1 SYSTEM AND METHOD FOR INSPECTING A WAFER Field of Invention The present invention
relates generally to a wafer inspection process. More specifically, 5the present invention relates to an
automated system and method for inspecting semiconductor components. Background The ability to
ensure a consistently high quality of manufactured semiconductor 10 components, for example

semiconductor wafers argh@leENS KIS ATHNTH O e IS ERTINGUC AFdurRtry. Semiconductor
wafer fabrication techniques have been consistently improved to incorporate an increasing number of

features into a smaller surface area of the semiconductor wafer. Accordingly, the photolithographic
processes useddyrIaviaggductor 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! SFtRE S BYRHRIE RS A E B UR M CE ASESHABBIRFSF tieYaeis BT 4Ekftnductor
wafers are tyRiCailydenthenistion eIty Ol andemiitisi e videsh thaimastHeetyrersmbsemiconductor
wafers have an increasingly pressing 20 need to improve semiconductor wafer quality control and
inspection prSEEERRELTSTETBPEE M nsistently 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
performanc Wdiconductor wafers. Therefore, it is critical to eliminate or 25extract defective

semiconductpigvatargydusnernfigenantdasisieadherach ThaBthaye hesnRdNrsgesinisendieapguctor
inspection systems and [I)Crocessesl. For example, highter res%ILﬁ[jon imaging sysltems, faster %omputers,
and enh%nc@&'ﬁpé)egfbsn or example semiconductor wafers and dies, 1s mcreasingly crucial in the
semiconductor industry. Semiconductor wafer fabrication techniques have been
consistently improved to incorporate an increasing 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 wafers. 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.



mechanical handling systems have been commissioned In addition, semiconductor wafer 30inspection
systems, methods and techniques have historically utilized at least one of brightfield illumination, darkfield
illumination and spatial filtering techniques. 2 With b?ightfield imaging, small particles on the
semiconductor wafer scatter light away from a collecting aperture of an image capture device, thereby
resulting in a reduction of returned energy to the image capture device. When the particle is small in
comparison 5 with the gptical point spread function of a lens or digitalizing pixel, brightfield energy from

the immediat® H4ibthirdd it e pat v ieise RyheoiRmirRdq g ¥ AFoiatier HRR gy Alative to the
particle, therggynmakingihe paetieie difficuiio cetgrtls @ddidomdhe v aruimaliredudiondn snergy due to

the small particle size is often masked by reflectivity variations from the immediate areas around the

particle therdB{ sl RHGSY 12 0MAdMAS GBS Ies JY e dhdatidedsciball 18 SvBRMBI the above
phenomenaysemike REHEH HNHREGHN JYBiarps bRvelbRes eapiRpeth itk bigbraeikdmaiagyith larger

resolutions, which capture images of smaller surface areas of the semiconductor wafer. However,

brightfield inf5B<eenafi i deas sEoN BtBE (BRPARIn §IRTEALYacRMHRIGE BUa 85 WeHRARR g size of

defects and whesyirgpacting ghrkdetectmcioPanklinld ildpinatieryandils adiratagesdirigenerally well
known in the art. Darkfield imaging has been employed with several existing semiconductor wafer

inspection sy&felssY DR HAEY NG typReaNy s pn e ottlb R dcat hith R fagekareiXcident on

the object torbdasaectadiAbadavsangle iamdiizantak plana eitbe ahkiert therdbybrdarpactad (for
example 3 tq 30 degrees), darkfield imaging typically produces a dark image except at locations where
Wapet e

defects sucH € &indaRe BRI s Lo SR Bt PMETAEf AL IR A use of
darkfield imaging imfdighinp deiacts whishhsizesiccgipped thah Hiehresobing pewethaklgss used to
produce a brightfield image. At a higher ang:;(a?lfo the horizgntal planeéf%r example 30 to 85 degrees),
darkfield imafﬁﬁ‘?éi‘t?onfyﬁ 0 reuie A0t et O AL SHILGE AEDHh BB S5 BIRGRENSE T NALYS. A

particular usgeksueh ghiangle darkfield jrrging enpancestearirasixef stsfaesdrragulakigesson a mirror
S O A e Ghr s A e s e Al A g e anCsSyimaging of tited objects.
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



3 structures present on the semiconductor wafer affect the light reflectivity of the semiconductor wafer.
Generally, amount of light reflected by the semicondyctor 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 is in turn 5dependent on wavelength of the incident light and material composition of the

semiconductgrivates. bissepneialhhelifficuictnsanuol shedightreeilegivity.af semieapdyiciar wafers
presented for inspection. This is because the semiconductor wafer may consist of several layers of 10

material. EaSFMSRINEIRLEET risperalhenimannt ehtighvellastiri Suihg Aeaiterdnalprdridiple at

different spegdisadn RO6ItRR, dayersmaydaawe siffierrihtigbhparvealiitiesditscavanialigetivity
Accordingly, it will be apparent to_a person skilled in_the art that the use of light ar illumination of a single

wavelength &FEstavEWehARe Biripsvéibtnicriseadycien ey dhedighiusitydrddptiraditages. Need
for frequent dkpdnadification ofdhaaingls wayelgagthonairowdandiafiyvavsiehaiinredyirgs use of
multiple spatial filters or wavelength tuners, which can generally inconvenient. To alleviate such problems,
it is importartiBItRHEYRE AN illumination (i.e. illumination of a wide range of wavelengths), for
example broadband illumination of a range of wavelengths between 300nm and 1000nm 20 Broadband
illumination is important for. achieving high quality images as well as for handling wafers with a wide range
of surface relﬁé&mellph%6%8&9&@@&?@@&Eﬁ&hf&ﬁﬁ%ﬁ%@f&mg@#ﬂg@éeﬁeﬁ?gsgg;&ﬁ&mg%iu
generally befenhapeedony ves of heuktipletibisinalipaanalasafar mxarpisisiss ebhath hrghtigld and

darkfield illuminations. 2 Existinq wafer systems in the market do not utilize illui_ninat'_ons at multiple

angles'dhd vR#HeR# SR WSS REYCTRASARY ASHaR MRuten oD OLtlant 0ib¥-equipments

typically usefope«hihigiéollawinigrenathoglséas adhievadmdiipleafesponsss duting wakesinspertion: 30 (1)

Multiple Image Ca thre Devices wit Mult’PIe IIIumH]ations (M
permeabilities, or even reflectivity. ingly,

Accor it w1hcbl:e)z)apparent to a person 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 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
Broadband illumination is important for achieving high quality images as well as for
handling wafers with a wide range of surface reflectivities. In addition, defect detection
capabilities of wafer inspections systems will generally be enhanced by use of multiple
illumination angles, for example use of both brightfield and darkfield illuminations.

25  Existing wafer systems in the market do not utilize illuminations at multiple angles and

with a full broadband wavelength.

Currently available wafer inspection systems or equipments typically use one of the
following methods for achieve multiple responses during wafer inspection:

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



4 The MICD uses a plurality of image capture devices and a plurality of illuminations. The MCID 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 5 paired with a corresponding illumination (i.e. illumination

source), toggthenwithcaeesponding eptisabacapraeriRsisbehiisa aRalia) fltalahAarasalycoated
beam splitter. For example, wavelength of the brightfield is limited between 400 to 600nm using mercury

arc lamp and"¥pRidp iased R the RRGENE S Tisf e BERS bR S50 S TRIONTRSGEY IHY.r8aFAY MICD

method expeyigasesdisadvaniaaesnfosaxampledaierionthdpragatualitvient desigmindiexdlility. Inferior
image quality is due to varying surface reflectivities of inspected wafers, combined with the use of

iluminationsiWiR A AW v aTEath S niplerdrsithe dbifi) sesirdperch (e FABBICAGSIFDithe

wavelergth ghacinglenllumidatiapoiva@icalieawsas reconfiguiatianiohthe ertire anticabseiim of the wafer
inspection system. In addition, the MICD method typically does_not allow capture 15of illuminations with
varying wavSRIFGIRIB{E Sinidaliftsesesfturteticd Wittt CERmMpTshaRIAtY srekstherMmages. (2)

Single Imaggdhaptume Peviesptdtiviiitipleil sminations (&0} TheiSiOohRwethathusesseinigle image
capture device for capturing multiple 20 illuminations, ejther with se%mented wavelengths or broadband

wavelengthS FREVEEFITY 18501 Ys &fte S5 Utk difsh arpb i dar it T dUpBRe e s aRe dGsly while

the wafer is TooM@tieRing RtREY. WaEIMIOD flékdbMethed-anty allis.angdupinationplespeiss when the
wafer is in motion. To achieve multiple jJlumination responses, the SICD method requires image captures

while th8 wafPPE GURNaA AR UGS POV Y BBT8E ARHERiAS sBGth Y¥tBE St conductor

wafer inspeGiipR@Eysiame Lmpheyiog sinfedianenibsnéddepandenis@ofthruiinitioge wapturgrdsing
broadband brightfield and darkfield or. in@}gneral multiple illuminations and using multiple image capture
devices are MOt RSty R AL SR YRt P RS A R B PTRSAR IGE Y3 1A b fementation

and operatingradvantagiestiberegifxisting semicandbginawaliasinspesiion systemsecarg emptoying either
MICD or
wafer inspection system. In addition, the MICD method typically does not allow capture
15  of illuminations with varying wavelengths by a single image capture device without

comprising quality of captured images.

(2) Single Image Capture Device with Multiple Illuminations (SICD)

The SICD method uses a single image capture device for capturing multiple
20  illuminations, either with segmented wavelengths or broadband wavelengths. However, it

is not possible to obtain multiple illumination responses simultaneously while the wafer

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

25  the wafer inspection system.

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
30 a relative lack of understanding as to actual implementation and operating advantages

thereof. Existing semiconductor wafer inspection systems are employing either MICD or



5 SICD as explained earlier. Equipments employing MICD do not use broadband and suffer from inferior
image quality and inflexible system setup. On the other hand equipments using SICD experiences
diminished system throughput and incapable of obtaﬁwing on-the-fly simultaneous multiple illumination
responses. 5 An exemplary existing semiconductor wafer optical inspection system that utilizes both

brightfield illgrinationcaprdaaktig dlurinaaiciadiseipssthin MECPARN YO 1288 Ak Lmd). A
embodiment of the optical inspection system disclosed in KLA1 utilizes MICD as explained earlier. It uses

multiple camBre (teaptis e dragen AYRte I duhdrfls HhIk e T RageeRt SomiteRilittohWdrers.
Captured brightfisiganddaikisid hmagrsisrecthampeasssedssapanailyipuoasthaldgigatesting defects

on the semiconductor wafer. In addition, the optical inspection system of KLA1 captures brightfield and
darkfield imRea ing Riso ¥y e SepLratd igb e IR HABAEABIISHNd darkfield illumination. KLAL
achieves simultaneous image capture using segmentation of illumination wavelength 15 spectrum, narrow
band illumination sources and spatial filters for enabling capture of the brightfield and darkfield images. In

the KLAL-optEafSaRiARY S UREns RiFARTLSIRY d6HRG APt bIRSRERIO M YRR ALYIHE tshRiharrow band

laser and spafighftiigs iTherathescanaedaigieRNiBuhachior iecRivEes RTURPWBVEIRNEIZ BpOsTUM Using
brightfield illumination and a beam splitter with special coating. Disadvantages of the optical 20 inspection

system disclgsEd by RagmhesimsRinel b mRieAL/OSRIo b Ay LISt dethiBdrialitBligssrers

comprising aMa(g®s ¥adagiRmed sdase reflestivitiep luetacsegmeaniation ehthawvaielenddn spectrum. The
cameras are {i htlyﬁfoupled with respective illumination and theg-wif no flexibility. of combining of more
1

than o€ avaAHEKIE I IMRSAES 16U RAMRE Cetalitr ity pb Srehidiedant, furkdina imgessrBion 25 coated
layer on its fraed pidecand ipyrawdlibirpogsthef Estion hiaatesiat s i castaitoiliupioatiarcangle, for
example using brightfield alone. It requires combipation of brightfield and high ang| rkfield illumination
to view certaaﬁdgfé?&éme%ﬁ& ISRt Sytieat ﬁﬁ%&éibﬁagyﬁﬁ#&f&ﬁﬂ% ?gaa?ﬂflgqamof light or
illumination sauitesadliiltemjosspariacnngsautipleigiapertianddssate(ulipienstan. vidiictiin turn

affects 30the throughput of the system) to thereby capture multiple brightfield and darkfield images. 6
Aliriona) oA Sl s AR o e BT ot L MR A SAR O R are

disclosgsl in $pSchratenidNovo1BAa, AABALIGH k&urtk) and $patial filters for enabling capture of the
brightfield and darkfield images. In the KLA1-optical system, one of the cameras is
configured to receive darkfield imaging using narrow band laser and spatial filter. The

other camera is configured to receive rest of the wavelength spectrum using brightfield
illumination and a beam splitter with special coating. Disadvantages of the optical

20  inspection system disclosed by KLA1 include unsuitability thereof for imaging different
semiconductor wafers comprising a large variation of 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

25  coated layer on its front side and they exhibit poor reflection characteristics at certain
illumination angle, for example using brightfield alone. It requires combination of
brightfield and high angle darkfield illumination to view certain defects. Accordingly, the
optical inspection system of KLA1 requires a plurality of light or illumination sources

and filters for performing multiple inspection passes (multiple scan which in turn affects

30 the throughput of the system) to thereby capture multiple brightfield and darkfield

images.



Patent No. 6,937,753 (AUGTECH2). Darkfield imaging of the optical inspection systems 5 of AUGTECH1
and AUGTECHZ2 utilizes a plurality of lasers for Iow-a%‘lgle darkfield imaging, and a fiber optic ring light for
high-angle darkfield imaging. In addition, the optical inspection system of AUGTECH1 and AUGTECH2
uses a single camera sensor and belongs to SICD method explained earlier. Accordingly, inspection of
semiconductor wafers in AUGTECH1 and AUGTECH?2 is performed either by brightfield imaging or by 10

darkfield imaéqin or via a combination of both brightfield imaging and darkfield imaging wherein each of
the brightfiel %‘?&ﬁﬁ?d SHEMPAPRYI TS IRBTRY 58! JarRSiTHER WikHth & Jirigidedmpigidc¥hantspection

system of A& fGH Inaiehd UeT BGdibkéd nat capebiendf SinWigreoos, uuiaefiyerwhile wsefer is in
motion and independent brightfield and darkfield imaging. Accordingly, multiple passes of each
rZ%ﬁ;

semiconductoti@® NeaeO® réoti(reH fot coRimtebat il fdminsingatdbs, dedeatity AR B 8 S nufacturing

throughput asyd AnarEased Liizpianef FeIPNiees-dn additianiyseyasstexistingwkical insneclion systems
utilize a golden image or a reference image for comparison with ne\g/‘ll(a:]acquired ima?es of semiconductor

wafers. 20 DEREREN G AL IR Je I SRtahihetpale dedditidniregingalinidgiions Bown or
manually selgsied! iaegsttisansicent ustaiyaEiesRndihenappiigasstatistialifosamidaaaleigehnique to

thereby derive the reference image. A disadvantage with the above derivatjon is that inaccuracies or
inconsistenci®d RFIARELE SKILHSHIECFEPIBIOSH BB i OMERLBIaNAErE B Ial HTEHELRSH Bistems using

such referengefinagestypicady LamuKerdromciatss frigstsned semiephdripipmeafam giue te Biaccurate or
inconsistent referen(ie images. With inclzgr%asingly complex_ cjrcuit geometry of semigond_ucto,r wafers,

relianct’on MEKHSISIRAZIBA O VHobEC BEMREHRICRS WTER B dBIENG AR AERERSIN YRS Kincreasingly
incompatiblepnifeinaasivoihighoaulity sapdardssalbyibie SMCOndISarinspackanndestry. 7
Deriving a golden reference image involves many statistical techniques and calculations. Most of the
statistical teh ‘?&déscé?@\i%ﬁ%g]g ﬁ’&d?ﬂ??&%@fﬁtsm&%%%E@f&mﬂ&ﬁu%@?ﬁﬁ& Aritly available
equipments tgebRIther auamgeoisneaniegsther witlistangfard ideidatianitn caleulaié-pegalden reference
pixel. This meth rks well with 5 known good pixels; otherwise any defect or noise pixel would
teriere ancPAABLIE il bERAE b REATEy HSESH e VoTBRCNLE FHRSEoAotHEr ATEHIGENLRE Lise median
and it has regutedineiorehce doemplenaisenopeetiout dscraifpassibiadorel sninate i eHeairiisnoise
substantially. All of the avaijlable equipments try to reduce the error by applying different kinds of
statistical teéh‘fﬂﬂ%{é%ugﬁﬁ?ﬁ&grﬁ?ég%}l KR ShBRE BHR&rs, but they do not have 10 any special or user

friendly sequence to eliminate the error. Such special sequence certainly helps to eliminate pixels, which

would affect the final referencel pixel value. U16,324,298 AUGTECH3) disclosges a training method for
creating a goHATFeiPe REY R STLNG GRILAL 1BRRTSHGR SHNHEh A ?\K‘/a$8fq%%plgbat%en. He method

disclosed in reference image for comparison with newly acquired images of semiconductor wafers.
20  Derivation of the reference image typically requires capturing several images of known

or manually selected “good” semiconductor wafers and then applying a statistical

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

above derivation is that inaccuracies or inconsistencies in manual selection of the “good”
semiconductor wafers. Optical inspection systems using such reference images typically

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

30



15 AUGTECHS3 requires "Known Good Quality" or "Defect Free" wafers. Selection of such wafers is
manually or user performed. Statistical formulas or techniques are then applied for deriving the reference
image. As such, accurate and consistent selection of'"good quality” wafers is crucial for accurate and
consistent quality of semiconductor inspection. Further, AUGTECH3 uses mean and standard deviation to

calculate indiydeal Pixels RinZR thedelerenkeiinagesanshpraaasee PlraMideis civecrixgldhiead to

inaccurate reference pixel. The defective pixel occurs due to foreign matter or other defects, which would

confuse the MaREAEMICiRTHEBR ARSI HeEh et il rird ey pikel AvmIMsEiSppefithe person

skilled in theaartdhahtheumetngd9hAdb e TEfalp this RPEROINRGCHIRAEISS, HICRREISIRMIBSARGRITOrS in
inspection of the semiconductor wafers. 25 In addition, optical inspection siistem disclosed in AUGTECH3

uses a flash $PErEb RO NGRS #RldERBIASE B WardrRis teined Wepre &b &vBY a person

skilled i3 theladwhat dogpisigtenaRsasiuagrigitiarenh Jrsheg el R s ENRYQaRUA Fitasigimerous
factors including, but not limited to, temperature djfferentials, electronic 30inconsistencies and differential

flash or stroB¥SFRENSHESAB RN CRThSHEATERG RO SIRErdasthedrndodise svedianitnd dbbe

semiconducterwaterstcritesencawef suas8 sifterantialsonvpulesi pltiestdhaaurl .o faldennstrrence
image if the system had not taken care of such differentials due to flash lamp. In addition,_ illumination

intensity and R VAR dbsaatiable SAARMGR th S ARG BT VRARY aoR I EidFERicluding, but

not limited tacplanantyeikthalwedehiduoed niklgRnddiahhiediaativityay difaremurgsiionstafathe surface.
Without taking into account the variatjons in the flash intensity and the strobing characteristics of the

lamp, afy retdreBECitlafed EnBIsRal N R BEIe-GHENABS A T fHEF mtly heRFHAlIASAMSHRS inaccurate

when used feseampadng witkliaa it eaxenagesof Witederraee siians Dfdhesnespeasdutier wafers.
10Variations in product specifications, for example semiconductor wafer size, complexity, surface
reflectivity and criteria for quality inspection, are common in the semiconductor industry. Accordingly,

semiconductos Wz, IspestiGTRCISNgisadeihedsingeaetadiefeapalalengfinsnesiingrsyabevariations in
product specificagions. However, existing semiconductor wafer insFectiglgﬁsyst m %nd methods are
benerally i Br TR LRI CEST I MDA OB O TSRS HY Broclse R e UABENE dBpecially

given the incaeaSTNBCHBYsias d)tsvae Doy dnewsdityicondDelt i Flustryafos. eddeopla aftypihal existing

semiconductor wafer insIPeaﬁtion system sesgcsonventi r%al olﬁ)tical assgmbly comprisin oeronents, for
example carV@JSEs 1s manually or user pertormed. tatistical formulas or techniques are then applie

for deriving the reference image. As such, accurate and consistent selection of “good
quality” wafers is crucial for accurate and consistent quality of semiconductor inspection.
Further, AUGTECHS3 uses mean and standard deviation to calculate individual pixels of

20  the reference image and presence of any defective pixel will lead to inaccurate reference
pixel. The defective pixel occurs due to foreign matter or other defects, which would
confuse the statistical calculation and leads to incorrect reference pixel. It will be
apparent 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.

25
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
in the art that inconsistencies between different flashes or strobes may occur due to
numerous factors including, but not limited to, temperature differentials, electronic

30 inconsistencies and differential flash or strobe intensities. Such differentials and

inconsistencies are inherent even with “good” semiconductor wafers. Presence of such



20 illuminators, filters, polarizers, mirrors and lens, which have fixed spatial positions. Introduction or
removal of components of the optical assembly generally requires rearrangement and redesign of the
entire optical assembly. Accordingly, such semicondtctor wafer inspection systems have inflexible
designs or configurations, and require a relatively long lead-time for modification thereof In addition,

distance betwierRRBRbIRG!MEIERS ehsheuanryetiRNRAtikatRsseMAland sRMisgaduEiar ywafer

presented for inspection is typically too short to allow ease of introduction of fiber optics illumination with

differing angf@¥ctbrHsRfiews HItHHFSBUHS s dleshipmdrolisaddidpexitimyradivhcbieséts Aichrer
inspection systgsnmand dieihedsssSRdipnayebihacadsaehausienaek ahtashnicslexRastisgand

operational know-how, existing semiconductor wafer inspection systems cannot employ simultaneous
brightfield 9tahd O lRR it glABEY affinkp S¥GH RfIETHS vafolighh s IV e GfiF¥¥8bing design

and configurgéignally deuibleurfareviatlsg axieed ey semicmkIGtelvalerinarReatian sysisms and
methods for enabling resource-efficient, flexible, accurate and fast inspection of semiconductor wafers.

This is espedIitgivERtiAg fhcrasisrisias ebmpikuag, ane dfieaicirpesy srssiddAdletiWeters and the

increasing quadiyisdangardeobhile seMicRIEYROLHRdHSEYL DMLY Jhargds curpatinga lagk of
semiconductor wafer inspection sfystems and methods capable 10 of employing both brightfield and

darkfield imagRiyShitIEsRR 8HSK SraiRa¥ A8 RF RFTHERRIHGING WBELtion while the semiconductor
wafer is in motion, while providing configurational or design flexibility. In addition, there is need for a
semiconductar wafer inspecaon system wherein components thereof, for example illuminators, camera,

objective len¥ FREAIS Y RFRAETS SRERE HEBTe '2h AR5 S B atUT YR TatioMBI IS Given the

increasing cemplexiyretalasiical cireuiinYof Gemigangiectasnyaiersoanding imereasioendualiy standards
set by the semjconductor industry, accuracy and cansjstency of semicondyctor wafer ingpection is
increasingly‘@#ﬁégw'mé%‘é@ﬁf golge NIRRT ?f&éXﬁﬁ%fB%??arn&%%‘f?ﬁr% WtRaptured

images of seyapabrdustdnypaleisscutantiaregioie mapuadsalegieitiohtigaod Hamicendusianwafers. Such

a 20 manual selection can result in inaccuracies and Z%’rr@onsiste cies in the derived reference.images,

and therefor S BURRRTHRR (RGBSR LRSS AT oM WalBrR 5oV inE I TRLYe 12NN R improved

training snetRedstanpriocenses fogdatWngraterence prages tpovitichtBusegpemitapiviedtivages of

semiconductor wafers can.be cogfgred. Th%gresent ir&vention eeks to address at least one of the
standdrds set by t

above-descriBEREEL Y sermiconductor industry.

For example, a typical existing semiconductor wafer inspection system uses a
conventional optical assembly comprising components, for example cameras,
20  illuminators, filters, polarizers, mirrors and lens, which have fixed spatial positions.
Introduction or removal of components of the optical assembly generally requires
rearrangement and redesign of the entire optical assembly. Accordingly, such
semiconductor wafer inspection systems have inflexible designs or configurations, and
require a relatively long lead-time for modification thereof. In addition, distance between
25  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.

There are numerous other existing semiconductor wafer inspection systems and methods.
30  However, because of current lack of technical expertise and operational know-how,

existing semiconductor wafer inspection systems cannot employ simultaneous brightfield



Embodiments of the present invention provide an inspection system and method for inspecting
semiconductor components, including, but not limited to semiconductor wafers, dies, LED chips and solar
wafers. The inspection system is designed for performing 2-Dimensional (2D) and 3-Dimensional (3D)
wafer inspection. The 30inspection system is further designed for performing defect review. 10 The 2D

wafer inspeclipndsriariiiaiaddieareLaaRHsston Wi W lichwIRRESE S RHEASHITR KA cARiure

devices. The 2D wafer inspection utilizes at least two different contrast illuminations for capturing images

of corresporfifi§tdasenfiamiaieeyy Flssibls-whtereinsptlson ReprigFnietinMd gl Wi is in motion,
and is complgtedoyih opRedPans hbaR wrfenhipspectiapstasiitated eriBle, aRrtigalmadyle, which

comprises at least one image capture device and at least one thin line illuminator Thin line illumination

supplied by A& tHISMFREA N ORI SOREH 18 e MRfFTIRs el BF bioddBerialiNusiveidhs dieedsingoth, is

directedsat theapregndpcrRemaler dvbilfrihe sepicaniueior WalkidSiinmetianden&aptyiiastpD images
of the semiconductor wafer. 10 Defect review performed by the inspection system is facilitated by a

defect revieWdstiedr gl REMCAREBHAHREURAK: a first aspect of the embodiments of the present

invention, there is disclosed an inspection system comprising an illumination setup for supplying a first 15
broadband illumination and a second broadband illumination, a first image capture module for receiving at
least one of MM Broadband illumination and the second broadband illumination reflected from a wafer

and a seconylislagectaRivie derdrefeeraeehdngat iedst RRpcefithesfissihsoadhanddivmipasien and the
second broadband iIIu_minati?bn reflected from the wafer. The first image capture device and the second

20 imalf® capturdRiavies BritcBrEgHtels frdd wﬁﬁnw&%gvﬁﬁ@l&f%%@fs &t thdmadsriRdband
illumination andghgosasandipeadbanhilleminatenctnagbire/ardirst imagetiand wiskRcersigiage of the

walfer respectively. The wafer js spa%glly ﬂi.spl:i\&%?iﬂ a di%tance beaf\/&een capture of the first image and
the second ifPAYE SHIANRCO0 AT ISP 5e 198t BRIOIAMSTIRIEPIEERESEHETnvention,
there is disclpspebaigsyigsreior wispenting spareand detasFpnmonraatsto mpiisingtans llluniration setup for
supplying a b oadbarlgflﬁ‘irsé contrast iIIuminaHtion ﬁnd. broa? and conda(/)]lntrast illumination and a
plurality of ifi3L& CspitHe HEGIESAD QLR ST R BILlFARR o 85815;%&@8 RELeAHaBIa B e ceiving
each of she GoadbhedfvishcaptrsheNigmifalieiraad dreuigashant cechiotbeontfas! Hiumiration
reflected by a wafer. The Pluralital ofd'ma% capture deviges IS €O figured for se%ugntial receipt of one of
the increasing quality standards set by the semiconductor industry, accuracy and consistenc

of semiconductor wafer inspection is increasingly critical. Derivation of golden

references or reference images for comparison with captured images of semiconductor

wafers currently require manual selection of “good” semiconductor wafers. Such a

20  manual selection can result in inaccuracies and inconsistencies in the derived reference

images, and therefore consequent inspection of semiconductor wafers. Accordingly, there

is a need for improved training methods or processes for deriving reference images to

which subsequent captured images of semiconductor wafers can be compared. The

present invention seeks to address at least one of the above-described issues.

