P by a polarizer 12, 36 and incident upon a substrate S at a specified angle 0 (theta). [40] Upon
reflectiontib eptibst@athPvid| peodiity difie reoib dektidiitstatto diehpaneid enthig lopiicad | ptdn o b number
of characteristics thereof and specifically WO 2010/096407PCT/US2010/024358 defocus. From this
modificati@i ahtibgraanzadioneinfoariixtdncotorciite myale fooun defdnthan apticalipstibite. 3t datobe
obtained. The reflected light passes through analyzer 14 and is incident upon optical sensor 16. The
analyzer bd,unterstocahtied asydtieribestiia ororedbaxildmrsintabledonegls clivalypassingeadata
obtained from the optical sensor 16 includes information concerning both the amplitude and the
polarizatipredetemeiné dneaediectgth lohtzmys pdnieviidy gifiermaydrecesed asng chtopfidisence of
defocus defects on the substrate S.

[36] In some embodiments, it is desirable to separate the output of the optical

sensor 16 with respect to predetermined color channels wherein "color channel” is
defined as a predetermined wavelength or range of wavelengths. Separation of color
channels may be accomplished, as suggested above, by the use of color filters, by
the use of color optical sensors that incorporate directly the ability to distinguish
between respective color channels as do three-chip optical sensors and Bayer
optical sensors, or by using an illuminator 10 that outputs light within a pre-selected
range of wavelengths. It should be understood that some substrates S may be
partially or wholly transmissive with respect to certain ranges of wavelengths or
colors. By way of example only, a given substrate S may transmit or destructively
interfere a majority of all incident blue light having wavelengths centered around 475
nm, but reflect a large portion of the red light having wavelengths centered around
700 nm that is incident on the substrate S. In this example, it may be useful then to
be able to use the signal output by the optical sensor 16 that results from the red
light incident on the optical sensor 16. The use of data relating to a respective color

channel will depend on what features are being examined in the inspection being
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[41] In one embodiment, the light incident upon the substrate S is linearly polarized by polarizer 12, 36
as this often presents the simplest solution to the inspection problem at hand. In other embodiments,
incident lightQ &MPHEedR7 or circularly polarized, as needed. By setting the Z&dKZBP14024858t an angle
A with respect to the polarizer 12, 36, the light that reaches the optical sensor 16, 34 may be
modulateghddréasiaglevite theesy shenp@ahzeothz, 86 bodirtinenis)adertzil 4cfdcomivetons P-A. [42]
Referring now to FIG. 3, in general, when light is reflected from the substrate S, portions of the incident
light, Ep, suitisteatedcatsol kiiibevaraly pheducts ewjibitind dohthe ifeadersititet reflectibghifithe incident
light Ep is reflected from polarization independent features on the substrate S surface without any
significarknoadifmatoeriraitd pooidatigly, amilinspedcidrrsifsen anthybe B2t Gospeeimalples of such
features that may be found on a semiconductor substrate S include, but are not limited to, bright and
dark appéarengidefepteduthéosapiimite Selunbpestibipsf thegidechtches, pits, voids, and particles.
Another portion of the reflected incident light, E3, is reflected from polarization dependent features
formed of8ifje sblStratill G treeaanattzeenhodinard ofdh¢hatebeytwillentidiywhengolaaization of the
incident light. Some examples of the polarization dependent features or structures found on a WO
2010/09448F8ibrsS204:10V 32358 aeiilliominikiciod 2 dhatdire &sriightialdng epdicaltpatitéd to, line
structures, conductors, interconnects, vias and streets. Yet another portion of the incident light
reflected thoogthpclarfaee 38, tfikesudB topdi B & )y edfledt teebloy $pditterd 2 ostaistivskateaSnidify the
polarization of the reflected light and which are also subject to defocus defects. This light, E4, has a
polarizatisubstzetiibt ddferalfesrangrocnicilighd iedectéddrdighs @dsiratle e anrpeatbrBllig similar or
identical to the nominal structures from which light E3 described above is reflected except for the fact
that they directedjbyt heatafspliteied@ctsrabg mfitpnidQiéoptividhamdl affebizdedBttnsitficdllight E4. One
example of a structure that is subject to defocus defects are test structures 14 shown in FIG. 8. [43]
FIG. 8 is sesstioerddtiSyltistretid mond S fatmraside Substthe pieskindastahadeaumjiteiuaor wafer W,
having a number of integrated circuit ("IC") devices 70 formed thereon. The IC devices 70 are laid out
in a grid pifferenbesinythe@Engierebitwidendmewhsisritalbesinitar. intheserdedimant, formed a
number of test structures 74. On each of the IC devices 70 there is also formed a structure 76 that
forms a papticétipathcivie sitbataotialyl aiowit doriheusdlvghiateiSsubject to defocus defects. It should
be noted that in some instances, substantially the entire IC device 70, or at least significant portions
thereof, &8] colistiasibesr arsaoredthaitdefo e theteats vl jecditydike callattigtynfest structures
74 and structures 76 are often formed so as to be similar to one another. For example, if the structure
76 that isspdustedtth & astideforusidefecisQviloviedifjtiagacpatyy of line strictiesdofimedeantherein, a
test structure 74 will be formed in much the same way so that characteristics of the test structure 74
will be indicatbaireteFar@therndactons thatswrilonedificthpmiiacivite eratmitdsteaie Sevedingctures 74

comprise a series of boxes 78 each of which has a periodic structure formed therein. FIG. 9 is a
photograpropesiies of other film layers and the wavelength, polarization, and angle of light

incident upon the substrate. Using an inspection system according to various
embodiments of the present invention, e.g. systems 8 or 30, it is possible to
distinguish those reflectivity changes that result from defocus defects and to do so in
a rapid and reliable manner.

