1 SYSTEM AND METHOD FOR CAPTURING ILLUMINATION REFLECTED IN MULTIPLE
DIRECTIONS Technical Field The present disclosur{a relates generally to a wafer inspection process.
More specifically, 5 the present disclosure relates to'an automated system and method for inspecting
semiconductor components. Background The ability to ensure a consistently high quality of

manufactured e TERANANES AV E P I9OIDPPORNSAIRT EXaNEa SENIANATISINVRIEF FTITHES | 1§
increasingly crucial in the semiconductor indust%Semiconductor wafer fabrication techniques have been

consistently improved to incorporate an Mt d Mg BREEd feNRires into a smaller surface area of the
semiconductpgdmaiesl Arggrdingly, the photolithographic processes used for semiconductor wafer
fabrication has become more sophisticated to allow the 15 incorpagration of increasing features to the

smaller surfald®® A&seat tHee\sHircEHaTEB AT (¢.8. WagHenpReHRR e st o SetArCReribtor wafer).
ConseqgentlyesizRscet RRetialdeteats on semiseudustar walers anRitypialy irdhadgpetemndo
submicron range. It is evident that manufacturers of semiconductor wafers have an increasingly pressing
20 need to infPRANLESHRESABRCRS Safer quality control and inspection procedures to ensure a
consistently high quality of manufactured semiconductor wafers. Semiconductor wafers are typically
inspected for detectin Ffefects thereon, such as presence of surface particulates, imperfections,
undulations gﬁﬁ‘?ﬂfﬂ#ﬁ egularities. Such defects could affect eventual performance of the

semiconductpigvaterinf herefasardt is edticRldatBlimigate;0ilidp extraghdelocive semicontueter wafers
during the manufacture thereof. There have been advances in semiconductor inspection systems and

process®s. FOMBXATRSe PigREMPIS SR MM st i diste S ARSFRRPE A FPSKI AR B precision

mechanical bangghsysie mgdnae. bERMYMINBEIONRELIN daslitianosenvaaidusiomaaierndeninspection
systems, methods an techniqu&s have historically utilized at least one otje brightfield illumination,

darkfield illuﬁﬂﬁgﬁmt drg]ﬁréwg i%mcgom%m?q%slpcreasmg number of features into a smaller

surface area of the semiconductor wafer. Accordingly, the photolithographic processes
used for semiconductor wafer fabrication has become more sophisticated to allow the
15  incorporation of increasing features to the smaller surface area of the semiconductor
wafer (i.e. higher performance of the semiconductor wafer). Consequently, sizes of

potential defects on semiconductor wafers are typically in the micron to submicron range.

It is evident that manufacturers of semiconductor wafers have an increasingly pressing
20  need to improve semiconductor wafer quality control and inspection procedures to ensure
a consistently high quality of manufactured semiconductor wafers. Semiconductor wafers
are typically inspected for detecting defects thereon, such as presence of surface
particulates, imperfections, undulations and other irregularities. Such defects could affect
eventual performance of the semiconductor wafer. Therefore, it is critical to eliminate or

25  extract defective semiconductor wafers during the manufacture thereof.

There have been advances in semiconductor inspection systems and processes. For
example, higher resolution imaging systems, faster computers, and enhanced precision
mechanical handling systems have been commissioned. In addition, semiconductor wafer
30 inspection systems, methods and techniques have historically utilized at least one of

brightfield illumination, darkfield illumination and spatial filtering techniques.



2 With brightfield imaging, small particles on the semiconductor wafer scatter light away from a collecting
aperture of an image capture device, thereby resultinég in a reduction of returned energy to the image
capture device. When the patrticle is small in comparison 5 with the optical point spread function of a lens
or digitalizing pixel, brightfield energy from the immediate areas surrounding the particle generally
contribute a large amount of energy relative to the particle, thereby making the particle difficult to detect,
In addition, the very small reduction in energy due to the small particle size is often masked by

reflectivity vah§hdnéhtiialthanpsingdial hrssdclss ondtp s paitRndusiarans Fe SaRilsy lighban@eased
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systems have been equipped with_high-end cameras with Iarglglfri resolutions, which capture images of

smaller surfAEBIAKSh ST B s dBREE B WardE VicowklER, Thsgrriale it sged! JBrryang iRl a better

pixel coptrasyapdibisgscAdyaniagrems for@RimEtingesiz 600 idatacim anikeh en inspeating:Fark defects.
15 Darkfield jllumination and its advantages are generally well-known in the art. Darkfield imaging has

been employEdWith LBRsdirSRaRySSER L tto PHERLF #Rseetio foRdhuing B ARIQUR QGing typically

depends on ghergngieaat whiahdighidaysaeeeincidant © ththsaahirchigibglins RrResed IAhadivym@ngle to a
horizontal plane of the object to 20 be inspected (for example 3 to 30 degrees), darkfield imaging typically

produces a A&k fatBak e dashesntrs (Ribesialbmadic pies Saritanaraskad Rttections

and other irfegubeiiigSvaxistionspasigulay se afisierkiield iraginehis fertioht tierdpestsunvihighn sizes are
smaller than the resolving power of lens used to produce a brightfield image. At a higher angle to the
horizorlfal pIH}‘?ée&?frge%‘FHH@%‘%? 18'8E 8 LS}, HeRehart it AdINEr SEMpicaIRPBYGREWBtEr contrast

images compateebiaitirightfighddmmgsstAnpaticubaenustippsuchihigh-angle dankfieldvithagigerenhances

contrast of surface.irregularities on a mirror finish ar transparent object. In addition, high angle darkfield
imaging enhﬁeﬁ%’al“?ﬁ?aé’i’h&%fcﬁﬁgﬁeoﬂ}@&%? 86" resng‘a%ﬁs‘n%?fwé DA Wa¥aH Fpically has a

significant effegt@regualifyhtfield images generally have a better pixel contrast and this is
advantageous for estimating size of defects and when inspecting dark defects.
15
Darkfield illumination and its advantages are generally well-known in the art. Darkfield
imaging has been employed with several existing semiconductor wafer inspection
systems. Darkfield imaging typically depends on the angle at which light rays are
incident on the object to be inspected. At a low angle to a horizontal plane of the object to
20  be inspected (for example 3 to 30 degrees), darkfield imaging typically produces a dark
image except at locations where defects, such as surface particulates, imperfections and
other irregularities exist. A particular use of darkfield imaging is to light up defects which
sizes are smaller than the resolving power of lens used to produce a brightfield image. At
a higher angle to the horizontal plane (for example 30 to 85 degrees), darkfield imaging
25  typically produces better contrast images compared to brightfield images. A particular
use of such high angle darkfield imaging enhances contrast of surface irregularities on a
mirror finish or transparent object. In addition, high angle darkfield imaging enhances

imaging of tilted objects.

30  Light reflectivity of the semiconductor wafer typically has a significant effect on quality

of image obtained with each of brightfield and darkfield imaging. Both micro and macro



of image obtained with each of brightfield and darkfield imaging. Both micro and macro 3 structures
present on the semiconductor wafer affect the light r%ﬂectivity of the semiconductor wafer. Generally,
amount of light reflected by the semiconductor wafer-is a function of the direction or angle of incident
light, the viewing direction and the light reflectivity of the surface of the semiconductor wafer. The light

reflectivity issimitine] dapendeph omyavsirtaiebthevieidemtdighirnd matesiad GRmMPositianRcof the
semiconductor wafer. It is generally difficult to control the light reflectivity of semiconductor wafers

presented fSFIHSPREHTIAT TS s Brrcially dv i diaicrdleniarbntly sonserdrdararicmiers of 10
material. Eaghplavebeionaiedal-mpn thanslit different wavelenaths &l fight dédacenild iee axample at

different speeds. In addition, layers may have different light permeabilities, or even reflectivity.

Accordingly, TREGAFBER S PerttEashafstiy seimiePusiarapaizas e JEbFalrttbHUmMIRaliBh of a single

wavelergth gegeRdér@vohancheflavairelenaths tirRically athrersely affecis.guaditypeberptuseditpages. Need
for frequent 15 modification of the single wavelength or narrow band of wavelengths requires use of

multiple spafiSPifPUSIA A REngth tuners, which can be generally inconvenient. To alleviate such
problems, it is important to use a broadband illumination (i.e. illumination of a wide range of
wavelengths), for example broadband illumination of a range of wavelengths between 300nm and

1000nm. 20 EivEsRRLYAEBRN P HE] oA IRl SR B g LSS N RN e Ee s W the following

methods for ehigyiadion CER TiNg-paukinieer eSRRIdSES Ao ing farheryinsperiom:sdlorM uiele bhage
Capture Devices with Multiple llluminations (MICD) 25 The MICD uses a ﬁlurality of image capture

deviced hnd BRI ASPiNBEISBRET Y ER LR SR e o SRR e wavelength

spectrum inteypagseimpdangs, iftaiecappgicadh segmenicdivayelanggh spectraifrdehndividisal
illuminations. During design of systems employing the MICD method, each image capf(ufe(fi,evice IS
el tlle

paired with & EOREENHRY MYFHiRRSH VIY: MArThRe-<burie Rty iihperson skilled in

the art that the use of light or illumination of a single wavelength or a narrow band of
wavelengths typically adversely affects quality of captured images. Need for frequent
15  modification of the single wavelength or narrow band of wavelengths requires use of
multiple spatial filters or wavelength tuners, which can be generally inconvenient. To
alleviate such problems, it is important to use a broadband illumination (i.e. illumination
of a wide range of wavelengths), for example broadband illumination of a range of
wavelengths between 300nm and 1000nm.
20
Currently available wafer inspection systems or equipments typically use one of the

following methods for achieving or capturing multiple responses during wafer inspection:

(1) Multiple Image Capture Devices with Multiple Illuminations (MICD)

25  The MICD uses a plurality of image capture devices and a plurality of illuminations. The
MICD is based on the principle of segmenting the wavelength spectrum into narrow
bands, and allocating each segmented wavelength spectrum to individual illuminations.
During design of systems employing the MICD method, each image capture device is
paired with a corresponding illumination (i.e. illumination source), together with

30 corresponding optical accessories such as a spatial filter or a specially coated beam

splitter. For example, wavelength of the brightfield illumination is limited between 400 to



30 corresponding optical accessories such as a spatial filter or a specially coated beam splitter. For
example, wavelength of the brightfield illumination isiimited between 400 to 4 600nm using mercury arc
lamp and spatial filter and the darkfield illumination is’'limited between 650 to 700nm using lasers. The
MICD method experiences disadvantages, for example inferior image quality and design inflexibility.

Inferior imageoanalitkiscduertary AR Nap ARCS A FIWHaA P iHBIReERMWNSK i ARM ANRHiwEh the use of

illuminations 5 with narrow wavelengths. Design inflexibility occurs because the modification of the

wavelength BFRVERTG R NitonTv9neh Wimedrycreqle MYcBnRsthad srraripreehfigrdpiriasssed®p of the
wafer inspectiompysiamritt asiditioguilie MHdRenehatvmisaty. dersivoinAllRW ARk @hdyminations

with varying wavelengths by a single image capture device without compromlsinﬁ the quality of captured

images. 10 ($3'8ing RITfAchE tegbivitispbviRePGatRiVALRRe sRtRIRSHSHE @RS PhEl8RiEHBhod uses a

single igagexgapiweAe Was fmeaniumag saultiple BluiniaRs beithae WHb sRGTRAtRG Wavalengths or
broadband wavelengths. However, it is not possible to obtain multiple illumination responses

simuItaneoug‘fﬁ‘ﬁ/ﬁﬂ@tfh8f\ﬁéf8glf5‘ri]é“?ﬁh?ﬁ6ﬂ6ﬁ’ HW%@FW&{W%@%@%%W@I RS Yne

illumination ReRPBFEhIRARHRIpaiabISHsaRtion.alidiachiake MultiplemitHodnapRalresRRISRS, the SICD
method requires image captures while the wafer is stationary, which affects throughput of the wafer

inspection syLRINCAUERMiLBHRRAE R ArER HENERE LS SRES By YRy Srascimiysdsidependent,

on-the- fly ijage aapiHiproising piaadhant itghpielddand gavkfield or in general multiple illuminations
and using multiple image capture devices are not presently available due to a relative lack of

unders Qnding as to actual implementation and operating advantages thereof. Existing semiconductor
wafer inspeqtigrs systaims @ € Mptoping RItheh MidEHD Rhrbitdias exadaned earlier. Equipments
employing MICD do not use broadband illumjnation and suffer from inferior image quality and inflexible
system setup. o ' EGuiBmUREUSTIEES I CEPERSe MENKE diffiniSHIE Sy5tet iR Bughput and

are illuminations, either with segmented wavelengths or broadband wavelengths. However, it
is not possible to obtain multiple illumination responses simultaneously while the wafer

15 is in motion. In other words, the SICD method only allows one illumination response

when the wafer is in motion. To achieve multiple illumination responses, the SICD

method requires image captures while the wafer is stationary, which affects throughput of

the wafer inspection system.

20  Semiconductor wafer inspection systems employing simultaneous, independent, on-the-
fly image capture using broadband brightfield and darkfield or in general multiple
illuminations and using multiple image capture devices are not presently available due to
a relative lack of understanding as to actual implementation and operating advantages
thereof. Existing semiconductor wafer inspection systems are employing either MICD or

25 SICD as explained earlier. Equipments employing MICD do not use broadband
illumination and suffer from inferior image quality and inflexible system setup. On the
other hand equipments using SICD experience diminished system throughput and are

typically incapable of obtaining on-the-fly simultaneous multiple illumination responses.

30  An exemplary existing semiconductor wafer optical inspection system that utilizes both

brightfield illumination and darkfield illumination is disclosed in US Patent No.



typically incapable of obtaining on-the-fly simultaneous multiple illumination responses. 30 An exemplary
existing semiconductor wafer optical inspection system that utilizes both brightfield illumination and
darkfield illumination is disclosed in US Patent No. 555,822,055 (KLA1). An embodiment of the optical
inspection system disclosed in KLA1 utilizes MICD as explained earlier. It uses multiple cameras to

capture separgte @iofield pnddaddirithimeagesef samitangueiannaiars daplysed Arghtield and
darkfield images are then processed separately or together for detecting defects on the 5 semiconductor

wafer. In additBAInM EpBcaRinshlaise ssatsth of KIS CapiiRls Bmiteld asrPsFkISR Mages
simultaneouslyJusingdsaparaigigruicesaidrightiiald andueikhigleburoination KEoH Raienrs

simultaneous image capture usin% segmentatijon of illumination wavelength spectrum, narrow band

ilumination SBtFESdRRETRAL RtPIRICEIFILTMT RIS SRRt BrighiAsiEctRa defsgreianiges. In the

KLAL-opticalsysteduddOneaefrthencagieias, iseonfjalsadiigearive SailiielsrirRaging dapgesarrow band
laser and spatial filter. The other camera is configured to receive rest of the wavelength spectrum using

brightfield ilGRRLERIH AR drEdichd HRges it LHRaus YoLtiRg SHrat amsge e ot %gﬁlt?’célil%spection

system disclgsediom Kluididpesd& unsuiiahilitys theteehiouimaginocaiferentisgricanauaton wafers
comprising a large variation of 15 surface reflectivities due to segmentation of the wavelength spectrum.

The camerad BRI GO FOg it SLEHR R AR RSk H BHRRHIRYY S qursEsridbiRg 8t &iSiSining of
more than ofg avablBhiechibinin afian: torphbadaa fe damvaienyRas1Ome RUChItpEdsl having carbon

coated layer on its front side and they exhibit poor reflection characteristics at certain illumination angle,

for exahlple SRSl BRGIAMBRIAS ShEO I BY Sy IArEe Uy mBmktEK drBsHIaHsRaRaTHYh Rdidds s kfield

illumination tnyiepatiartdinedefdetsthacondioglyisthe opisalinspasiionsysiest ahKlwil sradites a plurality
of light or illumination sourC(f)s-an%filéer, for performing multiple inspection passes (multiple scan which

in turn affectPHE HoUIRBU A st B e B AptBr AT SRS bAYRRIECH o @aHiReId images.

25 Disadvantages of the optical inspection system disclosed by KLA1 include unsuitability
thereof for imaging different semiconductor wafers comprising a large variation of
15  surface reflectivities due to segmentation of the wavelength spectrum. The cameras are
tightly coupled with respective illumination and there is no flexibility of combining of
more than one available illumination to enhance certain wafer types. One such type is
having carbon coated layer on its front side and they exhibit poor reflection
characteristics at certain illumination angle, for example using brightfield alone. It
20  requires combination of brightfield and high angle darkfield illumination to view certain
defects. Accordingly, the optical inspection system of KLAT requires a plurality of light
or illumination sources and filters for performing multiple inspection passes (multiple
scan which in turn affects the throughput of the system) to thereby capture multiple
brightfield and darkfield images.
25
Additional exemplary exiting optical inspection systems utilizing both brightfield and
darkfield imaging are disclosed in US Patent No. 6,826,298 (AUGTECH1) and US
Patent No. 6,937,753 (AUGTECH?2). Darkfield imaging of the optical inspection systems
of AUGTECHI1 and AUGTECH?2 utilizes a plurality of lasers for low-angle darkfield
30 imaging, and a fiber optic ring light for high-angle darkfield imaging. In addition, the
optical inspection system of AUGTECH1 and AUGTECH?2 uses a single camera sensor



Additional exemplary exiting optical inspection systems utilizing both brightfield and darkfield imaging are
disclosed in US Patent No. 6,826,298 (AUGTECHI) and US Patent No. 6,937,753 (AUGTECH?2).
Darkfield imaging of the optical inspection systems of AUGTECHI and AUGTECH2 utilizes a plurality of
lasers for low-angle darkfield 30 imaging, and a fiber optic ring light for high-angle darkfield imaging. In

addition, the, QpHsRIBSRESIOD SYStRsE SEAMRIES AN AHEECH2 eeasPosinglgcaAmRIBSensor 6

and belongs to SICD method explained earlier. Accordingly, inspection of semiconductor wafers in

AUGTECHI XA U YEE LB GEherdrret BRh&FLY BrdRtmerd sHigiRy gy iakhimeritghaghg or via a
combination pf-bethhrghkifieldimacicerbe drkbesoinaaing rivaarsisiaach otifterio gk imaging and

darkfield imaging is performed when the 5 other is completed. The inspection system of AUGTECHI and

AUGTECH2IF8Inc50pE Srsirighsitldusnasiog antl, driiinld dateing is risfiomsd e fhdent

brightfield ansindarkfieishipaginoTAccardinglyn ydiie passes;okeath samisenguelonwafesds required
for completing inspection thereof, resulting in_lowered manufacturing throughput and undue increase in

utilization of FERUFCEL. TH Arfaten C8ahsr e i tirbilpiaemdp ettidhotitttetnd Uit ditien image

or a referengadrifgr fofCAMRABRD MW pewh: aeamired HuRgEs phsemigonuciemairisctdserivation of
the reference image typically requires capturing several images of known or manually selected "good"

semiconductSfiate rEUHEFthER SBPIIAERS SRSREERAR 1RerSPh AR U HRSCHI Qe RS AELEIHYIRNG the

reference imagsughslisagyanthganvidaiben ahnvaidarbratissuisqresence of inaccuracies or
inconsistencies in manual selection of the "good" semiconductor wafers. Optical inspection systems

using difeh reference images typically suffer from false rejects of semiconductor wafers due to inaccurate

or inconsistentsédeiencedmeagesxvyitl ioptRAs Ngyecatm s @it itgeametpopfcdOisamicenductor
wafers, reliance on manual selection of "good" semiconductor wafers for deriving reference images is

increasingly THCSHPSABIRSTRTTEFRRIISGR, Widh Busht A Huhch /e gst By IHRISORTILGINENS hspection

industry.  Derivation of the reference image typically requires capturing several images of known
or manually selected “good” semiconductor wafers and then applying a statistical

15 formula or technique to thereby derive the reference image. A disadvantage with the

above derivation is presence of inaccuracies or inconsistencies in manual selection of the

“good” semiconductor wafers. Optical inspection systems using such reference images

typically suffer from false rejects of semiconductor wafers due to inaccurate or
inconsistent reference images. With increasingly complex circuit geometry of

20  semiconductor wafers, reliance on manual selection of “good” semiconductor wafers for
deriving reference images is increasingly incompatible with increasingly high quality

standards set by the semiconductor inspection industry.

Deriving a golden reference image involves many statistical techniques and calculations.
25  Most of the statistical techniques are very general and have their own merits. State of the
art of the currently available equipments uses either average or mean together with
standard deviation to calculate a golden reference pixel. This method works well with
known good pixels; otherwise any defect or noise pixel would interfere and affect a final
average or mean value of the reference pixel. Another method is to use median and it has
30 reduced interference due to noise pixel but is not possible to eliminate the effect of noise

substantially. All of the available equipments try to reduce the error by applying different



Deriving a golden reference image involves many statistical techniques and calculations. 25 Most of the
statistical techniques are very general and have their own merits. State of the art of the currently
available equipments uses either average or mean tc?gether with standard deviation to calculate a golden
reference pixel. This method works well with known good pixels; otherwise any defect or noise pixel

would interferp @ngrafigaiRdinatnaufiags.on measavakmeRithadsiersmess phieltRpaibelbmeainod is to use
median and it has 30 reduced interference due to noise pixel but is not possible to eliminate the effect of

noise substaiYiafREAl Sty EIRBIE eXfasTRETHO 1S) B PatuCRetfETaFro? WP aiRSHflgSaRRERSHt 7 Kinds of
statistical tecRRigHRSIRUS @S IR PRAIIWADPRG PP Hid TR de BRIda ek @RMIsecial or user
friendly sequence to eliminate the error. Such special sequence certainly helps to eliminate pixels which
would affect the final reference pixel value. 5 US 6,324,298 (AUGTECH3) discloses a training method for

creatingsa galden ederogea (a6 1eferenceiinags oirbisenis semiPriustaiinatesingaessierontbe method
disclosed in AUGTECHS3 requires "Known Good Quality” or "Defect Free" wafers. Selection of such

wafers is maUEiG SRS ERISEAOISE 1 Befidif et R UEE Br ises Rt d RretAte b dirlescbittieriving the

reference imagrs ASCIUChe Ay alendith Consdstriliselastfancgicianee 10 el vt D fseeHcial for
accurate and cqnsistent quality of semicqnductor inspection. Further, AUGTECHS3 uses mean and

standard deWA{iSH 1o RAGYOMUSTRAIYRSS stativddéranelma e inaysedsibsntrliFdetective

pixel will leagbtodpaciiyatr refRience inixal. Rhesdeteclivarpixaliceursigieat tadiecsign siatteoar other
defects, which would confuse the%f]tatistical calculation and lead to incorrect r&feren,ce pixel. 1t will be

apparett 15 % BerdBHEkiiEEH A LA tHER i hetRY S AU PR IS RO P 10T HEEE G Bres,

inconsistencirgtaag AU BTNSALet efcah thelsemitaadistativiafersalbuiaedition. artigsakispection
system disclgsed jn AUGTECHS3 uses a flash or strobe lamp far illuminating the semiconductor wafers. It

al
will be appreQatStFiSe JRIREPORIRSESH65 P HREAH: gwﬁc@ﬁsis*f\@ﬁa HethasdiRrdRtHSEhes or
strobes maymgeurTheedsrssimeians] factars eudimgrdipi redtisnitedoiactetonpetatuvaicifferntals,

electronic inconsistencies and differential flash or strabe intensit%'es. Such qiff[ere {igls and
confuse the statistical calculation and lead to incorrect reterence pixel. It will be apparent

15  to a person skilled in the art that the method of AUGTECH3 is open to inaccuracies,

inconsistencies and errors in inspection of the semiconductor wafers.

In addition, optical inspection system disclosed in AUGTECH3 uses a flash or strobe
lamp for illuminating the semiconductor wafers. It will be appreciated by a person skilled
20  in the art that inconsistencies between different flashes or strobes may occur due to
numerous factors including, but not limited to, temperature differentials, electronic
inconsistencies and differential flash or strobe intensities. Such differentials and
inconsistencies are inherent even with “good” semiconductor wafers. Presence of such
differentials would affect the quality of golden reference image if the system had not
25  taken care of such differentials due to flash lamp. In addition, illumination intensity and
uniformity varies across the surface of the semiconductor wafer due to factors including,
but not limited to planarity of the wafer, mounting and light reflectivity at different
positions of the surface. Without taking into account the variations in the flash intensity
and the strobing characteristics of the lamp, any reference images generated in the above-
30  described manner may be unreliable and inaccurate when used for comparing with

captured images of different positions of the semiconductor wafers.



inconsistencies are inherent even with "good" semiconductor wafers. Presence of such differentials
would affect the quality of golden reference image if the system had not 25 taken care of such differentials
due to flash lamp. In addition, illumination intensity aid uniformity varies across the surface of the
semiconductor wafer due to factors including, but not limited to planarity of the wafer, mounting and light
reflectivity at different positions of the surface. Without taking into account the variations in the flash

intensity and the strobing characteristics of the lamp, any reference images generated in the above 30
described m¥AHaHRaY HErOAVEliaBRS ARt iore daFAXARMREN SHEUERAUSHR YéH g SWith CEARIGHE images of

different posiieasofdhecsemicaidustian yaiessaftVadptianminr eduthspesficatiansdanRxample

semiconductor wafer size, complexity, surface reflectivity and criteria for quality inspection, are common

in the semicHHBTERr ARRISIRE A IHRABAYCEInTREHIRERSF UleY e Qe85 AnREhods need

to be 5 sapaflpBidnspertipeceueh vamatansidRrodueksnesifigriionstldaywerriwexistingigapiconductor
wafer inspection systems and methods are generally incapable of satisfactorih%inspectin such variations

in product spPERHROML e SHEERINGIORIPheYiHERRSHG duSigStatiiasio sl sy tReRicOhductor
industry. 10 &eisexasnipjeiRfypinal sxislingrreimicondprianialicincnasHonesystamusesa wenventional
optical assembly comprising components, for example cameras, illuminators, filters, polarizers, mirrors
and lens, wHHHRS RS G ¥ %G%E%hg.ﬁlﬁﬁﬁam%?rré?ﬁlﬁ&’ of components of the optical
assembly generally requires rearrangement and redesign of the entire optical assembly. Accordingly,
such 15 semiconductor wafer inspection systems have inflexible desjgns or. configurations, and require a

relativel§l longfe sk MR Sorim btk 5K HHBE o THRAGHISRT astiHcdRARAYN BhiEtivEIEhsPof the

convention qiisa@héissemhbiptand sesdamiduciempaiaidoreseniedddas, infrectgmisitypicatiytae short to
allow ease of introduction_of fiber gptics illumination with diffefing angles_for darkfijeld illumination. 20
There are nUHHEPIRStdH SEis %&ﬁﬁ%ﬁﬂ{f&f&%ﬁéﬂﬁﬁd@ﬁ%n SidmechiRPHtRagLons:

Introduction or removal of components of the optical assembly generally requires
rearrangement and redesign of the entire optical assembly. Accordingly, such

15  semiconductor wafer inspection systems have inflexible designs or configurations, and
require a relatively long lead-time for modification thereof. In addition, distance between
objective lens of the convention optical assembly and semiconductor wafer presented for
inspection is typically too short to allow ease of introduction of fiber optics illumination
with differing angles for darkfield illumination.

20
There are numerous other existing semiconductor wafer inspection systems and methods.
However, because of current lack of technical expertise and operational know-how,
existing semiconductor wafer inspection systems cannot employ simultaneous brightfield
and darkfield imaging for an inspection while the wafer is in motion, while still

25  maintaining flexibility in design. There is also a need for semiconductor wafer inspection
systems and methods for enabling resource-efficient, flexible, accurate and fast
inspection of semiconductor wafers. This is especially given the increasing complexity of
electrical circuitry of semiconductor wafers and the increasing quality standards of the

semiconductor industry.

30



However, because of current lack of technical expertise and operational know-how, existing
semiconductor wafer inspection systems cannot employ simultaneous brightfield and darkfield imaging
for an inspection while the wafer is in motion, while still 25 maintaining flexibility in design. There is also a
need for semiconductor wafer inspection systems and methods for enabling resource-efficient, flexible,
accurate ang{agtniigpection of semiconductor wafers. This is especially given the increasing complexity
of electrical circuitry of semiconductor wafers and the increasing quality standards of the semiconductor

industry. 30 9hgGATREKFAtherdask-af sy A tuskop MadRsilsRacesrVHFaI Red dreitn &y steableand
methods capatig b P kin & hattrbrio btlield .xnd idaiktielddnoaaingRisaliianee usie g dadependently

for performing inspection while the semiconductor wafer is in motion, while providing 5 flexibility in design
and configurlidPTIRrRBiParERDiY Alle dho senusndsratABiewaEt IRePeR Ry IR rein

componentsfibensaaty far exaimplentwhiTaiersi Gameraddaliactivedensnbiieoandsefikisditaye flexible
and adjustable spatial positions relative to each other. Given the increasing complexity of electrical

circuitry of sSf{EDHEREESIORIRIFST ARFIAG FRIAPQSHTYShaNE fsdon SXATRPLe Ty MRS initBREdctor

industry, accsypeyvé eandicensisie neyrofSamicerdustoinialgnnspecpandsppstaasingbticatical. The
present disclosure provides an jnspection apparatus, device, system, method, and/or process for

inspecting sEATEIHBEICtSH ¥EMn B dHESA BRI FMGP IR MoP s ! sUFBN 0L R WEtBrRCtREs, LED

chips and solarrwafens the Incesendaneiwittadiiskaspest @t thepcesentdisclosire, taeets disclosed
an apparatus including a set of illuminators copfigured to supply illumination, the illumination supplied by

the set!df illARSHERBIS TREY (Pt eRLUS O T EHIEE AR HIRdN 1BGFFAENS RIS a surface under
inspection. The illumination reflects off the surface in at least a first 20 direction and a second direction.
The apparat%iea{osr%sigrﬁl%?s% oglfrigsf)r%%ti(?gsrgﬂeigg?)zsction apparatus, device, system, method, and/or
process for inspecting semiconductor components, including, but not limited to
semiconductor wafers, dies, LED chips and solar wafers.
15
In accordance with a first aspect of the present disclosure, there is disclosed an apparatus
including a set of illuminators configured to supply illumination, the illumination
supplied by the set of illuminators directed towards an inspection position corresponding
to a surface under inspection. The illumination reflects off the surface in at least a first
20  direction and a second direction. The apparatus also includes a first set of reflectors
positioned and configured to receive illumination reflected off the surface in the first
direction and direct received illumination along a first reflected illumination travel path
and a second set of reflectors positioned and configured to receive illumination reflected
off the surface in the second direction and direct received illumination along a second
25  reflected illumination travel path. In addition, the apparatus includes an image capture
device configured to simultaneously receive illumination traveling along each of the first

and second reflected illumination travel paths to thereby provide a first response and a

second response respectively.

30  In accordance with a second aspect of the present disclosure, there is disclosed a method

for inspecting a surface. The method includes directing illumination towards an



positioned and configured to receive illumination reflected off the surface in the first direction and direct
received illumination along a first reflected illumination travel path and a second set of reflectors
positioned and configured to receive illumination refliéted off the surface in the second direction and
direct received illumination along a second 25 reflected illumination travel path. In addition, the apparatus

includes an imagetkaPtpRitdaviced sesiginad tasimukansaushnreeivgibiynatiag trayriaggalong each
of the first and second reflected illumination travel paths to thereby provide a first response and a

second respthegiratpaatidy. ssofiseoctipanta IWithdiregtimardsheraonrdisstiagedp dldidetre, there is

disclosed a methpelhir SReRiNGiR&HiRGRe TNEMSINeE iRgluses dreatindsilimeinatiomowatds an 10
inspection paosition corresponding to a surface under inspection and reflecting illumination off the surface

in at least a AFiPaARh BRPer Rt sl dirgealang s dashirshcdsd HumBatiaa ity ek the
illumination llestertatcibe switasatiodhalieshAilestipr@ndytheusecend diradiaal@nenalfisst reflected

illumination travel path and a 5 second reflected illumination travel path respectively. Furthermore, the

method incl RS eRFRHE et aE Ry Rsc N MRtIRTnEASH R GV IR s8Rl Qhchioriike! et aff§Wetond

reflected illupainatien frRveinaabs dyven paage gantuig.devieptied miuse 1 Higliand Seeananesponse
corresponding to the first and second reflected illumination trav%:daaths respectively. 10 In accordance

with a third 2558R¢ SFHRETESErsaRtlasuLe heciesianrka6sRY S ettl WyMaioHE RIS a set of
illuminators geypligtitedl;to supply illumination to a surface corresponding to an inspection position, the
illumination comprising a first beam of illumination that is incident to the surface at a first angle to the
surface &nd a second 15 beam of illumination that is incident to the surface at a second angle to the

surface that jg sbfie@nchemihetfifsl aggle Jheoplisrhsysiessalsotinglidesianiseage cppiae device
configured to simul'[@neou{jly receive the first and seco?d beams of il urriilnation reflected c%ff the surface
along an Opt?éléﬁegg(i 6tf o l}ﬂ?égaesggﬁ uaggﬂggr_s configured to supply illumination to a surtace

corresponding to an inspection position, the illumination comprising a first beam of
illumination that is incident to the surface at a first angle to the surface and a second
15  beam of illumination that is incident to the surface at a second angle to the surface that is
different from the first angle. The optical system also includes an image capture device
configured to simultaneously receive the first and second beams of illumination reflected

off the surface along an optical axis of the image capture device.

20  In accordance with a fourth aspect of the present disclosure, there is disclosed a method
including supplying a first beam of illumination to an inspection position corresponding
to a surface, the first beam of illumination being incident to the surface at a first angle
and supplying a second beam of illumination to the surface, the second beam of
illumination being incident to the surface at a second angle different than the first angle.

25  In addition, the method includes reflecting the first and second beams of illumination off
the surface and simultaneously receiving the reflected first and second beams of

illumination by an image capture device.

Brief Description of the Drawings
30  Particular embodiments of the present disclosure are described hereinafter with reference

to the following drawings, in which:



20 In accordance with a fourth aspect of the present disclosure, there is disclosed a method including
supplying a first beam of illumination to an inspection position corresponding to a surface, the first beam
of illumination being incident to the surface at a first h]ngle and supplying a second beam of illumination to
the surface, the second beam of illumination being incident to the surface at a second angle different
than the first angle. 25 In addition, the method includes reflecting the first and second beams of
illumination off the surface and simultaneously receiving the reflected first and second beams of

iilumination ByGr iThAE LBkt RIBVIKE BREFDELIABHEN BIStRE! ERAIIRGS e PASE AaceriBSdiments of
the present gisghasiiapieydesssiiachesenaftesssiihaisirranse to the following drawings, in which: 11
FIG.1 shows a partial plan view of an exemplary system for inspecting wafers according to an exemplary
embodiment of the present disclosure; 5 FIG. 2 shows a partial isometric view of the system of FIG.1;
FIG. 3 showsan expladed pattial isampeldsiviewaharyrptisalfipsgection head of the system of FIG. 1
according to view "A" highlighted in FIG. 2; 10 FIG. 4 shows an exploded partial isometric view of a
robotic wafer table of the system of FIG. 1 according to view "B" highlighted in FIG. 2; FIG. 5 shows an
exploded partig).isosnetic Mievkpload@hrticavaismiaaderitnlonder ehtiosl mspemeel il dfageording to
view "C" highlighted in FIG. 2, 15 FIG. 6 shows an exploded partial isometric view of a wafer stack
module of the §58eth O FlacHtipg RNt Ve IgRR RSt FIG. 2; FIG. 7 shows a partial
isometric view of the optical inspection head of the system of 20 FIG.1; FIG. 8 shows a partial front view
of the é)ﬁtical inspection head of the system of FIG., 1; FIG, 9 shows optical {)iy pa{{g of illumipation
betweer a blifitfetBaN A XIS hRAa! Aaus Ha kB PRS VA RIgACAN Gl RESKHER Ruminator, a

firstimage captireaccording to view “B” highlighted in FIG. 2;

FIG. 5 shows an exploded partial isometric view of a robotic wafer loader/unloader of the

system of FIG. 1 according to view “C” highlighted in FIG. 2;

15
FIG. 6 shows an exploded partial isometric view of a wafer stack module of the system of
FIG. 1 according to view “D” highlighted in FIG. 2;
FIG. 7 shows a partial isometric view of the optical inspection head of the system of
20 FIG.1;

FIG. 8 shows a partial front view of the optical inspection head of the system of FIG.1;

FIG. 9 shows optical ray paths of illumination between a brightfield illuminator, a low
25 angle darkfield illuminator, a high angle darkfield illuminator, a first image capture

device and a second image capture device of the system of FIG. 1;

FIG. 10 is a flowchart of an exemplary first ray path followed by the brightfield
illumination supplied by the brightfield illuminator of FIG. 9;
30



device and a second image capture device of the system of FIG. 1; FIG. 10 is a flowchart of an exemplary
first ray path followed by the brightfield iIIuminationi pplied by the brightfield illuminator of FIG. 9; 30 12
FIG. 11 is a flowchart of an exemplary second ray path followed by the darkfield high angle illumination
supplied by the high angle darkfield illuminator of FIG. 9; FIG. 12 is a flowchart of an exemplary third ray

path followegtiy. the idarlfigiehaw analeciipmipalienmipRligipydhevew snaie dankfield Hiyminator of

FIG. 9; FIG. 13 shows ray path of illumination between a thin line illuminator and a 3D image capture
device or cafiéla brapEAtiamsipalied ahed ishias ehpdiidd it oA préddRt Yisclosure; 10 FIG. 14

shows optical ray path of illumination between a review brightfield illuminator, a review darkfield
illuminator and a review image capture device of the system of FIG. 1; FIG. 15 is a flowchart of an

exemplary féufth Fayspafleret BY BFRgRRATY haditmrathdhllavral By thredailaldeghinels iluminator

and the sevigmifiageosanByEeIBYigR A KagtAldriGe Gl AiloweBariof @n exemplary fifth ray path
followed by darkfield illumination between the review darkfield illuminator and the review image capture

device of FIG. 14; 20 FIG. 17 is a process flow diagram of process for inspecting wafers provided by an

embodiment@GthespiesepteisplesweilikindBds Bdprreass fienvahad Rhddgarange iBgRLEeation
process for creating . 25 reference images used for comparing v]f\ﬁft‘: images captured during performance
&?ﬂ?&ﬁt‘?ﬂ p«?@ggb

of the proceSPBYERSVIE? oF SAEKTANCR WRIFEHRAASE @ Rbadigretigt ks RS9 is a

process flowdgiagkame;of an exemplary two-dimensioned wafer scanning process with timing offset
perforrr118d during the process of FIG. 17 in accordance with an 30 embodiment of the present disclosure;
FIG. 14 shows optical ray path of illumination between a review brightfield illuminator, a

review darkfield illuminator and a review image capture device of the system of FIG. 1;

FIG. 15 is a flowchart of an exemplary fourth ray path followed by brightfield
15  illumination between the review brightfield illuminator and the review image capture

device of FIG. 14;

FIG. 16 is a flowchart of an exemplary fifth ray path followed by darkfield illumination

between the review darkfield illuminator and the review image capture device of FIG. 14;
20

FIG. 17 is a process flow diagram of process for inspecting wafers provided by an

embodiment of the present disclosure;

FIG. 18 is a process flowchart of a reference image creation process for creating
25  reference images used for comparing with images captured during performance of the

process of FIG. 17 in accordance with an embodiment of the present disclosure;

FIG. 19 is a process flow diagram of an exemplary two-dimensioned wafer scanning
process with timing offset performed during the process of FIG. 17 in accordance with an

30 embodiment of the present disclosure;



13 FIG. 20 shows a table of illumination configurations selectable by an illumination configurator of the
system of FIG. 1; FIG. 21 shows a timing chart for capturing of a first image by the first image capture 5
device and capturing of a second image by the second image capture device; FIG. 22a shows the first

image captured by the first image capture device of FIG. 1; FIG. 22b shows the second image captured

by the seconddmage gaprivre deyiceod! fltmihatibd FéafidaratbawsAccapRingd firstimagm@bir|G. 22a
and second image of FIG. 22b for demonstrating image offset due to the capture of the first image and

the second iRPAGEURFEPTHBS TR TS hbYhd: 15 FIG. 23 is a process flow diagram of a two-dimensional
image processing process performed in the process of FIG. 17 in accordance with an embodiment of the
present disclosure; FIG. 24 is a_process flow diagram of a first exemplarmree-dimensional wafer

scanning 20 BrocddsSieHofntigyg HemiReS B g O # firsichBraa e Wihish BABE GRREHE of the
present slisclasiée ahiGapiha Hracessiivimstis B mofasrRrphhexepiplanetivee-dimensional wafer

scanning process performed in the process of FIG. 17 in accordance with an embodiment 25 of the
present disclosure; FIG. 26 is a process flow diagram of an exemplary review process performed in the

process of FIGEG 1N iNsa6GerdreR it e epanedinient afthemiesemtdisdesies A @G- 27a shows an

exemplary optical ray path of illumination between a thin line illuminator and a 3D image capture device
or camera according to an embodiment of the present disclosure; 5 FIG. 27b shows another optical ray

path of illumiaion behyeethivvrdbin inr gllvapiiaiansand @adNage capiure disvie® PFraMera
accordilr(l)g to another embodiment of the present disclosure;
FIG. 22¢ shows a combined first image of FIG. 22a and second image of FIG. 22b for
demonstrating image offset due to the capture of the first image and the second image

when the wafer is moving;

15 FIG. 23 is a process flow diagram of a two-dimensional image processing process
performed in the process of FIG. 17 in accordance with an embodiment of the present

disclosure;

FIG. 24 is a process flow diagram of a first exemplary three-dimensional wafer scanning
20  process performed in the process of FIG. 17 in accordance with an embodiment of the

present disclosure;

FIG. 25 is a process flow diagram of a second exemplary three-dimensional wafer
scanning process performed in the process of FIG. 17 in accordance with an embodiment

25  ofthe present disclosure;

FIG. 26 is a process flow diagram of an exemplary review process performed in the

process of FIG. 17 in accordance with an embodiment of the present disclosure;



FIG. 27c shows another optical ray path of illumination between two thin line 10 illuminators and a 3D
image capture device or camera according to another embodiment of the present disclosure; FIG. 28a
illustrates reflection of illumination off a surface of a $&miconductor wafer, the reflected illumination for
producing a first response and a second response; 15 FIG. 28b illustrates multiple positions P1 to P9

along the sugface pfdheseRisonclenipradyaipriehir ey Pamabivilichilidiunasian iereliegind and

subsequently received by an_image capture device; and 20 FIG. 29 shows exemplary first responses and
second respBRYBE3EE 38 e dNitRASE RRIFTR GSItIERPIATY ACRTENSdp 2R s b igignh RIESs flow
diagram of athiyshthngersiinpgnsional (3D) wafer scanning process in accordance with particular
embodiments of the present disclosure. 25 Detailed Description The inspection of semiconductor
components, for example semiconductor wafers and dies, is an increasingly critical step in the

manufastureppifabrisatipbvaf seHENABE QN caMRARENSS. INcHeAatRch COBIEMItYRb CilstItyHRf
semiconductor wafers, coupled with 30 increasing quality standards for semiconductor wafers, has led to
an increasintf HEWRABES ARQR VLY QAT CRATEIF Wel i iRRPSEBRFSyLRaS ARAIHEATRRRIIERAN the
increasing 15f gRmppiexitydeicedeeteical circuitry of semiconductor wafers and the increasing quality
standards set by the semiconductor industry, accuracy and consistency of semiconductor wafer
inspection is increasingly critical. In particular, accuracy and consistency of identifying defects that may

be present opisenITEONghsIAr RS ipingieasingythd sNPditaihalibe HaserhdiselosHie mekates to
systems appﬁ;atuses, devices, methods, processes, and techniques for inspectin%@?vices, for example

semicoltbuctO BERHIR GRS 0P BaveapRys R4S e bRia Misovingdhiiodieistmbodiment

of the present disclosure;

FIG. 28a illustrates reflection of illumination off a surface of a semiconductor wafer, the
reflected illumination for producing a first response and a second response;

15
FIG. 28b illustrates multiple positions P1 to P9 along the surface of the semiconductor
wafer of FIG. 28a at which illumination is reflected and subsequently received by an

image capture device; and

20  FIG. 29 shows exemplary first responses and second responses associated with each of

positions P1 to P9 of FIG. 28b.