25

Embodiments of the present invention provide an inspection system and method for

inspecting semiconductor components, including, but not limited to semiconductor

wafers, dies, LED chips and solar wafers. The inspection system is designed for

performing 2-Dimensional (2D) and 3-Dimensional (3D) wafer inspection. The

30  inspection system is further designed for performing defect review.



11 broadband first contrast illumination and the broadband second contrast illuminations for capture of a
first contrast image and a second contrast image respectively of the wafer. The capture of the first
contrast image and the capture of the second contralt image occur while the wafer is in motion. 5 In
accordance with a third aspect of the embodiments of the present invention, there is disclosed an

inspection sys{ensamfisiiga fibal TasE CARIWE HeVCHIRAISREINRY WhisrLaRiMPreagdband first
contrast illumination and a broadband second contrast illumination and a second image. capture device for

receiving at IRE5(BREOCAN D BrYiapaldgirdPesrfeisintirsiationiHAes R InttdBhdLEEemd contrast
illumination. RaeaiptinhthialreadRand st conrastd binbadign anddheMreadiandnseeasdmrntrast

illumination by each of the first image capture device and the second image capture device enables

capture of a fPRGHIARSAIGd S TR eab i HirAkpirs Ay rasHer it b F ALt sd THE ARG image

capture sleviggsanphtherseeaed ispagisapiutr diemicerra 3D spatialysanfigwiaefebepallingisequential
capture of the first contrast image and the second contrast image while the wafer is in motign. In

accordance HiftH LRSUARESHSRPBI &l eYSoditleAts 'SRt Preddt iiventbrnifees i BidciBied an

inspection syBteRmaaBHEeHpian Blumnation1seIupdalisaep g fisstrbmassbandiduapiation, a first
image capture module for receiving the first broadband illumination reflected from a wafer for capturing a

first image of tHEHER afULSe Bndhagls cABRTTEUEicH forSFIRSRATY 08 fréBroddEndhumination

reflected froge@ismien e Gaplet R seEeRdIMagRu@ind e vahelgdkher fifist sragerituradgyice and the
second image capture device are configured for sequentially captuqi%r:c? the first image and the 25 second
t

image."Phe WIEriS S HatAR IS B b FesR QI Br tHa R Ty IS @ itge. The
spatial displaggment is subsequently calculated based on encoder values in relation to each of the first
image and the second image. Brief Description of the Drawings 30 Exemplary embodiments of the
present invention are described hereinafter with reference to the following drawings, in which: 12 FIG.1
shows a partialptanddesy ofieh £xesnpkpacsystars irbpspraited vaje s aeadiadngtidaniexeniplary

embodiment d(I);‘C rggeﬁrgrslelrrlltsinvention; . , o ,

pection system comprising an illumination setup for supplying a first

15  broadband illumination and a second broadband illumination, a first image capture
module for receiving at least one of the first broadband illumination and the second

broadband illumination reflected from a wafer and a second image capture device for

receiving at least one of the first broadband illumination and the second broadband

illumination reflected from the wafer. The first image capture device and the second

20  image capture device are configured for sequentially receiving at least one of the first
broadband illumination and the second broadband illumination to capture a first image

and a second image of the wafer respectively. The wafer is spatially displaced by a

distance between capture of the first image and the second image.

25  In accordance with a second aspect of the embodiments of the present invention, there is
disclosed a system for inspecting semiconductor components comprising an illumination
setup for supplying a broadband first contrast illumination and a broadband second
contrast illumination and a plurality of image capture devices, each of the plurality of
image capture devices capable of receiving each of the broadband first contrast

30  illumination and the broadband second contrast illumination reflected by a wafer. The

plurality of image capture devices is configured for sequential receipt of one of the



5FIG. 2 shows a partial isometric view of the system of FIG. 1; FIG. 3 shows an exploded partial isometric
view of an optical inspection head of the system of FIG. 1 according to view "A" highlighted in FIG. 2;
10FIG. 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 partial isometric view of a robotic

wafer loadergipiapsied afdheoanste M emkilioh araAMiIBeLIRINIAW sCeonidbiighiad iRhlfatidnd 307 |G. 6

shows an exploded partial isometric view of a wafer stack module of the system of FIG. 1 according to

view "D" highfBRtsaohasfist sontrasidmass,aidsaaspepiid GeBIRstriRarsV SR Wk thepiEsn head of
the system of ZO0Fgute GiehSrrboswsBapaiitiakirant wewphihe amticativsReditniiaa &f daeusystem of

FIG.1; FIG. 9 shows optical ray paths of illumination between a brightfield illuminator, a low 25angle
darkfield illuiH4dhe 3 RIGhiSHYyIBYSYKfield illuminator, a first image capture device and a second image
capture glevice 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; 13 FIG. 11 is a flowchart of an

exemplary sEE3REPFAFSEH ¥BWRIE R RSE i MR BARE SRR MG S UPIRee by BSE High angle

darkfield illugniRaées Phir fasgction system comprising a first image capture device for receiving at
least one of a broadband first contrast illumination and a broadband second contrast

illumination and a second image capture device for receiving at least one of the

10 broadband first contrast illumination and the broadband second contrast illumination.
Receipt of the broadband first contrast illumination and the broadband second contrast

illumination by each of the first image capture device and the second image capture

device enables capture of a first contrast image and a second contrast image respectively

of a wafer. The first image capture device and the second image capture device are

15  spatially configured for enabling sequential capture of the first contrast image and the

second contrast image while the wafer is in motion.

In accordance with a fourth aspect of the embodiments of the present invention, there is
disclosed an inspection system comprising an illumination setup for supplying a first
20  broadband illumination, a first image capture module for receiving the first broadband
illumination reflected from a wafer for capturing a first image of the wafer and a second
image capture device for receiving the first broadband illumination reflected from a wafer
for capturing a second image of the wafer. The first image capture device and the second
image capture device are configured for sequentially capturing the first image and the
25  second image. The wafer is spatially displaced between capture of the first image and the
second image. The spatial displacement is subsequently calculated based on encoder

values in relation to each of the first image and the second image.

Brief Description of the Drawings
30  Exemplary embodiments of the present invention are described hereinafter with reference

to the following drawings, in which:



FIG. 12 is a flowchart of an exemplary third ray path followed by the darkfield low angle 5illumination
supplied by the low angle darkfield illuminator of FIG. 9; FIG. 13 shows ray path of illumination between a
thin line illuminator and a 3D image capture device dlcamera of the system of FIG. 1; 10FIG. 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 illumination between the review brightfield illuminator and the review image
capture 15déVicd ShRWS 2RATHIEPIE MM ETPKIeRERBIRT iR selinsati fifoisedy 5 8larkfield
illumination hehyeseit.ro\updanidifgrthinprater andthereview image capture device of FIG. 14; 20
FIG. 17 is a method flow diagram of an exemplary method for inspecting wafers provided by the present
invention; FIG. 18 is a process flowchart of an exemplary reference image creation process for creating
reference impe used {ar sempasiigeyithvimaggsieanitead duricgiperformance 250f the method of FIG.
17; FIG. 19 is a process flow diagram of an exemplary two-dimensioned wafer scanning process with
timing offset in the method step of the method of FIG. 17; 14

FIG. 3 shows an exploded partial isometric view of an optical inspection 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 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



FIG. 21 shows a timing chart for capturing of a first image by the first image capture device and capturing
of a second image by the second image capture device; 5FIG. 22a shows the first image captured by the
first image capture device of FIG. 1; FIG. 22b shows! the second image captured by the second image

capture device of FIG. 1; FIG. 22c shows a combined first image of FIG. 22a and second image of FIG.

22b for 10demgnstratingrimaanafiselduedahecapisie pithadirssimese spehtha-sreendimprge when

the wafer is moving; FIG. 23 is a process flow diagram of an exemplary two-dimensional image
processing (regedlBiatiarauprishdmtis Sigh ahslredarkiidd brmnatey oA E15 24 is a process flow

diagram of a first exemplary three-dimensional wafer scanning process performed in a method step of the
method of FIG, 17; . FIG. 25 shows an exemplary optical ra ﬁ)ath of illumination between a thin line 20

iiluminator aH5 ilfise dptisharisting Sreapkaralirdiarspatkioliese by thgdasdisidlonsangle fiow

diagramsof ajseeandiexetpiaey Hhras dwensiRnaliMaiRl SkanerPERssperformed in a method step of
the method of FIG. 17; and 25 FIG. 27 is a process flow diagram of an exemplary review process

performed in a method step of the method of FIG. 17. Detailed Description The inspection of

semiconductaREorB RABRALsafosex M plaspmicanskiciesvaters Ane BRdiamtis andncrmsingly critical step
in the manufacture ar fabrication of semiconductor comqpnents. Increasing complexity of circuitry of

semiconductSPTel e6 aprameAtre! the system of FIG.1;

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 fourth ray path followed by brightfield
illumination between the review brightfield illuminator and the review image capture

15 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 method flow diagram of an exemplary method for inspecting wafers

provided by the present invention;

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

25  of the method of FIG. 17;

FIG. 19 is a process flow diagram of an exemplary two-dimensioned wafer scanning

process with timing offset in the method step of the method of FIG. 17,

30 FIG. 20 shows a table of illumination configurations selectable by an illumination

configurator of the system of FIG. 1;



15 increasing quality standards for semiconductor wafers, has led to an increasing need for improved
semiconductor wafer inspection systems and metho 2 There is currently a lack of semiconductor wafer
inspection systems and methods capable 5 of employing both brightfield and darkfield imaging
simultaneously for performing onthe-fly inspection of semiconductor wafers, while providing
configurational or design flexibility. In addition, there is need for a semiconductor wafer inspection system
wherein components thereof, for example illuminators, camera, objective lens, filters and mirrors, have

flexible and &fitistAbi PR Aal TRIBECORHG GPATREER & thatsciRagmyedin diEstdmags fRelttrical

circuitry of sgmirenAdGkMaierss aReb Uil incieasiehauatity siandardspant Rk the;semiconductor industry,
accuracy and consistency of semiconductor wafer inspection is increasingly critical. Derivation of golden

references or reference images for comparison with captured images of semiconductor wafers currently

require manpatsetrciiiafthaand: seIpiconc@bale ffsSiueib e Mgnualiseiectopican result in 15
inaccuracies and inconsistencies in the derived reference images, and therefore consequent inspection of
semiconductor wafers. Accordingly, there is a need for improved training methods or processes for

deriving refereace imagrssthyiichnauRseYUaphGaR Y eRIRAGRS Il aRMigRnduRivicwafarrcan be
compared. 20 Embodiments of the present invention provide exemplary systems and methods for
inspecting semiconductor components for addressing at least one of the above-identified issues. For

purposes of previty @RRoarifyomdidesditktianpktiae Erabodimentsabmie ipiesest RiGinyEnton is limited
hereinafter to systems and methods for inspecting semiconductor wafers. It will however be understood

by a peiSon SKNREFIFLIS AR4RGOHIS IS RS EUIYE Mle'iredisht RN AN HEM°SHNE: Miisifcations
where fundamiemtaloriacipliesiyavalent among the various embodiments of the present invention such as
operational, functional or performance characteristics are required. For example, the systems and 30
methods provided by the present invention can be used for inspecting other 16 semiconductor
componentsENG|uzing, Htaekiimisad db semiecontuctengisy ltkb dhipasanthsalaw deksséingxemplary
Sy 10 o S eu S5 ST IS IR 42 TR A B ane
15
FIG. 24 is a process flow diagram of a first exemplary three-dimensional wafer scanning

process performed in a method step of the method of FIG. 17;

FIG. 25 shows an exemplary optical ray path of illumination between a thin line

20 illuminator a 3D image capture device or camera of the system of FIG. 1;

FIG. 26 is a process flow diagram of a second exemplary three dimensional wafer

scanning process performed in a method step of the method of FIG. 17; and

25  FIG. 27 is a process flow diagram of an exemplary review process performed in a method

step of the method of FIG. 17.

Detailed Description
The inspection of semiconductor components, for example semiconductor wafers and
30 dies, is an increasingly critical step in the manufacture or fabrication of semiconductor

components. Increasing complexity of circuitry of semiconductor wafers, coupled with



5 FIG 2 is provided according to a first embodiment of the present invention. The system 10 can also be
used for inspecting other semiconductor devices or components as required. Preferably, the system 10
comprises an optical inspection head 14 (as shown FIG. 3), a wafer transportation table or wafer 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 FIGy & LinDfjimipsimaasaette haldesnanctoy vlirRlatreRaAt idhleiddcandahleastoene set of

quad vibration isolators 24 (as shown in FIG. 1 and FIG. 2). The optical inspection head 14 as shown in
FIG. 7 and P8 &S pHsan dus i Bef SRR Ao e ifhdgretifstire devices. Preferably, the optical
inspection head 14 15 comprises a brightfield illuminator 26, a low angle darkfield illuminator 28 and a
high angle darkfield illuminator 30. It will be understood by a person skilled in the art that additional

darkfield illurhF5dP<CHEERN R dreskpdrstatcndurersyafsntpcsioagunemsipdimsehreiiartiiderstood by
a person skilledinpibeirst sbat tiesiancanairl darkirid ilHminatomadanchiRe, NghRpveeskiie/d

illuminator 30 may be integrated as a single 20darkfield illuminator, which may be flexibly positioned as

required. ThEBHBhifERFSHOMIREASTYROMUEIRA SRS & bilg mirdidmarmmdipratinaleos s B htfield

illumination eratitarit§URPIES @£ Rnésas abtietsr Huinasiomaolighitel e puigidiiisidiirinatan 26 is for
example, a flash lamp or a white light emitting diode. 25 Preferably, the brightfield illuminator 26 supplies

broadband BrRMRABRIHRSHIGidS OBy aDalery st s s S S e R Eh A HENRing 300nm

and 1000mmiwitihavie eidheipiseerstondibyiaaessipsidietsindhe@thhat tbasigghifiglidiymination
may be of alternative a\_/elength$ and optical properties. 17 brightfield illumjnator 26. Prefeﬁe}l’bly, the first

optical fber SERSE SN STEYHYE FSFHIROMY HRE R D ARARS SHasrriReetatibnsiAatees setier
preferably, the:fisshrptcatihanfactiiatesdisesting obibrbrghtfalehiiconinationveiitad featvine
brightfield illuminator 26. 5 The low angle darkfield illuminator 28 and the hqi?h angle darkfield illuminator
30 are also Khollf & Qi ST ifitimil fio a8l r8d s SAHE L RS SRSt e S USFRAETd MRalin. Darkfield
illuminators asenparbilywatigragtilleminadies asflighhreudesovhichenablesmigimizationeditg quantity of
directly transn]itte.d (or %.Jrg-sca&;ered).Iigh}1 . .

selection of “good” semiconductor wafers. Such a manual selection can result in

15  inaccuracies and inconsistencies in the derived reference images, and therefore
consequent inspection of semiconductor wafers. Accordingly, there is a need for
improved training methods or processes for deriving reference images to which

subsequent captured images of semiconductor wafers can be compared.

20  Embodiments of the present invention provide exemplary systems and methods for
inspecting semiconductor components for addressing at least one of the above-identified

1Ssues.

For purposes of brevity and clarity, the description of the embodiments of the present
25 invention is limited hereinafter to systems and methods for inspecting semiconductor
wafers. It will however be understood by a person skilled in the art that this does not
preclude the present invention from other applications where fundamental principles
prevalent among the various embodiments of the present invention such as operational,
functional or performance characteristics are required. For example, the systems and

30 methods provided by the present invention can be used for inspecting other



10 entering their corresponding image capture devices. Generally, image capture devices for capturing
darkfield images receives only illumination or light that has been scattered by a sample or object.
Darkfield images generally have enhanced image contrast as compared to brightfield images. Brightfield
illumination and darkfield illumination are examples of contrast illuminations. 15 The low angle darkfield

illuminator 2&anebit fighcangisrdarkiisid iinminatalodimne iProexameia dlashy laraps eMvigdight

emitting diodes. Preferably, the darkfield illumination supplied by each of the low angle darkfield
illuminator Zgngrﬁ?lﬂ{é"ﬁ@ﬁangle darkfield illuminator 30 is of substantially similar optical properties as the
brightfield illumination. 20 More specifically, the darkfield illumination supplied by each of the low angle
darkfield illuminator 28 and the h:%h angle darkfield illuminator 30 is preferably a broadband darkfield

illumination COMNTEIRGE waleR Ao SRSt AR peRRLAr R Sht g ot {1 2obahth
Alternativelyptipdqwpogigcdarkfisie ibuminatar 266w thatighrnaiedarkiieigifiminateyadsupply

darkfield illumination of different wavelengths or 25other optical properties The low angle darkfield

illuminator 284s%aalsRetangrd, 5 BISHNS totheE HgRISHYIRHRIdRIE SiuRIFRABPIBERE fhorizontal

plane of the gemicantusigavifencld plaser) ddtheiveaier tpvleal thipedac hesaanted plane ithe wafer
table 16). For example, the low 30an%ie darkfield illuminator 28 is preferably positioned at an angle of

between thréeGnd) 1R draee i aHenHBh o Rtay plaheNgrkhLosEim iR ok Wardh £2pR986d on the
wafer 18 tablgaig. Hanadditignathsbighiargle. darkfiiordl wminaties 3lkis p(efaiabbn pagitianey @&t an angle

of between thirty and eighty-five degrees {q a horizontal plane of the semiconductor wafer 12 placed on
the wafdr ta&m&a%camv@-gpjf@& Agiey - ﬂéﬂbfﬂé@mﬂfyts‘?ﬂ&&&@a AeqRATE @y S(fajﬁgfﬂﬁé‘fhe position

of each of theileyvianglel xdaykials ilhninahar 128 anddiFedhigh angle darkfield illuminator 30. Each of the
low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 preferably comprises a
second and third optical fiber (not shown) through which the

The optical inspection head 14 as shown in FIG. 7 and FIG. 8 comprises a number of
illuminators and image capture devices. Preferably, the optical inspection head 14
15  comprises a brightfield illuminator 26, a low angle darkfield illuminator 28 and a high
angle darkfield illuminator 30. It will be understood by a person skilled in the art that
additional darkfield illuminators may be incorporated into the system 10 as required. It
will be further understood by a person skilled in the art that the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 may be integrated as a single

20  darkfield illuminator, which may be flexibly positioned as required.

The brightfield illuminator 26, also known as a brightfield illumination source or a
brightfield illumination emitter, supplies or emits brightfield illumination or light. The
brightfield illuminator 26 is for example, a flash lamp or a white light emitting diode.
25  Preferably, the brightfield illuminator 26 supplies broadband brightfield illumination
comprising wavelengths of substantially between and including 300nm and 1000nm. It
will however be understood by a person skilled in the art that the brightfield illumination

may be of alternative wavelengths and optical properties.

30  The brightfield illuminator 26 preferably comprises a first optical fiber (not shown)
through which the brightfield illumination travels before being emitted from the



darkfield illumination travels before being emitted therefrom. Both the second and third 10 optical fibers
acts 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 the darkfield illumination emitted from the low angle darkfield illuminator 28 and

the third optigabfiften dailifaieseiredinerofisl gatkbeidd wpiraliaiemitiedffomihedighangle 15
darkfield illuminator 30. lllumination 2}1%? [

lied by each of the br]%;];tfield illuminator 26, the low angle
darkfield illuHHRs: PeesHong rysl ol fa shthiatd Hmmatierr Fthehmeleahoilhe fistPrERbe either

continuouslyrsépplied iafeuigrebtiie yrarrlendih sPRCums Rt fath thedrighsfielthdlwhinatien and

darkfield illuminations 20 preferably enhance accuracy of inspection and defect detection of the
semiconductYFREEIY 29: Broadband illumination preferably enables identification of a wide range of
semicongductor wafer defect types with varying surface reflectivities. In addition, the similar broadband
wavelengths of both the brightfield illumination and the darkfield illuminations enable the inspection of the

wafer 12 to Ha'peirinslridaedisidaivninaet oieahd dhoh bk anet Legrinld dUHmBRGE B rdkater 12. This

means that thigodeatastion af defectRRn iNamamicANdKiREYVaiRd1 2 Witk prfesaphliset balumnsasirably
influenced due to_ different sensitivities or reflectiveness or polarization of the semiconductor wafer 12 to

different illurHiHEHBARAVEIRHGIHY. Hemagiariosty err by stisttet HHnaieg 85 Meiined'§ebending on
the semiconduséarnabes ddmeharactaristios tpnexampadinatrighefihecgemicanduciorewafphl2. In

addition, the intensities of each of the brightfield illumination and darkfield illuminations can be selected

1es,
and vahd a%"%%’dﬂ%%fb%‘ﬁ?ﬁé’ﬁ&?ﬁf&%ﬁﬁ%‘? SRS et rsst e RS RAPRIS HBY 112, and for
enhancing inspegiien & iie semigardvetoreyaiay 1PAnahaet gk Gat Kesfi&n ctersyyem 10 further
comprises a first jmage capture devjce 32 (i.e. a first camera) and a second image capture device 34 (i.e.
a second caFﬁHf%lf %ra%wwtﬂ?eafﬁgﬁﬁﬁ@%geagm e BRI &SSP Wevice 10 34
is capable ofsesgimifiglarighdieldBHiwminetdon swupplits bydhRtightfielchiliaties 20apdetherdarkfield
illuminations su%plie. by each of the low angle darkfield illuminator 28 and high angle darkfield illuminator

30. BrightfieftPAA#*H 3ifiinations received by or entering the first image capture device 32 is
preferalsly focused onto a first image capture plane for capture of corresponding images. Brightfield and

kel LS el Sa A T n o aier 08 And FRI0ER Iad SR emas 3t 45 Bre Pl
example flash lamps or white light emitting diodes. Preferably, the darkfield illumination
supplied by each of the low angle darkfield illuminator 28 and the high angle darkfield
illuminator 30 is of substantially similar optical properties as the brightfield illumination.

20  More specifically, the darkfield illumination supplied by each of the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 is preferably a broadband
darkfield illumination comprising a wavelength of substantially between and including
300nm to 1000nm. Alternatively, the low angle darkfield illuminator 28 and the high
angle darkfield illuminator 30 supply darkfield illumination of different wavelengths or

25  other optical properties

The low angle darkfield illuminator 28 is at a lower 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). For example, the low
30 angle darkfield illuminator 28 is preferably positioned at an angle of between three and

thirty degrees_to the horizontal plane of the semiconductor wafer 12 placed on the wafer



focused on a second image capture plane for capture of corresponding images. The first image capture
device 32 and the second image capture device 34 c%pture either monochromatic or color images.
Preferably, the ability to capture, using single or threk® 20 chip color sensor, color images of the wafer 12
enhances at least one of accuracy and speed of defect detection. For example, the ability to capture color

images of thgseMicanddataoraiRmighisies Ak hapaiairduses tplsg delrpion ofigsiestsan the
semiconductor wafer 12, and correspondingly false rejection thereof 25The oEticaI inspection head 14

further compieds Pfirdidistertbiss rands& Wl thecrirdesmitagetapuhed 3plafe additidf, the optical

inspection headiddnfither GampriseR&erendiiibe/lgns B8ifor ysernithitiesaeand inage sapture device
34. Each of the first tube lens 36 and the second tube lens 38 preferably share common optical

characteristiBEcEHAMRn eSO A Soremgisd th fusiEgdbsatioss HaveBeh bhdRe #iekirst tube
30lens 36 andthgcreaandifieg ENenddiroiebh il h taeses @fekatibatdihsooptical inspection head 14 also

comprises a number of objective lenses 40, for example four objective 20 lenses 40. The objective
lenses 40 are collectively mounted on a rotatable mount 42 (as shown in FIG. 3), which is rotatable for

positioning egdh @ tihe WMol aRBavE BN A6 2I3anRl AIREPELIE PagiK (Nekshasdmr

semiconductor wafer 12 positioned for inspection. The ,obLective lenses 40 may be collectively referred to

as an objectR/E AR AUBRIISKS & S6ABARAT IRk PREsaLHRS TemOt Showe Ldiquah ¥hishe thtterent
magnificatiogarfdldey anahvidacadvEade Rl the:gnebaied ahjrgive |ensithissecolerably wia different
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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 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 angle

15  darkfield illuminator 30. Illumination supplied 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 continuously supplied or pulsed.

The wavelength spectrums of both the brightfield illumination and darkfield illuminations
20  preferably enhance accuracy of inspection and defect detection of the semiconductor
wafers 12. Broadband illumination preferably enables identification of a wide range of
semiconductor wafer defect types with varying surface reflectivities. In addition, the
similar broadband wavelengths of both the brightfield illumination and the darkfield
illuminations enable the inspection of the wafer 12 to be performed independent of
25  reflective characteristics of the semiconductor wafer 12. This means that the detection of
defects on the semiconductor wafer 12 will preferably not be undesirably influenced due
to different sensitivities or reflectiveness or polarization of the semiconductor wafer 12 to

different illumination wavelengths.

30  Preferably, intensities of the brightfield illumination and the darkfield illumination
supplied by the brightfield illuminator 26 and the darkfield illuminators 28, 30



10 fifty times. Preferably, each of the number of objective lenses 40 has a corrected aberration in infinity.
It will however be understood by a person skilled in the art that each of the number of objective lenses
can be changed or redesigned to achieve different rﬂggnification and performance thereof 15Each of the
low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 preferably comprises

focusing meanp QiimashamispesstaE AUt whfasusing dhecdadkfisidiiunonationthateiamdqwards the
semiconductor wafer 12 positioned at the inspection position. The angle between the low angle darkfield

iluminator 28358 tR&HBRSHESISH 1 dRETRtRR svaRdsrid ghthersaitgribetoiesHhéhigreddbietarkfield 20
illuminator 3ghangkéhsitrarigppiahiame.of ibanaterkandieietaladyieteaminad And addstable for

enhancing accuracy of defect detection. Preferably, each of the Jow angle darkfield illuminator 28 and the

high angle dsestad iftrhiratEI36 A8 s dfep AMABELIE o AURTR rée rinREto (R etidhosition.
Alternativelysdhecpagition: of Sachohilierip wningiendarkieldidisrinatesmB sridhs Wighagle darkfield

illuminator 30 is 25variable with reference to the inspection position during normal operation of the system
10. As described above, both the brightfield illumination and the darkfield illuminations are focused at the

inspection pagitikwkhe bFightfietd ifuminating grebthe daikiield sQilpminatignstifasdsedaittie inspection
position illuminates the semiconductor wafer 12, or the portion thereof, positioned at the inspection

position. 21K¥IER N FIGIEH ARSI ANd 3 it S0 H SRR 46 Y6 DP fir - fra&€98ette holder.
The wafer stagkef) Prafaralpliheamprises slaistioch@idisaultplasemisaidddcionysdepsak aviet the

e e e e g L G o bl by the brightfield illuminator
26 and the darkfield illuminations supplied by each of the low angle darkfield illuminator
28 and high angle darkfield illuminator 30. Brightfield and darkfield illuminations
received by or entering the first image capture device 32 is preferably focused onto a first
image capture plane for capture of corresponding images. Brightfield and darkfield

15  illuminations received by or entering the second image capture device 34 is preferably

focused on a second image capture plane for capture of corresponding images.