[39] In general, light from an illuminator 10, 32 is polarized to a predetermined
angle P by a polarizer 12, 36 and incident upon a substrate S at a specified angle 8
(theta).

[40] Upon reflection, the substrate S will modify the polarization state of the

incident light in relation to a number of characteristics thereof and specifically
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WO 2010/096407PCT/US2010/024358 exemplary test structure 74 having a number of discrete areas
78. Each of the discrete areas 78 has a nominally different critical dimension, i.e. has a periodic
structure haWiRgHYp¥ftied pitch or critical dimension. Note that the net eff@E{TOFREYPE B ture 74 is
to provide some of the information normally only available from an FEM wafer on each product wafer.
Becausedefoodi: Srowetdhis mocdfitaiticivé éhdiprdadizipwihfeareatiorefentemihg gefacaation state of
light reflected from the periodic structures, the test structure 74 is useful for assessing changes in the
operatiordefectidppiee thavsteator S saatierobtaimetty Jtepsafictie tigtulitasgepthcopgitess. Further,
where the individual areas 78 of the test structure 74 are sufficiently similar to the structures 76 located
in the actareabesr d#AthedGsdeacidemOupach pEtieahsen Hoat 1 ditienah phomas$4y aviadio s enageday affect
the change of the polarization state of incident light such as the relative thickness or material
propertiea®tiEaisddriming tbalstdibtrateibetowhicblpsesits e tbas e alatdovbiatheshfonay obtain a
general indication of the value of a critical dimension of the structure 76. [45] As changes in
polarizatithe siptizcalf dghs inci8antluntes infosumdition cha cerindtgtzothaii ecsuiplitucteaagd dhe the intensity
of the reflected light, in some instances, an average grayscale value for a given area 78 may correlate
directly apdlarizatibiycbasiya oftibearefiectzditighdiamehsaticulbith ioforetation cryctrampdhesed to
identify a critical dimension of a structure 76 based on a grayscale value for the structure 76. While a
critical dipressinceval uefocasstiefetcise of6thbtairbedratetts manner may not be strictly accurate, the use
of a test structure 74 having representations of multiple critical dimensions to assess critical
dimensiof#s! pf struoheesritodimestitibedight insiefahfapaindrersybstrateafols thealynagnitude of any
changes in critical dimension in the IC devices 70. For example, grayscale information indicative of
critical dipwasizet bygyoterizsed 20 dfcatfihis wkieniprdeaftye28 i3 40NRI0OM/1038610/024358
change in critical dimension in addition to or in lieu of assessing an "absolute" critical dimension by
measuringghectiagpitobieof diddiftbromothkesrebadinpenyschileidanidightiseléptawiiysorstructure 76 or
an individual area 78 thereof and that of a subsequently inspected or imaged structure 76 or test
structuredirtularly polarized, as needed. By setting the analyzer 14, 38 at an angle A with

respect to the polarizer 12, 36, the light that reaches the optical sensor 16, 34 may
be modulated. The angle between the polarizer 12, 36 and the analyzer 14, 38 is
given as P-A.

[42] Referring now to FIG. 3, in general, when light is reflected from the substrate
S, portions of the incident light, Ep, will be reflected differently than other portions of
the incident light. A portion of the incident light Ep is reflected from polarization
independent features on the substrate S surface without any significant modification
in its polarization as illustrated in FIG. 3 at E4 and E;. Some examples of such
features that may be found on a semiconductor substrate S include, but are not
limited to, bright and dark appearing defects in the substrate S such as chips, cracks,
scratches, pits, voids, and particles. Another portion of the reflected incident light, Es,
is reflected from polarization dependent features formed on the substrate S that are
arranged in such a way that they will modify the polarization of the incident light.