FIG. 30 is a process flow diagram of a third three-dimensional (3D) wafer scanning
process in accordance with particular embodiments of the present disclosure.
25
Detailed Description
The inspection of semiconductor components, for example semiconductor wafers and
dies, is an increasingly critical step in the manufacture or fabrication of semiconductor
components. Increasing complexity of circuitry of semiconductor wafers, coupled with
30 increasing quality standards for semiconductor wafers, has led to an increasing need for

improved semiconductor wafer inspection systems and methods. Given the increasing



10 For purposes of brevity and clarity, the description of embodiments of the present disclosure is limited
hereinafter to systems, apparatuses, devices, methods, processes, and techniques for inspecting
semiconductor wafers. It will however be understoool%y a person skilled in the art that this does not
preclude the present disclosure from other 15 applications where fundamental principles prevalent among

the various euRRRIAENET A ctiBRIESEAlHP LPSIHRISHitLBR PRAIRIIONAN fHRClIRRBds igPgRRIIance

characteristics are required. For example, the systems, apparatuses, devices, methods, processes, and

techniques pYaUHEd B\ RYiifssemisenelatslFUpEYp ASSEMCHiSRb SORSIESAWOf ser e sisiicting other
semiconductpsfeemppRents, RCudigspisinatiimeiedto. remicanduetaradP girs cbRRERRs. @nd solar

wafers or devices. FIG. 1 and FIG. 2 show an exemplary system 10 for inspecting semiconductor wafers
12 provided'$5PPEHMUISFERTBOGRheME oPth@iSPEBEMRMHISEIBRL Ueters 3Wa(RiG 1B MEGRsaibus aspects
or componentsyefiie. system 10 as according to various embodiments of 25 the present disclosure. The
system 10 can also be used for inspecting other types of devices or components (e.g., semiconductor
devices or components). In many embodiments, the system 10 includes an optical inspection head 14

(as shown infhtGrdled WRB6 Han sPRMERIBN JaRIB DAY BR LIS (BsB@VPristENes Hn@ robotic

wafer handler 18 (as shown jn FIG, 5), a wafer stack module 20 (as shown in FIG. 6) or film frame
cassette holfsITAAURSy (@spl ARG 18°Y4R 25T arfd U RAGSTERE SRY U BlatPURBRABI isdfitors 24 (as

shown in Fl(adar@ggqlgla{megs)t. AN sReveh by v Gehtanel fd6ee8, in various embodiments, the optical
inspection head 14 5 includes a number of illuminators, for example two, three, four, or more,

iIIuminéﬁ)rs, a number of image capture devices, for example two, three, four, or more image capture
devices. An ingppatidrasessehipicallyl ioMelwesttie taptipesnobrespdaaasdiysone tHemureseat the 10

T I e S e Tt Sinatr 1o oy o Aot ee Hovisas ahethods. Diocbeses, and
techniques for inspecting semiconductor wafers. It will however be understood by a
person skilled in the art that this does not preclude the present disclosure from other

15  applications where fundamental principles prevalent among the various embodiments of
the present disclosure such as operational, functional, or performance characteristics are
required. For example, the systems, apparatuses, devices, methods, processes, and
techniques provided by various embodiments of the present disclosure can be used for

inspecting other semiconductor components, including but not limited to, semiconductor

20  dies, LED chips, and solar wafers or devices.

FIG. 1 and FIG. 2 show an exemplary system 10 for inspecting semiconductor wafers 12
provided by particular embodiments of the present disclosure. FIG. 3 to FIG. 8 show
various aspects or components of the system 10 as according to various embodiments of

25  the present disclosure.

The system 10 can also be used for inspecting other types of devices or components (e.g.,
semiconductor devices or components). In many embodiments, the system 10 includes an
optical inspection head 14 (as shown in FIG. 3), a wafer transportation table or wafer
30  chuck 16 (as shown in FIG. 4), a robotic wafer handler 18 (as shown in FIG. 5), a wafer

stack module 20 (as shown in FIG. 6) or film frame cassette holder, an X-Y displacement



captured illumination (e.g., captured optical signals or a captured image) having properties or carrying
information content that corresponds to or is indicative of two dimensional (2D) or three dimensional (3D)
aspects of a particular portion or region of a wafer of%ubstrate surface. Additionally or alternatively, a
response can be defined as 15 illumination having properties or information content that corresponds to

or indicates |07 Blarrsneetsl R Rer i eiavsbriace wadRhconsdsMimaa aigsulhef the;.
illumination's interaction with the portion of the surface. In general, a response is includes or corresponds

to illuminationor image data having properties or information content that can be used to determine or
estimate particular 2D or 3D characteristics of a 20 portion of a wafer. In many embodiments, the optical
inspection head 14 includes a brightfield illuminator 26 (also known as a brightfield illumination emitter), a

low angle daI8IUMIRNbr 231G d15 - Khdraioysnbad afgiemilsHitRsAtiam By ddd a high

angle darkfigigRddiurainater 30 iialssiddaionnfas & sapréielcbhighan@ieriibiioasianenmitiess Agdditional
darkfield illuminators may be incorporated into the system 10, for instance depending upon particular

functions of HERGERFHBSI RN S BHSSalRTeRRMING 3N0-dhETe Rt dNNtRMAES S8 the high

angle darkfiegvilbdgninator 30 can be integrated as a single darkfield illuminator, which may be flexibly
positioned. 30 17 The brightfield illuminator 26, also known as a brightfield illumination source or
brightfield illumination emitter, emits or supplies brightfield illumination or light. The brightfield illuminator

26 is for examplaspeliash [rowRsertRHwhile lighllemiting e b regueiasayhpdiciantsobihipresent
disclosure, the brightfield illuminator 26 supplies 5 broadpand brightfield illumination havingowavelengths

of substntial B EBRSHERHER RYECSD oMM 2R otBRATRSA HolGERRIE S M8 588D a person
skilled in thecagstutieat ihe-drighidielddiimiaptiaadnaytiel obaaraasivewaxslesgthmand apieag properties.
10 In several embodiments of the present disclosure, hhe brightfield illuminator 26 includes a

properties or carrying information content that corfesponds to or 1s indicative of two

dimensional (2D) or three dimensional (3D) aspects of a particular portion or region of a

wafer or substrate surface. Additionally or alternatively, a response can be defined as

15  illumination having properties or information content that corresponds to or indicates 2D

or 3D aspects of a portion of a surface under consideration as a result of the

illumination’s interaction with the portion of the surface. In general, a response is

includes or corresponds to illumination or image data having properties or information

content that can be used to determine or estimate particular 2D or 3D characteristics of a

20  portion of a wafer.

In many embodiments, the optical inspection head 14 includes a brightfield illuminator
26 (also known as a brightfield illumination emitter), a low angle darkfield illuminator 28
(also known as a darkfield low angle illumination emitter) and a high angle darkfield

25  illuminator 30 (also known as a darkfield high angle illumination emitter). Additional
darkfield illuminators may be incorporated into the system 10, for instance depending
upon particular functions of the system 10. In various embodiments, the low angle
darkfield illuminator 28 and the high angle darkfield illuminator 30 can be integrated as a
single darkfield illuminator, which may be flexibly positioned.

30



first optical fiber (not shown) through which the brightfield illumination travels before being emitted from
the brightfield illuminator 26. The first optical fiber act% as a waveguide for guiding direction of travel of
brightfield illumination. In numerous embodiments of the present disclosure, the first optical fiber
facilitates directing of the 15 brightfield illumination emitted from the brightfield illuminator 26. The low

angle darkfieidd|lyrnater 3 rmdihrhioh anele daskielssilkpinsiaia® ¢ammalaadie knmed gs darkfield

illumination emitters or darkfield illumination sources, and emit or supply darkfield illumination. Generally,

darkfield illufis{ddilwnieatiog so iR ca 8P gk porlienbrahticld slugimasinqadighi dhsble

minimizationygfothe guantityitsierily traesmiied 4a1d4n-seatteedvioht eriesnadagiurgesponding
image capture devices. Typically, image capture devices for capturing darkfield ima%es receive only

ilumination SFYRJAL FAPALEERISOEhERESBY é@%ﬂw@oﬂ]@b})&&f@@?@ AlloRiRi oL 2BnRiepdiesff a surface

of the samplejeddBHicistiphagead daasialYfiave AR ERhaRtaimage 2isaRtiasy as-eosepasad to
brightfield images. Brightfield illumination and darkfield illumination are examples of contrast

iiluminations"FHEB% K951 ARG HRmIInEtE o8 QYT Bfe NGRSO IEtHIALE 46 are for
example flasilamipsthe Wi HYN emiltinedindesaynyvasy sehedinenisveldhanyesrniomalisclosure,
the darkfield illumination supplied by each of the low angle darkfield illuminator 28 and the high angle
darkfield illuRfitRiBI80 is of substantially similar 18 optical properties as the brightfield illumination. In
some embodiments, the darkfield illumination supplied by each of the low angle darkfield illuminator 28

and the high angle darkfielfﬂ, illuminator 30 is a broadband darkfield.illumjnation having avelength of
substahtially' BERYE2h SRARP %Hﬁﬁ@fégéﬁm%‘&%ewﬁﬂf%ﬁ]f? it;rté@ﬁﬁ 8 BigHifiem

illumination ¢t theridarkfield iHomnatian etsogtsyatrm 4 areshroadbianehiliuioinatioss ibeseneral

embodiments of the present disclosure. Alternatively, the low angle darkfield jllyminator 28 and the high
angle darkfielti ARt 59, y AR AR o o HEhABIE oth¥brithetoptical

properties. 1@dvemady esnbadimentairtsdavwotngle dladdielddHimeinainndhisipesitionedateulower
embodiments of the present disclosure, the first optical fiber facilitates directing of the

15  brightfield illumination emitted from the brightfield illuminator 26.

The low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 can
also be known as darkfield illumination emitters or darkfield illumination sources, and
emit or supply darkfield illumination. Generally, darkfield illuminators are carefully
20  aligned or disposed illumination or light sources that enable minimization of the quantity
of directly transmitted (or un-scattered) light entering their corresponding image capture
devices. Typically, image capture devices for capturing darkfield images receive only
illumination or light that has been scattered by a sample or object (e.g., reflected at
angle(s) off a surface of the sample). Darkfield images generally have an enhanced image
25 contrast as compared to brightfield images. Brightfield illumination and darkfield

illumination are examples of contrast illuminations.

The low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 are for
example flash lamps or white light emitting diodes. In many embodiments of the present
30  disclosure, the darkfield illumination supplied by each of the low angle darkfield

illuminator 28 and the high angle darkfield illuminator 30 is of substantially similar



angle, as compared to the high angle darkfield illuminator 30, to a horizontal plane of the semiconductor
wafer 12 placed on the wafer table 16 (or to a horizontal plane of the wafer table 16). 15 In some

embodiments, the low angle darkfield illuminator 28 @positioned at an angle of between approximately
three and thirty degrees to the horizontal plane of the semiconductor wafer 12 placed on the wafer table

16 and the high angieopartiéielss hsmpnaterndd ininesHiened pf apmanglaideluesHrRPRiARLElY thirty
and eighty-five degrees to a harizontal plane of the semiconductor wafer 12 placed on the wafer table 16.

20 The abovEunintiogaslicd by oftindavaateiidrddisiddbumiep it sihths bighetitsilty upon

function or chanasieristichRfatoe SYStem viladdandidsting-thaingsitienf pashohthaviavnangls darkfield
illuminator 28 and the higt;lr\angle darkfield illuminator 30. In several embodiments, the low angle darkfield

illuminator 28°8H@nHalmidirtrge @ darkidirgiRMmmad 30%emad AisdsdRasarndiethititbpiical fiber

respectiyely grghtserRivNutRrRMalh whic hndadkhiehd idluminatianot avetadsjerabenaemiltaduhrrefrom. The
second and third optical fibers act as a waveguide for guiding direction of travel of the darkfield

iilumination thiBOERERN BrReTBl AR BSHE NErREEBY S8Rt tRe MgRAhER dHIkABK iluminator
30. In additiongibedecnad apiaahiher fcilirtemdinasting i SQrmakigichifirinatorypiyted from the
low angle darkfield illuminator 28 and the third optical fiber facilitates directing of the darkfield illumination
emitted from R Hlh TG R RHEECRUPKEIRIEES. MARFTRRSIFSUIBREE'BY each of the brightfield
illuminator 26, the low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 can be
controlled, and can be either contir%ﬁé) sly supplied or pulsed. 5 In various embodiments, the wavelength

[

spectrdfhs of hBIAERE BREMHERTSH thhitaN P &ln dakHa e A morRigticns e Mot et A A g e inspection
and defect dgtgrsion edithirradaterselzoB wadband flllminatiomenaies idaotiicatioprha svide range of

wafer defect types with varying surface reflectjvities. In addition, in particular embodiments, the similar
broadband ﬁﬁ%?&ﬂgﬂ‘fé"&}f%r‘]ﬁ{ the @ﬁ@?ﬂii%vdthﬁmfs% gﬁnaqf{srd rsiaRT 10 rncfﬁ%?i d6.g., the low
angle darkfieldfdtrmnation and high angle darkfield

15  In some embodiments, the low angle darkfield illuminator 28 is positioned at an angle of
between approximately three and thirty degrees to the horizontal plane of the
semiconductor wafer 12 placed on the wafer table 16 and the high angle darkfield
illuminator 30 is positioned at an angle of between approximately thirty and eighty-five
degrees to a horizontal plane of the semiconductor wafer 12 placed on the wafer table 16.

20  The above-stated angles can be determined and altered as desired, for instance depending
upon function or characteristics of the system 10, by adjusting the position of each of the

low angle darkfield illuminator 28 and the high angle darkfield illuminator 30.

In several embodiments, the low angle darkfield illuminator 28 and the high angle
25  darkfield illuminator 30 include a second and a third optical fiber respectively (not
shown) through which darkfield illumination travels before being emitted therefrom. The
second and third optical fibers act as a waveguide for guiding direction of travel of the
darkfield illumination through each of the low angle darkfield illuminator 28 and the high
angle darkfield illuminator 30. In addition, the second optical fiber facilitates directing of
30  the darkfield illumination emitted from the low angle darkfield illuminator 28 and the
third optical fiber facilitates directing of the darkfield illumination emitted from the high



illumination) enable the inspection of the wafer 12 to be performed independent of reflective
characteristics of the wafer 12. Accordingly, in particular embodiments, the detection of defects on the
wafer 12 may not be undesirably influenced due to different sensitivities, reflectiveness, or polarization of
the wafer 12 due to different illumination 15 wavelengths. In many embodiments of the present

disclosure, thgdntensifigsl@f thahniaitield. ilyminatienand e darkielehiininatien suprirgdby the
brightfield illuminator 26 and the darkfield illuminators 28, 30 respectively can be selected and varied as

required 20 HSPBHGRG SA-whselory engladaidind, Fipainainse handidiomsd yagls forificlddition, the
intensities of gaghafdihsokrighéielshilisminatian anddatkfiedd ilwminstions saeike prelegted and varied as

required for enhancing quality of images captured of the wafer 12, and for enhancing inspection of the
wafer 12. 25 As shown in FIG. 7 to FIG. 8, in various embodiments, the system 10 further includes a first

image capturg daviag 3 0eiAdiE! ERMeERILRAGR SRERENATBERRH 8 saxice B4 luhanaisacond
camera). In numerous embodiments, each of the first image capture device 32 and the second 30 image

capture devitdagerkiield iiaramationsiFrP Brh At MY rindsBReLep e 35/t deifgiRetd MGminator 26
and the darkfiefdriilumiBasians sy PRliechB@ashblet R davridei angieadariéiels sdiusminater d&eand high

angle darkfield illuminator 30. Brightfield and . darkfield illuminations received by or entering the first image

capture deviB®% Yo XHEARg ABIACAr SE RS A pel e PR o L ARt B coPfiBdiNg thfages.

Brightfield anehilarkiiekdijhnminatiens saeeivedhy ahenesngidne sreandticingadcaptusadevige 34 is 5
focused on aHsecond image capture_plane for captuge, of _c]gre,qunding imag?ls. The first image capture

device %> ard4Rne8eBR d fifagdiEapttite dalicda sl ipriiomRd chrem Al sr daikHfiages. In

many embodimemstiti 2bilBleteheapispecaoloniniagesaaiitne wafee Jp2tsingeithaegeatiale & a
three-chip coloy sensor carried by the 10 ima%e capture de\é‘iéﬁs 32 and. 34 enhances at least one of

accuracy antFEFERY SHRLIEET IR Hohe P8R ek drpfaCRE Mgty b RS SIBPHRSES of ifie wafer 12

can help to detection of defects on the wafer 12 may not be undesirably influenced due to different
sensitivities, reflectiveness, or polarization of the wafer 12 due to different illumination

15  wavelengths.

In many embodiments of the present disclosure, the intensities of the brightfield
illumination and the darkfield illumination supplied by the brightfield illuminator 26 and
the darkfield illuminators 28, 30 respectively can be selected and varied as required
20  depending on wafer 12 characteristics, for example material of the wafer 12. In addition,
the intensities of each of the brightfield illumination and darkfield illuminations can be
selected and varied as required for enhancing quality of images captured of the wafer 12,

and for enhancing inspection of the wafer 12.

25  As shown in FIG. 7 to FIG. 8, in various embodiments, the system 10 further includes a
first image capture device 32 (i.e. a first camera) and a second image capture device 34

(i.e. a second camera).

In numerous embodiments, each of the first image capture device 32 and the second
30  image capture device 34 is capable of receiving brightfield illumination supplied by the
brightfield illuminator 26 and the darkfield illuminations supplied by each of the low



reduce false detection of defects on the wafer 12, and correspondingly false rejection thereof. 15 In many
embodiments, the optical inspection head 14 includes a first tube lens or tube lens assembly 36 for use
with the first image capture device 32. In addition, influmerous embodiments, the optical inspection head
14 includes a second tube lens or tube lens assembly 38 for use with the second image capture device

34. In numergisscedaRashimentsmitbeotirst thie 18ns SGandaieisaconhiuhe et 3ishategqammon optical

characteristics 20 and functions. Accordin I%the tube lenses 36 and 38 have been labeled the first tube

lens 36 and §3EkEsld Aliumieations dscsdisl Ror StrpysE Bthe APt IAPALH CaRIES AlfYRts SthdSoptical
inspection headdd dlse Elkidasanuapaat Hatigst veplersescHt {9y sadipctive.lens pssamblies 40), for

example four objective lenses 40. In 25 various embodiments, the objective lenses 40 are collectively

mounted on A fotats BRI 048 QeeWRGRYERE CRiCTiRi thiscroRd dBIRSO F ISR SIRHG AR of the
numberf objasidelens0RPRveaapeReplialt POsHip (ot sbavipbriMdish e wafer 12 can be

positioned for inspection. 30 In numerous embodiments, each of the number objective lenses 40 can be
shaped and configured to achieve a different magnification. In addition, in many embodiments, the 21

objective lensigOraseinaidecabtiicavarl smbrrinertomritieh.ol ipnwnkes@f phieglive éemsr40 is of a

different predetermined magnification factor, for example five times, ten times, twenty times, and fifty

times. In sorMPRRBEERRIEN R S84 dRietuiioBRBY sBjkeduReRiRsLReanPAY 4o §tRMEd SYi®¥ration in
infinity. It willhaweevsr fhe wadarstoadiSehytbdpersoipikided inrteecarp thabeaeshsef taerizdmbenef objective

lenses 40 can be changed, redesi?Sned or reconfigured to achieve a different magnification and

perform3nce ASH SR H5U e nrs Btdnié PRI R L AERSHRE ARCaRTRE R ESEr 10

illuminator 28caadithe higheangigdankfigldiumioaiard isludes o wsing wagansotamaepaisms for
directing or focusing the darkfield illumination therefrom towards the wafer 12 positioned at the inspection
positiong.] In 65%]8& ?Eéc?n&‘}a%%&fu 3.% egﬁg%l tﬁe wafer 12, an correspondmgl?/ tsafse rejection P

thereof.

15 In many embodiments, the optical inspection head 14 includes a first tube lens or tube
lens assembly 36 for use with the first image capture device 32. In addition, in numerous
embodiments, the optical inspection head 14 includes a second tube lens or tube lens
assembly 38 for use with the second image capture device 34. In numerous embodiments,
the first tube lens 36 and the second tube lens 38 share common optical characteristics

20  and functions. Accordingly, the tube lenses 36 and 38 have been labeled the first tube
lens 36 and the second tube lens 38 solely for purposes of clarity.

In many embodiments, the optical inspection head 14 also includes a number of objective
lenses 40 (or objective lens assemblies 40), for example four objective lenses 40. In
25  various embodiments, the objective lenses 40 are collectively mounted on a rotatable
mount 42 (as shown in FIG. 3), which is rotatable for positioning each of the number of
objective lens 40 above an inspection position (not shown), at which the wafer 12 can be

positioned for inspection.

30 In numerous embodiments, each of the number objective lenses 40 can be shaped and

configured to achieve a different magnification. In addition, in many embodiments, the



between the low angle darkfield illuminator 28 and the horizontal plane of the wafer 12 and the angle
between the high angle darkfield illuminator 30 and the horizontal plane of 15 the wafer 12 can be
determined and adjusted for enhancing accuracy of bfect detection. In several embodiments of the
present disclosure, each of the low angle darkfield illuminator 28 and the high angle darkfield illuminator

30 has a fixeshratial pRsiPardvHRIArancR Jeri MNSRBRTIN PO fReathebenirasipants of the
present disclosure, 20 the position of each of the low angle darkfield illuminator 28 and the high angle

darkfield illusinAbisetia dilfienshs windsicraridema ankiaLoBcRsIPh JSkiSFR NI G HO #IGS- dFBration of the
system 10. AmfdesenbRE ahave, ihandmy eimhadimenisdeitbé huaitfieidHlvminatiamard tre 25

darkfield illuminations can be focused, or directed, at the inspection position, and. accordingly a wafer 12

positioned aPMEFHEIRIEH Pbaioh coreckihrbsERFRt AR ARLIBHY aHHEeAYRYEI PRI ARSI focused,

or directed, athejaspaciiandeosition enalia: BawRninatian ahmveaier bBj@tiadtien thereef wositioned at
the inspection position. 30 As shown in FIG, 6, in various embodiments, the system 10 includes a wafer

stack 20 or fli#ftEsthe tedssignsholaker 'R iBERde b odfiEYSs, th&iarentstAteB b fteedots to 22

hold a numbggrefiaters 12. In some embodiments, each wafer 12 is sequentially loaded or transferred
onto the wafer table 16 (shown in FIG. 4) or wafer chuck by the robotic wafer handler 18 (shown in FIG.
5). A suction or vacuum can be applied through the wafer table 16 for securing the wafer 12 thereonto. In

some embodimenisy tgvrfipidakleod Ikinskidas dinrdaterningd summdersf smglkhalerfnapertures
through which vacuum is appli d{k%@nabl(f a %Egibﬁand flat positio,nicrtlég‘gof a flex frame tape and a frame
(both it s TBHLG e ARMArEITABRY PBEIR AYRLTLY UMBBH AR ML ARSI M TS Haped,
dimensionedna¢ithiesigmed da-dindle wrfarside? vk adsize srRngauafibatvieencastebinclowings approximately

six and twelve inches in diameter. In particular embodiments, the wafer 10 taple 16 can be shaped,
dimensioned & a%s?gﬁﬁmsfiﬁha WRTRFSUPS GrORIHeRen s UL CHBY i SERBRCKIRNS thi3h Hhbfoximately

six inches, aphghwrenetliadtvaRREXidAaLEY AWRIMEIHNOAES and the horizontal plane of the wafer 12
and the angle between the high angle darkfield illuminator 30 and the horizontal plane of

15  the wafer 12 can be determined and adjusted for enhancing accuracy of defect detection.

In several embodiments of the present disclosure, each of the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 has a fixed spatial position
with reference to the inspection position. In other embodiments of the present disclosure,
20  the position of each of the low angle darkfield illuminator 28 and the high angle darkfield
illuminator 30 is variable with reference to the inspection position during normal

operation of the system 10.

As described above, in many embodiments, both the brightfield illumination and the
25  darkfield illuminations can be focused, or directed, at the inspection position, and
accordingly a wafer 12 positioned at the inspection position. The brightfield illumination
and the darkfield illuminations focused, or directed, at the inspection position enable

illumination of a wafer 12, or a portion thereof, positioned at the inspection position.

30  As shown in FIG. 6, in various embodiments, the system 10 includes a wafer stack 20 or

filmframe cassette holder. In several embodiments, the wafer stack 20 includes slots to



In many embodiments, the wafer table 16 is coupled to the XY-displacement table 22, 15 which facilitates
or enables the displacement of the wafer table 16 in g X- and a Y- direction. Displacement of the wafer

table 16 correspondingly displaces the wafer 12 plated thereon. In many embodiments, the displacement
of the wafer table 16, and hence displacement of the wafer 12 placed thereon, is controlled for controlling

the positionipg] P} ienefest LWaflrhR INAPRFHORHABSHRRNEN LY wishlacemenfiahieB2 s @lernatively

20 known as an air-gap linear positioner. The XY-displacement table 22 or air-%aég linear ﬁositioner

facilitates high prSs{EIssIdERabe e bibe Walsheylan 81 1 X WAl ek teiRRMitnimal effect

of vibration tiarsmiiadi&ons Rasest Bf the systemsibiion thewalaniahle 36 A ansiasanaeoth and
accurate positionin%g the wafer 12, or a portion thereof, at the inspection position. 25 In numerous

embodimentyRE A HE JRIGSTHEHE T 85 A d/etrenioa ity YBR TR ATk s B ctHaY S mpeners or
vibration isolpdqre RAdAS shaweriniid®nanteAbsaraIsheIek s OipiREEONFoappiad dp theusy-Risplacement

table 22 and/or the wafer table 16, and to ensure flatness of the XY-displacement table 22 and/or the

wafer table PERIEGVE AP lesadisliable gadifatpostioniag i e frameivie ad 83rameiiPsE A9breciated by

a person skilipehifl taatarhthatafdickmaéive meanaisns QhstRuiaestsMaY RafpwyrRdWiokkgRA With the
wafer table 16 controlling the displacement thereof, and for facilitating high precision fine positioning of

the wafer 129400 TSseRRG oSG0 BARHE R S bOAAetES TRk YrBsBrie e LRI HRE inspection
of the wafer dphfokisietesting pagsiviadeiraissthereamissperiopnedumiilenibedivaéatsl Znis Wwaraption. This is
to say, the capture of images, for example brightfield jmages and darkfield images, of the wafer 12
occurs'ds this s ‘iazlik%ﬁﬁ@eéiéﬁmﬁ%ﬁ%ﬁo&%@%ﬁi%ﬁﬁ%%mﬁh DAl B Eiments of the
present disciosuistnerycsewhivaigpiekaandle siappridindad therinagingppeansdeigapieiee

high-resolution images, if the user so chooses by programming
mcnes.

In many embodiments, the wafer table 16 is coupled to the XY-displacement table 22,

15  which facilitates or enables the displacement of the wafer table 16 in a X- and a Y-
direction. Displacement of the wafer table 16 correspondingly displaces the wafer 12
placed thereon. In many embodiments, the displacement of the wafer table 16, and hence
displacement of the wafer 12 placed thereon, is controlled for controlling the positioning
of the wafer 12 at the inspection position. The XY-displacement table 22 is alternatively

20  known as an air-gap linear positioner. The XY-displacement table 22 or air-gap linear
positioner facilitates high precision displacement of the wafer table 16 in the X- and Y-
directions with minimal effect of vibration transmitted from the rest of the system 10 to
the wafer table 16 and ensures smooth and accurate positioning of the wafer 12, or a
portion thereof, at the inspection position.

25
In numerous embodiments, the XY-displacement table 22 and/or the wafer table 16 are
mounted on the dampeners or vibration isolators 24 (as shown in FIG. 2) to absorb
shocks or vibrations, applied to the XY-displacement table 22 and/or the wafer table 16,
and to ensure flatness of the XY-displacement table 22 and/or the wafer table 16 as well

30  as other modules or accessories mounted thereon.



the configuration table. As previously mentioned, the system 10 includes the first tube lens 36 and the
second 15 tube lens 38. In several embodiments of tge present disclosure, the first tube lens 36 is
positioned or disposed between the objective lenses’and the first image capture device 32. Illumination
passes through the first tube lens 36 before entering the first image capture device 32. In several

embodimentg it RisReBHaUOIHErEIERENH HHealenn CisnpesligreshhRMEsNIhBLbjective

lenses 40 and the second image capture device 34. 20 lllumination passes through the second tube lens

38 and defleti® Iy RRIAbIOPHHEH Hthodpsbiémy thesataithmibydisalisacdbicEess. In many
embodimentg,eash aiciieanignhamobriierivailenpesidonias ercorestas: abesratipniiypebniy.
Accordingly, illumination or light received by the objective lens 40 25 is collimated thereby. Therefore, in
many embod@?EIE; illumination traveling between the objective lens 40 and each of the first tube lens 36
and secend tube lens 38 is collimated. The collimation of illumination traveling between the objective lens
40 and each of the first tube lens 36 and the second tube lens 38 enhances ease and flexibility of

positioning df'e SR BFMBIHLPFRE gRf RS HE58LiIAEYosH dhs dBuRi A ethephias 3bdVice 34

respectively JthetimploRetadioRcrnseonfiihrtdmianspicife 3t als02 elinminaiasihemeaddo refocus
illuminations entering each of the first image capture 24 device 32 and the second image capture device

34 when diff$t¥ntispaRINE RINDa2aY L0k SiarwIsPHahifisH tmeesrRdBRSEitlimpetoiibfeases ease

of introductia@sid 2asitinnisghefesitional wptisali sampaneriss hanapesavepdiadhasystas 10,
particularly between the objective lens 40 and each of the first tybe lens 36 and the 5 second tube lens
38. In Hbst &M Bi‘?‘i%eéﬁfs e DIRSSRh I ERIOBLEE VETE B6Hintatish bt SintmatRRPehABAs NSitw

introduction angkRgsitieaisgocdpadiEana-epital 60 MRERENISIHRNAGECSIDUBSIY Hrogyusiahdo,
particularly between the objective lens 40 and each of the first tube lens 36 and the second tube lens 38,
without a ne SYAHG0AMYShe rest of the system 10. In addition, in several embodiments, the above
arrangement helps 10 to achieve longer working distance between objective lens 40 and the wafer 12 as

As previously mentioned, the system 10 includes the first tube lens 36 and the second
15  tube lens 38. In several embodiments of the present disclosure, the first tube lens 36 is
positioned or disposed between the objective lenses and the first image capture device 32.
[lumination passes through the first tube lens 36 before entering the first image capture
device 32. In several embodiments of the present disclosure, the second tube lens 38 is
positioned between the objective lenses 40 and the second image capture device 34.
20  Illumination passes through the second tube lens 38 and deflected by a mirror or prism 47

before entering the second image capture device 34.

In many embodiments, each of the number of objective lenses 40 has a corrected
aberration in infinity. Accordingly, illumination or light received by the objective lens 40
25  is collimated thereby. Therefore, in many embodiments, illumination traveling between
the objective lens 40 and each of the first tube lens 36 and second tube lens 38 is
collimated. The collimation of illumination traveling between the objective lens 40 and
each of the first tube lens 36 and the second tube lens 38 enhances ease and flexibility of
positioning of each of the first image capture device 32 and the second image capture
30 device 34 respectively. The implementation, or use, of the tube lenses 36, 38 also

eliminates the need to refocus illuminations entering each of the first image capture



compared to that used in existing equipment. Longer working distances between the objective lens 40
and the wafer 12 is typically necessary to use darkfield illuminations effectively. 15 It will therefore be
appreciated by a person skilled in the art that the system 10 of the present disclosure allows for flexible
and in-situ design and reconfiguration of components of the system 10. The system 10 of the present

disclosure egbaes aagaRf sitbadusiiar afduiRnevakofORtical HORBRANSHIE A ARGRSSAleRdNto and out
of the system 10. 20 In many embodiments, the first tube lens 36 facilitates focusing of collimated

illumination &#¢9-tH8 AdditiRBgdheaprlliBpione oSNt iiseasRbsdif cdntFRIstiesnatibe lens 38

facilitates fogdsinehcobimatRetisuniniRa OBtRehsRGORE INABR BRBIUIRDIANE . X NRIOWS,
embodiments, the first tube lens 36 is positioned such that the 25 first imagu?}?%a]gtug{glane corresponds
ae

to a first focAYEITHATEF ARBSRL hespRicttycniERs (he Arst f36k Rhthsd pehens 38 is

positiongd syedbiliphibie 1886380 1HMAGH easUm IR ERRECFRABAISIRAsBRONHRealienah orf distance
associated with the second tube lens 38. Although, tube lenses 36, 38 are described for use with the

system 10 JHUBVBCE AR il b e Prlisht R Beriteain sl AcdiiapHrartisal S BPRPBEEbN 30 skilled

in the art thagai@isnabmesapticalsisyieas 00 MesAMsHHeRYRanseEderenahling sadinagHat of
illumination, more specifically the brightfield and darkfield illuminations, 25 and the subsequent focusing

thereof onto ‘BRHESHIPR Iinst 0498 Bpisranstdnbealsasnd: Lt tisgd fptaredighenedpectively in

other embodiggestsief haqaresentdisdipRiien keameapRavneN b ohbiePesertaiscosise, the first
image capture device 32 and the %second ima%e capture device ?%lare pos(ié:i%[)ed alongrlrzjjacent
parallel AxedOTHIEY 5N ETSHGHE T tISTRPSEiPHGE TARIE Uil 2 A AP th ESeldHd iftadd capture

device 34 areolptesmire chieruaduaingxspate afappiest by dhgctirsidmage dative deveeesdtand the

second image captur devi8e 34 t%uch that the s¥stem 10 occupies a smaHIe{( 0 %I area (i.e. is
y arktield 1

space-efficie ective lens 40 and the wafer 12 is typically necessary to use 1luminations

effectively.

15 It will therefore be appreciated by a person skilled in the art that the system 10 of the
present disclosure allows for flexible and in-situ design and reconfiguration of
components of the system 10. The system 10 of the present disclosure enhances ease of
introduction and removal of optical components or accessories into and out of the system
10.

20
In many embodiments, the first tube lens 36 facilitates focusing of collimated
illumination onto the first image capture plane. Similarly, in many embodiments, the
second tube lens 38 facilitates focusing of collimated illumination onto the second image
capture plane. In various embodiments, the first tube lens 36 is positioned such that the

25  first image capture plane corresponds to a first focal length or distance associated with
the first tube lens 36; and the second tube lens 38 is positioned such that the second
image capture plane corresponds to a second focal length or distance associated with the
second tube lens 38. Although, tube lenses 36, 38 are described for use with the system
10 of several embodiments of the present description, it will be appreciated by a person

30  skilled in the art that alternative optical devices or mechanisms may be used for enabling

collimation of illumination, more specifically the brightfield and darkfield illuminations,



10 In several embodiments of the present disclosure, the system 10 further includes a number of beam
splitters and mirrors or reflective surfaces. The beam splitters and mirrors or reflective surfaces are
positioned for directing and redirecting the brightfiel&sillumination and the darkfield illuminations from
each of the low angle darkfield 15 illuminator 28 and high angle darkfield illuminator 30. In most

embodimentsaf thesRiRsqiidisstasiHe (b sy siat M dHshendeiides.a.Ccertdle plagesingndnit (CPU)

(also known as a processing unit) with a storage memory or database (also known as a post processor)
(not shown) STRNEBIISE eABEIFCRIRPO EFBRTATGRIdAI FRRUHESHINEH T (e StHEl S Btnents of the
system 10, for example the first image capture device 32 and the second image capture device 34. In
many embodiments of the present disclosure, images, or responses, captured by the first image capture

device 32 arl@ RS SEORAIMeRe bR devictisshpsre JhsVEREERE6 fRige yifas2aadRsmitted to

the CPU. 25¢ sranmesebegimentsy ibe ARk ip Ridsrrmmshiedghaiacessing wniesmatiospansare
specifically the image si%nals, transmitted thereto to thereby detect defects present on the wafer 12. In

several embBRfiHeRLOMAdpTdEMEcFRpiBLUTe Vit Hetbd B e aRfdtIe ST aNY S ST Horformed

automaticallydiyrthi &y stanmelidciipdspieee sRapitidally yetiies8Qiadl) cipeemacebadinentthef the
present disclosure, the inspection of wafers 12 by the 26 system 10 is automatic, and controlled by the

CPU. AlternR%RII, HHASHSPRUDADACH AP BT e ¥R ThOSF YRS ASTRA AT i4fe A BY Uteast one
manual inputs kpapaeyreisRgdiments, the CPU is programmable for storing information transmitted 5
thereto in a database. In addition, the CPU is programmable for classifying detected defects. In addition,
the cPWis preferably programmed for storing processed information, more specifically the processed

images and fefestsrdetestedinnthe databaprssdnurthiss cairilstheoarsing qapiurehef imaaass processing of
captured images, and detection . of defegts on the wafetlis 12 are ptrovided below. ,
number of beam splitters and mirrors or reflective surfaces. The beam splitters and
mirrors or reflective surfaces are positioned for directing and redirecting the brightfield
illumination and the darkfield illuminations from each of the low angle darkfield

15  illuminator 28 and high angle darkfield illuminator 30.

In most embodiments of the present disclosure, the system 10 further includes a central
processing unit (CPU) (also known as a processing unit) with a storage memory or
database (also known as a post processor) (not shown). The CPU is electrically

20  communicatable with or coupled to the other components of the system 10, for example
the first image capture device 32 and the second image capture device 34. In many
embodiments of the present disclosure, images, or responses, captured by the first image
capture device 32 and the second image capture device 34 are converted into image
signals and transmitted to the CPU.

25
In many embodiments, the CPU is programmable for processing information, more
specifically the image signals, transmitted thereto to thereby detect defects present on the
wafer 12. In several embodiments of the present disclosure, the detection of defects on
the wafer 12 is performed automatically by the system 10, and more specifically by the

30 CPU. In some embodiments of the present disclosure, the inspection of wafers 12 by the



10 It will be appreciated by a person skilled in the art, using the description provided above, that the
brightfield illumination emitted from or supplied by the brightfield illuminator 26 and the darkfield

illuminations emitted from each of the low angle darkfeld illuminator 28 and the high angle darkfield
illuminator 30 (hereinafter referred to as darkfield low 15 angle or DLA illumination and darkfield high

angle or DHA&yitumingtignsaspecii/eint eaahdabiavey amdifferant raypailIpPiicalRdbtHIG A0 shows a
flowchart of an exemplary first ray path 100 followed by the brightfield illumination according to an

embodiment'&ie Irddethedlslaeionelstsierts Sdprt vatest BefileisRnpAACHBb B htfield illumination or

light is supplied by the brightfield illuminator 26. As previously mentioned, the brightfield illumination can
be emitted from the first optical fiber of the brightfield illuminator 26. The first optical fiber directs the

brightfield illiMaRS S ERRIEBHEm hse GrignisideP aiammatly 5. pesigeiafImaionodikenteeds the

presentslisclasriie, theabdighttiedd urigmiian prssea thEope@yantaRBRNERT ddsslfitnsonsiensar 44
concentrates the brightfield illumination. In a step 104, the brightfield illumination is reflected by a first

reflecting sufSiEstor Atirdddiiiftyr. BRghthEd MuRTHEIRIY e RSB the A stSTRHBRLIRY EEse is directed
towards 30 mfsghhesinspritescddically the fisiheanmsplttandticeiiasisericleastapodiemafthe

brightfield illumination striking thereonto in a step 106. In several embodiments of the present disclosure,

the first beam S PRtEs AR HEELHEASRRINR 2 ERHES oA PRITHIRERS 61P3BI9D IMARAP HRWEARF B Nunderstood

by a person skillgddil thelastihai-the R I{@t{@d@ﬂm&{xfst beam splitter 48 can 5 be adjusted as required
for controlling the intensity or amount of brightfield illumination reflected or transmitted thereby. The

brightfigl)d illumination reflected by the first beam splitter 48 is directed towards the inspection position.
More specifipaliyll the dppatifiedd By mjasiansieflegtediny dheditat 4 beampsilitterod@iigl disected towards
the objectiv%}llgp ﬁlg gr?glﬁl llglgelﬂl,%’{l%%ttll%l’? Br?l\llgeg]?rom or supplied by the brightfield illuminator 26
and the darkfield illuminations emitted from each of the low angle darkfield illuminator
28 and the high angle darkfield illuminator 30 (hereinafter referred to as darkfield low
15 angle or DLA illumination and darkfield high angle or DHA illumination respectively)

each follows a different ray path or optical path.

FIG. 10 shows a flowchart of an exemplary first ray path 100 followed by the brightfield
illumination according to an embodiment of the present disclosure.
20
In a step 102 of the first ray path 100, brightfield illumination or light is supplied by the
brightfield illuminator 26. As previously mentioned, the brightfield illumination can be
emitted from the first optical fiber of the brightfield illuminator 26. The first optical fiber
directs the brightfield illumination emitted from the brightfield illuminator 26. In several
25 embodiments of the present disclosure, the brightfield illumination passes through a

condenser 44. The condenser 44 concentrates the brightfield illumination.