The first image capture device 32 and the second image capture device 34 capture either
monochromatic or color images. Preferably, the ability to capture, using single or three
20  chip color sensor, color images of the wafer 12 enhances at least one of accuracy and
speed of defect detection. For example, the ability to capture color images of the
semiconductor wafer 12 preferably helps to reduce false detection of defects on the

semiconductor wafer 12, and correspondingly false rejection thereof.

25  The optical inspection head 14 further comprises a first tube lens 36 for use with the first
image capture device 32. In addition, the optical inspection head 14 further comprises a
second tube lens 38 for use with the second image capture device 34. Each of the first
tube lens 36 and the second tube lens 38 preferably share common optical characteristics
and functions. Accordingly, the tube lenses 36 and 38 have been labeled the first tube

30  lens 36 and the second tube lens 38 solely for purposes of clarity. The optical inspection

head 14 also comprises a number of objective lenses 40, for example four objective



5 onto the wafer table 16 (as shown in FIG. 4) or wafer chuck by the robotic wafer handler 18 (as shown
in FIG. 5). Preferably, a suction or vacuum is appliegré]o the wafer table 16 for securing the semiconductor
wafer 12 thereonto. The wafer table 16 preferably comprises a predetermined number of small holes or
apertures through which vacuum is applied to enables a reliable and flat position of a flex frame tape and

a frame (botiepQt 30, shRvib)Qitectingwaien tableolctnaatrmiablenl istaisaPisiRially dasigned to

handle wafer sizes of a range between and including six and twelve inches in diameter. The wafer table

16 is coupledNAENEIGHisharisteis ietplable fieptsioning eieh efdhe mibey ofahiectiNg 188 the
displacemenfphbr dvalehiabieidid posiion-(@od dotvdigcianicdmilRieniacgaent gbiheonafaotable 16

correspondingly displaces the semiconductor wafer 12 placed thereon. Preferably, the displacement of
the wafer tabEPE§aRd Hisnel ehEnmalasrent bR Besrbsrdidiordeier 19 pabqrisstisn' R controlled
for contmllingstempsitioning of the semiconductor wafer 12 at the inspection position. The
XYdisplacement table 22 is alternatively known as an air-gap linear positioner. The XY- 20 displacement
table 22 or air-gap linear positioner facilitates high precision displacement of the wafer table 16 in the X-

and Y- directigeg wittheninimisdefsietatyibnaiienyansivitiad temmikediestafttie symemidiO 4adhe wafer
table 16 and ensures smooth and accurate pasitioning. of the semiconductgr wafer 12, or. a portion

thereof, at tHBSH<BERBIPFIsiliBRN RELBMBRMREIRl eDightNmiam &l inprsissbaal sreitisriatie is
mounted on p2&]de Earsp angis ¢ bhatiorots Ghrtexsmal{asvshands itk ey, tevaRgofinshogis or

vibrations, and to ensure flatness of the assembly and other modules or accessories mounted thereon. It

will be HbprediRiedBssa DersstP Siilkdtsin the M RO hARIETEC HERIEME b g\ ic§8THSIFbe coupled

to or used witheth@iviafier fiafhenl Sicantraling e sisplaeament thergpisandifardaciitainghigh precision
fine positioning of %h wafer 30s micondug[tor 12 at ?e inspection p$sition. 22 The inspection of the
semiconduct8FvatdPe 2 1BIP e R ANG PSS BIE USROS hetesh [ pettsined RfRe SitEihductor

wafer 12 is imnpaiieentiaiand jeSaymtiecapided. of images, for example brightfield images and darkfield
images, of the semiconductor wafer 12 preferably occurs as the semiconductor wafer 12 is being
displaced across the 5 inspection position. Alternatively, every new semiconductor wafer 12 may be

stoppetsundesidhe fMmeding MernatRap tllientiighorehdon d Miagem dictderkierdsio ehaeses3oy
programmin&%%jfer table.16 (i.e. by software control of the wafer table 16). As previously mentioned,
the system Y cOtprives e ISR LB eSS0 198 cARerHe RindosESIBSe Fably, the

tube lens 36dsrkfsitiatiachbrtvecthéhdrobjectiva denbesdiantitheolirstifiage pagitivecdeiiche32.
Hlumination asses throu th the fig ttubel Ig)ns 36 before entering thgéigsé Lﬂ;eﬁe cagtgjée dgv'ce 32.
Further prefdPSBF U ROSEENY tbB°IARE'S S FTSSLiHBRAA D ARG SIRE B HHII AR5 48 28NS the second
image captuheritericg Jatbuotinddon pisses thidugle thegdedand ¢ubetlensigh andldedadiBeldy a mirror
150 p%m 41?1&%85?0?’?(‘?%9 tclﬂg ﬁgﬁgggtéﬁngﬂﬁecg tt reevgae eer?23gfe preferably determined and

adjustable for enhancing accuracy of defect detection. Preferably, 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. Alternatively, the position of each of

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

25  variable with reference to the inspection position during normal operation of the system

10.

As described above, both the brightfield illumination and the darkfield illuminations are
focused at the inspection position. The brightfield illumination and the darkfield
30  illuminations focused at the inspection position illuminates the semiconductor wafer 12,

or the portion thereof, positioned at the inspection position.



Each of the number of objective lenses 40 has a corrected aberration in infinity. Accordingly, after passing
through the objective lens 40, illumination or light is ¢ollimated. This is to say, illumination traveling
between the objective lens 40 and each 20 of the first tube lens 36 and second tube lens 38 is
collimated. The collimation of illumination 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 device 34 respectively. Th?é;?ngﬁlementation of the tube lenses

36, 38 also itnthares thd Heed i fetydis@iilthinmpsisss SovetErierkh O e ffammsgsispture device

32 and the sgeRe MROR FRPUIERIAVIGRI4 e R diffpiant abisaivRIrRNsREHHIALeHSeHdlotorxample
when different magnification factors are requiredz. In addition, the collimation of illumination increases

ease of introlaEISnEASH PbEIEoSHi Fr et SRAtB SR RN r hr deadedtiat thins tsedy stem 10,
particularly hehwers Wg.phietlive (ansiwand EREhobLIng ditstduig e shd@otdaiodiirersesrie tube lens

38. Further preferably, the collimation of illumination enables in-situ introduction and_positioning of

additional opttACINPEHBHIE bracBEEHRLY iddicoons ¥pstum rornplistindlly Baficdh!thEobjective

lens 40 and gacheehithie fiflsd tukgilendRboanddhe Secaneévhe lense3SatitheiH@ neeprégstdtpnfiguring
the rest of the system 10. In addition, this arrangement helps to achieve longer working distance between

objective lenfPIPHFRS theredrEBiAsRombsra! o albhiet on WaHues R et N gy Bigents.

SLonger workipg distapeas Betwaanplbanbiestiwiess d0anektfama@iepisanecessaty (podsastarkfield
illuminations effectiv??&/. It will therefore be appreciated by a person sk%}in he art that the system 10 of

the pre¥ent FRAVELAEM SN YBFFdaRife L Gnd HS-Bitden &ln 18 AlibRERSERRIS i orReddmptiits of the

system 10. W@ysiesoiQ aiiferpiasentinyantion ankiansrscease afdntodutitipr@nd removal of optical
components or accessories into and out of the system 10.
The wafer table 16 is coupled to the XY-displacement table 22 (as shown in FIG. 1 and
FIG. 2), which enables the displacement of the wafer table 16 in an X- and a Y- direction.
15  Displacement of the wafer table 16 correspondingly displaces the semiconductor wafer
12 placed thereon. Preferably, the displacement of the wafer table 16, and hence
displacement of the semiconductor wafer 12 placed thereon, is controlled for controlling
the positioning of the semiconductor wafer 12 at the inspection position. The XY-
displacement table 22 is alternatively known as an air-gap linear positioner. The XY-
20  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 semiconductor wafer 12, or a portion thereof, at the inspection
position. Assembly of the XY-displacement table 22 and wafer table 16 is mounted on
25 the dampeners or vibration isolators 24 (as shown in FIG. 2) to absorb shocks or
vibrations, and to ensure flatness of the assembly and other modules or accessories
mounted thereon. It will be appreciated by a person skilled in the art that alternative
mechanisms or devices may be coupled to or used with the wafer table 16 controlling the
displacement thereof, and for facilitating high precision fine positioning of the wafer

30  semiconductor 12 at the inspection position.



The first tube lens 36 facilitates focusing of collimated illumination onto the first image 15 capture plane.
Similarly, the second tube lens 38 facilitates focusing of collimated illumination onto the second image

capture plane. Although, tube lenses are described for use with the system 10 in the present description,
it will be appreciated by a person skilled in the art that alternative optical devices or mechanisms may be

used for enabﬂ@gr@gléﬁﬁam‘f atdllseminratiane tora rpeci it idbediighliaid i urination.ans darkfield
20illuminations, and the subsequent focusing thereof onto either of the first image capture plane and the

second imad¥'dapiat plliethessatorircite & ittt AR dlizds3o aiy the s¥ifiudfage
capture devigga3dsareeipiablyRasitisnathalesdrriReent Bamiiel axeshLseiablyudhe shaatial positions

of the first image 25 capture device 32 and the second image capture device 34 are determined for

reducing spdde BEd IR EHE fifst Iifageruispishepavitaiad bhdsHrtigeditplassd efeistur@device 34

such that themsysteinlPoaried Branmakey, telrlpreax RniscsRasaaicient) 22 Bositiangpdar directing
the brightfield illumination and the darkfield illuminations from each of the low angle darkfield illuminator

28 and high ¥HIE HSrkRaRINAUTIART O PBHES LB CtRBILOR ERRAEL fiF YT o pREOS e Rfal
processing Wi dfaMivdRevmiptage neamonydotaiakasm (@IBerknewarastabRost processor) (not

shown). The CPU is preferably electrically 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.

Images captikegrbyisast jinskinagelc ant e davine SRRt e seeo itk iImag a1baptusesdarigaris are

preferably converted lPr:to image signals and transmitted tQ the CPU, 10 The CPUbi@ programmable for

procesSthg inFEAMAABRE 158Pe o ddHEEI Ynditn HRss [ Randmitt@gtionsd RS NETBHY CoRIEs W¥tects

present on thenseaicandyséofinstatandecdpraterabhcdbe datestionof gefesiseoudietbemisondector wafer
12 is performed automatically by the system 10, and more specifically by the CPU. Further preferably, the
15 inspectiofBt SRR IGHIER s e i B PLERH'5€ atdmEhe BRI olREESHE CPU.

Alternativelyuibe linspegtio paitsaraicoasueio fvaleis dvefmihe detaatian cbaafadiadigdaapiiaied by at
least one meclpual ir}putr L :
evice 34. [llumination passes through the second tube lens 38 and deflected by a mirror

15  or prism 47 before entering the second image capture device 34.

Each of the number of objective lenses 40 has a corrected aberration in infinity.
Accordingly, after passing through the objective lens 40, illumination or light is
collimated. This is to say, illumination traveling between the objective lens 40 and each
20  of the first tube lens 36 and second tube lens 38 is collimated. The collimation of
illumination 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 device 34 respectively. The
implementation of the tube lenses 36, 38 also eliminates the need to refocus illuminations
25  entering each of the first image capture device 32 and the second image capture device 34
when different objective lenses 40 are used (for example when different magnification
factors are required). In addition, the collimation of illumination increases ease of
introduction and positioning of additional optical components or accessories into the
system 10, particularly between the objective lens 40 and each of the first tube lens 36
30  and the second tube lens 38. Further preferably, the collimation of illumination enables

in-situ introduction and positioning of additional optical components or accessories into



The CPU is programmable for storing information transmitted thereto in a database. In 20 addition, the
CPU is programmable for classifying detected defects. In addition, the CPU is preferably programmed for
storing processed information, more specifically the %Tsfocessed images and defects detected, in the
database. Further details regarding capture of images, processing of captured images, and detection of

defects on thResgRIGANAUEHRHWAMEIRS beewrieh RRR\HERU BRI s 2D Hndilbr appresiaieghRy @ Pesson skilled
in the art, using the description provided above, that the brightfield illumination emitted from or supplied

by the brighfidhfnsiAaddibs lshifedtiRrctd frshinaerrdignitgdhrditcdhomirenbif altyle darkfield

illuminator 28qanebihamioh-angladatkhielst ilyninaias §heereinriter iefered terasdaddieldew 30 angle
or DLA illumination and darkfield high angle or DHA illumination resgecti\(ely) each follows a different ray

path or optickPpathans=e fesmeRaAtsitvaen pasreiadir shth Aot S IB St e - BRI
illuminagon ipshRWR ke dikthiety BetteRd Gz Objberistdiry4pathd@e wariehtiiakt éduapinatiar or light is

supplied by the brightfield illuminatQr 26. As previously mentioned, the brightfield illumination is preferably
emitted from & Liiinetoss sHAsE Yightfield illuminator 26. Preferably, the first optical fiber directs
the brightfield illumination emitted from the brightfield illuminator 26. The brightfield illumination preferably
passes through a condenser 44. 10The condenser 44 concentrates the brightfield illumination. In a step

104, the brighthall MehHirsbh JeREsrietity, AnFsCredlsdgt dhaed &b fhscrilst. Brihtheld

illumination iafestedibyetherfirsiltedectiog SwHask isedremiaghiowasts a digt beamspiitess8of5 The first
beam splitter 48 reflects at least a portion %f the brightfield jllumination striking thereonto in a step 106.

PreferdBly, (RSP BUS AR nEY 4 PerStRRAMAN NS AB R VRO BLIB2PESS R Rowever be

understood y@ersen killechisvihe Bspiial temPshdiatienidhadistbaasusplistersddreay henadjusted as
required for ?Sntrolling the 20intensity or amount of brightfield illumination reflected or transmitted

thereby.

The first tube lens 36 facilitates focusing of collimated illumination onto the first image
15  capture plane. Similarly, the second tube lens 38 facilitates focusing of collimated
illumination onto the second image capture plane. Although, tube lenses are described for
use with the system 10 in the present description, it will be appreciated by a person
skilled in the art that alternative optical devices or mechanisms may be used for enabling
collimation of illumination, more specifically the brighfield illumination and darkfield
20  illuminations, and the subsequent focusing thereof onto either of the first image capture

plane and the second image capture plane respectively.

The first image capture device 32 and the second image capture device 34 are preferably
positioned along adjacent parallel axes. Preferably, the spatial positions of the first image
25  capture device 32 and the second image capture device 34 are determined for reducing
space occupied by the first image capture device 32 and the second image capture device

34 such that the system 10 occupies a smaller total area (i.e. is space-efficient).

Preferably, the system 10 further comprises a number of beam splitters and mirrors or

30 reflective surfaces. The beam splitters and mirrors or reflective surfaces are preferably



The brightfield illumination reflected by the first beam splitter 48 is directed towards the inspection
position. More specifically, the brightfield illumination reflected by the first beam splitter 48 is directed
towards the objective lens 40 positioned directly ab & the 25 inspection position. In a step 108, the
brightfield illuminator 26 is focused by the objective lens 40, at the inspection position or the

semiconduciyswieldlR PertienedR Bt MERRCIAMPRSHIANand BRO BRI IHUMinaHefcHdRRled by the

brightfield illuminator 26, and focused at the 30inspection paosition, illuminates the semiconductor wafer
12, more sp&efitafifrmiopsren diHickbiliainatridp waddrah apgsidaridr s Hhemigietttn position. In a

step 110, the 26 brightfield illumination is reflected by the semiconductor wafer 12 positioned at the
inspection position. Brightfield illumination reflected by the semiconductor wafer 12]gasses through the 5

objective lenSaPY stds SY5teRs Helihely sARRtSREd frotHjdtaresing #ihaASE omdtiet aberration
in infinity Thersigre nsiahtfield ddepiRataRPRESING Hreyak: theakigelivadensoddis trYimeted by the

objective lens 40. The degree of magnification of the brightfield illumination by the magnifying lens is

dependent dA RPN grIftREGBI codrBrina et fErowred datirghetiat RmR Haling through
the objectivesigrs?P0s Biregtesblowas dx-shenfiist bepirsabtRE4D M@ Htepetddd thepeightigld

illumination strikes the first beam splitter 48 and a portion of thereof is transmitted through the first beam

splitter 48. EXE&HEt thlBIggh IR T ARS AL SRR SARRISLER RS Hrstbtin SSRRTE WSS the step
114 15depengston theidé Biatie sictoabretcbaamapliitenihae Bsighifickduniiation temeruited

10
The CPU is programmable for processing information, more specifically the images,
transmitted thereto to thereby detect defects present on the semiconductor wafer 12.
Preferably, the detection of defects on the semiconductor wafer 12 is performed
automatically by the system 10, and more specifically by the CPU. Further preferably, the
15  inspection of semiconductor wafers 12 by the system 10 is automatic, and controlled by
the CPU. Alternatively, the inspection of semiconductor wafers 12 for the detection of

defects is facilitated by at least one manual input.

The CPU is programmable for storing information transmitted thereto in a database. In
20  addition, the CPU is programmable for classifying detected defects. In addition, the CPU
is preferably programmed for storing processed information, more specifically the
processed images and defects detected, in the database. Further details regarding capture
of images, processing of captured images, and detection of defects on the semiconductor
wafers 12 are provided below.
25
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 darkfield illuminator
28 and the high angle darkfield illuminator 30 (hereinafter referred to as darkfield low
30 angle or DLA illumination and darkfield high angle or DHA illumination respectively)
each follows a different ray path or optical path.



through the first beam splitter 48 travels towards a second beam splitter 50. The second beam splitter 50
of the system 10 is preferably a cubic beam splitter 50 having a predetermined R/T ratio. Preferably the
R/T ratio is 50/50. The R/T ratio may be 20 varied as’required. The cubic beam splitter 50 is preferred
because the cubic bean splitter 50 splits illumination received thereby into two optical paths. It will
therefore be appreciated by a person skilled in the art that the configuration and shape of the cubic beam
splitter 50 will provide better performance and alignment for this purpose. Extent of illumination reflected
or transmitted B HBULEHAR BEPR SRt SO DY By 15 RFerii N M BBHORSbeam
splitter 50. IR steIEG; the brightfield illumination strikes the second beam splitter 50. The brightfield
illumination striking the beam splitter is either transmitted therethrough or reflected thereby. Brightfield
illumination transmitted through the second beam splitter 50 travels towards 30the first image capture

device 32. Thebsigptiigidoitiuminaiionpaasertougn ol fitaidipailgnsrdtit & sigpidShiefpse entering
the first ima%e_ca ture device 32 in a step 120. 27 The first tube lens 36 helps to focus the collimated

brightfield ill B JHE RFstimadR Eaprifespiamedianedsirtisniabd Eiitu il yinaton isrightfield
illumination fpersedipriaithel firshimda Kapiues] PlbaeoeRabiemRaRIN d10hakfighifefddreagsyby the first

image capture device 32. 5 The brightfield image caE)tu_red by the first image capture plane is preferably

converted intBSinisyecBtirflidibenelifssigetbig hehtisld bumynatian sardadidienytoReubel o the cPu.

The transmisgighiedtonage signalsda el GRLhinaion Ry gatadsansiashTsansiesrserbrightfield
images are then at least one of processed b\ééi%(\j tored in the, 10 CPU. Brightfield illumination reflected
by the S8contPBESRT ShiREr SO RFSOTIRTE W ield 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
a first beam splitter 48.
15

The first beam splitter 48 reflects at least a portion of the brightfield illumination striking
thereonto in a step 106. Preferably, the first beam splitter 48 has a reflection/transmission
(R/T) ratio of 30:70. It will however be understood by a person skilled in the art that the
R/T ratio of the first beam splitter 48 can be adjusted as required for controlling the

20  intensity or amount of brightfield illumination reflected or transmitted thereby.

The brightfield illumination reflected by the first beam splitter 48 is directed towards the
inspection position. More specifically, the brightfield illumination reflected by the first
beam splitter 48 is directed towards the objective lens 40 positioned directly above the
25 inspection position. In a step 108, the brightfield illuminator 26 is focused by the
objective lens 40, at the inspection position or the semiconductor wafer 12 positioned at

the inspection position.

Brightfield illumination supplied by the brightfield illuminator 26, and focused at the
30  inspection position, illuminates the semiconductor wafer 12, more specifically the portion

of the semiconductor wafer 12, positioned at the inspection position. In a step 110, the



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 ggvice 34 in a step 15 124. The second tube lens 38
helps to focus the collimated brightfield illumination énto the second image capture plane. Brightfield
illumination focused onto the second image capture plane enables capture of a brightfield image by the

second imaggicamtee fdaviaaahn2l Thadkrghtielhimaagcartities Ruthe Be¢RRdinagacapture plane is
preferably converted into image signals. The image signals are subsequently transmitted or downloaded

to the CPU. PHBGYARRASEISA of image signals to the programmable controller is also known as data
transfer. Transferred brightfield images are then at least one of processed by and stored in the CPU. 25 A

flowchart of an_exemplary second ray path 200 followed by the darkfield high angle (DHA) illumination is
shown in FIGTEhtficq 4l %ﬂé@%ﬁﬁ%@@%&%% tfaﬂacgeé?%w“iﬁfﬁ%ihftmﬁgsséﬁaﬂg BFthe high

angle 3@darlgipddtileminaton 30.AsdyeMiously previdesgdnibinisaconthoRlialteldpreiryahly helps to
direct the DHA illumination supplied from the high angle darkfield illuminator 28 30. Preferably, the DHA
illumination I€OHiFSERHy FBE ANt HB EY e ditsHERISHBRER IO HHBRG e h RaS gty 8ptidsl

componentsdljaeRRSEaNeR forceNanRla hethbjesideatensmdb R a0 Ribhiticuntiaten directed
at the inspection position is reflected by the semicaonductor wafer 12, or the portion thereof, positioned at

the inspectidipBEHBH KeHBrRBHRIAINUMNZRSA RS tr8SwardrREsss (iIGHIRHIREDe lens 40 in
a step 206. FaaRkiegivebirosvlcwduon has a corrected aberration in infinity, collimates the DHA
illumination passing therethrough in the step 206. 10 DHA illumination passing through the objective lens
40 is dirécted towards the first beam splitter 48. In a step 208, the DHA illumination strikes the first beam

splitter 48 arBligtaeion Meiesliss pansmitadibrough e fivstibean splitiecds (dherexipotoét
SO O o Ttrer 48 T s e H R R s ton S0ien The et Keam splitter
48 and a portion of thereof is transmitted through the first beam splitter 48. Extent of the

brightfield illumination transmitted through the first beam splitter 48 in the step 114

15  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.

The second beam splitter 50 of the system 10 is preferably a cubic beam splitter 50
having a predetermined R/T ratio. Preferably the R/T ratio is 50/50. The R/T ratio may be

20  varied as required. The cubic beam splitter 50 is preferred because the cubic bean splitter
50 splits illumination received thereby into two optical paths. It will therefore be
appreciated by a person skilled in the art that the configuration and shape of the cubic
beam splitter 50 will provide better performance and alignment for this purpose. Extent
of illumination reflected or transmitted by the second beam splitter 50 is dependent on the

25  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.

Brightfield illumination transmitted through the second beam splitter 50 travels towards
30 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.



15the R/T ratio of the first beam splitter 48. DHA illumination transmitted through the first beam splitter 48
is directed towards the second beam splitter 50. In %tep 210, the DHA illumination strikes the second
beam splitter 50. Transmission or reflection of the DHA illumination striking the second beam 20splitter 50
is dependent on the R/T ratio of the second beam splitter 50. DHA illumination transmitted through the

second bearmmgplittareienasses tpyab theulirsltebrilens SerBIARIRP RlAiRelRie QntetRatRe first image
capture device 32 in a step 214. The first tube lens 36 helps to focus the collimated DHA illumination onto

the first 25 iffiage captire ianeldheidtirinraa garbastdraisedrPahBigld ilimination fBEHEEl onto the
firstimage capiyraelang enablespantisflacdapidiclthpnrgemaore speelicativa darkiieldiigh angle
(DHA) image by the first image capture device 32. Alternatively, DHA illumination is reflected by the
second bearl'é8ftfaPEBE RE¥ISERt 30DHA illumination, from the second beam splitter 50, passes through
the secand tube lens 38 in a step 216 before entering the second image capture device 34 in a step 218.
The 29 second tube lens 38 helps to focus the collimated DHA illumination onto the second image

capture plan&'tst PGS iREGRARAISEIEH ERACRI 34 3RO SRR A FECRISEEr Hlto (Y 8EEDNd image
capture placg@nakies saptisefafaskfialthinage sivesg rResfiealyaudarkfighivhrage tlRHA) image
by the second ima%e capture device 34. . .
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

10 CPU.

Brightfield illumination reflected by the second beam splitter 50 travels towards the
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
15  124. The second tube lens 38 helps to focus the collimated brightfield illumination onto
the second image capture plane. Brightfield illumination focused onto the second image
capture plane enables capture of a brightfield image by the second image capture device

34.

20  The brightfield image captured by the second image capture plane is preferably converted
into image signals. The image signals are subsequently transmitted or downloaded to the
CPU. The transmission of image signals to the programmable controller is also known as
data transfer. Transferred brightfield images are then at least one of processed by and
stored in the CPU.

25
A flowchart of an exemplary second ray path 200 followed by the darkfield high angle
(DHA) illumination is shown in FIG. 11.

In a step 202 of the second ray path 200, DHA illumination is supplied by the high angle
30  darkfield illuminator 30. As previously mentioned, the second optical fiber preferably
helps to direct the DHA illumination supplied from the high angle darkfield illuminator



S A flowchart of an exemplary third ray path 250 followed by the darkfield low angle (DLA) illumination is
shown in FIG. 12 In a step 252 of the third ray path §80 DLA illumination is supplied by the low angle 10
darkfield illuminator 28. The third optical fiber preferably helps to direct the DLA illumination supplied by
the low angle darkfield illuminator 28. Preferably, the DLA illumination is directly focused at the inspection

position withouit prageEHl9 Pags HUANARltRIFPRPERERIS doackaSerias. fRiRYaIsHIBRbIective lens
40. 15In a step 254, DLA illumination directed at the inspection position is reflected by the semiconductor

wafer 12, or tHERdrtio MR P EEs BN RRHEHN PRI St CREAEER S BLR MM Hitfon from the
wafer passeggfanghdhesbjective lens 40 in a step 256. The objective lens 40, which has a corrected
aberration in infinity, collimates the DLA illumination passing therethrough in the step 256. 20 DLA
illumination passing through the objective lens 40 is directed towards the first beam splitter 48. In a step

258, thesDLAIWibpation shikesi thenfiistibedmccriitar 4R anghachortipostiererf isfransmitiaddhrough the
first beam splitter 48, The extent of transmission of the DLA illumination through the first beam splitter 48

is dependentSHISBIRCIFTAIRS dfther i BesinsshersrheP IR AT o i iRGTER B tHASugh the first

beam splitter4fidsteliresieditpwarnds shgsacandgan sRitierd0ginia IR 2RE, 1the MLA Hlurgination
strikes the second beam splitter 50. Transmission or reflection of the DLA illuminatign striking the second

beam 30split&P-5bhE ARISERYR Mt he Risr das BrpriesisbarBaLRR dpIttengD: $6!BPASHRSnation

transmitted thigudiihenseicanshReanhspities bt pagsestproogh 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 foeUseEL@ITRAHIA passing through the objective lens 40 is directed towards the first beam

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
transmission of the DHA illumination through the first beam splitter 48 is dependent on

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

DHA illumination transmitted through the first beam splitter 48 is directed towards the
second beam splitter 50. In a step 210, the DHA illumination strikes the second beam
splitter 50. Transmission or reflection of the DHA illumination striking the second beam

20  splitter 50 is dependent on the R/T ratio of the second beam splitter 50.