Some examples of the polarization dependent features or structures found on a
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[46] Referring to FIG. 4, it can be seen that for light that has not passed through the analyzer 14, 38,
there is little contrast between the intensity of reflected light E3 and Eq. As can be appreciated, it is
difficult to idMRi#)19&RA0S defects under these circumstances. However, orféeltRE28f1d2t8dBlight El,
E2, E3, and Eq is passed through a properly arranged analyzer 14, 38, to obtain light signals E'1, E'2,
E'3, and &&itendaotasubealdie t® derilidit isid rats o8 Jiamidd doislisefbtrastues ptaindissarks,
information concerning the presence of defocus defects. See FIG. 5. [47] In one embodiment, the
angle P-intwrtueeedtx palsubne dtPeats! tYiet amalirer ddriedettina neddxpeight reéftgiébfmng now
to FIG. 6, with a test substrate S positioned in the system 8 for inspection (step 50), the illuminator 10,
which is the@sarésubarfithergubstrabe Slisnafote dstsefaatarpsede rovheds| vt maddifyidivel (step 52)
that is preferably near the top end of its intensity output, but may be of any suitable intensity. Light Ep
from the phiarizat@mroofitiie sflectedlightl madteditincaghelbe poliezetd @edocusreftEsubssate S.
Next, the polarizer, 12 is set to an angle P (step 54). In one embodiment, the polarizer 12 is angularly
oriented BghistEptiaHy perplaniiatitar shedeHatadiffensifrome & présentore shisuteftetdighiswill be
understood, where the substrate S is a semiconductor wafer having semiconductor devices formed
thereon (nagnyestdtaadicaiy sietédae ss)identic st todiveasotyyined istricitnes Elovayshiciviégbighificant linear
features. Reflected light (El, E2, E3, and E4) is passed through the analyzer 14 to obtain light signals
E'l, E'2, &3 cabeEdbmveisicafleetebetéeph fosthedesithet ¢hiby @ ésqubjgisttrdtiteosientation to
linear structures WO 2010/096407PCT/US2010/024358 on a substrate S or where the substrate S
has no linedfectsutheremafprinet: tbbvaucharilbdffect yhanigke FsityagfilighhbseOherpamiderdfa [48] The
analyzer 14 is next rotated to an angle A (step 56) such that sufficient illumination reaches the optical
sensor 16ttagiarsmthisisisestivje ciftthd efoosis atefScisrarmtest@tpuoituiestith showpeindelis d@fects as
described in U.S. Pat. Nos. 6,324,298, 6,487,307 and 6,826,298, which are owned jointly herewith and
which ar¢4¥dreld§l @ iparatiedmatiefdhesicetidionf thpottioranhly sabsiratd| betbimbidtareceta be at the
correct angle A when the illumination not only allows for inspection of the substrate S for defects, but
also doesasmisithcustgnatatendiseheatioglaanpevbeitofintagintpd ciowib( 4 Gff)clleviepsality to satisfy an
end user of the system 8 that significant errors such as false positives and missed defects do not
occur in fleenesptiwimont hEhedlatieyiceis & Oaite ddith e wlyisteng 8d padiwimiavthpygapalyzing the output
of the optical sensor 16 in a known manner. [49] Once the angles P and A at which the polarizer and
analyzer thergositieesdknevkne/stieei{sdlzaz by thalsiretis 2 atertnometteguimbanaiigbta series of
inspection angles (step 58), keeping the relative angle between the polarizer and analyzer (P-A)
substantisiitycionssard. t@©a eesincof dng Ifadpuisiaery (itheresiscaist ftrensgbatedtec8itRathviligrovide the
necessary contrast between light signals E'3 and Eti as described above. During rotation of the
polarizer forrasma partbobifecadivetici duit nfian dClidavieeide mndohitteissudiestitsdeltBusrecorded.
Light intensities at the optical sensor 16 are recorded for each of the inspection angles or positions
through wieftitihid ihatite benatetddhalyircsameinsianaces, Bubataetistlydhiaentitad @slavies and
analyzer 14 are rotated in a more or less continuous manner and the position of the polarizer and
analyzer dddathatligasiraigmifigantcpenicnsiteespataneyronstiuircare eoaia stridttuererfents of
rotation of the polarizer and analyzer.

that are subject to defocus defects. Test structures 74 and structures 76 are often

formed so as to be similar to one another. For example, if the structure 76 that is part
of the active circuit of an IC device 70 has a series of linear structures formed
therein, a test structure 74 will be formed in much the same way so that
characteristics of the test structure 74 will be indicative of characteristics of the
structure 76.

[44] In some embodiments, test structures 74 comprise a series of boxes 78 each

of which has a periodic structure formed therein. FIG. 9 is a photograph of an
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WO 2010/096407PCT/US2010/024358 Analysis of the data obtained during rotation of the polarizer
and analyzer is performed to identify the optimal inspection angle or position for the polarizer and
analyzer witlf Pe¥p8eP¢d'%he contrast between reflected light E'3 and E'4. [ WHE2BIB0&EHHT
identifying an optimal setting for angles P and A may be manual, wherein a user of the system 8
rotates thexewiplagitdst simchuady 7dr Hal thgoai gl isetesftdib caatpeanean g8 s kdute ahtheptical sensor 16
records image data which is processed by a computer C of a suitable type to determine the optimal
angle P-Alistleia atieal/ 7 8rithprafecabiyatiyelfideeirecriticahdimenlyioer, 1.4 Wikdba petwdiated such that
the aforementioned computer can control the rotation thereof while it records data from the optical
sensor 16taictar®bavinglesspetified pitction oftmsbhdireen sioh aNalpzthatithesiekatact of those skilled
in the art. As suggested above, the process of determining an optimal angle P-A angle between the
polarizertastisinaiiurer Tdayp toquriveideitipiesitel thiemsionutaticsfaermad\afilytaeaitaplethiatare
described immediately hereinbelow. For example, once an entire calibration/set-up process is
completeah) iF Eidywzfarsafiut azhypr dde eintiefara Bratuagspelipdicaiasstuiasiipfecadditiatridiaahes to
determine whether the resulting system set-up is optimal. [51] Once the system 8 has been
appropriatishesstans adlbbsye e éffecijunittéopolatiizatengtaiepefdight fefldeted fodetbets and if
desired, other defects, may take place. First, however, the system 8 must be calibrated. Calibration is
preferablperindidstuichsing, dHedastestpociure maisxugefiNjor aksegsirrcEmasgesubdingte on which a
number of patterns or structures have been formed, each with a different focal position and exposure
(exposurepanationvi~E Mappenthad iy tosete ¢alteparicsmingstapsyia heopsintaljragngnbis for the
production of semiconductor devices. The FEM embodies structural changes in the patterns or
structurepriocassd burthersudstratths thdividual dreascihngssitdsicalrpotitedaddeexposure. Defocus
and WO 2010/096407PCT/US2010/024358 exposure data obtained from the FEM is used as a
comparasafiicignt)irspéaidn tifesabuctuces THdasdiad indharetivefarardfdhate HEXCH AP be

different than those formed on the substrates S under test, but are preferably the same.
and presuming that additional process variations that may affect the change of the