In a step 104, the brightfield illumination is reflected by a first reflecting surface or a first
mirror. Brightfield illumination reflected by the first reflecting surface is directed towards

30  afirst beam splitter 48.



inspection position. In a step 108, the brightfield illuminator 26 is focused by the objective lens 40, at the
inspection position or the wafer 12 positioned at the %nspection position. 15 Brightfield illumination
supplied by the brightfield illuminator 26, and focused'at the inspection position, illuminates the wafer 12,
more specifically the portion of the wafer 12, positioned at the inspection position. In a step 110, the

brightfield illymingtioBdsni eheeted dycinewataske ap[?m@ﬁeﬁ‘ BHetBe dnaraationResition saikBoghtfield
illumination reflected by the wafer 12 passes through the objective lens 40 in a step 112. As previously

mentioned, the"6BfeR 0 (ERR A0NAR sF¥erberrRPABReRLtioh the RIFRAS! iR tRIOSTEMBSIEREEDS the
present inveggiaferBoghtfie!d: ilkmivalinmiassifgothiauah theebjechvertens 4015 ¢NBRIEdY the
objective lens 40. The degree of magnification of the brightfield illumination by the magnifying lens is
dependent o¥PlEst o84 RN GHmGERTbKE e?omdhﬁ?é*dhfééhemr@tmé%rﬁfféﬂaeﬂmn%mak?aﬁ &&&ing through
the objestiveslengdiids slireciacetpaieminglfirsthaamnspiittar Afodntd Step:Adtbl dhenhrahiield
illumination strikes the first beam splitter 48 and a portion thereof is transmitted through the first beam
splitter 48. E5EFfIET HraBsBREFHHERISMimination transmitted through the first beam splitter 48 in the step
114 28 depends on the R/T ratio of the first beam splitter 48. Brightfield illumination transmitted through
the first beam splitter 48 travels towards a second beam splitter 50. In several emhodiments of the

present disclb&uRsIghEgd b mannationgsttesics Py hsel s RramhsPiBiRe A eied QRS B8 having a

predeterminggiRctisatisoditisemgormbedinenis aidheipresaat diselpsu teaddiddraiatis $@¢b0. The R/T
ratio may be varied as reguired. Use of the gubic beam splitter 50 is p_referre%because the cubic beam

splitter 50 sp1RamISRHSRSH Feodisaiadrierasgsiths &gée%‘ﬁ%a\?‘b%ﬁ?s?ﬂ%ﬂnﬁé FTR%iaRedbis person
skilled in theiagpébasdihpeadigurationsand Sispaofihighetdic 1dbaantosphteis SRHwidearovidadetter
performance and alignment for this purpose. Extent of illumination reflected or transmitted py the second
beam splitteP ‘iEV(fe%BﬁéénPBW&@SWIP&iBOSTtlﬂ% %%wﬁgwémm?@& #h BS{BPIiEtne

brightfield illpaitition strikes

15  Brightfield illumination supplied by the brightfield illuminator 26, and focused at the
inspection position, illuminates the wafer 12, more specifically the portion of the wafer
12, positioned at the inspection position. In a step 110, the brightfield illumination is

reflected by the wafer 12 positioned at the inspection position.

20  Brightfield illumination reflected by the wafer 12 passes through the objective lens 40 in
a step 112. As previously mentioned, the objective lens 40 has a corrected aberration in
infinity in most embodiments of the present invention. Brightfield illumination passing
through the objective lens 40 is collimated by the objective lens 40. The degree of
magnification of the brightfield illumination by the magnifying lens is dependent on the

25  magnification factor of the objective lens 40.

Brightfield illumination passing through the objective lens 40 is directed towards the first
beam splitter 48. In a step 114, the brightfield illumination strikes the first beam splitter
48 and a portion thereof is transmitted through the first beam splitter 48. Extent of the
30  brightfield illumination transmitted through the first beam splitter 48 in the step 114



the second beam splitter 50. The brightfield illumination striking the beam splitter is either transmitted
therethrough or reflected thereby. 15 Brightfield illumination transmitted through the second beam splitter
50 travels towards the first image capture device 32:°The brightfield illumination passes through the first
tube lens 36 in a step 118 before entering the first image capture device 32 in a step 120. The first tube

lens 36 helpgdpefrEUsmth eollimatied e tfieisiivnghnaiion O e thertirati ARnmaaecaptdrsifiane of the

first image capture device 32. Brightfield illumination focused onto the first imaae capture plane enables
capture of a BFRjHERNS f5side sy REHFEHSHAYESHOpNS devrnd PeanspitHifiBid image captured by the

first image capture plane is converted into image 25 signals. The image signals are subsequently
transmitted or downloaded to the CPU. The transmission of image signals to the CPU is also known as

data transfelMTiaY R FEP BhigsHe @l LR tHisslat e shs s st hsass salBiFand Kb in the

CPU. Brghtiiglgeithununatian dgdleciedhyshiatcecomhhaam sphitacetiiave IR lowakds the s3theecond
image capture device 34. The brightfield jllumination passes throu%rgthe second_tube lens 38 in a step

122 before enAIFESOEIRE RFRsGRt iptipetevite BaTidaliewsh Y5924 he i SdebRd b Prens 38
helps to focusitha aglttgaied tuightield iburinatien PNitethe fesneisaage fRBHNE RIseBRghtfield

illumination focused onto the second image capture plane enables capture of a brightfield image by the

second imag@ &gt iAte IBUMEHRN, fegrEh IHRIGRY cABRIrEY by RiEYe 08 inthg¥ilaBture piane is

converted infppiRagedsighalpelson kRARE sionRISArhsubReasEmtitAtRASHIteHpE dawndoadsd to the
CPU. The transmissjon of image signals to the programmablg controller js also known as data transfer.

Transféfted BFRRTRIGF AL L RIKET REEa R SHEBRIS caLHE B oL AN PRPRS thEEPL. FIG. 11
shows a flowsshatshan@xemuay GeeanghiayPsinr0R dofloweshbyptheer 50 is dependent on the

R/T ratio of the second beam splitter 50. In a step 116, the brightfield illumination strikes
the second beam splitter 50. The brightfield illumination striking the beam splitter is
either transmitted therethrough or reflected thereby.
15
Brightfield illumination transmitted through the second beam splitter 50 travels towards
the first image capture device 32. The brightfield illumination passes through the first
tube lens 36 in a step 118 before entering the first image capture device 32 in a step 120.
The first tube lens 36 helps to focus the collimated brightfield illumination onto the first
20  image capture plane of the first image capture device 32. Brightfield illumination focused
onto the first image capture plane enables capture of a brightfield image by the first

image capture device 32.

The brightfield image captured by the first image capture plane is converted into image
25  signals. The image signals are subsequently transmitted or downloaded to the CPU. The
transmission of image signals to the CPU is also known as data transfer. Transferred

brightfield images are then at least one of processed by and stored in the CPU.

Brightfield illumination reflected by the second beam splitter 50 travels towards the
30 second image capture device 34. The brightfield illumination passes through the second

tube lens 38 in a step 122 before entering the second image capture device 34 in a step



darkfield high angle (DHA) illumination according to an embodiment of the present disclosure. 15 In a
step 202 of the second ray path 200, DHA iIIuminat(ie%n is supplied by the high angle darkfield illuminator
30. As previously mentioned, the second optical fib Siﬁelps to direct the DHA illumination supplied from
the high angle darkfield illuminator 30. In several embodiments of the present disclosure, the DHA

illumination igxdirqedysieeraadirt 1 28 NSpeetaReSitoBihaYE >R iRnasminEeudbaRrtical

components or accessories, for example the objective lens 40. In a step 204, DHA illumination directed

at the inspechBrijso8HidMagTEABBIEINIPhSMaTdIcID IbmRAHBRIE T tht SBopSi BT R ABWES inspection
position. Reflagtest Blafe exBlegningtios SiomHigwielerpassas tioualtaa aRiRciMRURNGAR I a step
206. The objective lens 40, which has a corrected aberration in infinity, collimates the DHA illumination
passing theréfhrough in the step 206. DHA illumination passing through the objective lens 40 is directed
towardssthe first beam 30 splitter 48. In a step 208, the DHA illumination strikes the first beam splitter 48
and a portion thereof is transmitted throegq%]h the first beam splitter 48. The extent of 30 transmission of

the DHA illurhiSaRB8RHITd g repHEsthbyp e ST JEMETIEIRIBET IHAR/F SRRy B e Rt beam
splitter 48. DifAddwpinatiom kansiteddiipual thaftghhepmuspltiends s dseaiRddewvasdththe 5

second beam s&litter 50. In a step 210, the DHA illumination strikes the second beam splitter 50.

Transmissiofr oY réfcBR BRI M ARSIt (S My AR 2Rt e B <o als S bnevEdependent on

the R/T ratiodatfthe:seeentbeseisplitieshf c[dHA buminatinentransmittest taropigadhe segondibeam
splitter 50 passes thré%ugch'}?the 10 first tube lens 36 in a step 212 before entering the first image capture
9.

device ¥» in$ioLgdgn I first tube lens 36 helps to focus the collimated DHA illumination onto the first
image capture plane of the first image capture device 32. DHA illumination focused onto the first image
e Pl e O vttt 07 an Ty Cscband way path 200 followed by the

darkfield high angle (DHA) illumination according to an embodiment of the present

disclosure.

15

In a step 202 of the second ray path 200, DHA illumination is supplied by the high angle

darkfield illuminator 30. As previously mentioned, the second optical fiber helps to direct

the DHA illumination supplied from the high angle darkfield illuminator 30. In several

embodiments of the present disclosure, the DHA illumination is directly focused at the

20  inspection position without a need to pass through optical components or accessories, for

example the objective lens 40.

In a step 204, DHA illumination directed at the inspection position is reflected by the
wafer 12, or the portion thereof, positioned at the inspection position. Reflected DHA
25  illumination from the wafer passes through the objective lens 40 in a step 206. The
objective lens 40, which has a corrected aberration in infinity, collimates the DHA

illumination passing therethrough in the step 206.

DHA illumination passing through the objective lens 40 is directed towards the first beam
30  splitter 48. In a step 208, the DHA illumination strikes the first beam splitter 48 and a
portion thereof is transmitted through the first beam splitter 48. The extent of



darkfield high angle (DHA) image by the first image capture device 32. 15 Alternatively, DHA illumination
is reflected by the second beam splitter 50. Reflected DHA illumination, from the second beam splitter
50, passes through the second tube lens 38 in a step’ 216 before entering the second image capture
device 34 in a step 218. The second tube lens 38 helps to focus the collimated DHA illumination onto the

second 20 imagéhabN e PIRO AfAheSeceRd IR\ AR Eroleyiaa 3R AdIinakRtiefosHsed onto
the second image capture place enables capture of a darkfield image, more specifically a darkfield high

angle (DHAMHRE B RS SacBRY B SRIEIRUTE device 34. FIG. 12 shows a flowchart of an exemplary
third ray path 250 followed by the darkfield 25 low angle (DLA) illumination according to an embodiment
of the present disclosure. In a step 252 of the third ray path 200, DLA illumination is supplied by the low

angle darkfi4Hatirmiegron teRamied dprruahitis Rebheymeidiend bisadiiertiadasasupified by the
low angke dayidisld Beaminplaie?S dniseyaish empogisnepta afitheiRiese ntddigrogdmdinedat-A

illumination is d_irectlﬁ focused, at the inspection position without a 31 need to pass through optical

componentsSBHigtels SRS s s 78 BbpiciseHERS IRt Reiirdang BIeAsiartRsaBh directed at

the inspectiap pesitiondsispiestad yHoR T wale b Lthealtoadpetiansgirtacopositioned at the inspection
position. Reflected DLA illumination from the wafer passes through the objective lens 40 in a step 256.

The objective lens 40, which has a corrected aberration in infinity, collimates the DLA illumination

passing therproughnidiateR=aa(i0 D iliminatampassingspliasgbchaakiediesansdo is
directed towards the first beam splitter 48. In a step, 258, the DLA iIIuminatioa strikes the first beam

splitter 48 arf s HERS thRrBG SR arl iR FRISENS e HISE BRASH SHINET 99 19heeliéntien
transmissiorof the OEA i Hubinatiossthensiof ey shdeamnspbtanUa igldependensen theflé ratio of the

first beam Seg%%re%gi)gﬁ?e plane of the first image capture device 32. DHA illumination focused onto
the first image capture plane enables capture of a darkfield image, more specifically a
darkfield high angle (DHA) image by the first image capture device 32.
15
Alternatively, DHA illumination is reflected by the second beam splitter 50. Reflected
DHA illumination, from the second beam splitter 50, passes through the second tube lens
38 in a step 216 before entering the second image capture device 34 in a step 218. The
second tube lens 38 helps to focus the collimated DHA illumination onto the second
20  image capture plane of the second image capture device 34. DHA illumination focused

onto the second image capture place enables capture of a darkfield image, more

specifically a darkfield high angle (DHA) image by the second image capture device 34.

FIG. 12 shows a flowchart of an exemplary third ray path 250 followed by the darkfield

25  low angle (DLA) illumination according to an embodiment of the present disclosure.

In a step 252 of the third ray path 200, DLA illumination is supplied by the low angle
darkfield illuminator 28. The third optical fiber helps to direct the DLA illumination
supplied by the low angle darkfield illuminator 28. In several embodiments of the present

30  disclosure, the DLA illumination is directly focused at the inspection position without a



DLA illumination transmitted through the first beam splitter 48 is directed towards the second beam
splitter 50. In a step 260, the DLA illumination strikes the second beam splitter 50. Transmission or
reflection of the DLA illumination striking the second-beam splitter 50 is dependent on the R/T ratio of the
second beam splitter 50. 20 DLA illumination transmitted through the second beam splitter 50 passes
through the fiegld bgalansi3adh Bpiien 26Apsiers %}tﬁéms‘&%ﬁ!%iﬁéﬁ%@%weﬂ%w% 3eénin a step
264. The first tube lens 36 helps to focus the collimated DLA illumination onto the first image capture
plane of the st image capture device 32. DLA illumination focused onto the 25 first image capture plane
enables capture of a darkfield image, more specifically a darkfield low angle (DLA) image by the first
image capture device 32. Alternatively, DLA illumination is reflected by the second beam splitter 50.

Reflected DIadiIftFRidatoPiron tHE dutionadissiedsplitfer BOPpeie oMby istrelestsndbe lens 30 38

in a ste 266-hefpreeoteiiRgphieiseenaddmpaciGamnttre: davieasg&ina piaridASRENBSREINUAUbe lens 38
helps to focus the collimated DLA illumination onto the second 32 image capture plane of the second

image captute DRI AT AhRURAETiBRS 65 L RE S B RDISSES RIS Eaftiebitte disbles

capture of a glgectielel 1ena3980 MEkecIspRSificabyractar kil davhangip (i) dolaaaky 4he secand image
capture device 34. 5 It will be appreciated by a person skilled in the art from the description provided

above that tHE'BRAIARY RS H S EURNITNR S8 fiows a similar ray path after being reflected by

the wafer 12 in several embodiments of the present disclosure. However, the second ray path 200 of the
DHA illumination and the third ray path 250 of the DLA illumination can alternatively ﬁgﬁindividually

altered!'8s redliiret! i tEBMARGIS RFER 15 RPIFNF SRSt OH SRR BSHIFEREBE the present
disclosure, tggliiegles. ahwhiedp U138 DADIUMiINatianaeod heldet Milfniesian splkeaysvair d2
positioned at the inspection position ¢can be adju teéj‘ as equ%ed for enhancing accuracy of defect

h

detection. FECERIMMIE SRS dind amBU O W th B rdUsht MaR o SBPE the' SindiBS & (WicRthe DHA
illumination anddinesHbAdH ke mAtiQNIsiikaaionakesdeh phsitienastah splitter 48 is dependent on

the R/T ratio of the first beam splitter 48.

15
DLA illumination transmitted through the first beam splitter 48 is directed towards the
second beam splitter 50. In a step 260, the DLA illumination strikes the second beam
splitter 50. Transmission or reflection of the DLA illumination striking the second beam
splitter 50 is dependent on the R/T ratio of the second beam splitter 50.

20

DLA illumination transmitted through the second beam splitter 50 passes through the first
tube lens 36 in a step 262 before entering the first image capture device 32 in a step 264.
The first tube lens 36 helps to focus the collimated DLA illumination onto the first image
capture plane of the first image capture device 32. DLA illumination focused onto the
25  first image capture plane enables capture of a darkfield image, more specifically a

darkfield low angle (DLA) image by the first image capture device 32.

Alternatively, DLA illumination is reflected by the second beam splitter 50. Reflected
DLA illumination from the second beam splitter 50, passes through the second tube lens
30 38 in a step 266 before entering the second image capture device 34 in a step 268. The

second tube lens 38 helps to focus the collimated DLA illumination onto the second



15 the inspection position may be adjusted depending on type of wafer 12 positioned at the inspection
position or type of wafer defect that a user of the system 10 wishes to detect. The DHA images and the
DLA images capture by each of the first image capt&’ device 32 and the second image capture device
34 is preferably converted into image signals, 20 which are subsequently transmitted or downloaded to

the CPU. ThelianSapasOpIahchRaR SERS 19148 ddstals aiknewnagsiataiiramsiatiohranafgrged DHA
images and DLA images can_then be at least one of processed by and stored in the CPU as required. In

many embo@RiRrieoPtRdrdBsedABYGEIRe HrAblshgaREUPE dedEBed 81888, J8%Bcond image
capture devige-Sdihameigdeteimine drspiipl ROSIHRBS Kolative-torpihagikaptdiBaisse0f4he objective

lens 40 together with the first tube lens 36 and the second tube lens 38 facilitates the spatial positioning
of the first image capture device 32 and the second image capture device 34. It will further be

appreciated hysal PBESpRGliREIBINE paridhaknibe i pticaHCRIM NS IS RIARREFRNIES ifoexample
mirrors, may be used for 30 directing the brightfield illumination, DHA illumination and DLA illumination,

and for facilltéfiiBerid kb dllnpediadniig Slideirepinatioa allewrs weimibneymihalldchiibss image

capture devigg13detnbpast fatepdimenrts ahthenprEeRheistlarippedhe anatuRositars&f the firstimage
capture device 32 and the second imaghe capture device 34 are fixed with reference to the inspection
t

position. The3500d LpRABolons Bf thalhy Hlumingtion sid dhfethdd 38YaRtfine bt ifkde capture

device 34 halpsmitheihianse Atdeashalpne afdhedasnyragyangsthe elfidenmpatuuaignésserstion by the
system 10. For example, the fixed spatial posjtions of the first image capture device 32 ?’Qﬁj the second

image JaptiPefetitd BadditionethstP o tHRANRNE S Dsditic QNSBB8 ERADIHSR 10sses and

adjustment ferdbatk InRsemiyRicalbdassooaied Nithitagdisetakenabilafarage weapivredaviges or
cameras. 10.In many embodiments g the present disclosure, the system 10 includes %n&gber of third
illuminators SFPREVEM ARSI e EY {05 a8 M TIRRNEEr< 52 SRS oAb e Ats P Example as

shown in FIQetk3tand BdacthaenpystemsbthineldBesiments of the present disclosure, the angles at
which the DHA illumination and the DLA illumination strike at wafer 12 positioned at
15  the inspection position may be adjusted depending on type of wafer 12 positioned at the

inspection position or type of wafer defect that a user of the system 10 wishes to detect.

The DHA images and the DLA images capture by each of the first image capture device
32 and the second image capture device 34 is preferably converted into image signals,
20  which are subsequently transmitted or downloaded to the CPU. The transmission of
image signals to CPU is also known as data transfer. Transferred DHA images and DLA

images can then be at least one of processed by and stored in the CPU as required.

In many embodiments of the present disclosure, the first image capture device 32 and the
25 second image capture device 34 have predetermined spatial positions relative to each
other. The use of the objective lens 40 together with the first tube lens 36 and the second
tube lens 38 facilitates the spatial positioning of the first image capture device 32 and the
second image capture device 34. It will further be appreciated by a person skilled in the
art that other optical components or accessories, for example mirrors, may be used for
30  directing the brightfield illumination, DHA illumination and DLA illumination, and for

facilitating the spatial positioning of the first image capture device 32 and the second



15 one thin line illuminator 52. In other embodiments, for example as shown in FIG. 27b and 27c, the

system includes two thin line illuminators 52, namely a first thin line illuminator 52a and a second thin line
illuminator 52b. It will be understood by a person of-ordinary skill in the art that the system 10 can include
alternative numbers of thin line illuminators 52, for example three, four, five, or more thin line illuminators

52 within then2 scaparf ie ReesantfisciRswiabddgmtnin lredlumiaaiar @l &3ssvaplies dhindine
illumination. In several embodiments of the present disclosure, the thin line iIIuminatqr(sé 52 can be a
laser sourceNBHEARHRfitRE M IMacesaptiEAfAsDAZ FPdiherssrond dmaehieBtredsidse At diSclosure, the

thin line 25 ilfyinater (5 o £ detRebiRpdbaad JidmbratamsupRiMing A ArpadeaRd BrinHingrdlumination.
The wavelengths of the thin line illumination supﬁ‘lied or emitted by the thin line illuminator(s) 52 can be

controlled (eB2&S:faRIREF druies vaABAYhfoicsRaf it sfe@itin ge s upbhedmatacitigge st frdferties,

and/or tgpogsapBicakigatras ahthgwaiesidclodpey ingnasiesidtbinsossambedigentsipierein the
system 10 includes two or more_thin line illuminators 52 (e.g., the first thin line illuminator 52a and the

second thin fi¥e HitShiNRRERISDRYUAL RatRasthemaLmh A fifls efmitatith QppirardyHethin line
illuminators azpe@R ldevicsiilavitar suhsiarsially sispiationpusven inatierionbadisnentisbwfsrein the
system 10 includes two or more thin line illuminators 52 (e.qg., the first thin line illumipator 52a and the

second thin RSSHGRrRABIEREY (hedhrekelesgtyaraly sPritehorihdtonssabpidy by Shin line

illuminators %2pait: diffatenbryasttestantially different, from each other. 10 In addition, in particular
embodiments wherein the system 10 includes two or more thin line illuminators 52 (e.g., the first thin line
illuminafbr 52a and the second thin line illuminator 52b), the relative intensities of the thin line illumination

supplied by eaehne§ dhpsdimine BEminsiambdisassbe citkesysisalanandiftrenuirameeachather. In

various ) . . o .
illuminators 52, hereinafter referred to as thin line illuminators 52.

In some embodiments, for example as shown in FIG. 13 and 27a, the system 10 includes
15  one thin line illuminator 52. In other embodiments, for example as shown in FIG. 27b
and 27c, the system includes two thin line illuminators 52, namely a first thin line
illuminator 52a and a second thin line illuminator 52b. It will be understood by a person
of ordinary skill in the art that the system 10 can include alternative numbers of thin line
illuminators 52, for example three, four, five, or more thin line illuminators 52 within the

20  scope of the present disclosure.

The thin line illuminator(s) 52 supplies thin line illumination. In several embodiments of
the present disclosure, the thin line illuminator(s) 52 can be a laser source for supplying
thin line laser illumination. In other embodiments of the present disclosure, the thin line
25  illuminator(s) 52 can be a broadband illuminator supplying a broadband thin line

illumination.

The wavelengths of the thin line illumination supplied or emitted by the thin line
illuminator(s) 52 can be controlled (e.g., selected and/or varied), for example depending
30 upon characteristics, properties, and/or topographical features of the wafer 12 to be

inspected.



15 embodiments, the relative intensities of the thin line illumination supplied by each of the thin line
illuminators can be controlled (e.g., selected and/or yaried), for example depending upon characteristics,
properties, and/or topographical features of the wafet 12 to be inspected. 20 In many embodiments of the
present disclosure, thin line illumination supplied or emitted by the thin line illuminator(s) is directed to or
toward an inspection position. In accordance with various embodiments of the disclosure, an inspection
position can be defined as a wafer, substrate, or ob}'[ect surface position or location, and/or a wafer table

25 position, HaCREGREAGIMFRE MBSt SIS Adncimas b imaersdhin /s BB iination

signals duringp qe NSRRCHAN MRCESS iAMhiNERECHOR ARslieéahEariasRRNIIURRALESH)Xthy (and
possibly 0) location on a wafer, substrate, or object surface; and/or a current X - Y (and possibly 0)

position estaBREHSAANSAE Ratbinde HgnHnttionsupted e the (b lins iBrpiRaloshRc R Pinspection

positiongan agdiiionahosstafialieraativalyrredetinad amardistsladesatinnReinaticsarset of spatial
coordinates (e.g., X-Y -0) currerjthﬁunder consideration for inspection along a wafer scan motion path,
t

35 where thB'RAEs SkahitisHadinssiynirpiars S8 &u8ndbedtishdiia HssYREHY AR Which the

wafer 12 is mpveecehdransialeg (RigmbyteyTf)caninkaud detindn the gaselind "Inmhiaiysninspection)
during an inspection process. Thus, an inspection position can be defined as a spatial position (e.g.,
given by a sétRiiEd b B2 dBRIHAfe L) UIBRY US ratss SEHRTPRbLCH PREFAHNNCAIRTMHatBR that
interacts withaywaier's surface is captured (e.g., by an image capture device 56). The thin line
illumination is directed at the inspection position at a predetermined angle, which can be determined and
varied,%r instance depending on function(s) of the system 10 10. In several embodiments of the present

disclosure, the sy&tam, 50 etides ahlbastanesSehotminiers sdfalsoi Ko 3% @ dnikioreseiinp 54 or a
mirror assembly 54) that is disposed and configured to direct the thin line illumination at the inspection
position. In &y MEHRESG A&gwﬁ@ﬁfﬁa %1@%@%}8& St #fh e HeAAhA 89Cthe system

10 illuminator 52b), the relative intensities of the thin line illumination supplied by each of
the thin line illuminators 52 can be either similar or different from each other. In various

15  embodiments, the relative intensities of the thin line illumination supplied by each of the

thin line illuminators can be controlled (e.g., selected and/or varied), for example

depending upon characteristics, properties, and/or topographical features of the wafer 12

to be inspected.

20  In many embodiments of the present disclosure, thin line illumination supplied or emitted

by the thin line illuminator(s) is directed to or toward an inspection position.

In accordance with various embodiments of the disclosure, an inspection position can be
defined as a wafer, substrate, or object surface position or location, and/or a wafer table
25  position, that is currently under consideration for the capture of reflected or redirected
illumination signals during an inspection process. An inspection position can correspond
to a current X — Y (and possibly 0) location on a wafer, substrate, or object surface;
and/or a current X — Y (and possibly 6) position established by the wafer table 16 that
carries a wafer, substrate, or other object. An inspection position can additionally or
30  alternatively be defined as a discrete location or particular set of spatial coordinates (e.g.,

X =Y — 0) currently under consideration for inspection along a wafer scan motion path,



correspondingly includes one set of mirrors 54 that is disposed and configured to direct the thin line
illumination supplied by the thin line illuminator 52 at the inspection position. Likewise, in many
embodiments wherein a system 10 includes muItipIéﬁﬁin line illuminators 52, for instance the first thin
line illuminator 52a and the second thin line 20 illuminator 52b as shown in FIG. 27b, the system 10

includes mulijplgsee QfFiFrEndhofn PABNERB B S8t RIIIFQ DP4paARl FosREARBRIughMirrors 54b,
disposed and configured to direct the thin line illumination supplied by both thin line illuminators 52a, 52b

at the inspectiBishiiatHerd s Rrstbos Entlathis s WarAYset epHinrers srofirnigdiscatinber of
reflective susfacgsier fRirpkpeiringracapiigligpeaiangrl e aNdRidisPaspddoodifRaitbindine

illumination towards the inspection position. The gonf;%zration of each mirror relative each other can be

determined BAd¢HREL 2fo? FRAUHROSEIE Gy SP6H fon et (&) &r cNaralierrishipessst #eng dem 10. 30

36 In variouy abQAIMeiigeihpagets: Ol M als afn 406N $kAN 6B Ehe fir stisetofnisioy sbdacand the
second set of mirrors 54b, are disposed or arranged in substantially symmetrical configuration.

AlternativelyTRBESECH iV AR BASCHIMYE SSY5RE@)or arranged in other configurations, for instance

depending upon function(s) of the system 10 or size of 5 available space for placement of the system 10.
In many embaodiments, the optical inspection head 14 of the system 10 includes a thjrd .image capture

device (hereflir@itiarriiiignrbradd ilibicanenss i Restignats Bl Hined gugte:

embodimentghibe ¢ peafie-aamedasnb vacedyesrthindine depehiationnl Qihabig spiedied ayethe wafer 12,
more Sﬁqecifically a surface of the wafer 12 positioned at the inspection position. In some embodiments,

for examiple Y& shown in FIG. 27a and FIG. 27b, the system 10 includes a number of sets of reflectors 84
(also known as reflector assemblies or reflector 15 setups), for example one, two, three, four, or more

sets of reflectors 84, for directing thi If'lne iIIuminS\tio reflected off the 8urfalce of the wafer 12 towards the
3D profile camly é?geral embodiments of the present disclosure, the system 10 includes at least one set

of mirrors 54 (also known as a mirror setup 54 or a mirror assembly 54) that is disposed
and configured to direct the thin line illumination at the inspection position. In many
15  embodiments, where the system 10 includes one thin line illuminator 52, the system 10
correspondingly includes one set of mirrors 54 that is disposed and configured to direct
the thin line illumination supplied by the thin line illuminator 52 at the inspection
position. Likewise, in many embodiments wherein a system 10 includes multiple thin line
illuminators 52, for instance the first thin line illuminator 52a and the second thin line
20  illuminator 52b as shown in FIG. 27b, the system 10 includes multiple sets of mirrors 54,
for instance a first set of mirrors 54a and a second set of mirrors 54b, disposed and
configured to direct the thin line illumination supplied by both thin line illuminators 52a,

52b at the inspection position.

25 In numerous embodiments, each set of mirrors 54 includes a number of reflective
surfaces, or mirrors, that are configured, arranged, and/or disposed to direct thin line
illumination towards the inspection position. The configuration of each mirror relative
each other can be determined and varied, for instance depending upon function(s) or

characteristic(s) of the system 10.
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56. In most embodiments, each set of reflectors 84 is shaped, configured, and/or disposed for 20
directing thin line illumination reflected off the surface of the wafer 12 towards the 3D profile camera 56.
In several embodiments, the number of sets of refle fdrs 84 of a system 10 corresponds to the number of
thin line illuminators 52 of the system 10. Accordingly, where a system 10 25 includes two thin line

illuminators pe vi{JBS@NEEdMEAIS! MRASSCHNRl iSRG, IHumHBineS BRafiReReNT syistery J4halso

includes two sets of reflectors 84, for instance a first set of reflectors 84a and a second set of reflectors

84b. In othePBhbsdrRenisSahel AirsesdPsats dsnofed e Bangrd & sibsraBhSIBRSEHRnt on the
number of thigdineHlwninaters R af theesysiesn hi:3Q 84 chh mapysamhedispanimRach setef reflectors

84 includes a number of reflective surfaces or mirrors, for example two, three, four, or more reflective

surfaces, th&LAFLURLI9ES, orgtss, drRpRigE o0y furBEIng s NS HRIniRfionitswirds the 3D

profile sameraBfhilspaciofs prkosimenTthdbesash ebreflectors 84 can include a prism assembly 5 (not
shown) that is shaped, configured, and/or disposed for directing thin line illumination towards the 3D

profile camera 56. A prism assembly can include at least one optical prism configured to receive

illumination, mneh4re) dirpridsmentsearivestidivmipatioonaleng one PHYRYEtEMENCIestRItisal tiaxe! paths or
direction by way of optical refraction and/or dispersion. 10 In numerous embodiments, each set of

reflectors 8418485 SRRMEEIPUEEIRETRIRAHISE TRISHHAAA AetibetediBRmianal iRl Bt GRS 2 in a

specific diresiigniF-piBsauplenbhe fisstsahoBBlieckls Bdaande @isResEmH e daivathibline
illumination reflected off the surface of the wafer 12.in a first direction and the second set of reflectors

84b cah’be 15°iSBBEEH S PECOREHSh i IRITIPEHBR Y BHa U 6% theSUVRIER bor RS U 42 in o
second direclienmypbaieiphietfiist direction is different from the second direction. In

In some embodiments, for example as shown in FIG. 27a and FIG. 27b, the system 10
includes a number of sets of reflectors 84 (also known as reflector assemblies or reflector
15  setups), for example one, two, three, four, or more sets of reflectors 84, for directing thin
line illumination reflected off the surface of the wafer 12 towards the 3D profile camera

56.

In most embodiments, each set of reflectors 84 is shaped, configured, and/or disposed for
20  directing thin line illumination reflected off the surface of the wafer 12 towards the 3D

profile camera 56.

In several embodiments, the number of sets of reflectors 84 of a system 10 corresponds to
the number of thin line illuminators 52 of the system 10. Accordingly, where a system 10
25 includes two thin line illuminators 52, for instance the first and second thin line
illuminators 52a, 52b, the system 10 also includes two sets of reflectors 84, for instance a
first set of reflectors 84a and a second set of reflectors 84b. In other embodiments, the
number of sets of reflectors 84 of a system 10 is not dependent on the number of thin line

illuminators 52 of the system 10.
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embodiments where the system 10 includes other numbers of sets reflectors 84, said sets of reflectors
84 can be disposed to receive illumination reflected gff the surface of the wafer in a corresponding
number of directions. 20 In various embodiments, for example as shown in FIG. 27c, the system 10 does
not include the set of reflectors 84 (or reflector assemblies) for directing thin line illumination reflected

and/or scattereghafy thasuiiaca:of dhienwaier kuaidstne RderialilghsamarahbetReniasidative

manners in which such illumination can be reflected or 25 scattered by the wafer's surface are described
in detail beldW. HIRTndM SRS IRABERSH Ky stotie rsdlentitisesutitsee T1ahaeuahersd is directly

captured by ¢beRfardI ORI CANMRFRG Whiahcamperpesitienad AnMascanlisiaechios papiyring said thin

line illumination. 30_In several embodiments of the present disclosure, the optical inspection head 14

further inclut¥ecsh YhjELHoEEHEBPABRERTe et srlpRi it rraridr hede R duis 2838838 profile
objective lens&8)siswise with e dappmfilsanera, S/ IRpeR SRty reliderice. IRimams

embodiments, thin line illuminatign reflected off the surface of the wafer 12 passes through the 3D profile

objective lend|SBIBAHS ORI iR BN ¥aRTano-56° SRR SmBbarHe RS [4He g‘%%file

objective lensng8diara Garikacteddher@lian iReddniniuMEeeRIshNAMJthir e dusiinatiesepassing through
the 3D profile objective lens 58 is collimated thereby. In some embodiments, the optical inspection head

14 further inEAGEEAIAMB!RGs B 16F TOEWRIFIESOIIBHIEBHEANBSIcHs BE UM thE 3 Drffile camera
56. The tubeojeng bR fhetisshapet Agstemsiigured to facilitate or enable focusing of the collimated thin
line illumination onto the 3D image capture plane of the 3D profile camera 56. In various embodiments,
the use f the tube lens 60 with the 3D profile objective lens 58 and the 3D profile camera 56 facilitates

flexible positigningnanmisesapbigiwmaien eddhecl>BRneefie; campralhfodsdadslitionive paticidar
crbodmenty, the 436 LIRS AP IR SOMD 530 RIRS SDISNE 15 8306 R o camera
56 enables éaSE'Bf p pic,
the first set of reflectors 84a can be disposed to receive thin line illumination reflected off
the surface of the wafer 12 in a first direction and the second set of reflectors 84b can be
15  disposed to receive thin line illumination reflected off the surface of the wafer 12 in a
second direction, wherein the first direction is different from the second direction. In
embodiments where the system 10 includes other numbers of sets reflectors 84, said sets
of reflectors 84 can be disposed to receive illumination reflected off the surface of the
wafer in a corresponding number of directions.
20
In various embodiments, for example as shown in FIG. 27c, the system 10 does not
include the set of reflectors 84 (or reflector assemblies) for directing thin line
illumination reflected and/or scattered off the surface of the wafer 12 towards the 3D
profile camera 56. Representative manners in which such illumination can be reflected or
25  scattered by the wafer’s surface are described in detail below. Thin line illumination
reflected and/or scattered off the surface of the wafer 12 is directly captured by the 3D
profile camera 56, which can be positioned and/or configured for capturing said thin line

1llumination.

30 In several embodiments of the present disclosure, the optical inspection head 14 further

includes an objective lens or objective lens assembly (hereinafter referred to as a 3D



introducing additional optical components or accessories between the 3D profile objective lens 58 and
the tube lens 60. 20 In many embodiments, the thin line illuminator(s) 52 and the 3D profile camera 56
operate cooperatively for facilitating 3D profile scan |ﬁg and inspection of the wafer 12. This is also to
say, the use of the thin line illuminator(s) 52 and the 3D profile camera 56 are used together for obtaining

information grihR JBjENAATLEKSHES (6 laPalagyiiR! Y1 pRurRCe.Rf AN A 325 Inany erbodiments

of the present disclosure, the thin line iIIuminator(sEgSZ and the 3D profile camera 56 are coupled to the

. ina P
CPU (or prof&¥iiagumgnnsirbeAmsa e bipiipdiamypayarmedsstednl dhesutidredttithe ditlaine
illuminator 52 apskibe B RRIR SRMBHRbb|BcsR¥atak ey Dedireanis Al aldamardiRR ArRiile scanning

and inspection of the wafer 12 30 is performed by the system 10. This automated 3D profile scanning and

inspection oPthd VIR $2RAHBESHDREY 1Y e BT 01ans 8 /Bis ferAPSEIFetRETBI PR Bresent
discloswe, therapticaldaseetion thepintAlInedeR PPRYIBWIHIAGS e ARV K dethReldryiew image
capture device 62 is for example a color camera. In some embodiments, the review image capture
device 62 captdteS UGS 1HEGRY. In other embodiments, the review image capture device 62 captures
monochromatic images. In various embodiments, the review image capture device 62 captures review
images of the wafer 12 for at least one of confirming, classi&itngl, and  reviewing defect(s% detected on the

wafer 12. 10/RREMEASHR/IIMEREithG BREFREIPRURMATEH 64, Anberelidryiai iR 62086, a review

image captuig«i@tieehe 2R peoit nobirtaNNaHEe I3sMEfRD S IWRRITIRCEMHROSK Py tichédesigpodiments of
the present disclosure. In several embodiments of the present disclosurf%, the gptical inspection head 14
&

further 195 indif8aRed pdrSeRIHESL IR PBHHE QT SRaRIM RS 88% A4 B thEd Rfuminator 66
for supplyingihrighifield dhuminationiand daidietchilumiTation Dspektivehera 56.

In various embodiments, the use of the tube lens 60 with the 3D profile objective lens 58
and the 3D profile camera 56 facilitates flexible positioning and reconfiguration of the
15 3D profile camera 56. In addition, in particular embodiments, the use of the tube lens 60
with the 3D profile objective lens 58 and the 3D profile camera 56 enables ease of
introducing additional optical components or accessories between the 3D profile

objective lens 58 and the tube lens 60.

20  In many embodiments, the thin line illuminator(s) 52 and the 3D profile camera 56
operate cooperatively for facilitating 3D profile scanning and inspection of the wafer 12.
This is also to say, the use of the thin line illuminator(s) 52 and the 3D profile camera 56
are used together for obtaining information on the 3D characteristics (or topology) of the
surface of wafers 12.

25
In many embodiments of the present disclosure, the thin line illuminator(s) 52 and the 3D
profile camera 56 are coupled to the CPU (or processing unit), which helps to coordinate
or synchronize the operation of the thin line illuminator 52 and the 3D profile camera 56.
In several embodiments, an automated 3D profile scanning and inspection of the wafer 12

30 s performed by the system 10. This automated 3D profile scanning and inspection of the
wafer 12 can be controlled by the CPU.



The review image capture device 62 receives the brightfield illumination and the 20 darkfield illumination
supplied by the review brightfield illuminator 64 and Iée review darkfield illuminator 66 respectively, and
reflected by the wafer 12, for capturing review images of the wafer 12. In other embodiments of the
present disclosure, the review image capture device 62 captures illumination supplied by alternative
illuminators, for example one of that described above, for capturing review images of the wafer 12. The
review 25 image capture device 62 can capture high-resolution images of the wafer 12. FIG. 15 shows a

flowchart of Sh8xXerptarhadinaningf fharmsstbiissieaiss the oplightrriasntinmibandd sipsindesby the

review brightfigddiluminatos KAurs asEeEdng Tae vavirusigmkodimanisielithespreseit diselpruse. 30 40 In
a step 302 of the fourth ray path 300, brightfield illumination is supplied by the review brightfield
illuminator 69°'PhEARGALHBIAIMENSHRAEHTSASHIEA ERY1HE FAECRPRRAMIISAIhiIFARBI g4I rected at a

first reflgctivensisdacerd 4 obicr Stamb3dimdhs brigbtliRideilluminalionipralieciedily the fisapraliective
surface 74 and directed towards a heam 5 splitter 68. In a subsequent step 306, the brightfield

illumination SRIRRFJ AR HEA R 68T0vsrRIRROG TRERE Y i S PRt iHBRRS AR Th &5 S Btion position.
Extent of brighgtigles vipinatippdebeciroviaihe beamspliteohs sepsimisndsRéTasatipitberaal. In a step

308, the brightfield.illumination is reflected by the wafer 12, or portion thereof, 10 positioned at the
inspection pEeYHORINEHIE s el sHheRdR AT idion passes through a review objective lens 70 in a

step 310. In most embodiments of the present disclosure, the review objective lens 70 has a corrected

aberratign in infinity. Accordingly, the brightfield illumination passing through the review objective lens 70
in the &tep ﬂ@is%oiﬁm&%eadrsv%l?ea el%j%mgl%ws%.aﬁwg &@%@éé,@mﬁmfﬁd Hlumination

strikes the beamwpiitieso8pnda @erienciharrpilisdiansinittesidarcthsesghy Bodenicof dhg hoghtfield

ilumination passing througl the beam splitter 68 is depending on the R/T ratio of the beam splitter 68.
The brightfieﬁ’&mcu ar embodiments of the present disclosure.

In several embodiments of the present disclosure, the optical inspection head 14 further
15  includes, or carries, the review brightfield illuminator 64 and the review darkfield
illuminator 66 for supplying brightfield illumination and darkfield illumination

respectively.