DHA illumination transmitted through the second beam splitter 50 passes through the
first tube lens 36 in a step 212 before entering the first image capture device 32 in a step
214. The first tube lens 36 helps to focus the collimated DHA illumination onto the first
25  image capture 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.

Alternatively, DHA illumination is reflected by the second beam splitter 50. Reflected
30  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



5first image capture plane enables capture of a darkfield image, more specifically a darkfield high angle
(DLA) image by the first image capture device 32. Alternatively, DLA illumination is reflected by the
second beam splitter 50. Reflected DLA illumination4fom the second beam splitter 50, passes through the
second tube lens 10 38 in a step 266 before entering the second image capture device 34 in a step 268.

The second {plshleAsh38 aRIBS adpsUS the colliBalsifiAdIommaliam R I8 HeCeRMIPaAe capture
plane of the second image capture device 34, DLA illumination focused onto the second image capture

place enabldBREHEARGF PHAKRE I FsSERN hiBrees seeiiEaIfF Y e gH UREIRIEILRF IS e by the
second imaggcARHeraslRYigeidthed SHpMilld e RPPresidies Ripupersenskiigdindhpaplranyibe
description provided above that the DHA illumination and DLA illumination preferably follows a similar ray
path after belREFHERRIYBTM I S Bighcurle St (WatBIAES D SiFevarnthENasE SRR (528 of the DHA
illuminagon and the third ray path 250 of the DLA illumination can be 20 individually altered as required
using technixes known in the art In addition, the angles at which the DHA illumination and the DLA

iilumination Strie e hiRoAtiGEESPRIAIRe tABdoBRi AR 2P tHRYIMERL Bo s satibhiclialo Weaag]fisted as

required for gnbanGineassicacy sodafestrdetection. For example, the angles at which the DHA
illumination and the DLA illumination strike at semiconductor wafer 12 positioned at the inspection 25

position may be adjusted depending on type of semiconductor wafer 12 positioned at the inspection

position or typeafiwpaten dafeed thatiaaseaef 1o, Spsian Lohwishes 1o Upiertd DyediHownaagrs and the
DLA images capture hy each of the first image capture device 32 and %]?T second image capture device
W‘)(f, t

34 is pt&feratffdsifed gﬁlwmn%?ge@aﬁaif%@mﬁ% ApersaEdetntr PAnoiitEs oM olthdaded to the

CPU. The tramgimisaion afippliémagethignals iadldP bhigfdsd Knaminaas deda pransi®ly | aasarred DHA
images and I?LA images c(fi\n then be at least one of processed by and stored in the CPU as Lequired.
illumination 1s directly focused at the inspection position ‘without a need to pass throug

optical components or accessories, for example the objective lens 40.

15 In a step 254, DLA illumination directed at the inspection position is reflected by the
semiconductor wafer 12, or the portion thereof, positioned 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 therethrough in the step 256.

20
DLA illumination passing through the objective lens 40 is directed towards the first beam
splitter 48. In a step 258, the DLA illumination strikes the first beam splitter 48 and a
portion thereof is transmitted through the first beam splitter 48. The extent of
transmission of the DLA illumination through the first beam splitter 48 is dependent on

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

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

30  splitter 50 is dependent on the R/T ratio of the second beam splitter 50.



As previously mentioned, the first image capture device 32 and the second image capture 5 device 34
have predetermined spatial positions relative each other. The use of the objective lens 40 together with
the first tube lens 36 and the second tube lens 38 fatllitates 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 thersriAhat Riner SR tiGak #RRMAARRAISHhSGEESKP HES G RGO IS 0Y AigouBRYHRE HEEd for
directing 10 the brightfield illumination, DHA illumination and DLA illumination, and for facilitating the

spatial positiohiF T SefirsimRLf? bsRifErevRe the B Inasscmifisyiccapiia 8enicéss.

Preferably, thaspaiialpositions atthetfreidmane cARkMe device B2 aRAibe speriMd iagmsapture device
34 are fixed with reference to the inspection position. The fixed spatial positions of the first image capture

device 32 arfdRHESBEBKOhAGdIE RS 15 RfuiAcEesF prite UhHameten facssed 988 e accuracy

and the efficipReynhyateploapetinn byaHiessyspeire10f Roaaxarialanthe:fixgeksppyéal masitions of the first
image capture device 32 and the second image capture device 34 with respect to the inspection position

preferably retitikEg € dighaAnsia s0LLY) Amasshdhn di riuaBReRBLS SS YiSicaty associated with the use of

mobile image capture devices or cameras. 20 The optical inspection head 14 of the system 10 preferably
further comprises a third illuminator (hereinafter referred to as a thin line illuminator 52). The thin line

illuminator cANSiRR S Ve R réy H U2t nEfiRhish Ao sfad Asathip iHerindmil6r 82 emits or

supplies thinping llumination. ffdia thinstioendl winaiplihe: ismigiaabiyradasehc 3oceadragb ideaspplying thin
line laser illumination. Alternatively, the thin line illuminator 52 is a broadband. illuminator suﬁﬁplying a

broadbHhd thih fin® SRAmAGRSAC P HE & HBSIRSAARAABIES FrRRIINY tiFectelt 4t 158 m¥bebtion position,
more specifigadbnat fiite: SeminduIonyvabensl Zhposilioned ANAINEpeGHNROSHIONhat RdYadletermined
angle, which can be varied as rectuired. A md;ror setup 54 or mjrror. is refer@bly_couple 0, Or

t
30positioned AP FrEIBES ARG P b5 YRtatALS CHRERIIHESIRfn AR %W&?&c‘??ﬁ&sﬁf’e thin line
illumination ahtbetispectian pesEOtapidrd helapticakilspestnirbest 4 Adefithelsysirire 1 Grdieferably

comera 56) PPEILFAN LSt O G 5D UG0S 118 S AT FEHEiad by the s
semico1rfdu_ctor wafer 12. Preferably, the thin line illumination enteri_ng the 3D profile camera 56 is focused
The 3D opiorGLL T ABRYERD B R THE TN R g e SRR B EPA SEAE Sown i .
13. that the DHA illumination and DLA illumination preferably follows a similar ray path
after being reflected by the semiconductor wafer 12. However, the second ray path 200 of
the DHA illumination and the third ray path 250 of the DLA illumination can be
20  individually altered as required using techniques known in the art. In addition, the angles
at which the DHA illumination and the DLA illumination strike at semiconductor wafer
12 positioned at the inspection position may be adjusted as required for enhancing
accuracy of defect detection. For example, the angles at which the DHA illumination and
the DLA illumination strike at semiconductor wafer 12 positioned at the inspection
25  position may be adjusted depending on type of semiconductor 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 signal,

30  which are subsequently transmitted or downloaded to the CPU. The transmission of



10The optical inspection head 14 further comprises an objective lens for the 3D profile camera 56
(hereinafter referred to as a 3D profile objective lens_58). The thin line illumination reflected by the
semiconductor wafer 12 passes through the 3D prof?lé objective lens 58 before entering the 3D profile
camera 56. Preferably, the 3D profile objective lens 58 has a corrected aberration in infinity Accordingly,

the thin line ik MUTIAANQD PRESIRG KY QU8 e IR Praflerqbipaive-lens DB S cpliniaird theseby. The
optical inspection head 14 further comprises a tube lens 60 for use with the 3D profile objective lens 58

and the 3D pRAFESCMEIENS AherttBRISh B9 ERebRysastEishtd 8t the CBHimstedt ki line illumination
onto the 3D image capture plane. The use of the tube lens 60 with the 3D profile objective lens 58 and the
3D profile camera 56 facilitates 20 flexible positioning and reconfiguration of the 3D profile camera 56. In

addition, the/USBIBY RS Y B IR Eh RHTTHE B MBS IR R ARG RS AP AR BPRBF AR ESmera 56

enablesseasgeRidotrodusing peditienalRticaheaMPRICHNS QElaacessaicsieivaae the 36F prefile
objective lens 58 and the tube lens 60. 25The thin line illuminator 52 and the 3D profile camera 56

preferably oSBISEE olptsratil dRerdranctithifly JB5rothe deahrindatdhrsireoion Pt lreemitonductor

wafer 12. Prefenabtys the thpatlinepduminaterciZiandithe soprefiigcaraera S8 armaotheleddsnthe CPU,
which helps to coordinate or synchranize the operation of the thin line illuminator 52 and the 3D profile

camera 56. FURHeF S-SR SAadtomhElhes 88 emeded NidPsReindtetion Gede D4hiconductor

wafer 12 is peHaroridyctigp Saystencdésdhis, stomaias] Shipwilesaps ing anet iggpestion of the
semiconductor wafer 12 is_@ref,era,bly controlled by the CPU. In addition, the optical inspection head 14

compris®s atRSRERTHSYE tuminrsiefe ld s 2 lemiatinn aod Tl S L apRHe Bethc e HiRE B mple a
color camerahd g fRVigwitioage: eARHe 6 de a6 2piaferabliceapturaisteelcinagescAkepnatively, the

oreferably CASNES TV B Lge s SoTEGHER o A1eT 2316F SPIRAGt SRt Sorty,
classifying apgsavianing cafect dridctesionrdxee michrdfeetacavafend tspection position. The
fixed spatial positions of the first image capture device 32 and the second image capture
15  device 34 preferably enhances at least one of the accuracy and the efficiency of wafer
inspection by the system 10. For example, the fixed spatial positions of the first image
capture device 32 and the second image capture device 34 with respect to the inspection
position preferably reduces calibration losses and adjustment feedback losses typically
associated with the use of mobile image capture devices or cameras.
20
The optical inspection head 14 of the system 10 preferably further comprises a third
illuminator (hereinafter referred to as a thin line illuminator 52). The thin line illuminator
can also be referred to as a thin line illumination emitter. The thin line illuminator 52
emits or supplies thin line illumination. The thin line illuminator 52 is preferably a laser
25  source for supplying thin line laser illumination. Alternatively, the thin line illuminator
52 is a broadband illuminator supplying a broadband thin line illumination. The thin line
illumination is preferably directed at the inspection position, more specifically at the
semiconductor wafer 12 positioned at the inspection position, at a predetermined angle,
which can be varied as required. A mirror setup 54 or mirror is preferably coupled to, or
30 positioned at a predetermined position relative to, the thin line illuminator 52 for

directing the thin line illumination at the inspection position.



10 The optical inspection head 14 further comprises a review brightfield illuminator 62 and a review
darkfield illuminator 64 for supplying brightfield illumination and darkfield illumination respectively. The
review image capture device 60 receives the brightfiefd illumination and the darkfield illumination supplied
by the review brightfield illuminator 15 62 and the review darkfield illuminator 64 respectively, and
reflected by the semiconductor wafer 12, for capturing review images of the semiconductor wafer 12.
Alternatively, the review image capture device 60 captures illumination supplied by alternative

iiluminators, FOF SRlRMIdNSRECHMACAt st b valerar i pristriabisy rOmRTisGed dhiidel88ficonductor

wafer 12. Theypaviedmadencaitdrefeyise LOprafaahiraraatisigahohygseuiominagss pf the
semiconductor wafer 12. A diagram of showing the review brightfield illuminator 62, the review darkfield

illuminator 6B $FEARVREImRR A GREGRVRE 8BRS Srifiadion Jhtmivatiierelestddy, tB%rovided in

FIG. 145A floywshaHdobanr exgeipiaryPieesthvigy fathnddQirs follamastivy thedrightieldmiyrination
supplied by the review brightfield illuminator 62 is shown in FIG. 15, In a step 302 of the fourth ray path

300, brightfiERIMAtAMAdEJAGSSH SBiR @ BYHBAK RARIBHgHARA ML AR 8 2heiRbFRjtitieIdRiumination

supplied by taggeyieviheighifirishdQitominater B2 isrdireptep @it fikalyellpepveseiacent 1inea step 304,
the brightfield illumination is reflected by the first reflective surface 66 and directed towards a beam 34
lluminator 52 and the 3D profile camera 56 is shown in FIG. 13.

10 The optical inspection head 14 further comprises an objective lens for the 3D profile
camera 56 (hereinafter referred to as a 3D profile objective lens 58). The thin line
illumination reflected by the semiconductor wafer 12 passes through the 3D profile
objective lens 58 before entering the 3D profile camera 56. Preferably, the 3D profile
objective lens 58 has a corrected aberration in infinity. Accordingly, the thin line

15  illumination passing through the 3D profile objective lens 58 is collimated thereby. The
optical inspection head 14 further comprises a tube lens 60 for use with the 3D profile
objective lens 58 and the 3D profile camera 56. The tube lens 60 enables focusing of the
collimated thin line illumination onto the 3D image capture plane. The use of the tube
lens 60 with the 3D profile objective lens 58 and the 3D profile camera 56 facilitates

20  flexible positioning and reconfiguration of the 3D profile camera 56. In addition, 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.

25 The thin line illuminator 52 and the 3D profile camera 56 preferably operate
cooperatively for facilitating 3D profile scanning and inspection of the semiconductor
wafer 12. Preferably, the thin line illuminator 52 and the 3D profile camera 56 are
coupled to the CPU, which helps to coordinate or synchronize the operation of the thin
line illuminator 52 and the 3D profile camera 56. Further preferably, an automated 3D

30 profile scanning and inspection of the semiconductor wafer 12 is performed by the



splitter 68. In a subsequent step 306, the brightfield illumination striking the beam splitter 68 is reflected
thereby and directed towards the inspection position, Extent of brightfield illumination reflected by the
beam splitter 68 depends on R/T ratio thereof 5In a é?ep 308, the brightfield illumination is reflected by the
semiconductor wafer 12, or portion thereof, positioned at the inspection position. The reflected brightfield

illumination gaseas HrowaR akrviRe@ectveaNScARdMmA alRPiAdsbditafasplhs femiedauerkiective lens
70 has a corrected aberration in infinity Accordin%ljé he brightfield illumination passing through the review

( t
objective len¥#erihAAersederabiy sonedabyiy Hhe review objective lens 70. In a step 312, the
brightfield illumination strikes the beam splitter 68 and a portion thereof is transmitted therethrough.

Extent of the brighj[fjeld illumination passing through the beam splitter 68 is depending on the R/T ratio of
the beam spltaf 68 b ABHERE IRSRECHRMRALd T FRIAPHSSS At BN S e RO TEINE 185072 in a step

314 befgre enteriagithe gy IMNALE EAREre2dRViee Sthifiptesiedd BEGahhtgaevitwduleenagt2 focuses
the collimated brightfield illumination onto an image capture plane of the review image capture device 60.

Brightfield illGRRIHERIGH Y8cuSEdmbRiEHP bh SgR e 1 GRS I AMe g5 the EBWY fiadBcApHRY dBGER 60
facilitates cagipfig®ticeview boghtlieldriinagsesimaistanages 1Bad he rallimationgfthe hrightfield

illumination between the review objective lens 70 and the review tube lens 72 preferably facilitates ease

of introductidh Ot 3PRESPRBIFSS ORI RY At et L f e RSNt e W2 R abiitSn2tHEASb ARTafibn of the

brightfield ill¢brifiation 28 Letyagnatliereedamngldiefetivaedeord Grand thenfeyianctobedesns 22 preferably
enables flexible positioning and reconfiguration as required of the review image capture device 60. 35 In a

step 389 of the fifth ray path 350, darkfield illumination is supplied by the review darkfield illuminator 64.
The darkfield Hiuspnadionspepptiahéndatng revieyw danltield dluenioatorghtsepiefRrayteiregthnfocused at

the Inspection posIioT, I SPATSIS Uumetion SURRLSS R 5Lt et uminator o4
illumination respectively. The review image capture device 60 receives the brightfield
illumination and the darkfield illumination supplied by the review brightfield illuminator
15 62 and the review darkfield illuminator 64 respectively, and reflected by the
semiconductor wafer 12, for capturing review images of the semiconductor wafer 12.
Alternatively, the review image capture device 60 captures illumination supplied by
alternative illuminators, for example one of that described above, for capturing review

images of the semiconductor wafer 12. The review image capture device 60 preferably

20  captures high-resolution images of the semiconductor wafer 12.

A diagram of showing the review brightfield illuminator 62, the review darkfield
illuminator 64, the review image capture device 60 and illumination patterns
therebetween, is provided in FIG. 14. A flowchart of an exemplary fourth ray path 300

25  followed by the brightfield illumination supplied by the review brightfield illuminator 62
is shown in FIG. 15.

In a step 302 of the fourth ray path 300, brightfield illumination is supplied by the review
brightfield illuminator 62. The brightfield illumination supplied by the review brightfield
30  illuminator 62 is directed at a first reflective surface 66. In a step 304, the brightfield

illumination is reflected by the first reflective surface 66 and directed towards a beam



5 directed at the inspection position at a predetermined angle to a horizontal plane of the semiconductor
wafer 12. This predetermined angle is preferably a high angle, and can be adjusted as required using
techniques known to a person skilled in the art. In a3 ep 354, the darkfield illumination is reflected by the
semiconductor wafer 12, or 10 portion thereof, positioned at the inspection position. The reflected

darkfield illugynatiopgthan Rass&s thiughiihe fﬁé/iﬁ*{‘gﬁ’tlfi@l‘éltiﬂﬁdﬁﬁlﬁthQliﬂﬂ%%ﬁ&%aﬁh%ﬁﬁ@fﬁem
illumination passinggthrou%(g%he review ob{ective lens 70.in the step 356 is collimated by the review

objective len®76 r{8e5tedstassebyend digatisddestreds the insnerticmBesi dank EL et sELHERHIRIEr and a
portion thergghisiansmisiasihestinoveimEytant ¢ktaepdakfialRilurainaierepassing 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 review image capture device 60 in a

step 363. They fputth Bose tRNsrightacusaniimadd callivmied daikiirliddiuoinaiiaoranigean amsage capture
plane of the review image capture device 60. Darkfield illumination focused on the image capture plane of

the review irRa§¥RaRGFedeROSIEONELIRAtdE Al iR B e REN PR kAl infeilssteth Parbtstd The

collimation ofl pashefdheightield ilumination apeearkfield ifominatigapsiweendheimyianeobjective
lens 70 and the, review tube lens 72 enhances ease of design. 25 and configuration of the system 10.

More specifit@ily “hebigifitatishsor dalionePBiGitielsiiaitRatid n Al Marki e ditaNnatin between

the review objgeiive i@ nBuf@i@nibihpaserigihtiengHans f RANBBRLS RaEOTPOsItiaRINEGOB configuration of
the review image capture device 60 with the other components of the system 10, thereby facilitating

capture dwhif® HRUShoRadersT WabAretY d5AsBtion, of the review brightfield images 30and review

darkfield images. 36 Captured review brightfield images and captured review darkfield images are

preferably converted intg image signals and transmitted from the review jmage capture device 60 to the
programmabfé ao%%?elﬁwﬂae%ﬂ%}%jﬂ HEFEREEECA TR H6rBERBt SRULE T e dataBSRETS The
review imageneaitietenieate trrctiavadh fikedspatidknosition:re ativaitae inspestignipesiion. The

fixed spatial position of the reyiew image captu ev\%? ice.60 preferably reduces calibration losses and
custimant (LS PR BULES R AL (UL S BF PR ot TS o
cameras, (Nptemlheipratenipgsséatdnaph k0ris iovhigbigbtiadyantage pifixcst pasitarthgatiew image
capture device,.made possible by use of jube lens) thereby enhancing quality of yeview brightfield images
i review AT SRHSIEHCT 0 S ieRo Lt b LR Lo St T TAISFS S which e
collectively kindiithagsdabrightfield illumination onto an image capture plane of the review image

capture device 60. Brightfield illumination focused on the image capture plane of the

review image capture device 60 facilitates capture of review brightfield images in a step

20 318.

The collimation of the brightfield illumination between the review objective lens 70 and
the review tube lens 72 preferably facilitates ease of introduction of optical components
and accessories therebetween. In addition, the collimation of the brightfield illumination
25  Dbetween the review objective lens 70 and the review tube lens 72 preferably enables
flexible positioning and reconfiguration as required of the review image capture device

60.

A flowchart of an exemplary fifth ray path 350 followed by the darkfield illumination
30  supplied by the review darkfield illuminator 64 is shown in FIG. 16.



15 stabilizer mechanism. The system 10 is preferably mounted on the vibration isolators 24 or stabilizer
mechanism when the system is in normal operation. Preferably the system 10 comprises four vibration
isolators 24, each positioned at a different corner of e system 10. The vibration isolators 24 help to
support and stabilize the system 10. Each vibration isolator 24 is preferably a compressible structure or

canister, whighahsgros,oseund 2R iasatemssothere ReINe&saiBrTekiop REVBNIINg kapsmission of

ground vibrations to the system 10. Bhy]épreventin unwanted vibrations or physical movements to the

system 10, tA&isididtrasater 024 Tt darhiridntbgingipbrinatied Exptirets vy e ataridialde first image
capture devige,3dndfts $ACRNSHIRAGICARIIE IRYIER B4: the 3l3petelle painea 2R andldbs, reew camera

60, and to thereby improve quality of inspection of the 25semiconductor wafer 12. An exemplary method

400 for inspeefikgcife LBmiraHeR HIPRISTE LY 2 the previche clateds ting teritr i g dith dre 53R present
inventio. A geihed flowciagiama Hogiessmplapy-nethiahd@0isshownhsztatal Hlateongibod 400 for

inspecting the 30semiconductor wafer 12 enables at least one of detection, classification and review of

defects on tHEREHESRRGtF R dferTYs Psgdeicsainsthingls inhatrbkboadishameltrd éatddnductor

wafers 12 utiligasiseley enfaritnaghs (Rlsmiuewknas geldepaishersacra)itommenie captured images of the
semiconductor wafers 12 are compared for at least one of detecting, classifying and review of defects on

the semiconductor wafers 12. For purposes of clarity, description of an exemplary 5 reference image

creation proggss 9 3sprendaesiiriaraihaisassipiesret the wxene Hanidoeiied4akhe exemplary
reference image creation process 900 is shown in FIG. 18. Exemplary Reference |mage Creation Process
900 In bostep%@?‘bf}lﬁr@?é)@?éﬁ%l AR BRI PRSI0 g %d?ﬁ?&cgﬁ{bﬁgmd%%“ﬁf@cﬁ‘etermined

number of refRliepessedienspnibe-spMicoRdustornaler ih2 isdpaded Thbadadipri iFlpmeierably created or
derived by a computer software program. Alternatively, the recipe is manually created. The recipe can be
stored in thePdStLISa050Eh e:memt@mﬁv&}%ﬁe?%aﬂs‘%eiétgleo%éé i ol RN S o memory

space. objective lens 70.

15 Ina 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
review image capture device 60 in a step 362. The fourth tube lens 72 focuses the

20  collimated darkfield illumination onto an image capture plane of the review image
capture device 60. Darkfield illumination focused on the image capture plane of the
review image capture device 60 facilitates capture of review darkfield images in a step
364. The collimation of each of the brightfield illumination and darkfield illumination
between the review objective lens 70 and the review tube lens 72 enhances ease of design

25 and configuration of the system 10. More specifically, the collimation of each of the
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 capture device 60 with the other components of the system 10, thereby facilitating
capture, while the semiconductor wafer 12 is in motion, of the review brightfield images

30  and review darkfield images.



15Each of the predetermined reference regions represents locations on the semiconductor wafer 12,
which is of an unknown quality. The use of multiple reference regions helps to compensate for possibility
of surface variations at different locations on the semftonductor wafer 12, or between multiple wafers.
Such surface variations include, but are not limited to, differential planarity and illumination reflectivity. It

will be understpadPrbyidperagnfriiaddpthenartipaltaerprrietenmingd mipleseffririgpse regions
may represent an entire surface area_ of the semiconductor wafer 12. Alternatively, the predetermined

number of rétRREFEEEYRHBAAY SapteaRhiTANIRAic hrEBEITTREENJERRS B In A WAf8rs. 25In a
step 904, a first peberentRatRgiotnisIRIE GGk MR P UhREsU SRl SRR Db dasRirdetrraangdinumper ("'n”) of
images are captured of the first capture position of the selected reference region. More specifically, the n
images are bR&st at each predetermined locations of the selected reference region. Number and
locationsf the predetermined locations of the selected reference region can be varied as required and
30facilitated by at least one of software program and manual input. 38 The n images can be captured

using at least BhdDitHe HPELimeRLiEs AGYEBeRc&28n hives edbirg innaga! cBprtieng &t s4thng the

review imagensgiition §RViaeH2ras reirepatiitasodtivalothigenréviegemaie: capitiieddusiog aodifferent
image capture device. llluminations used for capture of the n imaﬁes can be varied as required, and are

for 5 examplEcoTaY LotHBRSa0RBH N Rifghad Pt dRedhecbloas AR EtbessRe #iedD LA

illumination. w@hoise aRe HTteRSiie mafdheaptimiaatinrs sseshiansapidte ahthprackonrgestande selected,
i ture of multiple images at each position preferably ena%gs reference images

and varied, as required, Ca r :

to be 18 crelat@dhe&@@hﬁﬂé%ae@&ﬁrﬂfiﬁé%msﬂg f TRES, }H?ﬁ%‘fit‘}ﬁ?tb‘bffiéaﬁ]’éc&dﬁ P faging
means usedguiiigoFaniy ¢l thecrebgrenkentlinggsalithis Mmethad biisalaacmimagmareation minimizes
unwanted inggﬁg.cii or effects on defect detection, and classification, due to variations between the
illumination HOhENASSARRBICS number of images of the selected reference region may be captured

for each specified 15 illumination condition. Preferably, capture of multiple images at each specified
illumination ¢gondition facilitates a normalizing or.compensation of illumination variation from flash to flash
ot from strob Lo LBk B AGE afe PRCRGIA PSPt TR HGER BRACEH 0 PR fehnatvely. the
n 20 imagesaklisiaret inanext@haldaiab s es girataatyymspanedsn gatirtdatioisténdo84the n

images captured jn.the step 906 are aligned and preprocessed. Preferaply, suppixels of the n images
captured (1o BB EBEE L SE RE TR B GDBBERS bt BTN aS S BH ably

performed usigpkizewfoiefeitaates iscluding A whoppititietddd atradeScumas et pddbdoyes on the one
or more Waf?bu ’?i?egv?‘tr)}r%t%nni]glgtgisbiqahrgfpgtroegupport and stabilize the system 10. Each vibration
isolator 24 is preferably a compressible structure or canister, which absorbs ground
20  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 camera 60, and to thereby improve quality of inspection of the

25 semiconductor wafer 12.

An exemplary method 400 for inspecting the semiconductor wafer 12 is provided
according to an embodiment of the present invention. A method flow diagram of the
exemplary method 400 is shown in FIG. 17. The method 400 for inspecting the
30 semiconductor wafer 12 enables at least one of detection, classification and review of

defects on the semiconductor wafer 12.