polarization state of incident light such as the relative thickness or material properties
of layers forming the substrate W on which the IC devices 70 are formed, one may
obtain a general indication of the value of a critical dimension of the structure 76.
[45] As changes in polarization state of light incident upon the surface of a
substrate may result in changes in the intensity of the reflected light, in some
instances, an average grayscale value for a given area 78 may correlate directly and
unambiguously to the area's critical dimension, which correlation may then be used
to identify a critical dimension of a structure 76 based on a grayscale value for the
structure 76. While a critical dimension value for a structure 76 obtained in this
manner may not be strictly accurate, the use of a test structure 74 having
representations of multiple critical dimensions to assess critical dimensions of
structures 76 on a substrate is useful for obtaining information of the magnitude of
any changes in critical dimension in the IC devices 70. For example, grayscale

information indicative of critical dimensions may be used to identify a magnitude of
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[52] As the method of obtaining defocus data is substantially the same for calibration purposes as it is
for inspection purposes, the method of obtaining defocus data for calibration purposes will be
described a¥ P28 %hspection process. Differences between calibratioR @Y $ASHERSH
procedures will be noted where appropriate. [53] During inspection, a substrate S of the type that is to
be inspedieangeobtaintcbhdinsasamhan additfen sompan leucy pesessiopsiohabsiate’ ovitisahe
substrate S relative to the optics of the inspection system 8 in a known manner. Substrates S (product
or FEM) diménsiomé g meadimizgt shespegeittidie of thead iffecsrcerbebsenori giayssialéheadubstrate S
is a wafer on which semiconductor devices are formed, the inspection of the substrate S is carried out
on a die leiveldmsitethtess striayae datve andividivid uhé ane ahESsthieseatasddiainndged by sensor 16
and those images are processed as described hereinbelow. In other embodiments, inspection is
carried ostibaentichtlpfivepediadiorimagpdctrotusy sté ordasilidheiaiussmdgdd to capture images of a
field of view whose size may differ from that of an individual die or that of an individual stepper shot.
Where thig@ipld Bederingf ta §iSed & masrballseehahaifindigidibbtikasmiipastsidsrobuigiv may be
stitched together to create composite images of individual die. The same stitching technique may be
used to féine anatyreodde ¥Batherd Enlitieicostaagidetiveent ibadriensilycrirefiecter kdgtdHmg images
to form a composite image is a technique that is well known in the art. [54] In other embodiments
where thafiell pfAsevamsHeargppteciated idividiffid didoidanjdy tefocustdpfretshndendheselting
images may be cropped to show one or WO 2010/096407PCT/US2010/024358 more die or stepper
shots. It isigemestdiyaesefHiowesircmncea theyeefiecigd kohhEto clbdeandltplis giassech separate
stepper shots as those die created by a first stepper shot may be acceptable while those die created
by a secdhbsigippeprsiperinayrbogieicuialyzQrdgpidg, 40 thtaje light teignaisue' welbkhGwvand those
skilled in the art. [55] In yet other embodiments, inspection of the substrate S is accomplished by first
capturingin theagerdfast Evakbsiwseattight Wgradsthé sabdtidsSsigiiiciant épyahiain, urgfwhay be
capture using a system 8 operating on an area scan principle. Where the substrate is larger than the
field of viavioohatiamezoacemdygithe presehipieointaiecus defesth stiaeerdGnay be obtained and
stitched together as suggested above. Stitching may be used in conjunction with line scan as well as
area scafdype ilmspeetemisydimantsthe wilbie PeAdigtappretiateolbyizeode skitkihamanalyzer

14 is determined experimentally. Referring now to FIG. 6, with a test substrate S
positioned in the system 8 for inspection (step 50), the illuminator 10, which is in one
embodiment a strobe illuminator, is set to a predetermined illumination level (step
52) that is preferably near the top end of its intensity output, but may be of any
suitable intensity. Light Ep from the illuminator or light source 10 is directed through
the polarizer 12 and onto the substrate S. Next, the polarizer, 12 is set to an angle P
(step 54). In one embodiment, the polarizer 12 is angularly oriented substantially
perpendicular to any linear structures present on the substrate S. As will be
understood, where the substrate S is a semiconductor wafer having semiconductor
devices formed thereon (in any state of completeness), such structures typically, but
not always, have significant linear features. Reflected light (E4, Ez, Es, and E4) is
passed through the analyzer 14 to obtain light signals E'y, E';, E's, and E'4 on optical