The review image capture device 62 receives the brightfield illumination and the
20  darkfield illumination supplied by the review brightfield illuminator 64 and the review
darkfield illuminator 66 respectively, and reflected by the wafer 12, for capturing review
images of the wafer 12. In other embodiments of the present disclosure, the review image
capture device 62 captures illumination supplied by alternative illuminators, for example
one of that described above, for capturing review images of the wafer 12. The review

25  image capture device 62 can capture high-resolution images of the wafer 12.

FIG. 15 shows a flowchart of an exemplary fourth ray path 300 followed by the
brightfield illumination supplied by the review brightfield illuminator 64 as according to
various embodiments of the present disclosure.
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illumination then passes through a review tube lens 72 in a step 314 before entering the 20 review image
capture device 62 in a step 316. The review tube lens 72 focuses the collimated brightfield illumination
onto an image capture plane of the review image caﬁg)ture device 62. Brightfield illumination focused on
the image capture plane of the review image capture device 62 facilitates capture of review brightfield

images in a giePst33 8022 1ie sallimatippah the beightislddlinminatian hetyssmetheyraxdew Rhjective lens
70 and the review tube lens 72 facilitates ease_of introduction of optical components and accessories

therebetweel g EGHHIHMIRSes fith disnosetiE B dhvriertiomshartss Baihessviny Rsigbiidbiective lens

70 and the revigyisbe dans GZereterablymsaRias30 dexipledositioningand gecafigHiga@s required
of the review image capture device 62. 41 FIG. 16 shows a flowchart of an exemplary fifth ray path 350

followed by thegIERISITGHfRsTYstsplied BgrdivevitrraarkticrdidiFmfied dosB e B RFHY to an
embodimentsgfithedrasenilisciassiecp bue siem3seithaififiintaloRathidhe usaskfigldliwxination is

supplied by the review darkfield illuminator 66. In several embaqdiments of the present disclosure, the

darkfield illuPRitaERSIe<GAphetsy ahd daerier daratdrthrimirsesPp e ssitrecty rat i dighiieldinspection

position. In sgmgigbadinests ohthe prsenscicelosdpetin dankfieldddtiksrnation supplied by the
review darkfield illuminator 66 is directed at the inspection position at a predetermined angle to a

horizontal plane of the wafer 12. This predetermined angle is preferably a high angle, and can be

adjusted as 1gquites 308N ehd BETURIGIES KNVIMID A RetTRREHIbgdls therar 1o pastanptdbdofthe darkfield
illumination is reflected by the wafer 12, or portion thereof, positioned at the inspectjon position. The

reflectdd dam9RIPIRSmitatish AT ROIHBLgh R e SIS oBRRRHIS I L Y RA W e BASEE. The

darkfield illumhiRaiBrapasséig objective lens 70 in a step 310. In most embodiments of the present

disclosure, the review objective lens 70 has a corrected aberration in infinity.
Accordingly, the brightfield illumination passing through the review objective lens 70 in
the step 310 is collimated by the review objective lens 70.

15
In a step 312, the brightfield illumination strikes the beam splitter 68 and a portion
thereof is transmitted therethrough. Extent of the brightfield illumination passing through
the beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The brightfield
illumination then passes through a review tube lens 72 in a step 314 before entering the

20  review image capture device 62 in a step 316. The review tube lens 72 focuses the
collimated brightfield illumination onto an image capture plane of the review image
capture device 62. Brightfield illumination focused on the image capture plane of the
review image capture device 62 facilitates capture of review brightfield images in a step
318.

25
The collimation of the brightfield illumination between the review objective lens 70 and
the review tube lens 72 facilitates ease of introduction of optical components and
accessories therebetween. In addition, the collimation of the brightfield illumination
between the review objective lens 70 and the review tube lens 72 preferably enables

30 flexible positioning and reconfiguration as required of the review image capture device

62.



through the review objective lens 70 in the step 356 is collimated by the review objective lens 70. 20 In a
step 358, the collimated darkfield illumination strikes the beam splitter and a portion thereof is transmitted
therethrough. Extent of the darkfield illumination pas%]mg through the beam splitter 68 is depending on
the R/T ratio of the beam splitter 68. The darkfield illumination then passes through the review tube lens
72 in a step 360 before entering the 25 review image capture device 62 in a step 362. The fourth tube
lens 72 focuses the collimated darkfield illumination onto an iméagpe} capture plane of the review image

capture devitEs2 orhatier iRmshaatioh I rsap bivtiEthiay e thptafeipliavecdithehs seilisifage capture
device 62 faqiliiai@acaPiupp Rdeviens davidielghim@dasinmisien & 4ecohgicolinationyetiaash of the

brightfield illumination and darkfield illumination 30 between the review objective lens 70 and the review
tube lens 72%tRaRESER AL HESign and configuration of the system 10. More specifically, the
collimatin of each of the 42 brightfield illumination and darkfield illumination between the review
objective lens 70 and the review tube lens 72 enhances ease of positioning or configuration of the review

image captuf® #s{iBe’82 Rhitheniithnay athptrferterbheld Wapinaticn thebepYiad dirdimge WaBture, while

the wafer 12dg kTN tinnmaidioe savipvsbrightiielddmages aTdie prven? dackdialeimageskGalatured review
brightfield images and captured review darkfield images are converted. into image signals and transmitted

from the revitWiHTAHRLAMRRHE GV S 5 N edatdidm BRSO IR ALY fReySedrfbFrocessed,

and stored oimspy@ibin Positidh datakase. thhsauiawtinagerapiviemevica fdeaniavekfixrd spatial
position relative the inspection position. The fixed spatial position of the review image capture device 62

preferatfly rédHEu8igh4RBHID L3S Fey UM Bt FLBBARA 9 SEeis (irelin) UBeRF S with the use

of mobile impgétaapture Adegyieasentarnetmgléhesehy Bofasaing sltaditoof theviewrdrightfietdiimages and
review darkfield images captured.
view Ipredleterr%leneg a%gle (1js preferably a high angle, and can be adjusted as required using

techniques known to a person skilled in the art.

15  In a step 354, the darkfield illumination is reflected by the wafer 12, or portion thereof,
positioned at the inspection position. The reflected darkfield illumination then passes
through the review objective lens 70 in a step 356. The darkfield illumination passing
through the review objective lens 70 in the step 356 is collimated by the review objective
lens 70.

20
In a step 358, the collimated darkfield illumination strikes the beam splitter and a portion
thereof is transmitted therethrough. Extent of the darkfield illumination passing through
the beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The darkfield
illumination then passes through the review tube lens 72 in a step 360 before entering the

25 review image capture device 62 in a step 362. The fourth tube lens 72 focuses the
collimated darkfield illumination onto an image capture plane of the review image
capture device 62. Darkfield illumination focused on the image capture plane of the
review image capture device 62 facilitates capture of review darkfield images in a step
364. The collimation of each of the brightfield illumination and darkfield illumination

30  between the review objective lens 70 and the review tube lens 72 enhances ease of design

and configuration of the system 10. More specifically, the collimation of each of the



In several embodiments of the present disclosure, the system 10 further includes a number of vibration
isolators 24, which are collectively known as a stabilizer mechanism. 20 The system 10 can be mounted
on the vibration isolators 24 or stabilizer mechanismWwhen the system is in normal operation. In several
embodiments of the present disclosure, the system 10 includes four vibration isolators 24, each

positioned abaHifferemeainsia the Wstemd UdhpmidiaiervisalalRrs4chelp iaaupnatt a0d stabilize

the system 10. In some embodiments of the present disclosure, each vibration isolator 24 25 is a

compressibléstihetarEiey Hhfsters hieRhaBssTISar8liRaSHIHNSIRE £ MEEBY WeRIdha sy 5ifer for
preventing transpissianOlerRiensd wiripnstRthe sysiRmLOF BY spEeMantigHérwattRdivilttions or

physical movements to the system 10, the vibration isolators 24 help to enhance quality of images
captured by SRS tHAIfrSinaer chptart aies- 32 the SiamdPRshbiekh Rt dvkacsicthe 3D
profile camegaRBcRNEhtRseview 30 camera 62, and to thereby improve quality of inspection of the wafer
12. 43 FIG. 17 shows a flowchart of an exemplary method or process 400 for inspecting a wafer 12
according to an embodiment of the present disclosure. In many embodiments, the process 400 for

inspecting theapiaied kévenaasiatileashapesofetaptiand glassificaiRicRnchepdew ot dgfeatsion the
wafer 12. 5 In maost embodiments of the present disclosure, the process 400 for inspecting wafers 12

utilizes referSHeelgGeLssd MHOWARDYRA e YordhenERds b ineh capitiedsmsydd o tHs wafers 12

are comparestdgraatieast cmeblatestiog clrssifyindanstseiend ohflefewronithavealars . For
purposes of clarjty, description of an exemplary reference image 10 creation process 900 is provided

before tHe d&8 Bn of the exemplary process 400. Exemplary Reference Image Creation Process 900
FIG. 18 shows a flowchart of the reference image creation process 900 provided by particular
embodiments of the present disclosure.dlS, In %Zstep 91(1)2 of th(fa re(fierenc;elimage creaiion process 900, a
recipe Compﬁ]é‘i?néeé”ew 1mage capture device can have a fixed spatial position relative the
inspection position. The fixed spatial position of the review image capture device 62
preferably reduces calibration losses and adjustment feedback losses typically associated
15  with the use of mobile image capture devices or cameras, thereby enhancing quality of

review brightfield images and review darkfield images captured.

In several embodiments of the present disclosure, the system 10 further includes a
number of vibration isolators 24, which are collectively known as a stabilizer mechanism.
20  The system 10 can be mounted on the vibration isolators 24 or stabilizer mechanism
when the system is in normal operation. In several embodiments of the present
disclosure, the system 10 includes four vibration isolators 24, each positioned at a
different corner of the system 10. The vibration isolators 24 help to support and stabilize
the system 10. In some embodiments of the present disclosure, each vibration isolator 24
25  is a compressible structure or canister, which absorbs ground vibrations to thereby serve
as a buffer for preventing transmission of ground vibrations to the system 10. By
preventing unwanted vibrations or physical movements to the system 10, the vibration
isolators 24 help to enhance quality of images captured by each of the first image capture
device 32, the second image capture device 34, the 3D profile camera 56, and the review

30  camera 62, and to thereby improve quality of inspection of the wafer 12.



predetermined number of reference regions on the wafer 12 is loaded. In several embodiments of the
present disclosure, the recipe is created or derived by a computer software program. Alternatively, the
recipe is manually created. The recipe can be stored 20 in the database of the CPU. Alternatively, the
recipe can be stored in an external database or memory space. Each of the predetermined reference
regions represents; Igkak9 Ao tharn@iah bReMpish) iscti RN pFIQUWNA0aldY inkpecHae ohwaitiple
reference regions helps to compensate for 25 possibility of surface variations at different locations on the

wafer 12, or befeerdigitprIvsbRIIBERN & HEcBrosimAHINE MEIEAL! BIAS ORI o differential
planarity angiidsainaterdeflepiviingivilhhepndessiond by RReseNsIkiiestinhe REtithatithe
predetermined number of reference regions may represent an entire surface area of the wafer 12.
Alternatively? e PrsdetE ARiReE AuMB ARG e ference regions may 30 represent multiple predetermined
locations on multiple wafers. 44 In a step 904, a first reference region is selected. In a subsequent step
906, a predetermined number ("n") of images are captured of the first capture position of the selected

reference re§idhONISrRbFLBRRAIRS, rearhaglisclea it dbose st fRbdsirhired 1685tbhs of the

selected refengngs eaiRmcblumipes aisbleaatian.efdhad peasdeiredined nertiapaRidhe selected
reference region can be varied as required and facilitated by at least one of software program and

manual inpul S H@ Tl dges CARMECIRABT RSN Al IESFEne orase i e pireeisice 32, the
second imags GaptWIFEIeVIZEI%4 pOEHBIEs BY e IMNAgE Saplieie eaicexbrglaeaitraccl fnaliernatively,
the n images are. captured using a different image capture device. llluminations used for capture of the n
images Can BEVLRTRr AT Uy PEYAds b PTE ARoBr oL RSN ENBIT B BReCBifgHtfleld illumination,
the DHA illumination and the DLA illumination. Colors and intensities of the illuminations used for capture

of the n images can be selected, and , as. required. 15 Capture of multiple images at each position
0 emplary Beference lmade. € t|on(l1>roce351900 P P g P

FIG. 18 shows a flowchart of the reference image creation process 900 provided by
particular embodiments of the present disclosure.
15
In a step 902 of the reference image creation process 900, a recipe comprising a
predetermined number of reference regions on the wafer 12 is loaded. In several
embodiments of the present disclosure, the recipe is created or derived by a computer
software program. Alternatively, the recipe is manually created. The recipe can be stored
20  in the database of the CPU. Alternatively, the recipe can be stored in an external database

Or memory space.

Each of the predetermined reference regions represents locations on the wafer 12, which
is of an unknown quality. The use of multiple reference regions helps to compensate for
25 possibility of surface variations at different locations on the wafer 12, or between
multiple wafers. Such surface variations include, but are not limited to, differential
planarity and illumination reflectivity. It will be understood by a person skilled in the art
that the predetermined number of reference regions may represent an entire surface area
of the wafer 12. Alternatively, the predetermined number of reference regions may

30  represent multiple predetermined locations on multiple wafers.



into account the variations in the illumination, optical setup and the imaging means used during capture
of the reference images. This method of reference image creation minimizes unwanted influences or
effects on defect detection, and classification, due to'20 variations between the illumination conditions. In
addition, a number of images of the selected reference region may be captured for each specified

illumination ganglitigs, InoMost grapediments atienPiesenteisclosurs, ﬁﬁﬁ%&ﬁ@eﬂf upipledmages at each
specified illumination condition facilitates a normalizing or compensation of illumination variation from

flash to flasPBMEHIERUHBYSSFJHE. L 8T Hssrsral e RBBURA NS B! SRS RRSEISBLRE e n images
are preferablystesad derctogcdatabase afidie Gpddifidatherempodinesis gbthaprasentdisalesure, the "n”

images are stored in an external database or memory space as required. In a step 908, the n images

captured in PE&iEsdnechiacatighe Phkepielsrih Sekaefcs ERpPat JReteRHef fhesent

disclosuse, spigpbrelmRlcineo0RAIRST ¢RO1HIBEH thestap OB BreagiteratedReUIS AR RN Mlithe
subpixels of the n imasges can be performed using known references 45 including, but not limited to,

traces, bumpedipisdProthlets bl SRRV A arand NUYALIYME- or more of binary, gray scale or

geometrical pattern matching. In a step 910, reference intensities of each of the n images are calculated.
More 5 specifically, reference intensity of each image captured at each of the predetermined locations of

the selected FRfP ST §BN0E RBHRdSE e BT O drstdmascinteiuinds ureachtbe the n

images helpsc@n@malizecoptoasnpansatesfangoins yevisiomalpdiftpiant lesationss asregiansmn the wafer
12 (or the multiple wafers). In addition, the calculation of referen,(ﬁ%inten_sities of each of the n images

can helf to swm}vc?f&o%sm"péﬁ?a%% e OBt RS S biffRRS S SERLEEh SO Egions on the

wafer 12 (onthenmatiiple walersrledpiike stapdnlirepuliscin cuatidnaefBqgietener! intertsities, each of
the n reference intensities corresponding.to one. of t images. In a step 912, a number of statistical 15
information 8f‘ﬁ’i’f’é’r}%iﬂ‘é¢s Of & ‘BBIé‘FngEé%ﬁ e lﬁ? ngiétb(glcﬁlﬁtég&?‘?‘h@‘r‘fafﬂﬁté?n and

the DLA illumination. Colors and intensities of the illuminations used for capture of the n
images can be selected, and varied, as required.
15
Capture of multiple images at each position enables reference images to be created taking
into account the variations in the illumination, optical setup and the imaging means used
during capture of the reference images. This method of reference image creation
minimizes unwanted influences or effects on defect detection, and classification, due to
20  variations between the illumination conditions. In addition, a number of images of the
selected reference region may be captured for each specified illumination condition. In
most embodiments of the present disclosure, capture of multiple images at each specified
illumination condition facilitates a normalizing or compensation of illumination variation
from flash to flash or from strobe to strobe.
25
In several embodiments of the present disclosure, the n images are preferably stored in
the database of the CPU. In other embodiments of the present disclosure, the “n” images
are stored in an external database or memory space as required. In a step 908, the n
images captured in the step 906 are aligned and preprocessed. In several embodiments of
30  the present disclosure, subpixels of the n images captured in the step 906 are registered.

Registration of the subpixels of the n images can be performed using known references



of statistical information includes, but is not limited to, an average, a range, a standard deviation, a
maximum and a minimum intensity for each pixel of fgch of the n images. In most embodiments of the
present disclosure, the average is a geometric mean of the 20 reference intensity for each pixel of each

of the "n" images. Geometric mean is a type of mean or average, which indicates the central tendency or

typical valuejgfiadgs Obub HBIRRScAr D, HHRE Binlhedyathefs:Rkthersalcasaovlfrligdanrd then the nth

root of the resulting product is obtained. A formula for obtaining geometric mean is shown below: ra 1,/r
a:: 25 CalcUHaSrPBE M yEMER R e S a @ ot HHEREDRELR BRIFIARIN prevents the average
intensity calculated for each pixel of each of the n images from being unduly affected by extreme values
in a data set, 46 In addition, range of absolute intensity (hereinafter referred to as Ri) for each pixel of the

n images is &R FPPerEFRICthdNERIHER A Hideh AHEo P iNgES iXthe chetietn a

maximusn ang@ifiainumn RRsRMtBiIBSHSIfeharehiixel Hitheinimagrse O the prevéeusimeentioned,
the standard deviation of the intensity of each pixel for each of the n images of the first reference region

captured in 19838 ot eafslreied dishants Ingshetnisaliniuit dinhepralinnictindsrenste standard

deviation is gngeRmedriT slandamkderalien halbich doserhes fiovwspesstOrad @ setigfionmbers whose
preferred average is the geometric mean. A formula for obtaining the standard deviation is shown 10

below: (In -irfferent locations oretegions o the s ko i MBI B RS nifrisidion; he . Aj. In

a step 914, thacatinaggsreapbaediniéentamepaarcsayedadogeinessvitthiheislcesrespemstingrinformation
such as |ocation on the wafer 12 or first reference regjon. In . .
compensate, for other surface variations at different locations or regions on the wafer 12

(or the multiple wafers 12).

The step 910 results in calculation of n reference intensities, each of the n reference
intensities corresponding to one of the n images. In a step 912, a number of statistical
15  information of intensities of each pixel of each of the n images is calculated. The number
of statistical information includes, but is not limited to, an average, a range, a standard

deviation, a maximum and a minimum intensity for each pixel of each of the n images.

In most embodiments of the present disclosure, the average is a geometric mean of the
20  reference intensity for each pixel of each of the “n” images. Geometric mean is a type of
mean or average, which indicates the central tendency or typical value of a set of
numbers, or N numbers. The numbers of the set are multiplied and then the nth root of the

resulting product is obtained. A formula for obtaining geometric mean is shown below:

n 1/n
(Hﬂf) o TRY PYIEI

i=1

25
Calculation of the geometric mean instead of arithmetic mean or median prevents the
average intensity calculated for each pixel of each of the n images from being unduly

affected by extreme values in a data set.



15 most embodiments of the present disclosure, the statistical information calculated in the step 912 is
also temporarily saved in the step 914. In several erg odiments of the present disclosure, the above data
is saved in the database of the CPU. In other embodiments of the present disclosure, the above data is
saved in an alternative database or memory space as required. 20 In a step 916, it is determined if more

images of thg, seigieies reftepcaseaiRni A sIRAUEREnifseNTEA Qb aditaeRis QkihsiRiESeMcdisclosure,

the step 916 is software controlled and preformed automatically. In several embodiments of the present
disclosure, tHe S5 6 R PEaermBE ARk - rdiaRid It Ml i SitaiRedPREMieSiEps 28910 and
912. In othepgibedimentmalithmaresantAiseasivRdhesieRyXbe dadnanudly tralifatgdor controlled
using techniques known in the art. If it is determined in the step 916 that more images of the selected
reference region are required, the steps 904 to 916 are repeated. The steps 904 to 916 can be repeated
any 47 siumpgnedticies asdaitad dbandhia deleroned dnthfcpier 9t CapRRINeredenages of the
first reference region is required, a stega 918 is performed to determine if the steps 904 to 916 need to be

repeated for ASnBATREETSH B dRS T Forepes 80 Sepiurpiatelie geacritidhaliasalsuiriedefnce region)

of the predetaptinedbadimnketobretaie peasegionsicuie seneralambedinenisofitha presastrdisclosure,
the step 918 is spftware controlled and performed automatically. In addition, the step 918 is preferably

performed uSiH ArtSIRREOR OB TRtF TR e QM oiREeaf YU 93 GC 9PV A StREH 8 odiments of
the present dizgtosure tibesiar @ikSnismanupihhiagiitatestoneeniiekeshustagiteahnigueshkrawn in the

art. 10 If it is determined in the step 918 that images of the second reference region need to be captured,
i.e. if thd stebg?@?ﬁl to 916 need to be repeated for the second reference region, a signal is generated for
repeating the steps 904 to 916. The steps {0 ?Ill? ﬁan_b?nrep?g d any number of times as required.

In several embodiments of the pregep .V." i=1 ! He)” |

T

where g, is the geomtric mean of a set of numbers {A, A, ..., An}.

In a step 914, the “n” images captured are temporarily saved, together with their
corresponding information such as location on the wafer 12 or first reference region. In
15  most embodiments of the present disclosure, the statistical information calculated in the
step 912 is also temporarily saved in the step 914. In several embodiments of the present
disclosure, the above data is saved in the database of the CPU. In other embodiments of
the present disclosure, the above data is saved in an alternative database or memory space
as required.
20
In a step 916, it is determined if more images of the selected reference region are
required. In several embodiments of the present disclosure, the step 916 is software
controlled and preformed automatically. In several embodiments of the present
disclosure, the step 916 is performed with a reliance on information obtained by the steps
25 910 and 912. In other embodiments of the present disclosure, the step 916 is manually

facilitated or controlled using techniques known in the art.

If it is determined in the step 916 that more images of the selected reference region are

required, the steps 904 to 916 are repeated. The steps 904 to 916 can be repeated any



15 disclosure, the repetition of the steps 904 to 918 is software controlled and automated. When it is
determined in the step 918 that the steps 904 to 918 do not need to be repeated, i.e. that images of the
next reference region of the predetermined number 8f reference regions are not required, golden
reference images (hereinafter referred to as reference 20 images) are then calculated in a step 920. In

most embodimeBts of tiaRresenfdisgloswe the crlcHiatien pf thediefrvasaaimrossis inriaare
controlled, and is performed via a series of program instructions. The following steps are exemplary

steps perfortfetidiehretiEieg feeitanisdstitiagsten A AOREIERSS tBelelsERIREIE A5y s Person skilled
in the art thay@delitionahstePs Yeteshnigder omRIerR]AR iedhs falewingslepsmayhesegrformed in

the calculation of the reference image. In a step 922, pixels ha\/in%;eference intensities greater than a

predefined lifGEPEONARGTAMEE [FECABRIGS IO RiIRE R hBRA AT TGS R R s Stiecg isaighthan a

predefined nangedmpetesoiigschin drenstpr93r diftopirdefineepmitandsanacoeosiaP842 can be 48
either software selected and determined or manually selected and determined. In a stef 924, pixels of

intensities wiFFEPERS I AHHORAHSRY gl atdrifian athtetishnddt dit Purersabh G IS predgtined value

of the step Sgdoeaiatash &jtheinsefival easlepiedanshdeterminesharmandaliy selamedimprgdtdetermined. In
a step 926, the previously saved 5 images, as in the step. 914, are reloaded for repeat of any one or more

of the steps BEAIE BB ARISHE! {itrieerhiemamiidacliied ¢ eepitalirhetnzier Bidisge is

identified duggvihi skeRS$t922 to 924. The steps 922 to 926 facilitate identification of images comprising
pixels of specific pixel 10 intensities. In several embodiments of the present disclosure, the steps 922 to
926 endble identification of images containing pixels having reference intensities outside predefined

limits or ranges: fodenamiplelidetiificrpion sfthundasiable timasesmdadleridentifiedn Mexespreifically, the
steps 922 to 926 eliminate "undesirable" pixels from the reference image c Ic%ation and help to prevent
the "undesir&B‘i’é‘“ﬁfEélS-i}ﬁmgﬁ?@%ﬁ%g’@dﬁ nf%d?&} W@&%Bd;fvéﬁf’e?&?‘%aé terehdEaage.

signal is generated for repeating the steps 904 to 916. The steps 904 to 918 can be

repeated any number of times as required. In several embodiments of the present

15  disclosure, the repetition of the steps 904 to 918 is software controlled and automated.

When it is determined in the step 918 that the steps 904 to 918 do not need to be repeated,
i.e. that images of the next reference region of the predetermined number of reference
regions are not required, golden reference images (hereinafter referred to as reference

20  images) are then calculated in a step 920.

In most embodiments of the present disclosure, the calculation of the reference images is
software controlled, and is performed via a series of program instructions. The following
steps are exemplary steps performed for calculating the reference images. It will however
25 be understood by a person skilled in the art that additional steps or techniques
complementary to the following steps may be performed in the calculation of the

reference image.

In a step 922, pixels having reference intensities greater than a predefined limit is
30  determined. In addition, pixels having range of pixel intensities greater than a predefined

range is determined in the step 922. The predefined limit and range of the step 922 can be



The "undesirable" images are discarded. This facilitates elimination of defective data or images, thereby
preventing influence or presence of such defective data with generated reference images. In a step 928,
images comprising pixels within predefined limits and” 20 ranges (i.e. images not discarded) are

consolidated. In most embodiments of the present disclosure, the reference image creation process 900

results in degiatiosoeiihe fQlleviacaiagecaataedadNRimaliRescR@aga elnteRsiydofeackdyxel of each
of the consolidated images 25 (b) Standard deviation of intensity of each pixel of each of the

consolidatedfiagBSIYGIMBERAGT ahthndiriderdheaniation sredeh Bt dredefinsivalteitelidated
images (d) Averagedeferensedeteiaity Qheaghré theppredetarmieegimemaatwikeiRienea sggions

determined in the step 702 30 49 The consolidated images of the step 928 represent reference images.

In several eflSEBBIREh I onHEHREssitcird R e teraiRstrdh ce TIFRGES: iiselieY iRt ce#sSponding
image daita arenflesther isavieddepthesstar Bi8adbdspratpeanirasinanisohihe pragertcpismasidre, the

reference images_and their. corresponding image data are saved in the 5 database of the CPU. In other

embodiment&Zat e xS aithdisiedsrelninasitrsrancids predec g dr Ee CE Sl s data are

saved in an gligrpaiivedptazase opanemory space. It will be appreciated by a person skilled in the art
that the step 922 to 926 helps to reduce amount or size of memory space required for storing the
reference images and their corresponding data, which may enable the method 400 to be performed at a

10 higher speRél DEROIIAC Y215 faENREM RIROMMNRINS Ohihgcpresaptisdiseifisdreothparyecagedntensity of
each pixel is. normalized to 255 in order to display and visualize the reference images. It will however be

understfod BY SHERSoMSIGHEE i O drPERG tHe SuRiesgBliftinaty oreactpiet chh 18 £84malized to
an alternativi] yiadifie 4ty S den ésant ainchyipualiz e dhm sefefke Bee: imageticsT b StRPS QR4 928 can be
repeated a plrigg‘?st%rrmriQEg%sr,lugrbg)iegflg@% Jl?’[ri 1(?aq}grﬁino a‘undesirable” images, to be identified.

More specifically, the steps 922 to 926 eliminate “undesirable” pixels from the reference

image calculation and help to prevent the “undesirable” pixels influence on the final

15  reference pixel values of the reference image.

The “undesirable” images are discarded. This facilitates elimination of defective data or
images, thereby preventing influence or presence of such defective data with generated
reference images. In a step 928, images comprising pixels within predefined limits and

20  ranges (i.e. images not discarded) are consolidated.

In most embodiments of the present disclosure, the reference image creation process 900
results in derivation of the following image data:
(a) Normalized average of intensity of each pixel of each of the consolidated images
25 (b) Standard deviation of intensity of each pixel of each of the consolidated images
(¢) Maximum and minimum intensities of each pixel of each of the consolidated
images
(d) Average reference intensity of each of the predetermined number of reference
regions determined in the step 702

30



corresponding number of images with at least one of the first image capture device 32, the second image
capture device 34 and the review camera 62. In additjon, the steps 904 20 to 928 can be repeated for
capturing images at different illuminations or illumination conditions, for example brightfield illumination,
DHA illumination, DLA illumination and thin line illumination, as required. The repetition of the steps 904

to 928 enablege creationdafdeiaranes ivrages fasmultiplediinationsaictiuminationigoggitipns, and with
multiple image caéture devices as required. 25 As previously described, the derivation of reference

images for nFMpRHRSE b agiese Grelnstiarthersiesrisritipechdrgsthsiadthsamipteandintation

conditions halpstoRswie AcaryNaRiliinaind cpPERsatiosdherefestiedniorofatiatigrsdpcquality of
subsequently captured images due to variations in the lighting conditions. For example, 30 the capture of

reference imHSBEIF BHftBFelR FEtRrE e RE]iBRY o RERsPAs iR 1BLRIHaR AT fotaRshioHEhe wafer

12) preferabhsgpastestageoumabifity anek canmeRmsaianoforeolatsaitiations wi ifface piftgeations on the
wafer 12. In several embodiments of the present disclosure, the steps 904 to 928 are preferably 5

executed anB@8ftroMsk By theoEBIORMbre dpaesicdniy, fie sivpd dbatb FBMALVat #RLARA%H8T0f executed

and controlleglyos, SPHWIE RIRBEPpIEcEAYE R eMhesisrIMisightine presanheigelpspracableast one of
the steps 904 to 928 may be manually assisted if required. The reference images created by the

exemplary réfRSHEEIHSGEBRENGH SHOREEX B 1At EXTSRENAPEBA WitheSTFREG BAES captured
images of waershba QohRypakampndatialibhichtheretunaratle ahlerst ane e deteeiipmmei@ssitication and
review of defects on the wafer 12. As previously mentioned, various embodiments of the present
disclostite pf&hss ThEehP62EEY EPmethod 400 for inspection of wafers 12 to thereby at least one of
detect, 15 classify and review defects present on the wafers 12. In a first process portion 402 of the

process 400, the wafer 12 to. be inschted by the syftem 10 is loaded onto the wafer tahle 16. In several
embodimentglosleﬁ?éa]})lfég pdiments o the present disclosure, the average intensity of each pixel is

normalized to 255 in order to display and visualize the reference images. It will however
be understood by a person skilled in the art that the average intensity of each pixel can be

15 normalized to an alternative value in order to display and visualize the reference images.

The steps 904 to 928 can be repeated a predetermined number of times for capturing a
corresponding number of images with at least one of the first image capture device 32,
the second image capture device 34 and the review camera 62. In addition, the steps 904

20  to 928 can be repeated for capturing images at different illuminations or illumination
conditions, for example brightfield illumination, DHA illumination, DLA illumination
and thin line illumination, as required. The repetition of the steps 904 to 928 enables
creation of reference images for multiple illuminations or illumination conditions, and
with multiple image capture devices as required.

25
As previously described, the derivation of reference images for multiple reference regions
of the wafer 12 (or multiple wafer) and at multiple illumination conditions helps to ensure
accountability, and compensation where required, for variations in quality of
subsequently captured images due to variations in the lighting conditions. For example,

30 the capture of reference images at different reference regions of the wafer 12 (i.e.



disclosure, the wafer 12 is extracted from the wafer stack 20 by the robotic wafer handler 20 18 and
transferred onto the wafer table 16. Suction or vacuum is applied to the wafer table 16 to secure the
wafer 12 thereonto. In several embodiments of the psr sent disclosure, the wafer 12 includes a wafer
identification number (ID number) or barcode. The wafer ID number or barcode is 25 engraved or tagged

onto a surfaggrkhe walgsiZomaespReifispliyatamerinbems ok thasupines afdhowaigstdnThe wafer

ID number or barcode helps to identify the wafer 12 and ensures that the wafer 12 is correctly or

appropriatelyabselat BHRHeRs WAEf e A tions08dR6 it fifotess portion 404, a wafer map of the wafer
12 loaded onto the wafer table 30 16 is obtained. The wafer map may be loaded from the database of the
programmable controller. Alternativ%\g the wafer m%%may be retrieved from an external database or 51

processor. P RIERteTRRRi el dhe: PSSt BeEp e FEPUERTCE BSnePIBiERRY of the wafer

12 onto she m@akle shiPRERHPIASIPH WSiTPIEMORSREIERINIUAS HEWDIOE PESSRB SKkillgd in the art. 5
In a third process portion 406, one or more reference locations are captured or determined on the wafer

map and at IRXsPoFE SRk confraHehRS sy HF RERBAR: dftsvigral abeddasnsingf thniques

known to a peesent skilledsirdhatartadh ansUbsERdISRipRrooass PRryonA08e anwvaleniscagqigiedian path and a
plurality of image 10 capture positions are calculated or determined. The wafer map obtained in the step

404 preferabiyt4efitat®s tHECERCHIARIPST HEWTMsdAR MM PATEARTIRE PRSP IRge capture
positions. Ingreskenimosines o thenpasant disklassiapinalcalsplatiannafdheorafefescan protion path
is dependent on at least {J,ne of several known parameters, Such known parameteril\}nc!ude, but are not

limited 18, rotRfoR SR libater Bersby shablesbilsas A idrtstERNiHdpstiictigrendvstar ¥cdn velocity

and encoderdpasitiah thactuedr the plurality of image capture positions reflects or corresponds to a
position on the wafer 12 of which images are to be captured. In most embodiments of the present
disclosure, each of the plurality of image capture positions can be altered as required using techniques
known to a pessprsikilisg iméhtondd Thervubeibotiimage olipty epasittofisclosure provide the

process or method 400 for inspection of wafers 12 to thereby at least one of detect,

15  classify and review defects present on the wafers 12.

In a first process portion 402 of the process 400, the wafer 12 to be inspected by the
system 10 is loaded onto the wafer table 16. In several embodiments of the present
disclosure, the wafer 12 is extracted from the wafer stack 20 by the robotic wafer handler
20 18 and transferred onto the wafer table 16. Suction or vacuum is applied to the wafer

table 16 to secure the wafer 12 thereonto.

In several embodiments of the present disclosure, the wafer 12 includes a wafer
identification number (ID number) or barcode. The wafer ID number or barcode is
25  engraved or tagged onto a surface of the wafer 12, more specifically at a periphery of the
surface of the wafer 12. The wafer ID number or barcode helps to identify the wafer 12

and ensures that the wafer 12 is correctly or appropriately loaded onto the wafer table 16.

In a second process portion 404, a wafer map of the wafer 12 loaded onto the wafer table
30 16 is obtained. The wafer map may be loaded from the database of the programmable

controller. Alternatively, the wafer map may be retrieved from an external database or



20 can also be altered as required using techniques known to a person skilled in the art. In several
embodiments of the present disclosure, the process portions 404 to 408 are performed automatically by
the system 10, more specifically by the programma ¢ controller of the system 10. In some embodiments
of the present disclosure, any one of 25 the process portions 404 to 408 may be performed by, or with the

aid of, an altgrpativer. PrapgssAldmaiiil piacesamPriap M tepeparamaraliarniipdgrat the system
10 determines availability of an appropriate golden referenc%hereinafter referred to as a reference 30

image). If th&?AdhBEAEdFINYETd hORLR B BIeY fbke rtRPORCRI MR TS RRiB At fideshnigishplary

reference imaggRwer ealQRNAGREIAQA @ dascribed above in a sixth process portion 412. In most
embodiments of the present disclosure, the reference image is obtained, or 5 created, before performing

an exemplary two-dimensional (2D) wafer scanning process 400 in a seventh process portion 414. A

processyflowAliaeHaaRbbe PYaTBRIANG hie: SiMmeRsIRRatiP)ovaIBhSeANCIPEIRIPELStRRiaErording to
various embodiments of the present disclosure is shown in FIG. 19. 10 Exemplary two-dimensional (2D)

wafer scannfify Protale serp s AldasbRrehrREE ol traglaiamst drddkexatiart hRbsdiensional

(2D) wafer seaniMngiRINEEesshRy@ecRieing tovasiots saadimeatstof the present disclosure. The 2D
wafer scanning process 500 enables capture of brightfield images and darkfield images by the first image

capture device 32 and the second image capture device 34. 15 In a first process portion 502 of 2D wafer

scanning pragessubRgibe Hisicknageraaptuos, deviger32ds axpRsepath /4 eeChREIGTSHiagrion 504, a
first illumination is supplied. The first illuglina ion is for example brightfield illumination supplied by the

brightfitld il GRS BP P8 BRI H AR OSSRy 1 e hig A Eh JraraaPiarst i imateR 268%r 20 DLA
illumination gueeligsloyatibtiew angtedarkdieldo uninates 28alnseneapagmbadinepls githeHresent

disclosure, Si%%ggocgﬁgﬁg%ggﬁgéﬂgﬂw %Eloos? é?n gd?llillgg‘lclsegflﬁle present disclosure, the calculation
of the wafer scan motion path is dependent on at least one of several known parameters.

Such known parameters include, but are not limited to, rotation offset, wafer size, wafer

15  die size, wafer pitch, inspection area, wafer scan velocity and encoder position. Each of

the plurality of image capture positions reflects or corresponds to a position on the wafer

12 of which images are to be captured. In most embodiments of the present disclosure,

each of the plurality of image capture positions can be altered as required using

techniques known to a person skilled in the art. The number of image capture positions

20  can also be altered as required using techniques known to a person skilled in the art.

In several embodiments of the present disclosure, the process portions 404 to 408 are
performed automatically by the system 10, more specifically by the programmable
controller of the system 10. In some embodiments of the present disclosure, any one of
25  the process portions 404 to 408 may be performed by, or with the aid of, an alternative

processor.

In a fifth process portion 410, the programmable controller of the system 10 determines
availability of an appropriate golden reference (hereinafter referred to as a reference

30 image). If the reference image is not available, the reference image is created by the



the step 504 is determined by an illumination configurator (not shown). In several embodiments of the
present disclosure, the illumination configurator is a component of the system 10 and electronically
coupled to the illuminators (28, 30, 52, 64 and 66) ofthe 25 system 10. In several embodiments of the
present disclosure, the illumination configurator is a component of the CPU. The image capture devices
32 and 34 candissayyrermahatianef duminairnz aroveled dydbnighthistd dlumingtan 2R0E86IA illuminator
30 and DLA illuminator 28. Examples of 30 the possible combinations for the first illumination used by the
image captuP@IH‘QPiéé%Z and the second illumination used by the image capture device 34 are shown in
the table of 53 FIG. 19. In most embodiments of the present disclosure, if the first image capture device
32 and the second image capture device 34 both use a substantially similar illumination, then the

throughput dPstR45 CBRAGIRSESNAN SDfd EsHY KigRlestEs dhenEfroessIdmeshritiuPitngds ®or purposes
of the followingagesasitien peabhauation.k s gven dielRRIB01 B wikisssaipeiedhRyctie

illumination configurator. Accordingly, the first illumination is the brightfield illumination supplied by the

brightfield illdHnEBdr SE R IRTASEY @THOBIMERtE PR S Bh i REEIsR e iR FFBIRILY doffions 502 and
504 are perfpmesd simyltaneously sERHaIeaeesof10e Arasassperiensklhdidiamenailes capture of

a first image, as shown in FIG. 22a, by the first image capture device 32. In a third process portion 506,
the first imad®<eaptdred sy s APeMmEYE! Captiire device 32 is converted into image signals and
transmitted to the CPU via the data transfer process and 15 stored in the database or storage memory.
In a fourth procesi&ﬂqtio 508, the secand in&ge capture device 34 is exd)osed. In a fifth process portion
510, a Weond illumtAEH0k .syévll’ﬁ;..’gbenﬁ\@% At %“ﬁ.o‘?ﬁlﬁﬁﬁﬂﬂ%o%egﬁe%d%n of the second illumination is
determined pyche dlyranatiopeeedigamioding2ihmestirmiesiplantswed diepreraial dxsjosdrer For

purposes of the present descri(Ption, c(?nfi uration 1 as hg,wn in thF able of FIG, 20 is selected by the
illumination Scanning process 500 according™to various embodiments of the present disclosure. The

2D wafer scanning process 500 enables capture of brightfield images and darkfield
images by the first image capture device 32 and the second image capture device 34.
15
In a first process portion 502 of 2D wafer scanning process 500, the first image capture
device 32 is exposed. In a second process portion 504, a first illumination is supplied.
The first illumination is for example brightfield illumination supplied by the brightfield
illuminator 26, DHA illumination supplied by the high angle darkfield illuminator 30 or
20 DLA illumination supplied by the low angle darkfield illuminator 28. In several
embodiments of the present disclosure, selection of the first illumination to be supplied in
the step 504 is determined by an illumination configurator (not shown). In several
embodiments of the present disclosure, the illumination configurator is a component of
the system 10 and electronically coupled to the illuminators (28, 30, 52, 64 and 66) of the
25 system 10. In several embodiments of the present disclosure, the illumination

configurator is a component of the CPU.

The image capture devices 32 and 34 can use any combination of illuminations provided
by brightfield illuminator 26, DHA illuminator 30 and DLA illuminator 28. Examples of
30  the possible combinations for the first illumination used by the image capture device 32

and the second illumination used by the image capture device 34 are shown in the table of



configurator. Accordingly, the second illumination is the DHA illumination supplied by the high angle
darkfield illuminator 30. It will however be appreciated by a person skilled in the art that the first
illumination and the second illumination may be alterhative 25 illuminations as required, for example those
of the different configurations shown in the table of FIG. 20. In most embodiments of the present

disclosure, tipgapiocessiRREtINSoARBARThRApe LR ferNes sl AR eRuUSH L SQYaIRl gBvRediments of
the present disclosure, the process 30 portion 506 occurs in tandem with the performance_of the process

portions 50833rhS 18e fGaRthi s SaRRER LS e roTrRaHtEss B HREIY pH rbHs BB I8RO 0 facilitate
or 54 enableneapiweainbagprend isiee: asAMIiEh Fleuld2be INdhaSReORY iNagie gRRLWER device 34.