25scale or geometrical pattern matching. In a step 910, reference intensities of each of the n images are
calculated. More specifically, reference intensity of each image captured at each of the predetermined
locations of the selected reference region is calculatedi, Preferably, the calculation of 30reference
intensities of each of the n images helps to normalize or compensate for color variation at different

locations or ragicRg QPRI SRANSENMICIRE Wﬁ%cﬂiﬁg(%iﬁi%dﬁ&ﬁé@& wiryafers)rivethesraiesably, the
calculation of reference intensities of each of the n images helps to account, or compensate, for other

surface varidfB8SHAG &R IGSSRIAeTiefarBrs 1oie tHR de Rl RE e tBttRR W IRpble wafers).

SThe step 93Q rasultsdr caleplaterrerf i 1elerenceiniensities easrahihma refesensediriensiies
correspondinl%ifto one of the n imags. In a step 912, a number of statistical information of intensities each

pixel of eacH¥t HFENFRADYLS AR Ul Ao RETROM DM of st eI SHRSIARa B P Th QBB is not

limited tg, anavRiRGCInT KNGt AIPRIIBEE IRYiatRBy I DDA R Aplilm b iBtensityIfey each pixel
of each of the n ima%?s. 10 More specifically, the average is a geometric mean of the reference intensity

for each pixéneiiaddP%r the FrrmRlaY e iRse S RIgHReEI ML AsShavar ByEIHiRh indicates the

central tendency or typical value of a set of numbers, or n numbers. The numbers of the set are multiplied

and then thegaiheoRUS- SRSk Winek PIOUEIIS RRyeliavned. A formula for obtaining geometric mean is

shown below: , , . .
In a step 902 of the reference image creation process 900, a recipe comprising a

10 predetermined number of reference regions on the semiconductor wafer 12 is loaded. The
recipe is preferably created or derived by a computer software program. Alternatively, the
recipe is manually created. The recipe can be stored in the database of the CPU.

Alternatively, the recipe is stored in an external database or memory space.

15  Each of the predetermined reference regions represents locations on the semiconductor
wafer 12, which is of an unknown quality. The use of multiple reference regions helps to
compensate for possibility of surface wvariations at different locations on the
semiconductor wafer 12, or between multiple wafers. Such surface variations include, but
are not limited to, differential planarity and illumination reflectivity. It will be understood

20 by a person skilled in the art that the predetermined number of reference regions may
represent an entire surface area of the semiconductor wafer 12. Alternatively, the
predetermined number of reference regions may represent multiple predetermined

locations on multiple wafers.

25 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 region. More specifically, the n images are captured at each
predetermined locations of the selected reference region. Number and location of the
predetermined locations of the selected reference region can be varied as required and

30 facilitated by at least one of software program and manual input.



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 20affected by extreme values in a
data set. In addition, range of absolute intensity (her%ély’nafter referred to as RI) for each pixel of the n
images is calculated. Preferably, the Ri for each pixel of the n images is the value between a maximum

and a minimyRe abiselet] itepsitafeicachinkel phtieivragdesirdbiMady eyipusiisnantionade the
standard deviation of the intensity of each pixel for each of the n imagrgs of the first reference region

captured in QDS HEY T Alevicaetf MutdhspEiirmINnIge stRAYSddAatn RIS edyHsthetric

standard dewadiemtwbigh 8esGrinasbaw sereagiarddaramses ofitRRer mbesepreferwd @yerage is the
geometric mean. A 30formula for obtaining the standard deviation is shown below: 40 where Rg, is the

geomtric meAN B rEaRS e rSapirA ST the i uags9ean (e YRRSd s TeaplsL Pafe¥sniBbrarily

saved, togethaimipth theilesasnpatinbinfRENabaNRUE R ReIREEVAN BB 1hE semicrndtstowfer 12 or
first
the DLA illumination. Colors and intensities of the illuminations used for capture of the n

images can be selected, and varied, as required.

Capture of multiple images at each position preferably enables reference images to be
10 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 variations between the illumination conditions. In addition, a
number of images of the selected reference region may be captured for each specified
15  illumination condition. Preferably, 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.

The n images are preferably stored in the database of the CPU. Alternatively, the n
20  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. Preferably, subpixels of
the n images captured in the step 906 are registered. Registration of the subpixels of the n
images is preferably performed using known references including, but not limited to,
traces, bumps or pads formed on the one or more wafer using one or more of binary, grey

25  scale or geometrical pattern matching.

In a step 910, reference intensities of each of the n images are calculated. More
specifically, reference intensity of each image captured at each of the predetermined
locations of the selected reference region is calculated. Preferably, the calculation of
30 reference intensities of each of the n images helps to normalize or compensate for color

variation at different locations or regions on the semiconductor wafer 12 (or the multiple



5 reference region. The statistical information calculated in the step 912 is preferably also temporarily
saved in the step 914. Preferably, the above data is saved in the database of the CPU. Alternatively, the
above data is saved in an alternative database or mé ory space as required. 10In a step 916, it is
determined if more images of the selected reference region are required. The step 916 is preferably

software conjralied ang-rafgrorehsHiomaticalidrigiesabiictogcstep Sbiisspefferared mith a reliance on
information gbtained by the steps 910 and 912. Alternatively, the step 916 is mantljis*glfaci[itated or

controlled usMBEThIRISLRERNA AT fenRrnspbeiriRt O Uetal s A OBt HTBirmdIABHOIhages of the
selected refejengeorRiaRIRISERUHSsHSaRPS P4 tRIABIAFErRRRAtG. The steps 904 to 916 can be
repeated any number of times as required. When it is determined in the step 916 that no more images of
the first reference region is required, a step 918 of determining if the steps 904 to 916 20 need to be

repeated forﬂle@té}ﬁeﬁqm@@ﬁlf@giﬁrbéﬁ@ﬁ]@tH@Qﬁeﬁ et fhierReesaohdassripiign of seconerefarence region)
of the predetermined number of reference regions. The stei 918 is preferably software controlled and

performed alREHEHERRPTHFSRIGHIOS, he e iR isiprdeta FRrmédLeMBbF bttt tained in at

least one of siRRMIAOn 91 2nandiA36 cidtepnativelvatiteostar Alidismane 2l fasiiiateseansakdrolled using
techniques 25 known in the art. 41 signal is %J{itnerated for repeating the steps 904 to 916. The steps 904

to 918 can b rIpESHEY AP IIFHBRBEHHfss Y P BN tfonas FIRE st 88425 8A%1d preferably
software confeotiacha s autamatecthdYhiamitis detesmyned dadhpistep Ol khatiHie, stepse904 to 918 do

not need to be repeated, i.e. that images of the next reference region of the predetermined number of
referer1]c93 regions are not required, golden reference images (hereinafter referred to as reference images)
are then caloutaedpecHiskeR 92Q. AR Galeuwatarwictheraferneerinages impeiRtally saftware
controlled, and is perfor feﬂivia a series of program instructions. The following steps are exemplary steps
performed fdi%g szﬁﬁg t%f&é%@ﬁhég@ﬁ’ﬁq\ﬁlm%é@e? bEPElePi80 P by e ol Ekilied in the
art that additipdiah&ie fise AeieediniguRa coRPIgpIaNtanyito dha ialtayfingbieps Biay benpesformed in the
calculation of th refer$nﬁe image. 15 . . ) )

numbers of the set are multiplied and then the nth root of the resulting product is

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

L 1/n

i=1

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

20  affected by extreme values in a data set.

In addition, range of absolute intensity (hereinafter referred to as Ri) for each pixel of the
n images is calculated. Preferably, the Ri for each pixel of the n images is the value
between a maximum and a minimum absolute intensity for each pixel of the n images.
25

As previously mentioned, the standard deviation of the intensity of each pixel for each of
the n images of the first reference region captured in the step 906 is also calculated. More
specifically, the standard deviation is a geometric standard deviation, which describes
how spread out are a set of numbers whose preferred average is the geometric mean. A

30  formula for obtaining the standard deviation is shown below:



In a step 922, pixels having reference intensities greater than a predefined limit is determined. In addition,
pixels having range of pixel intensities greater than wedefined range is determined in the step 922. The
predefined limit and range of the step 922 can be software selected and determined or manually
determined. In a step 924, pixels of 20 intensities with a standard deviation greater than a predefined
value are identified. The predefined val ﬁ‘-‘ mbe spffware selected and determined or
manually determined. In a step 928 revioudly Saved images, ag in the step 914, are reloaded for
repeat of any one of more of the steps 904 to 924 if a pixel with reference intensities outside
predetermined value or range is identified during the steps 922 to 924. 25 The steps 922 to 926 facilitate
identification of images comprising pixels of specific pixel intensities. More specifically, the steps 922 to
926 enable id@btigationhefdsrages arataiTingRixLiudERY Aefergnceantensities outside predefined limits
or ranges, for example identification of "undesirable" images, to be identified. More specifically, the
30steps 922 to 926 eliminate "undesirable" pixels from the reference image calculation n% 42 help to
prevent "und8sifaBieP piiéts tAfiBNEBASRSHERNAS e lFe ATRARE VaItRS ttﬁgeilgFére‘ﬁ'éE ifM&ge. The
“undesirablecdirageadiig disoantietbnT bigaciitRiesislininatienehilefadtivetatafer Hinages: thereby
preventing influence or presence of such defective data with generated reference images. In a step 928,
mages om ST Rl SRR LIRS G SRS 8 IRt ot et BB B Gonsolidated.
Preferably, thenigferelceinage beeakpr ploteskA00 1 ese ks dndestiat cavetithe tallaudngstQimage data:
(a) Normalized ge, of intensity of each pixel of each of the c nsolida;[iia/g%iE a es%{(bﬁ’Standard
deviation of IREekdiy of BEBRBISE IRE AU 61 8% b SO Bt I SRRt MRk AP SRR

intensities okpaghapigfuifedach of the consolidated images

10 In a step 916, it is determined if more images of the selected reference region are
required. The step 916 is preferably software controlled and preformed automatically.
Preferably, the step 916 is performed with a reliance on information obtained by the steps
910 and 912. Alternatively, the step 916 is manually facilitated or controlled using
techniques known in the art.

15
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
number of times as required. When it is determined in the step 916 that no more images
of the first reference region is required, a step 918 of determining if the steps 904 to 916

20  need to be repeated for a next reference region (for purposes of the present description, a
second reference region) of the predetermined number of reference regions. The step 918
is preferably software controlled and performed automatically. In addition, the step 918 is
preferably performed using information obtained in at least one of steps 910, 912 and
916. Alternatively, the step 918 is manually facilitated or controlled using techniques

25  known in the art.

If it is determined in the step 918 that images of the second reference region need to be

captured, i.e. if the steps 904 to 916 need to be repeated for the second reference region, a



15(d) Average reference intensity of each of the predetermined number of reference regions determined
in the step 702 The consolidated images of the step 928 represent reference images. The reference
images, together with corresponding image data is fifther saved in the step 928. The 20 reference
images and their corresponding image data are preferably saved in the database of the CPU.

Alternativelysith reterener ifaagnsrapchihinRoriesRoOcIng, impgerdataye sauewd v an alterative
database or memory space. It will be appreciated by a person skilled in the art that the step 922 to 926

helps to reddieReAIHARY BHEDE Of HHBRTGHS "epredRRRRLG98r dtiertieie ik pe &It e bNd their

correspondiRgftliatas WhigbimaveNahligathe method 400 to be performed at a higher speed or accuracy.
The average intensity of each pixel is preferably 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 canHea RQsMalzRENQ] an MEREBRING valtginBgeuler doalisplayanfadsdalizepagregference
images. 43 The steps 904 to 928 can be repeated a predetermined number of times for capturing a

correspondin-itAiHEIRSEMAJES ittt Stirrsheoresintnd e Rrsdgis Eapist & HaDRIeCs 3 frke &scond image

capture deviggidhangk thet reyeiceamamn | neddditieninhagsteRs8a4rter 32 6an he deperieddor capturing
images at different illuminations or illumination_5 conditions, for example brightfield illumination, DHA

illumination, BRRSILAFRAE AR RS IfMlation, 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. 10As prevjously described, the derivation of refer&nce images for
multipléorefe;%]‘?cérar]@ﬁ%Hgn of the reference imagés is preferably software controlled, and 1s

performed via a series of program instructions. The following steps are exemplary steps
performed for calculating the reference images. It will however 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.

15
In a step 922, pixels having reference intensities greater than a predefined limit is
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
software selected and determined or manually determined. In a step 924, pixels of

20  intensities with a standard deviation greater than a predefined value are identified. The
predefined value of the step 924 can be software selected and determined or manually
determined. In a step 926, the previously saved images, as in the step 914, are reloaded
for repeat of any one of more of the steps 904 to 924 if a pixel with reference intensities
outside predetermined value or range is identified during the steps 922 to 924.

25
The steps 922 to 926 facilitate identification of images comprising pixels of specific pixel
intensities. More specifically, the steps 922 to 926 enable identification of images
containing pixels having reference intensities outside predefined limits or ranges, for
example identification of “undesirable” images, to be identified. More specifically, the

30  steps 922 to 926 eliminate “undesirable” pixels from the reference image calculation and



of the semiconductor 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. F %example, the capture of reference images at
different reference regions of the 15 semiconductor wafer 12 (i.e. different locations on the

semiconductnyafegirdvonprafsiebibisiesre1acaauBibIlY @edicamerisAtiopifa calaeyariations at
different locations on the semiconductor wafer 12. The steps 904 to 928 are preferably executed and

controlled by ¢f&BEUMBESterably, the 20 steps 904 to 928 are at least one of executed and controlled by
a software program. Alternatively, at least one of the steps 904 to 928 may be manually assisted if
required. The reference images created by the exemplary reference image creation process 900 are used

for comparisORSwith &b RES BTG LEGHdsk T B BITEBH R iBH NI L1 SR e 8NA Buality to
thereby £nahig.atdeastone pkdstesionfrlassifisafirnare 1vev f-RRIRteair O ifhesamiganductor

wafer 12. As previously mentioned, the present invention provides the exemplary method 400 for

inspection of SSFHRSSHIRAEET WA PP 1HBIE SOIBEPBSPIdRmihip s mad Hvibwilfects

present on thasegnicontiagtaruaiRssatdedHrdntansteRifted. of the method 400, the semiconductor wafer
12 to be inspected by the system 10 is loaded onto the wafer table 16. Preferably, the semiconductor

wafer 12 is extracted from the wafer stack 20 by the robotic wafer handler 18 and transferred onto the

wafer table JaefSLHIONE Mt AppliechttheryienEblest fdmsesiraithepspaisnodigtor wafer 12
thereonto. The seraiconductor wafer 12 preferably comprises a wafer identification number (ID number) or

barcod®! ThEMREFHA® number or barcode is engraved or tagged onto a surface of the semiconductor

wafer 12, more gneNiigaiiat anenghermeéihieysstack pikéDdhease arenncoieion dwafeimhdgdshe wafer 1D
number or barcode helps t rd’)de_ntify thf,semi.con uctor wafer 12 and ?Fsures tﬁug{;{the semiconductor
wafer 12 is corréRhy BPEBBIOPHATER W RIEB BN i TECTE IS QBIPAOHA WakFmap of the

semiconductor gfaradnnases dmoniitimaietctahies1bf each pixel of each of the consolidated
images
15 (d) Average reference intensity of each of the predetermined number of reference

regions determined in the step 702

The consolidated images of the step 928 represent reference images. The reference
images, together with corresponding image data is further saved in the step 928. The
20  reference images and their corresponding image data are preferably saved in the database
of the CPU. Alternatively, the reference images and their corresponding image data are
saved in an alternative database or memory 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

25  the method 400 to be performed at a higher speed or accuracy.

The average intensity of each pixel is preferably 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 normalized to an alternative value in

30  order to display and visualize the reference images.



15 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 processor. Further
alternatively, the wafer map may be prepared or derived upon the loading of the semiconductor wafer 12
onto the movable support platform using methods or techniques known to a person skilled in the art. 20 In

a step 406, angR @femoqutﬁg@rsr:@alp%t&péa@é@ gapbideestontetaimipadanithe wafehpanmang at least
one of wafer X, Y translational and O rotational offset is calculated using techniques known to a person

skilled in theSaFfeRding EBhEAt SeA08IR Ralerss etk MothsHBsa%s SIMEIEF YFfnidge capture
positions argigaleulRigthldaigsmiaaryvikeswalrr imar-oliringddm the staridR4peaieRbiyiasilitates the

calculation of the wafer scan maotion path and the plurality of image capture positions. Preferably, the

calculation of4ReSRATRF SERAASELHEN (FAIE R JBREEH b ndifFasl JHEBRURRY kiR A A eters.

Such knpwndaataieterfoinelugey Buae Retd30limitastien, rosation pitsehtivalensizei WafRhdim size, wafer
pitch, inspection area, wafer scan velocity and encoder position. Each of the Bluralit of image capture

positions 45 AgrERRs e diHeRinaHAR 1Bsa pyLHSh BhchEPsERRBorahactshareP4 3% sttt iitages are to

be captured cRigferablystach@f thadlymiitmaftipladecanisieRosHiTnssanibe sbedathas raquired using
techniques known to a person skilled in the art. The number of image capture positions can also be

altered as refl RN TRREH RIREY KABVFF 5581 5skilled in the art. Preferably, the steps 404 to

408 are performed automatically by the system 10, more specifically by the programmable controller of

the system 10. Alternatively, any one of the steps 404 to 408 may be performed by, or with the aid of, an
alternatiVe pfocBSSSPURY %iéﬁbfgofﬁtﬁQeﬁlr‘éag}}%?rﬁﬁé‘ifﬁ%ﬁt}%ﬁ?@F%f‘%ﬁ@Ek}& CY HERFRSINBS availability

of an appropsfate: gelbro@iciencertharedatianfpieredd asdaraiarepesimageridhtbentkirignce image
is not available, the reference imagpe\lés created by the ex%%c)lary ref.erenge image creation process 900
as described'SBOR FAL&GARCAY3A %r@@f"cﬁ‘é’?‘é%%?&ﬁ PR et on AT B 8 Rt WlYore

performing ast exgRylasNttwa-sinensionagée Ruwaderweanivng progrsdidfing asienididd. Poprocess flow

diagram of the exemplary two-dimensional (2D) wafer scannj rocess 500 is shown in FIG. 19. 20
Exemplary tF5 8end néi%ﬁfw%ﬁf%&%gl%és%d%%&m reference regions of 't

15 semiconductor wafer 12 (i.e. different locations on the semiconductor wafer 12)
preferably ensures accountability and compensation for color variations at different

locations on the semiconductor wafer 12.

The steps 904 to 928 are preferably executed and controlled by the CPU. Preferably, the
20  steps 904 to 928 are at least one of executed and controlled by a software program.
Alternatively, at least one of the steps 904 to 928 may be manually assisted if required.
The reference images created by the exemplary reference image creation process 900 are
used for comparison with subsequently captured images of semiconductor wafers 12 of
unknown quality to thereby enable at least one of detection, classification and review of

25 defects on the semiconductor wafer 12.

As previously mentioned, the present invention provides the exemplary method 400 for
inspection of semiconductor wafers 12 to thereby at least one of detect, classify and

review defects present on the semiconductor wafers 12.

30



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. In a step 502 of 2D wafer
scanning process 500, the first image capture devicd B2 is 25 exposed. In a step 504, a first illumination
is supplied. The first illumination is for example brightfield illumination supplied by the brightfield

illuminator 26, RHAIuMInatigR sHeRbadley thechishrRbalR darkiald liumipalen s Qi byillymination
supplied by the low angle darkfield illuminator 28. Selection of the first illumination to be supplied in the

step 504 is pPeferRLI) Hetershomisyths WrlktitaRisn GoRrfGralbr (hst ssouendictPreratebl? fhe
illumination eQRfiBRRsAS BENHRRONBAKOS (hey Sittesbdit anskef B alerr ariGaly eauper doothe illuminators

(28, 30, 52, 64 and 663 of the system 10. Alternatively, the illumination configurator is a component of the
CPU. The intAge @4t 7B Be\ice430aney 34 CHH S Ry ibifatsATEr MbHid ibhsSsHided 5 by
brightfiedd illysinaiaaz@e Biidet lummatongf) and DLA illuminator 28. Few of 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 FIG.19. If the first image capture device 32 and the second

image capturagleviegddust subgtantially-sigrislyillkunipatian shearthe dbrevghioh afustisér q@Dfiguration
would be the 10highest of all the configurations possible. For purposes of the present description,

configuratior™{"3¥eh8ivR3FF e b BeFEIGID & s Ofe 855 e HiiRgRAYSh YoHgsrht oAk cordingly,
the first illumination ds the dergbstiaieibymiTation, shpnRligstkivichrybiighFiglghdtninatese@adddPreferably,
the steps SOé?énd 504 acg%%%rformed simyltanequsly. PerformancE of t%e %teps 502 and 504 enables
captunf%fa SHAUGNACORNHSh e [38aY Bl indririmhdge cBptrecaeiee 92144 &eh%S08, the first

image captugeshioyribectistimage captarenderdcad? heapractedintorimags signalsanettransgmitted to

the CPU via the data trar’isf(?{ 50 process and pr?fe%ably stored in the database or storage memory.
appropriately loaded onto the wafer table 16.

In a step 404, a wafer map of the semiconductor wafer 12 loaded onto the wafer table 16
15 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
processor. Further alternatively, the wafer map may be prepared or derived upon the
loading of the semiconductor wafer 12 onto the movable support platform using methods
or techniques known to a person skilled in the art.
20
In a step 406, one or more reference locations are captured or determined on the wafer
map and at least one of wafer X, Y translational and 0 rotational offset is calculated using

techniques known to a person skilled in the art.

25 In a subsequent step 408, a wafer scan motion path and a plurality of image capture
positions are calculated or determined. The wafer map obtained in the step 404 preferably
facilitates the calculation of the wafer scan motion path and the plurality of image capture
positions. Preferably, 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

30 limited to, rotation offset, wafer size, wafer die size, wafer pitch, inspection area, wafer

scan velocity and encoder position. Each of the plurality of image capture positions



In a step 508, the second image capture device 34 is exposed. In a step 510, a second illumination is
supplied. As with the first illumination, selection of the_second illumination is preferably determined by the
illumination configurator. For purposes of 25 the pre ant 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 sepgiiedPYohesigaPrake dsiibe chilleBaiebRildop il dTewey 8F hdRRRFEsIRLes DY a person

skilled in the art that the first illumination and the second illuminations may be alternative illuminations as

required, for'@bspRUisdsEsfare lrraghe boirpatibheld0uss sAn R EesibiRNs crid e AYeA¢ Preferably,
the steps 508a0gudta asmpasarmasc sikadikanery psBrefenahlyinthe SteP BROReeMS of taadem with the

performance of the steps 508 and 510. Performance of the steps 508 and 510 enables capture of a
second imad@PHESROWHIRSFTER 856, B HHETSABMEFIEES LPRIFEHBIALES NN A Kb BIthe second
image captusediby thenseeond 5 image capture device 34 is converted into image signals and transmitted
to the programmable controller via the data transfer process and preferably stored in the database or
storage memory. A diagram showing the exposure of the first image capture device 32, supply of the first

10 illuminatippe RxRA$UBOE IR SBRORM J0Rde: CaRtiditmeg g BdtishppIyotibe saepndollumiration and
the data transfer Iiégocesses is provided by FIG. 21, The steps 502 to 512 can be repeated an¥ number of

times for capRifHICA BoPe o RERRE MimaBLS SeEalSrafr kel 490 SHEBHE N g ALY PG
semiconduct@e stafer4ba. tylone sRgwliGiyetmestsnsbRAene kidase prefréabhivepaaiadder capturing

images with the first illumination and the 15 second illumination of the semiconductor wafer 12 at each of
the plu}glity of image capture positions along the wafer scan motion path as calculated in the step 408. As
previously deseriigsl4eachoptberfinshibro& a6l theoseroekichage ace:aameriediintainagasignals and

transmitted to the programmable controller and sfored in the database Z%?ﬁor storage memory. Each of the
steps 502 toBPP R BEHSHASY RIS sEIcHA Et('i?%ﬁ?&r 1 18 iR rHofEHCT niETRes 'srﬁy,t}?/ﬁe capture of

the first imageferddbasagend imagsvisipeiformedorhitadhe sepiconciated wafeahd 2iceipnejion along
the wafer sca motion%%ath. Accordingly, a @r;ﬁoq skilled.in the art will appreciate that the semiconductor
S

wafer 12 will B&'GISSIARBE LY S b radsts Sf*FéébSﬁio?Pd’Yﬁérb\?a%ﬁPth motion path
15

Preferably, the reference image is obtained, or created, before performing an exemplary
two-dimensional (2D) wafer scanning process 400 in a step 414. A process flow diagram

of the exemplary two-dimensional (2D) wafer scanning process 500 is shown in FIG. 19.

20  Exemplary two-dimensional (2D) wafer scanning process 500

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.

In a step 502 of 2D wafer scanning process 500, the first image capture device 32 is
25 exposed. In a step 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 DLA illumination
supplied by the low angle darkfield illuminator 28. Selection of the first illumination to
be supplied in the step 504 is preferably determined by an illumination configurator (not

30  shown). Preferably, the illumination configurator is a component of the system 10 and



25 between the steps 502, 504 (which preferably occur simultaneously) and the steps 508, 510 (which

preferably also occur simultaneously). The predetermined distance depends on several factors including,
but not limited to, speed of displacement of the semi Onductor wafer 12 along the wafer scan motion path
and time required for any one of the steps 502 to 512. The predetermined distance may be controlled and

varied as 30diggiiieidafior exgmpRiadyibalfRihaldie ¢ontrob and vediationg)the pedstesmined distance
may be at least one of software or manually facilitated. 48 Accordinglgg}the first image will have a

predeterminédtfRGE<be WHERIBHERHABESUER A BrceBih {rR%econd image. FIG. 22¢

shows a combined image of the first image and the second image demonstrating resulting image offset
due to the capture of 5 the first image and the second image while the semiconductor wafer 12 is in

motion. The bREdBRFFFABNMAGACSH St Behihadngise ¥ RRinstiom ALUIRE BRIGSIRRYIga%o, speed of

displacegmerg b arniGaogtisiesveafep LA alonaitteonvate hs¢ Molikmpaicang tree wauied for any
one of the steps 502 to 512. Control and variation of the predetermined image offset may be at least one

of software dRSENE SN RIEMARsIOL O s dirgynatiop dicd Byt RASS PBFRIBYCTRE ¥ encoder
values are preéesaddiidohtainpd@dusinDsagte ehile $aReeQk@0d 34 QrLsatarabily tHaetabYe &yfcoder

values represent positions (XY-displacement) of the semiconductor wafer 12 along the wafer scan motion

path. The XY ¥hddadf Ifustdmagieanitte deddor eardidsmytnrd imags sapotredlsarst thset)
between theditsitiiagr anditheisesondithnasen(tie telaive offset @fithespaantdimagallremiihe first

image).in a step 516. The fine image offset is calculated by performing sub pixel image alignment using
pattern! fhat tbehaththsorie L rBHE8 & btained by applying a predetermined mathematical
formula on the coarse and fine image offsets. The predetermined mathematical formula may be adjusted

as required 20using technigues known to a person skjlled in the art. The 2D wafer scanning process 500
performed irFmepngBS&i&fgﬁmerFﬁs%888&6@%%@%@%@% %?Pmmﬂbfé?m&eg%oﬂﬁeﬁ

semiconducigrssetecd dyprieferiabbiaitibe caititaiedimageedapiie pestigpsialang.titwalgiescan motion
500 s perfoBRAHET A B PR AT 5 CASEIH LHEEHa consolcatng and storing delects
on the sgmiconductor wafer 12. A process flow diagram of the exemplary 2D image processing process
600 1s Show%rier:]fgla%lyz,%he steps 502 and 504 are performed simultaneously. Performance of the steps

502 and 504 enables capture of a first image, as shown in FIG. 22a, by the first image

capture device 32. In a step 5006, 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

20  process and preferably stored in the database or storage memory.