sensor 16. In instances where there is no discernable orientation to linear structures
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[56] Once the appropriate polarizer/analyzer angle P-A is obtained as described above, images of
individual die on the substrate S are captured by the optical sensor 16 (step 60). See FIG. 7. The
calibration aN€ #4PELEHN processes described hereinbelow will be describ®§EYRkIAGYAEEe on a die
by die basis, though it is to be understood that other bases may be used. The die on the substrate S
that are ioragesiibsisate SaeothdrbytizeusansttatedBtaemineditiesr bk it e frfheid biigrizer, of defects
such as chips, cracks, pits, color variation, particles or the like to form a model. This determination is
entirely upriatbitrasesaof kb ¢ sysie beSchodarafovpylanieatiyl 2epending on the nature and intended use
of the product on the substrate S. For example, a user inspecting substrates S having semiconductor
devices fizt@jed Tiher emalyratd isteededfatadstoinpangieadkéstapdibi sikelytmpsséficemnytstringent
standards concerning the number of defects on a die that is to be used for the WO
2010/096HomiraTidnS2at b H-8plicad e ebrditm germid ded p Ectivre cfdiye @ uiserabs i ibing
substrates S having identical semiconductor devices formed thereon that are intended for use in an
inexpensivacnde padatizdiiahspdspieledaoisiefentp sl deserbdd likdlyDePailliNgso 8242 ahigher
number of defects in die that are to be used for the creation of a model. In short, it is up to the
judgmenBot @7 3T ahd §y8RE8128% sithigrhatalefimexigdigty diestewith gnedpuhiciseseoherebting a model.
While it is envisioned that images of all "good" die on a substrate S may be obtained for the purpose of
creating inowgelatdd typiedéyeihecc déatehtibd e aapttizecdkly wilh biécamsidenéd tobg@bdhdie; this
number is generally less than the total number of 'good’ die and may be on the order of about 10-15.
At a minicomect engéeyiAgvie mihe ithaninatioo est mntylbafosis dod orep eslitivelf/ thachtbsérated fects
should be chosen as small, random defects will not likely not have a significant effect on inspection if a
statisticaligrsigfitfiatany shatptedufesush vithaaesigprapted)oideeinjaitiddrparottthiuriargispectiandom
defects will be more likely to skew an inspection process. [57] Automated methods may also be used
to obtain af ssfficlenbdeblfptesatigiican eothpatrrdd tasyeternl8 thatsyigific8nhesroemdoally select a
statistically significant number of die and capture images thereof These images are then used to form
a model ahifdise pesilivesrapd chibeeithdiefdotd thhaysiodmirforihedinspectidsl. Wheigrasédected die is
found to be defective under the user-selected criteria, the defective image will be replaced by an
image of noistheatiamd dhe\syelemdl idideEiniprst bysawilyringethecduiptit afdhizabipdicabdel is created.
Note that models created manually or automatically may remain static, i.e. will not change over time,
or may beenedifitd iovektimgrbgnadoiery new, good die to the model as inspection progresses. WO
2010/096407PCT/US2010/024358 [58] As the term "model” may have different meanings to different
persons ¢48kill @nice the angiesl® andAdi wbinhtitiae polasizehandanalyzerraes"gokitiongid” or
"golden reference" are used to describe an image whose constituent pixels have intensity values
obtained &gdimawm dhieetariesp endranplyaev algetotstacttogbthasftiiowghl alseliesngfan average of
those values. Accordingly, the golden die is simply an image of averaged die. The term "model" is
broader tinspestiosrangigei@ierdfs) okegoingrihefeeiaive’ anglerbsdwreim dhengelarizdér @stdncorporate
or use golden die or golden reference information.

analyzer (P-A) substantially constant, to a desired angular position with respect to

the substrate S that will provide the necessary contrast between light signals E'; and
E's as described above. During rotation of the polarizer 12 and the analyzer 14, the
intensity of light incident upon the optical sensor 16 is recorded. Light intensities at
the optical sensor 16 are recorded for each of the inspection angles or positions
through which the polarizer 12 and analyzer 14 are rotated. In one embodiment, the
polarizer and analyzer 14 are rotated in a more or less continuous manner and the
position of the polarizer and analyzer and the light intensity present at the optical

sensor 16 are recorded in small increments of rotation of the polarizer and analyzer.
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[59] A golden die is used in one embodiment of defocus inspection (step 62). [60] Similarly, golden die
may form at least part of the basis for a model used in macro defect inspection. Generally, however,
models use® P I HEfect inspection move beyond a simple golden die B H&aME BdBintensity
thresholds for each pixel in an image. In macro defect inspection, if, upon evaluation, pixel intensity
values ar&rfalysi tof ftilbalasadebda ihed alugin gl editztid b pflikd relshizesatitbaeglpzds iare deemed to be
defective. The thresholds themselves may be as simple as a standard deviation calculated from a
golden digetiotrmeat écoitieniif ltndeopéimhatimgs fecttion thag e pasitondatdteipoladdeuaridatures,
variations and characteristics of a substrate S and the user defined criteria that apply to the product
formed trmvalyrettvdttorbepectdostbed trdtanbbetwasaddie diefd digimspaciiod Biay be formed in myriad
ways and may or may not be based on a golden die in any way, the only requirement for macro defect
inspectiofb@joddlbé pimydisat ah &l esdifiting arspetitical pietisy ésutisghes Brarshfisfaetobeto the user of
the system 8. Where macro defect inspection is to be carried out, a suitable model for such inspection
may be abtained, (shepdin)atsevref dndespstieensd mudatasettirapalgoise diansd goadraced 4As indicated
by arrow 65, the formation of a model may in some instances use golden die WO
2010/096460RMDTH B REIed2ARESah torgiasiovhieribe aptiodesGasdrckhreaatislirsapsataiantly
captured images are compared with the model to identify defects (step 72). [61] The golden die image
obtainedwhtble isrprimes stephip asmrtputen Gvef th s bitaligrtyraltofdetegainesiitaertiialng inspection
for defocus defects, resulting in what is referred to as a differential image (step 66). The differential
image coasges RfAhAlkieativels betversianativyg tiad poriarizemtthgnohan alykersidf ik plden die
image and an image of a die under inspection. The pixel intensity values that make up the differential
image, waitdbroatedespobitivat tregafiwementia)edesmpuied cardcardrabtie cotatibe thetisotifferential
image (step 68). The resulting averaged values are then compared with similar averages obtained
from inspabiladtaadeEds tatkfeomiteenpditalr shosareltgd d athiess angissdpleduttomatiantbfeshold
set by a user of the system. In some embodiments it is possible that FEM-derived differential image
average palaczenapihd dhalythe oispebdnavntedboterskideddo thitcadhnifsd Buggesiedrage values to
determine whether an unacceptable level of defocus defects are present in a die. [62] As is
understoabldnetbsepskitiessinftdetanmniningdaripimal anglkenBhfr engle hainiee attsmpethengularly with
respect to one another so as to prevent the passage of substantially all light or to permit the passage
of substaaiid|prallyigtmayores wirehotliltiple ibenhdoms: dethibesorwantheffsidne stemsdhdtaralyzer 14
are arranged angularly with respect to one another so as to prevent the passage of substantially all
light El adé&2ibiestinmedjataly thiseinhmidimdmnl exanplerotee subentite satifatinritiettine
polarization state of the reflected light, the optical sensor 16 would register substantially no image.
Howeverpsheesshe pesapletedsiifeaayrbe thegfvidaifypdhaientire galivatignisetein pivgessubstrate S
and because at least some degree WO 2010/096407PCT/US2010/024358

multiple additional times to determine whether the resulting system set-up is optimal.