In a sixth process portion 512, the second image captured by the second image capture 5 device 34 is
converted inf9MA&H&t8Mals and transmitted to the programmable controller via the data transfer
processsand preferably stored in the database or storage memory. FIG. 21 shows a diagram of an
exposure of the first image_capture device 32, supply of _the first illumination, exposure of the second

image captuF@HRWRasss of thn P tie tring eeseripiieritonfiatiahoadra st rarsrdro e dddlth accordance

with several zombedisesntHyofib e RIsERALHISeloBEItH. Mabyrembgdiments: themieesss igarkons 502 to
512 can be repeated any number of times for capturing a corresponding number of sets of first images

and second RHBRE Kk Hemmationssrrsied, eths BrighiBoti i miaidheopresent disclosure, the process

portions 502 to 512 are preferably repeated for capturing images with the first illumination and the
second jllumination of the wafer 12 %aeh of thg, plurality of image capture positions _algng the wafer

scan mdtion!Batresk CaRAdEREGtH Hhahsr e L Sl esdtss. 1B NOSBVRNURNE XlriBRY, L4cADf the first

image (or firpkrespaasenailthHReSSEOPerforagactob SeeeHlIashansEbaaITbE ealvEItednmimage
signals and transmitted to the programmable contr IIertgmd subsequently stored.in the database or
storage menﬁwrm%?e%, al &ﬂ%dﬁm@aﬂﬂ@ﬁré@q dlidefolle S BPIHE R3S pibns 502 to

512 third process portion 506, the first image captured by the first image capture device 32 is
converted into image signals and transmitted to the CPU via the data transfer process and

15  stored in the database or storage memory.

In a fourth process portion 508, the second image capture device 34 is exposed. In a fifth
process portion 510, a second illumination is supplied. As with the first illumination,
selection of the second illumination is determined by the illumination configurator in
20  most embodiments of the present disclosure. For purposes of the present description,
configuration 1 as shown in the table of FIG. 20 is selected by the illumination
configurator. Accordingly, the second illumination is the DHA illumination supplied by
the high angle darkfield illuminator 30. It will however be appreciated by a person skilled
in the art that the first illumination and the second illumination may be alternative
25  illuminations as required, for example those of the different configurations shown in the

table of FIG. 20.

In most embodiments of the present disclosure, the process portions 508 and 510 are
performed simultaneously. In several embodiments of the present disclosure, the process
30  portion 506 occurs in tandem with the performance of the process portions 508 and 510.

In many embodiments, performance of the process portions 508 and 510 facilitate or



25 is performed while the wafer 12 is in motion. This is to say, the capture of the first image and the
second image is performed while the wafer 12 is in motion along the wafer scan motion path.
Accordingly, a person skilled in the art will appreciaté hat the wafer 12 will be displaced by a
predetermined distance along the wafer scan motion path between the process portions 502, 504 (which

in several ersplimapiaecots SkrshianaapsysamdwheidRi0cess BRHRNGaO% Fhovbishia several
embodiments also occur simultaneously). The predetermined distance depends on several factors

including, bulsYdt9idfited to, 55 speed of displacement of the wafer 12 along the wafer scan motion path
and time required for any one of the process portions 502 to 512. The predetermined distance may be
controlled and varied as required, for example by the CPU. The control and variation of the

predetermindd YRR RS Berteraltots sretthirass: RRIHtRID Y dbfisaen G iASmAMPSHbodiments,
the displacemeantosahe voaknitd ardiRasEbsdRRONRT asHimincSieatio pRirRiedBieuBiRM émage offset

when the first image is superimposed onto, or compared with, the second image. 10 FIG. 22c shows a
combined im4g&6riHa s RiayecartAkrselcamiNage 4o B HetrRENG OFeLIRBMTAGE offset due to the
capture of the first image and the second image while the wafer 12 is in motion. The predetermined
image offset depends on several factors including, but not limited to{jqﬁsjg.?eed of displacement of the wafer

12 along thelWafer st BB BEHP LAY TrRESHEG OB Sin{rae GRIHE SIDHES S pottBRY §62 to 512.

Control 15 ap@ adatidmeahiio Rredsteiningthinageoalfseidvay 4aat laasiceneiokepfivase G manually
facilitated. In a process portion 514, XY encoder values are retrieved. In_ most embocgments of the
present YiscRSSHRS, %W%%&@@r%%%%“éf%r BERSRIE AR AR ELAT DI 55EsE o8 WBEHRS 504 and

510. In mostgnbealinenisiRidbe@resent disclosure, the XY encoder values represent positions
(XY-displacement) of the wafer 12 along the wafer scan motion path. The XY encoder values obtained
are used for calculating the image offset (coarse offset) between the first image and the second image

(i.e. relative pffgeingf éhebodiments, the process portions 502 to 512 can be repeated any number of
times for capturing a corresponding number of sets of first images and second images of

15  the wafer 12. In several embodiments of the present disclosure, the process portions 502

to 512 are preferably repeated for capturing images with the first illumination and the

second illumination of the wafer 12 at each of the plurality of image capture positions

along the wafer scan motion path as calculated in the process portion 408.

20  As previously described, each of the first image (or first response) and the second image
(or second response) can be converted into image signals and transmitted to the

programmable controller and subsequently stored in the database or storage memory.

In several embodiments of the present disclosure, each of the process portions 502 to 512
25  is performed while the wafer 12 is in motion. This is to say, the capture of the first image
and the second image is performed while the wafer 12 is in motion along the wafer scan
motion path. Accordingly, a person skilled in the art will appreciate that the wafer 12 will
be displaced by a predetermined distance along the wafer scan motion path between the
process portions 502, 504 (which in several embodiments occur simultaneously) and the
30  process portions 508, 510 (which in several embodiments also occur simultaneously).

The predetermined distance depends on several factors including, but not limited to,



second image from the first image) in a process portion 516. The fine image offset is 25 calculated by
performing sub pixel image alignment using pattern matching techniques. The final offset is obtained by
applying a predetermined mathematical formula on e coarse and fine image offsets. The predetermined
mathematical formula may be adjusted as required using techniques known to a person skilled in the art.

30 The 2D wgfeseaniiptheincassopd@deriasmed indhe peckRarPadtin fddsf thendreeesend00 results
in the capture of multiple images of the wafer 12, in most embodiments of the 56 present disclosure, at

the calculatd@IHiEgLiapmIrels SifhEIasHS RAEIRRTEPSAr otds padstarmiped;distansfiod@¥s portion

416 of the pracessiHIRdamExarday hyendimensixnal (R him@PE. PrRcesatndl RIRCESSH04 is
performed for at least one of identifying or detecting, classifying, consolidatin%,and‘ storing defects on the

wafer 12. EXSiAaRrSTF s ArIRReSMgI e ALLAB T ERE S2BVEHEWE BRI Ehgram of the

exemplary 2D image processing process 10 600 according to an embodiment of the present disclosure.
In many embodiments, the 2D image processing process 600 according to_.an. embodiment of the present

disclosure faSIRY FRRAULEIRE SF e HRlgeseialddsninl 238 draflredbsthrRp prdcsststb. In
addition, thec2EiAIRGE€ PineesHnGiREGRRE O (acitatesirtieasizens afpaeniiyieg andetacting,
classifying, consolidating and storing . defects on the wafer 12. In a first process portion 602 of 2D image
processing (UYBRREBAT L HIstG8RAE % fge is selected and loaded in a memory workspace. The first
working image is selected from 20 the number of first images and second images captured and saved

during the 2D wafer scanning process. For purposes of the present description, the first working image
represefits tﬁéqirgtzﬁﬁéﬁ‘é(%%ﬁﬁ?%ﬂlﬁi iRagsof %ﬁ?ﬁ%?ﬁ?eaﬂ‘é%’@es%? B ESI RS canning

process 500re201Hh @ BRSENSNNACESS POl BapAte iR Xelsalignmeni Otibedistavarkingwnage is
performed. Iqlseve al ?mbo_dimen,ts of the pred':,ent disclosure, sutJ?-pix | alignment is
the water 12 1s in motion. The predetermined image otfset depends on several factors
including, but not limited to, speed of displacement of the wafer 12 along the wafer scan
motion path and time required for any one of the process portions 502 to 512. Control
15 and variation of the predetermined image offset may be at least one of software or

manually facilitated.

In a process portion 514, XY encoder values are retrieved. In most embodiments of the
present disclosure, the XY encoder values are obtained during each of the process
20  portions 504 and 510. In most embodiments of the present disclosure, the XY encoder
values represent positions (XY-displacement) of the wafer 12 along the wafer scan
motion path. The XY encoder values obtained are used for calculating the image offset
(coarse offset) between the first image and the second image (i.e. relative offset of the
second image from the first image) in a process portion 516. The fine image offset is
25  calculated by performing sub pixel image alignment using pattern matching techniques.
The final offset is obtained by applying a predetermined mathematical formula on the
coarse and fine image offsets. The predetermined mathematical formula may be adjusted

as required using techniques known to a person skilled in the art.

30  The 2D wafer scanning process 500 performed in the process portion 414 of the process

400 results in the capture of multiple images of the wafer 12, in most embodiments of the



performed using pattern-matching techniques using one or more templates. Such sub- pixel alignment is
performed using one of binary or gray scale or geometrical pattern matching methods. Once aligned,
reference intensity for each image is calculated fron™30 one or more predefined region of interests in the
image as shown in a third process portion 606. The process portions 604 and 606 may be collectively
referred to agrasert MERRIQGESaINGEdhaIfirsd Wﬁ’éﬁ@“@aﬁﬂ@gﬁoﬂiﬁ@ﬁ‘s bgotpagibywarpraciatesbingt the
preprocessing is not limited to above process portions. Additional process portions or steps can be
incorporatecPﬂﬁP*the preprocessing if necessary. 5 In a subsequent process portion 608, a first golden
reference or reference image is selected. The first reference image selected in the process portion 608
corresponds or matches with the first working image. In most embodiments of the present disclosure, the

first referend® iMRJENY SERsErs PRGN YA RePHREH E oAb AR YR Petitua Pt i BAce images
created Dy the@xeprplakyiRfeiees Yeatiopdroaass 4N0n1tas: RRcessddiRitigrd dettihng process

400. The exemplary reference creation process 900 is described in detail above, and is shown in FIG.
18. In a fifth PASSHENBHAB BIt i aiBiRriRelatecss o oM LseH pixel of the first working image are
calculated. In a subsequent process portion 612, the calculated quantitative data 15 values for each pixel
of the first working image are referenced with a predetermined threshold value together with
multiplicative or adchifis o) IM2UE RIGRERSHIS PEREEAHPION 614, the first working image is then
matched or evaluateshagaingkdoesiirabieierenes ioTage sctogiedynibeanigeqassdeswiiNnviess608. The
matching 20 or evaluation of the Iirst,workin image with the first reference image facilitates detection or
identifi¢3tion° 3P AEFSE W i@?%%@%@ﬁ%%&bﬁﬂf&}i{%f the present disclosure, the CPU is
programmed for effecting automated matching between the first working image and the first reference
image. The programmable controller carries qut a series of computing ingéructions r algorithms for

matching the TirSe S riRPoS ATAGe With the fildPestePAAtES THagB RS tRer&h e?Fa‘EBFé’Q% téion or
identificationeafbsl@itacis onttrepyeadar dRclosure facilitates processing of the images captured in the

'}
C

2D wafer scanning process 500. In addition, the 2D image processing process 600
15  facilitates at least one of identifying or detecting, classifying, consolidating and storing

defects on the wafer 12.

In a first process portion 602 of 2D image processing process 600, a first working image
is selected and loaded in a memory workspace. The first working image is selected from
20  the number of first images and second images captured and saved during the 2D wafer
scanning process. For purposes of the present description, the first working image
represents the first image captured by the first image capture device 32 during the 2D

wafer scanning process 500.

25 In a second process portion 604, sub-pixel alignment of the first working image is
performed. In several embodiments of the present disclosure, sub-pixel alignment is
performed using pattern-matching techniques using one or more templates. Such sub-
pixel alignment is performed using one of binary or gray scale or geometrical pattern
matching methods. Once aligned, reference intensity for each image is calculated from

30 one or more predefined region of interests in the image as shown in a third process

portion 606. The process portions 604 and 606 may be collectively referred to as a



Determination of presence of one or more defects occurs in an eighth process portion 616 of the 2D
image processing process 600. If more than one defects are detected or 30 identified in the process
portion 616, the algorithm would sort the defects from'the largest to the shortest based on either one or all
of area, length, width, contrast, compactness, fill 58 factor, edge strength among others. Further the

algorithm sejgehr Rl ilossr dgfectrwhichkingetmbiser defiagd kitesaitg @9@@{&&?@%&%@@% of
interest (DROI). If a defect (or more than one defects) is detected or identified in the process portion 616,
DROI on thePfiGe19n8 it tatiisdel iAbe YamFP BTt eeLi9Bion 6418 08RG S PAHIBBRIfents of the

present disclassy eathe: RREpéAlCHAIRE sheprynisally Pyndb&sgaRY in the process portion 618. In several

embodiments of the present disclosure, the CPU is programmed (i.e. includes or embodies a series of
computing instructions or software) for enabling the calculation of the DROI. 10 In a tenth process portion

620, a correspandingdd @t Pracsacasiverkig imaeg isolaspacebnVio seegdicallniie: sgcond
working image is the second image captured by the second image capture device 34 during the 2D wafer

scanning procésiedod MeHESHESETBicth & it SRter & (i gl 95 SScBATESHoPine P iTSBRNES Pk first

image), is 15fgResieHH AN R Ea%SHRAHIAR-6BOMGR RAGAIMENG: BhRixet Rl asast eksarond
working imalge. In several embodiments of the present disclosure, the inspection of the DROI of the

second workilit iFRESEESCifRagss B ontrereti BB dekiabirs et SallRRn BFosRldeh SRS TS Oh several

embodimentefithecniased cisglasyiehihexpiapRss roRidattetatasilifatessclansificatiopotegafect
detected in the process portion 606. 20 The S)ﬁ%em 10 processes the DROIs of the secaond working
image istedPBiMedAtifd HfagEOTRsadtiflon] 1Y (FEPIDEEE S PITHBAe TECA N ARtEEHSisHBUAY, the

process or m@ihastHA0 wolldiskip, hirl pEREESS RERIENS 818 and onwards. This will further reduce the
amount of resources or processing bandwidth needed for processing the second
In a fifth process portion 610, quantitative data values for each pixel of the first working
image are calculated. In a subsequent process portion 612, the calculated quantitative data
15  wvalues for each pixel of the first working image are referenced with a predetermined

threshold value together with multiplicative or additive factors.

In a seventh process portion 614, the first working image is then matched or evaluated
against the first reference image selected in the process fourth portion 608. The matching
20  or evaluation of the first working image with the first reference image facilitates
detection or identification of defects on the wafer 12. In several embodiments of the
present disclosure, the CPU is programmed for effecting automated matching between
the first working image and the first reference image. The programmable controller
carries out a series of computing instructions or algorithms for matching the first working
25  image with the first reference image to thereby enable the detection or identification of

defects on the wafer 12.

Determination of presence of one or more defects occurs in an eighth process portion 616
of the 2D image processing process 600. If more than one defects are detected or
30  identified in the process portion 616, the algorithm would sort the defects from the largest

to the shortest based on either one or all of area, length, width, contrast, compactness, fill



25 working image. It can be readily appreciated that such intelligent processing sequence is dynamically
decided based on the results of preceding steps. This will facilitate improved system 10 throughput or
wafers inspected per hour. In a process portion 622,5§1e detected defect, more specifically the location or
position of 30 defect as well as the classification thereof, is saved. In several embodiments of the

present disclasiyie cHie detastadsipirchirid adsatienzor iassiicalion hresetudfeo wigkad in the

database of the CPU. In gther embodiments of the present disclosure, the detected defect, and the

location and'BRSESHRSA SR E8rria crlaulits efestvarseiphbyee s (MRABrEpSES (Phe process

portions 6020628 £asnbelceRestedRidoened ammueangarteé praessioporierassiNDR®IIBIRERS captured
during the 2D wafer scanning process 500. In several embodiments of the present disclosure, each of

the images chHRIred AihrycHedted L ARATG S RIS 808 is sequentially loaded in the memory
workspagce and processed for facilitating the detection of defects, which may be present on the wafer 12.
The process 10 portions 602 to 622, and the repetition thereof, facilitates at least one of detection,

confirmation Y ciakeimeagimeais RirtharesrRiHselgsEe pas DR Ghita lnuripd Sxameally fe multiple

image captufgepoBitionshelpRadhepuaien s33nIMatianapathbdditracesth P prigmbddeieask ahaultiple
defects, and the locations and classifications 15 theregf, detected by the 2D image processing process

600 are conSdiidate @ QKPLUDED, (e SELHAF S T GERRRGIRS BrYFHEHrRESAMIMLLRSGIRETHF 1R85 tabase of

the CPU. In ssheraembeditsimig eetbel arrsentdigwasries. the defects, and the locations and
classifications thereof, are consolidated and saved in an alternative database or memory space. 20 In

most ehibodiments of the present disclosure, the 2D image processing process is an automated process.
In several embadigaenisreddire fierpnt aiscossiiesoadafUDR (IregranssoesdfarofiifCinales dsseries of
computing instructions or software program, for automatically performing the. 2D image pr iessing

process. In SBFREALNIAISRESISFIE - HhESSALMISWIKIRG, TARES B itha Ge BPIERH ¢ IOEES D nay be
facilitated byian alclgastinage Japnaourhviitputwvher gehdireD. wafer scanning process 400. The

DROI of the second image (which is a corresponding image of the first image), is
15 inspected in the process portion 620 after performing sub-pixel alignment of second
working image. In several embodiments of the present disclosure, the inspection of the
DROI of the second working image facilitates confirmation of defect detected in the
process portion 616. In several embodiments of the present disclosure, the process
portion 620 facilitates classification of defect detected in the process portion 606.
20
The system 10 processes the DROIs of the second working image instead of the entire
image. In addition, in the process portion 616, if no defect is found, the process or
method 600 would skip the process portions 618 and onwards. This will further reduce
the amount of resources or processing bandwidth needed for processing the second
25  working image. It can be readily appreciated that such intelligent processing sequence is
dynamically decided based on the results of preceding steps. This will facilitate improved

system 10 throughput or wafers inspected per hour.

In a process portion 622, the detected defect, more specifically the location or position of
30 defect as well as the classification thereof, is saved. In several embodiments of the

present disclosure, the detected defect, and the location and classification thereof, is



Completion of the 2D image processing process 600 of the step 416 of the method 400 results in
consolidation and storage of defects, and the locations and classifications thereof, detected using the
brightfield illumination, the DHA illumination and DLA30 illumination. 60 In a subsequent process portion
418 of the process 400, an exemplary three-dimensional (3D) wafer scanning process, for example a first

3D wafer scaminaPiAcaRiabah 3f SREVIVNREHSCAMMBERFRGRS DT % pradhirgiwaianscanning
process 950, is performed in accordance with particular embodiments of the present disclosure. 5 In

several emb8efiRHideieate PreLbnlarationrrd rassibisting heirring pidwskd7an, 2H9H2858 enables

capture of 3R.p/eiile InaepRiPsIedMages) of the wafer 12, for facilitating consequent formation of a 3D
profile of the wafer 12 (or for obtaining information on the 3D characteristics or topology of the wafer 12).
The wafer 12 is 10 displaced along the calculated wafer scan motion path for capturing 3D images of the

wafer 13 at amy giecREsIeishdhsomudtipe imagpCapiiR Positivnsedamnsianter aonandbeyyafer scan
motion path as calculated in the process portion 408. In many embodiments of the present disclosure,

selection anBTQSESIN&ither tRASrsEatIes WHrBessntthg pfobasd g Masatold 3B #abcanning

process 750e@bdaentbitd 3Pthwplessaaning rcass 9bthdntheRregreraion4h8 obtheafrocess 400
can be dependent upon a number of factors, for example the presence and/or number of sets of optical

elements or H&UREE Maresr i dsartshtatisdqdgd miheragnamsrumseard BErerakieystem 10,
inspection refeingaptis. @aciaowafelcehasacipiisticsyropesias @O Bodiardopegraphicatdaatures. First

3D wafer scanning process 700 FIG, 24 shows a process flow diagram of the first 3D wafer scanning
procest’700PSUBIIRG IV SuS BINBEUATRIEBF tHEBrESEHE AR At aSh 9% irsIPF6EEs portion
702 of the firssnItPrvwailer, seRNENgi Rraaeasof ABfdaH) Wech may be present on the wafer 12 at any

of the multiple image capture positions along the wafer scan motion path.

In a process portion 624, each of multiple defects, and the locations and classifications
15  thereof, detected by the 2D image processing process 600 are consolidated and saved, in
several embodiments of the present disclosure, in the database of the CPU. In other
embodiments of the present disclosure, the defects, and the locations and classifications

thereof, are consolidated and saved in an alternative database or memory space.

20  In most embodiments of the present disclosure, the 2D image processing process is an
automated process. In several embodiments of the present disclosure, the CPU is
programmed for, or includes a series of computing instructions or software program, for
automatically performing the 2D image processing process. In some embodiments of the
present disclosure, the 2D image processing process may be facilitated by an at least one

25  manual input where required.

Completion of the 2D image processing process 600 of the step 416 of the method 400
results in consolidation and storage of defects, and the locations and classifications
thereof, detected using the brightfield illumination, the DHA illumination and DLA

30  illumination.



illumination is supplied by or emitted from the thin line illuminator 52. Thin line illumination can be

supplied by one or more thin line illuminators 52. In particular embodiments, for example with the system
10 shown in FIG. 274, thin line illumination 30 is sur§§|ied or emitted by one thin line illuminator 52. 61 In
a second process portion 704, the thin line illumination is directed at the inspection position by the set(s)
of mirrors 54Assabauslassideed }%ﬁi%ﬁtéﬂf FTOKRS ;6 A1), Gandigiyiprh gt diskasessfenirecting thin
line illumination supplied by one thin line illuminator 52 to or towards the inspection position. In particular
embodiments’ [ SHE LSRG P8 an 196 exmmpliet AR dRRptiakd rseeBHttomig Tor Earfple,

establishing s8R inde PAMAHINANIHELSAT SMaie Atnuachatbinstingilienpidrtigndsodireptetbtgwards the
inspection position. In a representative implementation (e.g., corresponding to FIG. 27a), the thin line
iilumination ¢AAETHiGSH RS SHaCERIdHReHia Rl e Ry seuediStiAsiErs 54 such that the thin line
illuminagon is perpendicularly or otherwise incident upon the 10 wafer's surface in accordance with an
intended angle of incidence. The number of sets of mirrors 54 can be dependent upon the number of thin

line illuminalBrecEe YsetR8UnsHly HifthiBRRsH iSRS W ne? il tRTcH I & a5 siAlon is

directed to o73owasd thebisPeapard s ton p2eaIemadaiendesnngisel) b7 ieidenke obthethin line
illumination upan the wafer's surface. In a subsequent pracess portion 706, the thin line illumination is

reflected by SRR QSIS BRAHEWRke? PP tRETICBEitRsh St tHé iFp &kl BBERBN. More
specifically, thethiatisie dhuminativristeiieaies by aspsloce of the wafer 12) orporiar2q pfithe wafer

12, positioneégl at the inspection pr)é)s‘gion. Thin line illumination reflected off the wafer 12 can be directed
towards'the Bpé%ﬁrﬂeamgéhsec FRHEL RSB OR RaHe S RATRS 10UHRISFS s Fortion 708

of the first 3 afafansaaniing PRGesse tithineulpibuminatiapratgsie et therwalande isdrgnsmitted
through the 3D profile objective lens 58, hi)}g has aberration correctgg in infinity. Accordingly, the

transmissiort 5t YT HORRALEHCEH Y LS e A FREHiR RIB[EMi8Sens 58 in the process portion
708

In many embodiments of the present disclosure, selection and use of either the first 3D
15  wafer scanning process 700, the second 3D wafer scanning process 750, or the third 3D
wafer scanning process 950, in the process portion 418 of the process 400 can be
dependent upon a number of factors, for example the presence and/or number of sets of
optical elements or devices that can direct illumination (e.g., mirrors 54 and/or reflectors
84) of the system 10, inspection requirement(s), and/or wafer characteristics, properties

20  and/or topographical features.

First 3D wafer scanning process 700

FIG. 24 shows a process flow diagram of the first 3D wafer scanning process 700
according to various embodiments of the present disclosure.

25
In a first process portion 702 of the first 3D wafer scanning process 700, thin line
illumination is supplied by or emitted from the thin line illuminator 52. Thin line
illumination can be supplied by one or more thin line illuminators 52. In particular
embodiments, for example with the system 10 shown in FIG. 27a, thin line illumination

30  is supplied or emitted by one thin line illuminator 52.



collimates the thin line illumination. 30 In a fifth process portion 710, the collimated thin line illumination
then passes through the tube lens 60 before enteri?ﬂthe 3D profile camera 56 in a sixth process portion
712. 62 The tube lens 60 focuses the collimated thin line illumination onto the image capture plane of the
3D profile camera 56. Thin line illumination focused on the 3D image capture plane enables capture of a

first 3D profilg imageRf figcvafpoholatan knpnmiasae MeiiesRIse) Mdsiany it mERcRgRPOoses of the
present disclosure, a 3D profile image or a 3D image can refer to an image that includes, provides, or

conveys infdPASHERIh B S§nadshaf Qarieshord 1 iPaxe dienensdn i3y ehapiEessistcs¥ Besurface or

structure (e.gorthiguieROM@RIYOE@ SHfarednstiuaiuned iNadiios 3 3pIROHe bradaisanmiso be
referred to as a response, 10 or optical response, captured by the 3D profile camera 56. In several

embodimentd WAl ATIPHE iR HASRRGHRRARS BB iR B i a T RPsrideie g s9ERE 58 and the

tube lens 604agidiiates easaofdoimeletiomal apisald ceMponesie! Ascesaniies theisheatmeen, and
enables flexible positioning and 15 reconfiguration of the 3D profile camera 56. In several embodiments

[ ne o p ra .
of the preseft §rEIgsAPd/ e EnaRMsmALIH I dhpplisg Birminstends disstaskioa austsrBptic
illumination seypERidn gsisition Ithe idpredinratlvaninplianeisapelfesabl\csiresgendatdhe mepection position at

a specified angle, for instance, with 20 reference to a normal axis defined relative to a horizontal plane of

the wafer 12M5dBHidHE HHEHEATIAhERBIoS ABAZSHED Brame Bt RerA{Shik A8, AL /dPiI™ ¥mbodiments
of the presesudigelogisehthehangle atiwhishdbe thjselinadicimingtienos cswaetagtigeat tQoargdhe
inspection position can be varied as requi@d using techniques_ known to a person skilled in the art. 25 It

will alsbbe AFHFECISIEEAES '8 BRAYSRSSIKENATARSHSHANHE HAVEITHYH of the thin line illumination may

be selected and varied, for instance depending upon wafer
The number of sets of mirrors 54 can be dependent upon the number of thin line
illuminators 52 used to supply thin line illumination, a manner in which thin line
illumination is directed to or toward the inspection position, and/or an intended angle of

15  incidence of the thin line illumination upon the wafer’s surface.

In a subsequent process portion 706, the thin line illumination is reflected by a wafer 12,
or a portion of the wafer 12, that is positioned at the inspection position. More
specifically, the thin line illumination is reflected by a surface of the wafer 12, or portion
20  of the wafer 12, positioned at the inspection position. Thin line illumination reflected off
the wafer 12 can be directed towards the 3D profile objective lens 58 using a number of

reflectors 84.

In a fourth process portion 708 of the first 3D wafer scanning process, thin line
25  illumination reflected off the wafer 12 is transmitted through the 3D profile objective lens
58, which has aberration corrected in infinity. Accordingly, the transmission of the thin
line illumination through the 3D profile objective lens 58 in the process portion 708

collimates the thin line illumination.

30 In a fifth process portion 710, the collimated thin line illumination then passes through

the tube lens 60 before entering the 3D profile camera 56 in a sixth process portion 712.



inspection requirements. For instance, in several embodiments of the present disclosure, the wavelength
of the thin line illumination is selected for enhancing accuracy of at least 30 one of defect detection,

verification, and classification. 63 The first 3D imageTs converted to image signals and transmitted to the
CPU in a process portion 716. In a subsequent process portion 718, the first 3D image, or image signals

thereof, is progesasd R GEUW Sy alleast AR @ftBiA NaloimaasusinGntoPlanaHbe rgagdring, and
detecting and/or classifyigga defect on a wafer 12. 5 In several embodiments of the gresent disclosure,

the process PBffoRS #52 1L A8 lsnogmerapedddithlinfityariptiphe o ediurthg dR0Mgsonding
number of 3R fRRYPTaRChalE @l REHTG heCcap st Sihipagemtowht CPYa bk RiReassaportions

702 to 718 can be performed either at selected image capture positions along the wafer scan motion
path 10 or tHESHISSROWSIER. A5tERVAAI embodiments of the present disclosure, the first 3D wafer scanning
processs700 enhances accuracy with which the exemplary method 300 inspects a semiconductor wafer.
In numerous_ embodiments of the present disclosure, the first 3D wafer scanning 15 process 700

enhances ag&IrBEWB??fe?é&?jBféﬁfﬁrgwlﬂ?@rﬁaé‘tﬁ%p\i@gleﬁl%a%%é?ro‘? R BERey SR EESINAY process

700 can facilitaigcongnmbla dslgiminationof v onetralegisadndatailsnslch A 6aRII iy dngkheight of
three-dimensijonal structures, for example solder balls, gold bumps, and warpage, of individual die as

well as wholdiRgrsiened (3B hatstaiisisp RfifetHd et sekdiicalSdostite, PROSHPEY 1L Arocess

portions 702st@factranadeperiinnddiaiec,3®.grofis s @btaingdomdieaedssing Hfaspvimages) are
saved in the database of the CPU. In other embodiments of the present disclosure, results of the process

portion702¥c P18 PRI E ttRINLI RS Sre R PrPELE £ BB iMed from processing of 3D images) are

saved in an alternative database or memory space as 25 required. Second 3D wafer scanning process
750 FIG. 25 shows a flowchart of a second three-di ensioEaI ESD), afer scanning proc%ss
n several embodiments, the collimation of the thin hne”illumination between the 3D
profile objective lens 58 and the tube lens 60 facilitates ease of introduction of optical
components or accessories therebetween, and enables flexible positioning and

15  reconfiguration of the 3D profile camera 56.

In several embodiments of the present disclosure, the thin line illumination is supplied by
a laser or broadband fiber optic illumination source. In addition, the thin line illumination
is preferably directed at the inspection position at a specified angle, for instance, with

20  reference to a normal axis defined relative to a horizontal plane of the wafer 12
positioned thereat, and/or a horizontal plane of the wafer table 16. In several
embodiments of the present disclosure, the angle at which the thin line illumination is
directed to or toward the inspection position can be varied as required using techniques
known to a person skilled in the art.

25
It will also be appreciated by a person skilled in the art that the wavelength of the thin
line illumination may be selected and varied, for instance depending upon wafer
inspection requirements. For instance, in several embodiments of the present disclosure,
the wavelength of the thin line illumination is selected for enhancing accuracy of at least

30 one of defect detection, verification, and classification.



750 in accordance with particular embodiments of the present disclosure. 30 64 In many embodiments,
the second three-dimensional (3D) wafer scanning process 750 facilitates or enables simultaneous
capture, by the 3D profile camera 56, of thin line illumination that has been reflected off the surface of the
wafer 12 in at least two different directions, where each different direction defines at least a portion of a

distinct refleqted fr-dlluminatienitraysl aath.- b kslecteshilidminatiantianel Ratheaaplbedepnrdsas a path or

route along which illumination propagates and/or is directed aw%g from the inspection pasition as a result

of interactio WHAE (valfersSERFREERb PEISER? (RO10By Myt HettetholmigecatiéhAgs e or to an
image captufR-HR)MICR (R cbediR 3N RIOTUPCaME )R dASOYSP! RNPIRGHNANISthe SBaRAdity
three-dimensional (3D) wafer scanning 10 process 750 can be selected and used where the system 10
includes a nOMfbRF'9LsaRd drteeting @ %C?ﬁ%?{féi’c%éﬁeé?@ QB aF#8Tddors 84 or reflector assemblies).
For purposes of brevity and clarity, the second three-dimensional (3D) wafer scanning process 750
described hereinafter is performed with a system 10 that includes two sets of reflectors or reflector

assemblies 823648l NRRBARI b dhsauSHetselfErSD R PRI 1B 28R §Pr8Eess 750

described belgais @s89GialaBav i @nsé fllanpausEaRptIe QptNaininsuilbRRatsm reHesiedraff the wafer
12 in two different directions to therebgl facilitate or enable an at least substantially simultaneous capture

of two respoffidEafsPipneathreapisds Damagsiatke 6FY sbhermipsets RtqrRs 02180 ke 4hlte) of the

wafer 12. 2000 riffeshiideRBS RO 6d30h o §R6aNF03IN WM BEANE NGB EaS S 6EBN thifmline
illumination is p oviq%?, supplied, or emitted by one or more thin line illuminators 52 (or thin line
ﬁn‘i’éf‘e €

illumination & s?fﬁﬁ‘ér'embodiments, for example as shown in FIG. 27a, thin line illumination is
supplied by one thin line illuminator 52. In other embodiments, thin line illumination is supplied by at least

two thin line jlluminators 52, for exa }%Ie by 25 atlleast the fir;}{| thin line j[JIuminat_or 52a and_the second
thin line illumihSRFBREROUMSA  PRPSYE HI5Atisane A0 ATMYALST MBS BERS dPthin line
illumination eandaecdiraaieddp theh which the exemplary method 300 inspects a semiconductor

wafer. In numerous embodiments of the present disclosure, the first 3D wafer scanning
15  process 700 enhances accuracy of defect detection by the method 300. The use of the 3D
wafer scanning process 700 can facilitate or enable determination of 3D metrological
details such as co-planarity and height of three-dimensional structures, for example solder

balls, gold bumps, and warpage, of individual die as well as whole wafers 12.

20  In several embodiments of the present disclosure, results of the process portions 702 to
718, and repetitions thereof, (e.g., results obtained from processing of 3D images) are
saved in the database of the CPU. In other embodiments of the present disclosure, results
of the process portions 702 to 718, and repetitions thereof, (e.g., results obtained from
processing of 3D images) are saved in an alternative database or memory space as

25  required.

Second 3D wafer scanning process 750

FIG. 25 shows a flowchart of a second three-dimensional (3D) wafer scanning process
750 in accordance with particular embodiments of the present disclosure.

30



surface of the wafer 12, for instance, a first beam of thin line illumination and a second 30 beam of thin
line illumination can be directed to the wafer's surface, In an embodiment such as that shown in FIG. 27D,
the first thin line illuminator 52a can emit, output, or 8 provide the first beam of thin line illumination the
second thin line illuminator 52b can emit, output, or provide the second beam of thin line illumination. In a

second procassnaRYtieMIRANIENR i ikerainatar SURRERAMMIthSTINIR R sedlHminpiers) I3 s directed
towards the inspection position. In several embodiments, a number of sets of mirrors 54 (or mirror

assemblies) RFEALEY f6r Bl THHANFE U SARRESoRYS it BiPfHe G3MsiReMMutinaiBri®)es2 towards
the inspectionpasitigsn Rdhe.smadimenahaMadnricZfanthwhie dluminationisodirgeteg: to the

inspection 10 position along a sin(glﬁ incident illumination travel path. An incident illumination travel path

can be defindticsEAHaeic et HHgWiIERiomisEneh FrisssaRutpursradigiut Edlfdhd the thin line

illuminator SArigthatibaRestiapRastoffe-rdSRIesRRRY &-aveplRIMcHiARRNIs Hab Basthatdidigated FIG.
27a, a single set of mirrors 54 can facilitate direction of thin_line illumination toward ar to the wafer, such

that the thin TRHC1 &l aRgnTRAt b A ILFRIRSEI R fFORDSALSSERAIRE ist diFeritd ey g Biareresntiee.g.,

approximatep §iysithae speehto dniawaiihissoriel Ahrerpandistdaiinibeywaler suriageofn the
embodiment shown in FIG. 27b, thin line illumination is directed to the inspection_ 20 position along two

different or diSHiFcHRcIeRTafSHTBALON vl Jarsl. s SAPRRIIRYISChlS e dth SANRAAMHE illumination

provided by Hagn sy 5I25i.r(;I lmgedﬁkﬂgégﬁﬁ@ﬁﬁﬁ@ﬁﬁa‘bliﬁi%ﬁ@ﬁ@ mrﬁésﬂiﬁfdﬂdﬁﬂgégq?aﬂ@ﬂéﬂ@g\dﬁhﬁfgth to the
inspection position, and a second beam of thin line illumination provi y the second thin line
illumindtbr 5BEP Vel hidRds selegid m@&@ﬁ#inﬂmﬁﬁéﬁ%ﬁ%mﬂaawfa%%w&%roﬁ 58%85ition. In

general, at thefigapacePi pQsitiRastbadisst MoameoldRisdioertivivatiarmbledN & sepompddeeam of thin line
illumination §re coinciden{ or overlapping. A first set of mirrors 54a can direct the first beamé(éf thin line

illumination JSHYXNE At thaele inGRh S AR Bamakid Bs S@0HyY SABIRIREE AL N direct the

second beamegéribed hereinafter is performed with a system 10 that includes two sets of reflectors or
reflector assemblies 84a, 84b. Accordingly, the second three-dimensional (3D) wafer

15  scanning process 750 described below is associated with a simultaneous capture of thin

line illumination reflected off the wafer 12 in two different directions to thereby facilitate

or enable an at least substantially simultaneous capture of two responses (or optical

responses), or two views, of a 3D characteristic (e.g., a 3D feature) of the wafer 12.

20  In a first process portion 752 of the second 3D wafer scanning process 750, thin line
illumination is provided, supplied, or emitted by one or more thin line illuminators 52 (or
thin line illumination emitter). In some embodiments, for example as shown in FIG. 27a,
thin line illumination is supplied by one thin line illuminator 52. In other embodiments,
thin line illumination is supplied by at least two thin line illuminators 52, for example by

25  at least the first thin line illuminator 52a and the second thin line illuminator 52b as

shown in FIG. 27b.

In particular embodiments, multiple beams of thin line illumination can be directed to the
surface of the wafer 12, for instance, a first beam of thin line illumination and a second
30  beam of thin line illumination can be directed to the wafer’s surface. In an embodiment

such as that shown in FIG. 27b, the first thin line illuminator 52a can emit, output, or



thin line illumination along the second incident illumination travel path. By way of the 30 first set of mirrors
54a, the first beam of thin line illumination can arrive at the wafer surface at a first angle of incidence
(e.g., approximately O with respect to an axis that is &5 normal to the wafer surface); similarly, by way of
the second set of mirrors 54b, the second beam of thin line illumination can arrive at the wafer surface at

a second angig\qflciMHIEREDEENS o RIMONHD Alliv hativitinte sRepideniRe atorrmeRtiRResbpermal axis) that
is different than the first angle of incidence. 5 In a number of embodiments, the number of sets of mirrors

54 correspoBEt@ BRI h BN 1gf thisrentl dsraedi&inding dEYRIRP N various embodiments, the first
set of mirrors 54a is used for directing the first beam of thin line illumination that is supplied by the first
thin line illuminator 52a towards the inspection position along the first incident 10 illumination travel path,

and the secdRd%eEerMirPEPEBAbNLTHISBY it diuR NG thEIWRERHIPh 3P BEdnivyitkeiltiRindion that is

supplied; by tnasaceadsthi? lipeilsinrinatarbdb o waitedba Nsesiion pesiianaidudithenseeond incident
illumination travel path. In a third process portion 756, thin line illumination is reflected off the surface

topology 15WFHREN W fSFE 204t THE S pecfioh BHaSRioAsSEBlIfse ASnReskidr ifdieto i v ®Surface of

the wafer 12igamipatiefleciptida Bynuewer phdiaationsomore speeifizaly mepsniar gdselifigrent directions.
The direction(s) in which thin line illumination is reflected off the surface of a wafer 12 is 20 often

dependent, or at least partially dependent, upon the topological features (e.g., the 3D characteristics) of

the surface ghthe wakididat ¥ Wispestian positien lheriexamption Strususiall geeratkisakion topological
variation on the_surface of the wafer %éc‘rtan cause. thin IinE illumination 1i%cident on the wafer 12 to be

reflectdd in AIRRIFS: YRBEONE LS RS R THOBHARIHE TpBAMRU & BISHIE O ERARPIE S or

topological ghanaetaristicefafed waferpith hindine sminatiom raflastastoll thesudasemtitbe wafer 12 can
scatter or d;%perse in multiple different directions, In prior, systems in which illumination reflected off of a

wafer's surfdtE R CaBRIFe O AN I HIUMEIRRERECO N GilRTSHORIBBYIIEN Jf @ representative

implementation such as that indicated FIG. 27a, a single set of mirrors 54 can facilitate
direction of thin line illumination toward or to the wafer, such that the thin line
15  illumination arrives at the wafer surface at an intended angle of incidence (e.g.,
approximately 0° with respect to an axis that is normal or perpendicular to the wafer

surface).

In the embodiment shown in FIG. 27b, thin line illumination is directed to the inspection
20  position along two different or distinct incident illumination travel paths. More
particularly, a first beam of thin line illumination provided by the first thin line
illuminator 52a travels along a first incident illumination travel path to the inspection
position, and a second beam of thin line illumination provided by the second thin line
illuminator 52b travels along a second incident illumination travel path to the inspection
25  position. In general, at the inspection position, the first beam of thin line illumination and
the second beam of thin line illumination are coincident or overlapping. A first set of
mirrors 54a can direct the first beam of thin line illumination along the first incident
illumination travel path, and a second set of mirrors 54b can direct the second beam of
thin line illumination along the second incident illumination travel path. By way of the
30 first set of mirrors 54a, the first beam of thin line illumination can arrive at the wafer

surface at a first angle of incidence (e.g., approximately 0° with respect to an axis that is



thin line illumination in multiple directions can make it difficult to obtain an accurate 30 measurement,
analysis, or determination of the surface profile of the wafer 12. This is generally because the dispersion
of thin line illumination reflected off the surface of th@®7 wafer 12 can result in an inappropriately
reduced amount of reflected thin line illumination entering the 3D profile camera 56, thereby resulting in

the capture g ¢himneriNIEES (MPRVLISIBIRORSES) Rathsr3Repiadiaramesp afrdisagnerally difficult
to derive accurate measurements or analysis from images that are too dim. Sometimes, 5 the dispersion

of thin line iIRAFRALRSATeABLELIEBE HuraiEeR sAHEriVad the WaRTENIHtChAAA MAPMGIEREY increased
amount of refiertestthia dinagptorinaian estering thpRPtiRfiigsremeardontd theiabyasesHtingdn the
capture of overtly bright images by the 3D profile camera 56. It is also difficult to derive accurate
measuremeH&EeahheRib ¢t #elgel tEAsheStoo bright. In accordance with aspects of the present
disclosuge, 10 illumination reflected from the surface of the wafer in multiple different directions is
directed to the 3D profile camera 56 along multiple corresponding (e.g., predetermined or selectable)

reflected illubfiAdRERPELOEFBReEMENt tHatHRbSH S EAHES 58 areShrttdadBe Sy esture multiple

reflected illuglip@iamEesRANSEHEOFESRERINGL9 the vinrREQiabodasitian undareepsidaration 15 In a
fourth process portion, thin line illumination reflected from the surface of the wafer 12 in at least two

different directfbis YSitot:dH SoierdecthiEss BeArRME i HE a1 oL a8 i Rligd ¥ thistinct, or

distinguishalsigreflpctestillumination Bayabpatds, tvhpipeash refiseiad slunyination:tayeipath
correspands to a distinct set of reflectors 20 gﬁg 84b. In several embodiments of the present disclosure,

the system 1HURHRMIL HYehRe vaebiacseraftd it dP e b S0 et ta Bie s°89ad gab),

configured apghrdispasied]iferetaivaitivhlinatllurmipption wiletied ol afent2ioathasat sfteflectors or
each reflector assembly 84a, 84b is configured and disposed to receive and/or (re)direct thin line
lumination (RS BEAFREF LAY SHOD s 3 TS paHEERt U RSP FRGHRT

In a third process portion 756, thin line illumination is reflected off the surface topology
15  of the wafer 12 at the inspection position. Thin line illumination incident onto the surface
of the wafer 12 can be reflected in a number of directions, more specifically a number of

different directions.