In a step 508, the second image capture device 34 is exposed. In a step 510, a second
illumination is supplied. As with the first illumination, selection of the second
illumination is preferably determined by the illumination configurator. For purposes of
25  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 illuminations may be
alternative illuminations as required, for example those of the different configurations

30 shown in the table of FIG. 20.



49 Exemplary 2D image processing process 600 The 2D image processing process 600 facilitates
processing of the images captured in the 2D wafer s%anning process 500. In addition, the 2D image
processing process 600 facilitates at least one of idehtifying or detecting, classifying, consolidating and
storing 5defects on the semiconductor wafer 12. In a step 602 of 2D image processing process 600, a

first working F%?&ﬁﬂ@?ﬁl@%i@ﬂsm InadsdonR peransaisRacuiie Prstworkingdmage i selected
from the number of first images and second images captured and saved during the 2D wafer scanning 10

process. ForFeipbE4aaame pitsdht assiaimisae Ak hrssteBikilg mdg! fedraiderinatse afstitnage

captured by g dirsidnadescaptuislde\igsdd duringetin @ RyaéeasCHONAGIRIPRESS F) My step 604,
sub-pixel alignment of the first working image is performed. Sub-pixel 15 alignment is performed using

pattern matcifrRy telRrFG B HESIFBicE 3t-ibfestenpldtde 19speriBIge Fardiig o BF steRfor grey
scale orsgeompisicalapaiiernimatehng wetbads tEneataligngsh refergrRcadatensitmivegash mage is
calculated from one or more predefined region of interests in the image as shown in a step 606. The

steps 604 ariSHEHIEY Se CMERTel 3 tbrreldith Hansisrepiatsssity e bl vittisAgiimte. It can be
20readily appieg¢iatedtbrtide prepsegessing is not limited to above steps. Additional steps can be

incorporated for the preprocessing if necessary.
A diagram showing the exposure of the first image capture device 32, supply of the first
10  illumination, exposure of the second image capture device 34, supply of the second
illumination and the data transfer processes is provided by FIG. 21. The steps 502 to 512
can be repeated any number of times for capturing a corresponding number of sets of first
images and second images of the semiconductor wafer 12. More specifically, the steps
502 to 512 are preferably repeated for capturing images with the first illumination and the
15 second illumination of the semiconductor wafer 12 at each of the plurality of image

capture positions along the wafer scan motion path as calculated in the step 408.

As previously described, each of the first image and the second image are converted into
image signals and transmitted to the programmable controller and stored in the database
20  or storage memory. Each of the steps 502 to 512 is performed while the semiconductor
wafer 12 is in motion. This is to say, the capture of the first image and the second image
is performed while the semiconductor wafer 12 is in motion along the wafer scan motion
path. Accordingly, a person skilled in the art will appreciate that the semiconductor wafer
12 will be displaced by a predetermined distance along the wafer scan motion path
25  between the steps 502, 504 (which preferably occur simultaneously) and the steps 508,
510 (which preferably also occur simultaneously). The predetermined distance depends
on several factors including, but not limited to, speed of displacement of the
semiconductor wafer 12 along the wafer scan motion path and time required for any one
of the steps 502 to 512. The predetermined distance may be controlled and varied as
30 required, for example by the CPU. The control and variation of the predetermined

distance may be at least one of software or manually facilitated.



In a subsequent step 608, a first golden reference or reference image is selected. The first reference
image selected in the step 608 corresponds or matches with the first working 25 image. Preferably, the
first reference image is selected from a database or%%llection of golden references or reference images
created by the exemplary reference creation process 900 in the step 412 of the method 400. The
exemplary reference creation process 900 is described in detail above, and shown in FIG. 18. 50 working
image are referenced with a predetermined threshold value, toaether with multiplicative or additive factors.

In a step 614N Ihs I ThapestHE R REd TF teregaffist tnbom stnsiismarstte image

selected in thgt6QB.cHipmalchingipe svalHatian & thefirst waikingd wadsivathithesfirst tefeience image
facilitates detection or identification of defects on the semiconductor wafer 12. Preferably, the CPU is

programmed T8Ee G AERBATLIDASH AR G & TG ARSI RS NG U HE PTG Phference

image. The pregramaRie:f@HoleroREiaTaR Wk igR QbihasRdRS R CAMPLLINgINSIEHEHOTROT
10algorithms for matching the first working image with the first reference image to thereby enable the

detection or RiESRIFERIRST Jrse ALSh tr@dulhiebriryeral fstars i eidigemiNdiBAt i Bk e of one or

more defectgReauss iisplatem&ktoplitbadhidtirpetbracessing paaeas 60l waladbasmangndefects are
detected or identified in the stgﬁro) 15 616, the algorithm would sort the defects from the I?F;?est to the

shortest bas¥f oHRHHENYFRE JOLIPBY 8% IEASIEREHRY e dRtrakt; Canpabarby it dt thige strength
among otheisicFetdhemthiei algerdiRe splecte anlydhase defeats bishmageislysaiinefinged criteria to

calculate defective region of interest (DROI). If a defect (or more than one defects) is detected or
identified in the step 616, DROI on the semiconductor wafer 12 is then 20 calculated in a step 618.

Preferably, the DRI 53 £alcvlaiesd eitnaamiealiyoyethieved Ue e tepo8d8vdinesGRlpigRratgyably
programmed (i.e. comprises or embodies a series of computing instructions gr software) for enabling the
Calcuiation SRS .dﬁ{la%@ﬁ'%fgtﬁecsm@ﬁdﬁg Db P& S8R BoriwO KRB PG & U spected.
More 25 spegfiicalhit, posiseco (B Yaikprg-image isftie: seeniocnimags cagtired hioihethecondimage
capture device 34 during tkgﬁ ZJ%W r scagging rocess 40Q. This is ? sa%)r/?, tglf DROé]of. the second
image (whichRa Y PSS PYRdiNGCIMagSBPHRE AL FhAGE) MR AL EEEdA T filculaie B e B Ferforming
sub-pixel aligfifent airsecoRetysskirgrimagrsT htagspectbn Rt Ditd of dhe keivendfiyorking image
preferably fa[ﬂleltsaetggnﬁoirrgggne]aftrlgr% ?ﬁedﬁi(gtc Emage) in a step 516. The fine image offset is 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

20  using techniques known to a person skilled in the art.

The 2D wafer scanning process 500 performed in the step 414 of the method 400 results
in the capture of multiple images of the semiconductor wafer 12, preferably at the
calculated image capture positions along the wafer scan motion path.

25
In a step 416 of the method 400, an exemplary two-dimensional (2D) image processing
process 600 is performed for at least one of identifying or detecting, classifying,
consolidating and storing defects on the semiconductor wafer 12. A process flow diagram
of the exemplary 2D image processing process 600 is shown in FIG. 23.

30



30detected in the step 616. Further preferably, the step 620 facilitates classification of defect detected in
the step 606. 51 The system 10 processes the DROIs of the second working image instead of the entire
image In addition, in the step 616, if there is no defe@found, the method would skip the steps 618
onwards. This will further reduce the amount resources or processing band 5 width needed for

processing the sesand Working: ir888:s Ik Sandeessesslly appreciated that such intelligent processing
sequence dynamically decides based on the results of preceding steps. This will facilitate improved

system 10 thtBEghhURFaPARSES SRS RGeSO L fapibiesiREosrsRecel Rtd B #Rd FRIIEDEAN the location
or position of gefesteassch@nmgll prothesckmsifiatianitharenfe issauass P iatrrabiigtheodeiected defect, and

the location and classification thereof, is saved in the database of the CPU. Alternatively, the detected

defect, and tHS IHRLROR FticPSsHCAFBH iHBeeR detecta FasH Xiapnsanr HdriBEsw O tAERRory space.
15The tepsBz tpR2ABCanbeRReried getqoped any number of times for processing the images
captured during the 2D wafer scanning process 500. Each of the images captured during the 2D wafer
scanning process 500 is sequentially loaded in the memory workspace and processed for facilitating the

detection of gefeats wlTch MaYhegpresRRtanctpeoseicoONdERE Wafkink2nkie siepR&ed ab22, and the

repetition thereof, 20 facilitates at least one of detection, confirmation, and classification of defects, which

may be presRtesh thé BB EEkSPIbardM e At aNgr b dmAgRisISIFRES KapiPe PoRtithn along the
wafer scan mgiiompaty. i@ stepfldmege afpnuliplmdeiects, andipetrcalipnsadnd @Wassiications

thereof, 25 detected by the 2D image processing process 600 are consolidated and saved, preferably in

the datibas@BERTE EPUPUARLTTS AT e SFRfeISCTiRitPth 16 dHb RO RS SR JSRERE el f, are

consolidatediagid sayed dptare @l iali vestd ataase pfufdedeioe SPaaerin g ehdR DNAGRINEESASSING process

is preferably an automated process. Preferably, the
process 500.

In a step 604, sub-pixel alignment of the first working image is performed. Sub-pixel
15  alignment is performed using pattern matching techniques using one or more templates. It
is performed using one of binary or grey scale or geometrical pattern matching methods.
Once aligned, reference intensity for each image is calculated from one or more
predefined region of interests in the image as shown in a step 606. The steps 604 and 606
may be collectively referred to as a preprocessing of the first working image. It can be
20  readily appreciated that the preprocessing is not limited to above steps. Additional steps

can be incorporated for the preprocessing if necessary.

In a subsequent step 608, a first golden reference or reference image is selected. The first
reference image selected in the step 608 corresponds or matches with the first working
25 image. Preferably, the first reference image is selected from a database or collection of
golden references or reference images created by the exemplary reference creation
process 900 in the step 412 of the method 400. The exemplary reference creation process

900 1s described in detail above, and shown in FIG. 18.

30 In a step 610, quantitative data values for each pixel of the first working image are

calculated. In a step 612, the calculated quantitative data values for each pixel of the first



30 CPU is programmed for, or comprises a series of computing instructions or software program, for
automatically performing the 2D image processing process. Alternatively, 52 the 2D image processing
process may be facilitated by an at least one manual nput as required. Completion of the 2D image
processing process 600 of the step 416 of the method 400 5 results in consolidation and storage of

defects, andyledagationsanskclassiicationsithesegfedaiantad using o brighiield durinatian, the DHA
illumination and DLA illumination. In a subsequent step 418 of the method 400, a first exemplary
three-dimen&RHAN{SHIvE O TAtEERHNS: process 700 is performed. Preferably, the first 3D wafer
scanning process 700 enables capture of 3D profile images of the semiconductor wafer 12, for facilitating
consequent formation of a 3D profile of the semiconductor wafer 12. The semiconductor wafer 12 is

displaced albhg AR ALt Hskel SdreniBish Fadhesreaishihgr sty #HalgdsasrinY Bmfdshductor

wafer 13 at apyRAeOImMAgkesefdhiedmH tiRedn3agask GaRitithd 2R0SIHANFisHOBE the Mafersaangnotion path
as calculated in the step 408. A process flow diagram of the first exemplagg 3D wafer scanning process

700 is showri9€16Y Bathe U gl A WS S G 6 s 06 1IIEISaAS Y02 BF a3t wafer
scanning pragesenifishtnetdiumination Fguppligdny OPEaepitiadHand the dreching Wualinatar 52. In a
step 704, the thin line illumination is directed at the inspection position by the mirror setup 54.
matching between the first working image and ‘the first reference 1mage. The
programmable controller preferably carries out a series of computing instructions or
10  algorithms for matching the first working image with the first reference image to thereby

enable the detection or identification of defects on the semiconductor wafer 12.

Determination of presence of one or more defects occurs in a step 616 of the 2D image
processing process 600. If more than one defects are detected or identified in the step
15 616, 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 factor, edge strength among
others. Further the algorithm selects only those defects which meets user defined criteria
to calculate defective region of interest (DROI). If a defect (or more than one defects) is
detected or identified in the step 616, DROI on the semiconductor wafer 12 is then
20  calculated in a step 618. Preferably, the DROI is calculated dynamically by the CPU in
the step 618. The CPU is preferably programmed (i.e. comprises or embodies a series of

computing instructions or software) for enabling the calculation of the DROI.

In a step 620, a corresponding DROI of a second working image is inspected. More

25  specifically, the second working image is the second image captured by the second image
capture device 34 during the 2D wafer scanning process 400. This is to say, the DROI of
the second image (which is a corresponding image of the first image), is inspected in the
step 620 after performing sub-pixel alignment of second working image. The inspection
of the DROI of the second working image preferably facilitates confirmation of defect

30 detected in the step 616. Further preferably, the step 620 facilitates classification of
defect detected in the step 606.



In a subsequent step 706, the thin line illumination is reflected by the semiconductor wafer 12, or portion
thereof, positioned at the inspection position. Reflected thin line 25 illumination from the semiconductor
wafer 12 is transmitted through the 3D profile objectﬂ/]e lens 58 which has aberration corrected in infinity,
in a step 708. Transmission of the thin line illumination through the 3D profile objective lens 58 in the step
708 collimates the thin line illumination. 53 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 captihe dfsiemstBproeTirs itadiRe khalsbhresaad cior iageimassinstaad, of decegiiffation of the
thin line illumipationbetwiee, thetdDsri e o artivasd aosieR @ndihe, ddwhalsasyaitastitpies ease of

introduction of optical components or accessories therebetween, and enable flexible positioning and

reconfiguratitAPer the SBHGHIe et arthe srdufsutly ABARBNET OHEESEhRT IMRSASTHA LY is supplied
by a laser orjaReiRand & fRsscants ilurmibatior saureeintaRdditan bhe-tainylins Humiaation is

preferably directed at the inspection position at a specified angle with reference to a horizontal plane of

the semicondtftofiEthsichb BrrsEHE fisarsaceT HERyr LY viifadehebasreing ithmirestbs itldirected at

the inspectigiqegitignispprefasabiy varnhie asgradiegdusinglesknigyes khawrioRpeseen skilled in the
art. It will also be appreciated by a person 15 skilled in the art that the wavelength of the thin line
illumination may be selected, and varied, as required. Preferably, the broadband wavelength of the thin

line illuminatian istgelezte thiod @phrancisgacabacypet ddaastianp aftigfestisiasHat aguicadion, and
classification. 20 The first 3D .image is convgrt,ed to imar?e%:sgnals and transmitted to the CPU in a step

716. In'd ste 18 tRerirltsBIREYE 1BSr8belssavsy-tHe Cotbr haedelrdhd de5istnaghitfeasuring,
Coplanarity meeasetingd drigctiogiandnelssiiidrgvadipiert. Rtebaraldly hecHteps\ oA iV, ¢an be

repeated any number of times for capturing a 25 corresponding number of 3D images, and for
transmitting ﬂ?&eeﬁ&&fega%oan%éas ?8%@@5%@@9@&%%6{83?185% BefbrHEddirer at

selected imaggatapiwienpasiionpaleng the wafer scan motion path or the whole wafer.  Preferably, the
first 3D wafer scanning process 700 enhances accuracy with which the 30exemplary method 300
inspects a semiconductor wafer. More specifically, the first 3D

15  The steps 602 to 622 can be repeated or looped any number of times for processing the
images captured during the 2D wafer scanning process 500. Each of the images captured
during the 2D wafer scanning process 500 is sequentially loaded in the memory
workspace and processed for facilitating the detection of defects, which may be present
on the semiconductor wafer 12. The steps 602 to 622, and the repetition thereof,

20  facilitates at least one of detection, confirmation, and classification of defects, which may
be present on the semiconductor wafer 12 at any of the multiple image capture positions

along the wafer scan motion path.

In a step 624, each of multiple defects, and the locations and classifications thereof,
25  detected by the 2D image processing process 600 are consolidated and saved, preferably
in the database of the CPU. Alternatively the defects, and the locations and classifications

thereof, are consolidated and saved in an alternative database or memory space.

The 2D image processing process is preferably an automated process. Preferably, the
30 CPU is programmed for, or comprises a series of computing instructions or software

program, for automatically performing the 2D image processing process. Alternatively,



wafer scanning process 700 enhances accuracy of defect detection by the method 300. 54 Such
inspection provides details 3D metrological details such coplanarity, height of three dimensional
structures such as solder balls, gold bumps, warpageof individual die as well as whole wafer.
5Preferably, results of the step 718, and repetitions thereof, of processing of 3D images are saved in the
database of fhe TP \hAlesnaiivelys avelssahiherstenilkieansd repatitions trraehefinmressing of 3D
images are saved in an alternative database or memory space as required. 10 An exemplary second
three-dimen&9HHFE3D) wafer scanning process 750 can also be used instead of the first exemplary 3D
wafer scanning process 700. The optical ray path of the exemplary second 3D wafer scanning process
750 is shown in FIG, 25 and a corresponding process flow diagram of the exemplary second 3D wafer

scanning préc¥8BloEan oL therfd iage erosessingIRrasas P8 P bitRestsBtifuoithg dtethedstMing process

750, thesthincdbigiadlyminaies RASHIPRIRS $hifiBeoitl Wainationndn BctRRafRdbs thedhim e ditsration is
directed at the insgection position by a reflector assembly 80. The reflector assembly 80 is alternatively
)

known as a PHERYLsIEROTY dsenBimbrishticifisiiveaingsiony the Didn 7HEninatinm ad Mlination is

reflected by themseatieanductor wafer 12 Thin line illumination reflected by the semiconductor wafer 12
can be reflected in different directions depending on the surface profile of the semiconductor wafer 12.
For example, structural and geometrical variations on the semiconductor wafer 12 can cause the thin

25line illuminatipguissbueatiectpdi by traisemiaapduntor vater &2mpliiferentdupstensdatignyise known
as dispersion of illumination). Depending upon th surfaceéprofile of the semiconductor wafer 12, the

reflectdd thin i EARRREIBFP RO L 1S cloelieralys e R Pered s eiarRaPERSEions.
30Dispersion@y thashindipgutiuerinatipn felectactiromibeseivuiaancectanivaler, erifcilitating

consequent formation of a 3D profile of the semiconductor wafer 12. The semiconductor
wafer 12 is displaced along the calculated wafer scan motion path for capturing 3D
images of the semiconductor wafer 12 at any one or more of the multiple images capture
15  positions along the wafer scan motion path as calculated in the step 408. A process flow

diagram of the first exemplary 3D wafer scanning process 700 is shown in FIG. 24.

Exemplary 3D wafer scanning process 700

In a step 702 of the 3D wafer scanning process, thin line illumination is supplied by or
20  emitted from the thin line illuminator 52. In a step 704, the thin line illumination is

directed at the inspection position by the mirror setup 54.

In a subsequent step 706, the thin line illumination is reflected by the semiconductor
wafer 12, or portion thereof, positioned at the inspection position. Reflected thin line
25  illumination from the semiconductor wafer 12 is transmitted through the 3D profile
objective lens 58 which has aberration corrected in infinity, in a step 708. Transmission
of the thin line illumination through the 3D profile objective lens 58 in the step 708

collimates the thin line illumination.

30 In a step 710, the collimated thin line illumination then passes through the tube lens 60
before entering the 3D profile camera 56 in a step 712. The tube lens 60 preferably



multiple directions can make it difficult to obtain an accurate measurement of the surface 55 profile of the
semiconductor wafer 12. In other words, the dispersign of thin line illumination reflected from the
semiconductor wafer 12 in multiple directions can make it difficult to capture accurate 3D images of the
semiconductor wafer 12. This is because the dispersion of the thin line illumination reflected from the

semiconduci@euiefhb2Zcin iRl directinnm RN S8 SOk oNtHRARREGR algly Eepiuas herHCH RS ed
amount of thin line illumination entering the 3D profile camera 56, and thereby In the capture of dimmer or

brighter imadEl He<38Rely: IFndtme e idatoR sisrdtamiba st drmsnsansmciniapestrbiesre too dim
or too brightcAsaerdimaly fitds diffigifie obtain aprageuraigisskiRceprafig of thesemiegnduator wafer 12

using images that are too_dim or too bright. 10 Thin line illumination reflected by the semiconductor wafer

12 is received by EFR RS hsr BEs BTSRRI RySeERR A1 SR @Tlile qBIesE¥EAeBR SorddBRfigured for
capturing thipaeldhgnminatisiilietiectesdn suikplrlaiiestiors oBirigrabivptirieflestacassemyly 80
comprises a first pair of mirrors or prisms 82 and a second pair of mirrors_or 15 prisms 84. In a step 758,

reflected thifiFEPRIRTRatl 1S0p01S disaiblveitieainsatiy fesrrfisuratianoplichepdth PERYE as directed

by, the first paefamirors or prisms 82 and a second optical path via, or as directed by, the second pair of
mirrors or prisms 84. It will be understood by a person skilled in the art that the reflector assembly can be
configured for directing captured reflected thin line illumination along a different number 20optical paths

as required. Abethivliss itheminatantiavelingrRiongeiashef thedpsiaptcal pakk anbibaisesend optical
path passes through the objective lens 58 in a step 760. The two thin Jine illuminations passing through

the 3D rofild¥jethile IHHEBUGR SOHitRatdD. 4RIt T in e M Y BIRHOMS B P H I AR second pair
of mirrors ordirigied BdtasenppRieiabposittomeatiicpllyifesiionedvith R &ieR 63, dherdweneslimased thin line

illuminatior‘so‘%at %egetnq{ggrg u(t:?(?r tgvta)l elrerlli %%sitioned thereat. The angle at which the thin line
illumination is directed at the inspection position is preferably variable as required using

techniques known to a person skilled in the art. It will also be appreciated by a person

15  skilled in the art that the wavelength of the thin line illumination may be selected, and
varied, as required. Preferably, the broadband wavelength of the thin line illumination is

selected for enhancing accuracy of at least one of defect detection, verification, and

classification.

20  The first 3D image is converted to image signals and transmitted to the CPU in a step
716. In a step 718, the first 3D image is processed by the CPU for at least one of 3D

height measuring, Coplanarity measuring, detecting and classifying a defect.

Preferably the steps 702 to 718 can be repeated any number of times for capturing a
25  corresponding number of 3D images, and for transmitting the captured 3D images to the
CPU. The steps 702 to 718 can be performed either at selected image capture positions

along the wafer scan motion path or the whole wafer.

Preferably, the first 3D wafer scanning process 700 enhances accuracy with which the
30  exemplary method 300 inspects a semiconductor wafer. More specifically, the first 3D

wafer scanning process 700 enhances accuracy of defect detection by the method 300.



The two thin line illuminations then enters the 3D profile camera 56 in a step 764. The 30tube lens 60
facilitates focusing of the two thin line illuminations onto the image capture plane of the 3D profile camera
56. Focusing of the two thin line illuminations onto the' 56 image capture plane of the 3D profile camera
56 enables capture of two views of a 3D profile image of the semiconductor wafer 12 in a step 766.

Without the wsgiofnid}R eHie phon arSIBRINSM thetisngeaiar Al idhindfsniminatian o7 teftected from

the semiconductor wafer 12 in multiple directions can result in inappropriately reduced or increased
amount of RS IDFhiFAHTHER R hHgAh eoMsoPatie 8alfhurBRs. arerRRBTeRY RAEAPHH YR hages that
are too dim gydoadkigblerespactively. Such images are typically discarded. The use of images that are too
dim or too bright can result in an inaccurate 3D profiling, or measurement of the surface profile, 100f the
semiconductor wafer 12. The ability of the system 10 to perform the second 3D wafer scanning process
750 enablespgapitngRirbaavisnaoltie73R prafilg efithe serisandppiocwater d23using@single 3D image
capture device 56. The two views improve accuracy of the 3D profiling 15 or inspection of the wafer. In

g
addition, theS¥e e fsbpsa o iRcaHy HodMiSHEG KT orsSBHD REMY siEPsAl 8naBteERRiHiRTtion
reflected fromdhe semizensdrigowsieiidt diffemat dirastionsdaibe dewsirsetedientapipady the 3D

image capture device 56. It will be understood by a person skilled in the art that the reflector assembly 80
can be confitifed#5rdirecting illumination reflected from the semiconductor wafer 12 in 20multiple
directions (for example, two, three, four and five directions) to be captured by a single exposure of the 3D
image i:gpture device 56.

An exemplary second three-dimensional (3D) wafer scanning process 750 can also be
used instead of the first exemplary 3D wafer scanning process 700. The optical ray path
of the exemplary second 3D wafer scanning process 750 is shown in FIG. 25 and a

corresponding process flow diagram of the exemplary second 3D wafer scanning process

750 is as shown in FIG. 26.

15
In a step 752 of the second 3D wafer scanning process 750, the thin line illuminator 52
supplies thin line illumination. In a step 754, the thin line illumination is directed at the
inspection position by a reflector assembly 80. The reflector assembly 80 is alternatively
known as a prism assembly or a two mirror or prism setup.

20

In a step 756, the thin line illumination is reflected by the semiconductor wafer 12. Thin
line illumination reflected by the semiconductor wafer 12 can be reflected in different
directions depending on the surface profile of the semiconductor wafer 12. For example,
structural and geometrical variations on the semiconductor wafer 12 can cause the thin
25  line illumination to be reflected by the semiconductor wafer 12 in different directions

(otherwise known as dispersion of illumination).

Depending upon the surface profile of the semiconductor wafer 12, the reflected thin line
illumination from the semiconductor wafer 12 can disperse in different directions.
30  Dispersion of the thin line illumination reflected from the semiconductor wafer 12 in

multiple directions can make it difficult to obtain an accurate measurement of the surface



To receive two views of the same profile of wafers, existing equipments use expensive, bulky and
complicated setup by using multiple image capture devices. Due to the 25 inconsistent profile of wafers,
reflected rays do not consistently return in a predete?ﬁﬂned ray path to the multiple image capture
devices. This is to say, the dispersion of illumination due to structural and geometrical variations on the

surface of thersgmicaNgcCiRMM@RI Y RiaallY 1esults sHnlacracierdnisipalg e vrimagaseaptured of
the semiconductor wafer 12. 57 To overcome the variation of the strength and weakness (i.e. the

dispersion) dHtHeinaferfedlzsird fiom the sansesAucieio Hakdrs 1 ompans diisstiepsean Moksrhbles

illumination rafiesiadifrempiine sernicanductalapefer iR Giffesemi dieqtigns to. begaptyrdRy the 3D
image capture device 56. This helps to improve accuracy of 3D 5 profiling and inspection of the

semiconduct8F Wisrsrsion phehgdbiprlipsiHfim gt dcirstedspeties fr e B8uR g dsptfdevice 56,

also enhancas Rt A SRAGEEHIANE MOt BpTiem e dudbdh srmritabe ahdibitefusmaisingle
objective lens and a single tube lens (in this case, the gbjective lens 58 and tube lens 60) for capturing
r

multiple viewSWRHIRISB ARSI RS rarsp il samSHEas adehabyciuiicy bt usiBt s Phtter

completion afrihRtéir shRxeMREPRC R Wale[sSEFNDINOLP REBESa o0k thR Kecanenexadiplanagla wafer
scanning process 750, all the detected defects, and the locatigns and classifications thereqf, on the

semiconductBFuifeoPr i A &P BRF 8BHAMIRAG ISt LpE ABIEHE B18PHH BreASABRICSHE ated. The

consolidatiopefilee fefestmiabadingolwdesatvns anthelassifisediens shieneof thachiiatas calculation of a
review scan motion path in a step 420. Preferably, the review scan motion path is calculated based on the

locatiohd of defects detected on the semiconductor wafer 12 along the wafer scan motion path. In
addition, defegirimage Criptiigtidasiiianrstalong the rexievoadastsnoiarpath it calsaiaiedbor getermined in
the step 420. The defect image ﬁa ture positions preferabg correspon%yz with the ocatiorF]s on the
semiconductt WAREr FERWhILH RERIESRIEH Gttt [FREHHRE BRETYY Y defifttHitietorWater 12)

during the stegsdiky ahic 4h8. illuaBigpoAZ ide axemplply amehinc 40t Ak aplarfleRvew process
800 is performed. Th% eview groce%%SOO, entrabl.es review of d%fects detected in.the steps 416 25 and
418. PreferabiyS T 80 SRS, (8 0PaLc O SNAEL: PE RSSO G At SR RIG0N. TERESRE mode

800b ardl a thirshinedel8Q0aep Piecagtciny ehanie themamplaniveviewy eeessptll isahgwn in FIG.
27 Exemplallignrl(g }i]eé/v ﬁ?sr‘g) g];e)tslcs:a %gth via, or as directed by, the first pair of mirrors or prisms 82 and
a second optical path via, or as directed by, the second pair of mirrors or prisms 84. It
will be understood by a person skilled in the art that the reflector assembly can be
configured for directing captured reflected thin line illumination along a different number

20  optical paths as required.