[51] Once the system 8 has been appropriately set up as described in conjunction
with FIG. 6, inspection for defocus defects and if desired, other defects, may take
place. First, however, the system 8 must be calibrated. Calibration is preferably
carried out using a focus exposure matrix (FEM) wafer. An FEM is a substrate on
which a number of patterns or structures have been formed, each with a different
focal position and exposure (exposure) time. An FEM is commonly created as part of
calibrating a photolithography tool for the production of semiconductor devices. The
FEM embodies structural changes in the patterns or structures formed on the

substrate S that result from changes in focal position and exposure. Defocus and
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of defocus defects are typically present, light E3 and Eet will be incident upon the optical sensor 16.
[63] The angular positioning of the polarizer 12 with respect to the analyzer 14 will most often depend
on the natuQ2HEEEHtrate S being inspected, though other factors may PeliEet1fHedddfihg, but not
limited to the nature of the light source 12, physical properties of the optical system and the like. In one
embodimepotheedetazaitzinaadieont the paklizcndetiasbartrbateipe dsitimghadipectiasirattures
present on the substrate S being inspected. Accordingly, it is to be recognized that in some
embodimautistrtite [Solbitatthatdhgleattehesdoatyedrahithealy it yrigpea dilfig enthikamathos®f the
substrate being inspected. [64] In some embodiments, a multiple scan inspection will be used to
determinéothecdreschecsobdtfaiets Sruadeibissitbld.dreqreferabbdirersgradirst pass is undertaken
with the polarizer 12 and analyzer 14 in a setting that passes insufficient light for macro defect
inspectiofbZ[hisAisstheaseth oot ef dbdadmilygt o efetenmdai iwhetstadidy tbesarpoiure defects exist in
the imaged area of the substrate, generally one or more die or stepper shots. A second pass involves
finding mealibrdéitecsuspobeasashipis foarieperditicl psrpoits atie soedtuitk sfarhidinimgldetd@s with the
polarizer 12 and analyzer 14 arranged in a manner that allows a greater amount of light to pass

therethrodgta figddlibaatitinegp enmbsesmeaihh ehdesgsiiped &smzgrbef dbedrspeetim ehacess in the
thickness of, or the presence of, thin films on a substrate. In some instances, unwanted residual films
will remaiifferah cespoetioes nicalivadivatarsl afspecpoocessieg wtep iNlHsraptegaviyeaeranged,
differential images of a substrate 8 will identify the location and extent of residual films. WO
2010/096AtBprTatdS2010/024358 CONCLUSION '
[63] During inspection, a substrate S of the type that is to be inspected is obtained
and placed on a wafer support or top plate (not shown) that moves the substrate S
relative to the optics of the inspection system 8 in a known manner. Substrates S
(product or FEM) are in some embodiments inspected piecewise. In one
embodiment wherein the substrate S is a wafer on which semiconductor devices are
formed, the inspection of the substrate S is carried out on a die level basis, that is,
images of the individual die on the substrate S are imaged by sensor 16 and those
images are processed as described hereinbelow. In other embodiments, inspection
is carried out on a field of view basis. The optics of a system 8 will be arranged to
capture images of a field of view whose size may differ from that of an individual die
or that of an individual stepper shot. Where the field of view of a system 8 is smaller
than an individual die, multiple fields of view may be stitched together to create
composite images of individual die. The same stitching technique may be used to
form a composite image of an entire stepper shot. It is to be understood that stitching
images to form a composite image is a technique that is well known in the art.

[54] In other embodiments where the field of view is larger than an individual die or

larger than a stepper shot, the resulting images may be cropped to show one or
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[66] Although specific embodiments of the present invention have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any arrangement that is calculated
to achieve tREOSHEMHTose may be substituted for the specific embodimeRt SRR/ RIS
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly, this

applicatipadeeidiensiestépsovenaiay Riaptaiismasipusefidtonobttbp inlegtoimagerarstesily intended
that this invention be limited only by the following claims and equivalents thereof. Claims 1. A method
of monitaripm@stinaltiimensifasisapseatieetehmsosfaliscatitropeodiessreatedrisyng first capturing at
least one image of a first structure having a geometry which has an effect on the polarization state of
light reflestgshtheshiomaybbgenersiiaple diffiecthitakniageréatehtly captonrdiistappercshmieraging
pixel intensity differences of the respective differential images over the entire differential image to
obtain amsetrgadfeateanGrppirgraathalBdsca et imiage; well known to those skilled in

the art.

[55] In yet other embodiments, inspection of the substrate S is accomplished by

first capturing an image of an entire substrate S. Where the substrate S is relatively

small, this may be capture using a system 8 operating on an area scan principle.

Where the substrate is larger than the field of view of an area scan system 8,

multiple images of the substrate S may be obtained and stitched together as

suggested above. Stitching may be used in conjunction with line scan as well as

area scan type inspection systems 8 as will be readily appreciated by those skilled in

the art.