The direction(s) in which thin line illumination is reflected off the surface of a wafer 12 is
20  often dependent, or at least partially dependent, upon the topological features (e.g., the
3D characteristics) of the surface of the wafer 12 at the inspection position. For example,
structural, geometrical, or topological variation on the surface of the wafer 12 can cause

thin line illumination incident on the wafer 12 to be reflected in different directions.

25  Generally, depending upon surface profile, for example 3D or topological characteristics
of a wafer 12, thin line illumination reflected off the surface of the wafer 12 can scatter or
disperse in multiple different directions. In prior systems in which illumination reflected
off of a wafer’s surface is captured only from a single reflection direction, dispersion of
thin line illumination in multiple directions can make it difficult to obtain an accurate

30  measurement, analysis, or determination of the surface profile of the wafer 12. This is

generally because the dispersion of thin line illumination reflected off the surface of the



More specifically, in various embodiments, thin line illumination reflected off the surface of a wafer 12 in a
first direction is received and (re)directed along a first reflected illumination travel path that leads toward
or to the 3D profile camera 56 by the first set of 30 r flectors 84a, and thin line illumination reflected off
the surface of the wafer 12 in a 68 second direction is received by the second set of reflectors 84b and

(re)directed glorg 3 2seaandesaiieiedlumiptipnittanel reatikdhahisads wakdiert thgi$Dipeofile camera

56. Thus, the first set of reflectors 84a is configured and_disposed to direct thin line 5 illumination

received thetBWHARIIRG achfstingdidedR ARt SATEHe P Parhicsily thesuidrria 4Bf SaRMEC8Fs 84b is
configured agighelispasegeto sirsss irclipsniiyyination Degeived ihrnans alondenseanndiraigsted

illumination travel path. The first and second reflected illumination travel paths (or optical reflection travel

paths) includ® FERISrASIEYC LsatHicsagisetianaintisLose jarages dhat dffelRt B eRtaiBiter. 10

Although pagtisaperibpdmentsiad themneati AigclasuEaIR assacktedhyihivol selsakgaflectors 84
or two sets of reflector assemblies 84a, 84b for receiving thin line illumination reflected off a surface of a

wafer 12 in tiGaiFeRareRiiEEbo R retsrhamoenhahpErstsr (o bredHurtorian seunaiisidlthree, four,
or more setsygbfiefleataEsadd6 carrbbybouigad gvith the aysieamot Qb iRk ke eeiviid hipekingyiltpamation

reflected off a syrface of a wafer 12 in a corresponding number of directions. In many embodiments, at

least portionR' BRGNS sUcSHIsAHERL LD/ SF PR ASRU A RURRARIEM SRS OF pRfEsit d198h-parallel

(e.g., divergemheéscanvergenthi belaghioniio sBoeaaitOthath Indpenigrepsiembrditnentsctbsufist set of
reflectors 84a and the secqgnd set of reflectors 84b are configured or disposed in a substantially
symmetfical le‘HHH’élPPéllafﬁﬁé?C 8‘%@8%%&%%%5?385 Jaimmeiely ‘Fsﬂf?f?rﬁiﬁc&%CBBPﬁoﬁ 760

involves trangReigsidm ahdrBD paefi Racilisninsdiantaxnelinglalesitegashinitie dirprendeseeantloeflected
illumination travel paths through the objective lens 58 or objective lens assembly 58. The objective lens
58 collmate it %ﬁﬁﬂ?ﬁﬁwﬂiﬂ AR ARG AR etw%gia%t the 3D profile taméra 36 ca

simultaneously capture multiple reflected illumination responses corresponding to the
inspection position under consideration.
15
In a fourth process portion, thin line illumination reflected from the surface of the wafer
12 in at least two different directions is directed towards the 3D profile camera 56 along
at least two different, distinct, or distinguishable reflected illumination travel paths,
where each reflected illumination travel path corresponds to a distinct set of reflectors
20  84a, 84b. In several embodiments of the present disclosure, the system 10 includes at
least two sets of reflectors or at least two reflector assemblies 84a, 84b, configured and
disposed to receive thin line illumination reflected off a wafer 12. Each set of reflectors
or each reflector assembly 84a, 84b is configured and disposed to receive and/or
(re)direct thin line illumination that has been reflected off a wafer 12 in a particular

25 distinct direction.

More specifically, in various embodiments, thin line illumination reflected off the surface
of a wafer 12 in a first direction is received and (re)directed along a first reflected
illumination travel path that leads toward or to the 3D profile camera 56 by the first set of

30 reflectors 84a, and thin line illumination reflected off the surface of the wafer 12 in a



In a sixth process portion 762, collimated thin line illumination is transmitted through the 30 tube lens 60.
In a seventh process portion 764, thin line illumination corresponding to each of the first and second

reflected illumination travel paths enters the 3D profit€ 69 camera 56. As above described, the tube lens
60 facilitates or effectuates focusing of the collimated thin line illumination onto the image capture plane

of the 3D prefil® s@aessi s id pdranyderhadiseena. dhesforring Qf dhindine Hyminatignientothe image
capture plane of the 3D profile camera 56 enables capture of two responses, or two views of a 3D 5

profile imagecsXabEstiededituminalian trevehqth pflrads fowarfedpioribes hpisitie spraehotses), or two

views of a 3D profile image, associated with the wafer surface topology at the inspection position under
consideration occurs in an eighth process portion 766. For purposes of the present disclosure, the two 10

responses calWe fBfefiEt fFhoh FFEEFOME: Snqoplantidy ted pdiresedntrutitarh (hBWASf the 3D

profile image|kanikgifavadvieiahissiniesroandAmacqptodew afihendBonrefielirpage iy vaydous
embodiments, the first and second response can be focused on the image capture plane of the 3D profile

camera 56 aifd WhiStef SEHAAGT H&y 8 crafigt, 2adidinestd dadireehdhinrliagiiliraiabnte, or the

first view of thecH Piafitetinagag kbsassasiaigecwihthmnaipnsusiateiapoiogyratthacusentinspection
position is produced from, or using, thin line illumination traveling along the first reflected illumination

travel path. FRELEL JHUPERTs LrayFh i bs i aopiiee orstiec 8Pl inddle, sl el ARt the wafer

surface topolegy, apitiel cupiashi)IPECciRsHRsiionid pradkeediarsadr ¢thirg, thin line illumination
travelin% along the second optical travel path. 20 The first response and the second response can be
captured as a single set of image data that includes image data corresponding to a manner in which

illumination was selip ¢t cinamcthsogufacs topriqarsehthieswalercld dngachelitheitsiandssacond
directions. In the event that the illumination incident upon the gxrfargg of the wafer 12 {igé:\'{ufjed a first
beam 25 of fRCFHESIGhiNAIBI afd S SbdSAGBYaAT STRICNE HutiiRatth, 656 ¥BIE pt¥tePEsponse can

include imagéh@ataacoi espending ffoassinairbelfia whieh theaditsidadrreft directions, alternative
numbers of sets of reflectors 84, for example three, four, or more sets of reflectors 84, can
15  be used with the system 10 for receiving thin line illumination reflected off a surface of a

wafer 12 in a corresponding number of directions.

In many embodiments, at least portions of the first and second incident and/or reflected
illumination travel paths are non-parallel (e.g., divergent or convergent) in relation to
20  each other. In numerous embodiments, the first set of reflectors 84a and the second set of
reflectors 84b are configured or disposed in a substantially symmetrical manner relative

to each other.

In numerous embodiments, a fifth process portion 760 involves transmission of thin line
25  illumination traveling along each of the first and second reflected illumination travel
paths through the objective lens 58 or objective lens assembly 58. The objective lens 58

collimates the thin line illumination transmitted therethrough.

In a sixth process portion 762, collimated thin line illumination is transmitted through the
30 tube lens 60. In a seventh process portion 764, thin line illumination corresponding to

each of the first and second reflected illumination travel paths enters the 3D profile



thin line illumination was reflected from the surface topology of the wafer 12 in the first direction, and
image data corresponding to a manner in which thegﬁcond beam of thin line illumination was reflected
from the surface topology of the wafer 12 in the second 30 direction. In some embodiments, the first
beam of thin line illumination can be provided at a first optical wavelength, and the second beam of thin

line illuminatigmeansiae A9 .p6ovided ab&i saronBORicA vavalenes bR Gecthadiy sbEDingritgminator 52a

can output illumination having a different wavelength than that output by the second thin line illuminator

52b). In suckEHIBHEHBIdIRRdIBImPIIINE CafRdhs dBzmasatae A fhais 3R orablesimsitate the

capture and siffesantialiQmangiekanratysisRlie:f6stmnd secanechiRtasPeneL thOthatcompreéments in
which the system 10 includes more than two sets of reflectors can enable capture of more than two

responses, SHAREWE BF HR BISHOfE R caddst AR ovth TR TG RRASED. TP X EMS et process

portion §68, ghasriieshrBsesssiaxampie thefiiresponse and the second response, are transmitted to
the CPU or processing unit (e.g., as a single set of image data). In a next process portion 770, the

responses, for example the first response and the second response, are processed by the CPU for

determining PrigktaiRiRgckviRfRERRLGR CorrgsRANRIRERE SEhwbanaaledsticis) plotmralagyeof the wafer
12. The CPU can generate or determine a composite response using the first and second responses,

where the cOfB6%RI M hse L EisadaBologngidhe it ResieHAfShereside ¥iticular 3D

characteristissc@tdhg watesigtriaeectanaiamhatdbeHospagiisies PPSHOpreasie spenshing tentheist and
second responses. In some embodiments, the 20 processing of the responses in the process portion 770

facilitates or'SHRAIIES SPTLBSIOTE T QBsHefyit FRLRAgd oSHIRR Aty RARS s ARAGNSBVRMIEYS analyzing,

and/or detecinge3M6 flRS8IREBE M BefrgteBlaafat e fRVERLenabagimsmise oheaTRSENt
disclosure, the process portions %55 to 770 %an tbe 25 drepeatgd any numberbof %imes Iior ca%turing a
Correspondiﬁgl%[}br\lglflggise ﬂ. F‘g the first and secon response can b€ I0CUSC on the

image capture plane of the 3D profile camera 56 and captured such that they are spatially
adjacent to each other. The first response, or the first view of the 3D profile image,
15  associated with the wafer surface topology at the current inspection position is produced
from, or using, thin line illumination traveling along the first reflected illumination travel
path. The second response, or the second view of the 3D profile image, associated with
the wafer surface topology at the current inspection position is produced from, or using,
thin line illumination traveling along the second optical travel path.
20
The first response and the second response can be captured as a single set of image data
that includes image data corresponding to a manner in which illumination was reflected
from the surface topology of the wafer 12 in each of the first and second directions. In the
event that the illumination incident upon the surface of the wafer 12 included a first beam
25  of thin line illumination and a second beam of thin line illumination, the composite
response can include image data corresponding to a manner in which the first beam of
thin line illumination was reflected from the surface topology of the wafer 12 in the first
direction, and image data corresponding to a manner in which the second beam of thin
line illumination was reflected from the surface topology of the wafer 12 in the second
30  direction. In some embodiments, the first beam of thin line illumination can be provided

at a first optical wavelength, and the second beam of thin line illumination can be



second responses and transmitting said sets of responses to the CPU for obtaining information on the 3D
characteristic(s) or topology of the wafer 12. For inst%pce, the process portions 752 - 770 can be
repeated for each inspection position along a wafer ‘'scan motion path that is defined to include multiple
inspection positions at which image 30 data corresponding to wafer surface topology is to be captured

and analyzegroAldddiiel SRAEHET GARANINGRIRASES 850 it AR shawsiadlomehiref te i

three-dimensional (3D) wafer scanning é)grocess 950 in accordance with particular embodiments of the

present disc3¥OS IhuHRabchadngp didfersat avelspshdbon thatiented Rndhe s Wdibin ¥oComits or

excludes (ejguiiihaasbbas @ eHlbafbastemtsasign DopReiRctMabrASALRSHE ptalselasiahle system
configuration) reflector(s), for instance the set of reflectors 84a, 84b, for. reflecting and/or redirecting

iilumination theAT4CFRarbidR heGariveecntdiiferatipson-apdionmplysinhaldhedEemibtirats, the
processs950egsbheesised, applied, or selected 10 with the system 10 of FIG. 27c. A first process portion
952 involves directing multiple beams of thin line illumination to or toward a target location or region of a
surface of the wafer 12. The first process portion 952 can involve supplying or emitting thin line

illumination iR EchibbiigicatsL i dingdsrinatorsiduts exard plan akieast ytadhirdbng dduminator 52,
and in several embodiments at least two thin line illuminators 52 (i.e., a first thin line illumjnator 52a and

a second thif RS ifBRNHR R BIB) Bk RBQAERRRIRSS 2%cV Vs SEEBRATMICLLE BerEsr 8% 131 thin line
illumination gmiitgR fkameach of the first 20 and second thin line illuminators 52a and 52b is directed
towards the inspection position, more specifically a wafer 12, or a portion of the wafer 12 (e.g., a target
locatiohbr region on the wafer 12), that is positioned at the inspection position. In some embodiments, a

number of sefsaQfuBlEcRigbAr(R @s HEEH TB8IEHNHFYISNSEY, FaneZmipPeuledito dikpohthentdithine
illumination emitted from one or more of the thig line illuminator(s) 52 to or towards the wafer 12 that is

positioned attAYHIFRUBH FESIHERS A HE iR TS A BIPRTHTEIS B LS ch Y MERSHbEAt, or at
least partiallynglgieedd€Ntin a next process portion 770, the responses, for example the first response

and the second response, are processed by the CPU for determining or obtaining
15  information corresponding to the 3D characteristic(s) or topology of the wafer 12. The
CPU can generate or determine a composite response using the first and second
responses, where the composite response corresponds to a single response or image that
indicates particular 3D characteristics of the wafer surface topology at the inspection
position corresponding to the first and second responses. In some embodiments, the
20  processing of the responses in the process portion 770 facilitates or enables at least one of
3D height measuring, co-planarity measuring, 3D feature analyzing, and/or detecting

and/or classifying a defect on a wafer 12.

In several embodiments of the present disclosure, the process portions 752 to 770 can be
25  repeated any number of times for capturing a corresponding number of sets of first and
second responses and transmitting said sets of responses to the CPU for obtaining
information on the 3D characteristic(s) or topology of the wafer 12. For instance, the
process portions 752 — 770 can be repeated for each inspection position along a wafer
scan motion path that is defined to include multiple inspection positions at which image

30  data corresponding to wafer surface topology is to be captured and analyzed.



upon the number of thin line illuminators 52 used to supply or emit thin line illumination towards the wafer
12, and/or a particular angular configuration between a given thin line 30 illuminator 52, the surface or
plane of the wafer 12, and the image capture device’36 (e.g., an optical axis of the image capture device
56). 72 In several embodiments, the thin line illuminators 52a and 52b and/or one or more sets of mirrors

54 are positioned angyer sOWisRredfitehothaédbs tgp line illumination is directed towards the wafer 12 at
particular anlﬁles relative to a plane of the wafer 12 and/or an 5 optical axis of the image capture device

56. In particdiHreMofieAtslometinafndeiibiddaterspansiod s ds Bh YBleAs AR RMERAFSr 54 can be
positioned anslioin svigaes fomceHieling fyomsiense selepiagangiRIom¥ing, a set of angles at which
beams of thin line illumination are directed to or towards the wafer 12, and a set of angles at which
beams of reflected and/or scattered thin line illumination travel away from the 10 wafer 12 to or toward

the image capiuia-slRvices epia axia, @ikl Inspastien hde\thokaserctd hspeer @idgiiestion and
scattering Specular reflection (also referred to herein as comi)Iete, full, essentially full, or substantially full

reflection) odEikrs RSHUDEATEHY b LSS IRIg aPtHiASHE 1% A fsstior intitiRt@aBlsn a highly

reflective, misyoictyPeoriSliios) rfage o), a feeripiacsargst segion efewiaier 44 having pmirror-type
finish) at a particular angle of incidence is reflected from the surface at a reflection angle haying a

magnitude etieCtRERESAG R TFsALREe HEEM L Sictharlleshrb A st Shuphifisi¥a B o\Vided at an

intensity 11 anst aRaNgle & valadive desoarhas axs ploaRlnse Bakree-)§ea, saptied, WrQIsedace feature
strikes the mirror-type surface, the reflected thin line illumination exhibits an intensity 12 that is equal or

approxithatel Bdlise M AP 5EbStfally all or the majority of the reflected thin line illumination travels
away from the planar mirror-type surface along an optical path at an angle a2 relative to the normal axis,
where a, and a2 are on opposite sides of the normal axis and the magnitudes of a, and a2 are equal or
25 approximétfma&?aﬁtmr@ #rggwéﬁﬁﬁ?gtﬁ&m&it %%ﬁ?&l&ﬁéﬁhﬁﬁ%@ﬁ BB a2 are

congruent, i.6x, 8 &dualtasgt Theasioioroa veaien ssffacarfavefageiealisRr ar2. The first process

portion 952 can involve supplying or emitting thin line illumination from a number of
15  thin line illuminators 52, for example, at least one thin line illuminator 52, and in several
embodiments at least two thin line illuminators 52 (i.e., a first thin line illuminator 52a

and a second thin line illuminator 52b) as shown in FIG. 27c.

In a second process portion 954, the thin line illumination emitted from each of the first
20  and second thin line illuminators 52a and 52b is directed towards the inspection position,
more specifically a wafer 12, or a portion of the wafer 12 (e.g., a target location or region

on the wafer 12), that is positioned at the inspection position.

In some embodiments, a number of sets of mirrors 54 (e.g., one or more mirrors 54) can
25  Dbe used to direct the thin line illumination emitted from one or more of the thin line
illuminator(s) 52 to or towards the wafer 12 that is positioned at the inspection position.
The number of sets of mirrors 54 used can be dependent, or at least partially dependent,
upon the number of thin line illuminators 52 used to supply or emit thin line illumination
towards the wafer 12, and/or a particular angular configuration between a given thin line
30  illuminator 52, the surface or plane of the wafer 12, and the image capture device 56

(e.g., an optical axis of the image capture device 56).



structure that fully reflects thin line illumination incident an intensity of I1 along an angle a,, a reflected
thin line illumination intensity 12 at least approximately equals 11 along an reflection angle a2 that equals
a,. 30 73 Scattering, non-specular, or diffuse reflection (also referred to herein as partial or incomplete
reflection) occurs when thin line illumination incident upon a non mirror-type surface (e.g., a textured,
rough, matte, or non-smooth surface and/or a topographically variable or non-uniform surface that
includes a set of scattering centers such as solder 5 bumps) is scattered, diffusely reflected, or redirected

away from tHB SHERIERBRY BREDIDmENS UpsddPriappate sk hRentioronfothmorResiMhination's

angle of inciggness sPar-thesRRIMEDIBRIASY R T {ReE sddiis: ROIMBN RRARIRH AN RatiRR d@vel path
can exhibit a reflection or redirection angle having a magnitude that is not equal or_approximately equal

to the thin lif@" iRt SHPELAGI S oPHEYEH cRNSHRUE A &N i P Anf i Y BD A D ABGI9E At an

intensitys 11 agjdiah angieod thelathudocapiarmadaxis o A pa-vGIeF -Brisoautaas, ahsuHaceifgature
strikes the ngn mijrror-type surface, thin line illumination that is reflected along an optical travel path

defined by a' HHRERIISAGR 454 tRAPi2BH Mt 5Bt S BB he o Rl BB ORt AL 3

magnitude thahiseaeEtd canpsaximatelyauab e Rclif: add/6avalsing,)ediibitsmilcinigndgiiki2 that is
less than or 15 substantially less than |1 because the non mirror-type surface scatters or diffuses the

incident thin TS QAHAHET AWMy HHO DAY g s MRS oNRET b Adieh o WilFSspects of

the present diseiRigurBednidltiglecheains aidbinséageidamination thmbeasnulaneausly disaciad to or
toward a target Jocation or region of a 20 wafer 12, such that (a) a full reflection response corresponding

to full riflect®Aidh Indigh AR S ARCilAsR SEBM s g\ focation; and (b) a scattering response

corresponding to scattering, diffusion, or partial reflection by the target wafer location can be
simultaneously generated at the targej wafer logation, and simultanequsly detected or captured as a
superimpos@?g?éiﬁ%gﬂpa E]ﬁ’é%giﬂﬁ@%eﬁﬁ’p(fiﬁge&@lﬁ% Fmﬁ@sg‘#‘fﬂ{%eous generation and
simultaneous sapldre reflewtildip e distinetdyees tof 1eSpPNSES complete, full, essentially full, or
substantially full reflection) occurs when substantially or approximately all thin line
15  illumination incident upon a highly reflective, mirror-type, or shiny surface (e.g., a
portion or target region of a wafer 12 having a mirror-type finish) at a particular angle of
incidence is reflected from the surface at a reflection angle having a magnitude equal to
the angle of incidence. More particularly, when thin line illumination provided at an
intensity I; and an angle o, relative to a normal axis of a planar mirror-type surface or
20  surface feature strikes the mirror-type surface, the reflected thin line illumination exhibits
an intensity I, that is equal or approximately equal to I;, and substantially all or the
majority of the reflected thin line illumination travels away from the planar mirror-type
surface along an optical path at an angle a, relative to the normal axis, where o, and oy
are on opposite sides of the normal axis and the magnitudes of a; and o, are equal or
25  approximately equal (that is, with respect to the normal axis and angular magnitude, o,
and o, are congruent, i.e., o, equals o). Thus, for a wafer surface, surface feature, or
structure that fully reflects thin line illumination incident an intensity of I; along an angle
ay, a reflected thin line illumination intensity I, at least approximately equals I; along an

reflection angle o, that equals a;.

30



(e.g., a superimposed response that includes a full reflection response and a scattering response) to
incident thin line illumination can facilitate or enable a more complete, more accurate, and/or more
efficient characterization or analysis of 3D aspects o?‘zthe target wafer location. 30 74 In most
embodiments, the image capture device 56 can be positioned at a given (e.g., predetermined or

adjustable) ikepinaton iesRpesaANdle aialie terRAMMRBSISdRatda definednvill respactdp the plane
or surface of the wafer 12 (or the horizontal plane of the wafer table 16). The normal axis, for instance,

can be definB§ @Bk RIlard i Recyrimden dhie line Lugynabionnmidsat PRIBAMORIRIH Y ¢¥88s sectional
area within whigktthe firsts andsegorsbeamsief tiimdpassainationarinsidens pippiieanafer plane.

The illumination response angle corresponds to an angle at which illumination that is reflected or

scattered frofAr NGl RSBGPS (htfelnebiistiarationl ISR BR Siapstgateeh 4089/468m the wafer
locationr syiiage)as 4esHl odisHEBIjaflerian 05 SeARURA. Ay drandir-aiunhichaigivenchgam of thin

line illumination is directed to or towards the wafer 12, more specifically the plane of the wafer 12,

depends updhimarHs? e st thah differiftemhachin igbilnedpetirgeritaie o dneidsisetion

response or ghsaatiening feseenpseralative. torthe i uMmnatioesasRANERIANEHE oA AV MBS an
embodiments, at least a first beam of thin line illumination (e.g., provided by the first thin line illuminator

52a) is direcfSdRtoP SIS e PiaFreBetHany ARG L DAY RE fitsrpmliuscintitfeit Pl Pthe wafer

plane’s normgpasismaeesednel magritiae Rhethaufithiatioghe ahincisiencalnrichaney, egislsihe
illumination response.angle. Depen?f;{]g upon the reflection or scattering properties of a wafer location or
1

positiohburrBRGVH IR BN REIETAIGH. RIS HiYsh GOSATITRIR fih SNSRI ASER Lbon a wafer
location haviag mirrer-type finishe tbe dirghbeameithintinetiuminatiaronty e sullydgftagieghalong an

optical path defined by the illumipation response angle, and the image capture device 56 can capture the
filly reflected HEVh BRHR HEE R ARGE R 83%%&@@%3%1%&5%? Brracelasos hricite
illumination igh#b¢idanthenspasinaiedd @FatioMormal axis and which has a magnitude that is equal or
approximately equal to a; (i.e., ay equals -a,) exhibits an intensity I, that is less than or
15  substantially less than I; because the non mirror-type surface scatters or diffuses the

incident thin line illumination along one or more angles that differ from ;.

In accordance with aspects of the present disclosure, multiple beams of thin line
illumination can be simultaneously directed to or toward a target location or region of a

20  wafer 12, such that (a) a full reflection response corresponding to full reflection of
incident thin line illumination by the target wafer location; and (b) a scattering response
corresponding to scattering, diffusion, or partial reflection by the target wafer location
can be simultaneously generated at the target wafer location, and simultaneously detected
or captured as a superimposed response by a single image capture device 56. Such

25  simultaneous generation and simultaneous capture of multiple distinct types of responses
(e.g., a superimposed response that includes a full reflection response and a scattering
response) to incident thin line illumination can facilitate or enable a more complete, more
accurate, and/or more efficient characterization or analysis of 3D aspects of the target
wafer location.

30



25 having a non mirror-type surface, the first beam of illumination will not be fully reflected along the
illumination response angle (i.e., it would instead be scattered), and the image capture device 56 can
capture only a portion (which may be a negligible fra7c1ion) of the diffusely reflected first beam of thin line
illumination as the first response. 30 In some embodiments, at least one mirror 54 can be used to direct

the first bean ghthine Ning dieHRRUAD iR aitenniddR wafeseSHiTAse. fotiinsiance dnptheneyent that the
first 75 thin line illuminator 52a is spatially oriented or positioned to emit the first beam of thin line

illumination FFiSHYIBSkREAHAHANS il aods iFRaRifcaN gy e pf et e datrinal e Mdtithin line
illuminator 53afigdaositipragder emitdheafiessbarmefhindinafdiumipainnRiansntaeiaienst @yis, as
shown in FIG. 27c¢). 5 In addition to the foregoing, simultaneous with the provision of the first beam of thin

line illuminatiBfetdawrd Hsearamal nytnce; AR IBEd AT BHMsiIfoite RifNARGERSN (e.g.,
provided by thgrserpad dhinphnsxituninalgpsidbhedmbe digctestihar atewvanchinaplrRalRf the wafer 12 at

a second angle of incidence relative to the normal 10 axis, where the mf@gitude of the second angle of

incidence is SgniGEaAdParTRT e Hiin liftfe IUTRIRAHRIHh FEspBrident pen D ¥ifgRiBSh thdfeflection or

scattering propefiiesioh iy watameeation surantly snsericansidpiatiamihiiesecendrogaseef thin line
illumination is incident ugon a wafer Igcation having a mirrgr-type finish, the second beam of thin line

illumination WAISGEURIRY SRR Al Aith PEAHgRGIE BtHRFIHAMIShE s e aHSANESPORLPAEYRS and the

image captugeysle fioen B amontel capitte anagiigibles padian of essendadytidvans atiherfully reflected
second beam of thin line illumination as féilecqnd ,r‘%spons_e. If the secand beam of thin line jllumination is

incidentlipoRs Skt GBS H FOraCh SHIinG ALYBEIAHER 1sHErseEara BeIm gmikaiNe ffumination

will be scattepeehordiffusigiyateflactigdaandithe imewe captepende\ipebfitanceaptubeampsirtign of 20 the
reflected second beam of thin Iines'lgeumin tion that is sc?jtttered %ﬁr diffusely reflected along an optical path
defined by tHE'Id IPPelh iRl a5 LY 50 LAoAd PSR Ot TSRS BhiAE Hiiémentation,

the illuminati@sp@sieaaRe AN gl eheall e AR XUSRYY angle.

15  In various embodiments, at least a first beam of thin line illumination (e.g., provided by
the first thin line illuminator 52a) is directed to or toward the plane of the wafer 12 at a
first angle of incidence relative to the wafer plane’s normal axis, where the magnitude of
the first angle of incidence matches or equals the illumination response angle. Depending
upon the reflection or scattering properties of a wafer location or position currently under

20  consideration, if the first beam of thin line illumination is incident upon a wafer location
having mirror-type finish, the first beam of thin line illumination will be fully reflected
along an optical path defined by the illumination response angle, and the image capture
device 56 can capture the fully reflected first beam of thin line illumination as a first
response. If the first beam of thin line illumination is incident upon a wafer location

25  having a non mirror-type surface, the first beam of illumination will not be fully reflected
along the illumination response angle (i.e., it would instead be scattered), and the image
capture device 56 can capture only a portion (which may be a negligible fraction) of the

diffusely reflected first beam of thin line illumination as the first response.

30 In some embodiments, at least one mirror 54 can be used to direct the first beam of thin

line illumination to or toward the wafer surface, for instance, in the event that the first



45, and the first angle of incidence can therefore also be approximately 45. In such an 25 implementation,
a first angular separation 01 between the illumination response angle and the first angle of incidence can
equal or approximately equal90. Additionally, the selcond angle of incidence can be approximately 0 with
respect to the normal axis, that is, the second beam of thin line illumination can be directed to the plane

of the wafer i dRNAhRiRATN3b KIS AR ArepleMmeRiatiagd fsaaandaneisessrATaign 02 30
between the illumination response angle and the second anlee of incidence can equal or approximately

equal 45. WHER tHELBRHAR Hethias tihrs bt hin Sa e iR QBRI 9BICE 168 o A& G tBA having a

mirror-type sueage: thgsasendheanel thirmline pbumination isfitieflligsied hackozlong thaormal axis.
When the second beam of thin line illumination is incident upon a wafer location having a non mirror-type

surface, the A ISPRIAMGERGOER 3R BShe R hBHbR Wihe second beam of thin line 5

illuminagon that is scattered or diffusely reflected along an angle of 45'. As indicated above, the surface

characteristics P(()grﬁlpr,operties, and/or topographical features of a particular location, portion, or region of a
]

wafer 12 to Whitdflifigmindhe forseqing i b A H B E PRSI Wt AR R d8& rmine the
relative 10 likgliheedithatsush thwnination isfellysigiietedorssatieragd sipmpbielosatiam naigion, or

region of the wafer 12 under consideration. Generally, certain locations, regions or  topographical features

of a particuld WR¥IPS (§r8otREYAEr O3 G SseBd HEB s v inateter 281 fABreeAiFdpfideel, inspected

as a result of eirriRg fule reflactedafitminatiorewhiieatherdpaationsd edians af thpawiaprical
features are better, or more 15 appropriately, inspected as a result of detefctin scattered d%r diffusely

reflectdd il atBRERDF MegLde L SHIaSF e oRels Ml e s S A R o inspected
by way of thacapitiaeidhirdgiadiuminatiospthdiig spatiereddethoseldrabalinpeonirass, & 20
reflective or highly reflective flat or smooth portion, region, ords#rf ce of thﬁjwafer 12 can be more

accurately iHSpe S by WRARPBf B AU SR AT NI 2o eh SE S8 FLIRFPEH ke B ¥RE wafer's
surface. In aghgrd@nies Vidthnesfeetsfthe wiesemication having a mirror-type finish, the second

beam of thin line illumination will be fully reflected along an angle other than the
15  illumination response angle, and the image capture device 56 would capture a negligible
portion or essentially none of the fully reflected second beam of thin line illumination as
a second response. If the second beam of thin line illumination is incident upon a wafer
location having a non mirror-type finish, the second beam of thin line illumination will be
scattered or diffusely reflected, and the image capture device 56 can capture a portion of
20  the reflected second beam of thin line illumination that is scattered or diffusely reflected

along an optical path defined by the illumination response angle as the second response.

In a representative implementation, the illumination response angle can be approximately
45°, and the first angle of incidence can therefore also be approximately 45°. In such an
25 implementation, a first angular separation ©; between the illumination response angle
and the first angle of incidence can equal or approximately equal 90°. Additionally, the
second angle of incidence can be approximately 0° with respect to the normal axis, that
is, the second beam of thin line illumination can be directed to the plane of the wafer 12
along the normal axis. In such an implementation, a second angular separation O,
30  between the illumination response angle and the second angle of incidence can equal or

approximately equal 45°. When the second beam of thin line illumination is incident



disclosure, simultaneously directing thin line illumination at different angles (e.g., by way of a first angular
separation 01 between a first beam of thin line illumipation and an 25 illumination response angle of 90'
and a second angular separation 02 of 45' between %0 second beam of thin line illumination and the
illumination response angle) to a particular target location or region of the wafer 12 can result in the

simultaneouggapthre, oka fullytisallactesrespenas-anst asarrteratsaspenseeariespandingde the target
location. The_fully reflected response and the scattered response can be simultaneously captured by the

30 image cafittranptigedssy s 5 5aled Rketrnssbsd rangbasis- tndhcthasscond fsgmrefidtifed response

and the scatigred 8SRRAASE. i{ InfiaéRUIPSSasRifareyibtisndslaiitya tha elipvinglessiriiomef additional
portions of the process 950 is provided in association with the first and second angles of incidence

and/or the fir8t3#5d SRLHTd VERar Septr £BHE D Thin 8 T8 Yeethanissantt Rats RbvVelinse

appreciated thahthiniinenitinination ¢op herdisgeiet dau@itishenwaigs 4248t other angles, for example
25, 30, 50, 60, or 75, within the scope of the present disclosure, such that a fully reflected response and

a scattered response can be simultaneously generated as a superimposed response, and the image

capture devigg 5@ dragapbée (i SURL AP QSREhtesSRANSE o Opid yatiess sukedigipiasithe present
disclosure, thin line illumination supplied or emitted by the first thin line illuminator 52a is directed towards

the wafer 12F8MEeSI8ha PAFHARIHARSAH ) ROLPPRoQIMERAY 25 FVafve b they HiShilraunationdss
hereinafter gfecalde (& asemaibindine dbupnaiio). Wi thinlkedlwpinRiamsuprivd Rerted 15 by

the second thin line illuminatar 52b is directed towards the wafer 12 (or a plane of the wafer 12) at
approxifhate s%hﬂsfa%@&a%lﬂamt ,Safﬁﬁﬁgﬁi‘i%ﬁﬁ%ﬂ‘é?%féﬁi)fé% 15 To654Ah RRE Mmination. In
a third process IR OYG: therfthindingdburinaiier.aoniterd feomeaghemthectitmmnedgomsesond thin line
illuminators 52a and 52h ?re refleéttred off the wafer 12 s a result of full reflection and/or

eqg. a
scattering), 6?%%8% TRETES *if?ﬁ&%ﬂ%n‘@%f%& {ée(or other semiconductor component) are

better, or more appropriately, inspected as a result of detecting fully reflected
illumination, while other locations, regions, or topographical features are better, or more
15  appropriately, inspected as a result of detecting scattered or diffusely reflected

1llumination.

For instance, a solder ball on a wafer’s surface can be more accurately inspected by way
of the capture of thin line illumination that is scattered by the solder ball. In contrast, a
20  reflective or highly reflective flat or smooth portion, region, or surface of the wafer 12
can be more accurately inspected by way of the capture of thin line illumination that is
fully reflected off the wafer’s surface. In accordance with aspects of the present
disclosure, simultaneously directing thin line illumination at different angles (e.g., by
way of a first angular separation ©; between a first beam of thin line illumination and an
25  illumination response angle of 90° and a second angular separation ©, of 45° between a
second beam of thin line illumination and the illumination response angle) to a particular
target location or region of the wafer 12 can result in the simultaneous capture of a fully
reflected response and a scattered response corresponding to the target location. The
fully reflected response and the scattered response can be simultaneously captured by the
30 image capture device 56 as a single superimposed response that includes the fully

reflected response and the scattered response.



inspection position. In many embodiments, the 45 thin line illumination and the 0 thin line illumination that
25 are scattered or reflected the wafer 12 can be sur%erimposed to provide or produce a superimposed
thin line illumination. The superimposed thin line illu ination can include or embody one or more
properties, characteristics, and/or associated benefits or advantages of each of the 45 thin line
illumination and the O thin line illumination. Accordingly, the superimposed thin line illumination can
facilitate or enable inspection of 30 the wafer 12 in a manner that indicates whether a wafer location

under consid¥aRBiossHALIsHHEE Bhghyy hailirwiae drsrsietgead idditions! anBanmatdhaype

surface. 78 hRJQUIROPIOGRESREItIAN £38:itR SUPRHNMIROSRE thill e didnination refieiesceff the wafer
12 is transmitted through the 3D profile objective lens 58, which has an aberration corrected at or to

infinity. Accateivfiythhe st ritisSinndr e Lpasrarstioss fin it Sandrinstiad eroudh WE!8D profile

objective lensoi@ ¢alliveaippriatidp@rmpasaddhinningtibaneirabe ikt e dihwrasess Rafipn 60, the
collimated Slégerimposed thin line illumination passes through the tube lens 60. As described above, the

tube lens 60¥atii188LF eREEIAER1A 8 Yoctingbf fb: Hlimatet BilhEniseRe P tHrF IESHlmination
onto the imagie Sanitye spbanenaf the BRyPrRfileceamesdfsd naasixthspraecess papiadeanthee
superimposed thin line illumination enters the 3D praofile camera 56. In some embodiments, the 3D profile

camera 56 iS'PHBRSER bhesfie 8 A HPTHIBRASF L AnsBafifert! the SRS SHRWEIEVI86 s a color

camera that ¢sicagabile gkragrivingosaptepoaselistinguishing, identifying, and/or separating thin line
illumination of different wavelengths. A seventh process portion 964 involves capture of a first 3D profile
image.1 or purposes 20 of the present disclosure, a 3D profile image or a 3D image can refer to an

image that inclugiesupradisieimehgonyays ipfesenatinscsaignalsthaicomaspamidiosiiipeedispensional
characteristics of a surface_ or structure, (e.g,, the topography of a surface or structure). In addition, a 3D
profile imag&@éﬁﬁeaéas iRt B tns PR3 s b ff‘c%‘i?‘I fowards the waler 12 (of a planc

of the wafer 12) at approximately 45° relative to the normal axis, and is hereinafter
referable to as a 45° thin line illumination. The thin line illumination supplied or emitted
15 by the second thin line illuminator 52b is directed towards the wafer 12 (or a plane of the
wafer 12) at approximately 0° relative to the normal axis, and is hereinafter referable to as

a 0° thin line illumination.

In a third process portion 956, the thin line illumination emitted from each of the first and
20  second thin line illuminators 52a and 52b are reflected off the wafer 12 (e.g., as a result
of full reflection and/or scattering), or a portion of the wafer 12, positioned at the

inspection position.

In many embodiments, the 45° thin line illumination and the 0° thin line illumination that
25  are scattered or reflected the wafer 12 can be superimposed to provide or produce a
superimposed thin line illumination. The superimposed thin line illumination can include
or embody one or more properties, characteristics, and/or associated benefits or
advantages of each of the 45° thin line illumination and the 0° thin line illumination.
Accordingly, the superimposed thin line illumination can facilitate or enable inspection of
30 the wafer 12 in a manner that indicates whether a wafer location under consideration

corresponds to a highly reflective or mirror-type surface, or a non mirror-type surface.



response, captured by the 3D profile camera 56. 25 In an eighth process portion 966, the first 3D profile
image is converted to image signals and transmitted to the CPU. In a ninth process portion 968, the first
3D profile image, or image signals thereof, is procegéed by the CPU for at least one of 3D height
measuring, co-planarity measuring, and detecting and/or classifying a defect on the wafer 12. 30 79 In
several embodiments of the present disclosure, the process portions 952 to 968 can be repeated any
number of times for capturing a corresponding number of 3D images, and for transmittin%ithe captured

3D images tH ATl PIORES BRI Shitiohs Seetinpescaanin e urmine ienrsfssted abidbfimage

capture positiQis alprgitheswaied 5630 AN DR RIOLEjeY R NSSe WaSN HGah MstieRipath the
whole wafer 12. The process 950 according to particular embodiments of the present disclosure enables

inspection of WAFE1ed1¥ Q@ drfERY: SssREdinghotdicbatsBHIRY) okihg SHremranetihiibAchat is
directedsat thRuyahatm A 2abHENKS ARSI LbAREREYSIvT B d8i1EARIN haesilpsmingdia amd the O thin

line illumination can be superimposed as a result of reflection along the illumination response angle and
hence captul®d BYPRB4AYe capture device 56 simultaneously. Therefore, in various embodiments, the
process 900 enables inspection and/or analysis of different types of wafer topographical features or
characteristics simultaneously, or substantially simultaneously. 15 O%tiica_l Inspection.in view of aspects of

the relative iMehSHBLEEHH PRI LAt L limpted suRsdmRes iR fiRe HIYMIRAESRs RASE ticular

embodimenthafiisie theeadat WiscEBUus, dbaipladivddnte el ndlktiend B ohiacilingdt winbTasiomand the O thin
line illumination can be controlled, for instance selected .20 and/or varied, as desjred, for instance

dependifi ulSSHYRE ENSofOEEL hRIPEHIBROSEAAILR tBpbUFABHIAAIGR A4t RASH AR ™HZ. More
particularly, figneebative 3mgisfiles @héf than line illumination and the 0 thin line

In a sixth process portion 962, the superimposed thin line illumination enters the 3D
profile camera 56. In some embodiments, the 3D profile camera 56 is a monochromatic
15  camera. In other embodiments, the 3D profile camera 56 is a color camera that is capable
of receiving, capturing, distinguishing, identifying, and/or separating thin line

illumination of different wavelengths.

A seventh process portion 964 involves capture of a first 3D profile image. For purposes
20  of the present disclosure, a 3D profile image or a 3D image can refer to an image that
includes, provides, or conveys information or signals that correspond to three-
dimensional characteristics of a surface or structure (e.g., the topography of a surface or
structure). In addition, a 3D profile image can also be referred to as a response, or optical
response, captured by the 3D profile camera 56.
25
In an eighth process portion 966, the first 3D profile image is converted to image signals
and transmitted to the CPU. In a ninth process portion 968, the first 3D profile image, or
image signals thereof, is processed by the CPU for at least one of 3D height measuring,

co-planarity measuring, and detecting and/or classifying a defect on the wafer 12.