The thin line illumination traveling along each of the first optical path and the second
optical path passes through the objective lens 58 in a step 760. The two thin line
illuminations passing through the 3D profile objective lens 58 are collimated. The first
25  pair of mirrors or prisms 82 and the second pair of mirrors or prisms 84 are preferably

symmetrically positioned.

In a step 762, the two collimated thin line illuminations passes through the tube lens 60.
The two thin line illuminations then enters the 3D profile camera 56 in a step 764. The
30  tube lens 60 facilitates focusing of the two thin line illuminations onto the image capture

plane of the 3D profile camera 56. Focusing of the two thin line illuminations onto the



30 As previously mentioned, the review process 800 preferably comprises three review modes, namely
the first mode 800a, the second mode 800b and the third mode 800c. In a 58 step 802, a review mode
(i.e. one the first mode 800a, the second mode 800 &nd the third mode 800c) is selected. First Mode
800a of the Review Process 800 5In a step 804 of the first mode 800a of the review process 800, the first

images and the geeppdinaass of alkthe ¢ebentsdriacisd dHingstheAlRdHREfIAGeSING Brpcess 600
performed in the step 416 of the method 400 are consolidated and saved. In a step 806, the

consolidate®HY S VG REARsGUs MY LRE BRI adB < 8FihéWefects 10detected on the semiconductor
wafer 12 are uploaded or transferred to an external storage or server for an offline review. In a step 808,
the semiconductor wafer 12é§.e. the_current semiconductor wafer 12 on the wafer table 16) is unloaded

and a secondWafut [89d58ed ot e SRR 36 dhtotrReTsoRar I Radfim 15y EYBBEER arm. In a
step 816, eagdmeditiie sieps 84 teBR3dauepreaiedder the secanripaferiddipsieRaB04d@B1R are
sequentially repeated any number of times, depending onthe . . o _

inappropriately reduced or increased amount of thin line illumination entering the 3D

profile camera 56, and thereby in capture of images that are too dim or too bright

respectively. Such images are typically discarded. The use of images that are too dim or

too bright can result in an inaccurate 3D profiling, or measurement of the surface profile,

10  of the semiconductor wafer 12.

The ability of the system 10 to perform the second 3D wafer scanning process 750
enables capture of two views of the 3D profile of the semiconductor wafer 12 using a
single 3D image capture device 56. The two views improve accuracy of the 3D profiling
15  or inspection of the wafer. In addition, the use of the two symmetrically positioned
mirrors or prisms 82, 84 enables illumination reflected from the semiconductor wafer 12
in different directions to be re-directed for capture by the 3D image capture device 56. It
will be understood by a person skilled in the art that the reflector assembly 80 can be
configured for directing illumination reflected from the semiconductor wafer 12 in
20  multiple directions (for example, two, three, four and five directions) to be captured by a

single exposure of the 3D image capture device 56.

To receive two views of the same profile of wafers, existing equipments use expensive,
bulky and complicated setup by using multiple image capture devices. Due to the
25 inconsistent profile of wafers, reflected rays do not consistently return in a pre-
determined ray path to the multiple image capture devices. This is to say, the dispersion
of illumination due to structural and geometrical variations on the surface of the
semiconductor wafer 12 typically results in inaccuracies in single view images captured

of the semiconductor wafer 12.

30



number of wafers of the wafer stack 20. Repetition of the step 804 to 810 results in 20 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 image§,7to 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

performanceref the.stans 804 (RO NVITTOULNaRS S Usar IsrYeRlioNeandifapuAffgcEngrRroduction.

This method allows 25continuing production while user can perform offline review of saved images. This

method incrésleded siawn TPttt sicRas ML pBaEivieg. SReINERIBdY860b dPufdEddsiew Process

800 In a steBahiion SeeRBR MAadmSARbseiiRe 1AW NoaResE8R drrRmbeiREfRYIe W 3RMages is
captured at each of the defect image capture positions as calculated in the step 420. More srﬁicifically, a

review brighBf@iiFHaB% Hi5a3PrdNaes SARHE ddmNisse SreT B Lshitt oy IN¥h BrthRderictihage

capture PosiRITHiag eACHIGIeEiThibEtRER ML HSHIELFOVIEYY IMaDRGARIHTS dR\URECRRSAOMB FIG.14.
This is to say s review brightfield image using brightfield illuminator 62 and a review darkfield image using

darkfield ilufFEHiREY he dRpiAsT SHYER Hatstr HelstetnByners Spriad shrsElsitgarotess 5600

of the step 448. faeof she wruehesef BYiawlifagessis Lapiueduipctie RYicwhinagR ganiwe device 60.
Preferably, each of the number of review imagées is a colored image. It will be understood by a person

skilled in the'St, PRdlis&asidh eSS GRS of i 1P plsRs Ry LNCrARIBHIE AR iRlsisY HPihe

brightfield illgmeinatieeanddarkirid if wimaatienebseshtos capiuling dhebesightfield review images and
darkfield review images respectively may be determined and varied as required. For example, the
intensitis of illumination used for capturing the number of review images may be selected based on type

of wafer defectithe siaplcpioihe Syisiefisl @ wisbRetBIRwiee Ok cdmbaspebessihromatetial afcemmiconductor

el 12,1 el 1 ool PN oo Rt o Conalens g vrovs
classifications thereof, on the semiconductor wafer 12 obtained by performing the steps
416 and 418 are preferably consolidated. The consolidation of the defects, and the
15  locations and classifications thereof, facilitates calculation of a review scan motion path
in a step 420. Preferably, the review scan motion path is calculated based on the locations
of defects detected on the semiconductor wafer 12 along the wafer scan motion path. In
addition, defect image capture positions along the review scan motion path is calculated
or determined in the step 420. The defect image capture positions preferably correspond

20  with the locations on the semiconductor wafer 12 at which defects were detected (i.e. the

DROI of the semiconductor wafer 12) during the steps 416 and 418.

In a step 422 of the exemplary method 400, an exemplary review process 800 is
performed. The review process 800 enables review of defects detected in the steps 416
25  and 418. Preferably, the review process 800 occurs via at least one of a first mode 800a, a
second mode 800b and a third mode 800c. A process flow chart of the exemplary review

process 800 is shown in FIG. 27.

Exemplary review process 800

30  As previously mentioned, the review process 800 preferably comprises three review

modes, namely the first mode 800a, the second mode 800b and the third mode 800c. In a



In a step 822, the number of review images captured at each of the defect image capture 20 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 positio?‘] are then uploaded to the external storage or
server for offline review in a step 824. In a step 826, the semiconductor wafer 12 (i.e. the current
semiconductpeyvader 42andhenRRiwaler taklentois ybeRARSHANG @ *e6ARChRRMIS0NS uatprivaler 12 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 tepskmede #09obisselsséetted for the second semiconductor wafer 12. Consolidated and saved
first images and second images of defects detected on the second semiconductor wafer 12 are uploaded
to the external stora server. 60 In the second mode 800b of the review process 800, the steps 820

]
to 828 can belk CPHAG A REEE S hECE S8 ding on the number of semiconductor wafer 12 of the

wafer stack 29 aRepetition oiibeisens @200 A& Kesolle W sRRsa idatiomatdssavingohtletgaptured
brightfield review images and darkfield review images abtained for each wafer 50f the wafer stack 20, and
the uploadin®f 6Pt RSCH RIS Badteckedsisairidenadhne Bxidnss REBFEHRS RGRser fin offline
review. This pagtiiag@iiows sRptinwng proguaianagbileussiscaapal ifasefliine review of saved images.
This method allows capturing multiple images of each defect at various 10combinations illuminations for
offline review without affecting machine utilization and improves productivity. Third Mode 800c of the

Review Proggss §16p hbetthirebiroteagQDeHaf thecterienipipeesmhéQedsnaraierahly miiatizedy a manual

10 detected on the semiconductor wafer 12 are uploaded or transferred to an external storage

or server for an offline review.

In a step 808, the semiconductor wafer 12 (i.e. the current semiconductor wafer 12 on the
wafer table 16) is unloaded and a second wafer is loaded from the wafer stack 20 onto the
15  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
number of wafers of the wafer stack 20. Repetition of the step 804 to 810 results in
20  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
without need for user intervention and without affecting production. This method allows
25  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 8§00

In a step 820 the second mode 800b of the review process 800, a number of review
30  images is captured at each of the defect image capture positions as calculated in the step

420. More specifically, a review brightfield image and a review darkfield image are



15 input, more specifically an input or 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 fifst review brightfield image and the first review
darkfield image captured. Preferably, the first review brightfield image and the first review darkfield image

are displayegqghfe8GHeaRIPbr4R-raerite iR aelibaling odruals asRartiendaerant Ry @2@5&1&-@“6 user is
able to view the defect at different illumination combination using the brightfield and the darkfield

illuminator. TRISSIEREA£2RBIEEVEMEP sbosptsdriiields Shitdiassies tHe detebrigdidAonding to
25the first defeetdMane RRIMIENOSIIGRINHRAS: Stepsnd4l te\8éd Aaither sesRNtigity repgddad for each

and every defect image capture positions as calculated in the step 420. After the steps 840 to 844 are

sequentially TSPBUYIATE SserarEred oy caehele itageiecipAig PsstidARage RRRS RS RECSRRS their
classificationsparsftiagn sepsnlidataghant BOsauaddn & sieReAtndhe conaplidated\ang saveaypositive

defects and their classifications are then uploaded or transferred to the external storage or server in a
step 848. In tHass FaRiPicHsHE B8 [TrtrEbbicarbrob s BHoPtha sk HIMEsT WarePP5 . the

current semiggaehictor wafer 12 on the wafer table 16) is only unloaded after the completion of the step
846. Accordingly, it will 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 5visual inspection or review of each wafer. In

a step 848 ofithelredewdRietRIs 0P JassseRiteadHaly ¥afprhdddEwiie Hy@ntIsemicontisctor wafer
12 on the wafer table 16) is unloaded and the robaqtic wafer handler . o
10 present description that intensities of the brighttield illumination and darkfield
illumination used for capturing the brightfield review images and darkfield review
images respectively may be determined and varied as required. For example, the
intensities of illumination used for capturing the number of review images may be
selected based on type of wafer defect the user of the system 10 wishes to review or
15  based on the material of semiconductor 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.

In a step 822, the number of review images captured at each of the defect image capture
20  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.

In a step 826, the semiconductor wafer 12 (i.e. the current semiconductor wafer 12 on the
25  wafer table 16) is unloaded and a second semiconductor wafer 12 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 semiconductor wafer 12.
Consolidated and saved first images and second images of defects detected on the second

semiconductor wafer 12 are uploaded to the external storage or server.

30



18 then loads a second semiconductor wafer 12 onto the wafer table 16 from the wafer 10 stack 20. The
steps 840 to 848 are repeated any number of timesé pending on the number of semiconductor wafers
12 to be inspected (or number of semiconductor wafers 12 in the wafer stack 20). It will be understood by
a person skilled in the art with the disclosure provided by the 15 description above that the first mode

800a and thgnsgeoid MeHeR 898D shenterdeinpiReess etioCtRastgiatinelydndiscimiate eargolidation,
storage and uploading of captured images to the external storage or server. The first mode 800a and the

second mod@EoBERsreEEmSy FRNiprprbss & sericqadpiosalls A2 fsbenedSternal

storage or sepy&r foy. affineiterien okthesartwes iPagesuas apdonhaniseenigd Jhenlirgra@enode 800a
and the second mode 800b enable continuous review of each of the wafers of the wafer stack 20, or the

continuous ifRGE ChptiFTickh soviaRtigRaessaad driridelddguicn imasesRrisdi 69<R Ppeiesn skilled in

the art that wilgcoRhfdhseR kexiewmodap sameb Bdiistimagde.8d0a e serrnehaededarb and the
third mode 800c are described 25 in the present description, a person skilled in the art may employ

alternative réfEHYrICERY SFifiA R A6SIor 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 8000a, 800b and 800c may be modified or altered as required using
methods knoWiFilEH® QANIRRSHEREIE REHOH IR SLS It Brospther IrE e RG ERHIBN. OB Kiter the
performanceahgee. ranRwREaRRES BORs vesiiad defaaifimaditheecaliopsRndcrssHcatiapgsthereof, are
consolidated and saved in a step 426. The verified defects, and the locations and (élfﬁss_ificatio s thereof,
are contolid PSP HRH LR P ainionsier KB5S R h %H@%%@FB&%%EIBF H 6?9%6&&. The
wafer map isajsewRgateadihe step 5426. As previously described, each of the captured brightfield
images, DHA images and DLA images is compared with a corresponding golden reference or reference
image for

Third Mode 800c of the Review Process 800

The third mode 800c of the review process 800 is preferably initialized by a manual
15  input, more specifically an input or 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. Preferably, the first
review brightfield image and the first review darkfield image are displayed on a screen or
20  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



identifying or detecting defects on the semiconductor wafer 12. The exemplary reference 10 image
creation process 900 provided by the present invention (as shown in FIG. 18) facilitates creation or
derivation of such reference images. It will be under tbod by a person skilled in the art that the reference
image creation process 900 can also be referred to as a training process. 15 As previously described,

each of the 2Rrarigbifieldomagan ARiBHAINRAID02RDIMittnaas sARMEGd dytingieglenafer
scanning process 500 are preferably matched with their corresponding reference images created by the
dgfbe@gg ‘i%ea%agk?

reference imSGE SGRMBA praEEs 2ot BV taipIe) s nparion Hasefibed with

the 2D image,praep5ieg REERESADOit RAaaxEespfReinaraased Paribh sksukamamobmatehing between
working imaggs and reference images is provided below. Firstly, subpixel alignment of the selected

working ima{fi'id Befe AR U dig RHGWPFRFETe ArBl i HaH i B ti6t R TdCteHpries hrace, bumps,

pads ansl othequdnigyepastenseerbItNciRgateference 25 intensity of the semiconductor 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. The appropriate reference image is

preferably seleateefroasthe meltiplelieiniares snages ceaiashBycibe veirienZiage elgalinn process
900. 63 The CPU is preferably programmed for enabling selection and extraction of the appropriate

reference imSJEIBNMMTEN (AIHOkiRG ihsaistilrBle dadhualopietrad therrbalicwiatfshaafie'storage, of

the normalizegl aiaragelPh geqsnetsisineatusiandare: deviationhanasiuabrRNbcBINtB ideasity of each
pixel of the reference images by the 5reference image creation process 900 enhances speed and

accuraty of S5 ctthg the SEBFodthde réferaned SRl BAWHILHE Kol iftRGRINE 52 dBfpared.

Correspondingnshtariitadivecoadador eagbrpixehohbhmypeckiay smagabsrtberaaleaiethr Mgdyantitative
data is for example normalized av(gage or geometric mean, standard 10 deviation, maximum and

minimum intAsiBdBor BERBHADE the working image. The quantitative data values for each pixel of the
working image is then referenced or checked against corresponding data values of each pixel of the

selected reference image. Comparison of quantjtative data values betyeen pixels of the working image

o picels b D1 RS GFNQ Figh RSBl Te Mo oP BB e PR FIRIARAENS

predetesmindestipsholabsaltiesaargsdily theluss0D fferehe s i aiv deesgoansitativerekatawalues of

pixels of the working ipage and pixels of the reference image js matched against the predetermined
U5 B o P

threshold valll8§Wi TRV BB £ A B RE P RS R ithI SR H eiveen the
quantitative dapeumaluasm@épiseibeoéth@nal 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
20  mode 800a and the second mode 800b enable continuous review of each of the wafers of

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
25 in the present description, a person skilled in the art may employ alternative review
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 8000a, 800b and 800c may be modified or
altered as required using methods known in the art without departing from the scope of

30  the present invention.



20 working image and pixels of the reference image is greater than the predetermined threshold values, a
defect (or defects) is flagged. The predetermined thr‘g%shhold value can be varied as required. Preferably,
the predetermined threshold value is varied for adjusting stringency of the method 400. In 25 addition,
the predetermined threshold value is preferably varied as required depending on type of defect to be

detected, ma{gakRf pericRRANCIT th@ter b Rz b dok aRartefecty, MiiminatiQnanditians.
Furthermore, the predetermined threshold value may be altered depending on a customer's or more

generally th&'8esHicaHantbpierfuatr o nrolidatshandsavss Ahastehhian! 8 Stentfied daiectn Wb mplary

method 400 figs ipsReGNhRRISHMHIIN Waless are drseribed ahaysaviderseniskileddnshag.art provided
with the description above will understand that the modifications to the system 10 and the method 400

may be don@WHRNBLEYEHHARARINT e 8EBREY e plaSatp iRk BN, #30 BRAMISINBG e of 5steps
of the methagh400, and the sequence of steps of processes 500, 600, 700,750, 800 and 900, may be
modified without departing from the scope of the present invention. It is an objective of the system 10 and
method 400 of the present invention to enable accurate and cost-effective inspection of semiconductor

wafers. The abijitgfRyualy HesatiwmaiechiospretinmataamiganduciphvaiansibyithgsysieiiMand the
method 400 while the semiconductor wafer is in motion enhances efficiency aof the inspection of

semiconduct8ragitels SPRIRILCe¥Allisd HARSEPRBEINE s R deleEsaratinG SHarsRsppify et ifividual

semiconductgenvaiens at dstérsRedigecpOsitionR fRhilbagt captitddhere Thand inslsHbaae @0t
acceleration and transport of the semiconductor Wafar from the inspection 15 positjon after the images

have b&én cHPtEretr A4 WitAre&TsralOxRIGH i SE Ric AR REeSF dRYE DL &b S S Ehe ST Kholih image

offsets betwegnimutipe: gy & captirasoiaciiitaiepreressirgiphiie. capiuneddrnagestto dhpyeby detect
defects that may be pgese_nt ghereirh%ﬂf ogtféet relative to the particular set of imagea for the asme
ré16aeeh!!

semiconduckSF 0Lt Bgetd A% GERTRTMRAsRs o 0 eRAALSE F REEfect in the

R

20 semiconduclos wailein apeossgbsequently, the position of the semiconductor 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 everysinspecihleeatians desntiires aduasttage 3 Dfighditfrr entawoaginy ECANiGUgssfaTapilifating more
te 25 i t feri ion.
accurate Slrenrggl%(s)%ggglr%ﬁvé%r?nrglr}ﬁg%%%afer scanning process 500 are preferably matched with
their corresponding reference images created by the reference image creation process

900.

20  An exemplary comparison process is already described with the 2D image processing
process 600. However, for increased clarity, a summary of matching between working
images and reference images is provided below. Firstly, 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. Secondly, the reference

25 intensity of the semiconductor 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. The appropriate reference image is preferably
selected from the multiple reference images created by the reference image creation
process 900.

30



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 compensat 30 for image offset between the captured images.
The system 10 and method 400 of the present invention facilitates accurate synchronization between

supply of illumipatipand %ﬁﬂ?uﬁﬂrﬁﬁfﬁ%ﬁp%ﬂi@ﬁm e LARtHER daxicesifatEapteiingof images to
minimize degradation of inspection quality. Illuminations used with the system 10 can be in the full visible

spectrum of FRORSIE EefStansonetasiocRbigh Aty RTkiEsiAgsn e drichsth s e sy uibs

combinationsasnRie, fomaarturs:ef ivraaes Ryihepxtemdicanbeaasiiselpeiad anthyaded as
required depending on factors including, but not limited to, type of defects to be detected, material of the

semiconductBiFERb ARk LR SRR SRS o PhERER MEpeetitls. P& inta®s Rxdhfethod 400

provided by tbrRiRseRhipeenitanalsprenablond @ insasyreprent afd aigltLk3br elements; omdhe
semiconductor wafer, and analysis of 3D profile images while the semiconductor wafer is moving. The

system 10 of RECBFELE EiFivaRtigHasadun Hehdhs Sitine dmags i herodiBi¢bad 14), which does not

require frequent spatial reconfigurations to cater to changes in 15 semiconductor wafer structure or
characteristics. In addition, the use of tube |lenses with the sggstem 10 epables ease of reconfiguration and

design of thé-Syshandn e rntfipindaly brrachmissl ppechoriraimascih s pcnipsdenses

enhances eage ofintiaductional Rptisataanie nenis 8nciaseasserinsdoasmtecssiem smadergpecifically
between objective lenses and the tube lenses, 20 The system 10 of the present invention comprises

vibratioh isolSRSF 98- (BEHURHNRI§Eh BWHEE™S BHasHPss MetehRing o BSrERREnImasted Vibrations to
the system Ifiahhevilraianisolatarscddmsipg ta erhastengualityokitagesaanptetest biidhedirst image
capture device 32, the second image capture device 318 téw 3D profii{e camera.and the 25 review image

capture devit&*E5! SAHRIO IR LA MRS PHERSCRIKEL QAN TRISCIARTEACHHE SAPeRSplacement table 22 of

the system 10 enables accurate displacement and alignment of the semiconductor wafer relative the
inspection p%%%%%rison of quantitative data values between pixels of the working image and pixels
15 of the reference image enables identification or detection of defects. Preferably,
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 one of multiplicative, additive and a
constant value. If the difference between the quantitative data values of pixels of the

20  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. Preferably, the
predetermined threshold value is varied for adjusting stringency of the method 400. In

25  addition, the predetermined threshold value is preferably varied as required depending on
type of defect to be detected, material of semiconductor 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 semiconductor
industry’s, requirements.

30



As described in the background, existing reference image derivation or creation processes 30requires
manual selection of "good" semiconductor wafers, resulting in relative inaccuracies and inconsistencies of
derived reference images. Accordingly, quality of 66"¢emiconductor wafer inspection is adversely
affected. The system 10 and method 400 of the present invention achieves enhanced quality of inspection

by creating rgie@&%@pim?g@%mﬁhwtamaﬁ%&@i%ﬁmﬂe%whjm‘tfu@ ARIRGIRR imaerdusemiconductor
wafers. The reference image creation process 900 allows for application of different 5 thresholds of

intensities adfB&ETEreFiTREGRE Bt the REMR KU BT IS Aded it dagidtg SsEiRtiRiear
illumination vggatiang astRessdhe menironduaienivaieto hesmethoh40Q thertaredaohtaigsyeduction in

false or unwanted detection of defects and ultimately an enhanced quality of semiconductor wafer

inspection. 19PASSRTRSE AeRAIEREHCEN IS 8CORG BT ST BE S B I PL ST RIF aPNARSE Model that

compargs refgianeetiaganuithooaphdr ek iRgoaseloMmkgaveT AHIELS&ERIEOos00ICI0D Wabegpolhe present
invention also enables automated defect detection, preferably by performing digital analysis on digitalized

images (i.e. WMSFRINY MR piifiederdthostidrgedys feombnredRnmeitbe it BiaBeE Ritomated review

mode (or on offline review) without affecting production and improves machine utilization, whereas the
existing equipment offers only manual review mode, which require the operator to. decide every defect by

using and loSkIRgAaoNGRipiE Bl iikmihasn Mihetidlo sy MessrgtMe Hethirrahlexemplary

system and agcexeenplarysngtbgectardnsigpetinghsemigondustRicwalersfard TappoeRtsiaroyided by
embodiments of the present invention are described. The exemplary system ant method addresses at

least oh@ of MHEPIBELRES BFRSTMBAE FLUGBY EIRNG SEHROHILRYSEMSHE sedrtPthethods as

mentioned 2hilethigcbaskpunandidt wiltboweuenigiohdensines ffapatsoorskilethipdhsoarbthat the
present invention is not limited to ig.ecjfi forms, arrangements #rﬁgtr CtLl;‘?S of the embodiments

described ab&UECIRAHTIBE WiSE e hiibis BRSAYSH LAY IALNASEY PV BtieALd SRR & numerous
changes andfeivithdifisativos daidevatateanih mbpdepaitingitiomfthaieap capad Spititeof thadnvention.

for subsequent acceleration and transport of the semiconductor wafer from the inspection
15  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 semiconductor
wafer enables the software to accurately determine the co-ordinates of the defect in the
20  semiconductor wafer and, subsequently, the position of the semiconductor 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

25  semiconductor wafer inspection.

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
30 for image offset between the captured images. The system 10 and method 400 of the

present invention facilitates accurate synchronization between supply of illumination and



67 Claims 1. An inspection system comprising: an illumination setup for supplying a first broadband
illumination and a second broadband illumination; 53 first image capture device for receiving at least one
of the first broadband illumination and the second br¥adband illumination reflected from a wafer; and

a second image capture device for receiving at least one of the first broadband illumination and the

second broagliapdriluninatiapdediectemim dpard Qwalies. fhedipthinaas srRpee davicenand the second

image capture device being configured for sequentially receiving at least one of the first broadband
illumination R&rAdatBhE MR ifimination to capture a first image and a second image of the
wafer respectively, wherein the wafer is spatially displaced by a distance between capture of
15the first image and the second image. 2. The inspection sgstem as in claim 1, wherein each of the first

broadband ilURHAHERS MMl i BitembLhganuPinadBh RIbrasENe mgReteIe b A8BAA ilumination,
darkfield higbaphgte sreathand iuninatianssanielditZQ lomvianaiaraadhanddliusinationiend a

combination of the clf)rltightﬁeld broadband illumination, darkfield high angle broadband illumination and

g
darkfield lows 3PS DI85 FBRAKSIRIMAETH 0% Hh S YASHR dib A8y Bre MUY incltalnt Anthe HifidhiA%tion setup
comprising: Z&mifieat dbpBnmiaticsh eRdes i eamiting:thedriahtiele bypadbaptiiimpipationcted,

material of the semiconductor wafer and stringency of semiconductor wafer inspection.
The system 10 and method 400 provided by the present invention also enables
10 measurement of height of 3D elements on the semiconductor wafer, and analysis of 3D

profile images while the semiconductor wafer is moving.

The system 10 of the present invention has an optical setup (i.e. optical inspection head
14), which does not require frequent spatial reconfigurations to cater to changes in

15  semiconductor wafer structure or characteristics. In addition, the use of tube lenses with
the system 10 enables 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 invention 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

25 review image capture device 62, and thus the accuracy of defect detection. In addition,
the XY-displacement table 22 of the system 10 enables accurate displacement and

alignment of the semiconductor wafer relative the inspection position.