[56] Once the appropriate polarizer/analyzer angle P-A is obtained as described

above, images of individual die on the substrate S are captured by the optical sensor

16 (step 60). See FIG. 7. The calibration and inspection processes described

hereinbeléw will be described as taking place on a die by die basis, though it is to be

understood that other bases may be used. The die on the substrate S that are

imaged may be selected by a user who determines that the die are sufficiently free of

defects such as chips, cracks, pits, color variation, particles or the like to form a

model. This determination is entirely up to the user of the system 8 and can vary

greatly depending on the nature and intended use of the product on the substrate S.

For example, a user inspecting substrates S having semiconductor devices formed

thereon that are intended for use in pacemakers would likely impose very stringent

standards concerning the number of defects on a die that is to be used for the
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d. calculating, for each of the at least one images of the first structure a value that is indicative of an
intensity of the light reflected from the first structure and the average image intensity for each

differential iNY@F@108%6#taining a critical dimension of the first structure; f. cBfrEBHHY (0e#8al
dimension of the first structure with the calculated value; g. capturing at least one image of a
subsequenirptisstof eredithgha dedelshidogybrsdy at Isastinspacting tubsakiesigdasing, a critical
dimension of the subsequent structure. 2. The method of claim 1 further comprising: a. capturing at
least oneidaadgeabtarsrerilistonctavickavimgreddoenetny ivhichraastandsfteidrarsehim polarization state

of light reflected therefrom;
inexpensive and essentially disposable consumer product would likely be willing to
accept a higher number of defects in die that are to be used for the creation of a
model. In short, it is up to the judgment of a user of a system 8 as to what defines a
“good” die for the purposes of creating a model. While it is envisioned that images of
all “good” die on a substrate S may be obtained for the purpose of creating a model,
it is typically the case that only a statistically significant number of "good die; this
number is generally less than the total number of ‘good” die and may be on the order
of about 10-15. At a minimum, die having no more than a modest number of random,
relatively unobtrusive defects should be chosen as small, random defects will not
likely not have a significant effect on inspection if a statistically significant sample of
such die are sampled, it being understood that large, non-random defects will be
more likely to skew an inspection process.
[57] Automated methods may also be used to obtain a useful model. For example,
a computer C that controls the system 8 may randomly select a statistically
significant number of die and capture images thereof. These images are then used
to form a model which is used to inspect the individual images that formed the
model. Where a selected die is found to be defective under the user-selected criteria,
the defective image will be replaced by an image of another randomly selected die.
This process will be iterated until a suitable model is created. Note that models
created manually or automatically may remain static, i.e. will not change over time,
or may be modified over time by adding new, good die to the model as inspection

progresses.
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b. calculating, for each of the at least one images of the second structure a value that is indicative of
an intensity of the light reflected from the second structure; c. obtaining a critical dimension of the
second stru¥r&d1§/08e4Pé|ating a critical dimension of the second structure ¥itH AR tHRd#sEd value;
e. capturing at least one image of a subsequent structure; and, f. determining, based at least in part on
the calcujagid vAkIgseotetine firsideit rsegdnalstuiffernas, meaticg/dindiffdmnd pirs cub sé gidint
structure. 3. The method of claim 2 further comprising:

in the art, it should be made clear that as used herein, the terms "golden die" or

"golden reference" are used to describe an image whose constituent pixels have

intensity values obtained by summing the corresponding pixel values of a number of

die and obtaining an average of those values. Accordingly, the golden die is simply

ah image of averaged die. The term "model" is broader than the terms "golden die"

or "golden reference" and in some instances, will not incorporate or use golden die or

golden reference information.

[69] A golden die is used in one embodiment of defocus inspection (step 62).

[60] Similarly, golden die may form at least part of the basis for a model used in

macro defect inspection. Generally, however, models used in macro defect

inspection move beyond a simple golden die by defining pixel intensity thresholds for

each pixel in an image. In macro defect inspection, if, upon evaluation, pixel intensity

values are found to fall outside of the range defined by the thresholds, those pixels

are deemed to be defective. The thresholds themselves may be as simple as a

standard deviation calculated from a golden die, but more often include weighting

factors that take into consideration various features, variations and characteristics of

a substrate S and the user defined criteria that apply to the product formed thereon.

It is to be understood that models used for defect inspection may be formed in

myriad ways and may or may not be based on a golden die in any way, the only

requirement for macro defect inspection models being that the resulting inspection

yields results that are satisfactory to the user of the system 8. Where macro defect

inspection is to be carried out, a suitable model for such inspection may be obtained

(step 64) at more or less the same time that a golden die is generated. As indicated

by arrow 65, the formation of a model may in some instances use golden die
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a. capturing at least one image of at least one additional structure having a geometry which has an
effect on the polarization state of light reflected therefrom; b. calculating, for each of the at least one

images of tHEQ292%82¢e additional structure a value that is indicative of aRGHERIMPER4AB light
reflected from the at least one additional structure; c. obtaining a critical dimension of the at least one

additionahstetitien dOeew alatindel hetdaddimmeeasted ofubsaajuently aapanddionagsswarire with the
calculated value; e. capturing at least one image of a subsequent structure; and, f. determining, based
at least icpapare dneitratbel ated eblo dderftifyedifsictse(sbap 22 at least one additional structures, a
critical dimension of the subsequent structure. 4. The method of claim 1 wherein the first structure is a
part of arfjeqdtiveTeroidehatieriteguebtained detheeprevious step is used to remove the

background of images captured during inspection for defocus defects, resulting in

what is referred to as a differential image (step 66). The differential image consists of

the differences between individual corresponding pixel values of the golden die

image and an image of a die under inspection. The pixel intensity values that make

up the differential image, which can be positive, negative or zero, are summed and

averaged over the entire differential image (step 68). The resulting averaged values

are then compared with similar averages obtained from inspecting an FEM to

determine whether the averaged values cross a predetermined threshold set by a

user of the system. In some embodiments it is possible that FEM-derived differential

image average values may be directly compared with inspection derived differential

image average values to determine whether an unacceptable level of defocus

defects are present in a die.