30



illumination can be independently controlled based upon a captured or detected intensity 25 of a fully
reflected beam of thin line illumination relative to a captured or detected intensity of a scattered or
diffusely reflected beam of thin line illumination. In ggﬁeral, for first and second beams of thin line
illumination having approximately equal intensities, a fully reflected first beam of thin line illumination

exhibits a highgeiraeaibJighariniensiythian Aserigredse prd Remiehsynlinsgiyrednasion. Thus,

the fully 30 reflected first beam of thin line illumination can give rise to a captured or detected 80

response sigRBFHESiARY 2B 19FJEPFR {gh AR RSP R BTN AUPARFE QLMY Beagss ofthin line
illumination. figy RaMtiGHIRRMROCHFIERIS 31D RHHSEIAIRIORIALEE RARBEC BRI asliuBhiihe septdred S

intensity of a respanse signal arising from fully reflected thin line illumination relative to. the captured

intensity of LFRPENLRCd GHRFLAITR Siethi MRS SPRENTRIROTHE I A RRETDR VaEriFraR S torRNine

illuminagon gpittad flRnedhe: fivatdhirding dtisnipatomedahdie wahe 4o thin line illumination) can be
decreased relative to the intensity of thin line illumination emitted from the second thin line illuminator 52b

(i.e., the 0 thin line 10 illumination). For example an approximately 20% or 30% intensity of thin line

illumination gmttee feaenolte s iy ldephuminatenbdithentdhe 4k thioskae diduminatiendyian be used
relative an approximately 70% or 80% intensity of thin line illumination emitted from the second thin line

illuminator SPBRFEIOhed HaRe! AR o RIS SEHE GRISHGO TN RATRRAVS YR tn s Hi%e Hitntition

supplied or emitteshbiydhBathis dinectdllminaiarsdal Dabwean & cagtoligtfesnsasmplaiky 45 CPU. In
particular embogiments, the relative intepsitiejégft in line ,iIIuminaﬁion supplied or emitted by the thin line
P

illuminatbrs 858 1By umipatiosApsh s for b5 GRAVEBEOMAGURSF B RsSthit A Sty and/or

varying, a masleuishaneier thdininwinaned Aitipdasel thelcresphase: captured By theaimagepapiire device
2 Ao R i Taacoashy. Theretore, T vahous mbbdimes s, A AR ass g Meables

inspection and/or analysis of different types of wafer topographical features or

characteristics simultaneously, or substantially simultaneously.

15

Optical Inspection in view of aspects of the relative intensities of thin line illumination

emitted from different thin line illuminators

In particular embodiments of the present disclosure, the relative intensity of the 45° thin

line illumination and the 0° thin line illumination can be controlled, for instance selected

20  and/or varied, as desired, for instance depending upon the characteristics, properties,

and/or topographical features of the wafer 12.

More particularly, the relative intensities of 45° thin line illumination and the 0° thin line
illumination can be independently controlled based upon a captured or detected intensity
25 of a fully reflected beam of thin line illumination relative to a captured or detected
intensity of a scattered or diffusely reflected beam of thin line illumination. In general,
for first and second beams of thin line illumination having approximately equal
intensities, a fully reflected first beam of thin line illumination exhibits a higher or much
higher intensity than a scattered second beam of thin line illumination. Thus, the fully

30 reflected first beam of thin line illumination can give rise to a captured or detected



present disclosure, it will be understood that other relative thin line illumination intensity 25 values
corresponding to the first and second thin line illuminators 52a and 52b can also be selected, applied, or
used as desired, for instance depending upon partic tar properties, characteristics, and/or topographical
features or the wafer 12. Aspects, and effects, of using different wavelengths of thin line illumination 30 In

several embrdiprsidhs wavaleaathsiohtoer thinohiadiuminatian surpliedqeereitted huasitferent thin

line illuminators 52 of a particular system 10 are identical, or 81 substantially identical. However, in other
embodiment& &G HUEREAESE of thin line illumination supplied or emitted by different thin line
illuminators 52 of a system 10 are different, or substantially different. 5 In particular embodiments of the
present disclosure associated with the system 10 of FIG. 27c, the wavelength of the thin line illumination

that is emittdd BPHe s fHECIhBIEs 39 aPRFoxHaatieLy halancst amirdiMatithinfRiRS s different
from thes wayrleREihoehthesbirdispilmnationdhatinereiteeByHheseGaneh thifidnedllgningtor 52b

(e.g., the second beam of thin line illumination). In other words, in particular 10 embodiments, the

wavelength GrHE@RBRGANHRRS I ratioRoe it AFiRaHEO WavaisteH bP a0 tHIARIME Mamination.

The thin linet{umisatignogftEifferent wavelenatomian Pe sLpRrimpasad aitaieiipetiens and/er scattering
off the wafer 12 and simultaneously captured by the image capture 15 device 56. In many embodiments

wherein the {5vEter§iRs BEH EURdHRN GRS RSN ERATEd R SHY th it IREMPMIRREYE 998 e different,

the image captimemegyicehfitisl afr6alomeassesad ARl omeamenatas: facilitaie orenablenigcrift, capture,
distinguishing, separation, and/or identification of the thin line illumination of different wavelengths. 20

When te ditf SRR hs Kt e MBI ARiRRARHERY 70 dfferthie HHMTEYiIBmiBRoIP82 are of the

same wavelemgiintioy reaytiat hereandyraiffenantiaied illnshivisteallylgentifiechconsenarateideafter
es wherein the different beams of thin line illumination emitted

fom cifterer BTGB S2 aP0 B SRS MA e Dt Gh BN AP DB Lot P ferference,
or illumination emitted from the second thin line illuminator 52b (i.e., the 0° thin line
illumination).
15
The relative intensities of thin line illumination supplied or emitted by the thin line
illuminators 52a, 52b can be controlled, for example by the CPU. In particular
embodiments, the relative intensities of thin line illumination supplied or emitted by the
thin line illuminators 52a, 52b can be controlled for correspondingly controlling, for
20  instance selecting and/or varying, a maximum and/or minimum magnitude of the

response captured by the image capture device 56.

Although examples of relative thin line illumination intensity values are provided in the
present disclosure, it will be understood that other relative thin line illumination intensity
25  values corresponding to the first and second thin line illuminators 52a and 52b can also
be selected, applied, or used as desired, for instance depending upon particular properties,

characteristics, and/or topographical features or the wafer 12.

Aspects, and effects, of using different wavelengths of thin line illumination
30 In several embodiments, the wavelengths of the thin line illumination supplied or emitted

by different thin line illuminators 52 of a particular system 10 are identical, or



25 interaction between the different beams of thin line illumination. Accordingly, the response captured
by the image capture device 56 can be adversely affected. However, where the thin line illumination
supplied or emitted from different thin line illuminatdts 52 (e.g., the first and second thin line illuminators
52a and 52b) are of 30 different wavelengths, the cross-talk can be alleviated or eliminated, and the thin

line illuminatigpsemitied framirae thisWinedllumielier deodthRiikst dinding ilHpaRaler iz pda) can be
readily differentiated, individually identified, or separated from the thin line _illumination emitted by a
different thin IHE SR AP S omsdiacbhy dehisaRse thin it B BRI PP & BitiBvdlhérts, the
difference befierntha Waelsnathsiafsiéfrrent beams of thin line illumination emitted from different thin
line illuminators is at least approximately 30nm to reduce or eliminate cross-talk and thereby enable
enhanced accuracy differentiation, identification, and/or separation of said different beams of thin line

illumination. {hlina PartigHRdaabedingriprdtewavaiRnath abtiadbwibiniingdteminateref the first

thin line illuminator 52a is between approximately 200nm and 750nm, for example_. 300nm, 350nm,

400nm, 450> 5BenKIVEEARHR, Ur B0 MM [IRsd {eTetRith 'SfERELS IRy e firshifiRbRes least

approximatejyigRmatofos Bxample hppfeximatiely SOmm e Snamikaaon), k5amre:ar 2edamnégifferent
from the Wavelength of the 45 thin_line illumination. In other embodiments, the first thin line illuminator

52a can outptARFHAOH ARG LBRRRUQD G ORGP the Cotdhe il WA the second
thin line illunsipgtes. 020 the bsecsh @ Ukt limikiatioin daNingi faceR)e MW akiength &origspamdingto the color
blue or]r%een. Alternatively, the first thirblinﬁ iIIuminatir 52a can output illumination haying a center

wavelelyth EBIPESHBMS Blaslgibenl Ahg the Qe HHRRE IR A ereRh BO P Rlumination

having a centekwaveleogthcooT (REPRAEINGaraReN or blue, respectively.

The thin line illumination of different wavelengths can be superimposed after reflection
and/or scattering off the wafer 12 and simultaneously captured by the image capture
15  device 56. In many embodiments wherein the wavelengths of the thin line illumination
emitted from the thin line illuminators 52 are different, the image capture device 56 is a
color camera. A color camera can facilitate or enable receipt, capture, distinguishing,

separation, and/or identification of the thin line illumination of different wavelengths.

20  When the different beams of thin line illumination emitted from different thin line
illuminators 52 are of the same wavelength, they may not be readily differentiated,
individually identified, or separated, after superimposition. Therefore, in some cases
wherein the different beams of thin line illumination emitted from different thin line
illuminators 52 are of the same wavelength, there can be cross-talk, interference, or

25 interaction between the different beams of thin line illumination. Accordingly, the

response captured by the image capture device 56 can be adversely affected.

However, where the thin line illumination supplied or emitted from different thin line
illuminators 52 (e.g., the first and second thin line illuminators 52a and 52b) are of
30  different wavelengths, the cross-talk can be alleviated or eliminated, and the thin line

illumination emitted from one thin line illuminator (e.g., the first thin line illuminator



25 In embodiments wherein the different beams of thin line illumination captured by the image capture
device 56 can be identified and/or individually proceagzed, information made available by, or associated
with, each beam of thin line illumination can be obtdified, used, and/or stored individually. 30 83 For

instance, where the wavelength of 45 thin line illumination is different from the wavelength of O thin line

illumination, the)respepse.eapturae bt thedmadioaapiyr el Sevice, (hescHattapiim ehsunarimposed 45
thin line illumination and O thin line illumination) can be processed to extract information that is

particularly JHBREEERPS AR¥tsabea v EEEH dPthelins tHIHMHR R Hfriatidheanerind ohtinliffe
illumination nesRARINER2YN Several embodiments of the present disclosure, intermediate and/or final
results of the process portions 952 to 968, and repetitions thereof, (e.g., results obtained from 10
processing of 3D images) are saved in the database of the CPU. In other embodiments of the present

discloswse, rasulissoéiiie Pracass Merigngded KRAR3nand keReliinnss thete@braR Beatesults@btained from
processing of 3D images) are saved in an alternative database or memory space as required. 15 FIG.

28a and FIGIBBH ndtatien shritachiremeiisrsth Rt o faab i S ERETRSARKSY in different

directions (henes differeatiepticnl Havehaathahiomithasuridessf aonaier Laandivadisety reflected
thin line illumination of different, or unequal, intensities. FIG, 28b shaows the positions along the wafer 12,

i.e., position BFEENBatiaR: ARBHTGAARe IS SRBHISIBARERU b tHEGREFADS viHeldh BBSitions P2 to

P8 are 20 asgagaiatedowith a 3D feature on the wafer 12. In some embodiments, the 3D feature at
positions P2 to P8 includes or carries a defect or a source of optical noise. Upon reflection from the
surface ®f the wafer 12, reflected thin line illumination (or reflected beams of thin line illumination) travel

away from the syiacaubfithadualaich’, 2ecalonglengtinie optiest thayeealignination of the first
thin line illuminator 52a is between approximately 200nm and 750nm, for example

300nm, 350nm, 400nm, 450nm, 500nm, 550nm, or 600 nm, and the wavelength of the 0°

thin line illumination is least approximately 30nm, for example approximately 50nm,

15  75nm, 100nm, 150nm, or 200nm, different from the wavelength of the 45° thin line

1llumination.

In other embodiments, the first thin line illuminator 52a can output illumination having a
center wavelength corresponding to the color red, while the second thin line illuminator
20 52b can output illumination having a center wavelength corresponding to the color blue
or green. Alternatively, the first thin line illuminator 52a can output illumination having
a center wavelength corresponding to blue or green, and the second thing line illuminator
can output illumination having a center wavelength corresponding to green or blue,
respectively.
25
In embodiments wherein the different beams of thin line illumination captured by the
image capture device 56 can be identified and/or individually processed, information
made available by, or associated with, each beam of thin line illumination can be

obtained, used, and/or stored individually.

30



FIG. 29 depicts first and second responses, corresponding to illumination traveling along the first and
second optical travel paths respectively, produced by the 3D profile camera 56 at each of positions P1 to
P9. Each response (or optical response) corresponds’to a 30 particular thin line illumination intensity,
distribution, pattern, and/or level, which is 84 correspondingly associated with the surface profile, or the

3D characteyigtiGa@aianolagye afdhenatard? At eachaf the nositiensibh R RgrAspraviaugly mentioned,

the reflection of thin line illumination off the surface of the 5 wafer 12 is dependent upon the 3D
characteristi®& %7 €888108% Bt thinvie il msatiashee aie s s eI SA DS B5aHR&SSARRER structures,

features, defestfcaiorapticieIoe QiSSAIBING SPSTaRmINAAIR AR P hHE BUAgEl the wafer 12.
Accordingly, in many embodiments, the relative profiles of the first response and the 10 second response

at a given pdSHBHEYY) (S8LitRsHETPFE Bbf ubHiA e MO RREDBY thfakeParsciiatie S8 dEArE¥on the 3D

charactaristigs:6¢itRERPIAem ahsridiNe pogitionaonetigasonfacg edhe watelide ihsmsheMenin FIG. 29,
at the first wafer pasition P1, the thin line illumination reflected 15 along each of the first and second

optical travel$REFEYE Nnaffected by 3D characteristics or topology of the surface of the wafer 12. This is
due to the absence of a 3D feature on the surface of the wafer 12 at position 1. As a result, intensities of
thin line illumination reflected in the first and second directions, and accordingly traveling along the first

and second!Bpfi¥aiat v stimeteehlicivkase it dissinite o taetialn Art Lahal Hasulisietdhoo the

reflection of Hisedize phtninatiospotbthmsuriade ebtirivafahd2 et pesitionehgiyeshiiseto sivnilar first and
the second responses. However, at each of osiggns I;ﬁ to P8 alo(g%jhe surface of the wafer 12, the
reflectibft of RFIFCTHBSIRAMMATE S e LR Le BF diaRate ol Pk e8P B e Bredases 6f a 3D 25

feature. For tAstareentadipaIsiins, PR dleng the sodasepotibaswatercl6shendldGheragietisiiesOr topology
of the 3D feetture resylts i%o eﬁgct upon reflecti?n of thin line iIIuminéa\tion in_the first giregtion, and
hence travel GEhTSHE MRHRFSEARIIRG TS SRtitsfgsEre saved in an alternative database

or memory space as required.

15  FIG. 28a and FIG. 28b illustrate representative ways in which thin line illumination that
is reflected in different directions (hence different optical travel paths) from the surface
of a wafer 12 can give rise to reflected thin line illumination of different, or unequal,
intensities. FIG. 28b shows the positions along the wafer 12, i.e., positions P1 to P9, at
which thin line illumination is reflected off the wafer 12, wherein positions P2 to P8 are

20  associated with a 3D feature on the wafer 12. In some embodiments, the 3D feature at

positions P2 to P8 includes or carries a defect or a source of optical noise.

Upon reflection from the surface of the wafer 12, reflected thin line illumination (or
reflected beams of thin line illumination) travel away from the surface of the wafer 12

25  along multiple optical travel paths.

FIG. 29 depicts first and second responses, corresponding to illumination traveling along
the first and second optical travel paths respectively, produced by the 3D profile camera
56 at each of positions P1 to P9. Each response (or optical response) corresponds to a

30  particular thin line illumination intensity, distribution, pattern, and/or level, which is



30 path, but prevents thin line illumination from traveling along the second optical path (i.e., the 3D
feature blocks the second optical path). This gives rigg to the first response, or first 85 optical response,
having higher intensity as compared to the second résponse, or second optical response. As shown in
FIG. 29, at position P2, the second response is at a minimum or zero intensity level. Analogous

Consideratioe&?éggbﬁain@gsmacﬁ’a%e@wnim AIEEP B KIBNS OMBPAD (Ratactitiiosithsp slagheature

present is larger than at position P2. 5 At position P4, the thin line illumination is reflected along each of
the first and Sbtsntiafspieattirac b b asiiiwsid fénddtion is affected by a defect carried by the 3D
feature at position P4. More specifically, the defect causes greater reflection of thin line illumination in
the first direction as compared to the second directian, thereby resulting in 10 the first response, or first

optical respdhS@TRAQHRY agHERsFeheifF HesHam e b duianting JlyaHaation wifidhes WBethdRts, the

comparison gaeanalysisiehdhectitstipad greand craspansasctastit@igs dgensifieationaaadior, digssification of
defects present on, or carried by, the surface of a wafer 12. 15 At position P5, thin line illumination is less

strongly refléREENGS the PReteane chdre HARES ESHESRE Hirde Uit dratairs dathctisRempartisah the

second direGiings beace@iang it serandopiicrRltavelenaifacthiscregaisin the first response having a
lower intensity as compared to the second response. The comparison and analysis of relative intensities

of the first and second responses at a given position (e.g., at P5) can facilitate identification 20 and/or

classificationneterfeely Presamt P RnWosmkiiets byhdhelstiviageoifl e vwafaiel BrAsRpsitienand, tdich
approximately corresponds to the top or crest of the 3D feature, thin line illumination iﬁ reflected

approxiihately CRddfTAANSS oh bR MATEAR CeoRASHBREIHS, BAR NS SRING R & Y &8 second

optical travel patlesdeaaedingynthe BistcRha04i566066t6psRANSESaIE @ppipdsasalyleauaor identical.
At each of positions 7 and 8, the 3D characteristics or topology of the 3D feature result in reflection of the
thin line illunitt %Fc?n%ﬁﬁé”&é%% direction, and hence along the second optical travel path, but prevents
reflection of thin line illumination in the first direction,

As shown in FIG. 29, at the first wafer position P1, the thin line illumination reflected
15  along each of the first and second optical travel paths is unaffected by 3D characteristics
or topology of the surface of the wafer 12. This is due to the absence of a 3D feature on
the surface of the wafer 12 at position 1. As a result, intensities of thin line illumination
reflected in the first and second directions, and accordingly traveling along the first and
second optical travel paths, respectively, are similar or essentially the same. Therefore,
20  the reflection of thin line illumination off the surface of the wafer 12 at position 1 gives

rise to similar first and the second responses.

However, at each of positions P2 to P8 along the surface of the wafer 12, the reflection of
thin line illumination off the surface of the wafer 12 is affected by the presence of a 3D

25 feature.

For instance, at position P2 along the surface of the wafer 12, the 3D characteristics or
topology of the 3D feature results in no effect upon reflection of thin line illumination in
the first direction, and hence travel of thin line illumination along the first optical travel
30  path, but prevents thin line illumination from traveling along the second optical path (i.e.,

the 3D feature blocks the second optical path). This gives rise to the first response, or first



30 and hence along the first optical travel path. As a result, at positions P7 and P8, the 86 second
response or second optical response is present, Whiée the first response or first optical response is of a
minimal or zero intensity. Finally, at position P9, in & manner analogous to that described in relation to
position P1, 5 the reflection of thin line illumination in each of the first and second directions, hence

along each Qfjfiafirslpidsarrnthantirs! iRveliRalsImphaifestar lense rébsofisst apdessiond
responses at position P9 are approximately identical (e.g., of e%ual intensities). In several embodiments,

the second IBUFAFEERANSiInG HrAwEs #50"KdAsh tAk BRFEO0 N artieseehmit J RSESIBEE ficilitate or
enable captyfgnphahl@RShy nieSRONRES!. AEh1DLHEERh IEAShIBAMVIBHS: ATRARS S IVEDWBRRCch

characteristia(a:r:]\s) (e.g., a 3D feature) of a_ wafer 12 using a single image capture device, for instance the
3D profile camErEBEX N RIdRHh G nifikhd 08 BmBBRFARER IS L dptareco iR AmeskPivciresponses,
and henge at least two views, associated with 3D characteristic(s) (e.g., a 3D feature) of a wafer 12 15 is
performed simultar_leouslg bé the 3D profile camera 56. In various embodiments, the at least two

responses, grERISHGHE iR il WoiRptNadis et aloe cadh Rt ik apd cerBdsed) for

producing a sgle tFeFEFSIMtAtNN s Yig e RIctAgE Afdhe BB chasretaristiehyald 3@ IBxfgature) of the
wafer 20 12. In several embodiments, the combination or composition of the at least two responses can

enable prodBEfBIPBf B eMHicaRCTHIGHLYantle nlSIEChCEANSES, AFERYE ofSHECHPN chbriferiht(s) (e.g., a

3D feature) efiiaanvaterid2hd hiescapitpRhatlaasiimadesponastl Gardiuioverts asciagyief 3D
profilini or 25 inspection of the wafer. For instance, in various embodiments, the capture of at least two

responids cHIf dHNRATE Yetkur ¥y Bt i QBHEN AT G td R Hienta 8B rBUERT Bh K8 JOFrSEEOYt a wafer 12.

With existing@peasyantinnahwalgbisEpeeioniseibogsicxpandivaalivlky fame/ dirs8encosapbicated system
or device setups invo::tzziz;\) .the use of multiple im(age capture ,devi%ed'tAe for capturing multiple re(fponses, or

views. assodERYSeR ttfésat ?Bt }‘éaagﬂé}%ﬁ >()rsﬁlasm 1cation o fects present on, or carrie

by, the surface of a wafer 12.

15 At position PS5, thin line illumination is less strongly reflected in the first direction, hence
along the first optical travel path, as compared to the second direction, hence along the
second optical travel path. This results in the first response having a lower intensity as
compared to the second response. The comparison and analysis of relative intensities of
the first and second responses at a given position (e.g., at P5) can facilitate identification

20  and/or classification of defects present on, or carried by, the surface of a wafer 12.

As position P6, which approximately corresponds to the top or crest of the 3D feature,
thin line illumination is reflected approximately equally in each of the first and second
directions, and hence along the first and second optical travel paths. Accordingly, the first

25  and second responses are approximately equal or identical.

At each of positions 7 and 8, the 3D characteristics or topology of the 3D feature result in
reflection of the thin line illumination in the second direction, and hence along the second
optical travel path, but prevents reflection of thin line illumination in the first direction,

30 and hence along the first optical travel path. As a result, at positions P7 and P8, the



required. It is also not possible with existing wafer inspection systems and methods to synchronize image
capture by, or exposure timings of, image capture device(s) consistently. Generally, a slight
non-synchronization between consecutive image ca fures ‘would result in capture of undesirable or
inappropriate reflection(s), hence capture of 5 inadequate or inaccurate images. In addition, due to

commonly ingepaipiREpFRPHRIUEs RS waless Hipatisationisspat consisignthrargitaplyreflected off the
surfaces of said wafers for transmissijon to, and capture by, image capture devices. The dispersion of

illumination GREYY EEPRCRIANSHP GUBHI RIATANAFSRYon the surface of wafers typically results in
inaccuracies in wafer inspection when using only a single view or 10 optical response. In many
embodiments of the present disclosure, the system 10 enables illumination_ reflected off the surface of the

wafer 12 in hintiPle HiRerdittulrdcibh OB ARlestdobRf dasstibed By raidtien i9rBaMeaRLra 56 or 3D

image captuigdeyie&iah. Sfah#PliAstaANGaiHAANRUS.EMBP i EIS atliessy stk 8684 @slymination
reflected off the surface of the wafer 12 in at least a first direction and a second direction, the first and

second dire@ion® Hsihg R ity spenvdrgrtital A YR maihsaicrneftsstetmbigaredhsfraired by the

3D profile capeyiai36spbies MpeiGapyadarprRindibis fasiilalbe @, enafiasisapiier production of
multiple optical responses or images (also known as 20 views) at each position along the surface of a
wafer 12. Accordingly, numerous embodiments of the present disclosure provide for improved accuracy

of 3D profiling akvhiavaiwodinaits hraceRNdapDed ifsPeciian e isceafershatardnstrnggran increased
accurac% of defect detection. 25 The u?f%o_f_a single image capture device, more specifically the 3D image

capturd Hevid@ H6SRIUUERICEES SPEractissoarr RS fBIEL & RIS S PYR BRISASY B the system
10. Furtherm@irecintvREOUSMMAOHINaRISi ike usRIOBD SInglecakisetive (ens 83 dangingle wbe lens 60
helps to increase ease,.speed, alnd, accuracy of %alibrati?n associated with inﬁ)ection, or image capture,
of wafers 12%8 géZ using a single image capture device, for instance the 3D profile camera 56. In

addition, in numerous embodiments, the capture of the at least two responses, and hence

at least two views, associated with 3D characteristic(s) (e.g., a 3D feature) of a wafer 12

15  is performed simultaneously by the 3D profile camera 56.

In various embodiments, the at least two responses, or at least two views, can be
combined, composed, or used together (e.g., composed) for producing a single
representation, view, or image of the 3D characteristic(s) (e.g., a 3D feature) of the wafer
20  12. In several embodiments, the combination or composition of the at least two responses
can enable production of an enhanced, for instance more accurate, image of the 3D

characteristic(s) (e.g., a 3D feature) of the wafer 12.

The capture of at least two responses can improve the accuracy of 3D profiling or
25  inspection of the wafer. For instance, in various embodiments, the capture of at least two
responses can enhance accuracy of identifying defects that may be present on the surface

of a wafer 12.

With existing or conventional wafer inspection methods, expensive, bulky, and/or
30 complicated system or device setups involving the use of multiple image capture devices

for capturing multiple responses, or views, associated with a 3D feature are generally



In a manner similar or analogous to that described above with reference to the 2D wafer scanning or
inspection processes, the collimation of illumination g tween the objective lens 58 and the tube lens 60
can increase the ease of introducing additional optic F? components into the system 10, for instance
between the objective lens 58 and the tube 5 lens 60, without having to substantially reconfigure or

rearrange exigiing:gomROARIH G ﬁ(‘ib%iﬁl/e’it@[fh]&iﬁfﬁ%r&Q@lﬁ@@&ﬁ%i%ﬁs%%t%dbi@ 3D wafer

scanning process 700, 750, 950, the detected defects, and the locations and classifications thereof, on
the wafer 1255875 d 38R ARG the ProCSBeBTIGHRNES Shd MASTafPBR o ilE(fd. The

consolidation @sthe fgfeGtm ant theslagativnssanehebassilicativng dbeepkdatiVialpmgealspation of a
review scan motion path in a process portion 420. In several embodiments of the present disclosure, the

review scan WSHOFE4h 18 ARS8 BadesiraBirtRE IBRRRIOREIYF JSiRadnste R SRR 12 along

the wafer scapdegiae painaddutraddition, detertiibaogueaptusmpasitionsaiRnghsreyRMIssan motion
path are calculated or determined,in the process portion 420. In most embodiments of the present

disclosure, e ddestt iHayRaton: it A poshsiiertir s ponip K thlacedifi dhsstiiesanet %t which

defects wereyd@iectRd (hstiaddRQbohiie wpiek 18), duiing thegRIeCessiRAIIPRS dikpaasidn4d8. 20 In a
process portign 422 of the exemplary method 400, an exemplar%( review process 800 according to an

embodiment BFHEFIAL it SEHFL R AR rereineHHeA  cVRSR T ES BBOSEHARTe S eVRiFI b defects

detected in thejrcess pey tiansdtarandAiBwaremastpesibadimentssafdha Bresemnbiiselosuse, the review
process 800 occurs via at least one of a 25 first mode 800a, a second mode 800b and a third mode

800c. EemBRdsAdGRNSFocess 800 FIG. 26 shows a process flow chart of the exemplary review
process 800 according to an embodiment of the present disclosure. 30 89

In many embodiments of the present disclosure, the system 10 enables illumination
reflected off the surface of the wafer 12 in multiple different directions to be
simultaneously captured by the 3D profile camera 56 or 3D image capture device 56. For
15 instance, in various embodiments, the system 10 enables illumination reflected off the
surface of the wafer 12 in at least a first direction and a second direction, the first and
second directions being at least one of divergent and non-parallel, to be simultaneously
captured by the 3D profile camera 56 or 3D image capture device 56. This facilitates or
enables capture or production of multiple optical responses or images (also known as
20  views) at each position along the surface of a wafer 12. Accordingly, numerous
embodiments of the present disclosure provide for improved accuracy of 3D profiling of
the wafer 12, and hence enhanced inspection of the wafer 12, for instance an increased

accuracy of defect detection.

25  The use of a single image capture device, more specifically the 3D image capture device
56, also facilitates or effectuates an enhanced cost and/or space efficiency of the system
10. Furthermore, in various embodiments, the use of a single objective lens 58 and a
single tube lens 60 helps to increase ease, speed, and accuracy of calibration associated

with inspection, or image capture, of wafers 12.

30



In most embodiments of the present disclosure, the review process 800 includes three review modes,
namely the first mode 800a, the second mode 800b§a d the third mode 800c. In a step 802, a review
mode (i.e. one the first mode 800a, the second modé™800b and the third mode 800c) is selected. 5 First
Mode 800a of the Review Process 800 In a step 804 of the first mode 800a of the review process 800, the

firstimages &nd therecenddmacanalidhe dafertscasteciedWuring IR RRIMBIBPIOCRESIY process
600 performed in the step 416 of the method 400 are consolidated and saved. 10 In a step 806, the

consolidate PSS/ HFBERHSR @EosRtP St bR AisptoBrehd yaradoy eivteen JHRPIREHNE 12 are

uploaded or gansferiad thandstarns! storageiireaiyanéotaan Sffineseidpw. dRiioaatep@as, the wafer
12 (i.e. the current wafer 12 on the wafer table 16) is unloaded and a second wafer is lpaded from the

wafer stack SOTRRRBIHE IDitdPtabidord bY s iRsHBIE AR IFGePIstY edeh oriRBSIBHIHS4 to 808 is
repeated forjhe secanghwvaiptvidhesens8641tp SLeETeuse dventindyepaaing avmpuBRaraf times,
depending on the 20 number of wafers of the wafer stack 20. Repetition of the step 804 to 810 results in
consolidatioﬁhﬁﬁasé‘?iviﬁa'of the first images and second images obtained for each wafer of the wafer
stack 20, and the uploading of the first images and the second images, to the external storage or server
for an offline review. It will be appreciated by a person skilled in the art that the first mode 800a enables

automated pffehfARRE AR (sl icro B BRI RSN LS ReSAE 0N At Without

affecting proghéctierecieaisdetethnchallowis tatioHinghraduslincavitile tressRvReMierwating review of
saved images. This. method increases system 10 utilization as well as productivity, Second Mode 800b of

the ReVtbw BRINESE S0 PSS 8 5 AtiTe RUESAY HOI8800L L Me Bofa0sYideiEds 486, a number
of review imagesligeapiwediat aaritof gl datecbémags captwpIRtosssatherletateditattae step 90

calculation of a review scan motion path in a process portion 420. In several

embodiments of the present disclosure, the review scan motion path is calculated based
on the locations of defects detected on the wafer 12 along the wafer scan motion path. In
15  addition, defect image capture positions along the review scan motion path are calculated
or determined in the process portion 420. In most embodiments of the present disclosure,
the defect image capture positions correspond with the locations on the wafer 12 at which
defects were detected (i.e. the DROI of the wafer 12) during the process portions 416 and
418.
20
In a process portion 422 of the exemplary method 400, an exemplary review process 800
according to an embodiment of the present disclosure is performed. The review process
800 enables review of defects detected in the process portions 416 and 418. In most
embodiments of the present disclosure, the review process 800 occurs via at least one of a

25  first mode 800a, a second mode 800b and a third mode 800c.

Exemplary review process 800

FIG. 26 shows a process flow chart of the exemplary review process 800 according to an

embodiment of the present disclosure.
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420. In several embodiments of the present disclosure, a review brightfield image and a review darkfield
image are captured at each of the defect image capture positions as calculated in the step 420 using
review image capture device 62 shown in FIG.14. THIS is to say, a review brightfield image using
brightfield illuminator 64 and a review darkfield 5 image using darkfield illuminator 66 are captured of each

defect detectgdRysthenBblitmagse G aeHHREMIAReR: G0 BEtha RIGPHI&sER0D ohdhriaumRer of review

images is captured by the review image capture device 62. In several embodiments of the present
disclosure, a¥HF BT IRARYABRIELT FevigttimadeS Y% dbroreeriageda §RimsettindursidrriBy a person
skilled in thegaie Provides Wi We-disclosbae afdhendirsentdasadima, that tenaitissdefdbepbrightfield
illumination and darkfield illumination used for capturing the brightfield review images and darkfield
review image¥ fBs BEdvaRAREN pLItEtlHfifled and varied as required. For example, the intensities of
illuminagon used for capturing the number of review images may be 15 selected based on type of wafer
defect the user of the system 10 wishes to review or based on the material of wafer 12. It is also possible
to capture : Q0a.0l the Review Brocces 80nbinations and various intensity levels of brightfield
and darkfieldniluRipa0arosehbYiHenises 8004 o AEICR B4 PrecowTye! afs gviguhimrgendapsured at
each of the defect image capture positions as calculated in the step 420 are consolidated and saved. The
consolidated* SRS IR TVl iageltisptatenics S4Mreo the AdiBRRSrREYE S REFOSINs are then
uploaded to Hagferiieial HOsRGRIOL SEMRMHRIHIINGraNdevhid ladsted frrsaradn a step 826, the wafer 12
(i.e. the current wafer 12 on the wafer table 16) is unloaded and a second wafer is loaded from the wafer
stack 20 onto the wafer table 16 by the robotic wafer handler 18. In a step 828, each of the steps 402 to

422 is repealgd faehen G atondwalrhtepaso idatadiagd mayed dirgsivage mandssecanddetages of defects
detected on the secgond wafer ar uplo%gf%qt%eééeéter al §torage or server. 30 91 In the second mode

800Db of the I‘E}?&'ﬁ %]nges"g%f@f EUT A ng?é]a?é&emal storage or server for

an offline review.

Y Y v
7

15 In a step 808, the wafer 12 (i.e. the current wafer 12 on the wafer table 16) is unloaded
and a second wafer is loaded from the wafer stack 20 onto the wafer table 16 by the

robotic arm. In a step 810, each of the steps 804 to 808 is repeated for the second wafer.

The steps 804 to 810 are sequentially repeated any number of times, depending on the
20  number of wafers of the wafer stack 20. Repetition of the step 804 to 810 results in
consolidation and saving of the first images and second images obtained for each wafer
of the wafer stack 20, and the uploading of the first images and the second images, to the
external storage or server for an offline review. It will be appreciated by a person skilled
in the art that the first mode 800a enables automated performance of the steps 804 to 8§10
25  without need for user intervention and without affecting production. This method allows
continuing production while user can perform offline review of saved images. This

method increases system 10 utilization as well as productivity.

Second Mode 800b of the Review Process 800

30 In a step 820 of the second mode 800b of the review process 800, a number of review

images is captured at each of the defect image capture positions as calculated in the step



any number of times, depending on the number of wafers of the wafer stack 20. Repetition of the steps
820 to 828 results in consolidation and saving of the captured brightfield review images and darkfield
review images obtained for each wafer of the 5 wafet'stack 20, and the uploading of the first images and
the second images, to the external storage or server for an offline review. This method allows continuing

production white yseEwaa RatbYIhRIINS ﬁié%e@érﬁ%@@loﬂﬁ‘@@%eﬂ@&f mesneskrllavsceapiuing multiple
images of each defect at various 10 combinations of illuminations for offline review without affecting

machine utilEEXIRN SSEIRHBvREe R GRRMESd 8l W otfe tBO sle B tHienaes sl i A0S i8BY 78 most
embodimentsefiiae #rasap ks dosWea thethivdimede SR CddhR ¢ @PIRNLRAPGE SSG 1R 8PRIiS dnitialized by

a manual input, more specifically an input or a command by the user. In a step 840, the user captures a

first review HAgAMiAd Sy SHaR et dmagsaty naPkisdid! iRipisphandet indgy daptlirddoosition. In

a step 8412, thgpsaisinanuailyiclasnasisRide\ie wsdthaditst aeyievaiigbifieldimaag anddhe finst review
darkfield image captured, In several embodiments of the present disclosure, the first review brightfield 20

image and tHR4FS OGRS ManRErISAAY O Lie iR A&d birh SEBEMBIRSAToIIOF MRS visual

inspection thexegfdydendsekidhanses mphie iRviewdheldatactat cdifesantiymmatignesenbination
using the bri[%gtfield and the darkfield illuminator. In a step 844, the user either accepts or rejects or
C

reclassifies SR EBFRRDBRANERE" 95 et dEersdt el e Bli#E position. The steps 840 to 844
are then sequentially repeated for each and every defect image capture positions as calculated in the
step 42Q. After the steps 840 to 844 are sequentially repeated for each and every defect image capture

positiohd, pdditiil BErHRESSIRPIRY: RIRSSTR AR dPe e aievIlsdtd thritcsBi&loy 5rPh Op 846. The

consolidatedasdrsaviRecpipsidive wWefectseaniditheisfClassifisatinms] @rel hemeptdaded odiiknsiarred to the
external storage or server in a step 848, In the 92 third mode 800¢ of the review process 800, the wafer
12 (i.e. the gmim T Eéﬁ@fgﬁ@ [RisSH B ases: c%@i 13t Re step 846.

Accordingly,ith¥glls respectively may be determined and varied as required. For example, the
intensities of illumination used for capturing the number of review images may be

15  selected based on type of wafer defect the user of the system 10 wishes to review or

based on the material of wafer 12. It is also possible to capture multiple review images

using various combinations and various intensity levels of brightfield and darkfield

illumination set by the user.

20  In a step 822, the number of review images captured at each of the defect image capture
positions as calculated in the step 420 are consolidated and saved. The consolidated and
saved review images captured at each of the defect image capture positions are then

uploaded to the external storage or server for offline review in a step 824.

25 In a step 826, the wafer 12 (i.e. the current wafer 12 on the wafer table 16) is unloaded
and a second wafer is loaded from the wafer stack 20 onto the wafer table 16 by the
robotic wafer handler 18. In a step 828, each of the steps 402 to 422 is repeated for the
second wafer. Consolidated and saved first images and second images of defects detected

on the second wafer are uploaded to the external storage or server.
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be appreciated by a person skilled in the art that the third mode 800c of the review process requires
continuous user presence for effecting the visual inspection or review of 5 each wafer. In a step 848 of
the review process 800, the wafer 12 (i.e. the curre lvafer 12 on the wafer table 16) is unloaded and the
robotic wafer handler 18 then loads a second wafer onto the wafer table 16 from the wafer stack 20. The

steps 840 toj4R-ai& 68R9A6AE BOVLIST MEMbaERT JinRsane IRingeps ¢he rHgkenafvatpeaiqibe
inspected (or number of wafers in the wafer stack 20). It will be understood by a person skilled in the art

with the discl8¥ursBRsTicRid B the deRipEoPRabis S iR h O FirdeRbu & s btk BAFthe&cdNd mode
800b of the neviRvitid® Proressepiiacts arefaivelviindiswimisatatcananlidation: Sofpg adreploading of

captured images to the external storage or server. The first mode 800a and the second mode 800b

represent alRBstfisdd etraa pitegss dd kit ikeXinw nagee QOB isrnsAcRiBrRiSE oF tsrver for

offline rgviewafdhetsaprueddmage s s RtV dTeh etk achabbe Aikgt thaosie dRPaandshe seeond mode
800b enable continuous review of each of the wafers of 20 the wafer stack 20, or the continuous image

capture, conSgfEl P ABRAP a3 AR G BERbpreciated by a person skilled in the art that while

only three review modes, namely the first mode 800a, the second mode 800b and the third mode 800c

are described in the present description, a person skilled in the art may employ alternative review 25

processes ofl AIffEEHOAE A HOHE S ERFBMAHBRGH hiest&pR BYEAIR Ot FRTSEY W Modes

800a, 800b amndBe0crin agidition, HwWdeapnregaiedime parses IllesthndbRartinaagagh of the

three reyiew modes 800a, ?OOb and 800c mayﬁ)e modified or  altered as required usin%methods known
f

in the aff withRPHREAAME TR LB L5 ORI B rESanY drdivdtralier e RIY R HEAdIfance of the

review procesgl $0@roasifigd deteaty. and the locations and classifications thereof, are consolidated and
saved in a step 426. The verified defects, and the locations and classifications thereof, are consolidated
and saved either in the database

Third Mode 800c of the Review Process 800

In most embodiments of the present disclosure, the third mode 800c of the review process
15 800 is initialized by a manual input, more specifically an input or a command by the user.
In a step 840, the user captures a first review brightfield image and a first review
darkfield image at a first defect image capture position. In a step 842, the user manually
inspects or reviews the first review brightfield image and the first review darkfield image
captured. In several embodiments of the present disclosure, the first review brightfield
20  image and the first review darkfield image are displayed on a screen or monitor for
facilitating visual inspection thereof by the user. The user is able to view the defect at

different illumination combination using the brightfield and the darkfield illuminator.

In a step 844, the user either accepts or rejects or reclassifies the defect corresponding to
25  the first defect image capture position. The steps 840 to 844 are then sequentially

repeated for each and every defect image capture positions as calculated in the step 420.