As described in the background, existing reference image derivation or creation processes
30 requires manual selection of “good” semiconductor wafers, resulting in relative

inaccuracies and inconsistencies of derived reference images. Accordingly, quality of



a second illumination emitter for emitting the darkfield high angle broadband illumination, angle of the
darkfield high angle broadband illumination emitted by the second illumination being at least one of
predetermined and 30adjustable; and 68 a thiréﬁlumination emitter for emitting the darkfield low
angle broadband illumination, angle of the darkfield low angle broadband illumination emitted by the third

illuminator beiRd dhnilaasbrne R MesRisMivad Rt BAuabie T H\RRSPEeHAHRYBRIMES R Claim 3,

wherein each of the first broadband illumination and the second broadband illumination is supplied by at
least one of the RAFSESIINTINERAMeASRIEY SthedeOSRY MUt afbrinsRAHE Y tREHHRE iIRIRIFSEon emitter.

105.The inspeglies syEtem asinslaig3tiviherein easheldhsfisidyrainatispemitiaicdhgusasond
illumination emitter and the third illumination emitter is cougled to a programmable controller, the
programmabté&shtrbhier fiFEaRtrdiAg at ieatibmEcsriteRYig ang daratiilietng nbidiHSERN emitted by
the first luminatipa @mittei i ses ansdoi miffeiion enoitRIngNeF the: tRidoiainasiowvarsitterudd 6. The
inspection system as in claim 1, further comprising: . . an objective lens assembly for receiving the first

broadband ifSRAMARARERE 1R8-Loeahd IBreiRaBan MiAkMSRIAGSIRGSaB AReUsiefe Habhl B the first

broadband ilteribatin anehasesanthrordaanchiliimiratanuiscsivad dydhen2Oreliretvadens
assembly being thereafter collimated and transmitted for subsequent receipt by one of the first image

capture devith B SERBHY T atY Bapt A URREECtPT TRLHEBEH M system as in claim 6, wherein the
objective lens assembly 25 comprises a plurality of objective lenses, each of the plurality of objective
lenses having a predetermined magnification factor, each of the first broadband illuminatin and the

second BroaliBaRECIRHRAEIIPB SR I aneaas bl et SRisSHRRIN DS 3B;artvd fah skt being

thereafter calimpieek aRecteans mittatdonsubsgsuriat (eeeyl by aneneithegfitstimass cajdiwedevice and

the second image , . ,
wafers. The present invention also enables automated defect detection, preferably by

performing digital analysis on digitalized images (i.e. working images and reference

images).

15
The present invention enables automated review mode (or on offline review) without
affecting production and improves machine utilization, whereas the existing equipment
offers only manual review mode, which require the operator to decide every defect by
using and looking at multiple different illumination intensities.

20

In the foregoing manner, an exemplary system and an exemplary method for inspecting
semiconductor wafers and components provided by embodiments of the present invention
are described. The exemplary system and method addresses at least one of the issues or
problems faced by existing semiconductor inspection systems and methods as mentioned
25  in the background. It will however be understood by a person skilled in the art that the
present invention is not 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 invention.

30



30capture device. 69 8. The inspection system as in claim 6, further comprising: a first tube lens for
focusing at least one of the collimated first broadband illumination and the collimated second broadband
illumination onto a first image capture plane of the first image capture device; and 5a second tube lens for
focusing at least one of the collimated first broadband illumination and the collimated second broadband
illumination @nigmAssecond image capture plane of the second image capture device. 9. The inspection
system as in claim 8, wherein the collimation of the first 10 broadband illumination and the second
broadband illuminafiorB@RFEER HETHRUBDEIEIE assembly and each of the first tube lens and the

second tube lens at least gpg1afilisiEBEeRRPSRPLIPFOHHEt IO AL ORbsM SRMBansMshetraen the
objective lens assembly and each of the first tube lens and the second tube lens and facilitates spatial

reconfiguration of tAECEPHiCsPadhapdLuIBREEh of the first 15image capture device and the second

image cgpture device. 10.aTRsinsRRGHORSYstEMIASIP GaimBefurtbencapaprisng: arthife lingstilumination
emitter for emitting thin line illumination; and_ a third image capture device for receiving thin line

illumination reflectedf Pt ifle Lot arsh i eatsrend angr yBUngHABHSIRFRIFDBAR fnages of

the wafer. wafer; and

a second image capture device for receiving at least one of the first
broadband illumination and the second broadband illumination reflected from the
10 wafer, the first image capture device and the second image capture device being
configured for sequentially receiving at least one of the first broadband
illumination and the second broadband illumination to capture a first image and a
second image of the wafer respectively,
wherein the wafer is spatially displaced by a distance between capture of

15 the first image and the second image.

2. The inspection system as in claim 1, wherein each of the first broadband
illumination and the second broadband illumination is one of brightfield
broadband illumination, darkfield high angle broadband illumination, darkfield

20 low angle broadband illumination and a combination of the brightfield broadband
illumination, darkfield high angle broadband illumination and darkfield low angle

broadband illumination.

3. The inspection system as in claim 2, the illumination setup comprising:
25 a first illumination emitter for emitting the brightfield broadband
illumination,;
a second illumination emitter for emitting the darkfield high angle
broadband illumination, angle of the darkfield high angle broadband illumination

emitted by the second illumination being at least one of predetermined and

30 adjustable; and



11. The inspection system as in claim 10, wherein the capture of the three-dimensional profile images of
the wafer is performed while the wafer is in 25motion. 12. The inspection system as in claim 11, further
comprising: a reflector assembly configured for ?gceiving thin line illumination reflected from the wafer
in a first direction and in an at least one second direction, 30the reflector assembly being further

configured for directing thq tgraivashihindbicwRinaimiaflectsd dworm e wafendr the fushslrection and
in the at least one 70 second direction along a predetermined travel path for subsequent receipt by the

third image capture! 4&ication. angaddaebrkdirdtelpvagangleirrdeandHlraminMionirseiisd BY the
reflector 5 assembiyoftheilRgRINEGIBAINE: THaRiptionFRlleeadifienibedyaenia. the first direction and

in the at least one second direction along the predetermined travel path for subsequent receipt by the
third image capture device enhances the quality of the three-dimensional profile images of the wafer

captureg by the thirghiimagp capiyreydryicas1thldtaiieInspratian systemyagmén glaimioadsdigrein the thin
line illumination directed by the reflector assembly along the predetermined travel path is transmitted

through the objectivBUBHEILS8ARD (e seeeslitrerdand rlhymiratien ihHrediediRYiAk fRsHIRSRN being

transmitted throughie thitg: tuenlenaibefeiaisbsaqueat direnriptipibie tigimage eaptyrgdevice. 15.
The inspection system as any of the above claims, further comprising: a stabilizing mechanism for

reducing vibration tHAHSMAEN &EHER of the first image capture device and the second image capture
device,

10 5. The inspection system as in claim 3, wherein each of the first illumination emitter,
the second illumination emitter and the third illumination emitter is coupled to a
programmable controller, the programmable controller for controlling at least one
of intensity and duration of the illumination emitted by the first illumination
emitter, the second illumination emitter and the third illumination emitter.

15

6. The inspection system as in claim 1, further comprising:
an objective lens assembly for receiving the first broadband illumination
and the second broadband illumination reflected by the wafer, each of the first
broadband illumination and the second broadband illumination received by the

20 objective lens assembly being thereafter collimated and transmitted for
subsequent receipt by one of the first image capture device and the second image

capture device.

7. The inspection system as in claim 6, wherein the objective lens assembly

25 comprises a plurality of objective lenses, each of the plurality of objective lenses
having a predetermined magnification factor, each of the first broadband

illumination and the second broadband illumination being received by one of the

plurality of objective lenses before being thereafter collimated and transmitted for

subsequent receipt by one of the first image capture device and the second image

30 capture device.



20wherein reduction of vibration transmitted to each of the first image capture device and the second
image capture device during capture of the first image and the second image enhances quality of the
captured first image and second image. 2516.The ir%%ection system as in claim 15, wherein the spatial
displacement of the wafer is facilitated by a wafer table, the wafer table having a low moment of inertia to

thereby reduge vibragiomareditigditentheiwatandisrlaaed toaighyinthe reduction of vibration transmitted
to the wafer for enhancing quality of the captured first image and second image. 30 17.The inspection

system as any of the above Hiif8eflsARLPCiRmpYIRMeY: leppt onepf e sedimatishiast treadhind the first

image capture devigeafightish $2e0Md THREE CRPIHESIIEYI6EIBREIPNNGASSAIFR LR 'S IRl nthgfirst image
and the second image with the spatial displacement of the wafer, comparing a defect site detected in one

of the first image ar@REeRaBARAGHSJE WIS CEPELSHHING B88sition in the other of the first image and

the secand image, and pradusipgdemublentifisation BogkaRr osdinakas ea stefget thenalkeen. &t The
inspection system as in claim 17, further comEris' : an output module coupled to the

processor for sorting A& IBAURHGA ¢ fio'fga%ﬁm@a%ﬁea?%#aeesbaaﬁégaw%ﬂgfb%&ésor. 19. The

inspection system asdénalaiia kS dharislpnitication feine amasitivddentiication of a defect when the
defect site detected in the one of the first image and second image corresponds with the defect site
detected in the other of the first

0. The inspection system as in claim 8, wherein the collimation of the first

10 broadband illumination and the second broadband illumination between the
objective lens assembly and each of the first tube lens and the second tube lens at

least one of increases ease of introduction of optical components between the

objective lens assembly and each of the first tube lens and the second tube lens

and facilitates spatial reconfiguration of the optical setup used for each of the first

15 image capture device and the second image capture device.

10. The inspection system as in claim 8, further comprising:
a thin line illumination emitter for emitting thin line illumination; and

a third image capture device for receiving thin line illumination reflected

20 by the wafer to thereby facilitate capture of three-dimensional profile images of
the wafer.
11.  The inspection system as in claim 10, wherein the capture of the three-

dimensional profile images of the wafer is performed while the wafer is in

25 motion.

12. The inspection system as in claim 11, further comprising:
a reflector assembly configured for receiving thin line illumination
reflected from the wafer in a first direction and in an at least one second direction,
30 the reflector assembly being further configured for directing the received thin line

illumination reflected from the wafer in the first direction and in the at least one



15image and the second image and the identification being a negative identification of a defect otherwise.
20. The inspection system as in claim 19, further comprising: a review image capture device coupled to
the processor, the review image 20 capture device ?é: capturing images of the wafer at predetermined
positions thereof, wherein the predetermined positions corresponds to the detected defect sites. 21. The

inspection system gsdpnalaifedbiergin hedavievnknass SepitH erexibs rleRRIVPS By Igast one of
the brightfield broadband illumination, darkfield high angle broadband illumination and darkfield low angle

broadband illuminatB RS ABPIMEIARLRSs of the wafer. 22. A system for inspecting semiconductor
components comprising: 30an illumination setup for emitting a broadband first contrast illumination and a
broadband second contrast illumination; and_ 72 urality of image capture devices, each of the

|
plurality of image cABfur8MEeis %‘é%%iﬁlé‘%f@e&lﬁiﬂhi}%a%‘%?fﬁé@ﬁd&% gt Osntrllseiftimination

and the proadband seeaBf, entiastdinpinationdefiesiad e roéefe drRopurala fimase fapture
devices being configﬁlred for sequential receipt of one of the 5 broadband first contrast illumination and

the broadband secSHECKIA iuhfnakilsAst BRcaptond dirsshier Anealismisgs smunrddedisd contrast
image respectively gftthemaigequenvuResginshencaniae i dbedbisicavtiestdmageand agapture of the

second contrast imgg ?hgﬁﬁygg—grmle%gﬂ)%gy %];%%ilse: iﬂllggoé[éogf the wafer captured by the third image
capture device.
10
14. The inspection system as in claim 13, wherein the thin line illumination directed
by the reflector assembly along the predetermined travel path is transmitted
through the objective lens assembly and collimated thereby, the collimated thin

line illumination being transmitted through a third tube lens before subsequent

15 receipt by the third image capture device.

15. The inspection system as any of the above claims, further comprising:
a stabilizing mechanism for reducing vibration transmitted to each of the
first image capture device and the second image capture device,
20 wherein reduction of vibration transmitted to each of the first image
capture device and the second image capture device during capture of the first
image and the second image enhances quality of the captured first image and

second image.

25 16. The inspection system as in claim 15, wherein the spatial displacement of the
wafer is facilitated by a wafer table, the wafer table having a low moment of
inertia to thereby reduce vibration transmitted to the wafer displaced thereby, the
reduction of vibration transmitted to the wafer for enhancing quality of the
captured first image and second image.

30

17. The inspection system as any of the above claims, further comprising:



10 23.The system as in claim 22, wherein the wafer is spatially displaced by a predetermined distance
between the capture of the first contrast image and the second contrast image. 1524.The system as in
claim 23, further comprising: an objective lens a@embly for receiving each of the broadband first
contrast illumination and the broadband second contrast illumination reflected by the wafer, the

broadband first contrast illyrpiaatiasaesuiiedreadhansrseeonescontiastdiprmipationctearivercby the
objective lens being collimated thereby; 20 a first tube lens for focusing each of collimated broadband first

contrast illuminatioASSARHRISS SHNHISN S dhedHReRS AL fast g R therfestimape aafiie plane of a

firstimage capture geviee @idbe wlurality phitiraranitia deVitesyand asapanttukrfensier focusing
each of collimated broadband first contrast 25 illumination and the broadband second contrast illumination

onto a second imagl€s5aii8 Pah @bl SUsbimaemgRd Hishee ol ittrage (hatBIdraRESPHREGE capture

devices525.The sypiafinias if Haiois oripsaimstngnabiesiiyenersaageimbbe carappieRmdnpOphurality of
objective lens, each of the plurality of objective lens having a predetermined magnification factor, each of

the broadband first'dRtHiEH198 MdARatRdsRLiedsissldhsHd eBond contrast illumination being

transmitted through one of the plurality of objective lens before being received by one of the first tube lens

and the second tube lens. 526.The system as in claim 24, wherein the collimation of illumination between
the 18. The inspection system as in claim 17, further comprising:

an output module coupled to the processor for sorting the wafer based on

10 the identification of defect produced by the processor.

19. The inspection system as in claim 18, the identification being a positive
identification of a defect when the defect site detected in the one of the first image
and second image corresponds with the defect site detected in the other of the first

15 image and the second image and the identification being a negative identification

of a defect otherwise.

20. The inspection system as in claim 19, further comprising:
a review image capture device coupled to the processor, the review image
20 capture device for capturing images of the wafer at predetermined positions
thereof, wherein the predetermined positions corresponds to the detected defect

sites.

21. The inspection system as in claim 20, wherein the review image capture device
25 receives at least one of the brightfield broadband illumination, darkfield high
angle broadband illumination and darkfield low angle broadband illumination for

capturing images of the wafer.

22. A system for inspecting semiconductor components comprising:
30 an illumination setup for emitting a broadband first contrast illumination

and a broadband second contrast illumination; and



objective lens assembly and each of the first tube lens and the second tube lens at least one of
increases ease of introduction of optical components between the objective lens and each of the first
tube lens and the second tube lens, optimizes a distance between the wafer and the objective lens,
and facilitates spatial 10reconfiguration of each of the first image capture device and the second image
capture device. 27. The system as in claim 26, further comprising: a thin line broadband
illumination emitter for emitting thin line broadband 15illumination; and a third image capture
device of the plurality of image capture devices for receiving thin line broadband illumination reflected

from the wafer to thereby*fRUItHE ChR3RS SPRIPSIENREh SRR ISHRA LY &L BRage RRIKSE
wherein the capturéeoicthe bk dinensionat bttt ages i énaderias? Oparformied mbile the

wafer is in motion. tﬁg.bThe s%/ﬁs,&em as.in claim %Yd further com ris'rr@natwa?e rreff%(_:t%r serr%bly

configured for recelvmgr?ﬁcllrl? e Broadsand Muminatanoretfeced N Wafer iR & first direction and

in an at least one Rbagecoptudirelctionrs theingflectdirzassk mublydopingifilirthergoofiqaredfothdirecting the
receiveg thin line r%%ﬂB%{}fj iﬁlﬁsmi%%ﬂ%%, [eqﬁcted f{.om thedw fgrf')r} %;&q&t directg)n antdair% the at

uminaton  an Secon on ]I:] S . .
least one second direction along a predetermined travel path for subsequent receipt by the third image

capture device. 74lbindotibpnarfdrivaplast déastioriecseicariddigction alesryrdecpaadeitenaised travel

path for subseque@és&%%gipglpgg%tgggljmage capture device enhances the quality of the
three-dimensional profile images of the wafer captured by the third image capture device.
wherein the capture of the first contrast image and the capture of the

second contrast image occurs while the wafer is in motion.
10
23. The system as in claim 22, wherein the wafer is spatially displaced by a
predetermined distance between the capture of the first contrast image and the

second contrast image.

15 24 The system as in claim 23, further comprising:
an objective lens assembly for receiving each of the broadband first
contrast illumination and the broadband second contrast illumination reflected by
the wafer, the broadband first contrast illumination and the broadband second
contrast illumination received by the objective lens being collimated thereby;

20 a first tube lens for focusing each of collimated broadband first contrast
illumination and the broadband second contrast illumination onto a first image
capture plane of a first image capture device of the plurality of image capture
devices; and

a second tube lens for focusing each of collimated broadband first contrast

25 illumination and the broadband second contrast illumination onto a second image

capture plane of a second image capture device of the plurality of image capture

devices.

25. The system as in claim 24, wherein the objective lens assembly comprises a
30 plurality of objective lens, each of the plurality of objective lens having a

predetermined magnification factor, each of the broadband first contrast



5 30. The system as in claim 29, wherein the thin line broadband illumination directed by the reflector
assembly along the predetermined travel path is transmitted through the objective lens assembly and
collimated thereby, the collimated thin line broadband’illumination being transmitted through a third tube
lens before 10subsequent receipt by the third image capture device. 31. An inspection system

comprising: a fitatdmage c ARt B d8yieREendesRiviRg Ahleast e ffaa s oadhanth fisstigeatrast
illumination and a broadband second contrast illumination; and 15 a second image capture device for

receiving at least oH¥YiEh & o4 dhaplribeahabisctinmfmasiosn daing Bresiypd by saesidontrast

illumination, receiptrp{thePreadhand fiksi-caatast ilgnination and the broadband second contrast
illumination by each of the first image capture device and the second image capture device for capture of

a first contrast image and a second contrast image 20 respectively of a wafer, the first image capture

device and the secamnd kpaem eani@aaviae RatieisRpYILI Hanfiey ST RnanakdnHesantial capture of
the first contrast image and the second contrast image while the wafer is in motion, 32. The inspection

system as in claim SV CGHR&SRsRERShang e g et Bihr dsn 28N fsssoRh b HES adband
second contrast illugisiatiad i aneafsbsightticld hiaadhanshilbmaination shapkfietdshigaealendroadband

illumination, darkfield low angle broadband.illumination and a combination of the brightfield broadband

illumination, darkfie?QJRREHY GG ab s R An it radAbseIac R SHRndBPoSRBEEFIRimination.

75 33.The inspectienssysienpas seclain 32afehenain the welatisespatiallysisglrcedby aglistance
between capture of the first contrast imailge and the second contrasé image. 334.An insgection system
compristhg: reconfiguration ot each of the tirst image capture device and the second 1mage

capture device.

27. The system as in claim 26, further comprising:
a thin line broadband illumination emitter for emitting thin line broadband
15 illumination; and
a third image capture device of the plurality of image capture devices for
receiving thin line broadband illumination reflected from the wafer to thereby
facilitate capture of three-dimensional profile images of the wafer,
wherein the capture of the three-dimensional profile images of the wafer is

20 performed while the wafer is in motion.

28. The system as in claim 27, further comprising:
a reflector assembly configured for receiving thin line broadband
illumination reflected from the wafer in a first direction and in an at least one
25 second direction, the reflector assembly being further configured for directing the
received thin line broadband illumination reflected from the wafer in the first
direction and in the at least one second direction along a predetermined travel

path for subsequent receipt by the third image capture device.

30 29. The system as in claim 28, wherein the directing by the reflector assembly of the

received thin line broadband illumination reflected from the wafer in the first



an illumination setup for emitting broadband illumination; a first image capture device for receiving the
broadband reflected from a wafer for capturing a first image of the wafer; and a second image capture
device for receiving the broadband illumination illumiftation 10reflected from a wafer for capturing a

second image of the wafer, the first image capture device and the second image capture device being

configured for sequerRtialbhCARIUANGLRE 1St TR @ igesasRNMLIBAES phataiarfainawatially
displaced between capture of the first image and the second image, wherein the spatial displacement is

subsequently calcuPHB8dB=80acgHeDs S rebRfhN e du T TRpgrorR Rl s dRvata B SH ARG AU ththe second

image. 35. An inspgetipe MMeathcaneigiRgsfile imag8¥RITNOWfEStipRBRIoAPIHEEBRYIGRiereceive one
of a broadband first contrast illumination and a broadband second contrast illumination reflected from 20a

wafer for capturing SRIEEINfEE of the wafer; and exposing a second image capture device to receive
one of tee broadband first contrast illumination and the broadband second contrast illumination reflected
from the wafer for capturing a second image of the wafer wherein the first image capture device

and the secold imaldts SXfPeas SRR vt whsreimthoHiguing eradbaptiiluapmeietiss arst image

and the by the reflector assembly along the predetermined travel path is transmitted
through the objective lens assembly and collimated thereby, the collimated thin
line broadband illumination being transmitted through a third tube lens before

10 subsequent receipt by the third image capture device.

31.  An inspection system comprising:

a first image capture device for receiving at least one of a broadband first

contrast illumination and a broadband second contrast illumination; and
15 a second image capture device for receiving at least one of the broadband
first contrast illumination and the broadband second contrast illumination, receipt
of the broadband first contrast illumination and the broadband second contrast
illumination by each of the first image capture device and the second image
capture device for capture of a first contrast image and a second contrast image
20 respectively of a wafer, the first image capture device and the second image
capture device being spatially configured for enabling sequential capture of the

first contrast image and the second contrast image while the wafer is in motion.

32. The inspection system as in claim 31, wherein each of the broadband first contrast

25 illumination and the broadband second contrast illumination is one of brightfield
broadband illumination, darkfield high angle broadband illumination, darkfield

low angle broadband illumination and a combination of the brightfield broadband

illumination, darkfield high angle broadband illumination and darkfield low angle

broadband illumination.

30



second image of the wafer while the wafer is in motion. 36. The inspection method as in claim 35, wherein
the wafer is displaced by a predetermined distance F?%tween the exposure of the first image capture
device 30and the exposure of the second image capture device for capturing the first image and the
second image respectively of the wafer. 76 37. The inspection method as in claim 36, further comprising:

exposing a thiyd image FAPUHIR ARYItENMOsaseiUaA hINing dlminaties 'i@fiﬁﬁiﬁflil{/f anptaswaler for
capturing a three-dimensional image of the wafer, the exposing of the third image capture device for
capturing the three HiFHTSBRASAR FERIFERivaterHEE SANTE W AMS AR BLISSRORbEORUEY. The
inspection method ggdpeclaim 37, further comprising: configuring a reflector assembly for receiving
thin line broadband illumination reflected from the wafer in a first direction and in an at least one 10
second direction, the reflector assembly being further configured for directing the received thin line

illuminagon reflected frRrpébaonalatdm dpistidisection and in the at least one second direction along a
predetermined travel path for subsequent receipt by the third ima%e_ capture device. 1539.The inspection

method as in claim 38, wHEHNIHEHIASRRIRPHY T E HEmSRE? BB ceived thin line broadband

illumination reflected from{hgryyafen i togpliist direetioraneiithgatieastAdssrRCoshdiigetpn along the
predetermined trave%q[fath for subsequent receipt by the third image capture device enhances the quality

of the three-dimendioatpIJHRENAMRGES bennaniuiaR adpatrasvnl e thirs fRdge capture device.

a second image capture device for receiving the broadband illumination
10 reflected from a wafer for capturing a second image of the wafer, the first image
capture device and the second image capture device being configured for
sequentially capturing the first image and the second image, the wafer being

spatially displaced between capture of the first image and the second image,
wherein the spatial displacement is subsequently calculated based on

15 encoder values in relation to each of the first image and the second image.

35.  An inspection method comprising:
exposing a first image capture device to receive one of a broadband first
contrast illumination and a broadband second contrast illumination reflected from
20 a wafer for capturing a first image of the wafer; and
exposing a second image capture device to receive one of the broadband
first contrast illumination and the broadband second contrast illumination
reflected from the wafer for capturing a second image of the wafer,
wherein the first image capture device and the second image capture
25 device are spatially configured for enabling capture of the first image and the

second image of the wafer while the wafer is in motion.

36. The inspection method as in claim 35, wherein the wafer is displaced by a
predetermined distance between the exposure of the first image capture device
30 and the exposure of the second image capture device for capturing the first image

and the second image respectively of the wafer.



40.The inspection method as in claim 39, wherein exposure of the third image capture device causes the
third image capture device to receive at least one of t%e thin line broadband illumination reflected from the
wafer in the first direction and 25the thin line broadb&%d illumination reflected from the wafer in the at
least one second direction. 77 SYSTEM AND METHOD FOR INSPECTING A WAFER Abstract An

inspection system fonNapeLiing aeaMICARUAamalah fifee IDaREIAR System 5 comprises an
illumination setup for supplying broadband illumination. The broadband illumination_can be of different

contrasts, for example briGhBRSIASATHE KR DLr8REBR G YiksnimERRSAY er dhits HBE tHEHBYREAR further

comprises a first image¢aP et dpYisa RN thA SRtk Mg CaRtbIS SieNiGaa a6 h eRfisrdreghfor receiving
broadband illumination to capture images of the semiconductor wafer while the semiconductor 10 wafer is

in motion. The systsm%%pﬁ%é%eathﬁﬁnﬁ%%g&f taBaIe flsYich funeing o iihn Abess - dimretirdabiband

illuminagon. The systape ismeAmRHsesRHiakiMIBthe'ReRanish mbe@n objective lens assembly. The
system further comprises a thin line illumination emitter and a third image capture device for receiving thin

line illumination to thereby capture three-dimensional images of the semiconductor wafer. The system
15comprises 8. reflegienagsemhiniaheaablingithe tirdirmage aaptisiagevice to receive illumination

reflected from the semiconductor wafer in multiple directions, Figure 1. L
configuring a reflector assembly for Teceiving thin line broadband
illumination reflected from the wafer in a first direction and in an at least one
10 second direction, the reflector assembly being further configured for directing the
received thin line illumination reflected from the wafer in the first direction and in

the at least one second direction along a predetermined travel path for subsequent

receipt by the third image capture device.

15 39. The inspection method as in claim 38, wherein the directing by the reflector
assembly of the received thin line broadband illumination reflected from the
wafer in the first direction and in the at least one second direction along the
predetermined travel path for subsequent receipt by the third image capture device
enhances the quality of the three-dimensional profile images of the wafer captured

20 by the third image capture device.

40. The inspection method as in claim 39, wherein exposure of the third image
capture device causes the third image capture device to receive at least one of the
thin line broadband illumination reflected from the wafer in the first direction and

25 the thin line broadband illumination reflected from the wafer in the at least one

second direction.
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