[62] Asis understood by those skilled in the art, the polarizer 12 and analyzer 14

may be arranged angularly with respect to one another so as to prevent the passage

of substantially all light or to permit the passage of substantially all light. In one

embodiment of the present invention, the polarizer 12 and analyzer 14 are arranged

angularly with respect to one another so as to prevent the passage of substantially

all light E4 and E; therethrough. In this embodiment, and where the substrate S did

not affect the polarization state of the reflected light, the optical sensor 16 would

register substantially no image. However, since the presence of features that modify

polarity are generally present on the substrate S and because at least some degree
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5. The method of claim 1 wherein the critical dimension of the subsequent structure is an absolute
value. 6. The method of claim 1 wherein the critical dimension of the subsequent structure is an
differential WY¥R@91P/0PptMmethod of claim 3 wherein the first, second and adtfitlohedMHI¢ts78s are
entire IC devices. 8. The method of claim 3 wherein at least one of the first, second and additional
structuresfisl@fselectidaptstane ofsioallgtiveesatitight i@tk Egevill be incident upon the

optical sensor 16.

[63] The angular positioning of the polarizer 12 with respect to the analyzer 14 will

most often depend on the nature of the substrate S being inspected, though other

factors may be used, including, but not limited to the nature of the light source 12,

physical properties of the optical system and the like. In one embodiment, the

polarization angle of the polarizer 12 is about 45 degrees to the linear structures

present on the substrate S being inspected. Accordingly, it is to be recognized that in

some embodiments, the polarization angle of the analyzer 14 may vary depending

on the nature of the substrate being inspected.

[64] In some embodiments, a multiple scan inspection will be used to determine

the presence of defects on a substrate S. In one embodiment, a first pass is

undertaken with the polarizer 12 and analyzer 14 in a setting that passes insufficient

light for macro defect inspection. This first pass is intended only to determining

whether defocus or exposure defects exist in the imaged area of the substrate,

generally one or more die or stepper shots. A second pass involves finding macro

defects such as chips, cracks, particles, voids and scratches and is undertaken with

the polarizer 12 and analyzer 14 arranged in a manner that allows a greater amount

of light to pass therethrough.

[65] In another embodiment, the system 8 may be used to detect changes in the

thickness of, or the presence of, thin films on a sﬁbstrate. In some instances,

unwanted residual films will remain on all or portions of a substrate S after a

processing step. Where properly arranged, differential images of a substrate 8 will

identify the location and extent of residual films.
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CONCLUSION

[66] Although specific embodiments of the present invention have been illustrated
and described herein, it will be appreciated by those of ordinary 'skill in the art that
any arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Many adaptations of the invention will be
apparent to those of ordinary skill in the art. Accordingly, this application is intended
to cover any adaptations or variations of the invention. It is manifestly intended that

this invention be limited only by the following claims and equivalents thereof.
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Claims

1. A method of monitoring critical dimensions in a semiconductor fabrication process

comprising:

a. capturing at least one image of a first structure having a geometry which
has an effect on the polarization state of light reflected therefrom;

b. generating a differential image for each captured image;

C. averaging pixel intensity differences of the respective differential images
over the entire differential image to obtain an average image intensity for each
differential image;

d. calculating, for each of the at least one images of the first structure a value
that is indicative of an intensity of the light reflected from the first structure and

the average image intensity for each differential image;

e. obtaining a critical dimension of the first structure;

f. correlating a critical dimension of the first structure with the calculated
value;

g. capturing at least one image of a subsequent structure; and,

h. determining, based at least in part on the calculated value, a critical

dimension of the subsequent structure.

2. The method of claim 1 further comprising:

a.

a o

@

capturing at least one image of a second structure having a geometry which has an
effect on the polarization state of light reflected therefrom;

calculating, for each of the at least one images of the second structure a value that
is indicative of an intensity of the light reflected from the second structure;
obtaining a critical dimension of the second structure;

correlating a critical dimension of the second structure with the calculated value;
capturing at least one image of a subsequent structure; and,

determining, based at least in part on the calculated values of the first and second

structures, a critical dimension of the subsequent structure.
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3. The method of claim 2 further comprising:

a.

capturing at least one image of at least one additional structure having a geometry
which has an effect on the polarization state of light reflected therefrom;
calculating, for each of the at least one images of the at least one additional
structure a value that is indicative of an intensity of the light reflected from the at
least one additional structure;

obtaining a critical dimension of the at least one additional structure;

correlating a critical dimension of the at least one additional structure with the
calculated value;

capturing at least one image of a subsequent structure; and,

determining, based at least in part on the calculated values of the first, second and

at least one additional structures, a critical dimension of the subsequent structure.

4. The method of claim 1 wherein the first structure is a part of an active portion of an

integrated circuit device.

5. The method of claim 1 wherein the critical dimension of the subsequent structure is an

absolute value.

6. The method of claim 1 wherein the critical dimension of the subsequent structure is an

differential value.

7. The method of claim 3 wherein the first, second and additional structures are entire IC

devices.

8. The method of claim 3 wherein at least one of the first, second and additional structures

is a selected portion of an active circuit of an IC device.
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