After the steps 840 to 844 are sequentially repeated for each and every defect image
capture positions, positive defects and their classifications are then consolidated and
30 saved in a step 846. The consolidated and saved positive defects and their classifications

are then uploaded or transferred to the external storage or server in a step 848. In the



or in an external database or memory space. The wafer map is also updated in the step 5 426. As
previously described, each of the captured brightfield images, DHA images and DLA images is compared
with a corresponding golden reference or reference r%age for identifying or detecting defects on the
wafer 12. The exemplary reference image creation 10 process 900 provided by the present disclosure (as

shown in FlGhil@hisddlitains srartienir grsba@liumiseidhialarece inadrtedt willkhe trgatriood by a
person skilled in the art that the reference image creation process 900 can also be referred to as a

training proc®¥aer Rbls ke)dsenlvyualonsied atisefhsrapiesiprghifhsisism 4o oeo Al mitgdY. 2D DLA 15

images captyseshgrsingdhe¢ll WafesSeRNINGPIAceSS 8RR aie Relerabiy atehsd ithetnair
corresponding reference images created by the reference image creation process 900. An exemplary

comparison PHOtEsd 9IRS AP RIS RERSIRS 29T AT BEdBE sding! BURSITIUsSTEsY Motever, for
increased clagity,vagetimmary of matching between working images and reference images is provided
below. Firstly in several embodiments of the present disclosure, the subpixel alignment of the selected
working image is performed using known references including, but not limited to, templates, trace,

bumps, padspadteherusiae pattamsrotesSaoonely, Whedeterencerietensintohtirerwafen kBeat the image
capture position at which the workin ima%i? was captured js calculated. An appropriate reference image

for matching"iith RS Ktking Heaged e Lodetia Wi debmdlee b o RS ot HEBERRE disclosure,

the approprigigdeferenss: imsge & fetecirdiiden thelondtinieerefgseisde inageardQeatachhy the
reference image creation prqocess 900. 94 The CPU can be%\)%r%grammed for enabling sele%tion and
r

extractith of WS SomAte! R AN S R RPGHIEAEHE WSRING TRFSE 1T U Oh & i most
embodiments @lictihvaferesat Zhgclosure, the calculation, and storage, of the normalized average or
geometric mean, standard deviation, maximum and minimum intensity of each pixel of
It will be understood by a person skilled in the art with the disclosure provided by the
description above that the first mode 800a and the second mode 800b of the review
15 process effects a relatively indiscriminate consolidation, storage and uploading of
captured images to the external storage or server. The first mode 800a and the second
mode 800b represent automated review processes. The user is able to access the external
storage or server for offline review of the captured images as and when required. The first

mode 800a and the second mode 800b enable continuous review of each of the wafers of

20  the wafer stack 20, or the continuous image capture, consolidation, upload and storage.

It will be appreciated by a person skilled in the art that while only three review modes,
namely the first mode 800a, the second mode 800b and the third mode 800c are described
in the present description, a person skilled in the art may employ alternative review
25  processes or different permutations or combinations of the steps of each of the three
review modes 800a, 800b and 800c. In addition, it will be appreciated by a person skilled
in the art that each of the three review modes 800a, 800b and 800c may be modified or
altered as required using methods known in the art without departing from the scope of

the present disclosure.
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5 the reference images by the reference image creation process 900 enhances speed and accuracy of
extracting the appropriate reference image to which the working image will be compared. Corresponding
guantitative data for each pixel of the working imag i then calculated. 10 The guantitative data is for
example normalized average or geometric mean, standard deviation, maximum and minimum intensities

of each pixelgtdheWwpEkibehimRedf the rauantiialive dgte, valkes Jaleaqh Rixetef theamaikingiimage is
then referenced or checked against corresponding data values of each _[pixel of the selected reference

image. 15 ColxsHirbivns tgmatiaicsuselidaied anskinedrihidir, el o rargsrhdgfacthdiixels of the
reference imageRnabigsiteAtifigatiensk deireionotdriertaidn Masavmkadinants.afdhsRresent

disclosure, predetermined threshold values are set by the user. Difference between the quantitative data
values of pix¥idbfhexEmrlrl At AracHveisBidhe fdetafde R deas hiadned dyinstthe
predetegmingdghreshold values with 20 one of multiplicative, additive and a constant value. If the
difference between the quantitative data values of pixels of the working image and pixels of the reference
image is greater than the predetermined threshold values, a defect (or defects) is flagged. The

predetermined {iiesb@it, Rigisad bacNyfeBeaspasdireddi seneiahgssbodimentsef «44 e present
disclosure, the predetermined threshold value can be varjed for adjusting stringency.of the process 400.

In addition, tHRASFSdBtrPRRatethrdthofy CUIGEPORHIRE SAHER ASITEYIST B dEEANTy B & L6t defect to

be detected,igeatayialObriRE e REEsaiadtRringpectionhoedbmplaat estaencitiangeutethpiimore, the
predetermined threshold value may be altered depending on a customer's, or. mare generally, the 30

semicoftiucRSPRTESHY Bresilss i dhersaeTA LHStRHTE A3 I LS 4B 13 HEIEetig Weiconductor

wafers accorgdiagrieateinodine rtscafithei pragsnitdisnlos wiclargodassyibedrabioveiliddiarsrmekilled in the
art provided with the disclosure above will unders[(tﬁond that th;iéno ifications to the system 10 and the
process 400 AP BEUTTBTRBET GEBIATHEATHT 11 SABFEOPMEITELL I & BiLANIFP B Example,

sequence of process portions of the process 400, and the
As previously described, each of the 2D brightfield images, 2D DHA images, 2D DLA
15  images captured during the 2D wafer scanning process 500 are preferably matched with

their corresponding reference images created by the reference image creation process

900.

An exemplary comparison process is already described with the 2D image processing
20  process 600. However, for increased clarity, a summary of matching between working
images and reference images is provided below. Firstly in several embodiments of the
present disclosure, the subpixel alignment of the selected working image is performed
using known references including, but not limited to, templates, trace, bumps, pads and
other unique patterns.
25
Secondly, the reference intensity of the wafer 12 at the image capture position at which
the working image was captured is calculated. An appropriate reference image for
matching with the working image is then selected. In several embodiments of the present
disclosure, the appropriate reference image is selected from the multiple reference images

30  created by the reference image creation process 900.



sequence of steps of processes 500, 600, 700, 750, 800, 900, and 950 may be modified without
departing from the scope of the present disclosure. | Js an objective of the system 10 and process 400 of
various embodiments of the present 10 disclosure to enable accurate and cost-effective inspection of
wafers. The ability for an automated inspection of wafers by the system 10 and the process 400 while the

wafer is in mpgoprenhances ﬁﬁﬂgﬂ@ﬂﬁh{e@fmﬁéﬁmﬁﬁi%léﬁ%ﬁfﬁ@ hisdsibecruse tpprdeé wasted for
decelerating and stopping of individual wafers at an inspection position for image capture thereof, and for

subsequent SIEEIBFaIBR S EP TENSB oMK Raigge Y 1 ishp @ rshed ibnpeicaibafisians fhages have

been capturegh 3sroviht SEEIRRISHNY BRMISeNEUGIRl WRlaLispeatienysiemsdKnmpingge offsets
between multiple image captures facilitate processing of the captured images to thereby detect defects

that may be §SPEREHHICtHSIn StRAdEFr sy QM SR IRE BatE URINEBESY IRSIHLY Bt trehsBRe Whter

enablessthe goftwaiRtocafaHEatehy datertingntheifry dRatem Yiiedefoot iR waldpe et aad,
subsequently, the position of the wafer in the entire frame. The offset is preferably determined by reading

the encoder RSN PHSHITATEDE Mg APRIRNIAlL FRbERBiress i thfoweikingise brdinates of

a defect or defestsphicaddition, the use of two images at every inspect locations combines advantages of
two different imaging techniques for facilitating more accurate wafer inspection. 25 It will also be
understood by a person skilled in the art that the time-synchronization of image captures can be altered

as required. (Mpresppedificajladirativoetsynehrengaiienl slande adiustendes entraciazinadbility of the
programmable controller to @pen ate for image offset between the captured images. The system 10

and proess Ao BeiiEasy ot dRcoLmRl Bt ed ANdres Mo BMoGifo M FtwaR-althply of
illumination @edi@forexpesimanfseresHendinticnegr caplelendaxidestfirecaptuligiph@eagas to minimize

degradation of inspection qualjty. llluminations used with the system 10 can be in the full visible spectrum
of light for 5%%&1??8%& AaAKES i iméﬁle%%. hiteHES SPRitano A ﬂ&%ﬁ&&hﬁﬁ&ém

against corresponding data values of each pixel of the selected reference image.

15  Comparison of quantitative data values between pixels of the working image and pixels
of the reference image enables identification or detection of defects. In most
embodiments of the present disclosure, predetermined threshold values are set by the
user. Difference between the quantitative data values of pixels of the working image and
pixels of the reference image is matched against the predetermined threshold values with

20  one of multiplicative, additive and a constant value. If the difference between the
quantitative data values of pixels of the working image and pixels of the reference image

is greater than the predetermined threshold values, a defect (or defects) is flagged.

The predetermined threshold value can be varied as required. In several embodiments of
25  the present disclosure, the predetermined threshold value can be varied for adjusting
stringency of the process 400. In addition, the predetermined threshold value can be
varied as required depending on type of defect to be detected, material of wafer 12
presented for inspection, or illumination conditions. Furthermore, the predetermined
threshold value may be altered depending on a customer’s, or more generally, the

30  semiconductor industry’s, requirements.



supplied for capture of images by the system 10 can be easily selected and varied as required depending
on factors including, but not limited to, type of defects_to be detected, material of the wafer and
stringency of wafer inspection. The system 10 and p%cess 400 provided by the present disclosure also
enables measurement of height of 3D elements on 10 the wafer, and analysis of 3D profile images while

the wafer is moyie@nl he syslem JRithadrerantiisdaapradias HuQREEakaRIMP {6&raRficabinspection
head 14), which does not require frecluent spatial reconfi%frations to cater to changes in wafer structure
t

or character@iRedimeRfaifb e ¢ieattingiRs 1hH &% dRtArthed 3Rqxe donsramskillsdisthprart

reconfiguratigR @adddasienhef dng1syste b Oe Mara.sReciiaalinaf dhe neligrlatosRastian beaghl4. The use
of tube lenses enhances ease of introduction of optical compaonents and accessories into the system,

more specifitIRHefverw e Ailemenshs dora wihemedeneting Joorhiheygens £ Brermissr8bent

disclosuse camplises vibsatiomisplataisadni@olgchnalyskpewivas arstabilpetdaecvanisiy faebuffering
unwanted vibrations to the system 10. The vibration isolators 24 helps to enhance quality of images

captured by IRERRSEILYEPT b RS ERsGa082 ol <800A miage Wihitnd deliswsRerdihsstofile

camera and {1¢hd@viepaimage aRkHr e oY CEIRZpRREhtTISIBsuAccUracy of defect detection. In addition,
25 the XY table of the system 10 enables accurate displacement and alignment of the wafer relative the

inspection position. As described in the background, existing reference image derivation or creation

processes rRqyisg obpstiinkesatedions R dooshdpadeess ERLEMEIHbISIative dNAcEtIraEiBs prdesiO
inconsistencies of derived reference images. Accardingly, quality of wafer ins& ction is zédversely

affectetf) ThE'SPABHF 16 SPAP]5 GEENR A COSHAHE TV EMBERMRN R oY e 7 5r8RBHY dRcisure

achieves enhagesquialipe o daspreaian Oyycreatingdiaieenee ieagesewilltoul mrntalsefection (i.e.
subjective selection) of "lg};ood" wgers. The reference image creation rogse%s 900 allows. for application
t

of different tHe2RER SHIARSASIHEL SR8 dhferRiReHAiOh 3 R OB dRehg
non-linear illuairatifst aRMBHONS aciossipmyvafenditidpiocass 40 thamfeitacpitaigsnedtiction in

false or image capture thereof, and for subsequent acceleration and transport of the wafer from
15  the inspection position after the images have been captured, as with several existing
semiconductor wafer inspection systems. Known image offsets between multiple image
captures facilitate processing of the captured images to thereby detect defects that may be
present therein. The offset relative to the particular set of images for the same wafer
enables the software to accurately determine the co-ordinates of the defect in the wafer
20  and, subsequently, the position of the wafer in the entire frame. The offset is preferably
determined by reading the encoder values in both the X and Y displacement motors and
is used to calculate the co-ordinates of a defect or defects. In addition, the use of two
images at every inspect locations combines advantages of two different imaging
techniques for facilitating more accurate wafer inspection.
25
It will also be understood by a person skilled in the art that the time-synchronization of
image captures can be altered as required. More specifically, the time-synchronization
may be adjusted for enhancing the ability of the programmable controller to compensate
for image offset between the captured images. The system 10 and process 400 of the

30  present disclosure facilitates accurate synchronization between supply of illumination and



unwanted detection of defects and ultimately an enhanced quality of wafer inspection. Embodiments of
the present disclosure facilitate or enable automated %efect detection using an analytical model that

compares reference images with captured images 0?40 unknown guality wafers. The present disclosure
also enables automated defect detection, preferably by performing digital analysis on digitalized images

(i.e. working dmagee atJeiefenamimaces) cksnhedimeqis frthepRirag i istlosiie (anlitate or enable
automated review mode 15 without affecting production and improves machine utilization, whereas the
existing equisEiRIRLITERS 87RFSHaR GHrTEYiew mode, which requires operator to decide every defect by
looking at different illumination intensities. In the foregoing manner, systems, apparatuses, methods,
processes, and techniques for 20 inspecting semiconductor wafers and components provided by various

embodimentIBMipipRsseisaritib i e wrs ek maB ek Wy stthisipisararaeug sfeti®bddprocesses,

and techniqugsaddiessasmbiegshpieinhhe issuesigepbipmsiiaced ByExisiingosemigductor
inspection systems and methods as mentioned in the background. It will however be understood by a

person skilled'iRise L0f FaftHe prdtecdiby by e dsrmibsasrsibhselictedrnd Yatisthéients or

structures ofragiemiegin@nissiesektiethabeie, Buvilobeapparentised Passaisskilirdividdedart in view of
this disclosure that numerous changes and/or modifications can be made without departing from the

scope and SPHiEHHAL BB AN GE R ARk e fAh BRs S HARs TS mpteiA J O ed s ssinTAdtors
configured te:smiy Bl Minpliammitd dibkitpationesinglieg Rythasebohilidhipatmebnesiectowards an

inspection pasition_ 5 corresponding to a surface under i_nszﬁ}ection, the illumination reflecting off the
surfacé fh athsa¥pEhRi ety ehdthriablnirages non el SYAEt BrmshdRfors positioned and configured

to receive illumination
The system 10 of the present disclosure has an optical setup (i.e. optical inspection head
14), which does not require frequent spatial reconfigurations to cater to changes in wafer
structure or characteristics. In addition, the use of tube lenses with the system 10 enables
15  ease of reconfiguration and design of the system 10, more specifically of the optical
inspection head 14. The use of tube lenses enhances ease of introduction of optical
components and accessories into the system, more specifically between objective lenses

and the tube lenses.

20  The system 10 of the present disclosure comprises vibration isolators 24 (collectively
known as a stabilizer mechanism) for buffering unwanted vibrations to the system 10.
The vibration isolators 24 helps to enhance quality of images captured by the first image
capture device 32, the second image capture device 34, the 3D profile camera and the
review image capture device 62, and thus the accuracy of defect detection. In addition,
25  the XY table of the system 10 enables accurate displacement and alignment of the wafer

relative the inspection position.

As described in the background, existing reference image derivation or creation processes
require manual selection of “good” wafers, resulting in relative inaccuracies and
30 inconsistencies of derived reference images. Accordingly, quality of wafer inspection is

adversely affected. The system 10 and process 400 according to embodiments of the



reflected off the surface in the first direction and direct received illumination along a first reflected
illumination travel path; 10 a second set of reflectors positioned and configured to receive illumination
reflected off the surface in the second direction and %?rect received illumination along a second reflected
illumination travel path; and an image capture device configured to simultaneously receive illumination

traveling alopg:eaghntthafirskand sesanmeaiiepiauminpioniraetRathis.te A% doeTaRyprovide a first

response and a second response respectively. 2. The apparatus as in claim 1, wherein the set of thin line
iiluminators Q5HpHsERaualeseleatipminkSISHRISAEBIS SESPIARY thin GrRAiIHsEohhodedereRESapparatus

as in claim Lpybereisatiis Sabetd woinalRys ISTeORHpLERENP cSURB: i MiRatisatR siRgls@nrgle of
incidence to the surface. 4. The apparatus as in claim 1, wherein the set of thin line_illuminators is

configured RFERISpHHRIARINMRY A RAINE 2dFEs B atearRedaivss tradiness §lum@aliffaratus as in
claim 4,3he sgfiofdHdnabistarseoruzsisiNBieaptisstdupmatersonfigueehtesstiapbtiadiist Reampf
illumination; and a second illuminator configured to supply a second beam of illumination, the first and

second beatt&Vginirsthirisaiensdifgfstidordbiidy Al cohanesy gAY R ANy IRISIBIFig8nce. 99 6. The

apparatus as in claim 2, wherein receipt of the thin line illumination traveling along each of the first and
second reflected illumination travel paths by the image capture device facilitates capture of responses

comprising itfORASRTLE SHrBp MGt IaIRPEE: dRFLHD 04 SRS REIIRE D rAHs LIRREIR 7. The
apparatus asdthglaiin shaheeeimibefirghandspaandditgeionsaigat ieast cpgiiiaty depesdent upon the

three-dimensional characteristics of the surface. 8. The apparatus as in claimdz wherein the surface is a
surfacd Of ag%lfﬁfb‘ﬁﬁcﬂ%i& wafers. The present disclosure also enables automated defect detection,

preferably by performing digital analysis on digitalized images (i.e. working images and

reference images).

Embodiments of the present disclosure facilitate or enable automated review mode
15  without affecting production and improves machine utilization, whereas the existing
equipment offers only manual review mode, which requires operator to decide every

defect by looking at different illumination intensities.

In the foregoing manner, systems, apparatuses, methods, processes, and techniques for
20  inspecting semiconductor wafers and components provided by various embodiments of
the present disclosure are described. The systems, apparatuses, methods, processes, and
techniques addresses at least one of the issues or problems faced by existing
semiconductor inspection systems and methods as mentioned in the background. It will
however be understood by a person skilled in the art that the present disclosure is not
25 limited to specific forms, arrangements or structures of the embodiments described
above. It will be apparent to a person skilled in the art in view of this disclosure that
numerous changes and/or modifications can be made without departing from the scope

and spirit of the disclosure.

30



10 wafer, the reflection of thin line illumination off the surface of the semiconductor wafer in the first and
second directions depends upon surface topology of the semiconductor wafer. 9. The apparatus as in
claim 8, wherein the reflection of illumination off the Birface 15 of the semiconductor wafer and receipt of
reflected illumination by the image capture device occur while the semiconductor wafer is in motion. 10.
The apparatggzamin claim 1, further comprising a processing unit coupled to the image capture device for
receiving the first and second responses from the image 20 capture device, the processing unit
configured td proced8 IRPFAISRLNYNEYAE: responses to determine information corresponding to a

three-dimensional characiegistisrofithaigmdaceonfigliee apRapplysipsHIGRON s WhereHAtbe processing
unit is configured to process, 25 the first and second responses for producing a composite response to

facilitate identificattRIOIS] ddfeltorithe Euttyrunatorsridireaipd LANaLSS iaTIdmectinh eParitine

simultareous receigbRYsfmimaod sanidiedeaxike ofdfurnination mavealingstonraihedisssgngsecond
reflected 30 illumination travel paths facilitates capture of ima%es of the surface of at least one of

increased brightnesSr@Afihablsasb Adast dsating raf 2carRd iitssioP8. The apparatus as in claim 1,

wherein the first set of reflgqieis comprighe RRUYBHELAtdElIRCUVREHITASes RABNeBAnGAGanTigured to
receive illumination and direct_received illumination along the first reflected illumination travel path and

the 5 second set of TRFRIE M phitiageal AU b Jufstiave adrdiced pessivted HAUNeE Agured to

receive iIIuminationamdim@t fgﬁg&\/@plﬂ[ﬁﬂ}[@ﬂﬁn@l&mg,mg second reflected illumination travel path.
14. The apparatus as in claim 13, wherein the least one of the first and second sets of 10 reflectors

compris®s a prism. 15. The SERAT AT REflPEigim PR HRRY A BRE RIS O B ETN e fa RN naLam by
disposed between thg&gtObrefiectarrardingdnaan capteresiericedikRetabiReWME illumination

along a second reflected illumination travel path; and
an image capture device configured to simultaneously receive illumination
traveling along each of the first and second reflected illumination travel paths to

15 thereby provide a first response and a second response respectively.

2. The apparatus as in claim 1, wherein the set of thin line illuminators comprises a

set of thin line illuminators supplying thin line illumination.

20 3. The apparatus as in claim 1, wherein the set of illuminators is configured to

supply illumination at a single angle of incidence to the surface.

4. The apparatus as in claim 1, wherein the set of thin line illuminators is configured
to supply illumination at multiple angles of incidence to the surface.
25
5. The apparatus as in claim 4, the set of illuminators comprising:
a first illuminator configured to supply a first beam of illumination; and
a second illuminator configured to supply a second beam of illumination,
the first and second beams of illumination being incident to the surface at

30 different angles of incidence.



lens assembly configured to receive and collimate illumination traveling along 15 each of the first and
second reflected illumination travel paths. 16. The aegaratus as in claim 15, further comprising a tube
lens disposed between the objective lens assembly’@nd the image capture device, the tube lens
configured to focus the collimated illumination onto an image capture plane of the image 20 capture

device. 17. The apmf@u@@@tm alaimclaifHriheneamprsinga stabiiaing pethamsibcepfigured to reduce
vibration received b% the image capture device. 25 18. A method for inspecting a surface comprising:

directing illuminatioftB&/568 ehthiststas prosmdredsried JBHMHGHE M aYstRahs e ipastion;
reflecting illuminatiepffrtheryitacesiRiftdaast eafitstdirectionsphtkas SeeanfisiiectipmeHkighirecting the
illumination reflected off the surface in the first direction and the second direction along a first reflected
iilumination travel gt RE™ &8 FenatiBertiandEsACtFabECp AfHe SPERETely; and simultaneously
receiving illumination traveling along each of the first and 5 second reflected illumination travel paths by
an image capture device to produce a first and second re;i)onse corresponding to the first and second

reflected illufninatidi$rARRYEHA LT8R ly Vs TeiRhA IR Pl Srcomrhiectaptharcnifiibing

providing a set of ilirinaioisfadds sppRioehiberdinatinmnid clhecratied asiR slafaed 9, wherein the
set of illuminators is a set of thin line illuminators that supplies thin line illumination. 15 21. The method

as in claim 19, further comprising configuring the set of illuminators for supplying illumination at a single
angle of incigence tphthgppdriage a2z Thenmethodamifmelaintadd, ifuithereqnyprisiathientigudng the set of

illuminators for supplying jllumination at ultiple a{lgles of incidence tg the suLface. _
10 wafer, the reflection of thin line illumination off the surface of the semiconductor

wafer in the first and second directions depends upon surface topology of the

semiconductor wafer.

9. The apparatus as in claim 8, wherein the reflection of illumination off the surface
15 of the semiconductor wafer and receipt of reflected illumination by the image

capture device occur while the semiconductor wafer is in motion.

10. The apparatus as in claim 1, further comprising a processing unit coupled to the
image capture device for receiving the first and second responses from the image

20 capture device, the processing unit configured to process the first and second
responses to determine information corresponding to a three-dimensional

characteristic of the surface.

11. The apparatus as in claim 10, wherein the processing unit is configured to process
25 the first and second responses for producing a composite response to facilitate

identification of a defect on the surface.

12. The apparatus as in claim 1, wherein the simultaneous receipt by the image
capture device of illumination traveling along the first and second reflected
30 illumination travel paths facilitates capture of images of the surface of at least one

of increased brightness, enhanced contrast, and higher accuracy.



20 23. The method as in claim 22, the set of illuminators comprising: a first illuminator for supplying a first
beam of illumination; and a second illuminator for s;{@lﬁlying a second beam of illumination, the first and
second beams of illumination incident to the surfac different angles of 25 incidence. 24. The method
as in claim 20, wherein the receipt of thin line illumination traveling along each of the first and second
reflected illumination travel paths by the image capture device facilitates capture of responses comprising
information 30 corresponding to a three-dimensional characteristic of the surface, 102 25. The method

as in claim 218-wheldn IPRAFAMS ATdR 6RMahindtsritRRdiFYSIes 0 SLISSHITRUBREAS i@ BHRES:t partially
dependent upon a Wyregiebmensiendkschriaeteiisiitdaldhesustaesre dbe TiNGRRAAY medm 25,

wherein the surface is a surface of a semiconductor wafer positioned at the inspection position, and

wherein reflection JFAfi¥haBRIREAR flepgilisdisherlreedol b aimiinte fevponrdli e thSpology of

the semiconductorsaafgd. sk tefib@onetbrpasin elaimes. whensttiveflaetinesqldiumpieation off the
surface of the semiconductqr wafer and receipt of illumination by the imaae capture device occur while

the semiconductor FRREYESH FRofRSHTVSs IHTRIRALATL AL SHrerkins ey sdr BAtignsHEISrdREssing the

first and second 13desRPRIRSMEINGMPEARRSEINGIYRITHO obtain three-dimensional information relating to
the surface disposed at the inspection position. 29. The method as in claim 28, wherein the processing of
the first and second responses facilitates identification of a topological defect on the surface. 20 30. The

method as in glaim g ypparginsSisultinaous, eeeipihiydheinageocapiuiat deviseohdlkenivation traveling

in each of the first and second reflected .
10 reflectors comprises a prism.

15. The apparatus as in claim 1, further comprising an objective lens assembly
disposed between the set of reflectors and the image capture device, the objective
lens assembly configured to receive and collimate illumination traveling along

15 each of the first and second reflected illumination travel paths.

16.  The apparatus as in claim 15, further comprising a tube lens disposed between the
objective lens assembly and the image capture device, the tube lens configured to
focus the collimated illumination onto an image capture plane of the image

20 capture device.

17. The apparatus as in claim 1, further comprising a stabilizing mechanism

configured to reduce vibration received by the image capture device.

25 18. A method for inspecting a surface comprising:
directing illumination towards an inspection position corresponding to a
surface under inspection;
reflecting illumination off the surface in at least a first direction and a

second direction;



illumination travel paths facilitates production of images of at least one of increased brightness,
enhanced contrast, and higher accuracy. 25 31. The method as in claim 19, further comprising: disposing
a first set of reflectors between the inspection positi fland the image capture device, the first set of
reflectors positioned and configured to receive and direct illumination reflected off the surface along the

first reflected 30 illuminatiginetidye tiRafia RNt 463 rdiepRabgr eaceRd Shi Bt refledigsstHptueen the
inspection position and the image capture device, the second set of reflectors positioned and configured

to receive and diretiSifiEtRthBRCHATAlea o ket Kifrsied AbipraLcsERYd Pafeatdd HsrMithation travel
path. 5 32. The methpdcasiiniclain@dn whaneintatigpstang ohtiye first and second set of reflectors

comprises a prism. 33. The method as in claim 31, further. comprising collimating each_of the first and 10

second beams of illuminatBRHHADEARYaIerR ng HIgmne s ve iee alone eardt el dhR it affbn travel

paths using an objectivadepgRsSEMBHindfion RAVEEHIAE B§ i ¢hiat I3pfutdhRy kRMppRiagtogusing the
collimated first and second beams of illumination onto an image capture plane of the image capture 15

device using a tubeiShanS8cRALRILINSS SRR SRRt BEt anmasnfstsritdefigured to supply

illumination to a suriagikRIEEIRARINGHradpHSREEIoN position, the illumination comprising a first beam
20 of illumination that is incident to the surface at a first angle to the surface and a second beam of

illumination that is incident to the surface at a second angle to the surface that is different from the first
angle; and andmagerzaptine deyiae canfits) eetkestaiiianegusyvies weséhefilsiantdtors for

10 supplying illumination.

20.  The method as in claim 19, wherein the set of illuminators is a set of thin line

illuminators that supplies thin line illumination.

15 21.  The method as in claim 19, further comprising configuring the set of illuminators

for supplying illumination at a single angle of incidence to the surface.

22.  The method as in claim 21, further comprising configuring the set of illuminators

for supplying illumination at multiple angles of incidence to the surface.

20
23.  The method as in claim 22, the set of illuminators comprising:
a first illuminator for supplying a first beam of illumination; and
a second illuminator for supplying a second beam of illumination, the first
and second beams of illumination incident to the surface at different angles of
25 incidence.

24. The method as in claim 20, wherein the receipt of thin line illumination traveling
along each of the first and second reflected illumination travel paths by the image
capture device facilitates capture of responses comprising information

30 corresponding to a three-dimensional characteristic of the surface.



second beams of illumination reflected off the surface along an optical axis of the 25 image capture
device. 36. The optical system as in claim 35, wherein_ the set of illuminators comprises a set of thin line
illuminators for supplying thin line illumination. 30 37. The optical system as in claim 36, wherein the set of
thin line illuminators comprises a first thin line illuminator and a second thin line illuminator 104

configured to supplybediisband aeerns baams.aditiRdirgiiluminationuresarativehe 3T hgjoptical
system as in claim 37, wherein the first and second beams of thin line 5 illumination superimposes upon

reflection off the suffSe8%o HIBEHRRS alSsdbelfrth oR¥dHBarHGHIF NN hisH; diRc88i98AMposed
beam of thin line ilkpinatinekeseivedyathe image capture device to thereby facilitate production of a
corresponding superimposed response. 10 39. The optical system as in claim 36, wherein the set of thin
line illuminators is disposed relative to the image capture device in a manner to enable simultaneous

capture Dy theg image eapduieddayiaecafim oy walegte theespenseiand @ seatigredeeriBanseotS 40. The
optical system as in claim 39, wherein the set of thin line illuminators.is disposed relative to the image

capture device such #ef RREHPSEH AL HOMINRCHIE RRSHAaABA hrSieirl s tion ofitainttighangle
resulting in full reflegtiene thieseaihaff b sirigee apssthesacnd heam afrthte linpdlupyinatiands incident
to the surface at an angle resulting in scattering thereof off the surface. 20 41. The optical system as in
claim 40, wherein tREHFNGESIH 8¥f6h line illumination is incident to the surface at an approximately 45
angle to a normal axis of the surface and the second beam of thin line illumination is incident to the
surfaceigt a£17apprc%>}<limate y Q angle %o_ the norrir;lal axis.fFS . . o

. e methiod as in claim 26, wherein reflection of illumination off the surface of

the semiconductor wafer and receipt of illumination by the image capture device

occur while the semiconductor wafer is in motion.

28. The method as in claim 20, further comprising processing the first and second
15 responses using a processing unit to obtain three-dimensional information relating

to the surface disposed at the inspection position.

29. The method as in claim 28, wherein the processing of the first and second

responses facilitates identification of a topological defect on the surface.

20
30. The method as in claim 19, wherein simultaneous receipt by the image capture
device of illumination traveling in each of the first and second reflected
illumination travel paths facilitates production of images of at least one of
increased brightness, enhanced contrast, and higher accuracy.
25

31. The method as in claim 19, further comprising:
disposing a first set of reflectors between the inspection position and the
image capture device, the first set of reflectors positioned and configured to
receive and direct illumination reflected off the surface along the first reflected

30 illumination travel path; and



42. The optical system as in claim 36, wherein relative intensities of each of the first and second beams
of thin line illumination can be controlled. 43. The optjcal system as in claim 36, wherein the first
illuminator is configured to 30 supply the first beamlé(éthin line illumination at a first wavelength and the
second illuminator is configured to supply the second beam of thin line illumination at a 105 second

wavelength, the first and saephgnyayveiepaths-being:Ableast RRKIMRIehsp3RieA Pitensnt frm each
other. 44. The optical system as in claim 38, wherein the receipt of the superimposed thin 5 line

illumination by the & RAGSRRBITARIS fatiftsReand:35t P 16T IFARER RIS IPNSd RGeS PRERIAE at the
inspection position gi-ateast e @fiingreasash RIRIEE ST BRNARER SRABARL RRITIGHBEAEEUracy. 45.

The optical system as in claim 38, wherein the surface is a surface of a 10 semiconductor wafer, and
wherein the reflectibBYREPRHENRIA M Ation off the surface of the semiconductor wafer and receipt of
thin linesllumination by the image capture device occur while the semiconductor wafer is in motion. 46.
The optical system as in claim 38, further comprising a processir%%}l%nit coupled to 15 the image capture

device for retiving!tfeeeiiefdrbsdairedpondsrsnerhlest e8ng! tindraArd snomduiddto process the

superimposed respRRetRs ebiawing dpasmation corresponding to a three-dimensional characteristic of
the surface. 47. The optical system as in claim 46, wherein the processing unit is configured to 20
process the superimposed response to thereby produce a 3D image for one of facilitating and

effectuating dentifigaiéan-ehaidefectiamibe Surtaeeed8phikiapsiciahaysiemeasMmidairs4adfurther
comprising an objective lens assembly configured to gr;:'ajeive a&? collimate Sl;i%erimp sed thin line
illumination reflecte¥ 9BIREHTS S HH00 BRLRILHRY L &I9Ag SRR SN 6 iR .e‘fi’fé&optical system as in

claim 48, further corapeisinpiRuimbetRns AsRgsess heiwearnBie-abigetivadanstagsembly and the image
capture device, the tube lens configured to focus the collimated superimposed thin line illumination onto
an

34. The method as in claim 33, further comprising focusing the collimated first and
second beams of illumination onto an image capture plane of the image capture

15 device using a tube lens.

35.  An optical system comprising:

a set of illuminators configured to supply illumination to a surface
corresponding to an inspection position, the illumination comprising a first beam
20 of illumination that is incident to the surface at a first angle to the surface and a
second beam of illumination that is incident to the surface at a second angle to the

surface that is different from the first angle; and
an image capture device configured to simultaneously receive the first and
second beams of illumination reflected off the surface along an optical axis of the

25 image capture device.

36. The optical system as in claim 35, wherein the set of illuminators comprises a set

of thin line illuminators for supplying thin line illumination.

30  37. The optical system as in claim 36, wherein the set of thin line illuminators

comprises a first thin line illuminator and a second thin line illuminator



30 image capture plane of the image capture device. 106 50. A method comprising: supplying a first
beam of illumination to an inspection position corre %nding to a surface, the first beam of illumination
being incident to the surface at a first angle; 5 Supp?lé)l g a second beam of illumination to the surface, the
second beam of illumination being incident to the surface at a second angle different than the first angle;

reflecting the first apshsgeend Reamsysf inminaiomalf e surissemand sHnuliareoushisgashving the
reflected first and second beams of 10 illumination by an image capture device. 51. The method as in
claim 50, further coffiRSSHNE Providing a set of illuminators for supplying the first and second beams of
illumination. 15 52. The method as in claim 51, wherein the set of illuminators comprises a set of thin line
illuminators for sup%@g first and second beams of thin line illumination. 53. The method as in claim 52,

wherein the fifst andSeRPbYSRB S e i Iifumheaaors Pari b b BReren et BN Yfithe surface

to produce a 20 supgrimpesad bgammpsbis linpiHuminatiasn thersuperigipreed Reasroahthindine
illumination received by the image capture device to thereby facilitate production of a corresponding

superimposed respIRSEIE0sPH LFARYOE AL lng L IHmsRataRnEe SRR Gidsaey HindEi%f thin line

25 illuminators relativerim e iiaee capii IRy tipuraandedab enabipdasimuéaneausieapture by the
image capture device of a fully reflected response and a scattered response. 55. The method as in claim

54, wherein the setSRAMTTRRO M IR OIS SSRP S8 relative to the image capture device such that

the first beam of thin line illumination is incident to the surface at an angle resulting in full reflection 107
10 39. The optical system as in claim 36, wherein the set of thin line illuminators is
disposed relative to the image capture device in a manner to enable simultaneous
capture by the image capture device of a fully reflected response and a scattered

response.

15  40. The optical system as in claim 39, wherein the set of thin line illuminators is
disposed relative to the image capture device such that the first beam of thin line
illumination is incident to the surface at an angle resulting in full reflection
thereof off the surface and the second beam of thin line illumination is incident to
the surface at an angle resulting in scattering thereof off the surface.

20

41. The optical system as in claim 40, wherein the first beam of thin line illumination
is incident to the surface at an approximately 45° angle to a normal axis of the
surface and the second beam of thin line illumination is incident to the surface at
an approximately 0° angle to the normal axis.

25

42. The optical system as in claim 36, wherein relative intensities of each of the first

and second beams of thin line illumination can be controlled.

43. The optical system as in claim 36, wherein the first illuminator is configured to
30 supply the first beam of thin line illumination at a first wavelength and the second

illuminator is configured to supply the second beam of thin line illumination at a



thereof off the surface and the second beam of thin line illumination is incident to the surface at an angle
resulting in scattering thereof off the surface. 56. The method as in claim 55, wherein the first beam of thin
line illumination is 5 incident to the surface at an aplé)r%ximately 45 angle to a normal axis of the surface
and the second beam of thin line illumination is incident to the surface at an approximately O angle to the

normal axi. 57. The:Athadh R alAIm: isunereinirialieoiansiianal sagiclgprisang 10 second

beams of thin line illumination can be controlled. 58. The method as in claim 53, wherein the set of thin
line illuminators cormHBSEETRR AR fitrdifthFinator configured to supply the first beam of thin line
illumination; and 15 a second thin line illuminator configured to supply a second beam of thin line
illumination. 59. The method as in claim 58, further comprisirg%contigurir;%éhe first thin line illuminator

such that thé"$uppliEeFFRBHAIS¥S1OR 8F il ifnivhistion IDoFersid: Mabs iSRRI <biiBuring the

second thin line illumipatRmsiall dhasythecsHpliedsrernd-Beamafithissiag illwminatioRds ef a second
wavelength, the first and second wavelengths being at least approximately 30nm different from each

1C gins
other. 25 60. The niSHRSE aROFUQAR 58, HRetRRIHLCRe RIS stibdfhd¥Ed HhinHHe23ftmination by

the image capture geiggdasitiiasearbnieasf Wnageshef acsurhage positioned at the inspection position
of at least one of increased brightness, enhanced contrast, and higher accuracy. 30 61. The method as

in claim 60, wherein the surface is a surface of a semiconductor wafer positioned at the inspection
position, andigvheremmdhepiedlgctipaeah 148 il wninaties) offieisutrceafibe semicandueteorwafer and
receipt of illumination by the image capture device occurg(vhil_e the se,micondwto,r wafer is H] motion.
10 semiconductor water, and wherein the reflection of thin line i1llumination oft the
surface of the semiconductor wafer and receipt of thin line illumination by the

image capture device occur while the semiconductor wafer is in motion.

46. The optical system as in claim 38, further comprising a processing unit coupled to
15 the image capture device for receiving the superimposed response, the processing
unit further configured to process the superimposed response for obtaining

information corresponding to a three-dimensional characteristic of the surface.

47. The optical system as in claim 46, wherein the processing unit is configured to
20 process the superimposed response to thereby produce a 3D image for one of

facilitating and effectuating identification of a defect on the surface.

48.  The optical system as in claim 46, further comprising an objective lens assembly
configured to receive and collimate superimposed thin line illumination reflected

25 off the surface positioned at the inspection position.

49. The optical system as in claim 48, further comprising a tube lens disposed
between the objective lens assembly and the image capture device, the tube lens
configured to focus the collimated superimposed thin line illumination onto an

30 image capture plane of the image capture device.



5 62. The method as in claim 61, further comprising coupling a processing unit to the image capture
device, the processing unit configured to receive the superimposed response, the processing unit further
configured to process the superimposed response 18 obtaining information corresponding to a
three-dimensional characteristic of the surface. 10 63. The method as in claim 62, further comprising
processing thg, suparimrRsedorgsranse to thereby produce a 3D image for one of facilitating and
effectuating identification of a defect on the surface. 15 64. The method as in claim 62, further comprising
disposing an objective lenSRR¥EELR bEiebriRe ShrfiREARAIINe ifagh CASRGRIRYRSIHNE objective

lens assembly configiésshiRireceive andellimatarthesupesimpossshiiin bogdlimninaian. B 65. The
method as in claim 64, further comprising disposing a tube lens between the objective lens assembly and

the image capture élé(f?c‘é“, h il configured to focus the collimated superimposed thin illumination
onto anjmage capture plagigpdfithed HreaEapidie faviesinddon to the surface, the second beam

of illumination being incident to the surface at a second angle different than the
first angle;
reflecting the first and second beams of illumination off the surface; and
simultaneously receiving the reflected first and second beams of

10 illumination by an image capture device.

51. The method as in claim 50, further comprising providing a set of illuminators for

supplying the first and second beams of illumination.

15 52. The method as in claim 51, wherein the set of illuminators comprises a set of thin

line illuminators for supplying first and second beams of thin line illumination.

53. The method as in claim 52, wherein the first and second beams of thin line
illumination superimposes upon reflection off the surface to produce a

20 superimposed beam of thin line illumination, the superimposed beam of thin line
illumination received by the image capture device to thereby facilitate production

of a corresponding superimposed response.

54. The method as in claim 53, further comprising disposing the set of thin line
25 illuminators relative to the image capture device in a manner for enabling
simultaneous capture by the image capture device of a fully reflected response

and a scattered response.

55. The method as in claim 54, wherein the set of thin line illuminators is disposed
30 relative to the image capture device such that the first beam of thin line

illumination is incident to the surface at an angle resulting in full reflection
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thereof off the surface and the second beam of thin line illumination is incident to

the surface at an angle resulting in scattering thereof off the surface.

The method as in claim 55, wherein the first beam of thin line illumination is
incident to the surface at an approximately 45° angle to a normal axis of the
surface and the second beam of thin line illumination is incident to the surface at

an approximately 0° angle to the normal axis.

The method as in claim 53, wherein relative intensities of each of the first and

second beams of thin line illumination can be controlled.

The method as in claim 53, wherein the set of thin line illuminators comprises:

a first thin line illuminator configured to supply the first beam of thin line
illumination; and

a second thin line illuminator configured to supply a second beam of thin

line illumination.

The method as in claim 58, further comprising:

configuring the first thin line illuminator such that the supplied first beam
of thin line illumination is of a first wavelength; and

configuring the second thin line illuminator such that the supplied second
beam of thin line illumination is of a second wavelength, the first and second

wavelengths being at least approximately 30nm different from each other.

The method as in claim 58, wherein the receipt of the superimposed thin line
illumination by the image capture device facilitates capture of images of a surface
positioned at the inspection position of at least one of increased brightness,

enhanced contrast, and higher accuracy.

The method as in claim 60, wherein the surface is a surface of a semiconductor

wafer positioned at the inspection position, and wherein the reflection of
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illumination off the surface of the semiconductor wafer and receipt of
illumination by the image capture device occur while the semiconductor wafer is

1n motion.

The method as in claim 61, further comprising coupling a processing unit to the
image capture device, the processing unit configured to receive the superimposed
response, the processing unit further configured to process the superimposed
response for obtaining information corresponding to a three-dimensional

characteristic of the surface.

The method as in claim 62, further comprising processing the superimposed
response to thereby produce a 3D image for one of facilitating and effectuating

identification of a defect on the surface.

The method as in claim 62, further comprising disposing an objective lens
assembly between the surface and the image capture device, the objective lens
assembly configured to receive and collimate the superimposed thin line

illumination.

The method as in claim 64, further comprising disposing a tube lens between the
objective lens assembly and the image capture device, the tube lens configured to
focus the collimated superimposed thin illumination onto an image capture plane

of the image capture device.



